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When asked to write the foreword to the third edition of Clin-
ical Obstetrics—The Fetus & Mother, I had two immediate
thoughts, the first being that I liked the new title better than
the former title, Medicine of the Fetus & Mother. The second
was that those already acquainted with the former title might
not recognize the new one. As I had no control over either, I
was pleased that I at least could remind readers of the impor-
tance of this current work.

When considering a new or forward-thinking idea, concept,
or treatise, it is often a good idea to consider where we have
been and where we are going. This is especially true when con-
sidering clinical obstetrics, which today means both fetus and
mother.

Although the fetus could be evaluated prior to the early
1960s, the methods were crude when considered retrospec-
tively. Auscultation and radiography were the primary 
tools and little could be accomplished to alter fetal outcome
other than by delivery. This changed in 1961 with Lily’s 
pioneering work with the use of amniocentesis to manage 
Rh-isoimmunization.

In less than one professional lifetime, the fetus has become
our patient, not just the mother. This rapid evolution has been
helped by pioneers in electronic fetal heart rate monitoring,
such as Edward Hon, and of course by the use of ultrasound
and Doppler evaluations of the fetus. In this last field it is
important to acknowledge individuals such as Ian Donald in

the United Kingdom. He struggled in the 1960s to develop
ultrasound as a useful clinical tool when many of our col-
leagues in radiology considered such machines to be toys. 
Certainly, as is obvious in the current textbook, the authors’
efforts over the past two decades have proven Dr. Donald
right. Many of their own studies have formed the basis for
maternal and actual fetal therapy.

It is critically important to recognize in the current textbook
that maternal–fetal medicine now encompasses the areas of
conception and fetal growth, extending into the neonatal time
period. It is now apparent that the basic fundamental biology
of conception likely will lead to a better understanding of 
stem cell biology and basic immunology. Finally, an entire 
new field of study is developing in understanding how fetal/
neonatal illness may result in adult disease(s) many years after
birth.

Both the student of obstetrics and the practitioner should
read this third edition of what is becoming an essential update
of maternal–fetal knowledge. Today’s practice is founded
upon the principles and practices so clearly presented in this
book. This third edition provides the proof that learning can
be fun!

Norman F. Gant Jr. MD
2006

Foreword
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The field of clinical obstetrics and maternal–fetal medicine is
undergoing major advances, with rapid strides being made.

The first edition was introduced as the fulfillment of a
concept: to combine into one source maternal medicine—an
established field focusing primarily on medical complications
of pregnancy—and the rapidly evolving field of fetal medicine.
The acceptance of this single source book has been over-
whelming. The text has been embraced not only by clinical
obstetricians but also by maternal–fetal medicine specialists,
resident physicians in training, medical students, and others
who use the book primarily for its comprehensive obstetrical
coverage. The second edition was an updated version of the
first edition.

However, this third edition is not only entirely revised, but
now has a strong clinical emphasis, while maintaining a schol-
arly orientation that is expected to be appealing to both 
clinicians and academicians. The new book title, Clinical
Obstetrics—The Fetus & Mother, reflects the new orientation
of this third edition.

This text is a comprehensive treatise in obstetrics and mater-
nal–fetal medicine. It discusses subjects from the time of con-
ception to delivery, including the normal processes and disease
states of the fetus, as well as diagnostic and therapeutic meas-
ures that can be used to effect fetal well-being. The fetal 

medicine section includes prenatal diagnosis and places a
strong emphasis on the biology of early pregnancy and the
fetal–placental unit, fetal development, and variations in
normal embryonic and fetal growth. The influence of terato-
gens, infections, and fetal diseases on outcome is also dis-
cussed. Extensive coverage is given to the prenatal diagnosis
of congenital malformations using a variety of modalities,
both noninvasive and invasive. The various biophysical and
biochemical means of evaluation of fetal well-being are also
discussed in great detail. The application of fetal therapy, both
surgical and medical, is presented, with limited coverage on
the evolving field of gene and cell therapy. In addition, mater-
nal medical complications of pregnancy are thoroughly
covered.

Although comprehensive, this book is designed to provide
readily accessible information. The overall balance, scope,
content, and design fully serve the needs of academic sub-
specialists, obstetricians, and house staff physicians, as well as
other keen students of medicine.

E. Albert Reece MD, PhD, MBA
John C. Hobbins MD

2006

Preface
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The field of maternal–fetal medicine developed into a recog-
nized subspecialty from the 1950s through the 1970s and sub-
sequently has become the academic arm of obstetrics. With
greater sophistication, the field has widened to encompass
many other allied areas, including genetics, teratology, diag-
nostic imaging, fetal and maternal physiology, and endocrinol-
ogy. In spite of these advances the fetus remained, until
recently, inaccessible to the obstetrician/perinatologist. Spe-
cialized medical care was provided primarily to the mother
with the hope that improving the maternal condition would
benefit the fetus. In recent years, the fetus has become acces-
sible through various technologic advances, permitting fetal
disease to be diagnosed by various methods including genet-
ics, sonographic or direct in utero testing, and treatment
administered either medically or surgically.

With the fetus having emerged as a bona fide patient, the
field of maternal–fetal medicine has entered a new era. It may
no longer be regarded as dealing with medical complications
of the mother during pregnancy, but, rather, is to be seen as
embodying both normal and diseased processes of both the
fetus and the mother. The editors of this textbook believe that
physicians in the practice of maternal–fetal medicine need,
therefore, to become familiar with the complications of preg-

nancy that affect the fetus and/or the mother as well as the
variety of modalities that are available for diagnosis, evalua-
tion, and treatment.

This textbook is a comprehensive treatise on maternal–fetal
medicine. It discusses subjects from the time of conception to
delivery, including normal processes and disease states of the
fetus, as well as diagnostic and therapeutic measures that can
be used. In addition, all maternal medical complications of
pregnancy are discussed in detail. A separate volume consist-
ing of a compilation of questions and answers corresponding
to each chapter is available for the student of medicine who
wishes to test his or her knowledge of the subject.

Although this textbook is comprehensive, it is designed in
such a manner that information relating to either the fetus or
the mother is readily accessible. The overall balance in scope,
content, and design will serve the needs of academic subspe-
cialists, obstetricians, and house staff physicians, as well as
other keen students of medicine, very well.

E. Albert Reece MD
John C. Hobbins MD

Maurice J. Mahoney MD
Roy H. Petrie, MD ScD

Preface to the first edition
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The editors are deeply indebted to all of the contributors, who
have invested an enormous amount of time and energy in this
project. We count ourselves extremely fortunate to have col-
leagues and friends who are willing to make this type of invest-
ment. The collective efforts have resulted in an entirely revised
and most up-to-date book series.

We truly appreciate the invaluable efforts of Ms. Veronika
Guttenberger, project specialist in the College of Medicine at
the University of Arkansas for Medical Sciences, who assisted
in coordinating this entire project. We remain grateful and
indebted to her. Carol Homko, PhD, from Temple University
School of Medicine made invaluable editorial contributions to
this project and we are most appreciative of her assistance.

Finally, we are greatly appreciative of the editors at Black-
well Publishing Ltd., especially Ms. Rebecca Huxley and Dr.
Stuart Taylor, for their wise counsel and enduring patience.

The collective efforts of all who contributed to this project
are a true testimony of scholarship, commitment, and self-
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everyone to be so generous in sharing their time and talents.
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17P 17α-hydroxyprogesterone caproate
2,4,5-T 2,4,5-trichlorophenoxyacetic acid
3D three-dimensional
3DHCT three-dimensional helical computed

tomography
4D four-dimensional
AA ascorbic acid
AAP American Academy of Pediatrics
AC abdominal circumference
ACA anticardiolipin antibodies
ACC agenesis of the corpus callosum
ACE angiotensin-converting enzyme
ACIP Advisory Committee on Immunization

Practices
ACLA anticardiolipin antibodies
ACOG American College of Obstetricians and

Gynecologists
ACR American College of Rheumatology
ACS acute chest syndrome
ACTH adrenocorticotropic hormone
ADCC antibody-dependent cellular cytotoxicity
ADP adenosine triphosphate
ADPase adenosine diphosphatase
AED antiepileptic drug
AF amniotic fluid
AFE amniotic fluid embolism
AFI amniotic fluid index
AFLP acute fatty liver of pregnancy
AFP alpha-fetoprotein
AFV amniotic fluid volume
AGA appropriate for gestational age
AHA American Heart Association
AHRQ Agency for Healthcare Research and Quality
AHT antihuman globulin
AIDS acquired immunodeficiency syndrome
AIHA autoimmune hemolytic anemia
AIT alloimmune thrombocytopenia
AITP alloimmune thrombocytopenic purpura
AIUM American Institute of Ultrasound in Medicine
ALARA as low as reasonably achievable
ALP alkaline phosphatase
ALPL alkaline phosphatase liver gene
ALT alanine aminotransferase
AMA advanced maternal age
AMC arthrogryposis multiplex congenita

ANAs antinuclear antibodies
AOR adjusted odds ratio
AP anteroposterior
APA antiphospholipid antibodies
APAS antiphospholipid antibody syndrome
APC activated protein C
APE acute pulmonary embolus
APO adverse pregnancy outcomes
APS antiphospholipid antibody
aPTT activated partial thromboplastin time
AR acrosome reaction
ARDS acute respiratory distress syndrome
ARF acute renal failure
ART assisted reproductive technology
AS Angelman syndrome
ASB asymptomatic bacteriuria
ASD atrial septal defect
ASHA American Social Health Association
AST aspartate aminotransferase
ATD asphyxiating thoracic dystrophy
ATP adenosine triphosphate
ATPase adenosine triphosphatase
AV atrioventricular
AVP arginine vasopressin

βhCG β subunit of human chorionic gonadotropic
hormone

b.p.m. beats per minute
BCA bichloroacetic acid
BCR B-cell receptor
BEP bleomycin, etoposide, and platinum
BMI body mass index
BMT bone marrow transplantation
BP blood pressure
BPD biparietal diameter
BPP biophysical profile
BR bilirubin
Btk Bruton’s tyrosine kinase
BUN blood urea nitrogen
BV bacterial vaginosis

CAH congenital adrenal hyperplasia
cAMP cyclic adenosine monophosphate
CAPS catastrophic antiphospholipid antibody

syndrome

Abbreviations
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ABBREVIATIONS

DHODH dihydroorotate dehydrogenase
DHT dihydroxytestosterone
DIC disseminated intravascular coagulation
DIF direct immunofluorescence
DKA diabetic ketoacidosis
DMARDs disease-modifying antirheumatic drugs
DMD Duchenne muscular dystrophy
DNA deoxyribonucleic acid
DORV double outlet right ventricle
DS Down syndrome
DSPC disaturated phosphatidylcholine
DTDST diastrophic dysplasia sulfate transporter
DVT deep vein thrombosis
DZ dizygotic

E2 estradiol
E3 estriol
EBV Epstein–Barr virus
ECG electrocardiogram
ECT electroconvulsive therapy
EDD estimated delivery date
EDPAF embryo-derived platelet activating factor
EFM estimated/electronic/external fetal 

monitoring
EFW estimated fetal weight
EGF epidermal growth factor
EHRF embryo-derived histamine releasing factor
ELISA enzyme-linked immunosorbent assay
EMF electromagnetic fields
EP ectopic pregnancy
EPA Environmental Protection Agency
EPCR endothelial protein C receptor
EPG early pregnancy factor
ERCP endoscopic retrograde

cholangiopancreatography
ERPF effective renal plasma flow
ERV expiratory reserve volume
ESRD endstage renal disease
ET essential thrombocytosis
EXIT ex utero intrapartum treatment

FACS fluorescence-activated cell sorting
FAS fetal alcohol syndrome
FBM fetal breathing movements
FBP fetal biophysical profile
FDA Food and Drug Administration
FEV forced expiratory volume
FEV1 forced expiratory volume in 1 second
FFA free fatty acid
fFN fetal fibronectin
FFP fresh frozen plasma
FGF fibroblast growth factor
FGFR3 fibroblast growth factor receptor-3 gene
FGR fetal growth restriction
FHR fetal heart rate

xix

CBC complete blood count
CBD common bile duct
CBFA-1 core binding factor A-1
CBT cognitive behavioral therapy
CCAM cystic adenomatoid malformation
CCB calcium channel blockers
CD40L CD40 ligand
CDC Centers for Disease Control
CDH congenital diaphragmatic hernia
CDMP-1 cartilage-derived morphogenetic protein-1
CDs clusters of differentiation
CEA carcinoembryonic antigen
CF cystic fibrosis
cGMP cyclic guanosine monophosphate
CHB congenital heart block
CHM complete hydatidiform mole
CHTN chronic hypertension
CI confidence interval
CID cytomegalic inclusion disease
CKD chronic kidney disease
CMD campomelic dysplasia
CMV cytomegalovirus
CNS central nervous system
CO cardiac output
COXIBs cyclo-oxygenase-2-selective inhibitors
CP cholestasis of pregnancy
CPD cephalopelvic disproportion
CPF chlorpyrifos
CPM confined placental mosaicism
CREST calcinosis, Raynaud’s phenomenon, esophageal

dysmotility, sclerodactyly, and telangiectasia
CRH corticotropin releasing hormone
CRI congenital rubella infection
CRL crown–rump length
CRP C-reactive protein
CRS congenital rubella syndrome
CS Cesarean section
CSE combined spinal epidural
CSF cerebrospinal fluid
CSF colony-stimulating factor
CST contraction stress test
CT computed tomography
CVP central venous pressure
CVS congenital varicella syndrome

D&C dilatation and curettage
DAO diamine oxidase
DC diamnionic–dichorionic
DES diethylstilbestrol
DGI disseminated gonococcal infection
DHA docosahexanoic acid
DHAS dehydroepiandrosterone sulfate (Chapter 9)
DHC dehydrocholesterol
DHEA dehydroepiandrosterone
DHEAS dehydroepiandrosterone sulfate (Chapter 5)
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ABBREVIATIONS

FIGO International Federation of Gynecology and
Obstetrics

FIGS fetal intervention guided by sonography
FIL feedback inhibitor of lactation
FIo2 fractional percentage of inspired oxygen
FIRS fetal inflammatory response syndrome
FISH fluorescence in situ hybridization
FL femur length
FL/AC ratio of femur length to abdominal

circumference
FM fetal movements
FMH fetal–maternal hemorrhage
FNA fine needle aspiration
FPO fetal pulse oximetry
FRC functional residual capacity
FSGS focal segmental glomerulosclerosis
FSH follicle-stimulating hormone
FSI foam stability index
FT fetal tone
FTA-ABS fluorescent treponemal antibody absorbed
FVC forced vital capacity
FVW flow velocity waveform

G6PD glucose 6-phosphate dehydrogenase
GALT galactose-1-phosphate uridyltransferase
GBS group B Streptococcus
GDM gestational diabetes mellitus
GEE generalized estimating equations
GFR glomerular filtration rate
gG glycoprotein G
GGT gamma-glutamyltransferase
GH growth hormone
GH-RH growth hormone-releasing hormone
GHS glutathione
GI gastrointestinal
GIFT gamete intrafallopian transfer
GM-CSF granulocyte–macrophage colony-stimulating

factor
GMH-IVH germinal matrix-intraventricular hemorrhage
GnRH gonadotropin-releasing hormone
GT gestational thrombocytopenia
GTD gestational trophoblastic disease
GU genitourinary
GVHD graft-versus-host disease

HAART highly active antiretroviral therapy
HASTE Half-Fourier Acquisition Single Shot Turbo

Spin Echo
HAV hepatitis A virus
Hb hemoglobin
HBIG hepatitis B immune globulin
HBsAg hepatitis B surface antigen
HBV hepatitis B virus
HC head circumference
hCG human chorionic gonadotropin

HCM hypertrophic cardiomyopathy
HCQ hydroxychloroquinone
hCS human chorionic somatomammotropin
hCT human chorionic thyrotropin
HCV hepatitis C virus
HDL high-density lipopolysaccharide
HE hereditary elliptocytosis
HELLP hemolysis, elevated liver enzymes, and low

platelets
HEV hepatitis E virus
Hgb hemoglobin
HHC hyperhomocysteinemia
HIT heparin-induced thrombocytopenia
HIV human immunodeficiency virus
HLA human leukocyte antigen
HMO human milk oligosaccharides
HPA hypothalamus–pituitary–adrenal (axis)
HPG hypothalamus–pituitary–gonadal (axis)
HPP hereditary pyropoikilocytosis
HPT hypothalamus–pituitary–thyroid (axis)
HPV human papillomavirus
HS hereditary spherocytosis
HSC hematopoietic stem cell
HSD hydroxysteroid dehydrogenase
HSV herpes simplex virus
HUAM home uterine activity monitoring
HUS hemolytic uremic syndrome
HYN hypertension

i.m. intramuscular/intramuscularly
i.v. intravenous/intravenously
IAT indirect antiglobulin
ICH intracranial hemorrhage
ICP intrahepatic cholestasis of pregnancy
ICSI intracytoplasmic sperm injection
ICU intensive care unit
IF immunosuppressive factor
IFI isthmic flow index
IFN interferon
Ig immunoglobulin
IGF insulin-like growth factor
IGFBP insulin-like growth factor binding protein
IgG immunoglobulin G
IH impetigo herpetiformis
IHSS idiopathic hypertrophic subaortic stenosis
IL interleukin
INH isoniazid
iNO inhaled nitric oxide
INR international normalized ratio
IOM Institute of Medicine
IPT intraperitoneal transfusion
IRV inspiratory reserve volume
ITP immune thrombocytopenic purpura
IUD intrauterine contraceptive devices
IUFD intrauterine fetal demise

xx
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ABBREVIATIONS

IUGR intrauterine growth restriction
IUT intrauterine transfusion
IVC inferior vena cava
IVF in vitro fertilization
IVH intraventricular hemorrhage
IVIC Instituto Venezolano de Investigaciones

Cientificas
IVIG intravenous immunoglobulin
IVT intravascular transfusion

Jak-3 janus kinase 3

kDa kilodalton

L/S lecithin–sphingomyelin
LAC lupus anticoagulant
LARD lacrimo-auriculo-radial-dental
LBW low birthweight
LCHAD long-chain 3-hydroxyl acyl-coenzyme

dehydrogenase
LCR ligase chain reaction
LCSW licensed clinical social worker
LDA low-dose aspirin
LDH lactate dehydrogenase
LET low energy transfer
LFA leukocyte function-associated antigen
LGA large for gestational age
LGSIL low-grade squamous intraepithelial lesion
LH luteinizing hormone
LHR lung–head ratio
LIF leukemia inhibitory factor
LMA laryngeal mask airway
LMP last menstrual period
LMWH low-molecular-weight heparin
LOR loss of resistance
LPD luteal phase defect
LUD left uterine displacement
LV left ventricle
LVEDV left ventricular end-diastolic volume

MA monoamnionic–monochorionic
MACS magnetic-activated cell separation
MAOI monoamine oxidase inhibitors
MAP mean arterial pressure
MC diamnionic–monochorionic
MCA middle cerebral artery
MCHC mean corpuscular hemoglobin concentration
MCP metacarpophalangeal
MCV mean corpuscular volume
MDKD multicystic dysplastic kidney disease
MDR3 multidrug resistance protein 3
MDR-TB multidrug-resistant tuberculosis
MED multiple epiphyseal dysplasia
MFPR multifetal pregnancy reduction
MG myasthenia gravis

MHATP microhemagglutination assay for antibody to T.
pallidum

MHC major histocompatibility complex
MIAC microbial invasion of the amniotic cavity
MIS mullerian-inhibiting substance
MMA methylmalonic acidemia
MMC myelomeningocele
MMI methimazole
MMP matrix metalloproteinase
MOA method of action
MOPP Mustargen, Oncovin, procarbazine, and

prednisone
MPE maximum permissible exposure
MRI magnetic resonance imaging
mRNA messenger RNA
MSAFP maternal serum alpha fetoprotein
MSD mean gestational sac diameter
MSH melanocyte-stimulating hormone
MTCT mother-to-child transmission
MTHFR methylene tetrahydrofolate reductase
MTP metatarsophalangeal
MTR methionine synthase
MUAC mid-upper arm circumference
MZ monozygotic

NE neutrophil elastase
NEC necrotizing enterocolitis
NG Neisseria gonorrhoea
NICHD National Institute of Child Health and Human

Development
NICU neonatal intensive care unit
NIH National Institutes of Health
NK natural killer
NLS neonatal lupus syndrome
NNRTI non-nucleoside reverse transcriptase 

inhibitor
NOAEL no-observed adverse effect level
NPH neutral protamine Hagedorn
NPO normal pregnancy outcomes
NPV negative predictive value
NRFHR nonreassuring fetal heart rate
NRTI nucleoside reverse transcriptase inhibitor
NSAIDs nonsteroidal anti-inflammatory drugs
NSFT nuchal skinfold thickness
NST nonstress test
NT nuchal translucency
NTD neural tube defect
NVP nevirapine

OCD obsessive compulsive disorder
OCT oxytocin challenge test
OEIS omphalocele, exstrophy of the bladder,

imperforated anus, and spinal defects
OFD occipitofrontal diameter
OGTT oral glucose tolerance test

xxi
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ABBREVIATIONS

OLEDAID osteopetrosis, lymphedema, ectodermal
dysplasia and immunodeficiency

OMIM Online Mendelian Inheritance of Man
OR odds ratio
OSMED otospondylomegaepiphyseal dysplasia
OVD operative vaginal delivery
OVLT organum vasculosum of the lamina terminalis

p.c. post coital
p.o. per os
PAC premature atrial contraction
PACS picture archiving and communication systems
PAF platelet-activating factor
PAI-1 plasminogen activator inhibitor type 1
Pao2 arterial oxygen partial pressure
PAo2 alveolar oxygen partial pressure
PAPP-A pregnancy-associated plasma protein A
PAPSS2 phosphoadenosine-phosphosulfate-synthase 2
PAR protease-activated receptor
PB barometric pressure
PBEF preB-cell colony-enhancing factor
PBMC peripheral blood mononuclear cell
PC phosphatidylcholine
EPCR endothelial protein C receptor
PCA patient-controlled anesthesia
PCB polychlorinated biphenyl
Pco2 carbon dioxide partial pressure
PCP Pneumocystis carinii pneumonia
PCR polymerase chain reaction
PCWP pulmonary capillary wedge pressure
PDA patent ductus arteriosus
PDGF platelet-derived growth factor
PDR Physicians’ Desk Reference
PEEP positive end-expiratory pressure
PEFR peak expiratory flow rate
PEP polymorphic eruption of pregnancy
PF pruritic folliculitis
PG phosphatidylglycerol (Chapters 6 and 63),

pemphigoid gestationis (Chapter 52)
PGE2 prostaglandin E2

PHH posthemorrhagic hydrocephalus
PHM partial hydatidiform mole
PHQ patient health questionnaire
PI pulsatility index
PI3 protein inhibitor 3
PID pelvic inflammatory disease
PIH prenancy-induced hypertension
PIOPED Prospective Evaluation of Pulmonary Embolism

Diagnosis
PIP proximal interphalangeal
PKU phenylketonuria
PlGF placental growth factor
PMNs polymorphonuclear leukocytes
PNH paroxysmal nocturnal hemoglobinuria
PNM perinatal morbidity

PNMT phenylethanolamine-N-methyltransferase
Po2 oxygen partial pressure
POMC proopiomelanocortin
PP prurigo of pregnancy
PPD purified protein derivative
p.p.m. parts per million
PPNG penicillin-producing N. gonorrhoeae
PPROM preterm premature rupture of membranes
PPV positive predictive value
PRMP pregnancy-related mortality ratio
PROM prelabor rupture of the membranes
PS protein S
PSV peak systolic volume
PT prothrombin time
PTH parathyroid hormone
PTHrp parathyroid hormone-related peptide
PTSD post-traumatic stress disorder
PTT partial thromboplastin time
PTU propylthiouracil
PUBS percutaneous umbilical blood sampling
PVI periventricular hemorrhagic infarction
PVL periventricular leukomalacia
PVN paraventricular nuclei
PWM pokeweed mitogen
PWS Prader–Willi syndrome
PZ protein Z

RAAS renin–angiotensin–aldosterone system
RBC red blood cell
RCT randomized controlled trial
RDA recommended dietary allowance
RFA radiofrequency ablation
RFLP restriction fragment length polymorphism
Rh rhesus
RhIG rhesus immune globulin
rMED recessive multiple epiphyseal dysplasia
RNA ribonucleic acid
ROC receiver–operator curve
ROP retinopathy of prematurity
RPL recurrent pregnancy loss
RPR rapid plasma regain
RPVE re-evaluated pulmonary volume equation
RR relative risk
RT PCR reverse transcription polymerase chain reaction
RV right ventricle (Chapter 7), residual volume

(Chapter 40)

SADDAN severe achondroplasia with developmental
delay and acanthosis nigricans

SAGES Society of American Gastrointestinal
Endoscopic Surgeons

SAH subarachnoid hemorrhage
SAO South-east Asian ovalocytosis
SBE subacute bacterial endocarditis
SCD sickle cell disease
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SCID severe combined immunodeficiency
SCT sacrococcygeal teratoma
SED-XL X-linked spondyloepiphyseal dysplasia
SEM skin, eye, mouth (disease)
SES socioeconomic status
SGA small for gestational age
SIADH syndrome of inappropriate antidiuretic

hormone secretion
SIDS sudden infant death syndrome
SIgA secretory immunoglobulin A
SLDH serum lactic dehydrogenase
SLE systemic lupus erythematosus
SLOS Smith–Lemli–Opitz syndrome
SLPI secretory leukocyte protease inhibitor
SM somatomedin
SNP single nucleotide polymorphism
SP-A surfactant protein A
SP-B surfactant protein B
SP-C surfactant protein C
SP-D surfactant protein D
SSFSE Single Shot Fast Spin Echo
SSRI selective serotonin reuptake inhibitor
STAN ST segment automated analysis
STD sexually transmitted disease
STIC spatiotemporal image correlation
Sv sievert
SV stroke volume
SVR systemic vascular resistance
SVT supraventricular paroxysmal tachycardia
SXT trimethoprim–sulfamethoxazole

T testosterone
T3 triiodothyronine
T4 thyroxine
TAFI thrombin-activatable fibrinolysis inhibitor
TAR thrombocytopenia with absent radius

(syndrome)
TAS transabdominal sonography
TAT thrombin–antithrombin
TBA total bile acid
TBG thyroid-binding globulin
TBR total bilirubin
TCA tricyclic antidepressants
TCD transverse cerebellar diameter
TCE trichloroethylene
TCR T-cell receptor
Td tetanus and diphtheria
TEG thromboelastography
TF tissue factor
TFPI tissue factor pathway inhibitor
TGF transforming growth factor
Th1 type 1 T helper
Th2 type 2 T helper
TIBC total iron-binding capacity
TIMP tissue inhibitors of metalloproteinases

TLC total lung capacity
TMA transcription-mediated amplification
TNF tumor necrosis factor
TNSALP tissue non-specific alkaline phosphatase
TP thrombophilia
tPA tissue-type plasminogen activator
TPH transplacental hemorrhage
TPN total parenteral nutrition
TPO thrombopoietin
TRAP twin reversed arterial perfusion
TRF thyroid-releasing factor
TRH thyrotropin-releasing hormone
TRI trimester
TRNG tetracycline-resistant N. gonorrhoeae
TSH thyroid-stimulating hormone
TTP thrombotic thrombocytopenic purpura
TTTS twin–twin transfusion syndrome
TV tidal volume (Chapter 40), Trichomonas

vaginalis (Chapter 63)
TVS transvaginal sonography

UA umbilical artery
UC uterine contractions
UDCA ursodeoxycholic acid
uPA urokinase-type plasminogen activator
UPD uniparental disomy
UPJ ureteropelvic junction
US ultrasound
UTI urinary tract infection
UVB ultraviolet light
UVpH umbilical vein pH

V/Q ventilation–perfusion
VAC vincristine, actinomycin D, and

cyclophosphamide
VACTERL vertebral, anorectal, cardiac anomalies,

tracheo-esophageal fistula, esophageal atresia,
renal anomalies, and limb anomalies

VAS vibroacoustic stimulation
VBAC vaginal birth after Cesarean section
VDDR1 vitamin D-dependent rickets type 1
VDRL Venereal Disease Research Laboratory
VE vacuum extractor
VEE virus Venezuelan equine encephalitis virus
VEGF vascular endothelial growth factor
VIP vasoactive intestinal polypeptide
VLBW very low birthweight
VLDL very low-density lipoprotein
VMA vanylmandelic acid
VPA valproic acid
VSD ventricular septal defect
VTE venous thromboembolism
VTI velocity time integral
VUR vesicoureteral reflux
vWD von Willebrand’s disease
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vWF von Willebrand’s factor
VZIG varicella zoster immune globulin
VZV varicella-zoster virus

WBC white blood cell

ZAM zone of altered morphology
ZDV zidovudine
ZIFT zygote intrafallopian transfer
ZP zona pellucida
ZPI PZ-dependent protease inhibitor
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The fetus has never been considered a separate patient but
rather an integral part of the pregnancy. It was thoroughly
protected from any diagnosis or manipulation; nothing could
be done to alter the course or condition of the fetus. It was a
passenger, not a patient.

If we can define a patient as someone about whom we can
make a diagnosis and treat so as to alter that individual’s
course, then the fetus became a patient in the period between
1500 and 1600. In 1500, Jacob Nufer, a swine gelder, per-
formed the first recorded successful Cesarean section on his
wife. Rousset published a book on Cesarean section in 1588,
and in the first Italian book on obstetrics, Mercurio advocated
Cesarean section for patients with contracted pelvises.1 Peter
the Elder of the Chamberlen family invented the obstetric
forceps.2 Both of these methods of delivering the fetus,
although developed primarily to assist the mother during a dif-
ficult delivery, had the potential to alter the fetal environment
and thus could be said to treat the fetus, albeit indirectly. The
first attempts at fetal diagnosis can be attributed to Marsac,
who, in the seventeenth century, first heard the fetal heart beat.
In 1818, Mayor, a Swiss surgeon, reported the presence of fetal
heart tones; 3 years later, Kergaradec suggested auscultation
would be helpful in the diagnosis of twins and the fetal lie and
its position.3 In 1833, Kennedy4 suggested that the fetal heart
rate was indicative of fetal distress. Such distress, if diagnosed
late in pregnancy, could be treated using forceps for delivery;
however, it was not until relatively recent times that Cesarean
section was used to treat fetal distress during the first stage of
labor. Douglas and Stromme,1 in their 1957 text Operative
Obstetrics, state that “fetal distress was virtually nonexistent
as a cause for Cesarean section on our service [New York 
Hospital] until 10 years ago.”

Rh disease

The next major diagnostic step was made by Bevis5 in 1952.
He found a good correlation between amniotic fluid nonheme
iron (obtained by amniocentesis) and the severity of fetal
anemia. This pioneering work was amplified by Liley,6 who in
1961 demonstrated that the spectral peak at 450mU reflected
the severity of hemolysis. This gave the obstetrician a method

with which to follow the patient with Rh sensitization and, in
some cases, deliver the fetus prematurely for fetal salvage. The
next major step in the treatment of these Rh-sensitized fetuses
was also made by Liley,7 who in 1964 demonstrated that one
could successfully treat these anemic fetuses in utero by trans-
fusing blood into the fetal abdomen.

Fetal heart rate monitoring

During this same period, Hon8 was developing methods for
continuous recording of the fetal heart rate and, more impor-
tant, the factors acting in the fetus that altered the fetal heart
rate in response to uterine contractions. He identified three
basic patterns: early, late, and variable decelerations, which
were due to head compression, uteroplacental insufficiency,
and umbilical cord compression, respectively. This permitted
the attending obstetrician to assign a cause for the fetal heart
rate decelerations that had been described in the 1800s. It also
permitted a more individualized therapy for the deceleration:
change of position for the variable deceleration and maternal
oxygen for the late decelerations. Baseline heart rate change
and heart rate variability were also related to specific fetal or
maternal conditions.

The association of late decelerations and fetal oxygen defi-
ciency was carried into the antepartum period by Hammacher9

in 1966. He observed that those infants who had late decelera-
tions of their fetal heart rate in association with spontaneous
uterine contractions had lower Apgar scores at birth and a
higher stillbirth rate. Pose and Escarcena10 induced the con-
tractions with oxytocin and found a similar correlation. Ray 
et al.11 conducted the first prospective blind trial in the USA and
confirmed the results of Hammacher and Pose and Escarcena.

Biochemical monitoring

The fetal heart rate changes are best characterized as bio-
physical changes. During this same period, fetal biochemical
changes related to fetal well-being were being observed. The
initial biochemical change associated with fetal health was its
ability to make estriol.

Overview: historical perspectives of
fetal medicine
Edward J. Quilligan and Fredrick P. Zuspan
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Although Spielman et al.12 and Smith and Smith13 demon-
strated the association between maternal urinary estriol excre-
tion and fetal health in 1933, the test was not used extensively
until the 1950s owing to the lack of a reliable and easily per-
formed chemical assay. Brown developed such an assay, and the
test was used for many years, finally succumbing to less expen-
sive, more accurate biophysical tests.14 Another biochemical
marker of fetal distress was the acid–base balance of the fetal
scalp blood introduced by Saling and Schneider15 in 1963. This
is still a reasonable test to use in selected situations.

Genetic testing

The foregoing discussion of fetal monitoring deals primarily
with the oxygenation of the fetus. The development of a
method of culturing and examining the chromosomes of the
fetal cells residing in the amniotic fluid of the first- and early
second-trimester fetus permitted the diagnosis of chromo-
somal abnormalities when pregnancy could be safely inter-
rupted. In 1949, Barr and Bertram16 identified the sex
chromatin that allowed several investigators17–20 to use amni-
otic fluid to determine whether a sex-linked genetic aberration
was a possibility in a given pregnancy. Culture of amniotic
fluid cells was reported by Jacobson and Barter21 in 1967.
They used available techniques to search for chromosomal
abnormalities in 56 pregnancies before 20 weeks of gestation,
with a greater than 90% success rate in obtaining adequate
chromosomal patterns. Knowledge of chromosomal abnor-
malities has increased as new techniques such as banding
allowed the geneticist a more detailed look at the chromoso-
mal structure; more recently, the development of genetic
probes has significantly widened the field of genetic diagnosis.
Chromosomal abnormalities were not the only fetal problems
that could be determined using amniotic fluid; biochemical
determinations allowed the diagnosis of such inheritable dis-
eases as Tay–Sachs disease and many others. Although amni-
otic sac puncture to obtain fluid had relatively few risks, there
were some. This, coupled with the significant work and cost
associated with analyzing amniotic fluid for chromosomal
abnormalities, has led to restricting the test to those most at
risk: older pregnant patients and patients who have a genetic
problem in the family or had an abnormal prior pregnancy.
The development of maternal blood markers for fetal abnor-
malities was extremely important because, using the criteria
described above, one would miss a significant proportion of
fetal problems. For example, although the risk of trisomy 21
is much greater in infants of patients older than age 35 years,
screening only these patients failed to detect 75% of the
trisomy 21 patients, because these patients were younger than
35 years of age. In 1944, Pederson22 described a protein found
only in the fetus, fetuin. This was the first specific fetal protein.
Bergstrand and Czar23 found another fetal-specific protein,
which migrated between the albumen and α globulin fraction.
This was named a-fetoprotein by Gitlin and Boesman24 in

1966. In 1972, Brock and Sutcliffe25 reported elevated levels
of α-fetoprotein in the amniotic fluid surrounding fetuses with
neural tube defects, and, in 1984, Merkatz and his colleagues26

noted that pregnant patients with a trisomy 21 fetus had lower
than expected maternal levels of α-fetoprotein. This marker
allows all pregnant patients to be offered screening for neural
tube defects and some trisomics. Placental and fetal cells enter
the maternal circulation, albeit in small numbers. Investiga-
tors are currently working on methods of harvesting and 
culturing these cells, which would obviate the need for 
amniocentesis.

Sonography

In 1955, Ian Donald27,28 introduced a technical innovation to
obstetrics and gynecology that brought the fetus to the obste-
trician’s fingertips. Ultrasound changed the way obstetrics was
practiced because, for the first time, the fetus, placenta, and
umbilical cord were visualized with increasing clarity. One
could assess fetal position, fetal growth, fetal weight, and fetal
structure for anomalies, as well as placental and umbilical
cord location and vessel number. As ultrasound improved
technically, it became possible to perform fetal echocardio-
grams and evaluate fetal blood flow through umbilical,
uterine, and numerous fetal vessels. This clarity of observa-
tion allowed the obstetrician fetal access in terms of placing
needles in the umbilical vessels to perform fetal diagnostic
studies or therapy such as transfusion.

Although the fetus could be very accurately visualized, and
sometimes treated, using ultrasound, there were some condi-
tions, such as diaphragmatic hernia, that required a surgical
approach during the second trimester if pulmonary hypopla-
sia was to be avoided. Although removal of the fetus from the
uterus had been tried since 1980, it was not successful owing
to premature labor or fetal death in utero. In 1990, Harrison
and his colleagues29 reported the successful repair of a
diaphragmatic hernia on a midtrimester fetus that was placed
back into the uterus. The pregnancy continued into the third
trimester, with delivery of a live fetus.

Development of 
maternal–fetal medicine

The fetus has become a patient the obstetrician can diagnose
and treat. This is recognized in a variety of ways. The 
American Board of Obstetrics and Gynecology developed 
certification for the specialist in maternal–fetal medicine in
1974. Centers of excellence in care of the fetus have developed
throughout the country, receiving referrals for difficult mater-
nal and fetal management problems from the generalist obste-
trician–gynecologist. Texts such as this stress fetal diagnostic
and therapeutic approaches.

The saying “you’ve come a long way, baby” has never been
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so true from the standpoint of both the fetus and the newborn.
This is reflected in the continuing decline in perinatal mortal-
ity; however, the statement “you still have a long way to go”
is also very true. We still do not know for certain precisely
what triggers the onset of premature labor, which is responsi-
ble for the greatest number of perinatal deaths. Research needs
to continue at an accelerated pace, taking diagnosis and treat-
ment to the molecular level. In addition to providing the
known material in this field at a very high level, this text asks
the questions that need to be asked.
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Reproduction will only be successful if a multitude of intri-
cate sequences and interactions occur. This reproductive
process begins with the formation of individual male and
female gametes. Following gamete formation, a mechanism
must be provided to ensure that these gametes attain close
proximity to each other so fertilization may take place. After
successful fertilization, the newly formed embryo must
develop correctly and finally implant in a nourishing environ-
ment. Recently, there have been many advances in the under-
standing of these reproductive processes; however, it is beyond
the scope of this chapter to provide detailed information 
on gamete formation, fertilization, and implantation. 
The interested reader is referred to several excellent texts for
more specific information.1,2 Rather, this chapter summarizes
key normal developmental and physiologic events in early 
conceptus growth and immunobiologic adaptation of a 
pregnancy.

Gametogenesis

Gametogenesis is the maturational process that produces spe-
cialized gametes: the spermatozoon in the male and the oocyte
in the female. Both cytoreduction and division prepare
gametes for fertilization, which involves the union of male and
female gametes. In order to maintain a constant chromosome
number, the gametes undergo meiosis, a specialized form of
cell division responsible for reducing the diploid number (46)
of chromosomes to the haploid number (23).

At approximately 5 weeks of gestation, primitive germ cells
migrate, presumably by way of ameboid movement from the
yolk sac to the gonadal ridges. Following their migration, the
germ cells are surrounded by somatic cells derived from 
the mesonephros forming the primary sex cords.3

In the first meiotic division, homologous chromosomes pair
during prophase. In the pachytene stage of prophase, inde-
pendent assortment and recombination of genetic material
occurs among the gametes. Separation of the paired chromo-
somes occurs in anaphase, whereupon each new daughter cell

contains the haploid chromosome number or 23 double-
structured chromosomes.

Shortly after the first division, the cell enters the second
meiotic division. Each double-structured chromosome divides
to form two separate chromosomes containing one chromatid.
The resultant products include four daughter cells each con-
taining the haploid number of chromosomes. Thus, one
primary oocyte gives rise to four daughter cells, each receiv-
ing 22 autosomes and an X chromosome, and the primary
spermatocyte gives rise to four daughter cells, each receiving
22 autosomes and either an X or a Y chromosome.

Fertilization

Embryonic development begins with the process of fertiliza-
tion, the union of individual male and female gametes (Fig.
1.1). The fusion of two haploid cells, each bearing 22 auto-
somes and one sex chromosome, creates an offspring whose
genetic makeup is different from that of both parents. Fertil-
ization consists of a regulated sequence of interactions that
will ultimately result in embryo development (Fig. 1.2).

Prior to any sperm–egg interaction, a requisite maturation
of spermatozoa, termed capacitation, must occur.4,5 The sper-
matozoa gain this ability during the transit through the female
reproductive tract. Triggered exocytosis is the final conse-
quence of capacitation.6 The importance of capacitation has
long been recognized, with the initial observation that capac-
itated sperm can readily penetrate the cumulus.7 Capacitation
is characterized by the acrosome reaction (AR) , the ability 
to bind to the zona pellucida (ZP), and the acquisition of
hypermobility.

Spermatozoa must pass through an investment of cells and
matrices, the cumulus, before any sperm–egg interaction may
take place. The cumulus is composed of granulosa cells and a
matrix consisting primarily of hyaluronic acid and proteins.
Sperm capacitation and the hyperactivated motility seem to 
be important in the sperm’s ability to penetrate the cumulus.
Investigations have revealed that the sperm protein PH-20 is

3

1 Early conceptus growth and
immunobiologic adaptations 
of pregnancy
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also involved with cumulus matrix penetration.8 Although
PH-20 degrades hyaluronic acid and possesses similar protein
properties to hyaluronidase, the exact role of this enzyme still
remains uncertain.

The ZP is an acellular glycoprotein coat that covers and 
protects the ovum. The ZP is the last physical barrier that 
spermatozoa must pass before fertilization with the ovum. The
initial interaction between the sperm and the oocyte ZP
appears to be a receptor-mediated process. The ZP consists
principally of three heavily glycosylated proteins: ZP1, ZP2,
and ZP3.9,10 Extensive studies, especially in the mouse, 
have revealed ZP2 and ZP3 function in sperm binding,
whereas ZP1 serves a structural role.5,11 Moreover, ZP3 has
been demonstrated to be responsible for primary sperm
binding (binding prior to the acrosome reaction) and triggers
the acrosome reaction, while ZP2 is involved with secondary
binding (binding with sperm following the acrosome 
reaction).12,13

The AR involves fusion between the sperm’s plasma and
acrosomal membrane with exocytosis of the enzyme contents
of the acrosome. These enzymes, including hyaluronidase and
acrosin, appear to play a role in ZP penetration. Furthermore,
the AR changes the sperm head membranes in preparation for
the eventual fusion of the inner acrosomal membrane with the

oocyte’s plasma membrane. Acrosome-intact sperm are unable
to fuse with oocytes.14 Thus, the AR is an absolute prerequi-
site for sperm fusion with the oocyte membrane.

Once the ZP has been penetrated, the spermatozoon enters
the perivitelline space at an angle and crosses quickly. The
sperm then binds to the oocyte plasma membrane (oolemma)
and soon the entire head enters the cytoplasm of the oocyte
(ooplasm). Subsequently, there is fusion of the sperm and egg
membranes with specific proteins mediating this process. One
such fusion protein is fertilin (formerly called PH-30).8,15 This
sperm membrane protein appears to bind to the oolema via
an integrin receptor-mediated mechanism.8 Following fusion,
several morphologic and biochemical events are initiated in
the fertilized ovum.

Upon fusion of the egg and sperm membranes, there is a
triggering of the cortical and zona reactions. As a result of the
release of cortical granules in the oocyte, the oolema becomes
impenetrable to spermatozoa. Furthermore, the ZP alters its
structure, possibly due to ZP2 and ZP3 protein rearrange-
ment, to prevent further sperm binding.5 These are the primary
blocking mechanisms to polyspermy.

Besides the cortical and zona reactions, a number of bio-
chemical and molecular events are activated in the oocyte 
after sperm–egg fusion. Initially, there is a transient release of

4

Figure 1.1 Fertilization. A sperm is shown penetrating an oocyte.
The spermatozoon must first undergo capacitation. Next, the sperm
must penetrate the cumulus (the investment of cells and matrix
surrounding the oocyte). After cumulus penetration, the sperm
binds to the zona pellucida via specific receptors. The plasma
membranes of the sperm and oocyte fuse. The sperm and tail of the
sperm enter the oocyte, leaving the sperm’s plasma membrane.

Figure 1.2 Proposed sequence for mammalian gamete 
interaction. ZP, zona pellucida. (Adapted from ref. 35, with
permission.)
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intracellular calcium in a repeated oscillatory fashion.16,17

These calcium pulses may be initiated by membrane depolar-
ization and propagated through inositol triphosphate produc-
tion. Consequently, the release of calcium induces exocytosis
of the cortical granules. Eventually, these events will lead to
initiation of the cell cycle and DNA synthesis.

Upon initiation, the oocyte will resume the second meiotic
division that had been arrested at metaphase 2. One of the
daughter cells will be extruded as the second polar body, while
the other daughter cell, containing a haploid number of chro-
mosomes, becomes the definitive oocyte. Restoration of the
diploid number of chromosomes results from the addition of
chromosomes from the sperm upon fertilization.

The female pronucleus is formed from the maternal chro-
mosomes remaining in the oocyte. Meanwhile, the sperm
head’s chromatin decondenses, while enlarging the head 
in the ooplasm, forming the male pronucleus. The two 
pronuclei enlarge and migrate toward each other in the center
of the fertilized egg. As the pronuclei move into close prox-
imity, the nuclear membranes break down. Syngamy 
then begins as the chromosomes condense during the first cell
division.

Preimplantation embryo

The initial phases of embryonic growth following fertilization
are concerned with rapid cell division (Fig. 1.3). This initial
increase in cell numbers is critical in establishing a sufficient
number of cells in the embryo, which can then initiate differ-
entiation. These cells are known as blastomeres. Beginning

with the first division, approximately 24–30 hours after fer-
tilization, the blastomeres become smaller with successive 
divisions. Until the eight-cell stage, the cells are in a loosely
arranged clump; however, following this cleavage stage, blas-
tomeres begin merging into a coherent mass of cells marked
by the formation of gap and tight junctions.18,19 This process
of compaction segregates inner cells from outer cells and rep-
resents the onset of embryonic differentiation. Approximately
3 days after fertilization, the berry-like mass of cells, termed
the morula, enters the uterus.

The next event in embryo development is the formation of
a fluid-filled cavity, the blastocele. With blastocyst formation,
there is a partitioning of cells between an inner cell mass, the
embryoblast, and an outer mass of cells, the trophectoderm.
E-cadherin, a molecule involved with cell–cell binding, seems
to be important for trophectoderm and blastocyst formation.20

This polarization of blastomeres permits differentiation to
proceed. Differentiation allows for the development of the
three primitive tissue layers: the endoderm, mesoderm, and
ectoderm. The primitive endoderm arises from a flattened
layer of cells, the hypoblast, which lies on the surface of 
the inner cell mass and faces the blastocoele. Meanwhile, both
the mesoderm and the ectoderm develop from the epiblast, the
high columnar cell of the inner cell mass.

Until this stage in its growth, the blastocyst is still entirely
surrounded by the ZP. The primary function of the ZP appears
to be prevention of polyspermy. However, the ZP must be shed
prior to embryo implantation to allow for the increasing cell
mass and to enable contact between the embryo and the
endometrium. This is achieved by hatching, where the embryo
wiggles and squeezes out of this investment through a hole. In

5

Figure 1.3 Cleavage and blastogenesis.
Cleavage occurs in stages and results in the
formation of blastomeres. The morula is
composed of 12–16 blastomeres. The
blastocyst forms when approximately 60
blastomeres are present. Note that the zona
pellucida has disappeared by the late
blastocyst stage. Until the zona pellucida is
shed, the developing embryo essentially does
not increase in size.

TCO1  9/13/06  4:43 PM  Page 5



CHAPTER 1

mice, the initial hole in the ZP is created by the enzyme
trypsin.21 In contrast, the exact mechanism in the human is
still unknown, and human hatching has only been seen in
vitro.22

After entering the uterus, the developing blastocyst floats
inside the endometrial cavity for about 2–3 days. The embryo
begins implantation approximately 6 days after fertilization,
while the primitive germ layers develop between days 6 and
8. Following initial implantation, the embryo is completely
imbedded within the endometrium by approximately 8–9 days
after ovulation.

Intermediary metabolism in 
the developing embryo

Like all other cells, the developing embryo has nutritional
requirements and possesses few nutrient stores, so it must
depend on external sources. The metabolic requirements may
vary depending on the particular embryonic stage of develop-
ment. One requirement of particular interest is that pyruvate
appears to be the major energy source for early embryo devel-
opment, while glucose metabolism becomes activated in later
cleavage stages. Besides pyruvate and glucose, there are many
embryo nutrients and stimulants, including amino acids, inter-
mediaries regulating calcium, and free radical scavengers, to
name a few (see Fig. 1.4).

Molecular synthesis in 
the developing conceptus

The early conceptus exhibits a high level of metabolic activity
and is capable of the synthesis and secretion of a number of
macromolecules that have diverse effects on the success of
implantation, placentation, and maintenance of pregnancy.

Among the earliest substances secreted by the preimplanta-
tion embryo is a soluble ether phospholipid, platelet activat-
ing factor (PAF). Correlation between the production of
embryo-derived (ED)PAF and the pregnancy potential of
embryos suggests that it may serve a fundamental role in the
establishment of pregnancy.23 Apparently, human embryos
release variable amounts of PAF within 48 hours after fertil-
ization.24 Conclusive evidence for the essential role of PAF in
the establishment of pregnancy was provided by Spinks and
O’Neill, who used inhibitors of PAF activity in vivo to induce
implantation failure in animals.25

Human chorionic gonadotropin (hCG) is a glycoprotein
composed of one α and one β subunit with amino acid
sequences similar to luteinizing hormone. It is produced by the
early human trophoblast beginning about the eight-cell stage
and is essential for the survival of the conceptus by stimulat-
ing progesterone production from the corpus luteum and thus
preventing luteolysis and menstruation. In the human, implan-
tation occurs on day 6 after ovulation, and hCG is first meas-
urable on day 9 following ovulation.26 The hCG production

of human blastocysts in vitro has been correlated with their
morphology and maturity, with the best embryos producing
more hCG.27

Early pregnancy factor (EPF) has been described based on
an alteration in lymphocytic reactivity in the lymphocyte
rosette test, which was devised to assess the immunosuppres-
sive characteristics of antilymphocyte serum in vitro.28 Isola-
tion of EPF in embryo growth media has been reported in
several species. An immunosuppressive role has been impli-
cated, possibly by modulating the maternal immune system.29

Recently identified as part of a highly conserved heat shock
family of molecules, EPF consists of an amino acid sequence
with approximately 70% homology to chaperonin 10 and
may be involved in protein binding.30 EPF becomes positive in
maternal serum as early as 24–48 hours after conception and
therefore may be useful in the evaluation of early pregnancy
failure.31 Consequently, disorders of menstruation may be 
distinguished from early spontaneous abortion.

The human zygote produces a factor in vitro that is directly
immunosuppressive.32 Unlike the immunosuppressive actions
of EPF or EDPAF, the actions of immunosuppressive factor
(IF) are direct. The factor obtained from culture media of
human embryos after in vitro fertilization suppresses mitogen-
induced proliferation of peripheral lymphocytes, and those
embryos producing the factor alone result in pregnancy. The
presence of embryo-associated IFs at various stages of 
gestation may play a role in suppressing maternal cellular
immune responses and prevent maternal rejection of the fetal
allograft. Although IF was thought initially to derive from 
the developing embryo, recent evidence has localized IF to
decidual cells.33

Although the mechanism has not been elucidated, histamine
is thought to play a role in implantation of the blastocyst.
Embryo-derived histamine releasing factor (EHRF) has been
identified in culture medium used to grow developing
embryos.34 Both calcium and temperature dependent, EHRF
induces histamine release from sensitized basal cells. Although
the role of this factor remains to be clarified, EHRF could rep-
resent a message sent by the embryo to the mother to induce
histamine release at the time of implantation.

Cytokines and growth factors 
regulating implantation

A critical stage in development involves embryonic implanta-
tion, a continual synchrony between the embryo itself and a
complex series of molecular and cellular events induced in the
uterus by estrogen and progesterone. Much of this maternal
environment/embryonic “talk” is mediated in an autocrine/
paracrine manner by cytokines and growth factors produced
by both the embryo and the uterus. Although there exists a
myriad of information concerning cytokine and growth factor
involvement with implantation, the complete details of this
mechanism are still incomplete. For a more comprehensive

6
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review, the interested reader is referred to several reviews.35,36

At least three cytokines, colony-stimulating factor 1 (CSF-1),
leukemia inhibitory factor (LIF) and interleukin 1 (IL-1)
appear to be involved in implantation.37

Apposition and adhesion of the embryo
to the endometrium

The blastocyst lies unattached in the uterine endometrial
cavity for approximately 2 days before implantation. Implan-

tation begins as the embryo becomes closely apposed to the
endometrial epithelium (Fig. 1.5). The initial contact is made
via the polar trophectoderm. Apposition seems to allow the
complementary binding proteins of the embryo and endome-
trial epithelium to function effectively during implantation 
by the interdigitating of epithelial cells and trophoblast with
microvilli.

The adherence of the blastocyst to the endometrial epithe-
lium appears to be mediated through ligand–receptor com-
plexes. The expression of specific adhesion molecules, such as
integrins, in the embryo and specific substrates and receptors,

7

Embryonic products

Platelet activating factor

IL1α

β1-integrin

EHRF

Laminin

hCG

Inhibin

SP-1

Collagenase type IV

TGFα

IGF-2

FGF

Proteases

Prostaglandins

IL6

Early pregnancy factor

Spermidine/spermine

Fibronectin

Embryo nutrients
and stimulants

Pyruvate

Hypotaurine

EDTA

Free radical scavengers

Taurine
Glycine
Aspartic Acid
Histidine
Asparagine
Serine
Glutamine

Cysteine
Leucine
Threonine
Valine
Isoleucine
Phenylalanine

Calmodulin

IGF-1
Insulin

Glucose*

TGFα

Myoinositol
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FGF

IL1β
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EGF

Figure 1.4 Embryonic nutrients and secreted
products. EDTA, ethylenediaminetetraacetic acid;
EGF, epidermal growth factor; EHRF, embryo-
derived histamine-releasing factor; FGF, fibroblast
growth factor; GM-CSF, granulocyte-macrophage
colony-stimulating factor; hCG, human chorionic
gonadotropin; IGF, insulin-like growth factor; IL,
interleukin; PDGF, platelet-derived growth factor;
TGF, transforming growth factor. (From ref. 55,
with permission.)

TCO1  9/13/06  4:43 PM  Page 7



CHAPTER 1

8

Figure 1.5 Implantation. (A) After floating free for 2 days, the polar
trophectoderm of the embryo apposes the endometrial epithelium.
(B) Penetration begins with rapid proliferation and differentiation
into two cell types, the cytotrophoblast and the syncytiotrophoblast.
The syncytiotrophoblast, a multinucleated mass of cells with no cell

boundaries, extends through the endometrial epithelium to
penetrate the stroma. (C) The inner cell mass differentiates into the
epiblast, which gives rise to the mesoderm and ectoderm, and the
hypoblast, which gives rise to the endoderm. (D) The embryo
becomes completely embedded 7–13 days after ovulation.
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such as laminin, fibronectins, and collagen IV, in the uterine
epithelium and decidua appears to be involved with these
ligand–receptor complexes. After adhering to the uterine
epithelium, the blastocyst will begin penetrating through the
basement membrane and into the uterine stroma.

Penetration of the epithelium

Immediately following adhesion, the blastocyst begins pene-
tration into the endometrial epithelium and stroma (Fig. 1.5).
For trophoblast cells to invade, they have to degrade and
remodel the epithelium and stroma. Thus, embryos must
produce specific molecules and other enzymes to assist in their
penetration. A delicate coordination must exist, however,
between the invading embryo and the underlying endome-
trium to prevent excessive penetration and yet provide ade-
quate invasiveness.

The enzymes and molecules implicated in implantation
include the proteases, proteinases, and their inhibitors, which
are all involved with degradation of the extracellular matrix.
There is a high degree of tissue reorganization that occurs
during implantation. At present, the significance of these sub-
stances is not fully understood, although their importance in
implantation is paramount. Clearly, further studies are needed
to elucidate whether one or more of these systems are involved
in embryo penetration or if they are redundant systems 
for “back up” in case one of the systems should become 
ineffective.

The early human trophoblast

The blastocyst attaches to the endometrial epithelium at 
the embryonic pole 6 days after fertilization (Fig. 1.5). After
the trophoblast has attached to the endometrial epithelium,
rapid cellular proliferation occurs, and the trophoblast differ-
entiates into two layers consisting of the inner cytotrophoblast
and an outer syncytiotrophoblast, a multinucleated mass
without cellular boundaries. Syncytial trophoblast processes
extend through the endometrial epithelium to invade the
endometrial stroma. Stromal cells surrounding the implanta-
tion site become laden with lipids and glycogen, become poly-
hedral in shape, and are referred to as decidual cells. These
decidual cells degenerate in the region of the invading 
syncytiotrophoblast and provide nutrition to the developing
embryo. The blastocyst superficially implants in the stratum
compactum of the endometrium by the end of the first 
week. The trophoblast then invades the surrounding
myometrium as the blastocyst becomes completely imbedded
in the decidua. Capillary connections are formed as the tro-
phoblast invades, and the blood supply to the developing fetus
is established through which it will obtain its support until
delivery occurs.

Immunobiologic adaptations of
pregnancy

The primary role of the immune system is to protect the body
from invasion by foreign organisms and their toxic products.
This requires an ability to discriminate between self and
nonself antigens, so that immune destruction can be targeted
against the invading organism and not against the animal’s
own tissues. In pregnancy, the antigenically foreign fetus
grows in its mother for 9 months, unharmed by her immune
system. Clearly, immune adaptations must occur in pregnancy
that are central to the survival of the fetus while maintaining
the mother’s ability to fight infection.

The maternal–fetal interface

Trophoblast

The fetus itself does not come into direct contact with mater-
nal tissue. The trophoblast of the placenta and fetal mem-
branes forms the interface between mother and fetus. Two
areas of contact between mother and fetus are established: 
(1) a large surface area formed by the syncytiotrophoblast of
the chorionic villi that is bathed by maternal blood; and (2),
within the deciduas, extravillous trophoblast (mostly cytotro-
phoblast but with some syncytial elements) that mingles
directly with maternal tissues.

Fetal–maternal cell traffic

The villous syncytiotrophoblast, adjacent to blood, and the
nonvillous cytotrophoblast, in contact with maternal decid-
uas, are the main areas where maternal lymphocytes might be
sensitized to trophoblasts. However, the interface between
mother and fetus is extended by the traffic of fetal cells into
the maternal circulation, carrying fetal antigens to other parts
of the maternal immune system, where priming responses
could also occur (Table 1.1).

Trophoblast deportation

It has been known for many years that trophoblast cells enter
the maternal circulation.38 There are two ways in which this
might happen. First, trophoblast “buds” (called syncytial
sprouts) often form on the syncytiotrophoblast surface and

9

Table 1.1 Contact between maternal and fetal tissues.

Local Syncytiotrophoblast lining intervillous space
Cytotrophoblast in decidua

Systemic Fetal red and white cells entering maternal blood
Trophoblast deportation
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may break free and enter the maternal blood. This disruption
of the syncytiotrophoblast could also lead to the underlying
villous cytotrophoblast entering the mother’s blood. Alterna-
tively, the endovascular cytotrophoblast that lines the 
spiral arteries may be carried away into the bloodstream.
There is evidence for both multinucleate (syncytiotrophoblast)
and mononuclear (cytotrophoblast) cells entering the mater-
nal uterine vein,39 but it is not yet established whether the
mononuclear cells are villous or extravillous cytotrophoblasts
in origin. It is also a matter of great controversy whether 
trophoblasts enter the peripheral circulation to a major extent
in pregnancy,40 or whether they become trapped in the 
lungs.41

Traffic of fetal blood cells

Direct contact of fetal (as opposed to placental) cells with
maternal cells can come about only by the passage of fetal
blood into the maternal circulation. There is now good evi-
dence that fetal nucleated erythrocytes can enter the maternal
blood in early pregnancy,42 and it must be assumed that fetal
leukocytes will enter at the same time.43 Therefore, it appears
that more cells traverse the placental barrier as the fetus and
the placenta grow.44 Their presence is presumed to result from
fetal–maternal hemorrhage, although the mechanism by which
this occurs has yet to be defined.

Maternal immune cells in decidua

The decidua is the tissue in which immune recognition of tro-
phoblasts is most likely to occur. Immunohistologic and flow
cytometric studies of the first-trimester pregnancy decidua into
which trophoblast invades have shown that it is composed
predominantly of immune cells.45 Approximately 10% of the
stromal cells are T lymphocytes (although there are virtually
no B cells) and 20% are macrophages;46 these two cell types
are essential for cell-mediated graft rejection responses.
However, the main immune cell population is large granular
lymphocytes or natural killer (NK) cells, comprising 45% of
the decidual cells.47 Immunohistologic studies show that the
extravillous cytotrophoblast is in close contact with these
immune cells, which raises the question as to how the tro-
phoblast avoids recognition and rejection.

Maternal immune responses 
to trophoblast

Expression of major histocompatibility complex
(MHC) antigens by trophoblast

The way in which the mother’s immune system responds to
trophoblast cells will depend on which, if any, MHC antigens
they express; therefore, this has been an area of intense study.
Studies using monoclonal antibodies that recognized all forms
of class I antigens [human leukocyte antigen (HLA)-A, -B, and

-C] revealed that, although the syncytiotrophoblast and under-
lying villous cytotrophoblast were negative for class I, the
invasive extravillous cytotrophoblast in the placental bed and
the amniochorion strongly expressed this antigen.48 Sub-
sequent biochemical49,50 and molecular analyses51 have shown
that the trophoblast class I antigen is in fact HLA-G. HLA-G
differs from HLA-A, -B, and -C in that it is nonpolymorphic
and has a lower molecular weight. The latter characteristic
arises from a termination codon in exon 6, resulting in the
transcription of a protein with a truncated cytoplasmic 
tail.52

Polyclonal antibody studies have confirmed that HLA-G
protein is expressed only by extravillous cytotrophoblast53

(Table 1.2). Neither oocytes54 nor sperm express surface class
I or class II antigens, although sperm are reported to express
mRNA for both HLA-B and -G.55 Similarly, oocytes appear to
be negative for both class I and class II antigens. Cleavage-
stage embryos and blastocysts were also thought to be nega-
tive for class I,56 but there is no evidence that a proportion of
blastocysts express both HLA-G mRNA and protein, which
may be associated with more rapid cleavage rates.57 Thus,
expression of HLA-G at this stage could be vital to protect the
embryo as it implants into the decidua.

Immunoregulatory role of HLA-G

Soluble class I HLA molecules are known to be shed into the
serum of patients with HLA-mismatched organ grafts.58 These
donor-derived, soluble, class I antigens are believed to prolong
graft survival by inhibiting the activity of alloreactive cyto-
toxic lymphocytes.59 This may occur through their binding to
the T-cell receptor or its coreceptor, CD8, which induces apop-
tosis of the cytotoxic T cell.60 It has been proposed that soluble
HLA-G may likewise be shed from the surface of the tro-
phoblast and may eliminate maternal cytotoxic T cells by a
similar mechanism.61 In support of the hypothesis, evidence
for a soluble HLA-G molecule has been obtained at both the

10

Table 1.2 MHC expression in human development.

Class I MHC Class II MHC

HLA-G HLA-A, HLA-DR,
-B, -C -DP, -DQ

Oocyte − − −
Sperm − − −
Blastocyst + ? ?
Syncytiotrophoblast − − −
Villous cytotrophoblast − − −
Extravillous + − −

cytotrophoblast
Fetal tissue − + +

MHC, major histocompatibility complex; −, antigen absent; 
+, antigen present; ?, not yet known.
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molecular62 and the protein level,50 and other studies have
shown that HLA-G binds to CD8.63

HLA-G expression may also serve a protective role for tro-
phoblasts. HLA-G inhibits the proliferation of CD4+ T lym-
phocytes64 and decreases decidual cell production of interferon
(IFN)-γ and tumor necrosis factor (TNF)-α.65 Addition of
HLA-G to mixed lymphocyte cultures increases the produc-
tion of IL-10 and decreases IFN-γ and TNF-α production
causing a shift from a Th1 to a Th2 phenotype.66

Protection against NK cell attack

It might seem that, in evolutionary terms, it would be simpler
for the trophoblast not to express class I MHC and thereby
avoid immune recognition. However, a major threat to tro-
phoblast invading the decidua is presented by the large gran-
ular lymphocytes (NK cells). NK cells preferentially kill target
cells that lack class I MHC. The presence of class I antigens
on the cell surface is thought to be essential for protection
from NK cell-mediated attack. Experiments using cell lines
have shown that variants with low levels of class I expression
are highly susceptible to NK lysis,67 but that transfection with
both classical class I and HLA-G genes can confer protec-
tion.61,68 The expression of HLA-G may therefore be essential
to protect extravillous cytotrophoblast from decidual NK
cells.69,70 Thus, HLA-G may serve a dual role in protecting 
trophoblast from both cytotoxic T cells and NK cells.

The properties and possible functions of HLA-G are 
summarized in Table 1.3.

Maternal immune responses to
trafficking cells

Fetal leukocytes

In the placenta, class I antigen expression occurs in the mes-
enchyme of the chorionic villi as early as 2.5 weeks, although
it is sporadic and weak. Class II-positive cells are found in the
placenta by 14 weeks’ gestation.71 In the fetus itself, class 

I- and class II-positive cells have been found in the thymic
epithelium at 7 weeks’ gestation.72 Thus, if fetal leukocytes
enter the maternal circulation, they could potentially stimu-
late maternal immune responses.

Antibody responses

Antifetal (paternal) HLA alloantibodies can develop during a
first pregnancy,73 and may occur after an abortion,74 which
indicates that immunization is not necessarily the result of
events at delivery, but usually develops after 28 weeks, with
the incidence increasing with parity.75 These antibodies do not
develop in all pregnancies. The rate is approximately 15% of
women in their first pregnancies and never more than approx-
imately 60% among multiparous women.76 Antibodies may
develop against both class I and class II antigens.77

None of these antifetal antibodies appears to cause harm to
the fetus, probably because they cannot bind to the syncy-
tiotrophoblast, given that it does not express MHC antigens.
This would be sufficient protection were it not for the pla-
centa’s role in the transfer of immunoglobulins from the
maternal to the fetal circulation – a process by which the fetus
acquires immunity from infection in the perinatal period. Fc
receptors on the surface of the syncytiotrophoblast bind 
free immunoglobulin G (IgG) molecules and transport them
to the villous stroma, where they enter the fetal circulation.
Only IgG is transported; antibodies of other classes remain in
the maternal blood. However, antibodies to fetal (paternal)
HLA appear to be effectively filtered out by binding HLA 
antigens on cells in the villous stroma. IgG that is aggregated
or complexed with antigen is removed by Fc receptor-bearing
macrophages.78 This illustrates the concept of the placental
“sponge.” Thus, only maternal IgG antibodies to antigens not
represented in placental tissues escape the “sponge” and reach
the fetal circulation.79

Cell-mediated responses

If the mother can develop antibodies to fetal HLA antigens, it
would be expected that she can also develop cell-mediated
immunity because T- and B-cell sensitization to fetal HLA
should occur together. It is therefore surprising that there is
only sporadic evidence for T-cell sensitization, as judged by
the detection of a secondary maternal–paternal (fetal) mixed
lymphocyte reaction or paternal (fetal)-specific cytotoxic T
cells.80

A search for maternal cytotoxic T cells against paternal and
unrelated control target cells at term found clear evidence for
their presence in only 2 of 20 pregnant women.81 In a further
series of experiments, no sensitization to paternal HLA was
seen in 25 normal first-trimester pregnancies.82 Even when
cytotoxic T cells were found, they did not appear to harm 
the fetus because these women had normal pregnancies. This
implies that cytotoxic T cells cannot cross the placental barrier
to gain access to the fetus.

11

Table 1.3 Properties and functions of HLA-G.

Protein expression restricted to extravillous cytotrophoblast
Exists in both membrane-bound and soluble forms
Heavy chain (40-kDa) has truncated cytoplasmic tail
May have limited polymorphism or is nonpolymorphic
Forms class I complexes with β2-microglobulin and antigenic

peptides
Expression is associated with TAP1
Appears not to stimulate maternal T-cell responses
Downregulates NK cell-mediated cytotoxicity

NK cell, natural killer cell; TAP1, transporter associated with
peptide presentation.
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Immunoregulation

From the discussion above, it is clear that there is a paradox
in pregnancy in that, although the mother’s ability to produce
antibodies is apparently normal, her ability to mount cell-
mediated immune responses is weakened (Table 1.4). This
concept is supported by clinical observations that pregnant
women, although not grossly immunocompromised, are more
susceptible to diseases that are normally dealt with by 
cell-mediated immune responses. Certain viral infections, 
such as hepatitis, herpes simples, and Epstein–Barr virus, are
more common in pregnancy.83 Diseases caused by intra-
cellular pathogens (e.g., leprosy, tuberculosis, malaria, toxo-
plasmosis, and coccidioidomycosis) appear to be exacerbated
by pregnancy. Furthermore, approximately 70% of women
with rheumatoid arthritis (caused by cytotoxic T cells in the
joints) experience a temporary remission of their symptoms
during gestation, whereas systemic lupus erythematosus
(caused by autoantibodies) tends to get worse during 
pregnancy.84

Many investigators have attempted to characterize the
maternal immune response by determining immune cell
subsets and immune cell function during pregnancy. In
general, immune function is similar in pregnant and nonpreg-
nant women (Table 1.5). Taken together, there is no clear trend
toward either the enhancement or the suppression of immune
function during pregnancy.

Immunoregulatory factors

Placental suppressor factors
The placenta itself can release factors that suppress T-cell and
NK-cell activity.85 Microvillous preparations of syncytiotro-
phoblast and culture supernatants from placental cells and
choriocarcinoma cell lines86,87 nonspecifically suppress
mitogen responsiveness and allogenetically stimulated lym-
phocytes in the mixed lymphocyte reaction along with the
cytolytic activity of cytotoxic T cells and NK-cell activity.88

Suppressive activity may appear very early in gestation, given
that animal89 and human preimplantation embryos have been
reported to produce inhibitory factors within 24 hours of 
fertilization.90

Decidual suppressor factors
Suppressive factors released by the placenta into the blood
may inhibit lymphocyte responses systematically, but other
mechanisms may be involved locally to prevent alloimmune
recognition of extravillous cytotrophoblast that invades the
decidua. Suppression of cell-mediated responsiveness in vitro
by cell populations91 from first-trimester human decidua has
also been demonstrated. Decidual cells secrete various proteins
that might mediate these suppressive activities. Transforming
growth factor β, a cytokine that strongly inhibits proliferation
of B cells and T cells and the cytolytic activity of NK cells, has
been localized to the large granular lymphocytes in the human
decidua.92

Cytokines and pregnancy

The strongest candidates for the suppressor factors derived
from the placenta and decidua are cytokines. It has been pro-
posed that the maternal immune changes in pregnancy are
brought about by a shift in the balance of cytokines that favors
antibody production and depresses the potentially harmful
cell-mediated immune responses.

Type I and type 2 cytokines and the immune response
It has become apparent that antibody production and cell-
mediated responses are controlled through two distinct 
populations of CD4+ Th cells.93 Type 1 CD4+ Th cells (Th1)
control cell-mediated responses by secreting cytokines such as
IL-2, TFN-β, and IFN-γ, which stimulate cytotoxic T cells and
NK cells (Th1 response). Type 2 CD4+ Th cells (Th2) produce
IL-4, which stimulates IgE and IgG antibody production by B
cells (Th2 response) (Fig. 1.6A). These two systems are also
interactive in that IFN-γ produced by T1 cells inhibits B-cell
development induced by Th2 cells, and Th2 cells in turn
produce IL-10, which inhibits cytokine synthesis by Th1 cells
(Fig. 1.6B). Thus, Th1 and Th2 cytokines are mutually
inhibitory but, in the normal state, they are in balance, allow-
ing both forms of immune response to coexist. However, a
deviation in the pattern of cytokine production could lead to
one type of response being favored over the other.

12

Table 1.4 Maternal immune responses to fetal cells.

Antibody response Cell-mediated response

Fetal leukocytes + +/−
Trophoblast +/− (?) −

+, response; −, no response; (?), conflicting evidence.

Table 1.5 Alterations in maternal cellular immunity during
pregnancy.

Component Alteration in pregnancy Reference

B-cell numbers No change 102, 103

T-cell numbers No change 104, 105, 106

T-cell function No change 107
Decreased 108, 109

NK-cell function Decreased 110, 111
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Type 1 and type 2 cytokines in pregnancy
In pregnancy, it is proposed that there is a shift away from
Th1 responses and toward Th2 responses.94 The cause of this
shift is thought to be the production of Th2 cytokines by the
placenta (Fig. 1.6B). Thus, excess IL-4 released from the pla-
centa would stimulate maternal antibody responses. At the
same time, excess IL-10 production would inhibit Th1 cells,

leading to the suppression of cytotoxic T cells and NK-cell
activity, which has been observed.

Experimental evidence for this hypothesis is largely confined
to the mouse. Several groups have demonstrated that produc-
tion of Th2 cytokines by tissues at the maternal–fetal inter-
face95,96 and injection of Th1 cytokines TNF-α, IFN-γ, and
IL-2 into pregnant mice can increase fetal resorption rates and
inhibit mouse embryo development and implantation in
vitro.97 So far, evidence in the human is restricted to localiza-
tion studies showing that IL-4 is present in the syncytiotro-
phoblast, the cytotrophoblast of the fetal membranes, and
decidual macrophages,98 and that IL-10 is secreted by HLA-
G-positive cytotrophoblast.99 In contrast, IL-10 knockout
mice100 and IL-10, IL-4 double knockouts101 have normal preg-
nancies. Thus, the immunologic relationship between mother
and fetus may be more complex than originally thought.

Immune circuit

It is clear form the foregoing discussion that, in normal preg-
nancy, fetal growth progresses side by side with the develop-
ment of a number of immune mechanisms that function at
several levels. These can be summarized by constructing an
immune circuit (Fig. 1.7A). The first stage in this circuit is 
the exposure of the maternal immune system to both fetal 
trophoblast and leukocytes. This could potentially lead to
immune recognition and the development of cell-mediated and
antibody responses to fetal antigens, which in turn would lead
to rejection of the fetus (placenta). However, this circuit is
broken at several stages (Fig. 1.7B). First, on the basis of
current evidence, the maternal immune system does not rec-
ognize the trophoblast because it either fails to express HLA
or expresses HLA-G. Second, although fetal leukocytes can be
recognized by maternal immune cells, only antibody responses
occur because the placenta’s production of Th2 cytokines
downregulates cell-mediated immunity. Finally, the produc-
tion of antipaternal antibodies is not harmful because the 
placenta filters out these antibodies before they reach the fetal
circulation. Thus, it is the combination of these many immune
adaptations of pregnancy that ensure the success of the fetus.
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Figure 1.6 (A) Th1 and Th2 cytokines in immune responses. (B)
Th1 and Th2 cytokines in pregnancy. IFN, interferon; IL,
interleukin; NK, natural killer; Th1, type 1 T helper cells; Th2, type
2 T helper cells.
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Key points

1 During meiosis, the primary oocyte gives rise to four
daughter cells, each receiving 22 autosomes and an X
chromosome. The primary spermatocyte also gives rise
to four daughter cells, each receiving 22 autosomes and
either an X or a Y chromosome.

2 Prior to sperm–egg interaction, capacitation of the
spermatozoa must occur.

3 Capacitation is characterized by the acrosome 
reaction, fusion between the sperm’s plasma and
acrosomal membrane with exocytosis of the enzyme
contents.

4 The zona pellucida is an acellular glycoprotein coat
covering the ovum and consists of three principal
proteins: ZP1, ZP2, and ZP3.

5 Upon fusion of the egg and sperm membranes, the
cortical and zona reactions are triggered.

6 After egg–sperm fusion, the oocyte will resume the
second meiotic division and extrude the second polar
body.

7 The morula enters the uterus 3 days after fertilization
and floats inside the endometrial cavity for 2–3 days.
The embryo begins implantation approximately 6 days
after fertilization.

8 Human chorionic gonadotrophin is a glycoprotein
produced by the early conceptus and is essential in
stimulating the corpus luteum to produce progesterone.

9 Three cytokines appear to be involved in implantation,
colony-stimulating factor 1, leukemia inhibitory factor,
and interleukin 1.

10 The adherence of the blastocyst to the endometrial
epithelium is mediated through ligand–receptor
complexes.

Figure 1.7 (A) Immune responses in pregnancy that
could lead to rejection of the fetus. (B) Immuno-
regulatory mechanisms in pregnancy that prevent the
rejection of the fetus.
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This chapter is a synopsis of the main events in normal human
development. The reader should consult the references1–9 for
a more detailed discussion of individual topics.

Fertilization normally occurs in the ampulla of the uterine
tube and results in the formation of a zygote (Fig. 2.1). The
zygote undergoes cleavage to form blastomeres. Contraction
of smooth muscle in the wall of the uterine tube propels the
dividing zygote toward the uterine cavity. About day 3, the
morula, composed of approximately 16 blastomeres, enters
the uterine cavity and forms a blastocyst consisting of the
outer cell mass or trophoblast, the inner cell mass or embry-
oblast, and the blastocyst cavity. At about day 6, the blasto-
cyst begins to implant in the endometrium. As the trophoblast
penetrates the endometrium, it differentiates into the syncy-
tiotrophoblast and cytotrophoblast. By the end of this week,
a layer of cells, the hypoblast, appears on the side of the inner
cell mass facing the blastocyst cavity.

The second week is marked by the completion of implan-
tation and the formation of the bilaminar embryonic disk (Fig.
2.2). The amniotic cavity develops between the inner cell mass
and the cytotrophoblast. The epithelial roof of this cavity is
the amnion. The layer of inner cell mass cells forming the floor
of the cavity constitutes the epiblast. The epiblast and
hypoblast form the bilaminar embryonic disk. The exo-
coelomic membrane, continuous with the hypoblast, sur-
rounds a cavity called the primary yolk sac. Cells from the
trophoblast form the extraembryonic mesoderm, which sur-
rounds the amnion and primary yolk sac. Fluid-filled spaces
in the extraembryonic mesoderm coalesce to form the
extraembryonic coelom or chorionic cavity. As the extraem-
bryonic coelom develops, the primary yolk sac is reduced and,
as hypoblast cells grow out and line it, the secondary or defin-
itive yolk sac forms. Except for the connecting or body stalk,
the extraembryonic coelom splits the extraembryonic meso-
derm into two layers: the extraembryonic splanchnic meso-
derm covering the yolk sac; and the extraembryonic somatic
mesoderm that covers the amnion and lines the trophoblast.
The trophoblast and the extraembryonic mesoderm lining it
form the chorion. The prechordal plate, a midline circular

thickening of the hypoblast, marks the future mouth region
and the cranial end of the embryonic disk.

During the third week, the trilaminar embryonic disk is
formed, differentiation of the germ layers begins, and a prim-
itive circulatory system is established (Fig. 2.3). A midline
thickening of epiblast, the primitive streak, appears in the
caudal region of the embryonic disk. Epiblast cells move to
the primitive streak and pass laterally and cranially between
the epiblast and the hypoblast to form the intraembryonic
mesoderm. The epiblast is now called the embryonic ecto-
derm. Epiblast cells are thought to displace much of the
hypoblast to form the embryonic endoderm. Cells from the
primitive node pass between the endoderm and the ectoderm
in the midline and extend cranially to the prechordal plate,
which will give rise to the notochord. At the cranial and caudal
ends of the embryonic disk, the endoderm and the overlying
ectoderm fuse to form the oropharyngeal membrane and the
cloacal membrane respectively. Embryonic mesoderm passes
between the ectoderm and the endoderm except at the oropha-
ryngeal and cloacal membranes, and where the notochord
extends in the midline. Mesoderm cranial to the oropharyn-
geal membrane forms the cardiogenic area. Normally, the
primitive streak will regress and disappear.

The notochord and adjacent mesoderm induce the overly-
ing ectoderm to form the neural plate. Differential growth
gives rise to a neural groove flanked by neural folds. The
neural folds fuse to form the neural tube with a central neural
canal. Fusion of the neural folds commences in the future cer-
vical region and extends cranially and caudally (the anterior
neuropore closes between days 25 and 26 of gestation, fol-
lowed by the posterior neuropore 2 days later). It has been
suggested that there are multiple closure sites involved in the
formation of the neural tube. Some neuroectodermal cells are
not incorporated into the neural tube and form the neural
crests. The neural tube detaches from the ectoderm, and the
surface ectoderm mainly forms the epidermis and the struc-
tures derived from it.

Differentiation of the mesoderm on each side of the 
notochord forms the paraxial mesoderm, which becomes

2 Normal embryonic and 
fetal development
Trivedi Vidhya N. Persaud and Jean C. Hay
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Figure 2.1 Diagram illustrating the first week of
development.
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Figure 2.2 Diagrams illustrating the second week of
development. Sections of the implanting blastocyst at
approximately 8 days (A), 9 days (B), 12 days (C), and 14
days (D).
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organized into 42–44 pairs of somites. Each somite is com-
posed of a dermatome, which contributes to the dermis; a
myotome, which gives rises to skeletal muscle; and a sclero-
tome, the cells of which migrate around the neural tube and
notochord to form the precursors of the vertebrae and the ribs.
It also forms the intermediate mesoderm, a small area of meso-
derm lateral to the paraxial mesoderm. This is associated with
the development of the urogenital system. Finally, it forms the
lateral mesoderm at the margins of the disk. Spaces in this
mesoderm coalesce to form the horseshoe-shaped intraembry-
onic coelom, which will form the pericardial, pleural, and peri-
toneal cavities. This coelom splits the lateral mesoderm into
somatic and splanchnic layers. The somatopleure, the embry-
onic somatic mesoderm and ectoderm, will form the body
walls. The splanchnopleure, the embryonic splanchnic meso-
derm and endoderm, will form the primitive gut and the struc-
tures derived from it. In the cardiogenic area, mesoderm
cranial to the embryonic coelom forms the septum trans-
versum, which will form part of the diaphragm.

Concurrently, chorionic villi, consisting of a core of
extraembryonic mesoderm covered with cytotrophoblast and
syncytiotrophoblast, develop around the chorionic sac. The
allantois, a finger-like extension of endoderm from the caudal
wall of the yolk sac, extends into the mesoderm of the con-
necting stalk.

Blood vessels first appear in the extraembryonic mesoderm
(except that covering the amnion) and shortly thereafter in the
embryo. Clusters of cells, the blood islands, acquire lumina.
The surrounding cells form the endothelium and other layers
of the vessel wall. As the vessels develop and sprout, the intra-
and extraembryonic vessels are linked. Blood cells develop in
association with the vessels of the yolk sac and allantois. Blood
cells may arise from cells trapped within the lumen as the
vessel forms, or from cells shed into the lumen. Paired
endothelial heart tubes develop in the cardiogenic area. These
fuse to form a single contractile heart tube and, by the end of
the third week, a primitive circulation is established between
the embryo and the chorion.
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Figure 2.3 Diagrams illustrating some of the developmental events
in the third week. (A1 and B1) Dorsal views of the embryonic disk.
(A2 and B2) Transverse sections of the embryonic disk at the levels
indicated in (A1) and (B1). (C and D) Dorsal views of the embryonic
disk showing differentiation of the mesoderm and formation of the

intraembryonic coelom (the developing neural tube has been
omitted). (E1 to E4) Development of the neural tube and neural
crests. (F) Transverse section of the embryonic disk at the level
indicated in (D).
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The embryonic period

The embryonic period extends from the beginning of the
fourth week to the end of the eighth week. During this period,
all the major internal and external structures begin their devel-
opment. By the end of this period, the embryo has acquired
characteristic human features. In the fourth week, the embry-
onic disk undergoes folding (Fig. 2.4). Folding converts the
flat embryonic disk into a cylindrical embryo. Folding in the
longitudinal axis results in the formation of the head and tail
folds. With the head fold, the developing heart and pericar-
dial cavity are swung onto the ventral surface, and the septum
transversum then lies caudal to the developing heart. The
dorsal part of the yolk sac is incorporated into the embryo to

form the foregut. This is separated by the oropharyngeal mem-
brane from the stomodeum or primitive oral cavity. With the
tail fold, the body or connecting stalk, the future umbilical
cord, is swung onto the ventral surface, and part of the allan-
tois is incorporated into the embryo. The dorsal part of the
yolk sac is incorporated into the embryo to form the hindgut.
The terminal portion of the hindgut dilates to form the cloaca,
which is separated from the amniotic cavity by the cloacal
membrane. Folding in the transverse axis results in the
somatopleure forming the lateral and ventral body walls. As
the dorsal part of the yolk sac is incorporated into the embryo,
the splanchnopleure forms the primitive gut. The midgut is
connected to the yolk sac by the narrow vitelline duct. The
remnant of the yolk sac ultimately degenerates. As the caudal
limbs of the intraembryonic coelom are moved ventrally, 
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Figure 2.4 Diagrams illustrating folding of the
embryonic disk during the fourth week. (A1)
Dorsal view. (B1 to D1) Lateral views of the
embryo. (A2 to D2) Longitudinal sections at the
levels shown in (A3 to D1). (From Moore KL.
The developing human, 4th edn. Philadelphia,
PA: W.B. Saunders, 1988 with permission.)
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they are initially separated by a ventral mesentery. This mesen-
tery disappears, except in the region of the foregut, and a
single peritoneal cavity is formed. From the pericardial cavity,
the pericardioperitoneal canals or future pleural cavities pass
dorsally and caudally to communicate with the peritoneal
cavity.

The fetal period

The fetal period extends from the beginning of the ninth week
until birth. The main features of this period are the growth
and differentiation of those tissues and organs that began their
development in the embryonic period. Few new structures
(hairs, nails) appear. During this period, fetal movement
begins, and the life-sustaining reflexes (sucking, swallowing,
etc.) are established.

Pharyngeal apparatus

In the fourth week, ridges and grooves appear in the future
neck region (Fig. 2.5). These form part of the pharyngeal
apparatus, which consists of the following: six pairs of pha-
ryngeal arches numbered in a craniocaudal sequence (in
humans, the fifth pharyngeal arch is absent); the pharyngeal
grooves or clefts between the arches; the pharyngeal pouches
(lined by endoderm and occurring internally between the
arches); and the pharyngeal membranes, formed by the 
ectoderm and endoderm between the arches. The first or
mandibular arch gives rise to the maxillary and mandibular
prominences. The second or hyoid arch enlarges and grows
caudally, concealing the posterior arches and creating an 
ectodermal depression, the cervical sinus; this arch ultimately
fuses with the upper thoracic wall, giving the neck a smooth
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Figure 2.5 Diagrams illustrating the pharyngeal
apparatus. Inset indicates the level of the
horizontal sections shown in (A) and (B).
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contour. The first branchial groove, between the first and
second arches, persists as the primordium of the external audi-
tory meatus. In the mesodermal core of each arch are a cranial
nerve, a skeletal muscle element, an artery, and a rod or bar
of hyaline cartilage that is derived from neural crest cells. The
ventral portions of the first arch or Meckel’s cartilage dis-
appear, and the mandible is derived from intramembranous
ossification. The second arch cartilage is also called Reichert’s
cartilage. The derivatives of the branchial arch components
are summarized in Table 2.1.

The first pair of pouches (between the first and second
arches) forms the tympanic cavity and pharyngotympanic
tube. The first branchial or closing membrane forms the tym-
panic membrane. The second pair of pouches persists in part
to form the tonsillar fossa. This pair is associated with devel-
opment of the palatine tonsils. The third pair of pouches devel-
ops dorsal and ventral portions. The dorsal portions separate,
attach to the posterior aspect of the thyroid gland, and form
the inferior parathyroid glands. The ventral portions fuse to
form the thymus, which descends into the thorax. The fourth
pair of pouches also develops dorsal and ventral portions and
loses the connection with the pharynx. The dorsal portions
separate, attach to the posterior aspect of the thyroid gland,
and form the superior parathyroid glands. The small ventral
portions of the fourth pouches and the rudimentary fifth
pouches form the ultimobranchial bodies, which are incorpo-
rated into the thyroid gland to form the parafollicular cells.

In the fourth week, a thickening of endoderm appears in the
floor of the pharynx; this grows downward to form the
thyroid diverticulum. It grows caudally, becomes bilobed and
is connected by the isthmus. The gland reaches its definitive
position in the seventh week and is attached to its site of origin
by the thyroglossal duct. This duct normally degenerates
except for a small pit, the foramen cecum, in the tongue (see
Fig. 2.5). In about 50% of individuals, the caudal portion of
the duct persists to form a pyramidal lobe that extends upward
from the isthmus. The endoderm becomes organized into fol-

licles, and the parafollicular cells are derived from the ulti-
mobranchial bodies. The thyroid gland is functional by the
12th week of gestation.

The primordia of the tongue appear in the floor of the
pharynx in the fourth week.

The body or oral part consists of the anterior two-thirds.
Proliferation of mesoderm at the ventromedial ends of the first
branchial arches forms the median tongue bud (tuberculum
impar) just anterior to the foramen cecum. This bud is flanked
by the two distal tongue buds (lateral lingual swellings). The
median tongue bud is overgrown as the distal tongue buds
enlarge and fuse, and the median sulcus indicates the plane of
fusion. The root or pharyngeal part consists of the posterior
one-third. The copula, just posterior to the foramen cecum, is
formed by proliferation of mesoderm at the ventromedial ends
of the second branchial arches. Posterior to the copula, the
hypobranchial eminence is derived from proliferation of meso-
derm at the ventromedial ends of the third and fourth
branchial arches. The cranial part of this eminence overgrows
the copula; the caudal portion will form the epiglottis. The
sulcus terminalis roughly demarcates the junction of the root
and the body. The intrinsic muscles of the tongue are derived
from myoblasts that migrate from the occipital somites, and
this explains why they are innervated by the hypoglossal nerve
rather than by the branchial arch nerves.

The face

The primordia of the face appear at the end of the fourth week
and are related to the stomodeum or primitive oral cavity as
follows: the frontonasal prominence forms the cranial bound-
ary, the maxillary prominences form the lateral boundaries,
and the mandibular prominences form the caudal boundary.
These prominences, formed by accumulations of mesenchyme,
are separated by grooves and furrows. During development,
the prominences merge with one another as the grooves are

Table 2.1 Major derivatives of the pharyngeal arch components.

Arch Nerve Muscles Cartilages Arteries

I Trigeminal (V) Muscles of mastication Malleus, incus Part of maxillary
II Facial (VII) Muscles of facial expression Stapes, styloid process, None

part of hyoid bone
III Glossopharyngeal (IX) Stylopharyngeus Remainder of hyoid Common carotids, part of internal carotids

bone
IV Vagus (X) superior Part of arch of aorta and right subclavian

laryngeal branch
V Muscles of palate, pharynx Laryngeal cartilages None

and larynx (except epiglottis)
VI Vagus (X) recurrent Pulmonary arteries and ductus arteriosus

laryngeal branch
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smoothed out by proliferation of the underlying mesenchyme.
Much of the mesenchyme in the facial region is considered to
be of neural crest origin. Merging occurs mainly during the
fifth to eighth weeks. Ectodermal thickenings on the infero-
lateral aspects of the frontonasal prominence form the nasal
placodes. Mesenchyme around the placodes proliferates to
form the medial and lateral nasal prominences, and the pla-
codes then lie in depressions, the nasal pits or future nostrils.
Expansion of the back of the head moves the eyes forward
and contributes to the growth of the facial components toward
the midline. The maxillary prominences merge with the medial
nasal prominences, and the medial nasal prominences merge
with each other to form the intermaxillary segment. The
mandibular prominences merge with each other in the midline.
The adult derivatives are the frontonasal prominence – the
forehead, dorsum, and apex of the nose; the lateral nasal
prominences – the alae of the nose; the merged medial nasal
prominences (intermaxillary segment) – the columella,
philtrum of the upper lip, the maxilla that bears the incisors
(the premaxilla), and the primary palate; the maxillary promi-
nences – the lateral portions of the upper lip, the upper cheeks
and face, the rest of the maxilla, and the secondary palate; and
the mandibular prominences – the lower lip, lower cheeks and
face, and the mandible. Myoblasts from the second branchial
arch migrate into the facial region to form the muscles of facial
expression. Along the nasolacrimal groove between the lateral
nasal and maxillary prominences, a cord of cells sinks into the
underlying mesenchyme; this canalizes to form the naso-
lacrimal duct.

The palate

The palate develops from two primordia: the primary palate,
a wedge-shaped mass of mesoderm from the innermost aspect
of the intermaxillary segment that appears in the fifth week,
and the secondary palate, which develops from the lateral
palatine processes, shelf-like projections of mesoderm from
the medial aspects of the maxillary prominences. These
processes appear in the sixth week. As the developing 
tongue occupies most of the oral cavity, the lateral palatine
processes assume a vertical position. As the stomodeum
enlarges, the tongue drops down to the floor of the sto-
modeum, and the lateral palatine processes elevate to a hori-
zontal position; this elevation occurs slightly later in females.
Beginning anteriorly and proceeding posteriorly, the lateral
palatine processes fuse with the posterior margin of the
median palatine process, the inferior border of the nasal
septum, and each other. Fusion involves epithelial contact,
adhesion, and the replacement of the epithelial seam by meso-
derm. Fusion begins in the ninth week and is completed by
the 11th week in males and the 12th week in females.
Intramembranous ossification spreads into the palate from the
maxillary and palatine bones and extends to the posterior
border of the nasal septum. Posterior to this, the unossified

portion forms the soft palate and uvula. The palatal muscles
are derived from the branchial arches.

The respiratory system

The nasal pits deepen to form the nasal sacs. The oronasal
membrane separating the oral and nasal cavities ruptures, and
the cavities communicate just posteriorly to the primary
palate. The nasal septum, a midline downgrowth from the
frontonasal prominence, separates the nasal cavities. In the
late fetal period, the paranasal sinuses develop as bone is
resorbed, and most of their expansion occurs postnatally. The
epithelium of the nasal placodes, located in the roof of the
nasal cavities, forms the olfactory epithelium. In the fourth
week, the laryngotracheal groove appears in the floor of the
pharynx; it deepens to form the laryngotracheal diverticulum.
As it grows caudally, longitudinal folds of mesenchyme fuse
to form the tracheoesophageal septum, which separates the
laryngotracheal tube (ventrally) from the esophagus (dorsally).
The laryngotracheal tube gives rise to the larynx and trachea.
A lung bud develops at the caudal end of the tube, and this
soon bifurcates to give two bronchopulmonary or lung buds.
The right lung bud develops two secondary buds, and the left
lung bud gives rise to one secondary lung bud; these buds
demarcate the future lobes of the lung. Dichotomous branch-
ing forms the air-conducting passages, the bronchi and bron-
chioles. Respiratory tissue – the respiratory bronchioles,
alveolar ducts and sacs, and the alveoli – develops at the ter-
minal ends of the bronchioles and continues to develop post-
natally. As the lungs grow into the medial aspects of the
pericardioperitoneal or pleural canals, they acquire a layer of
visceral pleura.

The digestive system

The primitive gut forms during the fourth week as the head,
tail, and lateral folds incorporate the dorsal part of the yolk
sac into the embryo (see Fig. 2.4). The endoderm of the primi-
tive gut gives rise to the epithelium and glands of most of the
digestive tract; the epithelium at the cranial and caudal ends
of the tract is derived from the ectoderm of the primitive oral
cavity (stomodeum) and the anal pit (proctodeum) respec-
tively. The muscular and fibrous elements of the digestive tract
and the visceral peritoneum are derived from splanchnic mes-
enchyme. The primitive gut is divided into three parts: the
foregut, midgut, and hindgut. The derivatives of the foregut
are the pharynx and its derivatives, the lower respiratory tract,
the esophagus, the stomach, the duodenum, proximal to the
common bile duct, and the liver, biliary tract, gallbladder, and
pancreas. The esophagus develops from the cranial part of 
the foregut. The striated muscle of the esophagus is derived
from the caudal branchial arches, and the smooth muscle of
the lower esophagus develops locally from the surrounding
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splanchnic mesenchyme. The lumen of the esophagus becomes
occluded by proliferation of the endodermal cells, but these
cells degenerate and the lumen is recanalized. The stomach
appears during week 4 as a fusiform dilation of the caudal
part of the foregut; this primordium soon expands and broad-
ens dorsoventrally. The dorsal border grows more rapidly than
the ventral border and forms the greater curvature. As the
stomach enlarges and acquires its adult shape, it rotates 90°
in a clockwise direction about its longitudinal axis. Thus, the
ventral border (lesser curvature) moves to the right, and the
dorsal border (greater curvature) moves to the left. The origi-
nal left side becomes the ventral surface, and the right side
becomes the dorsal surface. The stomach is suspended from
the dorsal wall of the abdominal cavity by the dorsal mesen-
tery (dorsal mesogastrium). As the dorsal mesogastrium is
carried to the left during rotation of the stomach, the lesser
sac forms. Isolated clefts develop in the dorsal mesogastrium
and coalesce to form the lesser peritoneal sac, which commu-
nicates with the greater peritoneal cavity through the epiploic
foramen. The dorsal mesogastrium, the greater omentum,
hangs from the greater curvature anterior to the developing
intestines. As the embryo lengthens, the caudal part of the
septum transversum thins and becomes the ventral mesentery,
which attaches the stomach and the duodenum to the ventral
wall of the abdominal cavity. The ventral mesentery persists
only where it is attached to the caudal part of the foregut. The
final shape and position of the stomach are influenced by the
development of the liver and the omental bursa. The duode-
num develops from the most caudal part of the foregut and
the most cranial part of the midgut. These parts grow rapidly
and form a C-shaped loop that projects ventrally. The junc-
tion of the foregut and the midgut is at the apex of this duo-
denal loop, and is demarcated by the duodenal papilla.

The liver arises as an endodermal bud from the most caudal
part of the foregut; this hepatic diverticulum extends into the
septum transversum, enlarges rapidly, and divides into a larger
cranial part, the primordium of the liver, and a smaller caudal
part, which will form the gallbladder and cystic duct. The stalk
connecting the hepatic and cystic ducts to the duodenum
becomes the common bile duct. The proliferating endodermal
cells give rise to interlacing cords of liver cells and the epithe-
lial lining of the intrahepatic portion of the biliary apparatus.
As the liver cords invade the septum transversum, they break
up the umbilical and vitelline veins to form the hepatic sinu-
soids. Hemopoiesis begins in the liver during the sixth week.
The lobes of the liver grow extensively and soon fill most of
the abdominal cavity. Initially, the lobes are about the same
size, but the right lobe becomes much larger; the caudate and
quadrate lobes develop as subdivisions of the left lobe. The
ventral mesentery gives rise to the lesser omentum (gastro-
hepatic ligament and duodenohepatic ligament), the falciform
ligament (liver to the anterior abdominal wall), and the vis-
ceral peritoneum of the liver.

The pancreas develops from dorsal and ventral pancreatic
buds. The ventral pancreatic bud forms as an evagination of

the hepatic diverticulum, and the dorsal pancreatic bud is
derived from the proximal part of the duodenum, opposite the
hepatic diverticulum. As the duodenum grows and rotates to
the right, the two buds come together and fuse. The ventral
pancreatic bud gives rise to the main pancreatic duct, the unci-
nate process, and the lower part of the head of the pancreas.
The rest of the pancreas and the accessory pancreatic duct are
formed from the dorsal pancreatic bud. The two pancreatic
ducts usually anastomose to form a single pancreatic duct. The
spleen is derived from the fusion of mesenchymal nodules
located in the dorsal mesogastrium.

The derivatives of the midgut are the small intestines (except
for the duodenum from the stomach to the entry of the
common bile duct), the cecum and appendix, the ascending
colon, and the proximal one-half to two-thirds of the trans-
verse colon.

The dorsal mesentery, which suspends the midgut from the
dorsal abdominal wall, elongates rapidly. The midgut elon-
gates during the sixth week, forming a ventral, U-shaped intes-
tinal loop.

The midgut loop has a proximal or cranial limb, and a distal
or caudal limb. The communication of the midgut with the
yolk sac is reduced to the narrow yolk stalk or vitelline duct,
which is attached to the apex of the loop and marks the junc-
tion between the two limbs. The midgut loop migrates into
the umbilical cord. This “herniation” of the intestines occurs
because there is not enough room in the abdomen, mainly
because of the relatively large size of the liver and kidneys.
The proximal limb grows rapidly and forms intestinal loops,
but the caudal limb undergoes very little change except for
development of the cecal diverticulum. The midgut loop then
rotates within the umbilical cord. During the 10th week, as
the intestines return rapidly to the abdomen, they undergo
further rotation. The midgut segment undergoes a total coun-
terclockwise rotation of 270°. This “reduction of the midgut
hernia” is usually attributed to an increase in the size of the
abdominal cavity and a decrease in the relative size of the liver
and kidneys. The primordium of the cecum and appendix
appears during the sixth week as the cecal bud, a conical
pouch of the caudal limb of the midgut loop. The apex of this
blind pouch does not grow as rapidly as the rest of the cecum
and forms the vermiform appendix. Elongation of the proxi-
mal part of the colon results in the cecum and appendix
“descending” from the upper to the lower right quadrant of
the abdomen. As the intestines assume their final positions, in
some places the mesentery fuses with the parietal peritoneum
and disappears; those parts of the midgut become retroperi-
toneal. The proximal part of the duodenum and the ascend-
ing colon become retroperitoneal. Other derivatives of the
midgut loop retain their mesenteries. The transverse colon is
attached to the greater omentum.

The derivatives of the hindgut are the distal one-third to
one-half of the transverse colon, the descending colon, the
sigmoid colon, the rectum and the upper portion of the anal
canal, and part of the urogenital system. The expanded ter-
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minal part of the hindgut, the cloaca, is separated from the
amniotic cavity by the cloacal membrane. The cloaca receives
the allantois ventrally. A mesodermal partition, the urorectal
septum, which develops between the allantois and the hindgut,
divides the cloaca into the rectum and upper anal canal dor-
sally and the urogenital sinus ventrally. By the end of the
seventh week, the urorectal septum fuses with the cloacal
membrane, dividing it into a dorsal anal membrane and a
ventral urogenital membrane. Proliferation of mesenchymal
tissue around the anal membrane elevates the surface ecto-
derm and forms the shallow anal pit or proctodeum. The anal
membrane at the floor of this pit ruptures by the end of the
seventh week, forming the anal canal. The caudal part of the
digestive tract is now in communication with the amniotic
cavity. The proximal (upper) two-thirds of this canal is derived
from the hindgut; the distal (lower) one-third develops from
the proctodeum. The pectinate line indicates the approximate
former site of the anal membrane and the junction of endo-
derm and ectoderm. The other layers are mesenchymal in
origin.

The urinary system

At the beginning of the fourth week, the intermediate meso-
derm on each side detaches from the somites and forms the
nephrogenic cords. From the nephrogenic cords, three succes-
sive sets of excretory organs develop: the pronephros, the
mesonephros, and the metanephros. The pronephros is formed
in the cervical region and is a transitory nonfunctional struc-
ture. It regresses soon after its formation, leaving the
pronephric ducts, which run caudally to enter the cloaca.
These ducts will become the mesonephric ducts. The
mesonephros also appears during the fourth week, caudal to
the degenerating pronephros. Cell clusters in the nephrogenic
cords give rise to mesonephric tubules, which drain into the
mesonephric duct. The mesonephros serves as a temporary
excretory organ and probably functions in urine production,
but it degenerates during the latter part of the embryonic
period. In the male, the mesonephric ducts form some com-
ponents of the reproductive system. In the female, the
mesonephric ducts degenerate, except for vestigial remnants.
The permanent adult kidney, the metanephros, begins to
develop early in the fifth week and is functional 2–3 weeks
later. The ureteric bud develops as an outgrowth from the
mesonephric duct, close to its entry into the cloaca. 
The ureteric bud grows dorsally and cranially to meet the
metanephrogenic blastema (intermediate mesoderm). The
ureteric bud forms the ureter, renal pelvis, calyces, and 
collecting tubules. The nephrons are derived from the
metanephric blastema. At birth, the nephrons, approximately
one million in each kidney, are formed, but are still short. No
new nephrons are formed after birth. During infancy, the
nephrons complete their differentiation and increase in size
until adulthood. Initially, the metanephros is located in the

sacral region of the embryo and receives its blood supply from
the dorsal aorta at that level. The metanephros gradually
ascends, probably as a result of caudal growth of the embryo.
This results in a relative change in the position of these organs,
and they receive their blood supply from progressively higher
levels. As the kidney ascends, it rotates, and the position of
the hilum changes from ventral to medial.

The urinary bladder is derived from the cranial part of the
urogenital sinus. It is lined by endoderm; the other layers 
are derived from the adjacent splanchnic mesenchyme. The
mucosa and musculature of the trigone area are mesodermal
in origin; possibly this mucosa is later overgrown by endo-
dermal epithelium. The allantois, continuous with the bladder,
constricts to form the urachus. The adult derivative of the
urachus is the median umbilical ligament, which passes from
the apex of the bladder to the umbilicus. In both sexes, the
urethra is derived from the caudal part of the urogenital sinus.
The epithelium of the entire female urethra is derived from the
endoderm of the urogenital sinus. In the male, except for its
most distal part, which is derived from ectoderm, the urethral
epithelium has a similar origin. In both sexes, the other layers
of the urethra are derived from adjacent splanchnic mes-
enchyme. Rupture of the urogenital membrane brings the
urinary system into communication with the amniotic cavity.
The suprarenal (adrenal) glands: aggregates of mesenchymal
cells, derived from the mesothelium lining the posterior body
wall, form the cortex. The medulla is derived from cells of
neural crest origin.

The genital system

The genetic sex of the embryo is determined at fertilization by
the type of spermatozoon that fertilizes the oocyte. There is
no morphological indication of sexual differences until the
eighth week, when the gonads begin to acquire sexual char-
acteristics. Initially, all normal human embryos are potentially
bisexual; male and female embryos have identical gonads,
genital ducts, and external genitalia. This period of early
genital development is referred to as the indifferent stage of
the reproductive organs. The gonads appear during the fifth
week of development, as the intermediate mesoderm on the
dorsal body wall forms the gonadal ridges. The coelomic
epithelium grows into the underlying mesenchyme and forms
the primary sex cords. A week later, the cords become popu-
lated by primordial germ cells, precursors of the spermatogo-
nia or oogonia. The Y chromosome has a strong
testis-determining effect on the indifferent gonad. Under its
influence, the primary sex cords differentiate into seminifer-
ous tubules. Absence of a Y chromosome results in the for-
mation of an ovary. Thus, the type of sex chromosome
complex established at fertilization determines the type of
gonad that develops from the indifferent gonad. The type of
gonad then determines the sexual differentiation of the genital
ducts and external genitalia.
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Two pairs of genital ducts develop in both sexes:
mesonephric (wolffian) ducts and paramesonephric 
(müllerian) ducts. In the male, the fetal testes produce at least
two hormones: one stimulates development of the
mesonephric ducts into the male genital tract, and the other
suppresses development of the paramesonephric ducts. Some
mesonephric tubules near the testis persist and are trans-
formed into efferent ductules or ductuli efferentes, which
connect the rete testis to the epididymis. The mesonephric duct
becomes the ductus epididymis and the vas deferens. The
seminal vesicles develop from paired lateral diverticula from
the caudal ends of the mesonephric ducts. The part of the
mesonephric duct between the duct of this gland and the
urethra becomes the ejaculatory duct. The appendix of the epi-
didymis and the paradidymis are nonfunctional rudiments 
of the mesonephric duct and mesonephric tubules respectively.
In the male, the paramesonephric ducts largely degenerate,
except for two vestigial remnants: the appendix of the testis
and the prostatic utricle.

In female embryos, the mesonephric ducts regress and the
paramesonephric ducts give rise to the female genital tract.
The cranial unfused ends of the paramesonephric ducts form
the uterine tubes. The caudal portions of the ducts converge
and fuse in the midline to form the uterovaginal primordium,
which gives rise to the uterus, cervix, and possibly part of the
vagina. The development of the vagina is not entirely settled.
One theory is that the uterovaginal primordium induces the
formation of paired, endodermally derived outgrowths from
the urogenital sinus. These fuse to form a solid vaginal plate,
which eventually canalizes to become the vagina. Thus, 
the vaginal epithelium is derived from the endoderm of the
urogenital sinus, and the fibromuscular wall of the vagina
develops from the mesenchymal cells of the uterovaginal pri-
mordium. Another view is that the uterus and upper third of
the vagina are formed from the uterovaginal primordium and
surrounding mesenchyme, while the lower two-thirds of the
vagina is presumed to be derived from the vaginal plate and
the surrounding mesenchyme. A few blind mesonephric
tubules, the epoophoron, may persist in the mesovarium. Parts
of the mesonephric duct may persist as Gartner’s duct in the
broad ligament along the lateral wall of the uterus, or as a
Gartner’s cyst in the wall of the vagina.

The external genitalia also pass through an indifferent stage
that is not distinguishable as male or female. Early in 
the fourth week, a genital tubercle develops ventrally to the
cloacal membrane; this elongates to form the phallus. By the
sixth week, labioscrotal swellings and urogenital folds develop
on each side of the future urogenital membrane. In the male,
masculinization of the indifferent external genitalia is caused
by androgens produced by the testes. The phallus will form
the penis. The urogenital folds fuse with each other along the
ventral (under) surface of the penis and form the penile
urethra. The paired labioscrotal swellings grow toward each
other and fuse to form the scrotum. In the female, because of
the absence of androgens, feminization of the indifferent 

external genitalia occurs. The phallus elongates rapidly at first
but, as its growth gradually slows, it becomes the relatively
small clitoris. The unfused urogenital folds form the paired
labia minora, whereas the labioscrotal swellings give rise to
the labia majora. The caudal portion of the urogenital sinus
gives rise to the vestibule of the vagina.

The cardiovascular system

The development of the heart begins in the third week in the
cardiogenic area (see Fig. 2.3). Splanchnic mesoderm ventral
to the pericardial cavity aggregates to form a pair of elongated
heart cords. By day 17 of gestation, these cords are canalized
to form endothelial tubes, called endocardial heart tubes. As
the lateral folds develop, the heart tubes fuse to form a single
median endocardial heart tube; fusion begins cranially and
rapidly extends caudally. A single endocardial tube is formed
by day 22. It is surrounded by a myoepicardial mantle and
separated from the endothelial lining by cardiac jelly. With the
development of the head fold, the cardiac tube comes to lie
dorsal to the pericardial cavity and ventral to the foregut (see
Fig. 2.4). As the tubular heart elongates, it differentiates into
four main regions. From cranial to caudal, these are the bulbus
cordis, ventricle, atrium, and the sinus venosus. The bulbus
cordis represents the arterial end of the heart and consists of
a proximal part, the conus, and a distal part, the truncus arte-
riosus. The sinus venosus represents the venous end of the
heart. It receives the umbilical veins from the placenta, the
vitelline veins from the yolk sac, and the common cardinal
veins from the embryo. The arterial and venous ends of the
heart tube are fixed by the pharyngeal arches and the septum
transversum respectively. Because the bulbus cordis and the
ventricle grow faster than the other regions, the heart tube
bends upon itself, forming a U-shaped bulboventricular loop.
It later becomes S-shaped. As the heart tube bends, the atrium
and the sinus venosus come to lie dorsal to the bulbus cordis,
truncus arteriosus, and ventricle. By this stage, the sinus
venosus has developed lateral expansions, called right and left
horns. The right horn of the sinus venosus subsequently
becomes larger than the left. The developing heart tube now
gradually invaginates into the dorsal aspect of the pericardial
cavity.

Partitioning of the atrioventricular canal, the atrium, and the
ventricle begins about the middle of the fourth week and is
essentially complete by the end of the seventh week. At first,
the atrioventricular opening is round. In the region of the atri-
oventricular canal, two thickenings of subendocardial tissue,
the endocardial cushions, appear in the dorsal and ventral
walls of the heart. During the fifth week, these cushions grow
toward each other and fuse, dividing the atrioventricular canal
into right and left atrioventricular canals. The primitive atrial
chamber communicates posteriorly with the sinus venosus, 
and inferiorly with the ventricle through the atrioventricular
canal. A crescent-shaped membrane, the septum primum,
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grows down toward the endocardial cushions. A large gap, 
the foramen primum, exists between its lower free edge and the
endocardial cushions. As the septum primum grows toward the
endocardial cushions, the foramen primum becomes progres-
sively smaller. Before the foramen primum is obliterated, an
opening, the foramen secundum, appears in the upper part of
septum primum. Concurrently, the free edge of the septum
primum fuses with the left side of the fused endocardial cush-
ions and obliterates the foramen primum. At this stage, the left
atrium receives most of its blood from the right atrium via the
foramen secundum. Toward the end of the fifth week, a second
membrane, the septum secundum, arises from the roof of the
atrium on the right side of the septum primum. As this septum
grows downward toward the endocardial cushions, it gradu-
ally overlaps the foramen secundum. The septum secundum
forms an incomplete partition with an oblique opening, the
foramen ovale, through which the two atria communicate. The
upper part of the septum primum gradually degenerates, while
the remaining part of the septum primum persists as the valve
of the foramen ovale. Whereas the lower border of the septum
secundum (crista dividens) is thick and firm, the edge of the
septum primum is thin and mobile, and offers no obstruction
to blood flow from the right to the left atrium. The foramen
ovale persists throughout fetal life. Initially, the sinus venosus
is a separate chamber, opening into the part of the primitive
atrium that will become the right atrium. The left horn of the
sinus venosus and its tributaries regress, leaving the coronary
sinus. After the formation of the interatrial septum, the right
horn of the sinus venosus becomes incorporated into the wall
of the right atrium, forming the smooth part of its wall. Most
of the wall of the left atrium is smooth and is derived from the
primitive pulmonary vein. Initially, a single pulmonary vein
opens into the primitive left atrium. As the atrium expands, this
vein is gradually incorporated into the wall of the left atrium,
and the proximal portions of its branches are progressively
absorbed. This results in four pulmonary veins, which open
separately into the atrium.

The ventricles are derived from the primitive ventricular
chamber and the proximal part of the bulbus cordis, the
conus. The infundibulum of the right ventricle and the aortic
vestibule of the left ventricle arise from the conus. Partition-
ing of the primitive ventricle into right and left ventricles is
first indicated by a muscular ridge, the interventricular
septum, which grows upward from the floor of the bulboven-
tricular cavity, and divides it into right and left halves. Ini-
tially, most of the growth of the interventricular septum results
from dilation of the ventricles on each side of it. Later, there
is active growth of septal tissue as the muscular portion of the
interventricular septum forms. The gap between the upper free
edge of the interventricular septum and the endocardial cush-
ions permits communication between the right and left ven-
tricles until about the end of the seventh week. Proliferation
of tissue from several sources forms the membranous portion
of the interventricular septum, and it completes the partition-
ing of the ventricles. During the fifth week, opposing ridges of

subendocardial tissue, the bulbar ridges, arise in the wall of
the bulbus cordis. Similar ridges also form in the truncus arte-
riosus and are continuous with those in the bulbus cordis. The
spiral orientation of the ridges is possibly caused by the
streaming of blood from the ventricles. Fusion of these ridges
results in a spiral aorticopulmonary septum. The septum sub-
divides the bulbus cordis and the truncus arteriosus into two
channels, the ascending aorta and the pulmonary trunk. Blood
from the aorta now passes into the third and fourth pairs of
aortic arch arteries, and blood from the pulmonary trunk
flows into the sixth pair of aortic arch arteries. Because of the
spiral orientation of the septum, the pulmonary trunk twists
around the ascending aorta. Proximally, the pulmonary trunk
lies ventral to the aorta but, distally, it lies to the left of the
aorta. The bulbus cordis is gradually incorporated into the
walls of the ventricles. Closure of the interventricular foramen,
at about the end of the seventh week, results from the fusion
of subendocardial tissue from the right bulbar ridge, the left
bulbar ridge, and the fused endocardial cushions. The mem-
branous part of the interventricular septum is derived from
proliferation of tissue from the right side of the fused endo-
cardial cushions. This tissue fuses with the aorticopulmonary
septum and the muscular part of the interventricular septum.
Following closure of the interventricular foramen, the pul-
monary trunk is in communication with the right ventricle and
the aorta with the left ventricle. Cardiac valves develop as
swellings or ridges of subendocardial tissue that become hol-
lowed out and reshaped.

Six pairs of aortic or branchial arch arteries arise from the
aortic sac, a dilated region of the truncus arteriosus, and ter-
minate in the dorsal aorta of the corresponding side. Their
derivatives are: first pair, parts of the maxillary arteries; second
pair, no adult derivatives; third pair, common carotid arteries
and part of internal carotid arteries; fourth pair, left – part of
arch of aorta; and right – part of right subclavian artery; fifth
pair, no adult derivatives; sixth pair, left – proximal: proximal
part of left pulmonary artery; distal: ductus arteriosus (acts as
a shunt in prenatal life); and right – proximal: proximal part
of right pulmonary artery; distal: degenerates.

Fetal circulation

Well-oxygenated blood returns from the placenta in the umbil-
ical vein. About half the blood passes through the hepatic sinu-
soids; the remainder bypasses the sinusoids by going through
the ductus venosus into the inferior vena cava. This blood flow
is regulated by a muscular sphincter in the ductus venosus near
the umbilical vein. After a short course in the inferior vena
cava, the blood enters the right atrium. Because the inferior
vena cava also receives deoxygenated blood from the lower
limbs and viscera, the blood entering the right atrium is less
oxygenated than that in the umbilical vein. The blood from
the inferior vena cava is largely directed by the lower border
of the septum secundum (the crista dividens) through the
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foramen ovale into the left atrium. In the left atrium, it mixes
with a relatively small amount of deoxygenated blood return-
ing from the lungs via the pulmonary veins. From the left
atrium, the blood passes into the left ventricle and leaves via
the ascending aorta. Consequently, the vessels to the heart,
head and neck, and upper limbs receive rather well-oxy-
genated blood. A small stream of oxygenated blood from the
inferior vena cava is diverted by the crista dividens and
remains in the right atrium. This blood mixes with de-
oxygenated blood from the superior vena cava and coronary
sinus and passes into the right ventricle. From the right ven-
tricle, the blood enters the pulmonary trunk. Only a small
amount of this blood reaches the lungs. The greater part of
the blood is diverted through the ductus arteriosus into the
aorta. Some of this blood circulates to the abdominal and
pelvic viscera and the lower limbs and is returned to the fetal
heart, but much of the blood in the aorta is transported by
the umbilical arteries to the placenta.

Changes occur in several fetal blood vessels. Muscle in the
walls of the umbilical arteries contracts, occludes the lumen,
and thus prevents the loss of fetal blood. When the umbilical
vein is occluded and blood flow from the placenta ceases, the
pressure in the right atrium is lowered. The ductus venosus
also becomes occluded. Occlusion of the ductus arteriosus
results in all the blood from the right ventricle going to the
lungs for oxygenation. Because this increases the volume of
blood returning to the left atrium from the lungs, the pressure
in the left atrium is raised. As a result of the difference in pres-
sure between the right and left atria, the valve of the foramen
ovale closes. Anatomical closure of the fetal blood vessels by
fibrous tissue forms various ligamentous remnants: umbilical
arteries, medial umbilical ligaments; left umbilical vein, liga-
mentum teres of the liver; ductus venosus, ligamentum
venosum; ductus arteriosus, ligamentum arteriosum.

The nervous system

The neural tube (see Fig. 2.3) gives rise to the entire central

nervous system, with the exception of its blood vessels and
certain neuroglial cells. At first, the neural tube consists of a
layer of pseudostratified columnar neuroepithelial cells. 
As a result of continuous cell proliferation, the walls of the
neural tube become thickened and develop an inner ven-
tricular (ependymal) layer, an intermediate (mantle) layer, and
an outer marginal layer. All nerve and macroglial cells (astro-
cytes and oligodendrocytes) are derived from the neuroep-
ithelial cells; the microglial cells differentiate from
mesenchymal cells that have entered the central nervous
system with developing blood vessels. The sulcus limitans sep-
arates the dorsal alar plate (sensory) from the ventral basal
plate (motor). The cranial part of the neural tube grows
rapidly to form the three primary brain vesicles: the forebrain
vesicle (prosencephalon), the midbrain vesicle (mesen-
cephalon), and the hindbrain vesicle (rhombencephalon). The
lumen of the neural tube mainly forms the ventricles of the
brain. The derivatives of the primary brain vesicles are sum-
marized in Table 2.2. The rapid growth of the brain results 
in the formation of two flexures, the cranial (midbrain) 
and caudal (cervical) flexures. Later, a third flexure, the
pontine flexure, appears between the metencephalon and 
myelencephalon

The spinal cord develops from the caudal part of the neural
tube. From the alar and basal plates, the posterior and ante-
rior horns are derived respectively. These plates contribute to
the formation of the lateral horn. The neural canal becomes
the central canal of the spinal cord. From the neural crest cells,
the following structures differentiate: sensory ganglia of the
cranial and spinal nerves, autonomic ganglia, neurilemmal
(Schwann) cells, cells of the suprarenal medulla, and
melanocytes. Neural crest cells contribute to the development
of the connective tissues of the head, the meninges, and the
pharyngeal arches.

The pituitary gland (hypophysis) develops from two
sources: the neurohypophysis develops as a downgrowth from
the floor of the diencephalon, and the adenohypophysis devel-
ops from an ectodermal outgrowth (Rathke’s pouch) from the
roof of the stomodeum.

Table 2.2 Major derivatives of the three primary brain vesicles.

Primary vesicles Secondary vesicles Derivatives Lumen

Prosencephalon Telencephalon Cerebral hemispheres consisting of the Lateral ventricles and part of the third ventricle
olfactory system, corpus striatum, cortex,
and medullary center

Diencephalon Thalamus, epithalamus, hypothalamus, and Major part of the third ventricle
subthalamus

Mesencephalon Mesencephalon Midbrain: colliculi and cerebral peduncles Cerebral aqueduct

Rhombencephalon Metencephalon Pons and cerebellum Fourth ventricle
Myelencephalon Medulla oblongata Fourth ventricle and part of the central canal
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The musculoskeletal system

By the end of the fourth week, the limb buds appear as paddle-
shaped thickenings of the somatic mesoderm at the level of
the lower cervical and lumbosacral somites. At the apex of
each limb bud, the overlying ectoderm thickens to form the
apical ectodermal ridge. The apical ectodermal ridge induces
proliferation of the underlying mesenchyme, some of which
differentiates into cartilage. The cartilaginous segments of the
limbs are sequentially established in a proximodistal order.
The flattened hand and foot plates develop five mesenchymal
condensations (digital rays), which will give rise to the
metacarpals, metatarsals, and phalanges. Programmed cell
death or apoptosis is responsible for the degeneration of the
loose mesenchyme between the digital rays which separates

the fingers and toes (interdigital clefts). By the seventh week,
endochondral ossification begins. The limb muscles develop
from myogenic precursor cells in the limb buds, which prob-
ably originate from the somites. Immediately following their
formation, the muscles are penetrated by nerves. The muscle
masses separate into extensor (dorsal) and flexor (ventral)
compartments. Between the seventh and ninth weeks, the
developing limbs rotate longitudinally in opposite directions
at the elbow and knee regions. Whereas the arm buds 
rotate laterally, the limb buds rotate medially. Thus, the ante-
rior (flexor) compartments of the arm and forearm are 
homologous to the posterior compartments of the thigh and
leg.

The skull consists of the neurocranium, which surrounds the
brain, and the viscerocranium or facial skeleton. The flat
bones surrounding the brain form the membranous part of the

Key points

1 The fertilized oocyte (zygote) undergoes cleavage,
forming a morula and, by day 6, it differentiates into a
blastocyst, which then implants in the endometrium.

2 Implantation is completed by the end of the second
week as a bilaminar embryonic disk of epiblast and
hypoblast is formed.

3 Intraembryonic mesoderm forms the somites, which
give rise to the dermis and skeletal muscle, and
precursors of the vertebrae and the ribs.

4 The intraembryonic coelom, which is formed in the
lateral mesoderm, gives rise to the pericardial, pleural,
and peritoneal cavities.

5 Blood vessels first appear as clusters of differentiated
mesenchymal cells (blood islands) that acquire 
lumina.

6 The embryonic period extends from the beginning of
the fourth week to the end of the eighth week; the fetal
period is from the beginning of the ninth week until
birth.

7 Folding converts the flat embryonic disk into a
cylindrical embryo.

8 The thyroid diverticulum forms in the floor of the
pharynx, grows caudally, and becomes functional by
the 12th week of gestation.

9 The primordia of the face (the frontonasal prominence,
the maxillary prominences, and the mandibular
prominences) merge during the fifth to eighth weeks to
form the facial structures.

10 The palate develops from two primordia: the 
primary palate, a wedge-shaped mesodermal mass 
from the innermost aspect of the intermaxillary
segment (fifth week); and the secondary palate from the
medial aspects of the maxillary prominences (sixth
week).

11 Fusion of the primordia of the palate begins in the
ninth week and is completed by the 11th week in males
and the 12th week in females.

12 The larynx, trachea, and lung buds develop from the
laryngotracheal tube.

13 The foregut derivatives are the pharynx and its
derivatives, the lower respiratory tract, the esophagus,
the stomach, the duodenum, proximal to the common
bile duct, and the liver, biliary tract, gallbladder, and
pancreas.

14 Three successive sets of excretory organs develop:
transitory, the pronephros; a temporary mesonephros;
and the definitive metanephros that will give rise to the
kidneys.

15 Two pairs of genital ducts develop in both sexes:
mesonephric (wolffian) ducts and paramesonephric
(müllerian) ducts, which contribute to the male and
female urogenital systems.

16 In female embryos, the mesonephric ducts regress, the
paramesonephric ducts give rise to the female genital
tract, and the cranial unfused ends of the
paramesonephric ducts form the uterine tubes.

17 The caudal portions of the ducts fuse in the midline to
form the uterovaginal primordium, which gives rise to
the uterus, cervix, and possibly part of the vagina.

18 The development of the heart begins as a single
endocardial heart tube, which forms the heart by the
end of the embryonic period.

19 The notochord induces the overlying ectoderm to form
the neural plate, which gives rise to the neural tube, the
primordium of the central nervous system: the
forebrain vesicle (prosencephalon), the midbrain vesicle
(mesencephalon), and the hindbrain vesicle
(rhombencephalon).
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neurocranium, and the cartilaginous part gives rise to the
bones of the base of the skull. The skull develops from the
mesenchyme surrounding the developing brain, with contri-
butions from the first four occipital somites and the first 
pharyngeal arch. The frontal, parietal, zygomatic, palatine,
nasal, and lacrimal bones, the maxilla, and the vomer are
formed by intramembranous ossification. Only the ethmoid
bone and the inferior nasal conchae are completely formed in
cartilage. Bones formed by intramembranous and endochon-
dral ossifications include the occipital, sphenoid, and temporal
bones, and the mandible.
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Anatomy, structure, and function

Proper function and development of the placenta is critical to
the survival of the embryo. The placenta is not only responsi-
ble for implantation but it is also necessary for the transport
of nutrients and redirection of the maternal endocrine,
immune, and metabolic functions to support the embryo.

The ovum is fertilized in the fallopian tube and develops
rapidly, reaching the endometrial cavity as a blastocyst. A
surge of estrogens, secreted by ovarian follicles, triggers and
induces implantation. In the absence of this surge, implanta-
tion cannot occur.1–5

The trophoblasts grow rapidly and circumferentially, invad-
ing the endometrium and the wall of the spiral arteries of the
endometrium. Table 3.1 shows some of the crucial develop-
mental stages of the conceptus during the first postcoital (p.c.)
month. Allantoic vessels establish connectivity with the vessels
developing in the villi, resulting in fetoplacental circulation by
the fifth week of gestation (Fig. 3.1). Initially, villi surround
the entire chorionic cavity, but as the chorion grows into the
endometrial cavity, the villi on the implantation aspect con-
tinue to proliferate, forming the definitive chorionic plate,
while the villi oriented toward the uterine cavity undergo
atrophy resulting in formation of the fetal membrane.6–12

Between the 14th and 20th weeks of pregnancy, intermedi-
ate trophoblasts invade the myometrial segments of the spiral
arteries. Continued growth and enlargement of the chorion
result in obliteration of the uterine cavity at around 20 weeks’
gestation (Fig. 3.2). The PO2 rises sharply at the start of the
second trimester. As the villi mature, the barrier between
maternal and fetal circulation is reduced.13–16

A term placenta consists of 40–60 functional units. These
units receive oxygenated blood from the branches of the
maternal spiral arteries, which are present in the stem villi.
Each lobular unit depends on its own spiral artery (Fig. 3.3).
Thrombosis of the spiral arteries results in infarction of the
dependent unit.17

Umbilical cord

The umbilical cord is a counterclockwise spiraled cord 
that usually has three vessels: two arteries, which originate
from the internal iliac arteries, and one vein, which drains into
the hepatic vein. Usually, 96% of umbilical arteries are either
fused or connected via an anastomosis. The umbilical arteries
have no internal elastic membrane, whereas the vein has an
elastic sublayer.7,18–20 A single umbilical artery is seen in less
than 1% of deliveries. Single artery cords are more common
in diabetic mothers and in fetuses with chromosomal abnor-
malities (Fig. 3.4). Infants with a single umbilical artery 
have a lower birthweight and higher perinatal mortality
rate.21–23 Closure of the umbilical cord at birth is caused 
by irregular constrictions of the arteries; this is mediated 
by serotonin, angiotensin, and oxytocin as well as by
prostaglandins.24,25

A normal cord is 37.7 ± 7.73mm in diameter. A diminished
size seems to be due to a reduction in Wharton’s jelly, and can
cause vascular occlusion.26–28 The length of the umbilical cord
is important and can most accurately be measured in the deliv-
ery room. Short cords, defined as cords less than 32cm long,
are seen in 0.4–0.9% of pregnancies. They are often seen in
conditions restricting fetal mobility, such as oligohydramnios,
and crowding (multiple pregnancy) and have been linked to
fetal distress. Short cords have also been seen in children with
Down syndrome. In the absence of fetal anomalies, short 
cords have been associated with neonatal hypotonia and an
increased need for resuscitation. At the extreme, there may be
complete or near complete absence of the cord (acordia), asso-
ciated with fetal anterior wall defects. This condition is uni-
formly fatal. Abnormally long cords, defined as cords longer
than 80 cm according to some references or 100cm accord-
ing to others, are seen in 3.7% and 0.5% of pregnancies
respectively.29–38 Abnormally long cords have been associated
with excess knotting, torsion, encirclement around body parts,
prolapsed cord, and vascular occlusions.
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Most investigators agree that spiraling of the cord is due to
fetal activity. Absence of spiraling is likely due to either dis-
turbances of the central nervous system or the presence of
chromosomal abnormalities.

True umbilical knots are reported in 0.35–0.5% of preg-
nancies (Fig. 3.5). True knots are associated with an overall

perinatal mortality rate of 8–11%, and acutely tightened or
longstanding knots may be responsible for intrauterine or
intrapartum fetal death. False knots are generally of no clini-
cal significance.39–41

Hematomas of the umbilical cord cause red–purple swelling
at the fetal end (Fig. 3.6); they are usually single but may be

36

Table 3.1 Stages of placental development, postcoital days 1–29.

Postcoital days Stage Diameter (mm) Size of embryo Placental state

1 1 fertilized egg 0.1
2 2–4 cells 0.1–0.2
3 4–16 cells 0.1–0.2
4 16 ± 64 cells 0.2
5 to early day 6 128 ± 256 cells 0.2–0.3 Blastocyst attaches to endometrium
6 to early day 8 Prelacunar stage 0.3 × 0.3 × 0.15 Blastocyst partially implanted
Late day 8 to Lacunar or 0.5 × 0.5 × 0.3 to 0.1mm Implantation pole exhibits vacuoles (first

day 12 trabecular stage 0.9 × 0.9 × 0.6 lacunae), endometrium 0.5mm at implantation
site

13–14 Villous stage 1.2–2.1 0.2–0.4mm, yolk sac Development of primary villi
appears

15–18 Secondary villous 5–8 <0.9mm, development Mesenchyme invades the villi, transforming
stage of notochordal and them to secondary villi

neuroenteric canals
19–23 Early tertiary villi 12–15 1.5–3.5mm, neural tube First appearance of villous capillaries

starts to fuse
23–29 Early tertiary villi 18–21 Crown–rump length First appearance of villous stems characterized

2.5–5mm, 21–29 by fibrous stroma
closure of caudal
somites, neuropore,
three visceral arches, 
appearance of
upper limb buds

Adopted and modified from ref. 8.

Figure 3.1 Implantation site; arrow marks the
tertiary villi seen in the first trimester. Lacunar
stage; fetal circulation is established.
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amniotic band, or entanglements. Fetal morbidity and mor-
tality are very high.44–46

Complete cord rupture is rare. Partial rupture with the for-
mation of hemorrhage and hematomas is more common.47

Circulatory disorders

The placenta is a vascular organ with a dual blood supply. The
integrity of both maternal and fetal circulation is essential to
placental function.

Placental infarct

Placental infarcts occur when the maternal blood flow through
spiral arteries is obstructed by thrombi or in the presence of
a retroplacental hematoma. Small placental infarcts, usually
less than 3 cm in greatest dimension, are found in approxi-
mately 25% of placentas from uncomplicated pregnancies.
Multiple or large infarcts, and especially centrally located
infarcts and infarcts occurring in the first and second trimester,
are clinically significant (Fig. 3.7).

Clinically significant infarcts can cause neonatal asphyxia,
low birthweight, and fetal death. There is a consistent posi-
tive correlation between infarcts and maternal thrombophilia,
and with intrauterine growth retardation (IUGR), in both term
and preterm infants.

Recurrent pregnancy loss related to acute atherosis is a rec-
ognized complication in women with circulating antiphos-
pholipid antibodies (scleroderma and systemic lupus) and in
women with coagulation disorders (antithrombin III, protein
C or S deficiency).48–64
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Figure 3.2 Continued growth and enlargement of the chorion
results in the obliteration of the uterine cavity at approximately 20
weeks’ gestation.

Figure 3.3 Term placenta; fetal surface is
steel gray and glistening. Umbilical cord
usually inserts slightly off center.

multiple. The perinatal mortality rate of cord hematomas is
40–50%.42,43

Thrombosis of the umbilical cord is uncommon and may be
associated with cord compression, abnormal coiling, knots,
torsion, stricture, hematomas, funisitis, anomalous insertion,
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A

B

Figure 3.4 Left: underdeveloped placenta weighing 220 g at 40 weeks’ gestation, below 5% of placental weight for the gestational age. Right:
two-vessel umbilical cord (A, gross picture, from ref. 158, with permission; B, microscopic image).

Figure 3.5 Umbilical cord knot with
complete torsion and umbilical cord
hematoma.
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Figure 3.6 Thrombosis of umbilical cord.

Figure 3.7 Placental infarction involving over 70% of the placenta. The arrows indicate the area of infarction.
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Maternal floor infarct

Maternal floor infarct is characterized by heavy deposition 
of fibrin in the region of basal villi adjacent to the decidua
basalis. The fibrin extends to the intervillous space. It is
reported in 0.09–5% of pregnancies and is associated with a
high mortality rate (17–40%) and IUGR. It frequently recurs
in successive pregnancies.65–67

Retroplacental hematomas and placental abruption

Retroplacental hematomas are clots located in the decidua
between the placental floor and the muscular wall of the uterus
(Fig. 3.8). They may cause a characteristic depression in the
placenta. Acute bleeding from a ruptured decidual artery
spreads along the decidua between the placenta and the
uterine wall, often resulting in complete detachment of the 
placenta. In these types of cases, placentas do not show any
deformity.

The predisposing factors for retroplacental hematoma 
and placental abruption are similar. These include pre-
eclampsia, trauma, essential hypertension, smoking, and
chorioamnionitis. Recent studies also implicate thrombophilic
states.

Small hematomas in the decidual layer can occur days or
weeks before delivery, sometimes in association with a cir-
cumvallate placenta. This condition is frequently referred to
as chronic abruption.

Retroplacental hematoma is related to, but not synonymous
with, placental abruption. Placental abruption is an acute clin-
ical syndrome characterized by pain, uterine tetany, fetal dis-
tress, and sometimes consumption coagulopathy. It occurs in

1.1% of pregnancies and is associated with a 20–40% fetal
mortality rate. It accounts for 10% of all stillbirths and 5%
of maternal deaths.

In approximately 65% of cases of retroplacental hema-
tomas, placental abruption does not occur.68–77

Placental inflammation and 
intrauterine infections

Placental inflammation is common. Different patterns of
inflammation are associated with different routes of infection.
Ascending infection, commonly caused by bacteria, induces
acute inflammation of the membrane (chorioamnionitis) and
umbilical cord (funisitis), and ultimately causes fetal infection.
Hematogenous infections, usually caused by viruses, induce
inflammation of the villous parenchyma.

Acute chorioamnionitis and funisitis

This is caused by the inflammatory response of membranes to
the ascending infection (Fig. 3.9). The infection is usually
caused by bacteria, including normal cervicovaginal flora such
as group B β-hemolytic streptococci, Ureaplasma urealyticum,
Mycoplasma hominis, Fusobacterium, and, rarely, Candida
species.

In most cases, the placenta is macroscopically normal.
Occasionally, the membrane may be opaque, friable, or foul
smelling.

The maternal reaction is demonstrated by an accumulation
of neutrophils in the decidua that migrate progressively
through the chorion, amnion, and into the amniotic fluid. The
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Figure 3.8 Retroplacental hematoma; arrow
marks the area of depression secondary to
the hematoma.
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fetal reaction is manifested by the migration of fetal neu-
trophils from the umbilical cord and chorionic plate vessels
into Wharton’s jelly or the chorionic plate.

The clinical significance of this placental inflammation
includes preterm labor and neonatal infection. Chorioam-
nionitis is a major cause of premature labor. Neonatal infec-
tion can occur through the skin, eyes, nose, or ear canal or by
aspiration or swallowing of infected fluid. It is commonly
caused by group B β-hemolytic streptococci, Escherichia coli,
and Haemophilus influenzae, and the neonate may develop
bronchopneumonia, gastritis, ileitis, or gastrointestinal perfo-
ration with peritonitis and sepsis.78,79

Acute and chronic villitis

Hematogenous maternal infection can affect the placenta and
cause villitis (Figs 3.10 and 3.11). The inflammatory infiltrate
is commonly chronic, composed of lymphocytes, histiocytes,
and plasma cells (Fig. 3.10). Granulomatous inflammation,

and rarely neutrophils (Fig. 3.10), can be seen. The inflam-
matory infiltrate may also extend into the surrounding peri-
villous and intervillous space. The majority of chronic villitis
cases (95%) are of unknown etiology. Table 3.2 shows the
infectious agents which can cause villitis and their possible
clinical manifestations.80–102

Hydrops fetalis and placental hydrops

Hydrops fetalis is a state of profound generalized fetal edema,
with marked accumulation of fluid in subcutaneous tissue and
all body cavities. It represents the end stage of a variety of fetal
diseases, including genetic anomalies, hypoproteinemia, and
cardiac failure. The placenta and umbilical cord also become
edematous. The placenta does not always appear grossly
hydropic, but villous edema is usually evident microscopically.
A hydropic placenta is often massively enlarged, soft, and
friable.
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Figure 3.9 Acute chorioamnionitis (left), and funisitis (right).
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Figure 3.10 Chronic villitis; arrow marks a
plasma cell.

Figure 3.11 Acute villitis.
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Immune hydrops

Immune hydrops, also referred to as erythroblastosis fetalis,
was once the most common cause of fetal hydrops. It is caused
by severe hemolytic anemia, which results from the transpla-
cental passage of maternal rhesus (Rh) antibodies to the Rh
antigen-negative fetus. Hypoalbuminemia, or high output
cardiac failure resulting from severe anemia, is the cause for
the hydropic changes. Occasionally, other red blood cell 
antigens (e.g., Kell) show a similar, but usually less severe,
effect.103–105

Nonimmune hydrops

A heterogeneous group of conditions is responsible for non-
immune hydrops. Most causes can be categorized as cardiac
failure, anemia, or hypoproteinemia (Table 3.3). Homozygous
α-thalassemia is a common cause of hydrops and should be
considered first among ethnic Southeast Asian parents. A fetus
with homozygous sickle cell disease or β-thalassemia is pro-
tected from hemolysis before birth by the presence of fetal
hemoglobin. Parvovirus B19 infection, seen only in fetuses
with group p antigen, is responsible for 14–18% of cases of
nonimmune placental and fetal hydrops.105–115

Disorders of placental development

Abnormal placental development can be caused by multiple
factors, including abnormalities of placental gene expression,
an abnormal maternal environment, or as a result of disrup-
tion of normal development.116

Disorders of membrane development

Placental membranacea
This extremely rare condition is characterized by the failure
of normal membrane formation, leading to a gestational sac
surrounded by chorionic villi. The placenta tends to be abnor-
mally thin and the maternal surface is often disrupted owing
to placenta accreta. Clinical features include premature sepa-
ration and placenta previa, resulting in maternal hemorrhage
and life-threatening fetal hemorrhage at the time of membrane
rupture.117,118

Circumvallation
This is the complete or partial insertion of fetal membrane into
the placental disk, away from the peripheral margin, with or
without a distinct ridge of degenerating blood clot. The inci-
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Table 3.2 Microorganisms associated with acute and chronic villitis and their clinical manifestation.

Infectious agent Type of inflammatory response Clinical manifestation

Cytomegalovirus (CMV) Chronic villitis with CMV inclusion Hepatosplenomegaly with microencephaly
Late complication: mental retardation,

chorioretinitis, and seizure
Herpes simplex virus Villous necrosis, agglutination, lymphocytic Spontaneous abortion

villitis, and fibrinoid necrosis of vessels
Chronic lymphoplasmacytic chorioamnionitis Congenital malformation

Varicella zoster Grossly visible necrotic foci of villous necrosis Wide range from completely asymptomatic to
full-blown embryopathy

Parvovirus B19 (agent of fifth Large, pale placenta with edematous immature Nonimmune hydrops, abortion
disease) villi

Fetal erythrocytes show intranuclear inclusion Malformation similar to rubella
Human immunodeficiency virus No specific finding Variable

(HIV)
Treponema pallidum Large and edematous placenta with Abortion and stillbirth, and congenital syphilis

lymphoplasmacytic villitis and possible
microabscesses

Listeria monocytogenes Acute villitis with villous necrosis and abscess Spontaneous abortion
formation Prematurity

Neonatal sepsis
Toxoplasmosis gondii (risk of Wide range (lymphocytic villitis, placental Wide range (asymptomatic to severe damage

transmission 50% during necrosis, and fibrosis) to central nervous system and eyes)
parasitemia)

Unknown etiology (severity of Chronic villitis Asymptomatic to intrauterine growth retardation
villitis correlates with the and increased perinatal mortality rate
complications)
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dence in normal pregnancies is reported to be 1–7%, and 
these placentas tend to be smaller. Most investigators have
observed that marginal venous hemorrhage is often present,
which pushes the membrane inward over the chorionic plate
(Fig. 3.12).

Clinical features include recurrent vaginal bleeding in 
all trimesters. Circumvallation can also cause placental
hematomas, marginal hematomas, oligohydramnios, and 
placental abruption. Clinical sequelae reflect the amount of
associated hemorrhage. Term infants with circumvallation or
chronic marginal hemorrhage may have mild IUGR and be 
at increased risk of neurological impairment.119–124

Disorders of uterine implantation

Placenta previa

In placenta previa, implantation is in the lower uterine
segment with some tissue near or overlying the uterine cervi-
cal os. Complete previa occurs when the placenta completely
covers the cervical os. Partial previa is when the edge of the
placenta is within 2 cm of the os.

Placenta previa occurs in 0.3–0.5% of deliveries. Epithelial

alterations, which might have changed the extracellular
matrix, may increase the risk for placenta previa. These
include previous history of curettage, prior Cesarean section,
or multiple vaginal deliveries, as well as abnormalities of the
uterine fundus including intrauterine and submucosal leiomy-
omata and uterine malformations.

Clinically, placenta previa often results in premature sepa-
ration of the placenta, leading to severe vaginal bleeding and
premature labor, or both.125

Placenta accreta, increta, and percreta

These conditions are caused by implantation of anchoring villi
on uterine smooth muscle without intervening decidua. In pla-
centa accreta, the villi are limited to superficial myometrium; in
increta, the villi extend into the myometrium; and in percreta,
the villi extend to or through the uterine serosa (Fig. 3.13).

The incidence has apparently increased in recent years and
is reported to be as high as 1 in 540 pregnancies. Predispos-
ing conditions include a maternal age greater than 35, previ-
ous instrumentation, congenital or acquired uterine defects
such as uterine septa, leiomyomata, and ectopic implantation
such as placenta previa or cornual pregnancy.126–128
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Table 3.3 Etiology of nonimmune hydrops.

Congenital Chromosomal aberration Infection Other

Hemoglobinopathies, α-thalassemia Down syndrome Parvovirus Fetomaternal hemorrhage
Cardiac anomalies and cardiomyopathies Turner syndrome Toxoplasma Twin–twin transfusion
Adenomatoid malformation of the lung Trisomy 13 Syphilis Large tumors, hemangiomas
Urinary tract malformation Trisomy 18 Rubella
Lysosomal storage disease

Figure 3.12 Term placenta showing abnormal placentation with circummargination and marginal insertion of the umbilical cord.
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Grossly, the maternal surface of the placenta is always dis-
rupted. In most cases, smooth muscle cells are seen in close
proximity to the anchoring villi, with fibrin and intermediate
trophoblasts intervening.

Clinically, patients often present with recurrent vaginal
spotting or overt hemorrhage, and occasionally with uterine
rupture. Patients may also present with early or delayed post-
partum hemorrhage, necessitating gravid hysterectomy.129

Superficial implantation

A deficiency of the interstitial and endovascular intermediate
trophoblasts in the decidua basalis and basal plate arteries
results in superficial implantation. Superficial implantation is
the underlying anatomic abnormality in preeclampsia, which
affects 2.6% of all pregnancies. Other related disorders
include maternal thrombophilia and placental abruption.

Superficially implanted placentas are often small for the ges-
tational age.

Clinically, superficial implantation is related to maternal
underperfusion of the intervillous space. It is not clear 
whether superficial implantation occurs in all cases of
preeclampsia.130

Disorders of placental migration

Accessory lobe and multilobulation

An accessory lobe and multilobulation occur when a portion
of placental parenchyma is completely separated from the
main placental disk by the surrounding membrane. It is found
in 3–6% of placentas. Shape abnormalities occur in response
to a local reduction of uterine perfusion (Fig. 3.14). Shape
abnormalities are of little clinical significance except as
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Figure 3.13 Placenta percreta with complete
perforation of the uterus.

Figure 3.14 Accessory lobe.
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markers for uterine pathology. Both placenta accreta and
previa are commonly associated with abnormal shape.125

Peripheral cord insertion

Membranous insertion (velamentous insertion) and 
marginal insertion
In velamentous insertion, the umbilical cord terminates in the
placental membrane rather than in the chorionic disk; this
occurs in 1.3–1.6% of pregnancies. In marginal insertion, the
cord inserts at the placental margin; this occurs in 6–9% of
pregnancies.

Velamentous and marginal cord insertion are thought to
occur as a result of asymmetry in the vascular supply in sin-
gletons, or competition for uterine vascular supply in twins.
Abnormal insertion is more common in twin pregnancies.

Clinically, these conditions are associated with a slightly
increased incidence of fetal growth retardation. The major risk
is the rupture of membranous vessels at the time of membrane
rupture. Twisting of the vessel can lead to progressive variable
deceleration and fetal acidosis.125

Disorders of fetal vascular development

Chorangioma

Chorangiomas are expansile single or multiple nodular lesions
composed of capillary channels and intervening stroma cells
surrounded by trophoblasts (Fig. 3.15). Small chorangiomas
are usually incidental findings of no clinical significance; inter-
mediate sized chorangiomas are associated with IUGR, and
masses larger than 9cm are associated with shunting of blood
and multiple complications. They are thought to be induced
by hypoxia.126,127,131

Chorangiomatosis

This term is used when excessive capillary growth affects scat-
tered secondary and tertiary stem villi. It is associated with
preeclampsia, multiple gestation, and premature delivery. It is
also associated with extreme prematurity (<32 weeks), con-
genital malformations, and IUGR.131

The placenta in maternal disorders

There is a great deal of disagreement and direct contradiction
about the nature and significance of lesions seen in various
maternal disorders.

Preeclampsia (pregnancy-induced hypertension)
and eclampsia

No single or specific abnormality is found in the placentas
affected by these conditions. In the majority of cases, the pla-
centa shows the effect of low uteroplacental flow.

The placenta is smaller than those from uncomplicated
pregnancies. Infarcts are more common and centrally located.
The villi may show cytotrophoblastic proliferation, tro-
phoblastic basement membrane thickening, small inconspicu-
ous fetal capillaries, and prominence of villous stroma. The
villi show accelerated maturation and are often abnormally
small with increased syncytial knots (greater than 30% of the
villi). The spiral arteries show a lack of adaptive remodeling
features. In these women, the second wave of intravascular
trophoblastic migration does not occur. The intramyometrial
segment of spiral arteries retains the musculoelastic media and
cannot dilate. Spiral arteries show an acute necrotizing
arteropathy (see Fig. 3.9: right, upper and lower). This type
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Figure 3.15 Chorangioma: note the well-circumscribed mass surrounded by trophoblasts and composed of tightly packed capillaries separated
by fibrous connective tissue.
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of arteropathy has also been described in other complications,
including other hypertensive placentas, diabetes, systemic
lupus erythromatosus, and antiphospholipid syndrome.

A smaller group of preeclamptic patients show large pla-
centas with abundant immature trophoblasts. These patients
usually have other underlying causes including diabetes, mul-
tiple gestation, or hydatidiform mole.132–143

Acquired thrombophilia

Acquired thrombophilia, especially the presence of antiphos-
pholipid antibodies, promotes intraplacental clotting. The
most common inherited coagulopathies are mutations in the
factor V gene (factor V Leiden), the prothrombin gene, and
the methylene tetrahydrofolate reductase gene. Diabetes 
mellitus is also commonly associated with a hypercoagulable
state.

The maternal risk is mainly venous thromboembolism, 
but arterial thrombosis also occurs. There is also a strong 
association with maternal preeclampsia. Adverse pregnancy
outcomes occur in approximately 54% of women with throm-
bophilia. The fetus of a mother with thrombophilia is at risk
for IUGR and stillbirth.54–60,138,144–148

Diabetes mellitus

The gross and microscopic features of diabetic placentas vary
considerably. A large study demonstrated that about one-half
of the placentas of diabetic mothers had a normal weight and
size. However, placentas that are abnormal are larger, thicker,
more friable, and heavier than normal placentas of the same
gestational age, and the umbilical cord is often notoriously
thicker.

The microscopic appearance of the placenta can also be
normal, but some abnormalities are distinctive when they 
are present. Villi commonly appear immature with stromal
edema, enlarged villous diameters, and an increase in the
prominence of the cytotrophoblastic cells. The decidual arter-
ies are unremarkable except in cases of superimposed hyper-
tension or preeclampsia.

Thrombotic vasculopathy is common. In the presence of
maternal vascular disease, renal failure, or preeclampsia, the
placenta may be smaller than expected with infarcts and accel-
erated maturation. There is generally no correlation between
the severity and duration of diabetes and the severity of the
placental lesions.59

Maternal anemia

There are no specific histopathological features associated
with maternal anemia. Placentas can be larger or smaller 
than expected for the gestational age. In maternal sickle cell
anemia, placental infarctions are common with the infarcts
generally showing sickled erythrocytes. Both placenta and
newborn are small for the gestational age and hydropic villi

and placental abruption may occur. Uncomplicated sickle cell
trait is unlikely to cause placental lesions.

Homozygous α-thalassemia produces severe fetal anemia
and, consequently, hydropic changes in the placenta and fetus,
as well as intrauterine fetal death or death soon after birth. In
contrast, the placenta and fetus in homozygous β-thalassemia
are normal at birth, but the infant soon becomes markedly
anemic as the protective hemoglobin F declines.62,63,149

Toxic damage to the placenta

Some of the most common toxic exposures to the placenta are
initiated by smoking and cocaine use. Cigarette smoking
causes low birthweight, and the placentas of women who
smoke more often show necrotic damage. Women who 
smoke have a higher incidence of placenta previa, abnormal-
ities of the placenta, and fetal malformations. On the other 
hand, the prevalence of preeclampsia is significantly lower
than in nonsmokers. Both nicotine and cocaine can induce
vasoconstriction of uterine vessels, causing restriction in the
blood supply to the placenta. Cocaine-induced complica-
tions during pregnancy are numerous and multifactorial.
These complications include placental bleeding, abruption,
premature labor, and malnutrition of the developing
fetus.63,147,149–151

Metabolic storage disorders

On gross examination, the placenta and the fetus may be
hydropic or show no specific gross findings. The accu-
mulated metabolites in these disorders are generally soluble 
in water; therefore, routinely processed histological slides 
of the placenta may show only diffuse cytoplasmic 
vacuolation.152

Chromosomal abnormalities

Certain patterns of villous morphology are suggestive of an
abnormal karyotype. The incidence of chromosomal abnor-
malities increases with advanced maternal age. Abnormal
karyotype limited to the placenta is seen in 1–3% of all first-
trimester chorionic villous sampling. The clinical outcome for
chromosomal abnormalities depends on the nature of the
abnormality.

Multiple pregnancies

Multiple pregnancies are common, and their rate is increasing
owing to assisted reproductive technology (ART). In the USA,
ART accounted for 14% of all twin gestations in 2000. Mul-
tiple pregnancies are associated with a disproportionate share
of complications, including higher rates of morbidity, mortal-
ity, malformation, and anomalous development and low 
birthweight.

47
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Zygosity

Twins are classified as dizygous (fraternal) or monozygous
(identical). Dizygous twins are the result of the fertilization of
two separate ova. Monozygous twins are the result of division
of a single fertilized ovum (Fig. 3.16). Monozygous twins are
genetically and, usually, phenotypically identical.153–162

Frequency

The frequency of monozygous twins is relatively constant
worldwide (3.5 in 1000 pregnancies). There are marked geo-
graphic differences in dizygous twin pregnancies. This reflects
a genetic predisposition for high follicle-stimulating hormone
(FSH) levels in certain populations which results in polyovu-
lation. The frequency also increases with advancing maternal
age (greater than 35), probably as the result of increasing FSH
levels with age. Approximately 30% of Caucasian twin preg-
nancies in the USA are monozygotic.

Placentation

Features unique to multiple gestations include the relationship
of the placental disk, fetal membrane, and the pattern and
degree of anastomosis of the vessels.

Placentas in twin gestations are either dichorionic or mono-
chorionic. All dizygous twins have dichorionic placentas
(dichorionic diamniotic: DiDi).

A monozygous twin gestation can show any type of 
placentation depending on the time of splitting of the blasto-
cyst. If the single fertilized ovum divides before day 3, the situ-
ation is analagous to dizygous twinning. If the split occurs

between days 3 and 8 there will be a monochorionic diamniotic
placenta (DiMo) (Fig. 3.17). A split after formation of the
amnion (days 8–13) results in a monochorionic monoamniotic
(MoMo) placenta (Fig. 3.17). The majority of monozygous
twins have a monochorionic placenta. Twins with monochori-
onic placentas have a much higher mortality rate. Monoamnio-
tic placentas have a fetal mortality rate of almost 50%.

Two entirely separate placentas are dichorionic. The septum
in a dichorionic fused placenta is relatively thick and variably
opaque owing to the presence of chorionic tissue between the
two amniotic layers. The septum in monochorionic diamni-
otic placentas is thin and translucent, composed of only two
directly opposed layers of amnion. This type of septum is
easily detached from the placental surface. There is an impor-
tant difference in the distribution of fetal vessels between DiDi
fused placentas and DiMo placentas. In a DiDi fused placenta,
the fetal chorionic vessels approach, but do not cross, the area
of fusion.

Complications of multiple pregnancy

Twin–twin transfusion syndrome
Vascular communications in monochorionic placentas create
the potential for blood flow between twins. Large vessel anas-
tomoses are likely bidirectional, and arteriovenous anasto-
moses are likely unidirectional (Fig. 3.18).

Chronic unidirectional blood flow results in anemia and
growth retardation of the donor fetus. Hypervolemia can
cause hypertension, high urine output, and polyhydramnios in
the recipient. A relatively selective criterion for twin–twin
transfusion is a recipient heart weight that is 2–4 times that
of the donor.
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Dichorionic
diamniotic

Dichorionic diamniotic
(fused placentas) Monochorionic

diamniotic
Monochorionic
monoamniotic
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1%
monozygotic

13% monozygotic
56% dizygotic 

Figure 3.16 Zygosity in twin placentas. Adapted from ref. 158, with permission.
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Clinically, twin–twin transfusion is manifested in the second
trimester with acute hydramnios. The mortality rate is as high
as 70–100%. The recipient twin can develop cardiac failure,
hemolytic jaundice, kernicterus, and thrombosis. The donor
twin may be severely anemic, hypoglycemic, and is at risk for
ischemic lesions.

Asymmetric growth
The growth curves of twins approximate those of singletons
up to 34 weeks. Thereafter, twins weigh progressively less than
singletons. Twin birthweight discordance is associated with
preterm labor, perinatal death, and postnatal morbidity.

Duplication abnormalities
Monozygotic twins occasionally show a marked discrepancy
in size and configuration, asymmetry, and incomplete dupli-
cation. Acardiac twinning is the most common asymmetric
duplication, occurring in 1% of monochorionic twins.

Cord anomalies
Anomalies of the umbilical cord are more common in multiple
pregnancies. Velamentous cord insertion is nine times higher
in multiple pregnancies. Single artery cords are also more
common in multiple pregnancies. Monoamnionic twins are at
increased risk for cord entanglement (Fig. 3.19).

Higher multiple births

The same principles of placentation and zygosity apply to
triplets, quadruplets, and higher multiple births. Combina-
tions of monozygous and polyzygous multiples are common.

Preterm labor, premature rupture of 
the membranes

Labor, including preterm labor, is induced by prostaglandin
release, which mediates the release of cytokines. The most
common cause of preterm labor is bacterial infection, with the
second most common cause being vascular sequelae.

Neonatal complications include hyaline membrane disease,
periventricular leukomalacia, intraventricular hemorrhage,
retinopathy, necrotizing enterocolitis, and death.163

Post-term pregnancy

Postmaturity is defined as a pregnancy of 42 or more 
weeks (294 days) following the onset of the last menses. 
It is important to note that many supposed cases of 
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Figure 3.17 Diamniotic monochorionic twin
placenta.

Figure 3.18 Twin–twin transfusion.
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postmaturity result from an incorrect estimation of gestational 
age.164

There is a marked increase in perinatal mortality in preg-
nancies of more than 43 weeks. The fetus can experience a
combination of progressive oligohydramnios and meconium
impregnation with cord compression and be at risk of pul-
monary failure, possibly due to aspiration of viscous 
meconium.163

Recurrent spontaneous abortion

This diagnosis is usually based on the occurrence of three or
more consecutive spontaneous abortions. The probability that
a recognizable cause can be demonstrated is small, but the
identifiable causes are potentially significant. They include
maternal thrombophilias, especially those related to auto-
immune antibodies; anatomic problems such as an incompe-
tent cervix or leiomyomata; and poorly controlled diabetes
mellitus. Rare placental lesions such as maternal floor infarcts
and extensive chronic villitis may cause repeated miscarriage
often in the third trimester. Early gestational problems can
include massive chronic intervillositis, lymphoplasmacytic
deciduitis, and chronic decidual perivasculitis.165–167

Intrauterine growth retardation 
and small for gestational 
age newborn

A small for gestational age (SGA) infant is a baby who has a
birthweight below the 10th percentile for gestational age.
Term babies born with a weight below 2500g are considered
to be of low birthweight. Many of these babies are normal
and healthy but small because of genetic factors such as

parental size or ethnicity. For those below the third percentile,
the death rate is nearly 20 times the average population.168

In addition to fetal demise, the prevalence of seizures in the
first day of life, respiratory insufficiency, sepsis, hypothermia,
hypoglycemia, and meconium aspiration is increased. The
medical problems of the survivors persist into adulthood and
include hypertension, coronary artery disease, and type 2 dia-
betes mellitus.169,170

Maternal factors associated with IUGR are poor nutrition,
hypertension, preeclampsia, chronic renal disease, tobacco,
and other drug abuse. Fetal factors include chromosomal
anomalies, congenital malformations, and multiple gestations.

Placental lesions associated with IUGR include maternal
vasculopathy, chronic abruption, fetal thrombotic vasculopa-
thy, large chorangiomas, villitis of unknown etiology, and
maternal floor infarction.171,172

Meconium staining

The passage of meconium in utero is due to bowel peristalsis
and relaxation of the anal sphincter; it may indicate fetal dis-
tress and can be associated with meconium aspiration. It is
seen in 14% of pregnancies. Meconium staining should be dif-
ferentiated from the deposition of slimy green meconium
across the placental surface that can be washed off by gentle
rinsing with water, which indicates a normal fetus that has
passed meconium shortly before delivery. True meconium
staining results from exposure to meconium for several hours.
Damage to the fetus increases with length of exposure to
meconium. Over time, soluble meconium components diffuse
into the placenta and cord, inducing vasoconstriction and
resulting in fetal hypoperfusion.

Chorioamnionitis is an especially common association and
may play an important role in neonatal morbidity.
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Figure 3.19 Umbilical cord entanglement
seen in a monoamniotic monochorionic
component of a triplet placenta.
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Abnormal amniotic fluid volume

The presence of an excess of amniotic fluid is called hydram-
nios or polyhydramnios. A diminished amount is called oligo-
hydramnios. Amniotic fluid provides the medium for free fetal
movements and has a cushioning effect to prevent possible
fetal injury. Secretions from amniotic epithelium and fetal
urine are the main sources of amniotic fluid. The most
common significant anomalies associated with hydramnios are
anencephaly, spina bifida, esophageal atresia, nonimmune
hydrops, and various abnormal karyotypes. The recipient twin
affected by twin–twin transfusion syndrome commonly has
polyhydramnios.

The most common cause of oligohydramnios is leakage of
the amniotic fluid caused by premature rupture of membranes.
Oligohydramnios also occurs in nearly all cases of bilateral
renal agenesis and fetal urinary tract obstruction. Other asso-
ciations include abnormal karyotype, IUGR, post-term preg-
nancies, preeclampsia, maternal hypertension, and the donor
twin in twin–twin transfusion syndrome. The umbilical 
cord is subject to compression, especially with severe oligo-
hydramnios, and pulmonary hypoplasia occurs secondarily.
These fetuses are at risk for amniotic band syndrome.

Gestational trophoblastic disease

There is a heterogeneous group of gestational and neoplastic
conditions of trophoblastic origin.173 The incidence of gesta-
tional trophoblastic disease (GTD) varies widely among dif-
ferent populations. It is reported to occur in 8.3 in 1000
pregnancies in some areas of Asia and South America com-
pared with 0.1–0.6 in 1000 pregnancies in the USA. The inci-
dence of this disease is higher in women aged 40 or over and
is also increased in those younger than 20. Other risk factors
include a diet that is low in vitamin E, low socioeconomic
status, and blood group A women who have children with
blood group O men.

Complete and partial hydatidiform mole

Complete hydatidiform mole (CHM) results from fertili-
zation of an empty ovum. The majority of CHMs are 
diploid and show a 46,XX karyotype, whereas the partial
hydatidiform mole (PHM) is triploid and shows a 69,XXY
karyotype. Up to 50% of gestational choriocarcinomas follow
CHM.
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Figure 3.20 Complete hydatidiform mole.
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Figure 3.21 Partial mole. Note the presence of nucleated red blood cells indicative of fetal circulation. Partial moles are in general triploid
(69,XXY).

Figure 3.22 Choriocarcinoma.
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Key points

1 The fertilized ovum at day 1 (post coital) has a
diameter of 0.1mm. The blastocyst measures
approximately 0.3mm. The embryo grows from
0.1mm at days 8–12 to 3.5mm by day 23.

2 Steroid hormones prepare the endometrium for
implantation of the blastocyst. A surge of estrogens,
secreted by the ovary, triggers and induces
implantation.

3 The fetal–placental circulation is developed by the fifth
gestational week. Between 14 and 20 weeks, the
trophoblast invades the myometrium, resulting in
obliteration of the uterine cavity by the 20th week.

4 The term placenta consists of 40–60 functional units
that receive oxygenated blood from the branches of the
maternal spiral arteries. Each unit depends on its own
spiral artery. Thrombosis of the spiral arteries results in
infarction of the dependent unit.

5 The mean length of the umbilical cord at term is
32–45cm. Markedly long cords (greater than 80cm in
length) have been associated with encirclement around
the neck, knots, torsion, prolapse, and variable degrees
of vascular occlusion. Short cords (less than 32cm in
length) may predispose to intrauterine hypoxia, cord
rupture and hemorrhage, retroplacental hematomas
and abruption, and uterine inversion.

6 Wharton’s jelly acts as a cushion between umbilical
cord vessels. A diminished size of cord is related to a
decrease in the amount of Wharton’s jelly and can
cause vascular occlusion.

7 Small placental infarcts (<3cm) can be found in
uncomplicated pregnancies. However, large or multiple
infarcts can be associated with neonatal asphyxia, low
birthweight, and intrauterine fetal death.

8 Maternal floor infarcts are characterized by heavy
deposition of fibrin around basal villi adjacent to the
decidua basalis. Infarcts can be associated with
perinatal death and intrauterine growth retardation.

9 Retroplacental hematomas are intradecidual clots
between the placental floor and the myometrium. They
can cause a characteristic area of placental depression.
Acute bleeding from a ruptured decidual artery,
spreading between the placenta and uterine wall, can
cause placental detachment (abruption).

10 Premature rupture of the membranes is very commonly
associated with preterm delivery. In the majority of
cases, the reason for membranes becoming weak and
rupturing is not known. Known reasons for premature
rupture of the membranes are subclinical infections,
hydramnios, incompetence of the cervix, retroplacental
hematomas, and amniocentesis.

11 Acute chorioamnionitis is caused by an inflammatory
response of the membranes to an ascending infection
caused by bacteria, including normal cervicovaginal

flora, such as group B β-hemolytic streptococci,
Ureaplasma urealyticum, Mycoplasma hominis,
Fusobacterium, and, rarely, Candida species.
Chorioamnionitis can predispose to, and be associated
with, preterm labor and neonatal infection.

12 Hematogenous infection of the placenta can
occasionally be associated with chronic endometritis,
localized maternal infection, or pelvic inflammatory
disease.

13 Immune hydrops is caused by severe hemolytic anemia,
which is mostly the result of transplacental passage of
maternal Rh antibodies to the Rh-negative fetus.
Rarely, other blood groups than Rh are responsible for
the hemolysis (e.g., Kell). Various different conditions
can cause or be associated with nonimmune hydrops
fetalis. Some of these conditions are homozygous α-
thalassemia, infection with parvovirus B19, and
metabolic disorders.

14 The term placenta previa refers to a placenta that is
implanted at the lower uterine segment near, or
overlying, the cervical os. Placenta previa can cause
premature separation of the placenta, resulting in
severe bleeding and/or premature labor.

15 In placenta accreta, the villi are implanted into the
superficial myometrium. In placenta increta, the villi
invade the myometrium. In placenta percreta, the villi
penetrate through the entire uterine wall.

16 Chorangiomas are expansile nodules composed of
capillaries and stroma surrounded by trophoblasts.
Small lesions are of no clinical significance, but larger
lesions (>9cm) are associated with shunting of blood
and multiple related complications.

17 Preeclampsia is related to low uteroplacental blood
flow and can be associated with other conditions such
as diabetes, multiple gestation, and hydatidiform mole.

18 Acquired thrombophilic disorders, especially those
associated with antiphospholipid antibodies, promote
intraplacental clotting. The maternal risk is mainly
venous thromboembolism; however, arterial thrombosis
may also occur.

19 Assisted reproductive technology is increasing the rate
of multiple pregnancies. Multiple pregnancies are
associated with an increased incidence of complications
related to prematurity, low birthweight, malformations,
and developmental anomalies.

20 Excess of amniotic fluid is called polyhydramnios and
is associated with anencephaly, spina bifida, esophageal
atresia, nonimmune hydrops, and abnormal
karyotypes. A diminished amount is called
oligohydramnios. The most common cause of
oligohydramnios is premature rupture of membranes.
Other important causes include bilateral renal agenesis
and fetal urinary tract obstruction.
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Clinically, patients with CHM usually present in the first
trimester with bleeding, enlarged uteri for expected gestational
age, an absence of fetal parts on ultrasound, and markedly ele-
vated β-human chorionic gonadotropin (β-hCG). Other signs
include hyperemesis and toxemia during the first or second
trimester.

CHM shows a diffusely edematous placenta in which the
macroscopically enlarged villi lack blood vessels and have
cyst-like fluid-filled cavities. Complete hydatidiform mole can
also be seen in a twin gestation; in these cases, the diagnosis
is often delayed. The majority of complete moles arise in
uterine pregnancy, although occasional molar pregnancies are
seen in ectopic pregnancies. As a comparison, PHM is com-
posed of large and small villi, and fetal parts are present (Figs
3.20 and 3.21).

Invasive hydatidiform mole

This condition is characterized by molar villi and trophoblasts
infiltrating the uterine wall, and occurs more frequently after
CHM. Molar tissue may be transported to distant organs such
as the lung, and may result in acute pulmonary hypertension,
edema, and even death. In these cases, clinical follow-up and
therapy do not differ from patients with CHM confined to the
uterus.

Gestational choriocarcinoma

This is a malignant neoplasm composed exclusively of cytotro-
phoblasts and syncytiotrophoblasts. In the USA, the incidence
is 1 in 40000 pregnancies and correlates with the rate 
of CHM occurrence (Fig. 3.22). Choriocarcinoma spreads
hematogenously; metastatic sites include lung (80%), vagina
(30%), pelvis (20%), brain (17%), and liver (10%).
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The technical advances in the tools that obstetricians use for
the evaluation of a pregnancy have progressed faster than our
basic understanding of some of the developmental aspects of
fetal and placental physiology. In this chapter, we shall try to
bring out those aspects of perinatal physiology that are rea-
sonably well established.

Perfusion and placental transport

A number of concepts relating to placental perfusion and
transport, most of which have considerable clinical signifi-
cance, have become relatively well established. One of these
is the absence of autoregulation in the uterine vascular bed.
This has been shown in animal studies by the absence of reac-
tive hyperemia after uterine artery occlusion.1

The clinical implication of these observations is that the
uterine bed in late pregnancy may be regarded as an almost
fully dilated bed. Thus, it cannot easily compensate for a
sudden decrease in vasodilation. From a clinical perspective,
maternal hypotension must be regarded as a direct causal
factor in producing a reduction in uterine and placental blood
flow. Maternal hypotension should therefore be avoided, par-
ticularly in late gestation.

Another characteristic of the uterine vascular bed is the
unresponsiveness of the uterine vascular vessels to changes in
PO2 or PCO2. Again, this has considerable clinical significance
because it means that oxygen therapy for the mother does
carry with it the risk of increasing fetal hypoxia by vasocon-
striction of the uterine bed. It has been well demonstrated in
animal studies that oxygen administration to the mother
increases fetal oxygenation, lending support to the clinical
approach of using maternal oxygen therapy when there are
signs of fetal distress during labor and delivery. Unfortunately,
as is true with many areas of physiology, we have much less
information about the effects of chronic maternal oxygen
therapy. Because this is such an important issue in clinical
obstetrics, it is worth reviewing in some detail the animal
studies that support the use of maternal oxygen therapy for

fetal hypoxia. The first study2 to directly address the question
of the impact of maternal oxygen administration upon uterine
and umbilical blood flows and fetal oxygenation showed that
there was no effect of the increased maternal PO2 upon uterine
or umbilical blood flows and that, as expected, umbilical
venous PO2, representing the most oxygenated blood of the
fetus, increased significantly.

Clinically, the first studies demonstrating an effect upon
fetal oxygenation by maternal oxygen administration were
based upon changes in fetal scalp PO2 and were carried out by
scalp sampling during labor. More recently, maternal oxygen
administration has been used in pregnancies complicated by
intrauterine growth retardation (IUGR). The beneficial effect
is confirmed both by the changes in fetal blood PO2 and sat-
uration in blood obtained by cordocentesis, and by an appar-
ent improvement in velocity waveform measurements upon
the fetal descending aorta, suggesting a reduced placental
impedance during maternal oxygen therapy.3

The relationship between fetal oxygenation and maternal
oxygenation is complex because a number of factors are
involved in determining the “normal” umbilical venous PO2

in any species. These factors include:
1 placental oxygen consumption
2 uterine and umbilical blood flows
3 placental permeability
4 pattern of placental perfusion (i.e., concurrent, cross-
current, countercurrent)
5 maternal arterial PO2 and hemoglobin concentration
6 shape of maternal and fetal oxygen dissociation curves.

For a more complete discussion of the contribution of each
of these factors, see references 1 and 4. In man, umbilical
venous PO2 tends to equilibrate with uterine venous, not arte-
rial, PO2, i.e., it simulates a concurrent exchanger. With the
advent of techniques to sample umbilical venous blood 
transabdominally (i.e., cordocentesis), data are now available
describing umbilical venous PO2 through the latter half of ges-
tation. The umbilical venous PO2 of the human fetus is higher
in mid-gestation and decreases as gestation advances.5,6

However, at any gestational age, it is clear that the human fetal
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umbilical venous PO2 is very low by postnatal standards. This
highlights the importance of the difference in whole blood
oxygen affinity in the fetus versus the adult because the higher
affinity of fetal hemoglobin insures that the bulk of the hemo-
globin will be oxygenated even at the low PO2 of fetal umbil-
ical venous blood. The change in fetal PO2 in late gestation
does not imply increasing fetal hypoxia because, associated
with this, there is an increasing hemoglobin concentration as
gestation progresses. This latter change maintains the oxygen
content of umbilical venous blood throughout gestation.7 For
this reason, measurements of fetal oxygen content are partic-
ularly useful because they are independent of gestational age.
Studies in the mid-gestation fetal lamb have shown a higher
PO2 and oxygen saturation in fetal vessels than in late gesta-
tion lambs.8

Soothill and coauthors9 have shown a relationship between
fetal lactate concentration and fetal hemoglobin and oxygen
concentration in rhesus (Rh)-isoimmunized pregnancies. 
Similarly, Ferrazzi and coauthors10 and Soothill and coauthors3

described lactic acidemia in association with abnormal veloc-
ity waveforms in the fetal descending aorta or umbilical artery.
Several studies have shown that it is now possible to move
beyond velocity measurements alone to measurements of
actual blood flow in the umbilical vein.11,12 These studies have
reported a mean umbilical blood flow of 120mL/min/kg fetal
weight in the human fetus during late gestation. The umbilical
flow is markedly reduced in IUGR pregnancies.13

Uterine flow and placental transport

Uterine blood flow increases remarkably during late gestation.
However, the increase in uterine blood flow does not keep up
with the increase in uterine oxygen consumption, which causes
the uterine venous PO2 content to decrease with increasing ges-
tational age. In human pregnancies, it has been shown that a
decrease in uterine venous PO2 leads to a lower umbilical
venous PO2.

In terms of clinical applicability, one of the more important
contributions to fetal physiology was made by the studies that
described a nonlinear relationship between uterine blood flow
and placental transport of oxygen and nutrients to the fetus.
Wilkening and Meschia14 demonstrated that, in pregnant
sheep, uterine blood flow can decrease over a fairly wide range
without any effect on oxygen transport. A critical point is then
reached beyond which any further reduction in uterine blood
flow leads to a decrease in oxygen transport. As shown in 
Fig. 4.1, similar data have been obtained by the same investi-
gators for umbilical blood flow versus placental transport.15

Although a similar study has not been carried out for other
nutrients, the transport of all nutrients should share this
common characteristic, namely that there is a margin of safety
represented by the range within which uterine blood flow can
be reduced without affecting transport. This concept has con-
siderable clinical significance. It would appear that a critical

need in obstetrics is to determine whether such relationships
exist in high-risk pregnancies, i.e., critical levels of uterine per-
fusion beyond which reductions in uterine flow profoundly
affect fetal oxygenation and fetal nutrition.

There is currently active research from many centers
directed at determining the role of specific vasoconstrictors
and vasodilators in normal pregnancy and in pathologic preg-
nancies, particularly in pregnancy-induced hypertension
(PIH). However, one common path for the control of vaso-
motor tone is through nitric oxide production by uterine and
placental endothelium. Several studies on human placental
tissue by Myatt and co-workers,16–18 Diiulio and co-
workers,19,20 and others21,22 have highlighted the importance
of this area of research, particularly in terms of endothelial
nitric oxide synthase expression in placental tissues. The link
between these pathways and other vasodilators and constric-
tors is likely to remain a major focus of vascular research in
perinatal medicine.

Uterine venous drainage

Uterine arterial flow has been relatively well studied in
animals; however, uterine venous drainage has not received
such careful attention. Maternal position has been considered
to be important in clinical obstetrics, principally through 
the potential to relieve inferior vena caval obstruction by the
pregnant uterus and increase right-sided venous return to the
heart. Alleviation of signs of fetal distress have been reported

60

Figure 4.1 Changes in fetal O2 uptake and fetal arterial blood pH
in relation to the ratio of umbilical O2 delivery to control O2

uptake. In control periods, the ratio averaged 3.09 (Ο) and ranged
between 2.60 and 3.62. Note that O2 uptake and pH remained
virtually constant for ratios of O2 delivery to control O2 uptake
>1.6.
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after positioning the mother from the supine into the left-
lateral decubitus position.

Two laboratories have confirmed that, in the rhesus
monkey, drainage is not predictable; occasionally, one vein
carries essentially all of the placental drainage. This can put
the fetus at risk, as shown in Figs 4.2 and 4.3 that were taken
from the study of Battaglia and coauthors.23 Figure 4.2 shows
that tritiated water infused into the fetal rhesus monkey as a
marker appeared in only one uterine vein. The other vein had
a concentration similar to that of maternal arterial blood.
Occlusion of this latter vein would have no repercussions
upon placental function. However, as shown in Fig. 4.3,
obstruction of the vein carrying all of the placental drainage
leads to a rapid accumulation of tritiated water in the fetus
because placental clearance is virtually zero. Such data are not
available in man, but there is sufficient reason to believe that
placental drainage in man is not distributed equally to the
venous drainage on the two sides of the uterus. One study has
shown that, when both uterine veins are sampled across the
pregnant uterus during Cesarean section, there is great vari-
ability in oxygen saturation and this is independent of the
position of the placenta.5 This suggests that there may be an
unequal distribution of placental drainage to one of the other
uterine veins. Thus, the question of whether uterine venous
obstruction contributes to the maternal positional effects 

upon fetal well-being is an important one that needs further
investigation.

Placental transport and metabolism

The placenta is very active metabolically and has an oxygen
consumption and glucose utilization rate similar to brain
tissue.24 One of the characteristics of its metabolism is the pro-
duction of lactate and ammonia (NH3) as the end products
that are delivered into both the uterine and the umbilical cir-
culations. Because the production of lactate and NH3 by the
pregnant uterus has been a general characteristic among
species with very different placental types, it seems reasonable
to hypothesize that this reflects the metabolic activity of the
trophoblast as this epithelial layer persists in all placental
types.

There are several studies that have examined maternal–fetal
glucose relationships in human pregnancy utilizing data
obtained at cordocentesis. Figure 4.4, taken from Marconi and
coauthors,25 compares fetal and maternal glucose concentra-
tions over a wide gestational age range. The data demonstrate
that the maternal–fetal glucose concentration difference
increases as gestation advances. The increased transplacental
glucose gradient is one means of accommodating the increased
glucose requirements of the rapidly growing fetus. In addition,
there is probably a substantial increase in placental glucose
transport capacity. In fetuses with IUGR, the maternal–fetal
glucose gradient is further increased and this appears to cor-
relate with increasing severity, as shown in Figure 4.5. The
question of maternal glucose utilization in pregnancy has also
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Figure 4.2 Tritiated water concentrations in both arteries and both
ovarian veins of a rhesus monkey. It is clear that only one ovarian
vein was carrying blood from the placenta whereas the other was
draining nonexchange tissues within the uterus; the latter had a
3H2O concentration indistinguishable from the maternal artery. It
should be stressed that this difference in tissue drainage could not
be detected from the gross appearance of the two veins by either
color or size of the vessels.23

Figure 4.3 Ligation of one ovarian vein produced rapid
deterioration of the preparation, as indicated by the rapid rise of
3H2O concentration in the fetus and the inability of the system to
attain a new steady state. Presumably in this animal, the principal
channel for venous drainage of the placenta was the ovarian vein
that was ligated.23
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been studied from the viewpoint of the increased metabolic
demand placed upon the mother by multiple pregnancies.
Marconi and coauthors26 reported that there was a significant
correlation between plasma glucose disposal rate and both the
maternal glucose concentration and the mass of the concep-
tus. Thus, maternal glucose disposal rate is a function not only
of the glucose concentration but also of the mass of the con-
ceptus (fetus + placenta).

Amino acid transport has been studied under steady-state
conditions in sheep in vivo27–30 as well as under a variety of 
in vitro conditions in small mammals and in the human pla-

centa.31 This is an extensive subject that has been well
reviewed recently,32 but that is not covered in this chapter.

Placental growth

In all mammalian species, placental growth is much more
rapid than fetal growth in early gestation. Placental growth
then either stops or is at a very low rate during later gesta-
tion. Fetal growth, on the other hand, is largely exponential
throughout gestation. There is a slower rate of fetal growth 
in late gestation but this still far exceeds placental growth. 
The outcome of these differences in growth rate is that the
fetal–placental ratio increases markedly as gestation advances.
Although the growth rate of the human placenta decreases, its
maturation continues. This can be demonstrated by morpho-
metric techniques that bring out the continued exponential
increase in surface area of the placenta during late gestation
when its weight is no longer increasing.33 Physiological 
studies in animals support the morphometric data in that there
is a marked increase in the capacity of the placenta to diffuse
urea in late gestation, which parallels the changes in surface
area.34

Fetal growth

Key aspects of fetal growth include not only the rate of change
in fetal body weight but also the change in body composition
as gestation advances. This is particularly striking for the
human fetus, which grows by approximately 1.5% each day.
Accompanying this growth there is a reduction in total body
water concentration, attributable largely to a decrease in
extracellular fluid volume as a fraction of total body water,
and large increases in white fat depots. There are a number of
clinical implications of these changes in body composition.
Water has no caloric density, whereas fat has the highest
caloric density of tissues; therefore, the human fetus has a 
relatively high caloric accretion rate. Also, because fat consists
of 78% carbon but is nitrogen free, the human fetus has a 
relatively low nitrogen accretion rate in late pregnancy but
builds up large carbon stores in fat and glycogen.35

The accumulation of large white fat depots in the human
fetus has important nutritional implications. Fat depots are
important storage sites for the fat-soluble vitamins and essen-
tial fatty acids, particularly the polyunsaturated, long-
chain fatty acids. Intrauterine growth-retarded and very
preterm infants are born with depleted fat and glycogen stores
and are at risk of developing essential fatty acid deficiency rel-
atively quickly (i.e., within days) compared with term infants
(i.e., within weeks).36,37 Similarly, IUGR and preterm infants
are at risk of neonatal hypoglycemia. Fat also helps to insu-
late the term infant, reducing heat and water loss through 
the skin – all adaptations that the premature infant does not
have.
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Figure 4.4 Umbilical venous glucose concentrations vs. gestational
age for appropriate for gestational age (AGA) pregnancies (�).
Maternal arterial glucose concentration vs. gestational age (�).

Figure 4.5 Measured mean ± SD values of maternal
arterial–umbilical venous glucose concentration (conc.) differences
in AGA fetuses and fetal growth restriction (FGR) cases of groups
1, 2, and 3. The P-values refer to the significance of the differences
for the intercepts of AGA compared with FGR groups (solid lines),
and among groups of FGR (dashed lines) for the regression analysis
of the maternal–fetal difference vs. gestational age.
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Fetal metabolism

Fetal metabolism has been fairly intensively studied in the past
few years as techniques for the application of tracer method-
ology have become more available.

Umbilical uptake of nutrients

The net uptake of nutrients into the umbilical circulation from
the placenta is an indispensable reference point for under-
standing fetal metabolism. The reason for this is that the net
umbilical uptake represents the dietary supply of nutrients to
the fetus. Although it is possible for the fetus to synthesize
nutrients such as glucose or nonessential amino acids within
the fetal tissues, such interconversions of compounds do not
satisfy the absolute requirement for an exogenous (to the
fetus) supply of carbon and nitrogen for growth and 
oxidation.

The main nutrients that the fetus receives include glucose,
lactate, and amino acids.4,38 Glucose and the essential amino
acids are derived from the maternal circulation.

The nonessential amino acids are a far more complicated
issue. Tracer studies have clearly shown that some amino acids
are produced within the placenta in large amounts, with a 
relatively small component coming from direct transplacental
transport. The fetal requirements for some amino acids (glu-
tamate and serine) appear to be met entirely by production
within the fetus. Studies of glutamate venous–arterial differ-
ences across the human umbilical circulation at the time of
Cesarean section have shown a net uptake of glutamate from
the fetal circulation into the placenta.39 Presumably, it is used
as a metabolic fuel in the human placenta as it is in the ovine
placenta.40

Both glucose and lactate have been shown to have fairly
high oxidation rates during fetal life. If their transport is
increased, their contribution to oxidation will also increase,
sparing the utilization of amino acids as metabolic fuels. Con-
versely, during maternal fasting, placental glucose transport is
decreased and amino acid oxidation increased.

Quantitative information about amino acid and nitrogen
transport to the human fetus is not as firmly established
because it is difficult to obtain reliable data for umbilical
venous–arterial differences of amino acids at the time of deliv-
ery. Several studies have measured the uptake of amino acids
by the umbilical circulation at the time of Cesarean section.
Because umbilical blood flow could not be measured reliably,
the data were expressed per unit of oxygen uptake. These
studies have shown a large uptake of most amino acids (with
the exception of glutamate, which is taken up by the placenta).
Amino acids are provided to the human fetus in amounts that
exceed their net rates of accretion. The data supporting this
interpretation come from the observation of a relatively large
placental urea gradient, with fetal concentrations being higher
than maternal concentrations.41 Given the large urea clearance

in the primate placenta, the urea concentration difference
across the placenta implies a fairly high urea production rate
during fetal life.

In addition to serving as fuels for the fetus, amino acids are
used for protein synthesis. There are a number of conceptual
problems in attempting to estimate the rate of protein syn-
thesis during fetal life. However, it is clear that the rate of
protein synthesis expressed per gram of fetus is higher in early
gestation and decreases towards term, roughly in parallel with
the changes in metabolic rate.42 The rate of protein synthesis
exceeds the rate of net protein accretion from growth, reflect-
ing a relatively high rate of protein turnover during normal
fetal development.

Fatty acids and ketone bodies cross the placenta in man and
in several other species, maintaining relatively small transpla-
cental concentration gradients. Their fate upon entering the
fetal circulation has not been well studied, although it is clear
that fatty acids are used largely for carbon accretion in white
fat depots and are not oxidized extensively during fetal life.43

Because of their importance for brain growth, there are more
studies directed at placental transport of polyunsaturated,
long-chain fatty acids.

As alluded to earlier, the limitation in understanding fetal
growth has been the inability to measure umbilical volume
blood flow accurately. For example, endpoints of many nutri-
tionally based studies, such as those evaluating amino acids,
fatty acids, or glucose transport, have required that values 
be expressed by units other than rate (i.e., mL/min or
mL/min/kg). Recent advances in ultrasound technology that
include improved imaging and flow velocity data acquisition
have given investigators the tools to accurately assess volume
flow. Although Doppler velocimetry has been a very 
useful tool in assessing and managing the fetus with IUGR by
obtaining information on blood flow resistance,44–46 determi-
nation of oxygenation and nutrient delivery is dictated by
volume blood flow and not velocimetry. A study in 1999
demonstrated that umbilical venous flow measurements
(mL/min) can be obtained in human fetuses with accuracy and
precision, and that the examination can be completed on
average in less than 5min.47 This technique involves the 
combined use of real-time ultrasound, color Doppler, and
pulsed-wave Doppler velocimetry to obtain the necessary
measurements for calculation of umbilical vein flow from the
following formula:

Umbilical vein flow (mL/min) = vessel cross-sectional 
area (πr2) × mean velocity (cm/s) × 60s (4.1)

Figures 4.6 and 4.7 show the images required for accurately
calculating the umbilical vein flow. Important technical
aspects include maximal magnification of the vessel for diam-
eter measurement and vertical orientation of the vessel for
acquisition of the Doppler flow velocity waveform. This
method of calculating blood flow has been validated in a sheep
model in which a well-established technique of measuring flow
(steady-state diffusion technique) confirmed the accuracy of
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Figure 4.6 Magnified longitudinal image of
the umbilical vein for accurate placement of
calipers to measure the diameter of the vein
from which the radius can be obtained.

Figure 4.7 Ultrasound and Doppler images
depicting the vertically oriented umbilical
vein image with color Doppler, and the 0°
angle of insonation of the Doppler sample
volume for obtaining the Doppler flow
velocity waveform.

TCO4  9/13/06  4:46 PM  Page 64



FETOPLACENTAL PERFUSION AND TRANSFER OF NUTRIENTS

measuring blood flow with ultrasound.48 Using this ultrasound
technique, absolute umbilical vein volume flow has been
shown to be reduced in fetuses with IUGR compared with
those growing normally (Fig. 4.8).13 Furthermore, when
adjusted for estimated fetal weight, the reduction in blood
flow volume was found to be secondary to a reduction in the
velocity of blood and not to a reduction in the diameter of the
umbilical vein (Figs 4.9 and 4.10). This study also showed that
volume blood flow was reduced by mid-gestation in these
fetuses with IUGR. This finding is important from a develop-
mental point of view because if blood flow on a per kilogram
basis is reduced by mid-gestation then this suggests that there
are factors affecting normal uteroplacental vascularization
and angiogenesis (branching). Thus, abnormal placental devel-
opment and reduction in circulating blood volume at some
point in gestation will result in insufficient nutrient delivery
and aberrant fetal growth. The ability to calculate volume
blood flow will provide the opportunity to better understand
nutrient flux across the human placenta. It is anticipated that,
with the knowledge accumulated from these types of studies,
fetuses with IUGR could potentially be treated in the antepar-
tum period and at the appropriate time.

65

0

2

4

6

8

10

12

14

16

18 20 22 24 26 28 30 32 34 36 38 40
Gestational age (weeks)

U
V

 f
lo

w
/A

C

Figure 4.8 Graph showing the reduction of umbilical vein flow in
growth-restricted fetuses compared with control subjects across
gestation.13
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Figure 4.9 Graph demonstrating that there was no difference in
umbilical vein diameter adjusted for fetal weight among fetuses with
IUGR compared with control subjects.13

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

18 20 22 24 26 28 30 32 34 36 38 40
Gestational age (weeks)

U
V

 m
ea

n 
ve

lo
ci

ty
/A

C

Figure 4.10 Graph demonstrating a reduction in umbilical vein
blood velocity adjusted for fetal weight among fetuses with IUGR
compared with control subjects.13
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The synthesis and role of hormones in pregnancy is a unique
interplay between the three major compartments of preg-
nancy: the fetus, the placenta, and the mother. Some hormones
are produced in the nonpregnant state and upregulated in
pregnancy (quantitative hormones), whereas others are largely
unique to the pregnant state (qualitative hormones). This
chapter will review each of these compartments and their
respective hormone products by axis, emphasizing their func-
tion and the consequences of pathological change.

The corpus luteum

The corpus luteum forms from the ovulated follicle and, in the
absence of pregnancy, undergoes luteolysis at the onset of
menses. Maximal activity is achieved 1 week after the luteiniz-
ing hormone (LH) surge and the normal lifespan is 14 days.
The corpus luteum in early pregnancy synthesizes crucial hor-
mones until the fetoplacental unit can take over. These include
progesterone, estradiol, inhibin A, relaxin, and vascular
endothelial growth factor (VEGF), all of which promote the
growth and development of the embryo, inhibit spontaneous
uterine activity, and suppress further folliculogenesis. The
corpus luteum can also produce metalloproteases and other
cytolytic enzymes that initiate luteolysis. Human chorionic
gonadotropin (hCG), which is secreted by the trophoblast,
inhibits this cascade and is therefore essential for rescuing the
corpus luteum. This is discussed in more detail at the end of
the chapter.

Estrone, estradiol, and estriol

These estrogen molecules share the same basic 18-carbon
estrone nucleus and differ only in the number and arrange-
ment of hydroxyl groups as depicted in Figure 5.1. All three
estrogens increase dramatically in pregnancy. Estrone (E1) is a
precursor to estradiol (E2) and is the predominant estrogen in
menopause.

E2 is the predominant estrogen secreted by the ovary. The
endometrium contains receptors for both E2 and proges-
terone,1 creating a secretory environment that permits embry-
onic implantation and development.2

Estriol (E3) is almost exclusively produced in pregnancy by
the placenta, with its precursor dehydroepiandrosterone
sulfate (DHEAS), produced in the fetal and maternal adrenal
glands. It is believed to be the primary estrogen responsible
for increased uterine blood flow during pregnancy.3 It is
excreted rapidly and may provide an important route of elim-
ination for the estrogen precursors of pregnancy. The mater-
nal system tolerates higher levels of E3 than more potent
compounds.

Progesterone

Progestins differ in the number and arrangement of their
hydroxyl groups as shown in Figure 5.2. Progesterone is
clearly the more biologically active progestin.

The effects of progesterone begin early in pregnancy. 
The pre-implantation corona cells of the conceptus secrete
progesterone and E2 before implantation.4,5 En route to the
uterus, the conceptus secretes progesterone, which is believed
to relax uterotubal musculature. The site where ova and 
sperm meet, in the distal one-third of the fallopian tube, con-
tains many progesterone receptors. It is possible that E2

secreted by the conceptus may balance the effects of proges-
terone to maintain an optimal level of tubal motility and
tone.5,6

At the time of implantation, progesterone inhibits T 
lymphocyte-mediated tissue rejection. Human chorionic
gonadotropin and decidual cortisol are also involved in this
process.7 This inhibition of rejection may well offer immuno-
logical protection to the implanted conceptus and evolving
placenta. In addition, progesterone decreases uterine blood
flow. Progesterone and estrogens thus appear to balance one
another in the maintenance of optimal blood flow to the
implantation site.8,9

5 Endocrinology of pregnancy and 
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The fetal allograft and maternal
immune tolerance

Several changes occur in the maternal immune system and the
decidual immunological environment to allow the conceptus
to coexist with the mother. Normal pregnancy is characterized
by a type 1 to type 2 T helper (Th1 to Th2) cytokine devia-
tion in the mother. Pathologically, this change is not seen in
preeclampsia.10 Recurrent abortion and endometriosis, both
major causes of infertility, have also been linked to a Th1
cytokine deviation (tumor necrosis factor alpha, TNF-α, being
the main factor).11 Several studies have also demonstrated sig-
nificant changes in the levels of peripheral maternal CD4+ and
CD8+ cells during pregnancy. Deletion of alloreactive B cells,
which are detectable in early pregnancy and which rise with
each subsequent gestation, may also occur.12

The physical barrier which develops after implantation is
composed of the outer syncytiotrophoblast layer (which is in
direct contact with maternal blood) and an inner cytotro-
phoblast layer. This barrier is not impermeable; fetal DNA has
been isolated from maternal blood13 and has even been
detected in women 27 years after giving birth.14 On the fetal
side of the barrier, major histocompatibility complex I (MHC-

Figure 5.1 Molecular structures of estrogens. The basic 18-carbon
estrane nucleus is shared by estrone, estradiol, and estriol. Each
estrogen is different as a result of the arrangement of hydroxyl
groups.

Figure 5.2 Molecular structure of
progestogens. The basic 21-carbon pregnene
structure is shared by progesterone and 17α-
hydroxyprogesterone. These compounds
differ in the number and arrangements of the
hydroxyl groups.
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I) is replaced by human leukocyte antigen (HLA)-G and -E,
which are much less polymorphic, allowing the fetal cells to
“hide” from maternal cytotoxic T lymphocytes. Interestingly,
maternal serum and placental HLA-G expression appears to
be reduced in preeclampsia according to one small study.15

Several studies have also implicated the Fas–FasL pathway,
critical in apoptosis, as playing an integral role in deleting
alloreactive T cells. Fetal cells and decidua express high levels
of Fas ligand, which prevents the infiltration of cytotoxic T
lymphocytes.12

Additionally, complement regulation at the maternal–
fetal interface helps prevent complement-mediated cellular
lysis. When antibodies exist in very high levels, however, such
as in antiphospholipid antibody syndrome, fetal loss may
occur.

The recently implicated uterine natural killer (NK) cells
appear to be the dominant lymphocyte in the decidua and are
concentrated most highly around the invading trophoblast.
Natural killer cells seem to play a pivotal role in the accept-
ance of trophoblast invasion.16 Indeed, mice with deficient NK
cells have been shown to have higher levels of fetal loss than
their wild-type equivalent. Furthermore, rescuing their NK
population with a bone marrow transplantation decreases the
frequency of fetal loss.17

All of these mechanisms represent a delicate balance in
cytokines, lymphocyte proliferation and apoptosis, and recep-
tor expression, which ultimately allows the immunotolerance
of the fetal allograft.

Maternal cardiovascular adaptation 
to pregnancy

The average blood volume in pregnant women increases by
approximately 40%, peaking at 32 weeks. In contrast, the
absolute red blood cell count increases by only 33%, creating
a physiological anemia. This cardiovascular metamorphosis
provides enough blood for the rapidly enlarging uterus, pla-
centa, and fetus. It also safeguards the mother from blood loss
in delivery, which averages 500mL.

Angiotensin II resistance occurs in normal pregnancy
causing a mild hyponatremia with a lower plasma osmolality.
Several mediators including progesterone, prostaglandins, and
nitric oxide also cause vasodilation. This increase in volume
brings about a decrease in peripheral vascular resistance 
and maternal blood pressure lowers by approximately
10–20mmHg. In contrast, maternal heart rate will increase by
approximately 25%.

This characteristic volume expansion and vasodilation is
pathologic in preeclampsia, when arteriolar constriction is a
key feature. Leaking capillaries lead to a depletion of intravas-
cular volume and fluid collection in interstitial spaces (e.g.,
liver and brain edema). Furthermore, endothelial dysfunction
is characterized by higher levels of thromboxane A2, which
increases platelet activation. Corticotropin-releasing factor

and neurokinin B are additional endocrine factors that may
perpetuate platelet dysfunction.18,19

Nutrition and the fetus

Glucose is the primary fuel of fetal growth and its turnover in
a neonate is twice that of a normal adult. The fetal glucose
level is usually 10–20mg/mL lower than in its mother, because
glucose crosses the placenta by carrier-mediated facilitated dif-
fusion. Once inside the fetus, glucose serves as a precursor for
fat and glycogen. In contrast, maternal insulin and glucagon
are unable to cross the placenta and are instead produced by
the fetus itself. Amino acids are also actively transported by
the placenta and can stimulate fetal insulin secretion. Addi-
tionally, free fatty acids cross the placenta and are esterified
in the fetal liver into very low-density lipoprotein (VLDL).

This enormous maternal glucose drain favors an insulin-
resistant environment that has been attributed previously to
the increase in human placental lactogen (hPL) and growth
hormone, progesterone, cortisol, and prolactin. Newer
studies, however, have implicated TNF-α and leptin and, most
recently, the so-called resistin protein, which may be the
missing link between obesity and insulin resistance. Its role in
pregnancy, however, has yet to be established.20

Obesity is now a problem that affects over 40% of women
of childbearing age. Besides its known detrimental effect on
fertility (via anovulation) and the increase in miscarriage rates,
obesity significantly increases a pregnant woman’s chances of
developing gestational diabetes and hypertensive disorders
such as preeclampsia. This, in turn, increases Cesarean section
rates and overall morbidity in obese women.21

Hypothalamic and pituitary
development in the fetus

The earliest embryonic development of the brain can be iden-
tified by day 22 after conception, and the primitive dien-
cephalon by day 35. Within the ventral portion of the
diencephalon (which later develops into the hypothalamus),
primitive fiber tracts and neuroblasts can be observed. By ges-
tational day 42, the hypothalamus has coalesced beneath the
third ventricle and already contains thyroid releasing factor
(TRF).

Much of what we know about the development of the fetal
endocrine system comes from a review by Kaplan and coau-
thors.22 All of the hypothalamic nuclei are differentiated by 14
weeks’ gestation and the continuity of the primary and sec-
ondary plexus of the portal system is finally completed by ges-
tational weeks 19–21.

The pituitary gland is formed at about this time and devel-
ops from the outpocketing of oral ectoderm from the floor of
the diencephalon (Rathke’s pouch), which gives rise to the ade-
nohypophysis anteriorly, and neuroectoderm from the ventral
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diencephalon posteriorly. Capillaries appear within the mes-
enchymal tissue adjoining Rathke’s pouch and the dien-
cephalon by 9 weeks’ gestation. Rapid vascularization begins
with the development of the primary plexus of the portal
system at approximately 100 days. The anterior portion of the
pituitary will differentiate into five cellular subtypes: thy-
rotrophs, corticotrophs, somatotrophs, gonadotrophs, and
lactotrophs. The posterior pituitary will eventually produce
oxytocin (Chapter 66) and vasopressin (Chapter 35), which is
not discussed in this chapter. Many of the specific genes
responsible for cellular differentiation in the pituitary have
been elucidated and seem to be controlled by local signals that
are derived from adjacent tissues.23

Pituitary and hypothalamic-like peptides 
in the placenta

Pituitary-like hormones [adrenocorticotropic hormone
(ACTH), hCG, human chorionic somatomammotropin (hCS),
and human chorionic thyrotropin (hCT)] have been histo-
chemically localized to the syncytiotrophoblast.24–26 Hypo-
thalamic-like hormones [corticotropin-releasing hormone
(CRH), gonadotropin-releasing hormone (GnRH), soma-
totropin-release inhibiting factor, and thyrotropin-releasing
hormone (TRH)] have been similarly localized to the cytotro-
phoblastic layer.27–30 It would appear that there is a paracrine
analog within these tissues that is similar to the hypothala-
mic–pituitary axis. The end organ feedback within this system
is not exclusively inhibitory (see below). Indeed, selective pla-
cental proteins may well have a positive feedback relationship
with fetal steroids.

The endocrine axes of the fetus 
and placenta

GnRH, FSH and LH, and the gonads

Immunoreactive GnRH is present in the fetal hypothalamus
by 10 weeks. Follicle-stimulating hormone (FSH) and LH
secretion first begin at 9–10 weeks’ gestation and peak at
about 20–22 weeks. Unlike GnRH, which is secreted in equal
concentration in the male and female fetus, the female pitu-
itary appears to contain more FSH and LH than the male
gland.22 Gonadotrope activity then gradually declines during
late gestation, remaining dormant until puberty. As demon-
strated in fetal sheep, this is likely due to decreased secretion
of GnRH from the fetal hypothalamus as the gonadaotropes
are unstimulated, not inactive.31

At approximately 6 weeks’ gestation, the structure of the
fetal testes can be recognized including prominent interstitial
(Leydig) cells. These cells produce testosterone, which is crit-
ical for male internal secondary sexual development. In con-
trast, dihydroxytestosterone (DHT), a reduced metabolite of
testosterone formed in certain androgen target tissues by 5α-
reductase, is the trophic hormone for the external genitalia.

Testosterone also stimulates the production of two proteins
within the adjacent Sertoli cells of the testes: müllerian-
inhibiting substance (MIS) and androgen-binding protein. The
former causes inhibition of müllerian duct development; the
latter binds testosterone and possibly DHT within the wolf-
fian duct system and may be involved in the transduction of
androgens into their target tissues. Maximal hCG production
by the placenta coincides with the time of greatest biosynthetic
activity by the interstitial cells, suggesting that these events are
interrelated.32–34

The fetal ovary can be histologically recognized by gesta-
tional week 10. The female gonad lacks the impressive biosyn-
thetic capacity of the testis at this point in utero. In vitro
studies have demonstrated that fetal ovarian tissue has the
capacity to cleave pregnenolone sulfate and further metabo-
lize pregnenolone to the C-19 steroids dehydroepiandros-
terone and androstenedione. However, ovarian production 
of free progesterone, testosterone, or estrogens has not been
documented.35

Placental GnRH, hCG, and inhibin
Placental GnRH is similar in structure to the hypothalamic
decapeptide of the same name. Its activity has been localized
to the cytotrophoblastic cells along the outer surface layer of
the syncytiotrophoblast.36 The structure and additional func-
tions of hCG are described below (see section on human chori-
onic gonadotropin). Inhibin is a heterodimeric glycoprotein
with α- and β-subunits and its immunoreactivity has been
localized to the cytotrophoblast layer.

Syncytiotrophoblastic GnRH activity peaks at approxi-
mately 8 weeks’ gestation and decreases with advancing fetal
age. These changes in GnRH activity parallel those seen in pla-
cental hCG.36 Information regarding inhibin variation during
pregnancy is not available.

It is clear that placental GnRH stimulates the release of hCG
through a dose-dependent paracrine mechanism.37 In vitro
work with first-trimester placentas has shown that GnRH has
little stimulatory effect on hCG production when the latter is
close to maximum.36 However, in midtrimester, GnRH
markedly increases hCG release. Not surprisingly, this effect
diminishes in the term placenta. A complete intraplacental reg-
ulatory system can be hypothesized whereby cytotrophoblas-
tic GnRH stimulates the production of syncytiotrophoblastic
hCG, which, in turn, influences steroidogenesis. It has been
postulated that placental inhibin functions also go through a
paracrine mechanism to inhibit GnRH release and thereby
hCG release.

TRH, TSH, and the thyroid

Immunoreactive TRH has been detected in significant levels 
in the fetal hypothalamus by 10 weeks. As noted with GnRH,
there is not an appreciable correlation between gestational 
age or sex. Secretion of thyroid-stimulating hormone (TSH) 
in utero is regulated by both hypothalamic TRH and 
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the intact pituitary–thyroid feedback system (mature by 
mid-gestation).

The thyroid gland first appears at 16–17 days of gestation
and the capacity of the developing follicular cells to produce
thyroglobulin is established by day 29. However, the devel-
opment necessary to concentrate iodide into synthesized 
thyroxine (T4) is not operational until the 11th week.38

Furthermore, pituitary thyrotropes are not detectable until
approximately 13 weeks’ gestation. Once the thyrotropes
mature, iodine uptake and the synthesis of iodothyronines in
the thyroid commences.

Interestingly, fetal thyroid function is not affected to any sig-
nificant degree by the limited transplacental passage of TSH
and iodothyronines. Indeed, the human placenta appears to
contain a highly active 5-monodeiodinase that converts T4 to
the inert iodothyronine, reverse triiodothyronine (reverse
T3).39

The metabolism of T4 in utero differs dramatically from the
situation found in adults. Not only are production and degra-
dation rates greater in the fetus (on the basis of unit body
mass), but also the specific enzymatic pathway by which T4 is
metabolized favors the formation of the inert, reverse T3, at
the expense of the metabolically active product generally
found in adults, T3.

Thyroxine-binding globulin (TBG) can be detected in serum
by the 10th gestational week, progressively increasing in con-

centration to term. The second- and third-trimester increase
in serum T4 concentration reflects not only this increase in
TBG, but also the greater secretory capacity of the fetal
thyroid gland under the influence of the maturing hypothala-
mic–hypophyseal portal system (Fig. 5.3).40

Somatic development in utero is not a phenomenon that is
dependent on thyroid hormones. However, thyroid hormones
do appear to be necessary for late-phase skeletal maturation
and late prenatal pulmonary development, as well as the
normal development of the brain and intellectual function.38

Human chorionic thyrotropin
TRH has been detected in the cytotrophoblast layer of the 
placenta and is then called human chorionic thyrotropin
(hCT). However, this molecule appears to be chromatograph-
ically different from synthetic TRH, which is a tripeptide.41

The structure of hCT is similar to pituitary TSH α-subunits,
but it has negligible thyrotrophic activity32 and its role is
unclear.

The excessive amount of thyroid-stimulating activity found
in neoplastic trophoblast tissue is not secondary to an hCT
effect. Indeed, studies in molar pregnancy have failed to iden-
tify hCT.32 The hyperstimulation of thyroid tissue that occurs
in some women with molar pregnancy is attributed to the high
circulating concentration of hCG which has 1/4000th of the
activity of TSH.42
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Figure 5.3 Patterns of maturation of serum thyroid-stimulating hormone (TSH) and thyroxin (T4) concentrations in the human fetus. (From
Fisher DA, Klein AH. Thyroid development and disorders of thyroid function in the newborn. N Engl J Med 1981;304:702, with permission.)
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The parathyroid and calcium homeostasis

Fetal parathyroid hormone (PTH) is detected between the
tenth and thirteenth gestational weeks (Fig. 5.4). Parathyroid
function, however, remains suppressed throughout most of
pregnancy owing to the relatively hypercalcemic state of the
fetus (secondary to the considerable placental transport of
calcium, critical for bone formation). Calcitonin levels are ele-
vated, which enhances bone development.

At term, fetal 1,25-dihydroxyvitamin D levels are consider-
ably below maternal levels, supporting the concept that 1,25-
dihydroxyvitamin D does not cross the placenta, although
25-hydroxyvitamin D probably does cross. Direct compar-
isons of serum concentrations of vitamin D in mother and
fetus are complicated by the fact that there are estrogen-
induced changes in vitamin D-binding protein. The fetal
kidney can hydroxylate 25-hydroxyvitamin D although the
placenta can synthesize 1,25-dihydroxyvitamin D directly.
Excellent reviews of vitamin D and its metabolism have been
published.43–45

Prolactin

Immunoreactive prolactin is present in the pituitary gland in
small but measurable amounts early in gestation. However, in
both males and females, the concentration increases rapidly
between 20 and 30 weeks’ gestation and term. Several authors
have proposed that the major modulating force behind the
late-trimester increase in fetal prolactin is placenta-derived
estrogens. It is also possible that, developmentally, the pitu-

itary is functionally able to respond to tropic agents including
TRF after 20 weeks’ gestation.

Fetal prolactin may play a role in the regulation of normal
fetal osmolality.46 Prolactin receptors are expressed in a range
of fetal tissues as early as the seventh gestational week and
may play a role in bone, adrenal gland, lung, brain, and pan-
creatic β-cell development and function.47 In fact, cord blood
from preterm infants who develop respiratory distress syn-
drome has been shown to have lower mean prolactin
levels.48,49

GH-RH, GH, and somatostatin

The presence of growth hormone-releasing hormone (GH-
RH) late in gestation is suggested by the elevated levels of
plasma growth hormone (GH) in premature neonates.22

However, this peptide has yet to be identified in fetal tissues.
By 7–9 weeks’ gestation, GH is present in the fetal pituitary.

“Little” or monomeric GH predominates in the fetal pituitary
with only a small amount of “big” GH present. This pattern
is similar to that observed in adults.22 Because GH does not
cross the placenta, circulating GH is entirely of pituitary
origin. Peak concentrations of immunoreactive GH occur
between 25 and 30 weeks’ gestation, followed by a decrease
in the third trimester. This coincides with maturation of hypo-
thalamic neuroregulation (Fig. 5.5). The reader is referred to
an excellent review by Gluckman and coauthors.46

The exact role of GH in development is unknown; however,
many fetal tissues express GH receptors and GH stimulates
the synthesis of insulin-like growth factors (IGF-1 and -2).
Fetal IGF-1 and its binding protein seem to be altered in
chronic hypoxemia and malnutrition, and IGF-2 may be
closely related to steroid hormone biosynthesis.50

Growth hormone release-inhibiting hormone (also known
as somatostatin) more than triples from 10 to 20 weeks’ ges-
tation.22 Studies have identified somatostatin receptors as early
as 16 weeks’ gestation in the hypothalamus, pituitary, and
central nervous system.51 It has been suggested that the pattern
of GH secretion in the fetus reflects maturational changes in
the secretion of GH-RH and somatostatin.46

Somatomedin

Somatomedin activity in umbilical cord blood increases during
gestation from 24 weeks to term, although somatomedin
activity can be detected in fetal sera by 14 weeks.46 A growth-
promoting function for somatomedin in the fetus is supported
indirectly by the observations that cord somatomedin con-
centrations correlate directly with body weight,52,53 and infants
with intrauterine growth retardation (IUGR) have lower
somatomedin levels than normal newborns of a similar gesta-
tional age.52,54–56 Moreover, fetal chondrocytes are responsive
to the growth-promoting effects of this peptide.

In the human fetus, somatomedin secretion is not GH
dependent. Because a transient increase in neonatal

Figure 5.4 Schematic representation of transplacental transport of
calcium (Ca2+), phosphorus (PO4

−1), parathyroid hormone (PTH),
calcitonin (CT), and mono- and dihydroxyvitamin D (25(OH)D
and 1,25(OH)2D respectively). (From Fuchs F, Klopper A, eds.
Endocrinology of pregnancy. Philadelphia: Harper & Row,
1983:186, with permission.)
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somatomedin has been observed during the first month of life
when estrogen levels are declining, it has been suggested that
estrogens may serve some suppressive regulatory function in
utero.

CRH, ACTH, and the adrenal gland

After the seventh week of gestation, the corpus luteum ceases
to be the dominant steroid-producing organ and the fetopla-
cental unit takes over. The interdependence of the fetal adrenal
cortex and the placenta reflects their incomplete, but comple-
mentary steroidogenic, enzyme systems. The characteristic
steroid profile of pregnancy results from their constant
exchange of steroid precursors. However, there appears to be
little maternal contribution to the fetal pool of ACTH.

Bioassayable ACTH can be detected in the fetal pituitary by
8–10 weeks’ gestation, peaks between 12 and 19 weeks, and
then declines slowly throughout the third trimester. At mid-
gestation it appears to play a critical tropic role in the devel-
oping fetal zone of the adrenal gland. However, pituitary
ACTH may not provide the only stimulus for adrenal growth:
placental-derived proopiomelanocortin (POMC, the precursor
of ACTH and β-lipotropin) may also share this activity.

Placental CRH is structurally similar to hypothalamic
CRH.57 Both are products of the same gene located on the long
arm of chromosome 8.58 Likewise, placental ACTH appears
to be structurally similar to the pituitary ACTH 1–39
peptide.59 The activity of CRH is highest during the first
trimester and diminishes as term approaches. Of note, pro-
CRH mRNA has been found in the cytotrophoblast58, and 
placental ACTH activity has been localized to the 
syncytiotrophoblast.24

Similarly to their hypothalamic pituitary counterparts, there
is a dose-dependent stimulation of placental ACTH by pla-

cental CRH.60 However, a paradoxical relationship is
observed between the endorgan product, cortisol, and these
placental peptides (Fig. 5.6). Glucocorticoids increase placen-
tal CRH and ACTH secretion.60 Placental CRH, once released
into the maternal and fetal circulations, stimulates the respec-
tive pituitary glands and the placenta to secrete ACTH. In
turn, ACTH from the maternal and fetal adrenal cortex, as
well as from the placenta, stimulates more glucocorticoid
secretion (see Fig. 5.6). This positive feedback mechanism may
allow an increase in glucocorticoid secretion during times of
stress, beyond the amount available if the woman were not
pregnant.

Placental CRH and ACTH probably participate with the
fetal hypothalamus and pituitary in the observed surge of fetal
glucocorticoids associated with the late third trimester.61

The fetal adrenal gland
At term, the fetal adrenal glands are as large as those of adults,
weighing 10g or more. What ultimately develops into the
adult adrenal cortex, the outer or definitive zone, accounts for
only 15% of the fetal gland (Fig. 5.7). The unique inner or
fetal zone constitutes 85% of the volume of the adrenal gland
in utero but involutes after delivery and completely disappears
by the first year of life. Work in nonhuman primates suggests
that the fasciculata zone of the adult adrenal gland may stem
from the fetal zone.62

In late gestation, the fetal zone appears to be dependent on
the fetal pituitary. This is indirectly supported by observations
of fetal zone atrophy in anencephalic and apituitary fetuses,
and gland atrophy and reduced DHEAS secretion sub-
sequent to glucocorticoid treatment.63–65 However, before mid-
gestation, the endocrine support of the pituitary appears
unnecessary because anencephalic fetuses demonstrate normal
adrenal growth and development up to week 20.66 Peptides,

Figure 5.5 Schematic illustration of the
proposed ontogenesis of hypothalamic
neurohormonal control of fetal growth
hormone (GH) secretion. GRF, growth-
hormone-releasing factor; SRIF,
somatotropin release-inhibiting factor.
(From Gluckman PD, Grumbach MM,
Kaplan SL. The neuroendocrine regulation
and function of growth hormone and
prolactin in the mammalian fetus.
Endocrine Rev 1981;2:363, with
permission.)
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Figure 5.6 The fetoplacental corticotropin-releasing hormone
(CRH)–glucocorticoid positive feedback hypothesis. CRH, secreted
by the placental trophoblast, enters the fetal circulation via the
umbilical vein and stimulates (+) fetal adrenocorticotropic hormone
(ACTH) release from the fetal pituitary. Fetal ACTH stimulates
secretion of fetal adrenal cortisol, which enters the placental
circulation via the umbilical artery. Cortisol further stimulates
placental CRH secretion, thereby completing the positive feedback

loop. Fetal CRH, secreted from the fetal hypothalamus, may
independently stimulate fetal ACTH release, and placental and fetal
hypothalamic CRH may be directly stimulated by environmental
stresses. In addition, placental ACTH may stimulate the fetal
adrenal directly. (From Buster JE, Carson SA. Placental
endocrinology and diagnosis of pregnancy. In: Gabbe SG, Niebyl
JR, Simpson JL, eds. Obstetrics: normal and problem pregnancies.
New York: Churchill Livingstone, 1991:59, with permission.)
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Figure 5.7 Size of adrenal gland and its
component parts in utero, during infancy,
and during childhood. (From Bethune JE.
The adrenal cortex. A Scope Monograph.
Kalamazoo, MI: Upjohn, 1974:11, with
permission.)
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including hCG, prolactin, hPL, GH, and α-melanocyte-
stimulating hormone (α-MSH), as well as epidermal and
fibroblast growth factors, have all been proposed to play a
tropic role in adrenal development.32,67,68

Catecholamine production occurs in the fetal adrenal
medulla, which is derived from sympathetic cell precursors
from the neurocrest and neurotube. These subsequently dif-
ferentiate into neuroblasts, then sympathetic ganglion cells,
and eventually pheochromoblasts which invade the develop-
ing adrenal cortex by the seventh gestational week and become
pheochromocytes or mature chromaffin cells. The adrenal
medulla, however, is not fully developed until 3 years of
age.69,70 Catecholamines are critical for optimal regulation of
the central nervous, cardiovascular, and metabolic systems.
Catecholamine release is predominantly regulated by sympa-
thetic nerves that secrete acetylcholine.71

DHEAS
The fetal adrenal cortex is functionally deficient in the enzyme
3β-hydroxysteroid dehydrogenase, which converts preg-

nenolone and dehydroepiandrosterone (DHEA) to proges-
terone and androstenedione, respectively,72,73 the immediate
precursors of the sex steroids. These enzyme deficiencies are
offset by the enzyme activities of the placenta, allowing these
two organs to work together to produce a range of steroids
not otherwise possible (Fig. 5.8). The fetal adrenal cortex
extracts LDL from the fetal circulation and converts it to preg-
nenolone sulfate and DHEAS.73,74 Pregnenolone sulfate is
delivered to the placenta through the umbilical artery. The pla-
centa, which has an abundance of 3β-hydroxysteroid dehy-
drogenase, converts pregnenolone to progesterone and this is
then returned to the fetus for mineralocorticoid and gluco-
corticoid synthesis. Of note, the placenta also has the enzy-
matic capacity to extract LDL cholesterol and convert it to
progesterone.

The fetal zone produces DHEAS in large concentrations.
This reflects the restricted availability of ∆3β-hydroxysteroid
dehydrogenase and ∆4,5 isomerase activity necessary for the
biosynthesis of progesterone, cortisol, and testosterone. The
high circulating levels of progesterone and estradiol found

Figure 5.8 Exchange of circulating steroid intermediates between
the adrenal fetal zone and placenta. Enzyme deficiencies of the fetal
zone are offset by enzyme activities of the placenta, enabling the
two organs to work as a mutual cooperative to produce an
extensive profile of steroids not otherwise possible. The fetal
adrenal cortex is functionally deficient in 3β-hydroxysteroid
dehydrogenase, the enzyme that converts pregnenolone to
progesterone and dehydroepiandrosterone sulfate (DHEAS) to

androstenedione. The placenta contains 3β-hydroxysteroid
dehydrogenase in abundance and can make this conversion. The
placenta is deficient, however, in 17α-hydroxylase and cannot make
corticoids. LDL, low-density lipoprotein. (From Buster JE, Carson
SA. Placental endocrinology and diagnosis of pregnancy. In: Gabbe
SG, Niebyl JR, Simpson JL, eds. Obstetrics: normal and problem
pregnancies. New York: Churchill Livingstone, 1991:59, with
permission.)
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during pregnancy inhibit this enzyme complex and thereby
indirectly promote DHEAS production. Maternal LDL cho-
lesterol appears to be the major precursor of fetal adrenal
DHEAS. Other steroid sulfates can also be converted to
DHEAS without loss of the sulfate sidechain. DHEAS is deliv-
ered to the fetal liver, where it is converted to 16α-hydroxy-
androstenedione and then further aromatized into estriol.73

Estrogens are subsequently secreted into the fetal and mater-
nal circulations.73 Jaffe and Payne75 have demonstrated that
the human fetal testis has the capacity to use DHEAS in vitro
to form active steroids.

Cortisol
Together with aldosterone, cortisol is the major steroid pro-
duced by the definitive zone (Fig. 5.9). The adrenocorticoids
share the same 21-carbon pregnane structure with proges-
terone. However, these compounds differ markedly in their
biological activity because of the additional hydroxyl and
ketone groups as shown in Fig. 5.10. Low-density lipoprotein
cholesterol is used as a substrate for the synthesis of cortisol
via the pathways of 17α-, 21-, and 11β-hydroxylation. Prog-

esterone derived from the placental circulation can also be
used within the definitive zone for the production of cortisol,
deoxycorticosterone, corticosterone, and aldosterone.66 As
described below, cortisol has many roles in fetal development.

Cortisol stimulates pulmonary surfactant production by
type 2 pneumocytes.76 At approximately 34–36 weeks’ gesta-
tion, cortisol, together with thyroxin, prolactin, and estrogens,
stimulates choline phosphotransferase to produce dipalmitoyl
lecithin, the principal surface-active phospholipid.77,78 This
increases the lecithin–sphingomyelin ratio, characteristic of
fetal lung maturity.

Corticosteroids induce the development and maturation of
a number of hepatic enzyme systems necessary for carbohy-
drate, protein, and fat metabolism. The concentration of liver
glycogen increases with advancing gestational age, and glyco-
gen deposition appears to be controlled by cortisol.79 This role
of cortisol is critical considering the fact that glycogen avail-
ability in the newborn is necessary for its extrauterine adap-
tation. Indeed, during the first 24h of life, continuous blood
glucose delivery to the neonatal brain is dependent on liver
glycogen stores.77

Figure 5.9 Schematic illustration of
generalized pathways of hormone
formation in the human fetal adrenal
gland. DHA, dehydroepiandrosterone;
DHAS, dehydroepiandrosterone sulfate;
LDL, low-density lipoprotein. (From
Seron-Ferre M, Jaffe RB. The fetal
adrenal gland. Annu Rev Physiol
1981;43:141, with permission.)
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In nonhuman models, cortisol has also been shown to par-
ticipate in the maturation of the hypothalamic–pituitary–
adrenal (HPA) axis, in central nervous system growth, and the
establishment of hypothalamic rhythmicity.77 Intrauterine
stressors may set this axis at an early age to favor short-term
benefits such as restricting growth and increasing fuel avail-
ability, but this may have long-term adult consequences such
as coronary heart disease.80

Maternal free and bound cortisol levels increase in preg-
nancy, peaking in the early third trimester and then declining
again. In parturition, a transient increase in cortisol is again
observed. Placental CRH production has been hypothesized
to initiate labor and even preterm labor. In sheep, fetal corti-
sol production is responsible for the initiation of labor but this
has not been demonstrated in humans. However, concentra-
tions are slightly higher in spontaneous labor than in induced
labor.81

Cortisol may also play a role in the transfer from fetal- to
adult-type hemoglobin. However, most of the work on the
function of cortisol in the fetus has been carried out in animal
models and human data are lacking.

Renin–angiotensin system

Renin secretion clearly doubles as early as the eighth week of
gestation, and then increases to 32 weeks, after which no
further significant changes occur. Plasma renin substrate,
however, doubles by the eighth week of pregnancy, plateaus
by the 20th week, and remains steady thereafter.82 This con-
current stimulation of enzyme and substrate levels results in a
dramatic increase in plasma renin activity. The large size of
renin (molecular weight 43kDa) makes it unlikely that 
this molecule crosses the placenta. Not surprisingly, 
anephric infants have been found to have undetectable renin
levels.

The circulating concentration of the octapeptide,
angiotensin II, in the fetus is similar to or greater than the

maternal level, and both are higher than those observed in the 
nongravid state. Placental metabolism of angiotensin I into
angiotensin II, or production of angiotensin II by the placenta,
is suggested by the observation that venous blood from the
umbilical cord has higher levels of angiotensin II than arterial
cord blood. It has been suggested that these findings support
a significant role of the renin–angiotensin system in the regu-
lation of fetoplacental blood pressure.

The pattern of aldosterone secretion, as well as plasma
aldosterone levels, may diverge from that of plasma renin
activity in pregnancy. Although changes in plasma renin activ-
ity begin to plateau as early as 20–32 weeks, plasma and urine
aldosterone continue to increase progressively throughout
pregnancy. This pattern appears to closely parallel the 
profile of other steroid hormones, such as progesterone, E3,
and E2.83

Fetoplacental peptides

Considering the totipotential nature of the trophoblast, it is
not surprising that this tissue secretes a variety of substances,
including several proteins that are produced early in human
pregnancy. The following discussion considers the most
prominent of these and their role in gestation.

Human chorionic gonadotropin

Human chorionic gonadotropin (hCG) has a molecular weight
of 36–40kDa and is a glycoprotein that is biologically and
immunologically similar to LH but with a longer half-life.84–86

All of the glycoprotein hormones (hCG, LH, FSH, and TSH)
have a similar biological activity which is characteristic of the
β-subunit component. It is because of this that hCG seems 
to have a stimulatory effect on the maternal thyroid in early
pregnancy when hCG levels are highest. The α-subunit and
carbohydrate component are required for expression of the

Figure 5.10 Molecular structure of the
corticoids. Cortisol and cortisone differ
from progesterone in the number and
arrangements of hydroxyl groups.
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Key points

1 The corpus luteum synthesizes crucial hormones that
maintain pregnancy until the placenta can take over.
These include progesterone, estradiol (E2), inhibin A,
relaxin, and vascular endothelial growth factor (VEGF)
which maintain the endometrial lining, prevent
contractions, and promote the growth of the 
embryo.

2 All three estrogens share the same 18-carbon nucleus.
Estrone (E1) predominates in menopause, E2 is the
major estrogen secreted by the ovary during the
reproductive years, and estriol (E3) is produced almost
exclusively in pregnancy.

3 Physiological changes of pregnancy include:

• physiologic anemia;
• angiotensin II resistance and a decrease in blood

pressure;
• propensity toward insulin resistance.

4 The pituitary is composed of two distinctly derived
parts: the anterior pituitary is derived from Rathke’s
pouch and secretes thyroid-stimulating hormone (TSH),
adrenocorticotropic hormone (ACTH), growth
hormone (GH), prolactin, follicle-stimulating hormone
(FSH), and luteinizing hormone (LH), whereas the
posterior pituitary is derived from neuroectoderm and
produces oxytocin and vasopressin.

5 The α-subunits of TSH, FSH, LH, and human
chorionic gonadotropin (hCG) are homologous. 
It is the β-subunit that confers each hormone’s
specificity.

6 β-hCG has partial thyrotropic activity and its high
levels probably cause the suppression of TSH in early
pregnancy and the potential hyperthyroid state
sometimes observed in molar pregnancies.

7 Each endocrine axis of the fetus is intricately tied to
the endocrine function of the placenta and the mother.

8 Gonadotropin-releasing hormone (GnRH) activity
peaks at 20 weeks’ gestation during gonadal
development and then gradually becomes dormant until
puberty.

9 Testosterone is converted by 5α-reductase to its more
active form, dihydroxytestosterone (DHT). DHT is
responsible for virilization of external genitalia.

10 The fetal adrenal cortex is mostly composed of an
inner fetal zone that involutes after birth, and a smaller
outer definitive zone that ultimately becomes the adult
adrenal cortex.

11 The fetal cortex produces dehydroepiandrosterone
sulfate (DHEAS) from maternal low-density lipoprotein
(LDL). DHEAS serves as a precursor to multiple
hormones including estrogens, testosterone, and
androstenedione.

12 Cortisol stimulates the production of surfactant in
developing fetal lungs, matures fetal liver enzymes, and
may be involved in the initiation of labor.

13 β-hCG is produced by the syncytiotrophoblast of the
placenta and maintains the corpus luteum, stimulates
the testes to produce testosterone (in place of LH), and
regulates DHEAS production.

14 β-hCG is detectable 9 days after the LH surge at the
time of implantation. The level of β-hCG peaks at 2–3
months’ gestation.

15 Human chorionic somatomammotropin (hCS, also
known as human placental lactogen, hPL) shares 96%
identity with GH and serves as a key stimulatory
hormone for fetal growth.

biological activity unique to the β-subunit. The 28–30 amino
acids on the carboxy-terminal end of the β-subunit of hCG
are unique compared with LH. The specific immunoreactive
properties of the hCG β-subunit allow the diagnosis of 
pregnancy or extrapregnancy sources of hCG (i.e., gonadal
tumors) with great accuracy. Even in the presence of LH, hCG
is produced by the syncytiotrophoblast during pregnancy. It is
also produced by all other types of trophoblastic tissue, includ-
ing that derived from choriocarcinoma and hydatidiform
mole.32

The physiological role of hCG in human pregnancy has yet
to be fully elucidated. As described earlier, it is known to play
a luteotropic role early in pregnancy. Late in pregnancy, hCG
assumes a gonadotropic role by inducing the secretion of
testosterone from the fetal testes prior to the availability of
LH secretion from the fetal pituitary. It may also regulate
DHEAS production by the fetal zone of the adrenal gland69

and play a critical immunosuppressive role in vivo by pre-

venting the rejection of the fetal allograft by its maternal
host.87 However, data from recent studies are mixed, and the
relative contributions of progesterone, hCG, and cortisol to
DHEAS production and immunosuppression continue to be
the subject of investigation.

In spontaneous pregnancy, hCG can be detected by the
ninth day after the LH surge.84 This initial detection in 
maternal blood has been found to correlate with the implan-
tation of the blastocyst and, specifically, with the moment that
lacunae receive maternal blood.88,89 The concentration of
intact hCG peaks by 60–90 days’ gestation and then decreases
to a plateau that is maintained throughout the duration of 
the pregnancy. The production of the β-subunit by the tro-
phoblast parallels that of intact hCG throughout the first
trimester.90 During this period, free α-subunit levels are low 
or absent. Thereafter, the relative production of α- and 
β-subunits reverses and levels of the α-subunit increase until
term.
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Human chorionic somatomammotropin 
(human placental lactogen)

Human chorionic somatomammotropin (hCS), also known as
hPL, is a single-chain polypeptide of 190 amino acids with
two disulfide bridges. It has a short half-life and is produced
in massive daily quantities by the syncytiotrophoblast layer of
the placenta. Circulating levels increase 10-fold from the first
trimester and plateau in the third trimester. It shares 96%
identity with GH and its levels have been shown to relate to
fetal and placental weight. Despite this, hCS has only 3% of
the somatotrophic activity of GH. In animal studies it has been
found to display 50% of the lactogenic activity of prolactin.

hCS can be detected in the urine and serum in normal and
molar pregnancies, as well as in the urine of patients with tro-
phoblastic tumors and in men with choriocarcinoma of the
testes.

The major metabolic role of hCS during pregnancy is to
ensure the nutritional needs of the fetus. Hypoglycemia stim-
ulates hCS secretion. As the supply of glucose decreases during
the fasting state, hCS levels rise, stimulating lipolysis over car-
bohydrate metabolism. The increased ketones induced by
metabolism of free fatty acids are an important energy source
for the fetus. During the fed state, and in response to rising
glucose levels, insulin secretion increases and hCS secretion
decreases, leading to glucose use and lipogenesis. Because of
increasing substrate requirements by the fetus as pregnancy
progresses, the functional role of hCS assumes great signifi-
cance in the second and third trimesters.91

Conclusion

Endocrine influences on fetal growth and development are
complex. Although there are significant gaps in our knowl-
edge, tremendous progress has been made. The fetoplacen-
tal–maternal unit stands as a wondrous example in human
biology of interrelated systems that allow for the concurrent
processes of fetal progression and maternal adaptation.
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Respiratory distress syndrome (RDS) is a developmental dis-
order of prematurely born infants, characterized by progres-
sive atelectasis and respiratory insufficiency. RDS occurs as a
result of the structural and functional immaturity of the lung.
The primary biochemical deficiency is immaturity of the sur-
factant system, which results in increased surface tension at
the air–alveolar interface and a tendency for alveolar collapse
and generalized atelectasis.

Composition and 
function of surfactant

Pulmonary surfactant is a complex mixture of phospholipids
and proteins that is synthesized in type 2 alveolar cells. The
major phospholipids in surfactant are phosphatidylcholine
(PC, also called lecithin), which accounts for 80–85% of total
phospholipid, and phosphatidylglycerol (PG), which accounts
for 8–11%. Approximately one-half of the phosphatidyl-
choline is in the disaturated form (DSPC).1 At 80–90% gesta-
tion, a marked increase in total lung phospholipid occurs, with
a large increase in PC accounting for most of the change.2 An
increase in the surface activity of lung extracts and in lung dis-
tensibility and stability also occurs at this time.

In addition to the phospholipid components of surfactant,
four surfactant-related proteins have been described and char-
acterized. Surfactant protein A (SP-A) is a highly glycosylated
protein with a molecular weight of 28–36kDa. SP-A is a com-
ponent of the innate immune system of the lung and recent
studies indicate that mice deficient in SP-A are more likely to
develop pulmonary and systemic infections when challenged
with an intratracheal administration of bacteria, including
group B streptococcus.3 Two smaller hydrophobic proteins,
SP-B and SP-C, with molecular weights of 4 and 8kDa, respec-
tively, are important for the surface-active properties of sur-
factant and are present in clinically effective surfactant
preparations. SP-D is a lectin-like protein and, similar to 
SP-A, is important for defense against infection.4

Regulation of lung maturation

Clinical observations

A variety of physical, chemical, and hormonal stimuli can alter
lung development and phospholipid synthesis and secretion.
The incidence of RDS is lower in infants who are delivered
after labor, whether by vaginal delivery or Cesarean section,
than in those delivered without labor at the same gestational
age.5 Gender appears to play a role in lung maturation; at the
same gestational age, males are more likely than females to
develop RDS. Differences in amniotic fluid phospholipids indi-
cate that the biochemical maturity of the female lung precedes
that of the male by approximately 1 week.6 Maternal diabetes
also influences lung maturity; there is a higher incidence of
RDS in infants born prematurely to mothers with class 
A–C diabetes in whom there is no strict control of blood
glucose. This delay in lung maturation could be due to hyper-
glycemia, hyperinsulinemia, excess butyric acid derivatives, or
a combination of all three factors.7 Acute asphyxia with
hypoxia and acidosis also appears to inhibit surfactant pro-
duction. The incidence of RDS is higher in the second of twins,
as are a variety of other problems; it is not clear whether this
is related to asphyxia. Finally, there appears to be a familial
tendency to develop RDS, and a history of a previous infant
with RDS places a subsequent premature infant at a higher
risk.

Conversely, some clinical conditions appear to accelerate
lung maturation and decrease the incidence of RDS. These
include long-term maternal stress, e.g., toxemia and hyper-
tension, intrauterine growth retardation, maternal infection,
class F and R diabetes, and maternal heroin exposure. Chronic
low-grade maternal stress, as opposed to acute asphyxia,
accelerates lung maturation by a mechanism that may involve
hormones such as glucocorticoids and catecholamines.

The pharmacological acceleration of lung maturation by
antenatal hormone administration will be discussed in more
detail below.
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Experimental findings

Surfactant synthesis is stimulated by a variety of hormones,
growth factors, and transcription factors including glucocor-
ticoids, thyroid hormones, thyrotropin-releasing hormone
(TRH), prolactin, cyclic adenosine monophosphate (cAMP),
retinoic acid, epidermal growth factor, and thyroid transcrip-
tion factor. Of these, glucocorticoids have been most exten-
sively studied.7,8 The administration of glucocorticoids to a
fetus results in morphological changes indicative of acceler-
ated lung maturity including larger alveoli, thinner interalve-
olar septae, increased number of type 2 cells, and increased
lamellar bodies within the type 2 cells. In addition, glucocor-
ticoids enhance the biosynthesis of both lung phospholipids
and surfactant proteins. Secretion of surfactant is also stimu-
lated by a number of agents, including β-adrenergic agonists,
such as terbutaline, and purinoceptor agonists, such as 
adenosine.

Evaluation of fetal lung maturity

The assessment of fetal lung maturity by the analysis of phos-
pholipids in amniotic fluid began in 1971, when Gluck and
coauthors9 reported on gestational changes in amniotic fluid
phospholipid concentrations. In an analysis of amniocenteses
from both normal and abnormal pregnancies, from 12 weeks
to term, they showed that total phospholipids in amniotic fluid
increased throughout gestation, but that there was a sharp
increase at 35 weeks. Both lecithin (PC), which originates in
the fetal lung, and sphingomyelin were measured. The con-
centrations of lecithin and sphingomyelin were nearly equal
until approximately 32 weeks, after which lecithin concentra-
tion increased while sphingomyelin declined (Fig. 6.1). The

concept of the lecithin–sphingomyelin (L/S) ratio emerged
from this report. The ratio between the two phospholipids was
used to correct for changes in amniotic fluid volume.

This report was followed by a number of studies on the clin-
ical utility of the L/S ratio for predicting lung maturity. In an
early report, Hobbins and coauthors10 used a lecithin concen-
tration greater than the sphingomyelin concentration as a def-
inition of maturity and found that, regardless of birthweight,
infants did not develop RDS if the amniotic fluid phospho-
lipids indicated maturity.

An L/S ratio of 2 : 1 occurs at approximately 35 weeks’ ges-
tation (Fig. 6.2) and, in subsequent clinical studies,11,12 RDS
was reported in only 2–3% of infants with a ratio of 2 :1 or
greater. Most of these cases of RDS occurred in infants born
to women with diabetes. However, a L/S ratio of less than 2 : 1
was found to have a low predictive value for RDS as almost
one-half of the infants with a low L/S ratio failed to develop
RDS. In an effort to improve the accuracy of amniotic fluid
phospholipid analysis at predicting RDS, other phospholipids
such as PG were studied in normal and complicated pregnan-
cies.12,13 PG was first detected at 34–35 weeks’ gestation and
the concentration then increased with gestational age. The
presence of PG as 3% or more of total phospholipids was
found to predict lung maturity. Combining the L/S ratio and
PG measurements improved both the positive and the nega-
tive predictive accuracy of amniotic fluid phospholipid analy-
sis. This was particularly important in diabetic pregnancies.
Class A–C diabetics showed a delayed appearance of PG until
37–39 weeks, whereas class D, F, and R diabetics had a normal
or early appearance of PG.

The L/S ratio and PG measurements (L/S–PG) have become
a standard means of determining fetal lung maturity. A mature
L/S with a positive PG has a negative predictive value (a
mature test = clinical maturity) of close to 100%. However,
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Figure 6.1 Amniotic fluid phospholipid concentration vs.
gestational age.

Figure 6.2 Lecithin–sphingomyelin (L/S) ratio vs. gestational age.
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the positive predictive value (an immature test = clinical imma-
turity) is only around 70%. The L/S–PG test has other draw-
backs as well. The test is done by the time-consuming method
of thin-layer chromatography. Blood and meconium in the
amniotic fluid can greatly reduce the accuracy of the L/S ratio.
As a result of these limitations, other methods of determining
fetal lung maturity have been evaluated. The ideal method
would be reproducible, technically simple, and have a short
turnaround time, and it would have both positive and nega-
tive predictive accuracy. However, to date, no ideal method
has been developed.

In 1972, Clements and coauthors14 reported a rapid test for
surfactant in amniotic fluid called the foam stability or shake
test. This was based on the ability of surfactant to produce a
stable foam in the presence of ethanol. The technique is fairly
simple, requires no special equipment, and results are avail-
able rapidly: a “mature” test is indicated by the presence of
foam at a 1 : 2 dilution of amniotic fluid; an “immature” test
is indicated by the absence of foam at a 1 : 1 dilution. The
shake test is as good at predicting maturity as the L/S ratio;
however, it has a higher false immature rate.15 As with the L/S
ratio, the shake test is not accurate in the presence of blood
or meconium. Although it is more easily and rapidly per-
formed than the L/S ratio, the shake test has only been used
as a screen and an immature result should be confirmed with
an L/S–PG test.

The concentration of lamellar bodies in amniotic fluid is
directly related to its absorbance at 650nm,16 and this
absorbance has been used as a rapid test for fetal lung matu-
rity. However, this test is limited by a very high, false imma-
turity rate.

Amniotic fluid microviscosity, as determined by fluorescence
polarization, has also been used as a fairly rapid method of
evaluating lung maturity. Amniotic fluid has a high, constant
viscosity until approximately 30–32 weeks’ gestation when
there is an abrupt decrease followed by a steady decline to
term. As with other tests, determination of microviscosity
accurately predicts maturity but overestimates immaturity.17 A
refinement of fluorescence polarization uses a ratio of surfac-
tant to albumin rather than microviscosity.18 As an automated
test it is simple to perform and can be carried out quickly,
although it does require special instrumentation. A “mature”
test correlates well with clinical maturity, but an immature test
is not as good a predictor of who will actually develop RDS.

Surfactant proteins in the amniotic fluid have been exam-
ined as a way of predicting lung maturity more accurately.
King and coauthors19 assayed amniotic fluid from 12 weeks
to term for “surfactant-associated protein,” now known to be
SP-A. Between 12 and 32 weeks of gestation essentially no
protein was found; the protein titers increased from 32 to 37
weeks and then plateaued. This pattern parallels the gesta-
tional age-related increase in phospholipids. A more specific
monoclonal antibody assay for SP-A was subsequently used
to determine the predictive accuracy of protein assay of amni-
otic fluid.20 Little protein was found before 32 weeks, there

was a slow increase at between 32 and 37 weeks, and a sharp
increase after 37 weeks. An SP-A concentration of 3µg/mL 
or greater accurately predicted clinical lung maturity but the
test was much less accurate in predicting immaturity with a
large false-positive rate. When surfactant protein determina-
tion was combined with an L/S–PG, the ability to correctly
predict immaturity increased. Studies have also indicated that
SP-A levels are decreased in amniotic fluid in diabetic 
pregnancies,21,22 but a clear clinical role for surfactant protein
determination in diabetic pregnancies has not yet been 
established.

Table 6.1 summarizes the predictive accuracy of each of the
methods discussed. The values in this table were calculated
from the data in the references cited. All of the tests accurately
predict lung maturity with a very low false-negative rate. This
means that an infant with a mature test has a very low risk of
developing RDS, which is of great value in determining the
timing of delivery of a complicated pregnancy. Conversely, an
infant with an immature L/S ratio has about a 50% chance of
developing RDS. Using the presence of PG or surfactant
protein analysis together with the L/S ratio reduces the chance
of a false mature test.

Acceleration of lung development by
antenatal hormone administration

Glucocorticoids

The seminal observation by Liggins that antenatal glucocorti-
coid administration accelerated lung maturity and improved
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Table 6.1 Predictive value of prenatal tests for lung maturity.

Test Positive Negative References
accuracy accuracy

L/S 0.54 0.98 11, 12, 15–18, 20
L/S–PG 0.47 0.99 20, 22
Shake test 0.12 1.0 15
A650 0.13 0.99 16
SP-A 0.32 1.0 20
L/S–PG + 35 kDa 0.71 1.0 20
FELMA 0.33 1.0 17
TDx-FLM 0.31 0.97 18

FELMA, microviscosity by fluorescence polarization; L/S, lecithin–
sphingomyelin ratio; PG, phosphatidylglycerol; TDx-FLM,
fluorescence polarization, Abbot Laboratories.
Negative test, maturity; positive test, immaturity; negative predictive
accuracy, accuracy with which a mature test predicts no RDS;
positive predictive accuracy, the accuracy with which an immature
test predicts RDS.
The values above were calculated using data from the references
cited. (Definitions from Feinstein AR. On the sensitivity, specificity,
and discrimination of diagnostic tests. In: Feinstein AR, ed. Clinical
biostatistics. St. Louis, MO: CV Mosby; 1997.)
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viability in prematurely born lamb fetuses led to clinical trials
of antenatal steroids and other agents, including TRH. In
1994, the National Institutes of Health (NIH) convened a
Consensus Conference to study the impact of glucocorticoid
therapy on fetal maturation and perinatal outcome.23 The con-
ferees relied to a large extent on Crowley’s24 meta-analysis 
of published randomized trials of antenatal glucocorticoid
therapy and on the data from several “observational data-
bases.” The latter consisted of treatment and outcome infor-
mation collected from five sources and involving more than
30000 infants.

Effect on the incidence of RDS
The meta-analysis24 (Fig. 6.3) revealed that antenatal gluco-
corticoid therapy significantly reduced the overall incidence of
RDS by approximately 50%. Whereas the effect was statisti-
cally significant only in those infants who delivered from 1 to
7 days after the initiation of maternal treatment, there was a
trend toward decreased RDS in infants born less than 24 h or
more than 7 days after the initiation of steroid treatment. Also,
treatment was effective in boys and girls.

Taken as a group, there was a significant reduction in the
incidence of RDS in babies born before 31 weeks, but the
effectiveness of glucocorticoids in infants born before 28
weeks of gestation was not resolved by these studies. Although

it is not clear whether the incidence of RDS was decreased,
there was a benefit in terms of diminished severity of RDS,
decreased mortality, and a lower incidence of intraventricular
hemorrhage (IVH).

Effect on complications of prematurity
The use of antenatal steroid therapy reduces early neonatal
mortality as well as two major complications of prematurity,
IVH and necrotizing enterocolitis (NEC).

It is reassuring that long-term follow-up of infants exposed
to antenatal glucocorticoids revealed no adverse effects on
developmental outcome. Studies conducted at 12 years of age
found no deficits in motor skills, cognition, or scholastic
achievement despite the greater survival rate of premature
infants after steroid therapy.25,26 The meta-analysis actually
revealed a trend toward decreased neurological abnormalities
at follow-up.

Effects on neonatal and maternal infection
Glucocorticoid therapy does not have a significant effect on
the overall incidence of maternal or fetal infection. When
steroids were administered in the presence of premature
rupture of the membranes (PROM), there was a trend toward
an increase in fetal and neonatal infection, but this effect was
not statistically significant. The meta-analysis also indicated
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Figure 6.3 The effects of antenatal
glucocorticoids. Modified from ref. 44.
Original data from ref. 24.
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that steroids decreased the incidence of RDS in the presence
of PROM. Furthermore, the observational database revealed
that when steroids are administered to women with PROM,
there is a decrease in neonatal IVH and mortality. The advan-
tages of using steroids in the presence of PROM appear to
outweigh the disadvantages.

Complicated pregnancies
An early report27 that there was increased fetal mortality when
women with hypertension and proteinuria received antenatal
steroid therapy has not been confirmed.28,29 Glucocorticoid
administration, however, may adversely affect pregnant
women with diabetes and the use of steroids in this situation
is a matter of judgment.

Information on the use of glucocorticoids in pregnancies
complicated by multiple gestation, intrauterine growth retar-
dation, or hydrops fetalis is, at present, inadequate. Until more
information is available, glucocorticoid therapy should prob-
ably be used in these situations.

Repeat courses of antenatal glucocorticoids

The incidence of RDS is not significantly decreased in 
newborns delivered more than 7 days after maternal gluco-
corticoid treatment.30 As a result, some obstetricians adminis-
ter repeated courses of antenatal glucocorticoids during
pregnancies threatened by preterm delivery. This practice 
has raised major concerns. In 2000, a NIH Consensus 
Development Conference31 recommended that “because of
insufficient data from randomized clinical trials regarding effi-
cacy and safety, repeat courses of corticosteroids should not
be used routinely.” The American College of Obstetricians 
and Gynecologists (ACOG)32 supported this recommendation
in 2002. Three trials addressing this issue have now been 
completed33–35 and their data have been summarized in a sys-
tematic review.36 These trials found that there is a reduction
in the severity of lung disease or decreased need for surfactant
therapy in patients who receive repeated doses of glucocorti-
coids. However, there was no statistically significant difference
between groups with regard to the incidence of RDS, chronic
lung disease, IVH, periventricular leukomalacia (PVL), and
fetal, neonatal, or infant death.36 Concern over the safety of
repetitive courses of antenatal glucocorticoids stems from
animal studies that have reported adverse long-term outcomes
such as growth retardation,37 suppression of brain growth,38

and neuronal myelination,39 and clinical trials that have
reported suppression of adrenal function,40 increased risk of
destructive and hyperactive behavior in children,41 and
increased mortality.40 Sufficient concern has been raised by
these observations to support limiting the number of 
courses of antenatal corticosteroids to one, as recommended
by ACOG (or perhaps at most two, with the second course
being administered if the patient again demonstrates 
threatened preterm labor, weeks after the initial course of 
glucocorticoid).

Betamethasone versus dexamethasone

Dexamethasone and betamethasone are structurally similar
glucocorticoids that differ only in the configuration of a single
methyl group, and that have equal ability to cross the placenta
and influence fetal function.42 However, there is a growing
body of evidence suggesting that dexamethasone may have
more significant side-effects than betamethasone. In addition,
Crowley’s systematic review indicated that there was a signif-
icant reduction in neonatal mortality in the patients treated
with betamethasone compared with those treated with 
dexamethasone.24

In 1999, Baud and coauthors42 retrospectively examined the
effects of antenatal betamethasone, dexamethasone, or no glu-
cocorticoid treatment on neonates of 24–31 weeks’ gestation.
After adjusting for differences in gestational age, number of
courses of glucocorticoids, and other possible confounding
variables, they found no significant differences between the
two glucocorticoids with respect to the incidence of RDS,
bronchopulmonary dysplasia, IVH, or necrotizing enterocoli-
tis. However, there was a significant reduction in the risk of
cystic PVL in the group treated with betamethasone compared
with the no-treatment group, whereas those neonates whose
mothers had received antenatal dexamethasone had an
increased risk of cystic PVL compared with the no-treatment
group.

A number of theories have been put forward to account for
the increased toxicity of dexamethasone. One suggestion is
that it relates to sulfite preservatives which are used in dex-
amethasone preparations.43 An in vivo and in vitro study
found that there is increased neuronal death after exposure to
pharmacological preparations of dexamethasone-containing
sulfites or to isolated sulfites. The dose of glucocorticoid used
in this study was approximately 10 times that recommended
for antenatal administration. An alternative, and probably
more likely, explanation is that when dexamethasone is
administered intravenously or intramuscularly, it reaches
higher peak blood levels than the slowly released intramuscu-
lar (i.m.) betamethasone. These high circulating levels of dex-
amethasone may cause the observed neuronal damage.44 At
this stage, betamethasone should be regarded as the gluco-
corticoid of choice.

Synergism between antenatal glucocorticoid and
postnatal surfactant therapies

Animal and clinical data indicate that there is a positive inter-
action between antenatal glucocorticoid administration and
postnatal surfactant therapy. In a clinical trial, infants who
were treated with antenatal steroids and received surfactant,
if indicated, had significantly less respiratory disease as well
as a lower incidence of IVH or periventricular leukomalacia
than infants who did not receive antenatal steroids.45
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Conclusions

The recommendations of the NIH Consensus Conference23 are
summarized in Table 6.2. It is clear that there are few situa-
tions when steroids should not be used in women with threat-
ened preterm labor. Repeated courses of glucocorticoid,
however, should not be routinely administered during preg-
nancy. Betamethasone is the glucocorticoid of choice.

At present, optimal management of premature infants
includes assessment of fetal lung maturation, antenatal gluco-
corticoid administration, and postnatal surfactant therapy.
This approach has been shown to be highly beneficial for the
prevention and treatment of RDS and other major complica-
tions of prematurity.
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Key points

1 The major phospholipids in surfactant are
phosphatidylcholine (PC, also called lecithin), which
accounts for 80–85% of total phospholipid, and
phosphatidylglycerol (PG), which accounts for 8–11%.

2 Surfactant protein A (SP-A) is a component of the
innate immune system of the lung; mice deficient in SP-
A are more likely to develop pulmonary and systemic
infections.

3 Two smaller proteins, SP-B and SP-C, are important 
for the surface-active properties of surfactant and are
present in clinically effective surfactant preparations.

4 At the same gestational age, males are more likely than
females to develop RDS. Amniotic fluid phospholipid
analysis indicates that the biochemical maturity of the
female lung precedes that of males by around 1 week.

5 An L/S ratio of 2 : 1 occurs at approximately 35 weeks
of gestation. RDS was reported in only 2–3% of
infants with a ratio of 2 : 1 or greater.

6 Combining L/S ratio and PG measurements improves
both the positive and the negative predictive accuracy
of amniotic fluid phospholipid analysis. This is
particularly important in diabetic pregnancies.

7 Some clinical conditions appear to accelerate lung
maturation and decrease the incidence of RDS. These
include long-term maternal stress, e.g., toxemia and
hypertension, intrauterine growth retardation, maternal
infection, and maternal heroin exposure.

8 The benefits of antenatal corticosteroids vastly
outweigh the risks.

9 All fetuses at risk for preterm delivery between 24 and
34 weeks of gestation are candidates for antenatal
glucocorticoid treatment.

10 Glucocorticoid therapy significantly reduces the overall
incidence of RDS by approximately 50%.

11 The effect of glucocorticoid therapy on RDS is
statistically significant in infants who deliver from 1 to
7 days after the initiation of maternal treatment. There
is a trend toward decreased RDS in babies born less
than 24 h or more than 7 days after the initiation of
steroid treatment.

12 Although it is not clear whether glucocorticoids
decrease the incidence of RDS in infants below 
28 weeks’ gestation, there is a benefit in terms of
diminished severity of RDS, and reduced incidence of
intraventricular hemorrhage (IVH) and necrotizing
enterocolitis (NEC) as well as decreased neonatal
mortality.

13 Glucocorticoid therapy does not have a significant
effect on the overall incidence of maternal or fetal
infection.

14 In cases of prolonged rupture of the membranes
(PROM) at less than 30–32 weeks of gestation,
treatment is recommended in the absence of clinical
chorioamnionitis.

Table 6.2 NIH Consensus Development Conference.
Recommendations for use of antenatal glucocorticoids.

The benefits of antenatal corticosteroids “vastly” outweigh the risks

All fetuses at risk for preterm delivery between 24 and 34 weeks of
gestation are candidates for treatment

This decision should not be altered by race, gender, or availability
of surfactant therapy

Patients who are eligible for tocolytic therapy are also eligible for
steroid therapy

Treatment should be given unless immediate delivery is expected;
treatment for less than 24h is associated with decreased mortality,
RDS, and intraventricular hemorrhage

In cases of PROM at less than 30–32 weeks of gestation, treatment
is recommended in the absence of clinical chorioamnionitis

In complicated pregnancies in which delivery before 34 weeks is
expected, treatment is recommended unless there is evidence that it
will have an adverse effect on the mother

Dosing: betamethasone, 12mg i.m. q24h × 2 (or dexamethasone,
6mg i.m. q12h × 4)
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Fetal cardiovascular physiology

Functional characteristics of the fetal heart

Functional maturational processes
Significant maturational changes are observed in the structure
of the myocardium prior to birth.1 In more immature myocar-
dial cells, the myofibrils are chaotically organized and often
not oriented along the long axis of the cell. These cells are also
characterized by a proportionally greater amount of noncon-
tractile proteins than in adult cells. A maturational increase in
the myofilament content of myocytes is observed progressively
along with a rearrangement of these filaments into an orien-
tation along the long axis of the cells. The nuclei and mito-
chondria, which were localized at the centre of the cell, are
ultimately distributed in an ordered arrangement along the
myofilaments. Primitive mesodermal cells lose their ability to
differentiate into cardiomyocytes at approximately the time 
of birth; consequently, fetal cardiomyocytes may divide and
increase in number, whereas mature adult cardiomyocytes can
only increase in size.

The sarcoplasmic reticulum is also the site of developmental
changes.2,3 In the mature myocardium, the sarcoplasmic reticu-
lum serves as the site of calcium release and removal, which acti-
vates the contractile process. The process of calcium removal
from troponin C, responsible for myocardial relaxation, has
also been shown to be less rapid in the fetus4 compared with the
adult myocardium. Many elements suggest that the effective-
ness of the sarcoplasmic reticulum in storing and releasing
calcium is quantitatively enhanced with maturation. Thus,
more immature cells rely mainly on trans-sarcolemmal move-
ment of calcium to modulate their cytosolic concentration.

In addition to these structural modifications, there are bio-
chemical differences in fetal and adult forms of the myocar-
dial contractile proteins myosin, actin, and the troponins, as
well as in their sensitivity to cytosolic calcium concentration.5,6

As far as we know, cardiac myosin is made up of two heavy
chains, alpha and beta. There are three known myosin

isozymes based on the distribution of these two chains. The
V1 isozyme contains two alpha chains, V2 contains an alpha
and a beta chain, and V3 has two beta chains. The slower V3
myosin is the predominant adult form in larger animals,
including humans. Ventricles with different proportions of
myosin V1 and V3 may perform similar amounts of work.
However, the myocardium, with a higher proportion of V3,
consumes a relatively smaller amount of oxygen and adeno-
sine triphosphate (ATP) and, therefore, demonstrates greater
efficiency. Lactate is the primary agent metabolized in the
immature heart, whereas the adult myocardium preferentially
consumes long-chain fatty acids.7 A fetal deficiency in carni-
tine palmitoyl transferase hampers the transport of long-chain
fatty acids into the mitochondria.

Another contractile protein, titin, also known as connectin,
has been shown to play a major role in myocardial mechan-
ics.8 Titin is likely to be a factor in setting the lower sarcom-
ere length limit during systole and in the elastic recoil
responsible for early diastolic filling. A recent report, showing
that fetal cardiac titin contains additional spring elements not
found in adults, suggests that regulation of titin’s spring com-
position may allow adjustment of diastolic filling behavior
during the development of the heart.9

Fetal myocardial contractility
When isolated fetal muscle strips are studied, there is a sig-
nificant reduction in the active tension that can be generated
compared with adult samples, at all muscle lengths along the
length–tension curve.10 Resting tension is, however, higher in
fetal tissue. These contractile characteristics of fetal myocytes
have been related to their significantly greater proportion of
noncontractile protein (60% in the fetal myocardium com-
pared with 30% in adults)10 and also to the differences in the
activity of ATPase of fetal and adult myosin isoforms.6

Effect of changes in preload
The concept that the fetus has a stiff heart was the basis of 
a controversy concerning its ability to respond to the Frank–
Starling mechanism. For some time, it had been accepted that
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variation in fetal cardiac output was essentially linked to
changes in heart rate.11 This position was apparently strength-
ened by observations that volume infusion in fetal lambs did
not result in any significant increase in either right or left ven-
tricular output.12,13 However, because of great compliance of
the umbilical placental circulation, volume infusion in the fetal
circulation requires a relatively greater amount of fluid to
achieve a significant change in venous return.

More recent investigations based on Doppler echocardiogra-
phy have revealed that changes in fetal heart rate are not nec-
essarily associated with alterations in cardiac output14 (Fig.
7.1). Furthermore, the Frank–Starling relationship has been

shown to be present in the isolated fetal myocardium.10 As
would be anticipated, when the relationship is plotted between
muscle tension and the extent or velocity of shortening, the fetal
value always falls below that of the adult myocardium. Other
evidence of a functional Frank–Starling mechanism was
demonstrated when the maximum rate of rise of left ventricu-
lar pressure (dp/dt max) was used to assess the effect of changes
in end-diastolic volume in fetal lambs.1 In addition, because of
its relative stiffness,15 end-diastolic pressure is not a reliable
index for evaluation of the Frank–Starling relationship in the
fetal heart. A large change in diastolic pressure may produce 
relatively little change in end-diastolic volume. In fact, when
ventricular dimensions are used to assess the effect of preload
on fetal ventricular stroke volume, a significant positive rela-
tionship between end-diastolic volume and stroke volume is
found in the fetal heart1 (Fig. 7.2). Echocardiography permits
the documentation of two clinical examples of the capacity of
the fetal heart to respond to myocardial fiber stretching: first,
fetuses with congenital atrioventricular block with heart rates
around 60 b.p.m. show an increase in end-diastolic diameters
of both ventricles without cardiac failure and, secondly, there is
evidence of a postectopic increase in stroke volume in fetuses
with arrhythmia. Finally, it must be remembered that, in the
fetal heart, manifestations of the Frank–Starling mechanism
can be hampered by diastolic–ventricular interaction. Indeed,
because of the widely patent foramen ovale, any increase in
right ventricular end-diastolic pressure should be transmitted to
the left ventricle. The simultaneous increase in diastolic pres-
sures on both sides of the ventricular septum should limit the
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Figure 7.1 (A) Demonstration of the capacity of fetal ventricles to
increase their stroke volume with a decrease in heart rate. (B)
Consequently, no change is observed in ventricular outputs with
bradycardia. Solid line, left ventricle; dotted line, right ventricle
(reprinted with permission from ref. 14).
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Figure 7.2 Relationship between end-diastolic volume (LVEDV) and
stroke volume (SV) of the left ventricle in the fetal lamb (reprinted
with permission from ref. 1).
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possibility of volume expansion of one ventricle and, by the
same token, should impose limitations on the Frank–Starling
mechanism. Similarly, extrinsic compression of the fetal heart
by the chest wall, pleural pressure, and fluid-filled lungs and
pericardium have also been proposed as factors constraining
fetal stroke volume.16

Thus, the fetal myocardium has the ability, albeit limited, to
respond to the Frank–Starling mechanism. The various 
components of fetal ventricular preload must be clarified,
however, as they are quite different from those of extrauterine
life. In utero, each ventricle must be considered separately. In a
normal fetus, left ventricular preload will be greatly influenced
not only by the size of the foramen ovale but also by approxi-
mately 30–40% of the volume flow coming from the inferior
vena cava, by pulmonary venous return, and by the diastolic
filling characteristics of the right side. Based on data gathered
from experimental lamb preparations, it had been widely
accepted that no more than 7–10% of combined cardiac output
goes to the lungs, a phenomenon explained by elevated pul-
monary vascular resistance during fetal life.17,18 More recent
reports using the Doppler technique on normal human fetuses
showed that pulmonary blood flow increased by almost four-
fold over the period of gestation studied and amounted to a
mean of 22–25% of combined ventricular output. Thus, pul-
monary venous return becomes a significant component of left
ventricular preload, at least during the third trimester of gesta-
tion.19,20 Diastolic function of the right ventricle should also
influence left ventricular preload during fetal life via the widely
patent foramen ovale, which allows the transmission of flow
and pressure from the right to the left atrium.

On the other hand, right ventricular volume load during
fetal life is normally made up of the entire volume flow coming
from the superior vena cava (21% of total venous return)18

and the fraction of inferior vena cava return that does not go
through the foramen ovale. Consequently, factors that will
influence right to left shunting through the foramen will also
modify right ventricular preload. For example, although an
increase in left atrial pressure, such as that observed in left
ventricular diastolic dysfunction, will have little repercussion
on right atrial pressure because of secondary sealing of the
foramen ovale by the septum primum, this will nevertheless
cause significant volume overload of the right ventricle by
rerouting the entire inferior vena cava blood toward the right
ventricle.

Effect of changes in afterload
In all cardiac preparations, including those using fetal tissue,
the shortening ability of the myocardium is decreased as after-
load is increased.10 When the relationship between shortening
velocity and afterload of the fetal myocardium is compared
with that of the adult, the fetal myocardium shortens more
slowly against the same relative load than does the adult
myocardium. Interestingly, studies on fetal lambs have shown
that, for a similar increase in afterload, a significantly greater

reduction in right compared with left ventricular stroke
volume was observed.21,22

Approximately 65% of the blood ejected by the left ventri-
cle perfuses the upper body.18 Therefore, any changes in resist-
ance or pressure of the vascular beds in this region will
specifically influence afterload of the fetal left heart. On the
other hand, the right ventricular outlet during intrauterine life
consists of a large main pulmonary artery from which smaller
left and right arteries branch off at very sharp angles. The
widely patent ductus arteriosus forms a natural prolongation
of the main pulmonary artery toward the descending thoracic
aorta. Somewhere between 80% and 90% of blood ejected by
the right ventricle flows with minimal resistance through the
ductus arteriosus into the descending thoracic aorta. Because
of this arrangement, fetal right ventricular afterload is essen-
tially dictated by resistances of the various vascular beds 
perfused by the descending aorta. Among these vascular net-
works, the placenta plays a key role in establishing the level
of right ventricular afterload because of its significantly lower
resistance and higher volume flow.

Fetal systolic and diastolic ventricular performances
When combined right and left ventricular output/min nor-
malized to unit fetal body weight is used to examine the ability
of the developing heart to eject blood, very little difference is
noted from 18 weeks of gestation to term in the human fetus,
similar to that in the fetal lamb. At term, combined ventricu-
lar output of the human fetus, calculated by Doppler echocar-
diography, is approximately 450 mL/kg/min.23,24 The same
value has also been found in fetal lambs by radioactive micros-
phere techniques.18 Likewise, right ventricular preponderance
has been found in the human fetus, as described previously in
sheep, and is expressed by right ventricular stroke volume
approximately 20% greater than that of the left ventricle. 
Pressure development in the fetal left ventricle appears to 
be similar to that in the adult. For example, the peak first
derivative of left ventricular pressure (dp/dt max) has the 
same range in fetal lambs as it has in adult sheep (1500–
3000mmHg/s).1 This range is the same as that observed in 
the human child and adult. Likewise, the mean value of
0.36 ± 0.06 found in normal human fetuses for the myocar-
dial performance index,25 a global index of cardiac function,
is similar to values for the same index in normal adults
(0.39 ± 0.05) .26 Peak velocity and acceleration time in the
ascending aorta have also been used as a Doppler index of
myocardial performance. Unlike adults, in normal fetuses,
acceleration time or time to peak velocity is known to be
shorter in the fetal pulmonary artery than in the aorta.27 This
finding has been explained by the higher resistance of the 
fetal pulmonary vascular system. However, as mentioned 
previously, the right ventricle is ejecting blood toward the 
placenta through the widely patent ductus arteriosus. The pos-
sibility deserves investigation that, in normal fetuses, the
shorter acceleration time is due to better right ventricular 
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performance with a higher stroke volume and a lower 
afterload.

In summary, the systolic performance of the fetal heart does
not seem to be affected by the maturational changes observed
in sarcomeres throughout gestation. In contrast, the limita-
tions are more apparent during diastole. With the advent of
Doppler ultrasound technology, it has been possible to study
blood flow velocity patterns through the fetal atrioventricular
valves; they are quite different from those seen during post-
natal life. In extrauterine life, there is a predominance of the
E wave, reflecting the major contribution of the early relax-
ation process causing rapid filling of the ventricles during the
first part of diastole. In contrast, the fetal profile is character-
ized by a higher peak A than E wave28 (Fig. 7.3). Throughout
pregnancy, the peak velocity of the A wave does not change
significantly, whereas that of the E wave rises steadily and is
entirely responsible for the increase in the E/A ratio29 (Fig.
7.4). This observation would support the concept of a pro-
gressive maturational change predominantly involving the
active process of ventricular relaxation.

Fetal circulatory dynamics

Four basic elements characterize the dynamics of the fetal cir-
culation: parallel arrangement of the ventricles; high resistance
of the pulmonary circulation; the placental vascular system
with its low resistance and relatively high flow; and the pres-
ence of shunts.

Parallel arrangement of the ventricles
In the fetus, both ventricular pumps are perfusing the same
systemic circulation, the left via the ascending aorta, the right
via the pulmonary trunk and the ductus arteriosus. Figure 7.5
is a schematic representation of this feature. The hemody-
namic implications of this arrangement are presented in Table
7.1. In this situation, the individual ventricular outputs are 
not necessarily equal, and fetal cardiac output is logically
expressed as combined ventricular output. Another conse-
quence of this arrangement is that both ventricles share 
the same systolic ejection pressure of approximately 70–

80mmHg. Close to term, a slight increase in pressure has been
reported in the pulmonary trunk compared with systemic pres-
sure. This could be due to either greater flow through the right
ventricle and/or active constriction of the ductus arteriosus.
As a third consequence, there is the reciprocal influence of
diastolic function of the two ventricles through a widely patent
foramen ovale. The parallel arrangement of the two ventricles
is also a key element in the intrauterine survival of fetuses with
complex malformations; in cases of hypoplasia of one ventri-
cle, for example, blood can be diverted toward the contralat-
eral ventricle without significant impairment of peripheral
perfusion.

Finally, the parallel arrangement of the two ventricles
confers special status to the aortic isthmus. This vascular
segment, localized between the origin of the left subclavian
artery and the aortic end of the ductus arteriosus, establishes
communication between the two parallel systems. The direc-
tion of blood flow through the fetal aortic isthmus should
reflect the balance between both left and right ventricular
outputs, and the vascular resistances, of the upper body on
one side and the subdiaphragmatic circulation on the other
side. This specific aspect will be discussed later in the chapter.

The pulmonary circulation
The fetal pulmonary arteries, offering high resistance to flow,
are responsible for relatively minor pulmonary flow. This pro-
portion, however, increases with advancing gestation. As men-
tioned previously, recent reports using Doppler technology
found that, in term human fetuses, as much as 25% of com-
bined ventricular output goes through the lungs.14,15 This

96

Figure 7.3 Example of Doppler flow
velocity waveforms through the tricuspid
valve of a fetus at 22 weeks of gestation.
The A waves are predominant.

Table 7.1 Hemodynamic implications of the parallel arrangement
of the two ventricles.

Inequality of ventricular outputs
Similarity of systolic pressures
Reciprocal influence of ventricular diastolic functions
Possibility of adequate perfusion by a single ventricle
Special status of the aortic isthmus
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Figure 7.4 (A) With advancing gestation, the
early peak velocity (E wave) of the fetal
atrioventricular valves increases, while (B) the
second peak (A wave) remains unchanged,
resulting in (C) a progressive increase in the E/A
ratio (adapted with permission from ref. 29).
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unique feature of intrauterine life is related to both morpho-
logical and dynamic factors. Major developmental changes
occur in the pulmonary circulation throughout pregnancy, and
these changes continue after birth.30,31 In humans, the preaci-
nar branching pattern of the pulmonary arteries is complete

by 20 weeks of gestation; subsequently, extensive ramification
of small pulmonary arteries is observed, with these arteries
increasing in number until term. Some intra-acinar arteriolar
growth occurs late in gestation, but this developmental process
is mainly associated with alveolar growth in the first years of
life. The progressive morphological changes are responsible
for a low total cross-sectional pulmonary vascular area in the
first half of gestation and, at least in part, for the high vascu-
lar resistance observed in utero. However, a 20-fold increase
in the cross-sectional area of the pulmonary vascular bed has
been documented during the latter half of gestation. This
growth would cause a significant drop in vascular resistance
if it was not for the concomitant development of a thick mus-
cular layer in the walls of the pulmonary arteries to the level
of the terminal bronchioles. This muscular layer is the site of
reactivity of fetal intrapulmonary arterial branches.

One of the main determinants of pulmonary vascular tone
during fetal and extrauterine life is oxygen. Reduced pul-
monary (mixed venous) and systemic arterial blood oxygen
tension has been demonstrated to cause pulmonary vasocon-
striction in fetal sheep.32,33 Normally low fetal mixed venous
PO2 (16–18mmHg) therefore plays a major role in maintain-
ing elevated pulmonary vascular resistance during intrauterine
life. The mechanisms by which oxygen influences pulmonary
vascular tone and the role played by other elements have been
the subjects of extensive investigation.34-37 From these studies,
it appears that the pulmonary circulation can be influenced
not only by local changes in O2, but also by many other
factors, acting either directly or as mediators or messengers.
Among them, neurochemicals, such as alpha-adrenergic 
agonists and beta-antagonists, constrict whereas alpha-
adrenergic antagonists and beta-agonists dilate the pulmonary
circulation before and after birth. Vasoconstrictors, such as
endothelin, have also been shown to be involved in the mod-
ulation of high basal pulmonary vascular resistance in normal
lamb fetuses.38 Another important determinant of pulmonary
vascular tone is the blood pH level. Acidosis, either metabolic
or respiratory, has been demonstrated to cause pulmonary
vasoconstriction, and alkalosis elicits vasodilation at all stages
of development.39,40

The influence of the central nervous system on pulmonary
vasomotor tone has been documented experimentally. In dogs,
hypothalamic stimulation alters the distensibility of large pul-
monary arteries, and this influence is mediated by the sympa-
thetic nervous system.41 Electrical stimulation of the brainstem
vasomotor center of the newborn piglet has been shown to
cause significant increases in pulmonary artery pressure
without changing pulmonary flow, indicating pulmonary vaso-
constriction.42 The effects of eicosanoids derived from arachi-
donic acid (prostaglandins, thromboxane, and leukotrienes) on
the fetal and perinatal pulmonary circulation have also been
studied extensively. Thromboxane, leukotrienes, and prosta-
glandin F2α are pulmonary vasoconstrictors.42–45 All the other
products of cyclo-oxygenase have been found to be pulmonary
vasodilators, among which prostacyclin is one of the most
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Figure 7.5 Schematic representation of the fetal circulatory
dynamics. The right (RV) and left (LV) ventricles are perfusing the
systemic circulation in parallel. The upper part of the body receives
blood exclusively from the LV. In addition to the lungs, RV perfuses
the subdiaphragmatic part of the circulation via the ductus
arteriosus (DA). The parallel disposition of the pulmonary (PA) and
the aortic (Ao) arches is well illustrated. The isthmus represents a
vascular segment connecting these two parallel systems.
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potent.46,47 The purine nucleotides adenosine and ATP also have
significant pulmonary vasodilatory effects in fetal lambs.48

The placental circulation
Unlike fetal lungs, the normal placenta is a vascular bed with
very low resistance to flow. Consequently, approximately 50%
of the combined cardiac output of lamb fetuses flows into the
umbilical circulation.18 This unique feature of the fetal circu-
lation is well illustrated by the Doppler velocimetric assess-
ment of blood flow through the umbilical artery (Fig. 7.6);
fetuses with a normal placental vasculature show Doppler
flow velocity waveforms with significant diastolic forward
flow, increasing as gestation progresses.49

Many investigators have studied the mechanisms regulating
placental blood flow. The absence of innervation in either the

umbilical cord or the placenta makes it very unlikely that
neural control plays any physiological role.50 Similarly, despite
experimental evidence of placental vascular reactivity to some
vasoactive hormones, such as angiotensin II51 and norepi-
nephrine,52 administration of their respective blockers has no
effect on placental vascular resistance.52 Prostaglandins 
have also been proposed as local vasoactive agents.53 Intrigu-
ing evidence of maternal and fetal placental blood flow match-
ing54 strongly suggests some form of intrinsic regulation. 
For the time being, however, the mediator(s) of this physio-
logical and important mechanism has(ve) not yet been clearly
identified.

The umbilical vein drains oxygenated blood coming from
the placenta into the left branch of the portal vein. Umbilical
venous flow has a continuous low velocity (mean 15cm/s) (Fig.
7.7A). Placental flow depends on the umbilical arteriovenous

99

Figure 7.6 Pulsed Doppler recording in the
umbilical artery of a 24-week fetus.
Systolodiastolic forward velocities confirm
the low vascular placental resistance.

A

B

Figure 7.7 (A) Pulsed Doppler recording in
the intra-abdominal portion of the umbilical
vein, showing continuous low velocities. (B)
In the ductus venosus, peak velocities reach
0.7m/s. Two forward waves are seen: one
during ventricular systole (S) and the other
during the early part of diastole. A
deceleration wave is recorded during atrial
(A) contractions.

TCO7  9/13/06  4:49 PM  Page 99



CHAPTER 7

gradient. The venous component of this relationship is influ-
enced by resistance in the ductus venosus, in the liver
parenchyma, and also by right atrial filling pressure.

The shunts
Three shunts are classically described within the fetal circula-
tion. The first occurs at the level of the ductus venosus. This
short venous segment links the umbilical and portal veins to
the inferior vena cava, allowing a portion of blood coming
from the umbilical vein to bypass the hepatic circulation and
directly enter the inferior vena cava. From Doppler investi-
gations in normal human fetuses, this shunt amounts to
approximately 30% of umbilical venous return.55 Because of
its trumpet-shaped appearance, the ductus venosus functions
as an important regulator of the placental circulation, pro-
tecting the fetal heart from excessive blood flow to the pla-
centa. The continuous low velocity of umbilical venous blood
is transformed within the ductus venosus into a pulsatile high-
velocity jet with peak flows up to 75 cm/s, suggesting a gradi-
ent between the umbilical vein and the central venous system.
The gradient has been estimated to reach a peak of 3mmHg
during atrial and early ventricular filling.56 This flow acceler-
ation is responsible for the preferential streaming of highly
oxygenated blood across the foramen ovale into the left
heart.18 Flow in the ductus venosus is normally phasic, char-
acterized by two forward waves, one during ventricular
systole, the other early in diastole. Atrial contraction causes
the deceleration of blood velocities, which normally never
results in complete absence of anterograde flow toward the
heart (Fig. 7.7B).

A second shunt takes place at the level of the foramen 
ovale, which corresponds to an opening in the septum secun-
dum between the two atria, associated with a flap valve
formed by the septum primum. This valve allows blood to pass
only from the right to the left atrium. Recent Doppler inves-
tigations of human fetuses estimated the shunt through the
foramen ovale to drop from 34% to 18% of combined 
ventricular output during the period from 20 to 30 weeks of
gestation.20

Finally, the ductus arteriosus, which is a prolongation of the
main pulmonary artery toward the descending aorta, is also
usually considered as a shunt, allowing much of the blood
ejected by the right ventricle to bypass the lungs. Convincing
data now demonstrate that, during fetal life, the patency of the
ductus arteriosus is regulated by both contractile and dilatory
factors. Oxygen was the first constrictor of the ductus arterio-
sus to be recognized.57 The sensitivity of the ductus arteriosus
to O2 increases during the last trimester of gestation.58 The
oxygen-constrictive effect appears to be linked to accelerated
endothelin-1 production.59 Although circulating adenosine has
been suggested to be a dilator of the ductus,60 numerous reports
favor the prostaglandins (E1 and particularly E2) as major ele-
ments maintaining ductal patency.61–63

The idea of considering the ductus arteriosus as the site of
a vascular shunt is certainly valid in extrauterine life where

the two ventricles are disposed in series. In this situation, the
ductus arteriosus is obviously diverting blood from the pul-
monary or the systemic circulations, depending on the balance
between downstream resistances of the two circulations.
During fetal life, however, classification of the ductus arterio-
sus as a shunt must be questioned, as it is incompatible with
the concept of parallel arrangement of the prenatal circula-
tion. Indeed, because of its parallel disposition, the fetal ductus
arteriosus is a segment of the pulmonary arch and does not
actually divert any blood, but rather participates in combined
output by channeling right ventricular output toward the sys-
temic circulation. This is well illustrated in Figure 7.5. The
concept of parallel disposition of the two ventricles implies,
as a rational conclusion, that, in fetal life, the only arterial
segment corresponding to the definition of a shunt would be
the aortic isthmus.64 Indeed, this vascular segment normally
transfers blood from the upper body toward the lower body
by connecting the two parallel systems (Fig. 7.5). Approxi-
mately 65% of the blood ejected by the left ventricle perfuses
the upper body, the rest going through the aortic isthmus
toward the subdiaphragmatic circulation.18 The factors influ-
encing the direction of blood flow through the isthmus are
illustrated in Figs 7.8 and 7.9. In systole, the direction of 
blood flow is dictated by both individual performances of the
ventricles and downstream resistance of the upper and lower
body vascular networks. The ventricles have opposite influ-
ences on the direction of flow: the left ventricle causes forward
flow through the isthmus (Fig. 7.8A), while blood ejected by
the right ventricle has a retrograde influence (Fig. 7.8B). In
normal conditions, the presence of the placenta with its low
vascular impedance explains the forward systolic flow
observed in the isthmus.65 With advancing gestation, however,
two physiological events alter flow patterns through the
isthmus: first, the fall in cerebral vascular impedance causes a
reduction in the diastolic component of the waveform; sec-
ondly, the progressive preponderance of right ventricular
output evokes a brief end-systolic reversal of isthmic flow; this
process starts at about 30 weeks and increases progressively
up to the end of gestation (Fig. 7.10). To facilitate the objec-
tive monitoring of flow patterns through the fetal aortic
isthmus, an isthmic flow index (IFI) has been developed. The
proposed index was obtained by dividing the sum of systolic
(S) and diastolic (D) Doppler flow velocity integrals by sys-
tolic flow integrals: IFI = S + D/S. Positive and negative signs
are assigned to antegrade and retrograde velocity values
respectively. The normal reference ranges of the IFI have been
published recently.66 In cases of severe fetal left ventricular
dysfunction, reverse flow is recorded even during systole
through the isthmus because of the isolated influence of the
right ventricle. In diastole, the two semilunar valves being
closed, the direction of blood in the isthmus will be essentially
influenced by downstream vascular resistance (Fig. 7.9); any
significant fall in upper body vascular resistance (cerebral arte-
riovenous fistula67) or increase in lower body vascular resist-
ance (placental vascular impairment68) should cause a reversal

100

TCO7  9/13/06  4:49 PM  Page 100



FETAL CARDIOVASCULAR PHYSIOLOGY AND RESPONSE TO STRESS CONDITIONS

of the diastolic component of flow velocity waveforms in the
isthmus.

Fetal cardiocirculatory adjustments 
to stress

Abnormal loading conditions

Abnormal loading conditions of the fetal circulation can be
observed in a variety of disorders, such as arteriovenous mal-
formation, anemia or the twin–twin transfusion syndrome

(TTTS). Each of these conditions represents situations in
which cardiac preload is increased but afterload varies. 
Furthermore, in each case, the etiology of the loading distur-
bance is different. The specific cardiocirculatory adjustments
will, therefore, be underlined for each condition, considering 
separately the impact on the heart and on the peripheral 
circulation.

Arteriovenous malformations
A large arteriovenous shunt in the fetal circulation may oc-
cur in tumors such as sacrococcygeal teratomas, placental
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Figure 7.8 Influences of individual ventricular ejection on the direction of blood flow through the aortic isthmus during systole. (A) The left
ventricle (LV) causes a forward flow, while (B) blood ejected by the right ventricle (RV) has a retrograde influence.

TCO7  9/13/06  4:49 PM  Page 101



CHAPTER 7

chorioangiomas or in the presence of cerebral vascular 
malformation associated with an aneurysm of the vein of
Galen.

Cardiac impact
All these conditions are characterized by both elevated
preload, because of increased venous return from the shunts,
and reduced afterload due to arteriovenous runoff. Dramatic
rises in combined cardiac output have been documented in
these cases, reaching twice the estimated normal range.69 In
fetuses with cerebral arteriovenous malformations, close to
70% of the combined cardiac output comes from the right
ventricle because of the increment in blood flow through the

superior vena cava going directly through the right ventricle.70

As cardiac output increases, the fetal heart compensates by a
linear augmentation in size.71 With progression of the disease,
cardiac failure may develop with worsening of the degree of
atrioventricular valve regurgitation and the appearance of
fetal hydrops.

The peripheral circulation
During fetal life, changes in the peripheral circulation caused
by localized declines in vascular impedance will be very much
influenced by the parallel disposition of the two ventricles and
their arterial outlets. In fetuses with arteriovenous malforma-
tions in the upper part of the body (cerebral arteriovenous
fistula), retrograde diastolic flow is observed in the aortic
isthmus while the flow pattern in the descending aorta remains
normal.70 The right ventricle then perfuses both the lower and
the upper body. In contrast, when the arteriovenous malfor-
mation is in the lower body, both ventricles share the volume
load. Antegrade flow through the aortic isthmus is then
increased. Reversal of diastolic flow in the umbilical artery has
also been reported, suggesting a “steal” phenomenon from the
placental circulation.71

Anemia
Cardiac impact
In fetal anemia resulting from isoimmunization, left and right
ventricular outputs are significantly elevated, and right cardiac
output over the left ventricular output ratio is normal.72,73

Oxygen delivery can thus be preserved. This rise in cardiac
output is related to both higher preload (decreased blood vis-
cosity leading to increased venous return) and lower afterload
(diminished blood viscosity and peripheral vasodilatation due
to reduced O2 content). Peak velocities are augmented through
both semilunar valves.

The peripheral circulation
Peripheral adjustments to the stress of anemia reflect the hyper-
dynamic state of these fetuses. Peak velocities tend to increase
in both parallel circulatory systems. An inverse correlation has
been found between the rise in peak velocity in the middle cere-
bral artery and the level of hematocrit.74 Venous flows are also
affected, and peak velocities are elevated in the ductus venosus,
which also shows less pulsatility than normal.73–75

Twin–twin transfusion syndrome (TTTS)
This condition occurs in about 15% of monochorionic–
diamniotic twin gestations. Vascular connections deep within
the placenta cause a shift in blood volume from the donor to
the recipient twin.76 However, this classic pathophysiological
background does not explain some intriguing cardiocircula-
tory perturbations found in TTTS.
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Diastole

Figure 7.9 In diastole, the direction of flow in the isthmus is
simultaneously influenced by the downstream vascular resistances of
the two parallel systems.
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Cardiac impact
Although the donor twin becomes anemic, his/her hemodynamic
picture is mainly marked by the consequences of his/her volume
depletion. Reports of elevated blood levels of endothelin77 and
evidence of renin–angiotensin system stimulation78 are convinc-
ing elements in favor of chronic hypotension and peripheral
hypoperfusion in these fetuses. Ventricular function is usually
preserved. Increased arterial pulsed wave velocity has been found
in surviving postnatal donor twins, suggesting intrauterine vas-
cular remodeling with lifelong consequences.79

In contrast, hypertrophic cardiomyopathy is typically
described in the recipient twin.80 The progressive nature of the
process and the fact that marked ventricular hypertrophy can
be observed with little or no evidence of dilation strongly 
favor the renin–angiotensin pathophysiologic hypothesis to
the detriment of a simple volume shift. Subclinical cardiomy-
opathy, essentially manifested by early signs of diastolic dys-
function, has also been documented and goes along well with
the renin–angiotensin hypothesis.81 According to this concept,
the hypervolemic recipient twin is exposed to mediators
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37w
Figure 7.10 Doppler flow velocity waveforms in the
aortic isthmus. At 20 weeks of gestation, forward
systolic and diastolic waves are observed. An end-
systolic incisura appears at about 25 weeks and increases
thereafter; late in gestation, a brief reversal of flow is
observed at the end of systole. Note on the tracing
recorded at 37 weeks (bottom), the superimposed
velocity Doppler signals from the ductus arteriosus,
demarcating the end of systole.
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(renin, angiotensin) released by the hypovolemic donor twin,
mediators responsible for vasoconstriction and ventricular
hypertrophy. In severe cases, this process can lead to ventric-
ular dysfunction with hydrops and fetal demise. Right ven-
tricular hypertrophy rarely evolves to pulmonary infundibular
stenosis and even pulmonary atresia.82

The peripheral circulation
Serial Doppler recordings in the donor twin do not reveal any
significant change until the appearance of fetal distress;83 at
this last stage, the donor presents signs consistent with anemia
(increased peak velocities), indicating a massive shift in blood
volume. In the recipient twin, diastolic myocardial dysfunc-
tion causes heightened pulsatility in the ductus venosus (deep
“a” waves) with umbilical vein pulsations.

Hypoxic stress

The stress encountered most frequently during fetal life is lack
of oxygen. For obvious reasons, most of our information on
this subject comes from experimental studies, assuming that
findings in laboratories reflect what is actually occurring in the
human fetus. Another problem arises from the fact that the
bulk of experimental protocols are designed to provide rela-
tively short exposure to hypoxemia; here again, assumptions
have to be made about the outcome in human fetuses in whom
hypoxemia is sustained for days or weeks. A third drawback
is the lack of homogeneity in protocols of the experimental
studies. As shown in Tables 7.2 and 7.3, the designs of studies

cited as references in this chapter vary not only in terms of the
duration of the hypoxemia, but also in the way hypoxemia
was created experimentally.

The advent of Doppler ultrasonography has undoubtedly
opened new horizons in investigations of the human fetal car-
diovascular system. This technology has been instrumental in
introducing into clinical practice a fundamental notion already
demonstrated in acute experiments, that is the importance of
placental vascular resistance. Indeed, as the placenta offers the
lowest resistances within the entire fetal vascular system, any
increase in those resistances should have repercussions on 
both flows and pressures, which are not necessarily related to
the secondary hypoxemia. The assessment of circulatory
responses to fetal hypoxemia can no longer be made without
first establishing the state of the placental vascular system. The
two situations will, therefore, be discussed separately. Adap-
tive mechanisms in the presence of hypoxemia, such as
increased O2 extraction from erythrocytes84 or reduction of
fetal O2 consumption,85 which are not directly related to the
circulatory system, will not be discussed here, despite their
potential importance in vivo.

Hypoxemia with normal placental vascular resistances
Blood gases
In humans, this condition is usually observed in mothers suf-
fering from chronic pulmonary or cardiac disorders or living
at high altitudes, or in fetuses with acute or chronic anemia.
Placental vascular resistance is usually normal in these cases.
Most of our knowledge concerning this type of fetal 
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Table 7.2 Examples of studies of fetal hypoxic hypoxemia.

Experimental technique First author Duration

Low maternal FiO2 Assali et al. (1962)86 15min
Cohn et al. (1974)87 4–44min
Peeters et al. (1979)88 1h
Sheldon et al. (1979)89 7 days
Alonso et al. (1989)90 2 weeks
Kitanaka et al. (1989)91 28 days
Morrow et al. (1990)92 1h
Fouron et al. (1990)93 3h
Piacquadio et al. (1990)94 30min
Rurak et al. (1990)95 8h
Itskovitz et al. (1991)96 20min
Paulick et al. (1991)97 ± 30min
Kamitomo et al. (1992)98 105 days

Uterine blood flow restriction Creasy et al. (1973)99 21–28 days
Moutquin (1981)100 30min
Abitbol (1982)101 1min
Yaffe et al. (1987)102 15min
Bocking et al. (1988)103 48h
van Huisseling et al. (1989)104 90s
Reid et al. (1991)105 19 ± 3min

Reduction in fetal hematocrit Fumia et al. (1984)106 –
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hypoxemia is derived from instrumented fetal lambs under
hypoxemic stress created either by decreasing the O2 concen-
tration of the gas mixture inspired by the ewe86–98 or by uterine
blood flow restriction99–105 (Table 7.2). Less frequently,
hypoxia has been achieved by changing the hematocrit level
by isovolemic exchange transfusion.106 Except for this last con-
dition, where the fall in blood O2 content is related to a lack
of O2 carriers, the oxymetric feature that characterizes all the
other fetuses in this group is the low PO2 of the umbilical
venous return, explaining the term “hypoxic hypoxemia” 
frequently assigned to the group. In these circumstances, 
fetal blood gases will be dependent on maternal blood gas
status. As placental exchange is preserved, relatively low levels
of PO2 can be reached without significant buildup of acid
metabolites in the fetus. The level of fetal PCO2 will also
depend on maternal PCO2, which may be perfectly normal. A
resultant gradual increase in fetal hematocrit serves as a com-
pensatory mechanism to cause an elevation in arterial O2

content.

Cardiocirculatory responses
During acute hypoxic hypoxemia, blood pressure rises 
and heart rate decreases, with a redistribution of cardiac
output.87,89 Hypoxia stimulates catecholamine secretion from
the adrenal medulla either directly107 or, in more mature
fetuses, by a reflex effect through the splanchnic nerves. The
consequences of adrenal norepinephrine secretion during fetal
hypoxemia can be blocked by alpha-adrenergic blockers,
resulting in a return of vascular resistance and blood pressure
to normal values.97,108 An increase in vasopressin has also been
documented during fetal hypoxemia, and could be another
factor contributing to the rise in vascular resistance.94,108

Bradycardia as well as peripheral vasoconstriction has been
related to neural reflexes via both baro- and chemoreceptors
in the aortic and carotid bodies.96,110 Animal studies have con-
sistently shown blood flow redistribution to the brain, heart,
and adrenals when hypoxic hypoxemia is induced experimen-
tally87–89,102,105 (Fig. 7.11). This redistribution, mediated via

humoral and reflex mechanisms, is caused by local vasodi-
latation in these three organs concomitant with vasoconstric-
tion in the lungs, digestive tract, spleen, pancreas, kidneys,
carcass, skin, etc. In acute experiments, absolute flow and the
proportion of cardiac output going to the brain increase.86,88,89

Meanwhile, placental blood flow and combined cardiac
output do not change significantly. In severe hypoxia, how-
ever, the deleterious effect of acidosis on fetal heart rate and
myocardial contractility will be responsible for a fall in com-
bined ventricular output.87,93

A few experimental protocols have studied chronic hypoxic
hypoxemia. In these experiments, blood flow increased to the
brain, myocardium, and adrenals, and remained elevated after
at least 895 to 48 h103 of fetal hypoxic hypoxemia. Elevated
concentrations of plasma epinephrine have been found in
lambs and fetuses after 28 days of hypoxemia.91 In contrast,
a longer period of hypoxemia maintained by exposure of preg-
nant ewes to high altitude did not cause any increase in fetal
cerebral blood flow111 or changes in left ventricular function.98

Likewise, in fetal lambs exposed to hypoxic hypoxemia for
2 weeks, right ventricular output and stroke volume fell to
30% on the third day of the experiments, but recovered to
normal values in the following days.90 One important finding
documented in all studies is that the umbilical circulation is
not significantly affected until severe acidemia causes a fall in
combined cardiac output.

Because of the parallel arrangement of the two ventricles
and the dynamic nature of vascular shunts, the fetus has the
capacity to selectively adjust its arterial O2 content. This mech-
anism is unique to intrauterine life, and is not available after
birth. Indeed, in utero, arterial O2 content is closely depend-
ent on the redistribution of placental venous return. In nor-
moxemic conditions, approximately 30% of the umbilical
venous return bypasses the hepatic microcirculation and
directly enters the inferior vena cava through the ductus
venosus.55 It has been demonstrated in both fetal sheep18 and
primates112 that this highly oxygenated stream of blood 
preferentially enters the left atrium via the foramen ovale, and 
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Table 7.3 Examples of studies of hypoxemia due to placental circulatory insufficiency.

Experimental technique First author Duration

Umbilical cord constriction Lewis et al. (1984)118 5–10min × 5 for 1h
Itskowitz et al. (1987)119 4–5min
Richardson et al. (1996)120 1min every 5min for 1h
De Haan et al. (1997)121 1–2min every 5min
Ley et al. (2004)122

Placental embolization Trudinger et al. (1987)123 9 days
Morrow et al. (1989)124 2.5h
Lewinsky et al. (1993)125 Every 15min × 5
Gagnon et al. (1995)126 10 days
Murotsuki et al. (1997)127 21 days

Umbilical vein constriction Fouron et al. (1991)130 3h
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is thus distributed to the upper body. In normoxemic condi-
tions, this preferential streaming is responsible for the slightly
higher arterial PO2 of blood in the ascending aorta
(∼20mmHg) compared with postductal blood in the descend-
ing aorta (∼17mmHg). During hypoxemia, an increase in the
proportion of blood that bypasses the liver and goes directly
to the inferior vena cava through the ductus venosus has 
been demonstrated repeatedly.112–114 This shunting pattern
should reduce transit time from the placenta to the heart,
favoring rapid filling of the right atrium by better oxygenated
blood. What happens to the transfer of this blood through the
foramen ovale is less clear. It is generally accepted that pref-
erential shunting of ductus venosus blood across the foramen
ovale does not increase during hypoxemia.112

In most cases of hypoxic hypoxemia, the O2 content of the
umbilical vein is low, but this should be compensated by the
preservation of umbilical blood flow and increased cerebral
perfusion. This last element, however, causes a rise in the
volume of poorly oxygenated blood that returns to the right
atrium through the superior vena cava. The effect of this rise
in superior vena cava blood flowing into the right atrium on
the shunting pattern through the foramen ovale has not been
clearly established.

Doppler findings
Doppler echocardiography, which allows the indirect assess-
ment of peripheral vascular impedance and the early recogni-
tion of circulatory adjustments, is widely integrated in
contemporary fetal monitoring. Many studies have confirmed
that hypoxic hypoxemia does not alter Doppler flow velocime-
try waveforms in the umbilical artery92,115,116 or, if it does, it is
only secondary to the changes in heart rate.116 This is in all
likelihood related to the fact that placental resistance does not
change significantly in this condition. In one report, 1 min of
maternal abdominal aortic compression caused a 10%
increase in the Doppler-derived umbilical resistance index, and
a 10% fall in umbilical blood flow associated with a 20%
reduction in the cerebral resistance index117; fetal heart rate
decelerations were, however, observed during the same period.
In another study in which abdominal aortic compression was
also created, parasympathetic blockade with atropine pre-
vented both fetal heart rate deceleration and Doppler veloci-
metric changes in the umbilical artery.104

Hypoxemia with elevated placental vascular resistance
Blood gases
Uteroplacental insufficiency with secondary fetal growth
restriction affects 3–7% of all deliveries and is a major cause
of perinatal morbidity and mortality. Maternal blood gases 
are usually normal in this condition. In contrast to fetal
hypoxic hypoxemia, hypoxemia due to placental insufficiency
is characterized by an increase in placental vascular impedance
and a secondary fall in umbilical blood flow. As a consequence
of the decrease in umbilical venous return, the proportion of
poorly oxygenated blood coming from the distal inferior vena

cava that reaches the right atrium increases, lowering the O2

available to the fetus. Contrary to what was observed in the
previous setting, pCO2 tends to rise very early because of the
primary disorder in placental exchange. Similarly, acid
metabolites have less chance of crossing the placental barrier
and, therefore, tend to accumulate in the fetus. Consequently,
for the same level of hypoxemia, respiratory and metabolic
acidemia should develop early, compared with the group with
normal placental vascular resistance and flow. This point is
important in view of the deleterious effect of acidemia on tissue
O2 extraction and myocardial contractility.

Cardiocirculatory responses
In an attempt to reproduce, at least in part, the conditions
created by an increase in placental vascular resistance, various
techniques have been used in fetal lambs, such as umbilical
cord compression118–122 or embolization of the placental vas-
cular network123–127 (Table 7.3). The hemodynamic charac-
teristics created by compression of the whole cord differ
somewhat from the human situation as both arterial and
venous umbilical flows are impaired. Doppler investigations
have shown that the pattern of umbilical Doppler flow veloc-
ities in fetuses exhibiting growth restriction due to placental
insufficiency cannot be reproduced by compression of the
umbilical arteries.128 Nevertheless, in all these experiments, a
drop in combined cardiac output is observed and, more impor-
tantly, cardiac output decreases linearly with umbilical blood
flow.119,129 In experiments in which resistance to placental flow
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Figure 7.11 Variation in the proportion of the combined ventricular
output flowing to the heart and brain of fetal lambs according to
arterial O2 content. This proportion increases by 25% with a
reduction from 6 to lmM (reprinted with permission from ref. 89).
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was increased by selective umbilical vein compression, not
only could the Doppler velocimetric pattern usually seen in
growth-restricted fetuses be reproduced, but a significant drop
in combined cardiac output could also be documented.130–132

Available reports on fetal lambs demonstrate that most of
the other peripheral vascular reactions described in hypoxic
hypoxemia are also present with hypoxemia caused by an
increase in placental vascular resistance. Mesenteric vasocon-
striction is observed as well as a decrease in flow to the skele-
tal muscles. Blood flow to the myocardium, adrenal glands
and, particularly, the brain has been found to be augmented.
This last phenomenon, documented in human fetuses with
growth restriction and placental insufficiency, has been called
the “brain-sparing effect.”

In the presence of hypoxemia related to changes in placen-
tal vascular impedance, arterial blood pressure is influenced
by two elements acting in opposite directions. On the one
hand, the increase in placental vascular resistance and 
hypoxemia-induced catecholamine release would tend to
heighten blood pressure; on the other hand, the concomitant
fall in cardiac output would tend to lower it. As a final result,
blood pressure tends either to increase moderately127 or to
remain within normal limits in these cases. Heart rate is also
quite variable, depending on the influence of catecholamines,
baroreceptors, and direct local effects. Bradycardia is noted in
the presence of severe hypoxemia with acidemia.

Myocardial function during increases in placental vascular
resistance is influenced by factors that could also have oppo-
site effects. In theory, cardiac function should be depressed
both by the fall in preload (low venous return) and by the sig-
nificant rise in afterload (increase in placental resistance). 
On the other hand, myocardial contractility should be
improved by catecholamine release. Evidence of right ventric-
ular dysfunction has been found in this group of fetuses.127,133

Loss of end-systolic elastance of the left ventricle has been
reported in fetal sheep after repeated placental emboliza-
tion.125 Others, using the same method to create chronic fetal
hypoxemia, have noted a reduction in the myocardial deoxyri-
bonucleic acid synthesis rate that could be a contributing
factor in the deterioration of fetal myocardial function asso-
ciated with increased placental vascular resistance.126 In
human fetuses with severe growth restriction associated with
hypoxia and acidosis, changes in ventricular diastolic filling
patterns have been documented, indicating impaired diastolic
function.134–136

Doppler findings
Doppler investigations have detected various degrees of alter-
ation in blood flow velocity waveforms of the umbilical artery
in human fetuses with increased placental vascular impedance.
Normal forward diastolic flow decreases with the rise in pla-
cental vascular resistance, and may completely disappear. In
severe cases, reverse diastolic flow can be recorded.137 The
relationship between changes in Doppler velocimetry and the
fall in umbilical blood flow has been shown, however, to be

nonlinear,138 as close to a 50% decline in umbilical blood flow
must be achieved in the fetal lamb before any significant
change in Doppler velocimetric indices can be seen.

Arterial redistribution and blood centralization to vital
organs have been confirmed by recent Doppler investigations
involving not only the cerebral arteries but also renal,139

splenic,140 brachial,141 coronary,142 adrenal,143 and peripheral
pulmonary arteries.144 With such arterial blood redistribution,
the fetus can still maintain adequate cerebral oxygenation.
This corresponds to the “compensation phase” which, in the
clinical setting, justifies an expectant approach and the pro-
longation of pregnancy. In severe cases, however, the defense
system is overwhelmed, resulting in metabolic acidemia with
cerebral hypoxia, and reflecting the “decompensation phase.”
As mentioned previously, because of the unique position of the
aortic isthmus, this vascular segment should be the best site in
the entire fetal circulatory system at which even subtle changes
could be detected in the balance between downstream resist-
ances of the upper body and the subdiaphragmatic circulation.
Experimental studies have shown that, when placental resist-
ance to flow in fetal lambs is increased progressively, isthmic
diastolic flow disappears quickly and becomes progressively
retrograde.132 In these experiments, a strong correlation has
been found between blood flow in the aortic isthmus and flow
through the umbilical circulation (Fig. 7.12). As O2 delivery
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Figure 7.12 Relationship between aortic arch and placental flows in
fetal lambs whose resistance to placental perfusion is increased by
stepwise compression of the umbilical veins. A strong linear
correlation is observed. (In the ovine, the aortic arch is the
equivalent of the aortic isthmus in the human.) (Adapted from ref.
132.)
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to the fetus is closely related to umbilical blood flow, one can
extrapolate and consider that, in these circumstances, fetal O2

delivery is also intimately linked to aortic isthmus blood flow.
An inverse correlation between the isthmic blood flow veloc-
ity index and postnatal neurodevelopmental outcome has been
reported recently: as the isthmic flow index diminishes, the
probability of a nonoptimal neurodevelopmental outcome
increases.145
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Key points

1 The fetal heart is functionally immature because of
differences in myofibril arrangement and a greater
proportion of noncontractile proteins. Also, the fetal
sarcoplasmic reticulum is less efficient at releasing
calcium.

2 Isolated fetal cardiac muscle strips generate reduced
active tension compared with the adult muscle,
although they exhibit higher resting tension.

3 The fetal heart does respond to the Frank–Starling
mechanism, although fetal muscle shortening is less
than that of adult muscle for the same tension.

4 Fetal left ventricular (LV) preload is influenced by: the
size of the foramen ovale; 30–40% of inferior vena
cava (IVC) flow; pulmonary venous return; and
diastolic filling characteristics of the right ventricle
(RV).

5 Fetal RV preload consists of: all venous return from the
superior vena cava and blood from the IVC, which
does not cross the foramen ovale and the gradient
between the right and left atria.

6 LV afterload is primarily determined by vascular
resistance in the upper body. RV output – through the
widely patent ductus arteriosus – is primarily directed
to the placenta. Thus, RV afterload is determined by
resistance at the placental level.

7 Combined ventricular output is fairly stable from
18 weeks of gestation at 450mL/kg/min, with an
increasing preponderance of RV stroke volume.
Pressure development is similar to that of the adult
heart.

8 It is primarily the diastolic function of the fetal heart
that reflects maturational changes. Doppler flow
through the atrioventricular (AV) valves demonstrates
this, with a gradual increase in the E wave (resulting
from active ventricular relaxation) as gestation
progresses.

9 The fetal ventricles are arranged in parallel. However,
individual ventricular outputs are not equal. Flow in
the aortic isthmus represents a reflection of the relative
ventricular outputs and relative resistance in vascular
beds perfused by the two ventricles.

10 The pulmonary circulation is a relatively high-
resistance, low-flow vascular bed. However, the
proportion of blood flowing through this bed increases
to as much as 25% of cardiac output at term.

11 The placental circulation is a very low-resistance, high-
flow vascular bed, receiving approximately 50% of
combined cardiac output.

12 Vascular shunts traditionally described in the fetal
circulation include: the ductus venosus, which allows
some of the umbilical venous flow to enter the IVC
directly; the foramen ovale, which permits flow from
the right atrium to the left atrium; and the ductus
arteriosus. The last vascular segment actually channels
RV outflow toward the systemic circulation.

13 The aortic isthmus, located between the origin of the
left subclavian artery and the aortic end of the ductus
arteriosus, is a shunt between the two parallel
circulations of the LV and the RV.

14 The direction of flow in the isthmus is determined by
the relative influences of the two ventricles and the
resistance of their respective downstream vascular 
beds.

15 Arteriovenous malformations lead to increased preload
and decreased afterload. There is a marked elevation in
cardiac output, and then progressively in cardiac size.
Failure may occur from AV valve regurgitation. 
Peripheral circulatory changes vary, depending on the
location of the malformation (upper versus lower
body).

16 Fetal anemia also results in increased preload and
decreased afterload. Cardiac output rises, and
peripheral blood velocities tend to climb.

17 The twin–twin transfusion syndrome is characterized
by chronic hypotension and hypoperfusion in the
donor twin, while the recipient develops hypertrophic
cardiomyopathy potentially leading to ventricular
dysfunction and hydrops.

18 Fetal hypoxic hypoxemia causes elevated blood
pressure and decreased heart rate, with redistribution
of cardiac output to the brain, heart, and adrenals.
Placental blood is maintained until the progression to
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This chapter provides an overview of the developing fetal
immune system from molecular, cellular, and functional per-
spectives. Many questions and issues remain unresolved, but
the framework reveals a tightly regulated process of develop-
ment and provides a basis for understanding future insights
into the ontogeny of the immune system.

The purpose of the developing immune system is to recog-
nize virtually all foreign pathogens (i.e., to have a very broad
repertoire of responses) and yet not respond to normal host
products (i.e., not react to self). This is accomplished through
the innate and adaptive immune systems and the interactions
between them. The generation of B- and T-cell receptor (BCR
and TCR) diversity, which is critical to the adaptive immune
system, has been the subject of intense investigation and has
provided a number of useful models of how the developing
fetus acquires functional competence. The role of changes (or
lack of changes) in the innate immune system during fetal
development is much less well understood. Before going
further, a summary of some general concepts will allow us to
consider developmental immunology issues from a common
framework.

Relevant concepts in immunology

The innate immune system consists of receptors and other 
proteins that respond to foreign pathogens but do not 
change over time.1 Table 8.1 lists the components of the 
innate immune system; this list will undoubtedly grow as our
understanding of the innate immune system increases. In 
contrast with the innate immune system, the adaptive 
immune system uses receptors that can become more refined
over time.2 The two systems can cooperate in a number 
of ways.

All of the cells of the immune system originate from
hematopoietic stem cells located in the bone marrow of
adults.3 These pluripotent cells initially generate the myeloid
progenitors (the precursor of granulocytes, macrophages, den-
dritic cells, and mast cells) and the common lymphoid pro-

genitors [the precursor of lymphocytes and natural killer (NK)
cells]. Cells of the myeloid lineage mature in the bone marrow
or after taking up residence in the tissues. The lymphocytes
mature in the bone marrow (B cells) or thymus (T cells). After
maturation, the lymphocytes circulate through the blood-
stream to the peripheral lymphoid organs, where they can
become exposed to antigens on dendritic cells. From the
peripheral lymphoid organs, the lymphocytes enter the lymph
ducts and are returned to the bloodstream. This allows the
formation of immunologic memory and refinement of the
receptors of the adaptive immune system.

Immunologic nomenclature

The nomenclature used in immunology can be very cumber-
some and confusing. The term “clusters of differentiation”
(CD) is used to describe antigens expressed by groups or
subsets of cells of the hematopoietic system. More than 300
CDs have been defined.4 This designation is used for all species
in which homologous structures have been identified. Anti-
bodies to specific CDs are often used to enumerate important
types of leukocytes by flow cytometry. Table 8.2 lists the com-
monly encountered leukocyte groups.

Chemokines are small secreted proteins that act as chemoat-
tractants for leukocytes and some other cells during inflam-
mation.5 Chemokines interact with specific chemokine
receptors. Table 8.3 lists the chemokines, chemokine recep-
tors, and target cells.

Cytokines are also secreted proteins that affect the behav-
ior of other cells.6 Cytokines interact with specific cytokine
receptors. Cytokines made by lymphocytes are sometimes
referred to as lymphokines or interleukins. Table 8.4 lists the
cytokines, cytokine receptors, producer cells, and cytokine
actions.

Pathogen recognition in the innate immune system

The innate immune system recognizes pathogens through
invariant receptors that take advantage of molecular 
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structures that are unique to pathogens.7 The system is static,
although changes in the number of receptors present can
occur. For example, the collectins, which include mannose-
binding protein (MBP), surfactant protein A (SpA) and sur-
factant protein D (SpD), bind to repeating carbohydrates in
particular spatial arrangements that are present only on
pathogens.8 Binding of SpA to the respiratory syncytial virus
fusion protein neutralizes this virus, and thus can prevent
infection or spread of virus.9

Toll-like receptors (TLRs) were originally described in the
fruit fly, in which they were found to confer protection from

some fungal infections.10 In humans, TLRs respond to various
microbial products, including peptidoglycan, flagellin, and
unmethylated CpG DNA.11 Lipopolysaccharide (LPS) bound
to CD14 is recognized by TLR-4. TLR-3 recognizes double-
stranded RNA, which is sometimes expressed during viral
infections and is not normally found in mammalian cells.
Unmethylated CpG DNA is typically found in bacteria and is
recognized by TLR-9. Single-stranded RNA, which is typical
of many viruses, is recognized by TLR-7 and TLR-9. The acti-
vation of TLRs triggers the production of proinflammatory
cytokines [IL (interleukin)-1, IL-6, IL-12, tumor necrosis factor

Table 8.1 Components of the innate immune system.

Type of system Examples

Physical barriers Skin, gut, and respiratory epithelium, hairs, 
cilia, mucin, normal flora

Host cells Macrophages/dendritic cells, neutrophils, 
NK cells, mast cells, γ/δ T cells, CD5+ B 
lymphocytes

Antimicrobial agents Defensins, lactoferrin, transferrin, lysozyme, 
myeloperoxidase, serprocidins, bacterial 
permeability-increasing protein

Opsonins Complement, fibronectin
Reactive oxygen and Superoxide, hydrogen peroxide, hydroxyl 

nitrogen species radical, hypochlorite ion, nitric oxide
Receptors Collectins, conglutinin, selectins, CD14, 

TLR
Cytokines IL-1, TNF-α, IL-6, IL-8, MIP, MCP, IFN-γ, 

IL-12, IL-15, IL-18, GM-CSF, G-CSF, 
M-CSF

Table 8.2 CD antigens used to define important leukocyte groups.

Leukocyte group Description

Lymphocyte subgroups
CD3+ T cells
CD4+/CD3+ Helper T cells
CD8+/CD3+ Cytotoxic T cells
CD25+/CD4+/CD3+ Regulatory T cells
CD45RA+/CD3+ Naive T cells
CD45RO+/CD3+ Memory T cells
CD19+ B cells
CD20+ B cells
IgM+/IgD–/CD19+ Immature B cells
IgM+/IgD+/CD19+ Mature naive B cells
IgM–/IgD–/CD19+ Memory B cells

Other cell types
CD56+ NK cells
CD14+ Monocytes/neutrophils (myelomonocytic 

lineage)

Table 8.3 Chemokines.

Family* Chemokines Examples of Human Target cell Specific receptor
other names chromosome

CXCL (ELR+: CXCL1, CXCL2, GROα, GROβ, 4, occasionally 5 Predominantly neutrophils CXCR1, CXCR2,
chemotactic CXCL3, CXCL5, GROγ, IL-8 some unknown
for neutrophils) CXCL6, CXCL7, 

CXCL8, CXCL14, 
CXCL15

CXCL (ELR−: CXCL4, CXCL9, PF4, Mig, IP-10, 4, occasionally Predominantly activated T cells CXCR3, CXCR4,
chemotactic for CXCL10, CXCL11, I-TAC, SDF-1 10 or 17 CXCR5, CXCR6
lymphocytes) CXCL12, CXCL13,

CXCL16
CCL CCL1–28 (some only MCP-1, MIP-1α, 17, occasionally Predominantly monocytes/ CCR1–10, some

in mouse) MIP-1β, 2, 5, 7, 9, or macrophages, also dendritic unknown
RANTES 16 cells, T cells, eosinophils, 

basophils
C and CX3C XCL1, XCL2, Lymphotactin, 1 or 16 Predominantly T cells and NK XCR1, XCR2,

CX3CL1 SCM-1β, cells CXCR1
fractalkine

*Chemokine families are characterized by the amino acid sequence surrounding the critical cysteine(s).
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(TNF)-α] and chemokines (CXCL8 or IL-8) and the expres-
sion of co-stimulatory molecules.

TLRs are not the only pattern recognition receptors (PRRs)
of the innate immune system. The nucleotide-binding
oligomerization domain (NOD) proteins, which recognize
muroproteins from the bacterial cell wall, and RNA helicases,
which respond to double-stranded RNA from viral infections,
have recently been described,12 and the discovery of other
PRRs can be expected.7

Killer cell immunoglobulin-like receptors (KIRs) represent a
recently described and complex series of receptors that are
present on subsets of NK cells, γ/δ TCR+ T cells, and some

memory/effector α/β TCR+ T cells.13 In humans, the KIR gene
family contains up to 15 genes and two pseudogenes that are
closely linked on chromosome 19. The selection of varying
numbers of KIR genes for expression appears to be a random
event. The subset of expressed KIR genes becomes fixed by
methylation of the unexpressed KIR genes. The KIR ligands
are major histocompatibility complex (MHC) class I mole-
cules including human leukocyte antigen (HLA)-A, HLA-B,
and HLA-C proteins. Binding of KIR to these molecules is
usually inhibitory, leading to suppression of cytotoxicity and
cytokine secretion. The interaction of KIR with HLA-G and
HLA-E may help in the maintenance of pregnancy.14 Because

Table 8.4 Representative cytokines.

Cytokine Receptor Producer cells Action

Hematopoietins Epo (erythropoietin) EpoR Kidney cells, hepatocytes Stimulation of erythroid
progenitors

IL-2 (T-cell growth IL-2R (CD25 α-chain, T cells T-cell proliferation
factor) CD122 β-chain, CD132

common γ-chain)
IL-4 (BCGF-1, BSF-1) IL-4R (CD124 α-chain, T cells, mast cells B-cell activation, IgE switch, 

CD132 common γ-chain) differentiation into Th2
G-CSF G-CSFR Fibroblasts and monocytes Neutrophil development and

differentiation
GM-CSF GM-CSFR (CD116 α-chain, Macrophages, T cells Growth and differentiation of

CDw131 common β-chain) myelomonocytic lineage, 
particularly dendritic cells

Interferons IFN-α CD118 (IFNAR2) Leukocytes, dendritic cells Antiviral, increased
MHC class I expression

IFN-β CD118 (IFNAR2) Fibroblasts Antiviral, increased
MHC class I expression

IFN-γ CD119 (IFNGR2) T cells, NK cells Macrophage activation, increased
MHC/antigen expression, Ig
class switch, suppression of
Th2

TNF family TNF-α (cachectin) CD120a, CD120b Macrophage, NK cells, Local inflammation, endothelial
T cells activation

TNF-β (lymphotoxin) CD120a, CD120b T cells, B cells Killing, endothelial activation
CD40 ligand (CD40L, CD40 T cells, mast cells B-cell activation, Ig class switch

CD154)
Fas ligand CD95 (Fas) T cells Apoptosis, Ca2+- independent

cytotoxicity
IL-10 family IL-10 IL-10R T cells, macrophages Potent suppressant of macrophage

functions
IL-12 family IL-12 IL-12R Macrophages, dendritic Activation of NK cells, induction

cells of CD4+ T- cell differentiation
into Th1-like cells

Unassigned TGF-β TGF-βR Chondrocytes, monocytes, Inhibition of cell growth, anti-
T cells inflammatory, induction of

IgA switch
IL-1α CD121a, CD121b Macrophages, epithelial Fever, T-cell activation,

cells macrophage activation
IL-1β CD121a, CD121b Macrophages, epithelial Fever, T-cell activation,

cells macrophage activation
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NK cells are involved in vascular remodeling of the placenta,
preeclampsia and spontaneous abortion may result from
abnormal KIR–ligand interactions.15

The various components of the innate immune system are
able to: (1) prevent infection or slow the spread of infection;
(2) kill cells harboring or replicating the pathogen; and (3)
recruit other components of the innate and adaptive immune
systems to the site of infection.

Pathogen recognition in the adaptive 
immune system

By definition, mature B cells or T cells express cell-surface
receptors that they use to recognize foreign antigens. The BCR
is made up of a membrane-anchored immunoglobulin (two
heavy chains and two light chains), together with associated
signaling molecules.16 The BCR is able to recognize both mem-
brane-associated and soluble antigens. The TCR is composed
of two glycoprotein chains (α/β or γ/δ heterodimers) that are
able to recognize antigens in association with MHC class I or
class II molecules.17 TCRs are also associated with nonpoly-
morphic proteins that are involved in signal transduction.

The generation of functional BCRs and TCRs is the result
of ordered rearrangements and expression of families of genes.
The immunoglobulin family of genes that generate BCRs was
the first to be described and became the prototype for the
study of TCR genes.18 Immunoglobulin genes have coding
sequences (exons) for constant regions (C), variable regions
(V), joining regions (J), and, in heavy chains, diversity regions
(D), which are encoded in a nonrearranged form (germline
configuration) on different chromosomes: chromosome 14 for
immunoglobulin heavy chains, chromosome 2 for κ light
chains, and chromosome 22 for λ light chains.

The cascade of events leading up to a productively
rearranged IgM heavy chain can be summarized as follows.
First, a D-gene exon is transposed next to a J-chain exon, with
the intervening genes being deleted as a result of the rearrange-
ment. Then a V-gene exon is similarly transposed to form a
V/D/J recombinant. This recombination alters nuclear regula-
tory genes and allows the transcription of the V/D/J complex
as well as the downstream C exon. Subsequently, the tran-
scribed RNA is spliced to remove the intervening sequences to
produce mature messenger RNA (mRNA); this is translated
to produce a functional IgM heavy chain with a hydrophobic
tail, which anchors the BCR in the cell membrane. Similar
events lead to the production of light chains except that no D
gene is involved.

Immunologic diversity is generated through four mecha-
nisms.19 First, a large combinatorial contribution comes from
the number of different V, D, and J exons that are available
to produce the heavy chain, or the different V and J exons that
are available to produce the light chain. Second, junctional
diversity is introduced as a result of the addition or deletion
of base pairs at the time of recombination. Third, additional
combinatorial diversity results from the different possible

combinations of heavy and light chains. Finally, in a process
that is unique to B cells, somatic mutations, or the mutational
events that occur within genes after rearrangement, occur with
activation. By the process known as allelic exclusion, only one
chromosomal allele at a time can be productively rearranged
for each heavy- or light-chain immunoglobulin gene. Signifi-
cantly, the entire process of gene rearrangements to form
immunoglobulins in immature B cells occurs as an antigen-
independent event. The signals that drive the initiation of this
cascade, which culminates with the production of a highly
sophisticated mechanism of protection, are not known.

TCRs are composed of heterodimers of α/β chains or the
numerically much less common γ/δ chains (< 5% of periph-
eral blood T cells).20 TCR diversity is generated in the same
way as BCR diversity: V/D/J recombinations generate the vari-
able region of the TCR δ-chain or γ-chain and V/J recombi-
nations generate the variable region of the TCR β-chain or
δ-chain. Similarly, the diversity of TCR antigen specificities is
generated through combinatorial and junctional mechanisms;
however, somatic mutation is responsible for much less recep-
tor diversity than in immunoglobulins. As with BCR, the TCR
gene rearrangement is not driven by antigen-dependent mech-
anisms. Generation of the TCR results in formation of a TCR
excision circle (TREC) that persists until the cell undergoes
mitosis.21 Thymic output of T cells can be assessed by deter-
mining the fraction of TREC+ T cells.

The BCR is unique in its ability to switch isotypes by recom-
bination between the V/D/J cluster and sequences for switch
sites further downstream; this brings the complex to regions
encoding other heavy-chain exons, which again undergo RNA
splicing to generate the final mRNA product. This process is
termed “isotype switching.”22

Clonal selection hypothesis

The random generation of BCRs and TCRs described above
will lead to the generation of cells that can be expected to
respond to self (auto)-antigens. Burnet’s clonal selection
hypothesis includes a postulate that explains why these clones
are not observed;23 they are deleted at an early stage in lym-
phoid cell development. Experimental evidence has demon-
strated that this hypothesis is correct.

T-cell clonal deletion in the thymus and peripheral 
lymphoid tissues
The development of the thymus is essential to the normal evo-
lution of a functional immune system. Patients with the com-
plete DiGeorge’s anomaly (triad of cardiac abnormalities,
hypoparathyroidism, and absent thymus) fail to develop T-cell
lymphocytes and have a severe combined immunodeficiency.24

The thymus consists of numerous lobules, each of which has
an outer cortical region and an inner medulla. The cortical
region consists of a network of epithelial cells that provide
signals to lymphoid progenitors to differentiate into T cells
through the Notch1 receptor, in addition to providing other
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critical cytokines which allow T-cell development.25 One of the
signals that is necessary for a T cell to survive is the ability of
the TCR to bind to MHC self-molecules in the absence of
antigen. At the time of this positive selection, the developing
T cell expresses both CD4 and CD8. The selection results in
CD4+ T cells, which recognize MHC class II molecules, and
CD8+ T cells, which recognize MHC class I molecules. Neg-
ative selection occurs when these cells bind tightly to cortical
epithelial cells expressing self-antigens that are bound to MHC
molecules. A second round of negative selection occurs when
developing T cells are exposed to self-antigens on dendritic
cells at the corticomedullary junction. A substantial fraction
of T-cell clones are removed through this selection process.26

In addition to selection in the thymus, T cells are actively
selected in peripheral lymphoid tissue. Repeated contact with
MHC–self-peptide complexes is necessary for the continued
survival of naive T cells. Negative selection of autoreactive 
T-cell clones also occurs in the periphery.27

B-cell clonal deletion in the bone marrow and peripheral
lymphoid tissues
In the bone marrow, developing B cells, which are cross-linked
to BCRs by multivalent self-molecules, are either deleted or
undergo additional receptor editing.28 B cells that encounter
soluble self-molecules in the bone marrow downregulate the
µ-chain of the BCR and become anergic (unresponsive) to
further exposure to antigen. Naive B cells must enter the fol-
licular region of peripheral lymphoid tissue to receive signals
to prevent cell death. Naive B cells that encounter a strongly
cross-linking self-antigen also undergo clonal deletion. Again,
a substantial fraction of clones are deleted through this selec-
tion process.

Immunologic memory

B cells or T cells that have not been exposed to antigen are
called naive. Exposure of B cells to antigen (first signal)
together with signals from activated T cells or antigen-pre-
senting cells (APC) result in activation of the B cell, cellular
proliferation, and generation of scattered somatic mutations
throughout the antibody variable regions.29 Somatic mutations
that improve antigen binding are able to undergo additional
expansion whereas mutations with diminished binding
undergo apoptosis. In addition, some B cells may also undergo
an isotype switch, which is regulated by T-cell-derived
signals.30 The resulting B cells are termed memory B cells, and
are responsible for the robust secondary antibody response
seen on re-exposure to an antigen. Finally, some of the B cells
will mature into plasma cells and produce secreted antibody.31

T cells respond to antigen which has been processed by
APC. Small peptides derived from the antigen are bound to
class I MHC or class II MHC molecules transferred to the cell
membrane.32,33 A second signal, usually the result of activa-
tion of the APC, is required for T-cell proliferation and 
maturation.34 Immediately after exposure to antigen, the

number of reactive T cells increases as effector T cells are pro-
duced. Some of these cells persist and are called memory 
T cells.

Ontogeny of the innate immune system

The ontogeny of some components of the innate immune
system has been investigated; however, further information is
still required in many areas.

Physical barriers

The incomplete keratinization of the skin of premature infants
is well known.35 After premature delivery, accelerated matu-
ration occurs. Studies of skin treatments to reduce infections
have yielded inconsistent results.36 What is clear is that there
is a markedly increased absorption of topically applied com-
pounds through the skin of newborns, which can result in tox-
icity (e.g., hexachlorophene, povidone–iodine).37 Proponents
of probiotics argue that establishing an appropriate gut flora
reduces the risk of infection and necrotizing enterocolitis.38,39

One recent report has suggested that erythema toxicum neona-
torum may be the result of the innate immune response to
commensal bacteria penetrating the skin of the newborn
around the hair follicle.40

Host cells

The numbers of macrophages/dendritic cells, neutrophils, NK
cells, mast cells, γ/δ T cells, and B1 lymphocytes appear
normal at birth. Neonatal dendritic cellular function is
impaired and may contribute to the impaired specific immune
response observed in this group.41 Newborn neutrophil
chemotaxis in response to chemokines is decreased when com-
pared with adults.42 NK cells from newborns function poorly
against herpes simplex virus (HSV)-infected target cells, which
may explain the unusual susceptibility of this group to Herpes
simplex infections.43

Antimicrobial agents

Antimicrobial proteins such as defensins, bacterial permeabil-
ity-increasing protein (BPI), and lysozyme are developmentally
regulated and expressed in lower levels in premature infants
than in term infants.44–46 These proteins contribute to the
antimicrobial properties of amniotic fluid and vernix.47

Opsonins

Most complement components, including C3, are decreased in
newborns. Diminished C3 levels may result in an increased
risk of infection as well as a diminished response to vaccina-
tion. Serum fibronectin levels are related to gestational age at
birth. This may have clinical implications because fibronectin
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serves as an opsonin for staphylococci and group B 
streptococci.

Reactive oxygen and nitrogen species

Functional comparisons of adult and newborn neutrophils
give conflicting results.48 Oxidative metabolism (H2O2 and O2–

production) is normal or increased in newborn neutrophils,
but chemiluminescence (·OH production) is diminished for
many stimuli; this may be the result of decreased lactoferrin
content. LPS dramatically increases oxidative metabolism and
chemiluminescence in adult neutrophils but has little effect in
newborns as expression of CD14, an LPS receptor, is
decreased.49 In vivo, the relative inability of newborn neu-
trophils to generate reactive oxygen and nitrogen species and
hence kill bacteria is accentuated by defects in adherence to
activated endothelial cells and chemotaxis,50 defects in phago-
cytosis resulting from poor serum opsonization,51 and a
smaller neutrophil storage pool.52

Innate receptors

Many of the TLR responses of newborn cells are diminished
for reasons that are not completely understood. For example,
the response of cord blood monocytes to LPS exposure is
diminished.53 Some have argued that this is the result of
decreased expression of TLR-4 on fetal and newborn mono-
cytes, but others have noted decreased intracellular levels of
MyD88, a TLR-adaptor protein.54 Other relative defects in the
TLR signaling pathway have also been described.55 Whatever
the mechanism, activation of TLRs in the newborn results in
smaller amounts of proinflammatory cytokines and
chemokines as well as diminished expression of co-stimulatory
molecules. The predicted result of this decreased TLR func-
tion is an increased susceptibility to infection and a decreased
ability to develop a robust adaptive immune response. Nega-
tive regulators of TLRs have been described but have not been
studied in newborns.56

Inflammatory cytokines

Newborn mononuclear cells produce decreased amounts of
CCL3 (MIP-1α) compared with adult cells.57 In contrast, pro-
duction of IL-8 by newborn neutrophils is increased.58 Few
studies have been conducted to evaluate other cytokines. The
implications of reported differences in cytokine production for
clinical practice are unclear.

Ontogeny of the adaptive 
immune system

Serum immunoglobulin

Term newborns have total serum IgG levels that are slightly
higher than their mothers. This IgG is produced by the

mother’s immune system and is actively transported across the
placenta starting in the second half of the second trimester.
Transport is mediated by neonatal Fc receptors in the syncy-
tiotrophoblast, which are able to bind IgG at the acidic pH
present in the vacuoles containing pinocytosed maternal
serum.59 IgG1 is transported more efficiently than the other
IgG subclasses. IgM, IgA, and IgE do not bind to the neona-
tal Fc receptor involved in this transport process and are vir-
tually absent from newborn serum unless the fetal immune
system has been stimulated (e.g., by a congenital infection;
Table 8.5).

The presence of maternal antibodies protects the newborn
(passive immunity) from some infections for several months.
However, the presence of maternal antibodies also interferes
with the antibody response generated by immunization.60

Interestingly, T cells are usually primed in a normal fashion to
immunogens.61 These maternal antibodies can also prevent the
early replication of live viral vaccines, leading to vaccine
failure.

Preterm infants have immunoglobulin levels that are similar
to those seen in congenital immunodeficiency diseases 
involving antibody formation, which are associated with an
increased risk of infections.62 Immunoglobulin replacement
therapy in preterm infants has not been associated with
decreased numbers of infections.63 This may reflect alterations
in complement levels, neutrophil function, and phagocytic
capability, which are also present in newborns, as well as the
fact that the most frequent cause of newborn sepsis is Staphy-
lococcus epidermidis.

T-cell development

Pre-T cells can be identified in the fetal liver as early as 7 weeks
of gestation; these cells seed the thymus at 8–9 weeks, and T
cells (TCR+) appear shortly thereafter. By 18 weeks, CD4+ T
cells and CD8+ T cells are present in the blood. At term, the
numbers of CD4+ T cells and CD8+ T cells in blood are
approximately the same as those seen in adults. However,
there are some significant differences. Almost all of the periph-
eral blood T cells in the fetus are naive compared with 40%
of the adult T cells. A much larger percentage of newborn T
cells are recent emigrants from the thymus and have the DNA
excision circles that are formed during the TCR recombina-
tion process. Finally, the newborn T cells have a random dis-

Table 8.5 Serum immunoglobulin levels (mgdL) in fetuses and
newborns.

Group IgG1 IgG2 IgG3 IgG4 IgA IgM

17–22 weeks 0.93 0.31 0.05 0.04 0.001 –
28–32 weeks 3.7 0.93 0.19 0.21 0.002 –
Term 10.43 1.56 0.41 0.47 0.004 < 0.2
Adult 10 4 1 0.5 2.5 2
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tribution of TCRs, whereas adult T cells have evidence of
clonal expansion.64 CD25+/CD4+ regulatory T cells are
observed early in the second trimester.65

B-cell development

In the human fetus, pre-B cells can be identified in fetal liver
samples as early as 7–8 weeks’ gestation.66 B cells bearing
surface IgM are first detected in fetal liver at 9–10 weeks’ ges-
tation. Shortly after this time, B cells that also express surface
IgG or surface IgA can be found in small numbers, and, by
weeks 12–13, surface IgD cells can also be found. Although
B cells are first observed in fetal liver, they are rapidly observed
subsequently in fetal bone marrow, spleen, and blood. The
number of circulating B cells found in fetal blood reaches the
level seen in adults by approximately 15 weeks’ gestation. By
the end of the first trimester, the generation of new B cells
switches from the fetal liver to the bone marrow. Primary
nodules develop around the follicular dendritic cells of the
lymph nodes at about 17 weeks of gestation, but do not
develop in the spleen until about 24 weeks.67 Germinal centers
are generally absent until after birth, probably from lack of
response to antigens.

CD5+ B cells are largely T-independent and produce polyre-
active antibodies that may be important in the primary
immune response.68 The percentage of CD5+ B cells is signif-
icantly elevated in the fetus and declines during gestation. At
birth, most B cells are CD5+, whereas CD5+ cells represent a
small fraction of the B cells found in adults. CD5+ B cells may
be a distinct lineage of B cells, not a precursor of CD5– B cells.

Plasma cells secreting IgM can first be detected at 15 weeks’
gestation, followed by IgG- and IgA-secreting plasma cells at
approximately 20 and 30 weeks’ gestation respectively.69 As
noted in the discussion above, the amount of immunoglobu-
lin produced by these cells is very small compared with that
transferred from the mother.

Functional adaptive immunity

Although the number of B cells and T cells in the fetus and
newborn are similar to those observed in adults, the function
of the cells is abnormal. Neonatal T cells spontaneously pro-
liferate in vitro, to a small extent, and respond well to IL-7,
the interleukin responsible for regulating the size of the lym-

phocyte pool. However, neonatal T cells do not proliferate
well in response to activation through the TCR.

The fetus is able to develop memory CD4+ T cells to
transplacental antigen exposure such as tetanus toxoid, cat
dander, and dust mites;70 generally, the response is weak. New-
borns are also able to respond to immunization with bacille
Calmette–Guérin (BCG) and can develop a strong antiviral
response after infection.71 Still, the amount of cytokines (IL-
2, IL-4, IFN-γ) secreted is lower than that seen in adults and
the expression of the activation marker CD154 (CD40L),
which is a second signal for B cells, is diminished.72 This means
that fetal and newborn T cells are not as effective in helping
B cells as adult T cells. The CD25+/CD4+ regulatory T cells
observed in the newborn are able to suppress other T-cell func-
tions. The functional capabilities of newborn CD8+ cytotoxic
T cells have not been well studied.

Newborn B cells are able to respond to activation through
the BCR and CD154 (CD40L).73 Newborn B cells require
higher levels of IL-4 to undergo class switch in culture.74 The
absence of germinal centers in the lymph nodes and spleen of
the newborn may also play a role in the poor antibody
response observed after infection or immunization.

Conclusion

The immune system develops in a highly orchestrated and
integrated fashion. B- and T-lymphocyte development begins
midway through the first trimester and, in many ways,
achieves significant maturity (equal to that seen in the term
neonate) during the second trimester of pregnancy. The early
stages of lymphocyte maturation occur as the result of mech-
anisms that do not depend on antigenic stimulation, provid-
ing humans with an immunologic repertoire that is capable of
responding to virtually any antigenic challenge. Further mat-
uration of the immune system, such as the development of spe-
cific immunologic memory and more potent humoral and
cellular effector mechanisms, occurs after exposure to the
myriad environmental challenges that occur in postnatal life.
Thus, the immune system is a highly responsive organ system
that has its origins early in gestation, reaches maturity during
the first decade of life, but continues to evolve and respond to
pathogenic insults throughout life until immunologic senes-
cence occurs.
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The endocrine systems of the fetus are modulators of the clas-
sical physiological organ systems. For example, the basic com-
ponents of the cardiovascular system work together to
transport nutrients and waste products and to perfuse the
tissues with blood. However, the blood volume and osmolal-
ity is controlled via the actions of endocrine feedback mecha-
nisms, and the distribution of combined ventricular output is
affected by several hormones that are released after fetal stress.
The fetal lung makes lung liquid prior to birth and serves as
an organ of gas exchange after birth. However, the reabsorp-
tion of lung liquid is likely to be coordinated by several hor-
mones that are secreted at birth. This chapter will focus on
the endocrinology of the developing fetus. Because of the
inherent difficulty in studying developing human fetuses, much
of what we know about the developing human has its origins
in the study of animal models, mostly fetal sheep; although
more pertinent to the human being, less information has been
obtained from primate models of fetal development. Rodents
are altricial species (relatively immature at birth); however,
useful information about endocrine development (especially
relating to first- and second-trimester fetuses) has been
obtained from developing rats and mice. There are notable
exceptions, however, for example the biosynthesis of estrogens
in humans and primates involves a “fetoplacental unit,” while
the biosynthesis of estrogens in sheep is more straightforward.
It is, perhaps, the differences among species that allow us to
identify the truly basic principles of endocrine control in
fetuses. This chapter is intended to be an overview of the
current knowledge of several aspects of this large field, not a
comprehensive review of the literature. The focus of this
chapter will be the major endocrine axes of the fetus includ-
ing estrogen biosynthesis, and hypothalamic and pituitary
control of adrenal, gonad, and thyroid function, with special
emphasis on the roles that these endocrine axes play in the
development of the fetus and its adaptation to extrauterine
life. We will address each of these major endocrine systems
separately.

Hypothalamus–pituitary–gonadal axis

Gonadotropin-releasing hormone (GnRH) is secreted into the
hypophyseal–portal blood at the median eminence, and stim-
ulates the release of both luteinizing hormone (LH) and folli-
cle-stimulating hormone (FSH) from gonadotropes in the
anterior pituitary. At mid-gestation or before, in the sheep
fetus, LH and FSH are present in gonadotropes and GnRH is
present in the hypothalamus at both the mRNA and the
protein level. (Prior to the maturation of the fetal pituitary,
chorionic gonadotropin (CG) from the placenta stimulates
fetal gonadal growth, differentiation, and secretory activity.)
The levels of LH and FSH appear to be greater in female
fetuses than in male fetuses and pulsatile secretion of these
hormones becomes established during the fetal period. The
overall activity of the hypothalamus–pituitary–gonadal (HPG)
axis reaches a peak at approximately 30–40% gestation in the
sheep fetus, decreasing until birth (Fig. 9.1).1 In the rat fetus,
a species that is relatively immature at birth, the protein and
mRNA tissue concentrations of GnRH, LH, and FSH increase
continuously until birth. GnRH neurons have been identified
in the region of the organum vasculosum of the lamina ter-
minalis (OVLT), in the medial preoptic nucleus, and in the
nucleus of the diagonal band of Broca. 

In the sheep fetus, testosterone secretion from the fetal
gonads peaks at about the same time as the peak in plasma
concentrations of gonadotropins, at approximately 30–40%
gestation (Fig. 9.1). The mid-gestational peak in gonadal
steroid hormone secretion appears to stimulate gonadal
growth and differentiation. However, later in gestation, the
placenta synthesizes increasing quantities of both estrogens
and androgens, which is controlled by the fetal hypothala-
mus–pituitary–adrenal (HPA) axis.2
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Fetal estrogen and androgen
biosynthesis

The major source of androgens and estrogens in the late-gesta-
tion fetus is the placenta.3 In primate species, including
humans, the biosynthesis of estrogens and androgens depends
upon an intact fetoplacental unit. The placenta lacks cyto-
chrome P450c17α (CYP17), and therefore, 17α-hydroxylase
and 17,20-lyase activities (Fig. 9.2). Nevertheless, the placenta

is able to synthesize large amounts of estrogen as it receives 
a supply of estrogen biosynthetic precursor from the fetal
adrenal cortex. The adult zone or definitive zone of the fetal
adrenal cortex lacks the enzyme 3β-hydroxysteroid dehydro-
genase (Fig. 9.2) and cannot, therefore, convert either preg-
nenolone to progesterone or 17α-hydroxypregnenolone to
17α-hydroxyprogesterone. However, the fetal zone of the fetal
adrenal cortex secretes dehydroepiandrosterone (DHEA) and
dehydroepiandrosterone sulfate (DHAS) in response to
adrenocorticotropic hormone (ACTH), and these steroido-
genic intermediates are taken up by the placenta and used in
the biosynthesis of estrogens, bypassing the lack of CYP17
(Figs 9.2 and 9.3). Alterations in fetal HPA axis activity are
reflected in changes in circulating concentrations of estrogens
in maternal plasma. For example, fetal death dramatically
reduces maternal plasma concentrations of estriol. In rhesus
monkeys, infusion of ACTH into the fetal blood has been
shown to increase the circulating concentrations of estrogens
in maternal plasma, and negative feedback inhibition of fetal
ACTH secretion by infusion of glucocorticoids reduces mater-
nal plasma estrogen concentrations.4 Estrogen biosynthesis
and release into the fetal bloodstream creates an endocrine
environment that allows fetal growth and development. For
example, uterine blood flow during pregnancy is critically
influenced by placental estrogen biosynthesis. The estrogen
environment in utero is also important, however, at the final
stages of pregnancy; increases in estrogen biosynthesis at the
end of gestation are thought to be a central feature of the
events that increase myometrial contractility and initiate labor.

Hypothalamus–pituitary–adrenal axis

The endocrine hierarchy within the fetal HPA axis5 is similar
to that of the adult (Fig. 9.2). ACTH is synthesized and
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secreted by the corticotropes of the anterior pituitary in
response to two hypothalamic releasing factors: arginine vaso-
pressin (AVP) and corticotropin-releasing hormone (CRH).
The two releasing hormones work in concert: each increases
the sensitivity of the corticotrope to the other. The fetal HPA
axis appears to be controlled by the paraventricular nuclei
(PVN); in sheep fetuses, destruction of the PVN or implanta-
tion of dexamethasone crystals near the PVN disrupts the
function of the axis.6

ACTH stimulates the release of glucocorticoid hormones
(i.e., cortisol in the human, primate, and sheep, and corticos-
terone in rodents) from the definitive zone. This zone contains
the full complement of steroidogenic enzymes that are found
in the adult adrenal cortex (Fig. 9.2) and it responds to ACTH
with an increase in cortisol secretion, and to angiotensin II and
K+ with an increase in aldosterone secretion. In the fetal zone,
ACTH stimulates the release of the estrogen precursors,
DHEA and DHAS. The overall size of the fetal zone increases
in late gestation, reaching a peak at the time of birth and
regressing thereafter.

The fetal HPA axis is activated progressively throughout the
latter part of gestation as a normal consequence of onto-
genetic development. This has been well documented in fetal
sheep and there is good evidence that this is also true in
primate fetuses. The activation of the fetal HPA axis can be
seen as a semilogarithmic increase in circulating concentra-
tions of ACTH and cortisol in nonhuman fetal blood, and
DHEA, DHAS, and estrogens in human fetal blood (Fig. 9.4).
In sheep fetuses, the increase in fetal HPA axis activity includes
increased biosynthesis of CRH and AVP in the hypothalamus,
and proopiomelanocortin (POMC) in the fetal pituitary, as
well as increased abundance of steroidogenic enzymes in the
adrenal cortex. The molecular processing of POMC to ACTH

is also increased in the latter stages of development (Fig. 9.5);
this increased processing is in part the result of stimulation by
estrogens from the placenta. Prior to term, as in the adult
animal, there is an effective negative feedback mechanism by
which cortisol inhibits fetal ACTH secretion. In the final few
days of fetal life, however, the negative feedback mechanism
is interrupted, allowing both ACTH and cortisol to increase
simultaneously (Fig. 9.6); this may allow for the large
increases in secretion of both hormones that occurs prior to
birth. 

Throughout the third trimester, the adrenal cortex increases
in size and there is an increase in the sensitivity of the steroido-
genic tissue to ACTH; this is a function of adrenal mass, as
well as several endocrine and neural influences. For example,
POMC and 22-kDa “pro-ACTH” reduce adrenal sensitivity
to ACTH (Fig. 9.5), whereas splanchnic nerve stimulation
increases adrenal responsiveness to ACTH. In sheep, the
increases in adrenal cortisol secretion are accompanied by an
increase in the binding capacity for cortisol. This effectively
exaggerates the increase in fetal plasma cortisol concentration
and provides an increased supply of bound cortisol in plasma.

The ontogenetic increase in fetal HPA axis activity at the
end of gestation is a critical part of the process by which fetal
visceral and pulmonary maturation are accelerated in prepa-
ration for extrauterine life. In sheep, the fetal HPA axis plays
a critical role in the triggering of parturition.7 It is likely that
the role is essentially similar in the human fetus because pla-
cental estrogen biosynthesis is controlled by fetal ACTH secre-
tion in both species. There is a clear functional relationship
between the fetal HPA axis and placental estrogen biosynthe-
sis. In sheep, and likely in human fetuses, placental estrogen
potently stimulates fetal HPA axis activity. At the end of 
gestation, the interplay between the placenta and the fetal
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Fetal zone

Placenta

Stressors: hypoxia, hypotension,
hypoglycemia Ontogenetic “drive”

ACTH
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Figure 9.3 Relationship between hypothalamus, pituitary, and fetal and
definitive zones of the fetal adrenal. Both zones of the fetal adrenal
cortex are stimulated by ACTH secreted by the fetal anterior pituitary.
The secretion of ACTH is stimulated acutely in response to stressors in
utero, and chronically in a pattern that produces increased activity of
the fetal hypothalamus–pituitary–adrenal axis independent of stressors
at the end of gestation.
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HPA axis functions as a positive feedback cycle, progressively
increasing fetal HPA activity, thus preparing the fetus for
birth.

The placenta expresses 11β-hydroxysteroid dehydrogenase
(HSD), the enzyme that interconverts cortisol and cortisone

(biologically inactive at the corticosteroid receptor). Placental
11β-HSD-2, which predominantly converts cortisol to corti-
sone, partially isolates the fetus from the cortisol in the mater-
nal circulation. As the fetus matures, the activity of 11β-HSD
is increased, perhaps itself the result of increased estrogen
biosynthesis by the placenta.8

Primate placenta contains significant amounts of immunore-
active ACTH and CRH.9 It has been proposed that the release
of ACTH and/or CRH into the fetal blood might be a physi-
ologically important mechanism by which the placenta affects
the timing of parturition in these species. The concentration
of CRH is substantial in both fetal and maternal plasma in
primates. However, CRH is partially protein bound in fetal
plasma by a CRH-binding protein that is synthesized and
secreted by the placental tissue. The function of the binding
protein is not known; its presence in plasma suggests that the
high circulating concentrations of CRH in plasma might rep-
resent spillover from sites of production and (paracrine or
autocrine) action in the placenta and other sites within the
peripheral circulation. In the human placenta, CRH causes 
the release of ACTH locally, followed by an alteration in 
placental steroidogenesis. It has also been proposed that the
release of CRH from the human placenta into the fetal um-
bilical venous blood stimulates the activity of the fetal HPA 
axis at the end of gestation, which ultimately might initiate
parturition.

POMC

β-lipotropin

β-endorphinγ-lipotropinACTHj-peppro-γ-MSH

Clipα-MSHγ-MSH

22-kDa “pro-ACTH”

Figure 9.5 Post-translational processing of POMC. POMC is cleaved to β-lipotropin and 22-kDa “pro-ACTH” by the prohormone convertase
1/3 (PC1/3, solid arrows). β-Lipotropin is further processed to lipotropin and endorphin by prohormone convertase 2 (PC2, hollow arrow).
Pro-ACTH is cleaved to ACTH, pro-γ-MSH, and joining peptide (j-pep) by PC1/3. ACTH is cleaved to α-MSH and corticotropin-like
immunoreactive peptide (CLIP) by PC2. The specific peptide products of POMC are cell specific. For example, corticotropes synthesize ACTH,
whereas  the neurointermediate lobe synthesizes α-MSH predominantly.
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Neurointermediate lobe of the pituitary

The cells of the neurointermediate lobe synthesize POMC. The
major processing products of the POMC-synthesizing cells are
α-melanocyte-stimulating hormone (α-MSH) and γ-MSH.
One report10 suggested that neurointermediate lobe cells from
fetal sheep respond to CRH and/or AVP with increased secre-
tion of immunoreactive ACTH, whereas neurointermediate
lobe cells from neonatal sheep did not respond to CRH and/or
AVP. The responsiveness of the cells to CRH and/or AVP was
altered by prior adrenalectomy. The authors suggested that
neurointermediate lobe cells mature in late gestation, perhaps
in response to cortisol in fetal plasma.

Adrenal medulla

The adrenal medulla becomes innervated by sympathetic pre-
ganglionic nerves at approximately 80% gestation (in sheep),
and secretes the catecholamines, epinephrine and norepineph-
rine,11 whereas prior to innervation, the fetal adrenal is 
directly responsive to hypoxia. The adrenal medullary bio-
synthesis of epinephrine is dependent upon the expression of
phenylethanolamine-N-methyltransferase (PNMT), which is, in
turn, induced by cortisol. For this reason, the secretory capacity
of the adrenal medulla for epinephrine increases late in gestation. 

The adrenal medulla responds to various stresses such as
hypoxia and hypotension with increased secretion of cate-
cholamines. The increase in response to hypoxia is important
for redistributing fetal combined ventricular output away

from somatic tissues and towards the umbilical–placental cir-
culation. The adrenal medulla also plays an important role in
fetal glucose homeostasis; an increase in fetal epinephrine
secretion elevates the fetal plasma glucose level, which is seen,
for example, following periods of fetal distress.

Hypothalamus–pituitary–thyroid axis12,13

In humans, the fetal thyroid is sufficiently developed to sup-
port thyroglobulin biosynthesis by approximately 25% gesta-
tion (Fig. 9.7). Thyrotropin is present in the fetal pituitary and
in fetal plasma at the beginning of the second trimester, at
approximately the time of hypothalamo–hypophyseal 
portal system development. Thyrotropin and thyroxine (T4) 
circulate in fetal plasma in increasing concentrations, starting
early in the second trimester. Type 3 deiodinase (D3), which
converts T4 to reverse 3,5,5′ triiodothyronine (rT3), is expres-
sed leading to an abundance of rT3 circulating in fetal plasma
throughout the second and third trimesters (Fig. 9.8). Circulat-
ing concentrations of 3,5,3′ triiodothyronine (T3), however,
increase only in the final stages of fetal development, suggest-
ing late development of types 1 and 2 deiodinases (D1 and D2
respectively) in liver and other tissues (Fig. 9.7). In the first
trimester of human pregnancy, the abundance of TRH in
extrahypothalamic tissue is greater than in the fetal hypothal-
amus, suggesting a role for extrahypothalamic TRH in the
stimulation of thyrotropin secretion from the developing ante-
rior pituitary. In the sheep fetus, the development of the thy-
rotrope starts at approximately 30% gestation, followed by
the development of the thyroid gland at approximately 40%
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Figure 9.6 Graphical representation of the efficacy of negative
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gestation, and the development of hypothalamic TRH at
around 50% gestation. Plasma concentrations of thyrotropin in
the sheep fetus increase from approximately 30% gestation,
leading investigators to speculate that extrahypothalamic
TRH synthesis and release might be relevant for control of
pituitary thyrotropes. True neuroendocrine control of the
hypothalamus–pituitary–thyroid (HPT) axis develops near the
end of human and ovine pregnancies.

The maternal and fetal HPT axes operate somewhat inde-
pendently. The placenta is relatively impermeable to T4 and T3

because of the presence of the deiodinase that converts T4 to
rT3. The placenta is also impermeable to the relatively large
thyrotropin and thyroid-binding globulins. On the other hand,
the human placenta is relatively impermeable to TRH, a fairly
small molecule (the ovine placenta is also impermeable to
TRH). For this reason, there is usually a gradient of both T4

and T3 from maternal to fetal plasma.
Development of the HPT axis of the fetus is critically impor-

tant for differentiation of the nervous system. Congenital
hypothyroidism causes mental retardation in human infants.
Although the infant can be treated with some success after
birth, it will tend to be less responsive if the mother also suf-
fered from hypothyroidism during pregnancy. The HPT axis
also plays a role in the adaptation to extrauterine life. This
has been illustrated in sheep; thyroidectomy, days before birth,
causes severe neonatal hypothermia, in part because of a
failure of thermogenesis in the brown adipose tissue. The
effect of thyroid hormones in this process is to accelerate
development of the brown adipose tissue in the last few days
of gestation.

Posterior pituitary

Both AVP and oxytocin are synthesized by magnocellular
neurons in the supraoptic and paraventricular nuclei. Axons
from these neurons terminate in the posterior pituitary. AVP
is a hormone with at least three biological activities (Fig. 9.9).
The vasopressor action of this hormone is mediated by V1a

vasopressin receptors on vascular smooth muscle cells in the
peripheral vasculature. Corticotropin-releasing activity is
mediated by the V1b vasopressin receptor (AVP acting as a cor-
ticotropin-releasing factor is derived from parvocellular
neurons and released into the hypothalamo–hypophyseal
portal blood at the median eminence). The antidiuretic activ-
ity is mediated by the V2 vasopressin receptor. The potency of
vasopressin action in the fetal kidney appears to be somewhat
less than in the adult. The fetal sheep excretes a relatively large
volume of dilute urine. The renal concentrating mechanisms
are immature, therefore the increase in urine osmolality after
exposure to vasopressin is not as dramatic as in the adult.

AVP is an important cardiovascular hormone in the fetus.14

Hemorrhage greatly increases its concentration in plasma, and
pharmacologic blockade of V1a receptors impairs blood 
pressure regulation during hypovolemia. Increases in plasma
vasopressin concentration redistribute fetal combined ventri-
cular output toward the umbilical–placental circulation, max-
imizing transfer of gases between the maternal and fetal
circulations.

Oxytocin circulates in fetal plasma in relatively high 
concentrations, which increase during active labor. Immuno-
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deiodinases, and type 3 (D3) deiodinase.
Thyroxine, triiodothyronine, and reverse
triiodothyronine are represented as
previously defined (T4, T3, and rT3

respectively).
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reactive oxytocin in fetal plasma is present as a mixture of
processed and unprocessed forms. As the fetus matures, the
proportion of processed oxytocin in fetal plasma increases.
The function of oxytocin in the fetus is not clear, although the
placental barrier prevents fetal oxytocin from reaching the
myometrium. It is possible that oxytocin stimulates the release
of ACTH via an interaction with the V1b receptor.

Magnocellular
vasopressin

Parvocellular
vasopressin

Anterior pituitary

V1b receptors

Posterior pituitary

Arterioles

V1a receptors

Kidney

V2 receptors

ACTH
Increased BP,
placental BF

Decreased renal
free water clearance

Median eminence

Figure 9.9 The synthesis, release, and action of AVP in the fetus.
Magnocellular neurons in the paraventricular nucleus synthesize
vasopressin, releasing the peptide into the bloodstream at the
posterior pituitary. Parvocellular neurons in the hypothalamic
nucleus synthesize vasopressin, which is released into the
hypothalamo–hypophyseal portal blood at the median eminence.
Portal blood vasopressin acts as a corticotropin-releasing factor at
the corticotrope of the anterior pituitary.

POMC,
ACTH

Cortisol

?

Figure 9.10 The fetal lung synthesizes and secretes POMC into the
fetal bloodstream. This peptide is known to alter adrenal sensitivity
to ACTH. It has been proposed that there is an interplay among 
the lung, pituitary, and adrenal that modulates fetal adrenal
responsiveness to stress and the timing of parturition as the lung
matures.

Key points

1 The fetal hypothalamus–pituitary–adrenal axis 
controls estrogen biosynthesis by the placenta in late
gestation.

2 The fetal hypothalamus–pituitary–gonadal axis is a
more effective controller of circulating sex steroids at
mid-gestation than in late gestation.

3 Various hormones in fetal blood, including
glucocorticoids and thyroid hormones, are either
activated or inactivated at the target tissue.

4 The placenta synthesizes and secretes various hormones
that have been proposed to modulate the activity of
fetal endocrine axes.

5 The adrenal medulla actively secretes catecholamines
and plays an important role in the fetal response to
stress; however, innervation by sympathetic
preganglionic nerves does not occur until late in
gestation.

6 The posterior pituitary of the fetus actively secretes
both vasopressin and oxytocin. Vasopressin plays an
important role in fluid balance and blood pressure
control prenatally.

7 Ectopic hormones, secreted by the lung and other
visceral tissues, may play important roles in parturition
and in other integrated physiologic processes.

Ectopic hormones

In addition to the placenta, “pituitary” hormones are synthe-
sized and released from other tissue in the fetal body (Fig.
9.10). One example of this phenomenon is the synthesis 
and release of POMC and POMC-related peptides by the neu-
roendocrine cells of the fetal lung. It has been proposed 
that POMC secreted by the lung might play a role in stress
responsiveness, or in the timing of parturition, by altering
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adrenal sensitivity to circulating ACTH (Fig. 9.10). It is inter-
esting that these cells, after transformation, form the basis of
small cell carcinoma of the lung, a disease in which significant
secretions of POMC and ACTH can produce symptoms of
hyperadrenocorticism in the adult. The neuroendocrine 
cells of the lung synthesize many hormones in addition to
POMC, such as vasoactive intestinal polypeptide (VIP) and
serotonin.
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Fetal hematopoiesis

Details of hematopoiesis in the newborn are well known but,
because of the difficulties encountered in sampling, such is not
the case with the fetus.

Blood cells are of mesenchymal origin. The mesenchyme,
which stems from the cytotrophoblast surrounding the egg,
forms the inner layers of the chorion and surrounds the unit
created by the amniotic cavity, the embryonic button, and the
yolk sac. The reunion of these two mesenchymal blades forms
an embryonic film. When the first vascular elements appear,
the conceptus is wholly embedded in the inner mucosa 
(Fig. 10.1).

First stage: mesoblastic hematopoiesis of 
the yolk sac

On day 19 of pregnancy, the first blood cells outside the
embryo become apparent in the many vascular islets that
appear in the mesenchymal wall of the yolk sac. These islets
appear as dark lumps of cells. Two systems – the vascular and
the hematopoietic – originate from the islets: the peripheral
cells of these lumps constitute the original endothelium of the
developing vascular system. Some central cells of these islets
leave the vascular walls, become free in the lumen, and form
the primitive blood cells, or hematocytoblasts. These cells
remain nucleated throughout their functional lives. The prim-
itive erythroblasts, or pronormoblasts, stem directly from the
hematocytoblasts. The separate islets gradually connect to
each other to form an irregular network enveloping the yolk
sac, which will give rise to the vitelline vessels.

Toward day 22 of pregnancy, similar vascular islets begin
to appear in the mesenchyme of the chorion and all along the
allantoic pedicle. These vascular islets create an extraembry-
onic network, the chorioallantoic network, which constitutes
the future umbilical vessels. In both cases, hematopoiesis is
intravascular; the two vascular networks connect to the vessels
formed in the embryo at a later stage. Between 6 and 8 weeks’

gestation, the vascular islets begin to regress, as does the
intravascular hematopoiesis, with its large, nucleated meg-
aloblasts. The first-generation erythropoietic cells disappear
completely from the embryoplacental circulation at between
12 and 15 weeks’ gestation.

The role of the yolk sac seems to be primary. Although the
chorion’s mesenchyme proves to be quantitatively greater than
that of the yolk sac (which means, in theory, a greater parti-
cipation in hematopoiesis), the cells of the vascular islets in
the wall of the yolk sac remain undifferentiated until the
fourth week. In contrast, everywhere else, the primitive vessels
already contain erythroblasts.

Second stage: visceral hematopoiesis

Visceral hematopoiesis begins in the liver around 5–6 weeks’
gestation and appears to reach an adequate development
around 9 weeks. Nests of hematopoiesis appear in the liver
sinusoids and increase rapidly. Hematopoiesis becomes
extravascular. Clear morphologic differences exist between the
cells formed in the liver and the earlier lineages of the yolk
sac. The cells originating in the liver are smaller, and their
nuclear structure is nearer the normoblast lineage of erythro-
cytic precursors. These are few in number when they appear
in the blood around 5 weeks, becoming predominant between
8 and 9 weeks’ gestation (Fig. 10.2).

Although granulocytes and platelets are found in the circu-
lation, the fetal liver seems to be the seat of an almost pure
hematopoiesis. From the third to the fifth months of preg-
nancy, the erythrocytic precursors represent approximately
50% of the liver’s nucleated cells.

From 9 to 12 weeks, some hematopoietic activity also can
be observed in the thymus, the lymph nodes, and the kidneys.
Nucleated red corpuscles are also observed in the spleen.

Their presence has been interpreted in different ways. Some
people think that it corresponds to local production as well as
sequestration and destruction; others think it is nothing but
sequestration at different stages of degeneration. In any case,
the role of splenic nucleated red corpuscles is only accessory

10 Fetal hematology
Véronique Cayol and Fernand Daffos
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in the human fetus. As for the yolk sac, it appears to be entirely
fibrous at 11 weeks of pregnancy.

We have not been able to detect any erythrocytic activity
elsewhere. Visceral, mainly hepatic, hematopoiesis reaches its
highest level of production around the fifth and sixth months,
gradually regressing until delivery. Visceral hematopoiesis can
still be observed during the first week of postnatal life in the
liver and occasionally even in the spleen.

Although it disappears almost entirely under normal condi-
tions, extramedullary hematopoiesis is apt to increase notice-

ably in a large variety of diseases and infections in the fetus
as well as in the newborn.

Third stage: medullary hematopoiesis

Medullary hematopoiesis begins at about the fourth month.
Medullary spaces develop in cartilaginous portions of the 
long bones by a resorptive process. Toward the fifth month,
medullary cellularity is still poor and predominantly leukopoi-
etic. The erythropoietic tissues multiply rapidly, and the
marrow reaches its maximal cellularity toward 30 weeks’ 
gestation, with each lineage being adequately represented.
However, the volume of marrow occupied by the hematopoi-
etic tissue continues to rise until full term. During the last
3 months of pregnancy, the marrow is the privileged seat of
blood cell formation, the whole expanding medullary space
being occupied by active hematopoietic tissues. The marrow’s
relative volume in the fetus and the newborn, however, is
smaller than that in the grown child or the adult because a
large part of the fetal skeleton is cartilaginous and the bones
are comparatively small.

Nonerythroid lineage
Leukocytes first develop in the wall of the yolk sac, then in
the embryo. Very few circulating granulocytes are found
during the first weeks of fetal life. At 8 weeks of pregnancy,
some myelocytes are observed, but mature polymorphonu-
clear leukocytes do not appear until around 12 weeks. The
circulating rate remains at less than 1000 elements/µL during
the whole of the earlier part of pregnancy and does not
increase significantly until the myeloid stage of hematopoiesis;
it then increases rapidly until 28 weeks.

Lymphopoiesis begins in the lymphoid plexuses toward the
eighth week and spreads first to the thymus, in the ninth week,
and then to the lymph nodes from the third month on. After
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Figure 10.1 Schematic picture of the structures of the egg. (1)
Undivided mass of the syncytiotrophoblast; (2) cytotrophoblast; (3)
mesenchyme; (4) chorion; (5) extraembryonic coelom; (6)
mesenchyme of the wall of the yolk sac; (7) mesenchyme of the
embryonic pedicle; (8) amniotic cavity; (9) tridermal embryonic
button: ectoblast, mesoblast, endoblast; (10) allantoic pedicle
generated by the endoblast; (11) yolk sac.
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Figure 10.2 Ontogenesis of the chains of
hemoglobins and erythropoiesis.
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they have begun to appear, the circulating lymphocytes
increase rapidly, reaching a peak of 10000 elements/µL at
20 weeks. The level then decreases gradually to 3000 ele-
ments/µL at birth. The megakaryocytes can be found in the
wall of the yolk sac between 5 and 6 weeks and then in the
liver after the visceral stage of hematopoiesis has begun. They
persist there until the end of pregnancy and can be found in
significant quantities in the marrow after the third month.
Platelets are found in the blood from 11 weeks’ gestation and,
after 18 weeks, they exist in numbers equal to those in adult
blood.

Origin and differentiation of the hematopoietic cells
For years, a controversy raged between the supporters of a
unitary thesis and those of a pluricellular origin of the differ-
ent hematopoietic lineages. The current opinion – based on
experiments in animals, on clinical data in human pathology
and, more recently, on the culture of hematopoietic cells from
healthy subjects – is that there exists a pluripotent stem cell,
the colony-forming unit, from which the various lineages stem.
This pluripotent stem cell, which cannot be morphologically
identified by maturation criteria, is capable of differentiation
and self-renewal. It is the precursor of the erythroid, myeloid,
and lymphoid lineages, and its existence was confirmed
through the technique of splenic lineages described by Iscove
et al.1 We now distinguish a second generation of stem cells
with a restricted differentiation potential in either the lym-
phoid lineage or the myeloid lineage, but their capacity for
self-renewal persists. The stem cells are present in the marrow
and the blood.

Kelemen et al., in their Atlas of human haemopoietic devel-
opment,2 suggest the following pattern. Everything stems from
a pool of stem cells appearing on the mesenchymal wall of the
yolk sac. It is the function of these first-generation intravas-
cular stem cells, after the vascular intra- and extraembryonic
networks are linked, to migrate into the embryo and multiply
there. Moore and Metcalf3 demonstrated the necessity of 
this first migration. No hematopoiesis occurs in an embryo
that has been prematurely separated from its yolk sac. The
seeding of the liver gives birth to a stem cell, called a second-
generation stem cell, which is smaller than the first and nearer
to the normoblastic lineage. These pluripotent cells prolifer-
ate in the liver, becoming half as numerous as the liver’s nucle-
ated cells. Then, they migrate toward and seed other areas of
the embryo (marrow, spleen, lymph nodes, and thymus) as
well as the extraembryonic areas. Some vascular islets of the
yolk sac especially are colonized by second-generation stem
cells (the first-generation cells are short-lived, with a half-life
of approximately 8–12 weeks). A third generation of pluripo-
tent cells gives rise to all the blood cells made during pre- and
postnatal life. Given what we know at present, it is difficult
to speak of well-defined stages, and modification in the pop-
ulation of stem cells is not proved, particularly as concerns the
passage from primitive to fetal erythropoiesis. The current
theory is that the passage from fetal to adult erythropoiesis

represents a gradual modification of the stem cells rather than
a change of population.

Purity of fetal blood samples

Fetal blood sampling under ultrasound guidance is a safe pro-
cedure that has enabled us to study fetal biology and to obtain
prenatal diagnoses of an increasing variety of disorders.4 The
first step in establishing reference values and ensuring the
accuracy or diagnosis is to be sure that the fetal blood sample
is not contaminated.5

In our samples of fetal blood, contamination can be 
caused by maternal blood, amniotic fluid, or sodium citrate
solution. The overall incidence of contamination in our 
study was small (1.8%), but it must be viewed in relation to
both the disorder under investigation and the type of 
contamination.

Each type of contamination has differing consequences,
depending on the disorder under investigation. During diag-
nosis of fetal infection in the presence of maternal infection,
contamination with maternal blood causes a false-positive
result. The presence of amniotic fluid, which is often collected
for culture at the same time, does not affect the results, but
the hematologic parameters and specific immunoglobulin M
must be evaluated with caution. Similarly, the presence of
maternal blood cells in a specimen for investigation of fetal
karyotype makes the specimen useless, but amniotic fluid or
sodium citrate has negligible effects.

Investigation of disorders of hemostasis (platelets or coag-
ulation factors) is severely affected by amniotic fluid con-
tamination because amniotic fluid activates some coagulation
factors and can cause platelet aggregation.

We evaluated the sensitivity of each method and measured
dilutions of maternal blood, amniotic fluid, and sodium
citrate. We believe that each test must be done in all cases
because results differ under various conditions.

Depending on the gestational age and the indication for fetal
blood sampling, we collect 2–3mL of blood. This is divided
into 500µl anticoagulated in lyophilized ethylene-diamine
tetraacetic acid [EDTAJ K2 (Sarstedt reference 32332)], 
400µL collected in 0.129mol/L sodium citrate solution (ratio
9 : n) and, if karyotype is required, 500µL drawn into a
lithium heparin dry mixture. The remaining blood is not 
anticoagulated.

Hematologic indexes are determined with a Coulter
Counter MD II. Leukocytes, erythrocytes, platelets, hemoglo-
bin, hematocrit, and mean corpuscular volume are measured
immediately after sampling. The distributions of the volumes
of leukocytes, erythrocytes, and platelets are shown in Figs
10.3 and 10.4.

Smears are obtained after leukoconcentration and stained
with the May–Grünwald–Giemsa stain for the differential
count. The Kleihauer–Betke test to differentiate fetal from
adult red cells is performed with the Boehring kit.
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Anti-I and anti-i cold agglutinins (against erythrocyte anti-
gens), which are active at room temperature, are used in
appropriate dilution.

The levels of β-subunit of human chorionic gonadotropic
hormone (βhCG) in maternal and fetal serum are determined
with the enzyme-linked immunosorbent assay method using
an anti-J3-hCG monoclonal antibody (Tandem Biotrol,
France).

Coagulation factors IX and VIIIC arc measured by a single-
stage method, as described by Mibashan and colleagues6

adapted for automated coagulation testing (KC 10 from

DADE AHS, Miami, FL, USA). Factor VIII activity is tested
against the World Health Organization reference plasma
80/511. Factors II and V are measured by one-stage assay by
means of thromboplastin, calcium, and substrate-deficient
plasma for both factors II and V. Reference levels are shown
in Table 10.1.

The percentage of contamination detectable by each 
method is determined with fetal blood specimens by means of
measured amounts of maternal blood, amniotic fluid, and
sodium citrate until minimum detectable contamination is
determined.

Each test is performed on all samples. Hematologic indexes
are undertaken immediately as an initial screening test before
the patient leaves the hospital. It is possible, depending on the
clinical circumstances, to repeat the fetal blood sampling, if
necessary. No individual test is infallible under all circum-
stances, and the reliability of each test depends on the clinical
situation and the type of contamination. The percentages of
contamination detectable by each method are summarized in
Table 10.2.

Typical cell size distribution curves for maternal and fetal
hematologic indexes are shown in Figs 10.3 and 10.4. Three
major differences distinguish maternal from fetal blood. There
is only one peak of leukocytes in the fetus (corresponding to
lymphocytes and nucleated erythrocytes), the average ery-
throcyte volume is much higher in the fetus, and red cell dis-
tribution width is broader in the fetus.

In leukocytes, there are mainly lymphocytes; granulocytes
appear later in pregnancy. Platelet volume is similar in mother
and fetus.

In cases of maternal blood contamination, a second peak of
leukocytes is usually seen with a larger volume; this peak is
the granulocyte peak. The gestational age at the time of sam-
pling must be taken into account because of the change in
granulocytes toward term. Contamination of 10% or more by
either amniotic fluid or sodium citrate causes a decrease in the
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Figure 10.3 Histograms of fetal white blood cell (WBC), red blood
cell (RBC), and platelet (PLT) distribution curves.
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Figure 10.4 Histograms of maternal white blood cell (WBC), red
blood cell (RBC), and platelet (PLT) distribution curves.

Table 10.1 Fetal hemostasis expressed as a percentage (mean ± SD)
of normal adult value.

Coagulation factor % Inhibitor %

VIIIC 40 ± 12 Fibronectin 40 ± 10
VIIIRAg 60 ± 13 Protein C 11 ± 3
VII 28 ± 5 α2-Macroglobulin 18 ± 4
IX 9 ± 3 α2-Antitrypsin 40 ± 4
V 47 ± 10 AT III 30 ± 3
II 12 ± 3 α2-Antiplasmin 61 ± 6
XII 22 ± 3
Prekallikrein 19 ± 2
Fibrin-stabilizing factor 30 ± 5
Fibrinogen 40 ± 15
Plasminogen 24 ± 15

Data from fetuses of 19–27 weeks’ gestation.
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same ratio compared with the normal range of erythrocytes,
leukocytes, and platelets.

The Kleihauer–Betke test relies on detecting differences in
hemoglobins present in adult and fetal red cells. In theory, this
test should be able to detect a maternal blood contamination
of as little as 0.5%. In practice, although the test is rapid and
simple to perform, absolutely accurate results are not possible
because of the gradual appearance of hemoglobin A in fetal
erythrocytes. After staining, erythrocytes containing only
hemoglobin A appear as empty “cell ghosts.” Those contain-
ing mainly or exclusively hemoglobin F stain darkly, and those
with both hemoglobin A and F have an intermediate level 
of staining. This causes difficulties and technical errors in the
differentiation of immature fetal cells from maternal ery-
throcytes. We have never demonstrated maternal blood 
contamination by this method after 30 weeks.

Blood smears stained for differential count clearly show
amniotic fluid squames if contamination with amniotic fluid
has occurred. The presence of the squames depends on both
the gestational age at the time of sampling and the percentage
of contamination.

Erythrocyte antigen expression differs from fetus to adult.
I antigen is present only on adult erythrocytes; i antigen is
present only on fetal erythrocytes. Monoclonal antibody
agglutination (anti-I and anti-i) is simple to perform and can
detect a maternal blood contamination of 5%.

The βhCG is of maternal origin, has a steep gradient across
the placenta, and is found in only minute quantities in fetal
blood, although higher levels are found in amniotic fluid. The
ratio is approximately 1:100: 400 (fetal blood to amniotic
fluid to maternal blood). It is probably the most sensitive
method for determining whether the sample is contaminated,
allowing detection of as little as 0.2% maternal blood or 1%
amniotic fluid contamination. In practice, if we detect βhCG
in fetal serum, the specimen is regarded as contaminated. A
markedly elevated level suggests contamination by maternal
blood rather than amniotic fluid, but βhCG levels do not allow
differentiation between the types of contamination, so other
tests must be used for clarification.

Coagulation factors V and VIII detect both amniotic fluid
and sodium citrate contamination, but must be interpreted

with caution. Less than 1% contamination with amniotic fluid
activates coagulation and falsely increases the activities of
factors V and VIII when tested against adult reference plasma.
These values need to be compared with vitamin K-dependent
factors, such as IX or II, which are not activated by amniotic
fluid. In contrast, a large amniotic fluid contamination (greater
than 10% and detectable on blood smears) causes lower levels
by dilution.

Fetal hematology

Starting from ultrasonically guided fetal blood samplings
carried out between 18 and 29 weeks’ gestation for various
prenatal diagnoses (usually toxoplasmosis), we have been able
to determine the reference values of some hematologic param-
eters in 2860 fetuses.7 The subjects’ prenatal diagnosis tests
were normal, and they were confirmed to be healthy at birth.

Fetal blood was sampled into EDTA tubes, and we worked
with a Coulter Counter S Plus II on prediluted samples.

Table 10.3 shows the main hematologic results obtained
from 2860 normal fetuses between 18 and 36 weeks of preg-
nancy. There is no significant increase in the number of
platelets (which stays at approximately 250 × 103/µl). On the
contrary, the red blood cell count gradually increases from
2.85 to 3.82 × 106/µl, and the white blood cell count increases
from 4.7 to 7.7 × 103/µl. The concentration of hemoglobin
also increases significantly during the second trimester of preg-
nancy. Conversely, the mean corpuscular volume decreases sig-
nificantly from 131.5 to 114fL.

Fetal cytology

The evolution of the fetal leukocyte differential according to
the stage of pregnancy is shown in Table 10.4. Also shown are
the distribution of polymorphonuclear leukocytes (neu-
trophils, eosinophils), monocytes, lymphocytes, and erythrob-
lasts. Two reasons led us to include the erythroblasts in the
leukocyte differential, even though they belong to the red cell
lineage and not to the white cells: (1) erythroblasts are a
normal component of fetal blood; and (2) the nuclei of these

Table 10.2 Percentage of contamination detectable by each method.

Method Amniotic fluid (%) Maternal blood (%) Sodium citrate (%)

Hematologic indexes 20 >5 20
Smear (Giemsa) 10 10 NC
Erythrocyte antigens NC 15 NC
βhCG >0.1 0.2 NC
Coagulation factors V or VII, IX, or II NC 30 10–50
Kleihauer–Betke test 5* NC

βhCG, β-subunit of human chorionic gonadotropin; NC, noncontributory.
*Depending on the gestational age.
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erythroblasts are counted as white blood cells by the Coulter
Counter.

First, we found few or no basophils in the fetus. Second, a
very high lymphocytosis was present from 18 weeks’ gesta-
tion, along with erythroblastosis. The percentage of lympho-
cytes decreases from 88% at 18 weeks to 68.5% by 30 weeks,
and the erythroblast percentage gradually decreases from 45%
at 18 weeks to 17% at 30 weeks. This reduction in the number
of erythroblasts is made up for by a gradual increase in neu-
trophils as fetal life advances, from 6% at 18 weeks to 23%
at 30 weeks.

The importance of this evolution of the fetal differential is
threefold. First, we have been able retrospectively to establish
reference values related to different stages of pregnancy.
Second, the blood differential is an extremely useful tool to
check the purity of fetal blood. For instance, blood that con-
tains no erythroblasts at 18 weeks, or 40% neutrophils at
20 weeks, could have been contaminated by maternal blood
or by blood of placental origin. Third, we have noticed that
the fetal differential varies greatly in cases of parasitic (toxo-
plasmosis) or viral (rubella) infections.

Fetal red blood cell antigens

We compared 72 samples of fetal blood ranging from 20 to
25 weeks of pregnancy with samples of full-term neonates
(cord blood) and adults. We tested 38 red blood cell antigens,
using specific antibodies:
• Polymorphic antigens: A, A1, B, D, C, Cw, c, E, e, K, k, Kpa,
Fya, Fyb, JKa JKb, M, N, S, s, Lua, Lub, Lea, Leb, P1, Xga.

• Monomorphic antigens: H, Rh17, Kpb, Jsb, Fy3, Jk3, P, I, i,
Vea, Gea, Emma.

Among these 38 antigens, identical reactions were observed
in fetus, newborn, and adult, except for A, A1, B, H, Lea, Leb,
Lua, Lub, P1, P, I, and i.

Table 10.5 shows that some antigens are not expressed or
have hardly developed in fetuses. Test results on newborns
show an intermediate expression between the fetal and adult
periods.

Fetal platelet antigens

From 18 to 29 weeks, the number of platelets remains stable
at around 250 × 103/µL. On stained blood smears (with
May–Grünwald–Giemsa), fetal platelets present no particular
cytologic differences from adult platelets. Fetal platelets aggre-
gate with adenosine triphosphate (ADP), thrombin, ristoce-
tine, collagen, arachidonic acid, but not with epinephrine.

The study of the glycoproteins of platelet membranes has
made it possible to identify glycoproteins Ib, IIa/b, IIIa/b, with
molecular weights of 160, 134, and 90 Da. The PLAI antigen
is present, which explains the risk of fetal anti-PLA alloim-
munization as early as the first trimester of pregnancy.

Working in cooperation with Y. Gruel, we have been able
to quantify HPA-1a (PLA1a) and HPA-3a (LeKa or Bak a)
antigens, as well as the membrane glycoproteins, from
16 weeks (Table 10.6).8

Quantification of glycoproteins GPIIb/IIIa is similar in fetus
and adult; antibody anti-GPIb (AN51) and anti-GPIb (6D1)
fixed more easily in fetal platelets than in adult platelets.

Table 10.3 Evolution of hematologic values of 2860 normal fetuses during pregnancy (mean ± SD).8

Weeks of WBC Platelets RBC Hb Ht MCV (fL)
gestation (× 103/µL) (× 103/µL) (× 106/µL) (g/100 mL) (%)

10–17 1.87 ± 3.42 159 ± 68 1.81 ± 0.78 9.92 ± 2.24 27.4 ± 7.4 154.9 ± 26.8
18–21 (n = 760) 4.68 ± 2.96 234 ± 57 2.85 ± 0.36 11.69 ± 1.27 37.3 ± 4.32 131.11 ± 10.97
22–25 (n = 1200) 4.72 ± 2.82 247 ± 59 3.09 ± 0.34 12.2 ± 1.6 38.59 ± 3.94 125.1 ± 7.84
26–29 (n = 460) 5.16 ± 2.53 242 ± 69 3.46 ± 0.41 12.91 ± 1.38 40.88 ± 4.4 118.5 ± 7.96
>30 (n = 440) 7.71 ± 4.99 232 ± 87 3.82 ± 0.64 13.64 ± 2.21 43.55 ± 7.2 114.38 ± 9.34

SD, standard deviation; Hb, hemoglobin concentration; Ht, hematocrit; MCV, mean corpuscular volume; RBC, red blood cell count; WBC,
white blood cell count.

Table 10.4 Fetal differential count of 732 normal fetuses according to the stage of gestation.

Weeks of Lymphocytes Neutrophils Eosinophils Basophils Monocytes Erythroblasts
gestation (%) (%) (%) (%) (%) (% white blood cells)

18–21 (n = 186) 88 ± 7 6 ± 4 2 ± 3 0.5 ± 1 3.5 ± 2 45 ± 86
22–25 (n = 230) 87 ± 6 6.5 ± 35 3 ± 3 0.5 ± 1 3 ± 2.5 21 ± 23
26–29 (n = 144) 84 ± 6 8.5 ± 4 4 ± 3 0.5 ± 1 3 ± 2.5 21 ± 67
>30 (n = 172) 685 ± 15 23 ± 15 5 ± 3 0.5 ± 1 3 ± 2 17 ± 40
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Prenatal diagnostic of Glanzmann thrombasthenia
(GPIIb/IIIa) or Bernard–Soulier syndrome (GPIb) is now avail-
able early in pregnancy.

Lymphocyte subpopulation

Lymphocyte count
Leukocytes are numbered while the Coulter S Plus II monitors
the purity of fetal blood. The absolute number of lymphocytes
is observed from the leukocyte differential performed on a
blood smear stained by May–Grünwald–Giemsa stain.

Separation of the mononucleated cells
Separation of the mononucleated cells is carried out by dif-
ferential centrifugation in a density gradient.

Lymphocyte phenotype
The development of hybridization techniques now permits 
the production of commercialized monoclonal antibodies 
and provides the means of investigating lymphocyte 
subpopulations.

The main markers of lymphocyte differentiation, as cur-
rently defined, have been characterized using Coulter mono-
clonal antibodies labeled with fluorescein isothiocyanate.
Detection was carried out by direct or indirect immunofluo-
rescence. It proved necessary to implement a micromethod,
considering the reduced volume of fetal blood.

The following monoclonal antibodies were used:
• Coulter Clone T11 – specific for the receptor of T lympho-
cytes for the sheep erythrocytes and associated with an antigen
that is 50000 Da in molecular mass.
• Coulter Clone T3 – specific for an antigen T3 (30000 Da 
in molecular mass). This antigen is present in the mature 
T lymphocytes of peripheral blood and on 20–30% of 
thymocytes.
• Coulter Clone T4 – specific for an antigen of 64000 Da
molecular mass, present on 80% of thymocytes and 60% of
circulating T lymphocytes. It is associated with T lymphocytes
whose target is an antigen belonging to the major system of
class II histocompatibility. This antigen is stable and is not lost
during T-cell activation.
• Coulter Clone T8 – specific for an antigen present in the
suppressive and cytotoxic T subpopulations; it is 33000 Da
in molecular mass in its reduced state, 76000 Da in its nonre-
duced state. This antigen can be found on 80% of human thy-
mocytes and on approximately 35% of the T lymphocytes of
peripheral blood.
• Coulter Clone B1 – specific for an antigen of human B lym-
phocytes, 35000 Da in molecular mass. This antigen is found
in the B cells of peripheral blood, of the lymphoid organs, and
of bone marrow.
• Coulter Clone B4 – specific for an antigen that is bimolecu-
lar in structure, 40000 and 80000 Da in molecular mass. It
is expressed by the normal B lymphocytes and is present in all
isolated B cells. Antigen B4 seems to be the first antigen asso-
ciated with B cells that can be detected in fetal tissues.
• E 135 – monomorphic anti-DR, kindly provided by Profes-
sor Charron (Pitié-Salpêtrière).
• Leu7, Leu11 (Becton) – antibodies that recognize the
natural. killer (NK) cytotoxic cells of peripheral blood and
some granulocytes. Antibody NKH!A recognizes all the cells
with NK activity; anti-NKH2 determines a population of large-
grained lymphocytes with poor cytotoxic activity.
• Coulter Clone My 4 – recognizes macrophages and some
granulocytes.

Results
The following is an outline of the results:
1 Lymphocyte count:

• Fetal blood (20–26 weeks of amenorrhea): 3.8 ± 0.9 ×
103/µL.
• Cord blood at birth: 7.1 ± 2.3 × 103/µL.
• Adult blood: 2.5 ± 0.95 × 103/µL.

Table 10.5 Percentage of reactivity of some red blood cell antigens in adult, neonate (cord), and fetus.

Antigens (%) A A1 B H Lea Leb Lua Lub P1 P I i

Adult 45 35 9 100 20 70 7 100 75 100 100 0
Birth 45 37 12 90 0 4 3 100 38 100 12 100
Fetus 36 0 11 64 0 2 1 99 17 88 0 100

Table 10.6 Platelet antigens in fetus (>16 weeks) and adult
expressed as mean fluorescence values (± SEM).

Platelets Immunofluorescence intensity

Fetus (mean ± SD) Adults (mean ± SD)

Antigens
HPA-1a 433.0 ± 30.0 427 ± 13.5
HPA-3a 441.5 ± 25.0 459 ± 15.0

Glycoproteins
GPIIb IIIa, IgG 427.0 ± 23.0 420.0 ± 30.0
GPIIb IIIa, AP-2 459.5 ± 23.0 498.0 ± 11.0
GPIIIa, AP-3 536.0 ± 14.0 515.0 ± 13.0
GPIb, AN-51 491.5 ± 14.0 426.5 ± 9.0
GPIb, 6D1 479.0 ± 15.0 443.0 ± 8.7

SD, standard deviation; SEM, standard error of the mean.
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2 Phenotyping of lymphocyte subpopulations: T-lymphocyte
phenotyping is presented in Table 10.7; B-lymphocyte pheno-
typing is presented in Table 10.8.

The percentages of circulating mononucleated cells recog-
nized by the Leu11, NKH1A, NKH2 antibodies are, respec-
tively, 21% ± 7%, 5.8% ± 2.3%, 2.5% ± 1.5% in the 
fetus between 20 and 26 weeks of gestation and 13% ± 5%, 

Table 10.7 Evolution of T-lymphocyte subpopulations in fetal blood, cord blood at birth, and
adult, expressed as a percentage of the absolute number of lymphocytes (mean ± SD).

T11 T3 T4 T8 T4/T8

Fetus
19–23 weeks 44 ± 14 54.7 ± 9.6 39.9 ± 6.7 12.7 ± 3.7 3.5 ± 0.5
24–28 weeks 61.9 ± 10.5 43.1 ± 9.3 14.4 ± 4.5 3.3 ± 1.4
29–32 weeks 67.7 ± 7 45.5 ± 8.3 16.8 ± 6.1 3.1 ± 1.5
Neonate 71.4 ± 3.9 52.2 ± 10
Adult 78.3 ± 12.1 74.2 ± 6.9 46.2 ± 13.3 15.6 ± 4.1 3.1 ± 1.1

SD, standard deviation.

Table 10.8 B-lymphocyte markers in fetus and adult as a percentage of absolute numbers of
lymphocytes.

B1 B4 E135

Fetus (20–26 weeks) 4.4 ± 1.7 5 ± 3.8 28.6 ± 8.5
Adult 2.7 ± 2.3 3.2 ± 1.3 12.3 ± 1.5

Key points

1 Mesoblastic hematopoiesis of the yolk sac is the first
stage of embryonic hematopoiesis and appears on day
19 of pregnancy.

2 Visceral hematopoiesis is the second stage of embryonic
hematopoiesis, begins in the liver sinusoids around
5–6 weeks’ gestation, and increases rapidly.

3 Although granulocytes and platelets are found in the
circulation, the fetal liver seems to be the seat of an
almost pure hematopoiesis. From the third to the fifth
months of pregnancy, the erythrocytic precursors
represent approximately 50% of the liver’s nucleated
cells.

4 From 9 to 12 weeks, some hematopoietic activity can
also be observed in the thymus, the lymph nodes, the
kidneys, and even in the spleen.

5 Visceral, mainly hepatic, hematopoiesis reaches its
highest level of production around the fifth and sixth
months, gradually regressing until delivery. Visceral
hematopoiesis can still be observed during the first
week of postnatal life in the liver and occasionally even
in the spleen.

6 Medullary hematopoiesis begins about the fourth
month and is initially predominantly leukopoietic. The
erythropoietic tissues multiply rapidly, and the marrow
reaches its maximal cellularity toward 30 weeks’
gestation, with each lineage being adequately
represented.

7 Leukocytes first develop in the wall of the yolk sac,
then in the embryo. Very few circulating granulocytes
are found during the first weeks of fetal life.

8 Platelets are found in the blood from 11 weeks’
gestation, and, after 18 weeks, they exist in numbers
equal to those in adult blood.

9 The current opinion is that there exists a pluripotent
stem cell, the colony-forming unit, from which the
various lineages stem. This pluripotent stem cell, 
which cannot be morphologically identified by
maturation criteria, is capable of differentiation and
self-renewal.

10 Investigation of disorders of hemostasis in fetal blood
samplings (platelets or coagulation factors) is severely
affected by amniotic fluid contamination because

12% ± 3%, 5% ± 1.5% in the adult. Of fetal circulating nucle-
ated cells, 10% ± 3% react with Coulter Clone MY4.

The study of lymphocytes subpopulations is interesting in
cases of maternofetal infection. T4/T8 is decreased in infected
fetuses (toxoplasmosis or cytomegalovirus), and CD3 lym-
phocytes count is increased in mothers and fetus when infec-
tion is certain.
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amniotic fluid activates some coagulation factors and
can cause platelet aggregation.

11 Three major differences distinguish maternal from fetal
blood. There is only one peak of leukocytes in the fetus
(corresponding to lymphocytes and nucleated
erythrocytes), the average erythrocyte volume is much
higher in the fetus, and red cell distribution width is
broader in the fetus.

12 In leukocytes, there are mainly lymphocytes;
granulocytes appear later in pregnancy. In cases of
maternal blood contamination. a second peak of
leukocytes is usually seen with a larger volume; this
peak is the granulocyte peak.

13 Fetal blood sampling under ultrasound guidance 
is a safe procedure to study fetal biology and to 
obtain prenatal diagnoses of an increasing variety of
disorders. The first step in establishing reference 
values and ensuring the accuracy of diagnosis is to be
sure that the fetal blood sample is not contaminated,
by detection of βhCG in fetal serum or erythrocyte
antigen expression that differs from fetus to 
adult.

14 Fetal blood sampling contamination can be caused by
maternal blood, amniotic fluid, or sodium citrate
solution.

15 The red blood cell count gradually increases from 2.85
to 3.82 × 10.6/µL. The concentration of hemoglobin
also increases significantly during the second trimester
of pregnancy. Conversely, the mean corpuscular volume
decreases significantly from 131.5 to 114fL.

16 The evolution of the fetal leukocyte differential
according to the stage of pregnancy shows that there
are few or no basophils in the fetus. A very 
high lymphocytosis is present from 18 weeks’ 
gestation along with erythroblastosis, decreasing to
30 weeks.

17 Quantification of platelet glycoproteins GPIIb/IIIa is
similar in fetus and adult; antibody anti-GPIa AN51)
and anti GP-Ib (6D1) fix more easily in fetal platelets
than in adult platelets.

18 The study of lymphocyte subpopulations is interesting
in cases of maternofetal infection. T4/T8 is decreased
in infected fetuses (toxoplasmosis or cytomegalovirus),
and CD3 lymphocyte count is increased in mothers and
fetus when infection is certain.
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Pregnancy loss is one of the most common medical problems
in reproductive-aged couples, with as many as 25% of all
women attempting pregnancy experiencing at least one spon-
taneous abortion. A miscarriage is an emotional event for
most individuals, and physicians are often called on to provide
insight and counseling. An estimated 0.5–1.0% of couples
attempting pregnancy suffer three or more consecutive losses,
and an even higher proportion have two or more consecutive
losses. These couples with recurrent pregnancy loss (RPL) are
often distraught and sometimes desperate, especially when
childbearing has been put off until later in life. Despite the
anguish associated with RPL, modern medical science has
made surprisingly little progress in identifying causes or devis-
ing rational treatments. Some physicians believe there are few
cost-effective evaluations and few effective treatments. At the
other extreme, “pregnancy loss centers” now exist in many
larger metropolitan areas, with personnel claiming special
insight into the causes of RPL and offering therapies not uni-
versally accepted by mainstream medicine. The truth about
RPL may lie somewhere between these two contrasting views.
The purpose of this chapter is to review the known and 
suspected causes and management of sporadic pregnancy loss
and RPL.

Terminology and frequency of
pregnancy loss in humans

Traditionally, physicians have termed all pregnancy losses
before 20 weeks’ gestation, abortions, and death in utero
thereafter, as a stillbirth or fetal death. Advances in repro-
ductive biology indicate that this classification is arbitrary,
inconsistent with embryonic and fetal development, and not
clinically useful. A more worthwhile approach is to classify
pregnancy loss in terms of developmental stages of gestation.
The pre-embryonic period lasts from conception to approxi-
mately 5 weeks after the first day of the last menstrual period.
The embryonic period begins at 6 weeks and continues
through 9 weeks’ gestation. The fetal period begins at 10

weeks’ gestation, or 70 days from the last menstrual period,
and extends through pregnancy until delivery. Thus, from the
perspective of a developmental biologist, pregnancy loss may
be categorized as pre-embryonic (anembryonic), embryonic,
or fetal.

Fifty percent or more of human pregnancies are lost before
term.1 The majority are unrecognized pregnancy losses occur-
ring before or with the expected next menses.2 Approximately
10–12% of all clinically recognized pregnancies are lost as
first-trimester or early second-trimester spontaneous abor-
tions. The rate of fetal death after 14 weeks’ gestation is much
lower than the rate of pre-embryonic and embryonic loss. If
neonatal deaths due to prematurity or malformations are
excluded, less than 5% of all pregnancies are lost between
early second trimester and term.3–6 The rate of pregnancy loss
is greatly influenced by a patient’s past obstetric history.7 Both
spontaneous abortion and fetal death are more likely to occur
among women with previous pregnancy losses, and less likely
to occur in those with prior live births.

The vast majority of pregnancy losses are sporadic in nature
(i.e., they occur as an isolated event in a woman whose other
pregnancies are successful). Recurrent miscarriage, tradition-
ally defined as the loss of three or more consecutive pregnan-
cies, occurs in an estimated 0.5–1.0% of women. Women with
two successive early spontaneous abortions have a recurrence
risk similar to that of women with three previous losses.7–9

Thus, depending on the patient’s age and attitude, investiga-
tions into the cause of the recurrent losses may be indicated
after two or three successive miscarriages. Some investigators
have found that the risk of spontaneous abortion in the sub-
sequent pregnancy increases after four or more successive
abortions.10 The risk of RPL is also increased in couples with
prior fetal death as opposed to early pregnancy loss.11

Sporadic pregnancy loss

Sporadic pregnancy loss is perhaps the most common adverse
outcome in human reproduction. In the vast majority of 
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sporadic spontaneous abortions, an etiology is neither readily
apparent nor sought. Nonetheless, most couples who suffer 
a spontaneous abortion feel a sense of loss and seek an 
explanation.

Causes of sporadic pregnancy loss

Morphological abnormalities
Abnormalities of growth and development are the immediate
cause of most pre-embryonic pregnancy losses (Table 11.1).
One-half of pre-implantation conceptuses and one-third of
implanted conceptuses are morphologically abnormal.12 Many
of these conceptuses are cytogenetically abnormal and are pre-
sumably destined to be miscarried around the time of the
expected next menses.

Abnormalities of growth and development are also the
immediate cause of most recognized pregnancy losses. Nearly
one-fifth of specimens from losses occurring in the first half of
pregnancy, and one-third of those occurring at 8 weeks’ ges-
tation or earlier, are anembryonic (i.e., the abortus specimen
consists of an intact or ruptured gestational sac with no appar-
ent embryo, yolk sac, or umbilical cord).12 Approximately
35% of women presenting with symptoms of spontaneous
abortion have an empty gestational sac or a gestational sac
with only a yolk sac present.13 It is likely that such cases of
“blighted ovum” or “anembryonic pregnancy” failed during
the pre-embryonic or early embryonic period.

Identifiable embryos or fetuses are found in 50–60% of 
first-trimester or early second-trimester abortus specimens, 
but only one-half of these are morphologically normal.12

The remainder exhibit disorganized growth (25%), are growth
impaired (15%), or are too macerated for examination. 
Ultrasonographic data are consistent with these morphologi-

cal observations. Fifty percent of women presenting with
symptoms of spontaneous abortion who undergo ultrasono-
graphic examination have a dead embryo.13 Because failure 
of growth and death of the conceptus commonly precedes
physically evident spontaneous abortion by one or more
weeks, the gestational age at which the abortion is re-
cognized does not necessarily indicate when pregnancy failure
occurred.

Interestingly, spontaneous pregnancy loss appears to be
biphasic in distribution. Using transvaginal ultrasound, Gold-
stein6 found that 13.4% of 232 women with apparently
normal early pregnancies had a pregnancy loss. A total of 87%
of the losses (12% of all pregnancies) occurred before 10
weeks’ gestation, and all embryos that were alive at 8.5 weeks’
gestation survived beyond 14 weeks. Thirteen percent of the
losses (1–2% of all pregnancies) occurred from 14 to 20
weeks’ gestation. Similarly, Simpson and colleagues14 reported
in 1987 that only 3.2% of normal women with a live embryo
seen at 8 weeks’ gestation eventually suffered a pregnancy loss,
and all losses occurred in the period between 10.5 and 16
weeks’ gestation. Thus, embryos surviving to 8 weeks’ gesta-
tion have a very low mortality rate during the next few weeks.
The overall rate of pregnancy loss rises again in the early fetal
period. The subsequent pregnancy loss rate is only 1% if a live
fetus is seen at 14–16 weeks’ gestation.14

Cytogenetic abnormalities
Overall, approximately 50% of sporadic spontaneous abor-
tions are cytogenetically abnormal.15,16 Chromosome abnor-
malities are present in more than 90% of anembryonic abortus
tissues,12 two-thirds of malformed or growth-disorganized
embryos, and one-third of malformed fetuses.17 Approxi-
mately 60% of karyotypic abnormalities in early pregnancy
losses are autosomal trisomies, 20% are polyploid, and 20%
are monosomy X (Table 11.2).

The autosomal trisomies found in spontaneous abortions
arise de novo as a result of meiotic nondisjunction during
gametogenesis in parents with normal karyotypes. Except for
trisomy 1, all chromosomal trisomies have been reported in
abortus material. The single most common trisomy seen in
spontaneous abortion is trisomy 16, accounting for 20–30%
of all abortus trisomies. Some autosomal trisomies are seen
only in spontaneous abortions (e.g., trisomies 2, 15, 16, and
22) or very early induced abortions, whereas trisomies 13, 18,
and 21 are found in spontaneous abortions and also occur in
live births. The rate of chromosomally abnormal abortions
increases with increasing maternal age because of an increase
in the rate of trisomy abortuses.18 However, the rate of abor-
tions with polyploidy or monosomy X decreases with increas-
ing maternal age.

The proportion of karyotypically abnormal abortuses drops
from a high of approximately 50% at 8–11 weeks’ gestation
to approximately 30% at 16–19 weeks’ gestation according
to some reports.16 However, one group of investigators noted
that very early first-trimester losses (less than 8 weeks’ gesta-
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Table 11.1 Potential causes of sporadic pregnancy loss.

Morphologic abnormalities/birth defects

Genetic abnormalities

Medical and hormonal disorders
Diabetes mellitus
Thyroid disease
Luteal phase defect

Infections
Treponema pallidum
Borrelia burgdorferi
Listeria monocytogenes
Ureaplasma urealyticum
Viral infections (e.g., parvovirus; herpes simplex)
Bacterial infections (e.g., group B streptococcus)

Other causes
Tobacco
Drugs and chemicals
Ethanol
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tion) were less likely to be karyotypically abnormal than abor-
tuses from more advanced gestations.15 The discrepancy in
these findings may be due to selection bias.

Traditional cytogenetic analysis involves metaphase analy-
sis of successfully cultured cells. However, culture failure is
common with cells obtained from products of conception,
occurring in up to 40% of cases.19 This problem can be cir-
cumvented with the use of comparative genomic hybridization
(CGH), a molecular genetic technique that allows for the iden-
tification of differences in copy number among chromosome
regions. Indeed, CGH has been successfully used to determine
karyotype in several cases of culture failure after pregnancy
loss.20,21 The technique can even be used in cells obtained from
macerated tissues or stored tissue blocks.

Medical and hormonal disorders
Diabetes and thyroid abnormalities have been associated with
sporadic pregnancy loss. However, only poorly controlled dia-
betes, as indicated by an elevated glycosylated hemoglobin, is
associated with first-trimester or early second-trimester preg-
nancy loss.22 Several groups of investigators have shown that
women with antithyroid antibodies detected early in preg-
nancy have increased rates of first- or early second-trimester
loss.23,24 Most of the affected women do not have biochemi-
cal evidence of thyroid disease, and virtually none has clini-
cally apparent disease. It is uncertain whether or not the
presence of antithyroid antibodies is specific for pregnancy
loss or is simply a marker for an underlying autoimmune dis-
order also linked to pregnancy loss. Regardless, assessment of
thyroid function or antithyroid antibodies is not recom-
mended for sporadic pregnancy loss.

Infections
Case reports indicate that infections are a rare cause of some
first- or early second-trimester pregnancy losses. Infectious
agents such as Treponema pallidum,25 Borrelia burgdorferi,26

and Listeria monocytogenes27 have been identified in first- or
early second-trimester miscarriage specimens. Chlamydia tra-
chomatis does not appear to be a cause of sporadic abor-
tion.28,29 Although some data suggest that mycoplasmas and
ureaplasmas may be associated with spontaneous abor-
tion,30,31 these organisms are present in up to 70% of healthy
women. Thus, screening for these organisms in women with
sporadic abortion is not advised. Other organisms such as
group B streptococcus, bacterial vaginosis, parvovirus, herpes
simplex virus, Toxoplasma gondii, etc. have been linked to
second- and third-trimester pregnancy loss.32 However, they
are rarely associated with early losses and routine assessment
is not recommended.

Other causes of sporadic early pregnancy loss
Certain drugs and chemical agents, ethanol, coffee, and ciga-
rette smoking have been proposed as causes of sporadic early
pregnancy loss. Drugs and chemicals that may cause early
pregnancy loss include anesthetic gases, chloroquine, oral
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Table 11.2 Chromosomal complements in spontaneous abortions
that are recognized clinically in the first trimester.

Complement Percentage

Normal 54.1
46,XX or 46,XY

Triploidy 7.7
69,XXX (2.7)
69,XYX (0.2)
69,XXY (4.0)
Other (0.8)

Tetraploidy 2.6
92,XXX (1.5)
92,XXYY (0.55)
Not stated (0.55)

Monosomy X 8.6

Structural abnormalities 1.5

Sex chromosomal polysomy 0.2
47,XXX (0.05)
47,XXY (0.15)

Autosomal monosomy (G) 0.1

Autosomal trisomy 22.3
Chromosome
No. 1 (0)
No. 2 (1.11)
No. 3 (0.25)
No. 4 (0.64)
No. 5 (0.04)
No. 6 (0.14)
No. 7 (0.89)
No. 8 (0.79)
No. 9 (0.72)
No. 10 (0.36)
No. 11 (0.04)
No. 12 (0.18)
No. 13 (1.07)
No. 14 (0.82)
No. 15 (1.68)
No. 16 (7.27)
No. 17 (0.18)
No. 18 (1.15)
No. 19 (0.01)
No. 20 (0.61)
No. 21 (2.11)
No. 22 (2.26)

Double trisomy 0.7

Mosaic trisomy 1.3

Other abnormalities or not specified 0.9

From Simpson JL, Bombard, AT. Chromosomal abnormalities in
spontaneous abortion: frequency, pathology, and genetic counseling.
In: Edmonds K, Bennett MJ, eds. Spontaneous abortion. London:
Blackwell; 1987:51, with permission.
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hypoglycemic agents, arsenic, heavy metals, and some indus-
trial organic chemicals. It is questionable, however, as to
whether any of these is an abortifacient at typical levels of
exposure. Antineoplastic agents, such as aminopterin and
methotrexate, may cause miscarriage at therapeutic doses. The
contention that exposure to video display terminals for more
than 20h per week is related to miscarriage has been
refuted.33, 34

Effect of maternal age, parity, and prior 
pregnancy outcomes

Sporadic spontaneous abortion is influenced by maternal age
and parity. In a cross-sectional study of women in a large
healthcare plan,35 investigators found that the ratio of
observed versus expected cases of first-trimester abortion was
higher in women younger than 18, lower in women aged
20–35, and rose sharply after age 35. Stein and coauthors36

found that the overall spontaneous abortion rate was constant
until women were in their mid-30s, when it started to rise.
The rate of rise increased dramatically at about age 35. Sig-
nificantly, most of the increase in the rate of spontaneous abor-
tion in older women is not due to an increase in the rate of
chromosomally abnormal conceptions.36 The rate of second-
trimester (fetal) loss follows a pattern similar to that of early
pregnancy loss, but the increased rate seen in older gravidas
begins at age 30.35 Fretts and Usher37 showed that approxi-
mately 1 in 440 births among women age 35 or older end in
unexplained fetal death, a rate more than double that of
younger women.

Several investigators have found a direct relationship
between gravidity and crude abortion rates, with a noticeable
increase after the second pregnancy.7,8,38,39 These findings are
widely considered to be influenced by two factors. First, in
modern Western society the third pregnancy and beyond are
likely to occur in older women, allowing maternal age to influ-
ence the abortion rate. Second, because the average number
of desired children in most Western countries is two, many
women undertaking a third pregnancy will have experienced
pregnancy loss in their prior pregnancies. These women are
more likely to have another pregnancy loss than women who
have never lost a pregnancy.

Women with one or two previously unsuccessful 
pregnancies are more likely to suffer a spontaneous loss in
their next pregnancy than women undertaking a first preg-
nancy, or women with one or two previous live births and 
no abortions. The best data are from Regan’s Cambridge 
Early Pregnancy Loss study.7 Women with one previous 
abortion had a recognized abortion rate of 11.5% in their
second pregnancy, and women with two previous abortions
had an abortion rate of 29.4% in their third pregnancy. By
comparison, primigravidas volunteering for the study had a
pregnancy loss rate of 5.6%, and women with only live births
in the past had an abortion rate of 2.2% in their next 
pregnancy.

Fetal death

Clinicians should recognize that the etiologies of late preg-
nancy loss differ from first-trimester abortions. Potential
causes of fetal death include chromosomal abnormalities, fetal
malformations, fetal anemia secondary to alloimmunization
or fetal–maternal hemorrhage, cord accidents, fetal infections
(e.g., syphilis), antiphospholipid syndrome (APS), and herita-
ble thrombophilias. Obstetric disorders such as preeclampsia,
abruption, and fetal growth retardation can also lead to fetal
death. At present, there is no generally accepted standard eval-
uation for fetal death. Studies conducted by the Multicenter
Stillbirth Collaborative Research Network sponsored by the
National Institute of Child Health and Human Development
(NICHD) should help to clarify the issue. Meanwhile, Table
11.3 lists our suggested evaluation of patients with fetal death.
Amniocentesis should be considered soon after the diagnosis
of fetal demise because viable fetal cells can be difficult to
obtain from macerated tissues. As CGH becomes more widely
available, it will be another option for genetic analysis in cases
when culture of live cells is not possible.

Evaluation and management of sporadic 
pregnancy loss

No specific evaluation of the mother or abortus tissue is indi-
cated in the case of a single pre-embryonic or embryonic loss
occurring in an otherwise healthy woman. It may be reassur-
ing to tactfully inform the patient that most sporadic early
pregnancy losses are the inevitable consequence of morpho-
logical or cytogenetic abnormalities of the conceptus. The cli-
nician should also inform the patient of the high pregnancy
success rate after a single spontaneous abortion, taking the
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Table 11.3 Recommended evaluation of fetal death.

Generally accepted evaluation
Review of the medical history
Ultrasonography
Indirect Coombs’ test
Karyotype
Kleihauer–Betke test
Serological test for syphilis
Toxicology screen
Autopsy

Additional evaluation
Antiphospholipid antibodies
TORCH titers (questionable utility)
Parvovirus serology
Thyroid function tests
Glucose tolerance testing
Testing for heritable thrombophilias

TORCH: toxoplasmosis, and other agents, rubella, cytomegalovirus,
herpes simplex.
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maternal age and past obstetric history into account. Recall
that several studies have demonstrated that approximately
80–90% of women experiencing a single early spontaneous
abortion deliver a viable live infant in the next pregnancy.7,40,41

Ultrasound in the management of spontaneous abortion
Endovaginal ultrasonography can play an important role in
the management of threatened abortion (Table 11.4). Tradi-
tional medical thinking holds that a patient with bleeding in
the first 10 weeks of pregnancy has an approximately 50%
chance of miscarriage. Ultrasonographic studies have shown,
however, that the embryo is usually absent or dead at the time
of presentation in patients who are destined to miscarry. In
contrast, fewer than one-third of live embryos found in
women with uterine bleeding before 10 weeks’ gestation will
abort.

Precise knowledge of gestational age can facilitate the inter-
pretation of ultrasonographic findings in women with threat-

ened abortion. Ultrasound findings are unreliable at 3–4
weeks’ gestation as the uterus usually appears to be empty. At
5–6 weeks, the diagnosis of pregnancy loss is based on yolk
sac and gestational sac findings. At 7–8 weeks, gestational sac
and embryo findings are germane.

The most reliable gestational sac indicator of impending
abortion is abnormal sac size relative to other gestational
tissue features. For example, one group of investigators have
found that when the mean gestational sac diameter (MSD)
minus the embryo crown–rump length (CRL) equals 5 mm or
less before 9 weeks’ gestation (MSD − CRL ≤ 5), the likeli-
hood of miscarriage is greater than 80%.42 Virtually definitive
proof of impending pregnancy loss can be reached with high-
resolution (6.25 MHz or greater probe) endovaginal scanning
when one sees (1) an MSD of 8mm or more without a demon-
strable yolk sac or (2) an MSD of 16mm or more without a
demonstrable embryo (Fig. 11.1).43–45 The use of lower reso-
lution equipment requires modification of these criteria.

Abnormally large yolk sac diameter is also associated with
pregnancy loss, although it would be unwise to use this feature
alone to diagnose pregnancy loss. As a general rule, large yolk
sac diameters (6mm or greater) are associated with abnormal
pregnancies destined to miscarry (Fig. 11.2).46

A dead embryo (i.e., without cardiac activity) is definitive for
pregnancy failure. As a general rule, the presence of a normal
cardiac rate in an embryo is encouraging, but there are three
important caveats regarding embryonic cardiac activity. First,
normal embryos with a CRL of less than 5mm may have no
ultrasonographically apparent cardiac activity. A diagnosis of
embryonic death should not be made in this setting. Second, the
earlier in pregnancy that embryonic cardiac activity is detected,
the less likely it is to predict a successful pregnancy. Among
women presenting with uterine bleeding and found to have a
live embryo with a CRL of less than 5mm, the rate of abortion
is approximately 30%. After 7 weeks’ gestation (CRL approx-
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Table 11.4 Sonographic criteria for pregnancy loss.

Criteria diagnostic of pregnancy loss
MSD ≥ 8mm without yolk sac*
MSD ≥ 16mm without an embryo*
Embryo without cardiac activity

Findings associated with poor prognosis
MSD minus CRL ≤ 5mm before 9 weeks’ gestation
Yolk sac diameter ≥ 6mm
Embryonic heart rate ≤ 80 b.p.m.
Subchorionic hemorrhage ≥40% sac volume

B.p.m., beats per min; CRL, crown–rump length; MSD, mean
gestational sac diameter.
*High-resolution endovaginal ultrasound (6.25 MHz or greater
probe).

Figure 11.1 Anembryonic pregnancy loss with
mean sac diameter of ≥16mm without a
demonstrable embryo.
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imately 9.5mm), the finding of a live embryo in the setting of
vaginal bleeding is associated with a 10% miscarriage rate. At
9–11 weeks’ gestation (CRL approximately 23mm), the finding
of a live embryo or fetus is associated with a 3–4% miscarriage
rate. Finally, the cardiac rate provides some predictive value as
to the likelihood of miscarriage.47 At any gestational age, an
embryonic heart rate of less than 80 beats per min carries a very
poor prognosis. With CRLs of less than 5mm, cardiac rates of
80–90 beats per min are associated with pregnancy loss in two-
thirds of cases, and rates of 90–100 beats per min are associated
with losses in one-third of cases. In embryos with a CRL of
5–9mm, heart rates of less than 100 beats per min are ominous.

Recurrent pregnancy loss

Up to 1% of couples experience three consecutive pregnancy
losses, a figure at least two or three times higher than expected
based on the observed pregnancy loss rate per pregnancy in
the general population. RPL is a particularly difficult clinical
problem because no definite etiology is discovered in a sub-
stantial proportion of cases. In the face of this emotional and
frustrating situation, both physicians and patients may feel the
need to perform evaluations for uncertain or unproven
“causes” and to try experimental treatments. Table 11.5 pres-
ents causes of RPL.

Causes of recurrent pregnancy loss

Genetic abnormalities
Parental structural chromosome abnormalities
In approximately 3–5% of couples with two or more sponta-
neous losses, one of the partners has a genetically balanced
structural chromosome rearrangement.48,49 Balanced translo-

cations account for the largest proportion of these karyotypic
abnormalities and occur as either reciprocal or robertsonian
translocations. In reciprocal translocations, segments are
exchanged between two nonhomologous chromosomes. In
robertsonian translocations, two acrocentric chromosomes
(chromosomes 13 to 15 and 21 to 22) fuse at the centromeric
region and lose their short arms. Although the carrier of a 
balanced translocation is usually phenotypically normal, 
balanced translocations may cause pregnancy loss because 
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Figure 11.2 Embryonic demise with a large
(≥6 mm) yolk sac.

Table 11.5 Proposed causes of recurrent pregnancy loss.

Genetic abnormalities
Parental structural chromosome abnormalities
Numerical chromosome abnormalities of the conceptus
Molecular genetic abnormalities of the conceptus or placenta

Hormonal and metabolic disorders
Luteal phase defects
Diabetes
Thyroid disease

Uterine anatomical abnormalities
Congenital uterine malformations
Uterine synechiae
Uterine fibroids

Autoimmune causes
Antiphospholipid syndrome

Infections

Thrombophilia
Factor V resistance to activated protein C (factor V Leiden)
Prothrombin gene G20210A mutation
Deficiencies of antithrombin III, protein C, or protein S
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segregation during meiosis results in gametes with duplication
or deficiency of chromosome segments. A chromosome inver-
sion occurs when a segment of the chromosome is reinserted
in the reverse order after the chromosome breaks. Inversions
may result in pregnancy loss because crossovers between
abnormally paired chromatids during meiosis I result in dupli-
cations or deficiencies of genetic material.

Phenotypically normal offspring do not exclude the possi-
bility of a balanced chromosome abnormality in a couple with
RPL. The recurrence risk for spontaneous abortion in a couple
with a parental structural chromosome abnormality is related
to many variables, the most important of which is the specific
type of abnormality. Some couples may wish to consider a pre-
implantation genetic diagnosis and all should be offered
genetic counseling. Couples with one partner who has a bal-
anced translocation or inversion should be offered prenatal
genetic diagnosis because of the increased risk of a karyotypic
abnormality.

Numerical chromosome abnormalities of the conceptus
Karyotypes in consecutive abortions suggest that recurrent
aneuploidy in the conceptus may be a cause of RPL. In one
set of data, the karyotype of the second successive sponta-
neous abortion was abnormal in nearly 70% of cases in which
aneuploidy was found in the first abortus, but in only 20% of
cases in which the first abortus was chromosomally normal.50

However, this observation may have been due to the age of
the mothers rather than to a nonrandom event in predisposed
couples.51

Molecular genetic abnormalities of the conceptus
Since the 1980s, the importance of single gene mutations as a
cause of numerous human diseases has been brought to light
by the development of techniques for DNA analysis. The ques-
tion of whether mutations may cause RPL is now pertinent,
and the potential mechanisms for such a defect to result in
pregnancy loss are innumerable. For example, a mutation in
genes critical for trophoblast growth and development, or
blood vessel formation, could preclude successful implanta-
tion or development. There are many examples of embryonic-
lethal mutations in mice but, as yet, none has been found in
the human.

Hormonal and metabolic disorders
Luteal phase defect
Removal of progesterone production in early pregnancy (via
resection of the corpus luteum) results in spontaneous abor-
tion, and progesterone replacement after removal of the
corpus luteum allows the pregnancy to continue. Antiprog-
estins, such as RU486, reliably cause pregnancy loss when
administered before 7 weeks after the last menstrual period,
confirming the necessity of progesterone (and adequate prog-
esterone response) for the maintenance of early pregnancy.
Thus, it is no surprise that investigators hypothesized a role
for inadequate progesterone production or effect as a cause of

pregnancy loss. Some investigators consider this condition,
often referred to as luteal phase defect (LPD), to be a rather
common cause of RPL, accounting for approximately
25–40% of cases.17,52 Nonetheless, properly controlled trials
to prove that LPD is a cause of RPL are lacking.

Many authorities believe that a timed, late-luteal phase,
endometrial biopsy taken from the fundal portion of the
uterus is the gold standard for diagnosing LPD. The timing of
the endometrial biopsy is important; it should be obtained
within 3 days of the expected menstrual period. Histological
interpretation is compared with the luteal phase day as estab-
lished by the onset of the next menses (assuming 14 days in a
normal luteal phase). The endometrium is considered to be out
of phase when the histological dating lags behind the men-
strual dating by two or more days. Out-of-phase endometrial
histology in a single biopsy is relatively common in normal
women.53 For this reason, it is prudent to require that two
consecutive endometrial biopsies be out of phase before a
diagnosis of LPD is made. Detractors of the endometrial
biopsy as a method of diagnosis point out that as many as
50% of normal women have a single endometrial histology
suggestive of LPD, and 25% have abnormal biopsy findings
in sequential luteal phases.53 Interobserver variation in dating
endometrial biopsies further limits the usefulness of the assay.
In one series, more than 20% of women would have received
different therapy depending on the individual interpreting the
results of their endometrial biopsies.54 Morphometric analysis
of the endometrial biopsy may offer an improvement over his-
tological analysis in the diagnosis of LPD. Using a standard-
ized examination with morphometry, Serle and coauthors55

identified a delay in endometrial maturation of more than 2
days in 60% of women with RPL, compared with no delay in
any of the control subjects.

It would seem that measuring circulating levels of proges-
terone or its metabolites would be a reasonable alternative to
the endometrial biopsy in the diagnosis of LPD. However, the
pulsatile nature of progesterone secretion in the second half
of the menstrual cycle results in wide fluctuations in circulat-
ing levels and leaves the interpretation of a single progesterone
level uncertain. Many investigators use serial (daily) proges-
terone determinations to diagnose or exclude LPD, and the
method has gained wide acceptance among infertility special-
ists.56 In one well-carried out study, progesterone levels on
days 1–4 of the luteal phase were compared in women with
unexplained infertility and in normal fertile control subjects,
and a significantly different pattern of progesterone levels was
found in the infertile group.57 Similar studies have not been
carried out in women with RPL. Given the relative inaccura-
cies of each method, it is difficult to say whether one is supe-
rior to the other.

Notwithstanding the uncertainty as to the relationship
between LPD and RPL, various treatments have been used in
patients with RPL and LPD. Because most patients with RPL
ovulate, it is assumed that inadequate progesterone synthesis
in the luteal phase is the cause. A few patients may actually
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have a progesterone-resistant endometrium. Although uncon-
trolled studies suggest that progesterone therapy is beneficial
in achieving a successful pregnancy,58 several controlled, 
randomized trials of limited numbers of patients have not 
confirmed this.59 The usual treatment regimen is 25mg of
progesterone, twice a day, beginning on the third day after
ovulation and administered by vaginal suppository. A reason-
able alternative is 200–400mg per day of oral micronized
progesterone, taken in divided doses. Treatment is often
empirical although efficacy is unproven.

Other endocrinological and metabolic disorders
Poorly controlled diabetes mellitus is a recognized cause of
sporadic pregnancy loss as well as severe hypothyroidism or
severe hyperthyroidism. Case reports suggest that homo-
cystinuria and Wilson’s disease are associated with pregnancy
loss. However, none of these conditions is likely to present pri-
marily because of RPL and, if they did, they would easily be
detected by clinical evaluation. There is no convincing evi-
dence that asymptomatic systemic endocrinological or meta-
bolic disorders are a cause of RPL.58,60,61

Uterine anatomic abnormalities
In total, 10–15% of women with recurrent first-trimester
abortions have congenital uterine abnormalities.58,60,61 The
rate of uterine abnormalities is higher in women with fetal
deaths and deliveries of premature infants.62 The most
common malformations associated with pregnancy loss are
variations of the double uterus (bicornuate, septate, didel-
phys). Severe uterine synechiae (Asherman syndrome) and
uterine abnormalities associated with in utero exposure to
diethylstilbestrol (DES) may also be associated with miscar-
riage. An association between submucosal leiomyomata and
RPL is controversial. Although not proven, pregnancy loss in
patients with uterine abnormalities may be due to space con-
straints or poorly vascularized uterine tissues, which results in
inadequate placentation.

Accurate information concerning the risks of uterine abnor-
malities and pregnancy loss is lacking because reported series
do not include a realistic denominator. Only patients present-
ing for pregnancy loss or infertility are reported. Many women
with uterine abnormalities have acceptable reproductive out-
comes and would not be included in case series. For example,
the overall reproductive performance of women with bicor-
nuate uterus is reasonably good.63 Even in highly selected
series, less than one-half of prior pregnancies in women with
bicornuate uterus end in abortion or premature delivery.64

Indeed, one prospective study of three-dimensional pelvic
ultrasound in relatively unselected patients demonstrated
much better outcomes in women with uterine abnormalities
than had been reported in retrospective cohorts.65 Thus, a cau-
tious, circumspect approach is warranted in ascribing preg-
nancy loss to uterine abnormalities and other causes must be
excluded.

Uterine anatomical abnormalities are diagnosed by a variety
of imaging techniques. Excellent screening techniques include
hysterosalpingogram or sonohysterogram. For the hystero-
salpingogram, the uterus should be deflexed using cervical
traction so that an en face radiograph of the uterus can be
obtained. Initially, only a small amount of radiopaque dye
should be injected so that subtle defects are not overlooked.
Pelvic magnetic resonance imaging (MRI) or hysteroscopy
may provide more definitive diagnoses.

The most common congenital abnormalities among women
complaining of pregnancy loss or immature delivery are
septate uterus and bicornuate uterus (Fig. 11.3), which
together account for at least 50% of uterine abnormalities in
women with RPL. Women with septate uterus are reported to
have previous pregnancy loss rates that vary widely, from
approximately 25% to more than 90%.64,66,67 Previous preg-
nancy outcomes in women with septate uterus are generally
worse than for women with bicornuate uterus.68 The cause of
pregnancy loss in women with septate uterus is uncertain, but
diminished blood supply to the septum is often cited as a
primary problem.

Surgical repair of uterine abnormalities has never been
proven to improve outcome in women with RPL in properly
designed studies. Nonetheless, dramatically improved out-
comes have been reported in case series in women with RPL
and septate uteruses undergoing hysteroscopic resection of the
septum.69,70 Given its low morbidity and cost, we believe hys-
teroscopic resection of uterine septa should be considered in
women with a history of RPL, a single fetal death, or marked
preterm delivery. In contrast, the metroplasty required to
correct abnormalities such as bicornuate uterus and uterus
didelphys is considerably more morbid and expensive. Also,
the link between these conditions and RPL is less convincing
than for uterine septum. Today, metroplasty is rarely per-
formed as a treatment for RPL and should be reserved for
unusual and refractory cases. Treatment of Asherman syn-
drome or submucosal fibroids is of theoretical benefit in some
women with RPL but proof of efficacy is lacking.

Cervical insufficiency (cervical incompetence) is a generally
accepted cause of second-trimester loss. Diagnosis is made on
clinical grounds (painless dilation of the cervix with passage
of the fetus) or via sonogram. The reader is referred to chapter
62 of this book for further discussion.

Infectious causes
It remains controversial as to whether an infectious agent may
cause RPL. For an infectious agent to cause multiple preg-
nancy losses, it would have to establish a chronic infection or
colonization that could infect, or at least affect, the gestational
tissues in successive pregnancies. No infectious agent has been
proven to cause recurrent early pregnancy loss, although case
reports and circumstantial evidence raise the possibility. In the
absence of additional data, evaluation for infectious causes of
RPL is ill advised.
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Figure 11.3 Septate uterus (A) and bicornuate uterus (B) in women with recurrent pregnancy loss.
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Autoimmune causes
Antiphospholipid syndrome (APS) is an autoimmune dis-
order characterized by the presence of significant levels of
antiphospholipid antibodies and one or more clinical features,
including pregnancy loss, thrombosis, or autoimmune throm-
bocytopenia (Table 11.6). This disorder may occur as a sec-
ondary condition in patients with underlying autoimmune
disease (e.g., systemic lupus erythematosus) or as a primary
condition in women with no other recognizable autoimmune
disease. Second-trimester fetal death is the most specific type
of pregnancy loss associated with APS, but some patients
present with recurrent late first-trimester or early second-
trimester fetal loss.71,72 Overall, 5–20% of women with RPL
have detectable antiphospholipid antibodies,71–74 but these low
levels of antibodies can be found in 5–10% of otherwise
normal women. Thus, APS is identified as the cause of preg-
nancy loss in 5–10% of women with recurrent miscarriage.
Women with a previous fetal death75–77 and high levels of anti-
cardiolipin IgG antibodies77 are at greatest risk of fetal loss in
subsequent pregnancies.

The two most well-characterized antiphospholipid antibod-
ies are lupus anticoagulant and anticardiolipin. Lupus antico-
agulant (a double misnomer and an unconventional name for
an antibody) is reported as present or absent. Anticardiolipin
antibody results are reported in semiquantitative terms (neg-
ative or low/medium/high positive). Low-positive results are
of questionable significance:78 patients with APS virtually

always have medium- or high-positive results. Several other
antiphospholipid antibodies (e.g., antiphosphatidylserine) and
antibodies against β-2-glycoprotein-I (an anticoagulant
protein that may be the epitope for antiphospholipid anti-
bodies) have been reported to be associated with APS.79,80

However, their association with pregnancy loss remains con-
troversial.81 Thus, we recommend testing for lupus anticoag-
ulant and anticardiolipin antibodies when confirming the
diagnosis of APS. Indications for antiphospholipid antibody
testing are shown in Table 11.7.

Glucocorticoids, heparin, low-dose aspirin, and intravenous
immunoglobulin (IVIG), or combinations of these medica-
tions, have been used to treat pregnant women in an attempt
to improve pregnancy outcomes among women with APS and
pregnancy loss. Direct comparison of these studies is virtually
impossible due to differences in patient selection and treat-
ments.75 The two most widely used treatment regimens have
been (1) a combination of prednisone and low-dose aspirin
and (2) heparin, with or without low-dose aspirin. Successful
pregnancy outcomes have been reported in approximately
55–85% of treated cases. Although none of these studies
included appropriate control subjects and efficacy is uncertain,
results of case series have been impressive. Heparin and low-
dose aspirin is recommended as first-line therapy because it
causes fewer side-effects than prednisone82 and may reduce the
risk of thrombosis in women with APS. Thromboprophylac-
tic doses appear to be as effective as anticoagulant doses and
have fewer side-effects; thus, they are recommended (e.g.,
7500 units twice daily). Low-molecular-weight heparins may
safely be used instead of unfractionated heparin. Treatment
with IVIG has generated considerable enthusiasm because
obstetric outcome has been excellent in a handful of treated
pregnancies in women with APS who had previously “failed”
treatment with heparin or prednisone.83,84 However, in a small
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Table 11.6 International consensus statement on preliminary
criteria for the classification of antiphospholipid syndrome.*

Clinical criteria:
Pregnancy complications

Three or more unexplained early spontaneous abortions
Premature birth before 34 weeks’ gestation (placental
insufficiency)
Unexplained fetal death

Vascular thrombosis
Venous thrombosis
Arterial thrombosis
Small vessel thrombosis

Laboratory criteria
Lupus anticoagulant
Anticardiolipin antibodies (IgG or IgM)
Medium–high levels (antibodies must be present on two or more
occasions at least 6 weeks apart)

From Wilson WA, Gharavi AE, Koike T, et al. International
consensus statement on preliminary classification criteria for definite
antiphospholipid syndrome: report of an international workshop.
Arthritis Rheum 1999;42:1309.
*A diagnosis of definite antiphospholipid syndrome requires the
presence of at least one of the clinical criteria and one of the
laboratory criteria. No limits are placed on the interval between the
clinical event and the positive laboratory findings.

Table 11.7 Indications for antiphospholipid antibody testing.

Recurrent spontaneous abortion*
Unexplained second- or third-trimester fetal death
Severe preeclampsia before 34 weeks’ gestation
Unexplained venous thrombosis
Unexplained arterial thrombosis
Unexplained stroke
Unexplained transient ischemic attack or amaurosis fugax
Systemic lupus erythematosus or other connective tissue disease
Autoimmune thrombocytopenia
Autoimmune hemolytic anemia
Livedo reticularis
Chorea gravidarum
False-positive serological test for syphilis
Unexplained prolongation in clotting assay
Unexplained severe intrauterine growth retardation

*Three or more spontaneous abortions with no more than one live
birth.
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randomized trial,85 the use of IVIG and heparin was not better
than heparin alone, and cannot be recommended as primary
therapy in the absence of further study because of its extremely
high cost.

Some women with antiphospholipid antibodies have had
successful pregnancies without specific medical treatment, but
there is no way to identify these patients prospectively. At
present, women with APS and a history of second-trimester
fetal death or thrombosis should be considered for heparin or
heparin and low-dose aspirin treatment,76 but the empirical
nature of the treatment should be discussed with the patient.
The treatment of women with recurrent first-trimester mis-
carriage and antiphospholipid antibodies, but no history of
fetal death or thrombosis, is controversial. Results of well-
designed clinical trials are mixed.86–88

Regardless of treatment, one-half of women with APS in one
series developed preeclampsia, with more than one-fourth
having severe preeclampsia.76 Fetal distress requiring delivery
developed in more than one-half of cases, and nearly one-third
of liveborn infants were small for gestational age. More than
one-third of surviving infants were born at, or after, 32 weeks’
gestation. Finally, 5% of pregnancies were complicated by
maternal thrombosis, including one case of stroke. These high-
risk pregnancies demand close maternal and fetal surveillance.

Some investigators have proposed that a subclinical autoim-
mune condition or conditions might be associated with RPL,
and several have found that some women with RPL have
detectable antinuclear antibodies (ANAs). However, the pro-
portion of recurrent unexplained miscarriage patients with
positive ANAs is not statistically different from that of appro-
priate control subjects.89,90 One group found that ANAs
having a titer greater than or equal to 1:80 were more fre-
quent in women with RPL than in normal nonpregnant or
pregnant women.91 Subsequent, untreated pregnancy out-
comes were no different in this subset than in other women

with recurrent miscarriage. Other autoantibodies have also
been associated with miscarriage (including anti-SS-A, thyroid
autoantibodies) and positive results in autoantibody “pro-
files.” However, these studies were not convincing, or they
require confirmation of their significance in women with
recurrent miscarriage. Taken together, the data available at
present do not support testing women with RPL for ANAs or
autoantibodies other than antiphospholipid antibodies.

Thrombophilia
The histological findings of placental infarction, necrosis, and
vascular thrombosis (Fig. 11.4) in some cases of pregnancy
loss associated with antiphospholipid antibodies have led to
the hypothesis that thrombosis in the uteroplacental circula-
tion may lead to placental infarction and fetal death. In turn,
these observations have raised the question as to whether
other thrombophilic defects (Table 11.8) predispose to fetal
loss. Several case series and retrospective studies reported an
association between miscarriage,92 second-trimester pregnancy
loss,93 and stillbirth and deficiencies of the anticoagulant pro-
teins antithrombin III, protein C, and protein S (Fig. 11.5).94

Placental infarction was noted in many of these cases. Recur-
rent pregnancy loss has also been linked to the hypercoagula-
ble state, hyperhomocysteinemia,95 and deficiencies in levels of
activated factor XII (Hageman factor).96

Abnormal factor V resistance to the anticoagulant effects of
activated protein C (APC resistance) has been recognized as
the predominant cause of venous thrombosis and familial
thrombophilia.97 It is usually associated with the factor V
Leiden mutation in the factor V gene, which is present in
approximately 2–8% of the general population in the USA.98

The second most common thrombophilia is the G20210A
mutation in the prothrombin gene, occurring in 2–3% of the
general population.99 Numerous case series and retrospective
cohort–control studies have linked both the factor V Leiden
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Table 11.8 Thrombophilic disorders and risk of pregnancy loss.

Thrombophilic disorder Prevalence in women with Prevalence in control Risk of pregnancy loss (OR)
pregnancy loss (%)* subjects (%)

Factor V Leiden 8–32 1–10 2–5
Acquired APC resistance (without factor V Leiden) 9–38 0–3 3–4
Prothrombin gene mutation 4–13 1–3 2–9
Antithrombin deficiency 0–2 0–1.4 2–5
Protein C deficiency 6 0–2.5 2–3
Protein S deficiency 5–8 0–0.2 3–40
Hyperhomocysteinemia 17–27 5–16 3–7
Homozygous MTHFR C677T† 5–21 4–20 0.4–3‡
Combined thrombophilia 8–25 1–5 5–14

From ref. 100, with permission.
*Variably defined as first or recurrent early and/or late pregnancy loss.
†5,10-methylenetetrahydrofolate reductase (MTHFR).
‡No significant difference in prevalence or risk in the majority of studies.
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Figure 11.4 Placenta demonstrating extensive infarction and vascular thrombosis taken from a pregnancy resulting in second-trimester fetal
death in a patient with antiphospholipid syndrome.
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Figure 11.5 Overview of hemostasis. Antithrombin III (ATIII)
inhibits thrombin and factor Xa, whereas protein C (with protein S
as a cofactor) inactivates factor Va and VIIIa. These proteins all
inhibit thrombus formation and contribute to the maintenance of
vascular patency. ADP, adenosine diphosphate; ADPase, adenosine

diphosphatase; NO, nitric oxide; PGI, prostacyclin. (From Colman
RW, Marder VJ, Salzman EW, Hirsh J. Plasma coagulation factors.
Chapter 1. In: Colman RW et al., eds. Hemostasis and thrombosis:
basic principles and clinical practice, 3rd edn. Philadelphia:
Lippincott, 1994, with permission.)
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and G120210A prothrombin gene mutations to pregnancy
loss.100,101 In most studies, thrombophilias were more strongly
associated with losses after 10 weeks’ gestation as opposed to
anembryonic or embryonic losses. A recent meta-analysis indi-
cated an odds ratio of 2 for “early” and 7.8 for “late” RPL
for women with the factor V Leiden mutation, and an odds
ratio of 2.6 for “early” recurrent fetal loss in those with the
prothrombin gene mutation.101 Protein S deficiency, but not
the methylenetetrahydrofolate mutation associated with
hyperhomocysteinemia, protein C deficiency, or antithrombin
III deficiency were associated with pregnancy loss in the 
meta-analysis.101

It is noteworthy that many heritable thrombophilias are
common in normal individuals without a history of thrombo-
sis or pregnancy loss.100 Thus, although retrospective studies
(and one prospective cohort)102 link thrombophilias to preg-
nancy loss, most individuals with thrombophilias have uncom-
plicated pregnancies. Indeed, two large prospective cohort
studies indicated no association between the factor V Leiden
mutation and heritable thrombophilias, and either pregnancy
loss or obstetric complications characterized by placental
insufficiency.103,104 It is clear that thrombophilia alone is insuf-
ficient to cause pregnancy loss and such individuals without
prior obstetric complications should be reassured.

The association between thrombophilias and pregnancy loss
raises the question as to whether thromboprophylaxis may
improve outcome in subsequent pregnancies. Several uncon-
trolled studies report improved outcome in subsequent 
pregnancies in women with thrombophilias taking thrombo-
prophylactic doses of low-molecular-weight heparin.100 A
recent prospective randomized controlled trial also supports
the efficacy of low-molecular-weight heparin in women with
thrombophilia and prior pregnancy loss.105 Out of 80 women
taking 40mg per day of enoxaparin, 69 (86%) had live births
compared with 23 out of 80 (29%) taking low-dose aspirin.105

These data are compelling, but caution is advised regarding
the evaluation and treatment of thrombophilias in the setting
of RPL. The frequency of thrombophilias in healthy 
people, the excellent outcome in most women with throm-
bophilias, and the side-effects and cost of testing and 
thromboprophylaxis weigh against mass screening and treat-
ment in the absence of additional data from properly designed
studies.

Alloimmune causes
The term alloimmune refers to immunological differences
between individuals of the same species. Allogeneic factors
have been proposed as the cause of otherwise unexplained
RPL, similar to allograft rejection in organ transplantation.
However, there is no direct scientific evidence that alloimmune
factors play a role in human pregnancy loss. This concept led
to the use of immunological treatments for unexplained RPL,
including leukocyte immunization (typically with paternal
leukocytes) and IVIG. Although both treatments are still in
use, randomized controlled trials failed to demonstrate effi-

cacy.106,107 These treatments are expensive, have significant
adverse effects, and are not recommended at present.

Psychotherapy
Several authorities have proposed that psychotherapy or a
program of emotional support and reassurance can improve
pregnancy outcome in women with RPL.108–110 Two studies
reported successful pregnancies in approximately 85% of
women undergoing “tender loving care” compared with only
one-third of control subjects.109,110 Unfortunately, none of
these studies was randomized controlled trials. Nonetheless,
couples are likely to benefit emotionally from additional 
psychological support, as well as medical and ultrasound
examinations.

Unexplained recurrent early pregnancy loss

In as many as 55% of couples with RPL, an evaluation that
includes parental karyotypes, hysterosalpingography or hys-
teroscopy, endometrial biopsy, and antiphospholipid antibody
testing is negative (Fig. 11.6). Given that an alleged alloim-
mune cause for RPL is controversial, a substantial majority
(approximately 50–75%) of couples with RPL have no diag-
nosis. Informative and sympathetic counseling appears to
serve an important role in this frustrating situation. Livebirth
rates ranging from 35% to 85% are commonly reported in
couples with unexplained RPL who undertake an untreated
subsequent pregnancy,108,109,111,112 figures that many couples
view as optimistic. Good pregnancy outcomes may be
achieved using a sympathetic, “tender loving care” approach
in early pregnancy.108–110 Other couples may want to consider
the experimental therapies outlined above.
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LPD

APS

Unexplained

Genetic

Uterine
abnormalities

Figure 11.6 Causes of recurrent pregnancy loss in 310 women
evaluated at the University of Utah. Luteal phase defect (LPD)
caused 16% of losses, uterine abnormalities caused 15%, genetic
abnormalities caused 5.5%, antiphospholipid syndrome (APS)
caused 13%, and 57.5% were unexplained. Seven percent of
women with “explained” recurrent pregnancy loss had more than
one diagnosis.
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Table 11.9 Suggested routine evaluation for recurrent early
pregnancy loss.

History
Pattern and trimester of pregnancy losses and whether a live

embryo or fetus was present
Exposure to environmental toxins or drugs
Known gynecologic or obstetric infections
Clinical features associated with antiphospholipid syndrome
Genetic relationship between reproductive partners (consanguinity)
Family history of recurrent miscarriage or syndrome associated with

embryonic or fetal loss
Previous diagnostic tests and treatments

Physical
General physical examination
Examination of vagina, cervix, and uterus

Tests
Hysterosalpingogram or sonohysterogram
Luteal phase endometrial biopsy; repeat in the next cycle if

abnormal
Parental karyotypes
Lupus anticoagulant and anticardiolipin antibodies
Factor V Leiden mutation
Prothrombin G20210A mutation
Other laboratory tests suggested by history and physical

examination

Conclusions and recommendations

Recurrent pregnancy loss is often a frustrating clinical
problem for patients and physicians. Of the known or sus-
pected causes, only parental karyotype abnormalities, APS,
uterine malformations, and cervical incompetence are widely
accepted. Except for the use of heparin and low-dose aspirin
for the treatment of APS, none of the treatments for RPL has
been established as efficacious by properly designed studies. A
suggested routine for the evaluation of recurrent early preg-
nancy loss is shown in Table 11.9.

Key points

1 Pregnancy loss is the most common obstetric
complication, affecting up to 25% of women
attempting pregnancy.

2 In total, 10–14% of clinically recognized pregnancies
result in losses.

3 Losses before 20 weeks’ gestation are referred to as
abortions.

4 In utero death after 20 weeks’ gestation is referred to
as stillbirth.

5 Pre-embryonic losses occur before 6 weeks’ gestation.
There is an “empty sac” without a discernible embryo.
This has previously been referred to as a “blighted
ovum.”

6 Embryonic losses occur between 6 and 10 weeks’
gestation. An embryo without cardiac activity is noted
on a sonogram.

7 Spontaneous pregnancy loss is biphasic in distribution.
Most occur before 10 weeks’ gestation. The second
most common time for pregnancy loss is between 14
and 20 weeks’ gestation.

8 Approximately 50% of sporadic spontaneous abortions
have abnormal karyotypes.

9 The most common abnormal karyotypes in abortus
specimens are autosomal trisomies.

10 The most common trisomy in abortus specimens is
trisomy 16.

11 Abnormal karyotypes are more common in pregnancy
losses occurring early in gestation.

12 Diabetes and thyroid disease may cause pregnancy loss
but it is almost always in women with clinically
apparent disease. Routine evaluation for diabetes and
thyroid disease is not advised.

13 A variety of infections are rare causes of 
pregnancy loss. Routine evaluation for infection is not
advised.

14 The risk of pregnancy loss is increased in women over
35 years of age and in those with two or more
previous losses.

15 The causes of fetal death differ from those of
spontaneous abortion.

16 Most cases of spontaneous abortion do not require
evaluation.

17 Evaluation for possible etiologies should be offered to
all women with fetal death.
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Incidence

Ectopic pregnancy, i.e., implantation of a fertilized ovum
outside the uterus (Fig. 12.1), is a major health problem for
women of reproductive age and is the leading cause of preg-
nancy-related death during the first 20 weeks of pregnancy.1

Accurate diagnosis and treatment of ectopic pregnancy
decreases the risk of death and optimizes subsequent fertility.
A significant increase in the number of cases of ectopic preg-
nancy has occurred in the USA during the past two decades.2

In 1970, the rate was 4.5 per 1000 reported pregnancies,
whereas in 1992, it was approximately 20 per 1000 pregnan-
cies.2 Importantly, ectopic pregnancy accounted for around
9% of all pregnancy-related deaths. The incidence of ectopic
pregnancy is higher for nonwhite women and this discrepancy
increases with age. Available data do not include pregnancies
managed in outpatient settings and therefore its true incidence
is most likely underestimated.

Etiology

The most common denominator is tubal obstruction and
injury. Previous pelvic inflammatory disease, especially when
caused by Chlamydia trachomatis, is a major risk factor for
ectopic pregnancy.3 The adjusted odds ratio (OR) for previous
pelvic infectious disease was recently found to be 3.4 (95%
confidence interval, CI: 2.4–5.0).4 Other factors associated
with an increased risk of ectopic pregnancy include prior
ectopic pregnancy (which increases the risk for subsequent
ectopic pregnancy 10-fold), a history of infertility (and specif-
ically in vitro fertilization), cigarette smoking (causing alter-
ations in tubal motility and ciliary activity), prior tubal
surgery, diethylstilbestrol exposure (which alters fallopian
tube morphology), and advanced maternal age.

Controversy exists regarding the association between
ectopic pregnancy and medical abortions. Whereas Bouyer
and coauthors4 found previous, medically induced abortions

to be associated with an increased risk of ectopic pregnancy
(adjusted OR = 2.8, 95% CI: 1.1–7.2), no such association
was observed by Shannon and coauthors5 who searched
MEDLINE for articles on medical abortion regimens.

Intrauterine contraceptive devices (IUDs), progesterone-
only contraceptives, and sterilization protect women against
developing an ectopic pregnancy.6–8 Nevertheless, if a woman
who has been sterilized or who is a current user of an IUD or
progesterone-only contraceptive becomes pregnant, her risk
for an ectopic pregnancy is increased six- to 10-fold, as these
methods of contraception provide greater protection against
intrauterine pregnancy than against ectopic pregnancy.6–8 The
first 2 years after sterilization carry the greatest risk of 
pregnancy in general and ectopic pregnancy in particular.9

Sterilization reversal also increases the risk of ectopic 
pregnancy owing to possible obstruction and abnormal tube
anatomy.

The risk of ectopic pregnancy is increased among women
who are undergoing assisted reproductive technology and,
specifically, in vitro fertilization (IVF). The risk is particularly
high for women with underlying tubal disease. Hormonal
alterations during ovulation induction can cause alterations in
tubal function and peristalsis.10 Other possible explanations
include placement of the embryo in embryo transfer high in
the uterine cavity (deep fundal transfer), and fluid reflux into
the tubes.11

Other less common causes of ectopic pregnancy include
salpingitis isthmica nodosa (anatomic thickening of the fal-
lopian tube with epithelium leading to multiple lumen diver-
ticula), and possibly vaginal douching and multiple sexual
partners (both leading to a higher risk of pelvic infections).12,13

Signs and symptoms

Clinical manifestations of ectopic pregnancy are varied and
depend on whether rupture has occurred. The classic symptom
triad of ectopic pregnancy includes amenorrhea, irregular
bleeding, and lower abdominal pain. However, it is present in

12 Ectopic and heterotopic pregnancies
Arnon Wiznitzer and Eyal Sheiner
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only one-half of patients and most commonly when rupture
has occurred.14 The most common complaint is sudden severe
abdominal pain, which is present in more than 90% of
patients.

Any physical examination should include measurements of
vital signs. Abdominal and pelvic tenderness, especially cervi-
cal motion tenderness, is common when rupture has occurred
(and present in approximately 75% of patients). However,
pelvic examination before rupture is usually nonspecific, and
a palpable pelvic mass on bimanual examination is established
in less than one-half of cases.14 The accuracy of the initial clin-
ical evaluation before rupture is less than 50%, and additional
tests are required in order to differentiate ectopic pregnancy
from early intrauterine pregnancy (Fig. 12.2).

Laboratory assessment

β-Human chorionic gonadotropin measurements

The first stage in the evaluation of women with a suspected
ectopic pregnancy is to determine if the patient is pregnant.
The β-human chorionic gonadotropin (β-hCG) enzyme
immunoassay, with a sensitivity of 25mIU/mL, is an accurate
screening test and is positive in virtually all cases of ectopic
pregnancy.15

The levels of β-hCG increase during gestation and reach 
a peak of approximately 100000mIU/mL at 6–10 weeks; 
they then decrease and remain stable at approximately
20000mIU/mL.16 Many studies have evaluated the increase of
β-hCG in normal and abnormal pregnancies. The level of β-
hCG in normal pregnancies doubles every 2 days (48h), and
thus, at present, clinicians rely on a normal “doubling time”
to characterize a viable gestation. A 66% rise in the β-hCG

level over 48h represents the lower limit of normal values for
a viable intrauterine pregnancy.15 Indeed, there is a consensus
that the predictable rise in serial β-hCG values in a viable preg-
nancy is different from the slow rise or plateau of an ectopic
pregnancy.15–20 However, Barnhart and coauthors16 recently
showed a slower rise in serial β-hCG values for women with
viable intrauterine pregnancies. The slowest rise for a normal
viable intrauterine pregnancy was 24% at 1 day and 53% 
at 2 days. Approximately 15% of normal pregnancies are
associated with a less than 66% increase in β-hCG, and 17%
of ectopic pregnancies have normal doubling times.15 Thus,
limitations of serial β-hCG testing include its inability to dis-
tinguish a failing intrauterine pregnancy from an ectopic preg-
nancy and the inherent 48-h delay. As there is no definitive
laboratory level of β-hCG permitting distinction between an
ectopic pregnancy and an intrauterine pregnancy, a more con-
servative approach toward interventions in abnormal preg-
nancies is mandatory.16

Serial β-hCG levels are usually required when the initial
ultrasound performed fails to demonstrate either intra- or
extrauterine pregnancy. At β-hCG levels of approximately
2000mIU/mL, a viable intrauterine pregnancy should be seen
by vaginal ultrasound.21 If the β-hCG values fail to decline by
15% after uterine curettage for suspected nonviable intrauter-
ine pregnancy, the possibility of ectopic pregnancy should be
kept in mind and treatment may be indicated.22

Serum progesterone

Measurement of serum progesterone levels has been shown to
be useful in evaluating the chances of early pregnancy
failure.23–25 Serum progesterone levels increase during preg-
nancy.26 A baseline serum progesterone level of <20nmol/L

BLADDER

UTERUS

Figure 12.1 Ultrasound image of a well-defined
ectopic pregnancy (cornual pregnancy of 15
weeks’ gestation).
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Figure 12.2 Diagnostic management of ectopic pregnancy.
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can be used to identify abnormal pregnancy (either intra- or
extrauterine) with a positive predictive value (PPV) of ≥95%.24

Of pregnant patients with serum progesterone values of
< 5nmol/L, 85% have spontaneous abortions, 0.16% have
viable intrauterine pregnancies, and 14% have ectopic preg-
nancies.27 Most ectopic pregnancies are associated with serum
progesterone levels that are lower than 20nmol/L.28 On the
contrary, the chances of an ectopic pregnancy in patients with
serum progesterone levels of 20nmol/L and above are less
than 5%.

However, serum progesterone levels cannot distinguish
ectopic pregnancy from spontaneous abortion.25 Thus, prog-
esterone levels at defined times can be used to predict the
immediate viability of a pregnancy, but cannot be used reli-
ably to predict its location.23

Ultrasonography

The best diagnosis of ectopic pregnancy is based on the posi-
tive visualization of an extrauterine pregnancy (Fig. 12.1) but
it is not seen in all cases. Approximately 90% of ectopic preg-
nancy may be visualized using transvaginal sonography within
5 weeks of the last menstrual period.29–31

A viable intrauterine pregnancy should be seen by trans-
vaginal ultrasound21,32 at β-hCG levels of between 1000 and
2000mIU/mL or at 5.5 weeks’ gestation, as the sensitivity of
ultrasound to detect a normally developing intrauterine preg-
nancy approaches almost 100%.21,32–34 When the β-hCG 
level exceeds the transvaginal discriminatory zone (1000–
2000mIU/mL of β-hCG), the absence of an intrauterine 
gestational sac is suggestive of ectopic pregnancy, but the dif-
ferential diagnosis includes failed intrauterine pregnancy. The
reported sensitivity of transvaginal ultrasonography for iden-
tifying ectopic pregnancy ranges from 20.1% to 84% with a
specificity of 98.9–100%.35 The combination of positive β-
hCG and transvaginal ultrasound has a PPV of 95% for an
ectopic pregnancy.36

If an intrauterine pregnancy is detected, this is taken to
exclude a diagnosis of ectopic pregnancy because coexistent
intra- and extrauterine pregnancies (heterotopic) following
spontaneous cycles are rare, with an estimated incidence of 1
in 30000 normal pregnancies.1 However, the incidence of 
heterotopic pregnancy is increased by the use of assisted 
reproductive technology, with an incidence of up to 1 in 100
normal pregnancies.37

The early sonographic appearance of a normal gestational
sac is characterized by the double decidual sac sign, i.e., two
concentric echogenic rings separated by a hypoechogenic
space. The double sac is believed to be the decidua capsularis
and decidua parietalis. The double decidual sign is useful to
the physician for early diagnosis of intrauterine pregnancy and
for the exclusion of ectopic pregnancy. Chiang and coau-
thors38 found recently that the sensitivity of the diagnosis of
intrauterine pregnancy based on the decidual sign increased

when β-hCG levels were equal to or greater than
2000mIU/mL or the mean sac diameter was equal to or
greater than 3 mm. However, the appearance of an intrauter-
ine sac can be seen in some cases of ectopic pregnancy owing
to intrauterine fluid or blood collection, i.e., a pseudosac. A
pseudosac is a uterine sac without a double decidual ring or
a yolk sac. Indeed, the report of a pseudosac is significantly
associated with a false-positive diagnosis of ectopic preg-
nancy.39 Ahmed and coauthors39 concluded that a diagnosis of
pseudosac should not be interpreted as indicative of an ectopic
pregnancy as radiological differentiation between an early
intrauterine pregnancy failure and an ectopic pregnancy is not
possible. Color flow Doppler may aid in the differentiation
between a pseudosac and a normal intrauterine sac; however,
it requires advanced technical skills.40–42

Dilation and curettage

When serial β-hCG levels do not rise or fall appropriately, an
abnormal gestation exists. When the pregnancy has been con-
firmed to be nonviable and when ultrasound is not sufficient,
a uterine dilation and curettage can be performed to distin-
guish between an ectopic pregnancy and a miscarriage.22,43–45

Once tissue is obtained by curettage, it can be added to saline
in order to investigate if it floats. Because floating of the mate-
rial is not 100% accurate, histological verification (frozen
section is possible) or serial β-hCG measurements are needed.
Visualization of villi in the tissue obtained indicates the occur-
rence of spontaneous intrauterine abortion. The absence of
chorionic villi in the curettage specimen indicates the possi-
bility of an ectopic pregnancy. However, a decrease in β-hCG
levels of 15% or more, 12h after the curettage, indicates a
complete abortion. A plateau or a rise in the β-hCG levels is
diagnostic for ectopic pregnancy. Once the possibility of an
abortion is excluded, medical or surgical treatment for ectopic
pregnancy is pursued.22,43–46

Culdocentesis

Culdocentesis was used as a diagnostic technique for ectopic
pregnancy before the widespread availability of the vaginal
ultrasound and β-hCG assay. Culdocentesis is positive in
around 80% of women with ectopic pregnancy who have
hemoperitoneum. In the remaining 20% of cases, the results
are nondiagnostic. A nondiagnostic finding cannot be used to
exclude ectopic pregnancy, and the test alters management
only when it is positive. Thus, it is rarely indicated and is per-
formed only in places where facilities for pregnancy testing
and ultrasound are limited.47
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Treatment of ectopic pregnancy

The minority of patients with ectopic pregnancy (less than
10%) present with a surgical abdomen and signs of hypo-
volemia and shock.48 They present no diagnostic problem and
require no specific intervention besides fluid and blood resus-
citation, and immediate operation. Delayed hospital admis-
sion and treatment leads to maternal mortality. Indeed, in
developing countries, maternal mortality was almost 1%
during the year 2000,49 approximately 100 times higher than
that reported in industrialized countries.50,51 Cases of ectopic
pregnancy can be treated by medical (methotrexate), surgical
(laparoscopy or laparotomy), or even expectant management
alone (Fig 12.3). The choice depends on the medical condi-
tion, available resources, and the site of ectopic pregnancy
involved.

Surgical treatment

Laparoscopy versus laparotomy
The standard operative procedure for the treatment of 
ectopic pregnancy in the developed world is laparoscopy 
(Fig. 12.4). Almost all tubal pregnancies in hemodynamically
stable women can be removed laparoscopically, without the
need for laparotomy. The excellent benefits of laparoscopic
treatment include less blood loss, less analgesia, less postop-
erative pain, shorter recovery period, and decreased hospital
costs.52–55

The laparoscopic treatment of ectopic pregnancy and
mainly tubal pregnancies has proven to be safe, but not
entirely complication free.56–60 In a recent meta-analysis, the
average laparoscopy resolution rate was above 90%, with an
average rate of 2% for intraoperative complications and 9%
for postoperative complications.61

Because of lower peri- and postoperative morbidity, lower
cost, and equivalent efficacy, laparoscopy is preferred to
laparotomy for the treatment of ectopic pregnancy. The only
absolute contraindication for laparoscopy is shock or hemo-
dynamic instability.48,52,55

Salpingectomy, salpingotomy, salpingostomy, and milking
The most commonly performed procedures (by either
laparoscopy or laparotomy) are radical salpingectomy
(removal of the affected tube – Fig. 12.5), or salpingotomy
(tubotomy that is closed) and salpingostomy (tubotomy that
is left open) that preserve the tube. Salpingectomy is preferred
in cases of ruptured ectopic pregnancy with uncontrolled
bleeding, extensive tubal damage, recurrent ectopic pregnancy
in the same tube, and sterilization.62 Higher rates of intrauter-
ine pregnancy have been reported following conservative
surgery than with radical surgery.63 Thus, salpingectomy for

Ectopic 
pregnancy

Conservative Surgical

Expectant
management

Laparotomy LaparoscopyMethotrexate
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compliance 

Declining 
β-hCG levels 

Preferred:

Mass < 3.5 cm

No embryonic 
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hemodynamic 
instability 

Hemodynamic 
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Figure 12.3 Treatment of ectopic
pregnancy.

Figure 12.4 Laparoscopy picture of tubal ectopic pregnancy.
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an unruptured ectopic pregnancy is rarely performed and
linear salpingostomy is the procedure of choice. Moreover,
linear salpingostomy was found to be as effective as segmen-
tal resection with reanastomosis, and is technically easier with
a shorter operative time. The ectopic pregnancy is removed
through a linear incision of 10–15mm made into the tube on
its antimesenteric border. The products will extrude from the
incision and can be flushed out and evacuated. Both livebirth
rates and recurrent ectopic pregnancy rates after a tubotomy
were similar, regardless of whether the incision was closed
(salpingotomy) or left open to heal by secondary intension
(salpingostomy).55,64 Because no differences in prognosis with
or without suturing were found, laparoscopic salpingostomy
is the preferred surgical procedure for an unruptured ectopic
pregnancy.55

Manual expression or milking of the tube in order to effect
a tubal abortion is possible only in cases of fimbrial pregnancy.
The present consensus among tubal surgeons is that milking
should be abandoned as it is associated with an inordinately
high recurrent rate of ectopic pregnancies, regardless of
whether the procedure is performed by laparoscopy or laparo-
tomy.65

Medical treatment with methotrexate

Methotrexate is a folinic acid antagonist that inactivates dihy-
drofolate reductase resulting in the depletion of tetrahydrofo-
late, a cofactor essential for deoxyribonucleic acid and
ribonucleic acid synthesis. It thus interferes with DNA syn-
thesis, repair, and cellular replication.66 Actively proliferating
tissue, such as trophoblast cells of an ectopic pregnancy, is
generally more sensitive to these effects of methotrexate.66 In
a meta-analysis study,61 methotrexate was proven to be a cost-
saving treatment for ectopic pregnancy, which is nonsurgical

and spares the fallopian tube. Moreover, receiving methotrex-
ate treatment does not subject patients to surgical intervention
and the possible associated complications. Thus, at present,
methotrexate is considered to be the treatment of choice for
ectopic pregnancy.1

Candidates for medical therapy
Hemodynamically stable patients without active bleeding 
or signs of hemoperitoneum are candidates for medical
therapy1,67 and they should comply with follow-up care. 
Contraindications for methotrexate treatments are summa-
rized in Table 12.1. Absolute contraindications to medical
therapy include breastfeeding, immunodeficiency, alcoholism,
hepatic/pulmonary/renal/hematological dysfunction, known
sensitivity to methotrexate, blood dyscrasias, or peptic ulcer
disease.1 Relative contraindications for methotrexate treat-
ments include embryonic cardiac activity and a gestational sac
of 3.5 cm or more.1

Figure 12.5 Radical salpingectomy (removal of the affected tube)
for ruptured ectopic pregnancy.

Table 12.1 Relative and absolute contraindications for
methotrexate treatment.

Absolute contraindications Relative contraindications

Shock, hemodynamic instability Embryonic cardiac activity 
Known sensitivity to methotrexate Gestational sac of 3.5 cm or 
Breastfeeding more
Immunodeficiency
Alcoholism
Hepatic, pulmonary, renal, or 

hematological dysfunction 
Blood dyscrasias
Peptic ulcer disease
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Because of its potential toxicity, patients receiving
methotrexate should be followed up carefully. Patients using
this drug should be aware of the potential side-effects and
signs of toxicity. During treatment, patients should be coun-
seled to promptly report any signs and symptoms associated
with tubal rupture such as abdominal pain, dizziness, weak-
ness, and syncope. Sexual intercourse, alcohol use, and 
nonsteroidal anti-inflammatory drugs, as well as folic acid
supplements and prenatal vitamins, are prohibited until serum
β-hCG is undetectable.1

It is clear that the main factor in successful medical treat-
ment is rigorous patient selection. Several parameters aimed
at the suitable choice of patients have already been assessed,
such as the presence of fetal cardiac activity, size of the ectopic
pregnancy, initial levels of β-hCG, and endometrial thick-
ness.68–70 Interestingly, a history of previous ectopic pregnancy
was found to be another independent risk factor for
methotrexate failure.71,72

Treatment protocols
Presently, there are two commonly used protocols for the
administration of methotrexate in the treatment of an ectopic
pregnancy. Most commonly, methotrexate can be adminis-
tered using a single-dose method, based on 50mg/m2 of body
surface area, without the need for leucovorin rescue. Other-
wise, methotrexate can be given using a multidose regimen of
1mg/kg intramuscularly, alternating with 0.1mg/kg of leu-
covorin intramuscularly, for up to four daily doses of each
drug.67,73 Both protocols have been demonstrated to have good
success rates in the treatment of ectopic pregnancy.73–80 The
single-dose protocol is easier to administer and monitor, and
results in fewer side-effects.81 However, a recent systematic
meta-analysis of the published literature comparing the two
regimens found that the single protocol was associated with 
a higher failure rate. The crude OR was 1.7 (95% CI:
1.04–2.82), and the OR adjusted for β-hCG values and for
the presence of embryonic cardiac activity was 4.7 (95% CI:
1.77–12.62).81

Direct injection of methotrexate has lower efficacy than sys-
temic administration, and is not considered as a therapeutic
alternative for ectopic pregnancy.82

Monitoring efficacy of therapy
The overall success rate of methotrexate treatments is almost
90%.61,73,81 Before treatment with methotrexate, blood analy-
sis is required to establish baseline laboratory values for β-
hCG and for renal, liver, and bone marrow function. Blood
type should be determined because all patients with ectopic
pregnancy who are Rh negative require 50µg of Rh(D)
immunoglobulin.

During treatment, outpatient observation is preferred for 
its cost-effectiveness and for patients’ convenience. However,
if there is any question of safety, hospitalization is mandatory.
Patient monitoring continues until β-hCG levels are nonde-
tectable. It usually takes a month or longer until β-hCG 

levels disappear from plasma.73,83–87 With the single-dose 
treatment, levels of β-hCG generally increase during the first
week after treatment and peak 4 days following injection.1

Levels should decline 1 week after injection.73 If a response is
observed and the fall in β-hCG levels is greater than 15%,
weekly serum β-hCG determinations should be measured until
undetectable β-hCG levels are documented. Failure of the β-
hCG level to decline requires a second dose of methotrex-
ate.73,83,88 An additional dose of methotrexate may also be
given if β-hCG levels plateau or increase in 1 week.73,85,86

Ultrasound examination may be repeated to evaluate signifi-
cant changes in clinical status, such as increased pelvic 
pain, bleeding, or inadequate decline of β-hCG levels.73,84–87

Persistent ectopic mass or hemoperitoneum may lead to
surgery.

Side-effects
Methotrexate has the potential for serious toxicity and,
indeed, high doses can cause bone marrow suppression, hepa-
totoxicity, stomatitis, pulmonary fibrosis, alopecia, and pho-
tosensitivity.89,90 Toxic effects are usually related to the amount
and duration of therapy. Nevertheless, most side-effects during
regular treatment for ectopic pregnancy are minor and self-
limited, and generally limited to an increase in hepatic
transaminases, mild stomatitis, and gastrointestinal distur-
bances.81,83–87 This is probably due to the lower dosage and
shortened duration of treatment compared with dosages used
in treating malignancies. Undoubtedly, the use of the single-
dose protocol is associated with fewer side-effects than the
multidose regimen.81

One of the known problematic side-effects of methotrexate
treatment is acute abdominal pain which can be difficult to
distinguish from the intra-abdominal hemorrhage of a tubal
rupture.81,84,85 Thus, patients should be counseled regarding
this possible side-effect and the continuing risk of tubal
rupture during treatment. In such cases, hospitalization is fre-
quently needed for careful surveillance. Interestingly, the pres-
ence of side-effects was recently found to be associated with
higher rates of resolution of the ectopic pregnancy without
surgical intervention.81

Reproductive outcome after methotrexate treatment
Recently, Gervaise and coauthors91 found that within 1 year
of seeking to become pregnant, 57.5% of women previously
treated with methotrexate for ectopic pregnancy conceived
and had ongoing pregnancies. The cumulative intrauterine
pregnancy rate was 66.9% after 2 years. The cumulative
ectopic pregnancy rate was 15.4% after 1 year and 23.7%
after 2 years.91 Higher conception rates of 79.6%, with a mean
time to conception of 3.2 months, were also documented,10

with 12.8% of the conceptions being recurrent ectopic preg-
nancies. Similarly, when investigating reproductive outcome
following laparoscopic treatment, the intrauterine pregnancy
rate was 54% with a recurrent ectopic pregnancy rate of
13%.92 It seems that fertility depends more on the patients’
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previous medical history (i.e., a history of infertility) than on
her treatment for ectopic pregnancy.91

Expectant management

For years, gynecologists have stressed the need for early diag-
nosis and treatment of ectopic pregnancy in order to reduce
morbidity and mortality. However, some patients experience
spontaneous resolution of their ectopic pregnancy and in such
patients, an expectant management is optional in order to
avoid unnecessary treatment. After clear demonstrations that
select cases of ectopic pregnancy resolve without therapy,
several studies of patients with ectopic pregnancy have been
conducted with consistent, reassuring results.93–95 Candidates
for successful expectant management must be asymptomatic
with a clear indication of resolution (generally manifested by
declining levels of β-hCG). In addition, they should be willing
to accept the potential risks of tubal rupture and hemorrhage.1

Certainly, fetal cardiac activity, adnexal mass of greater than
4cm, and β-hCG levels greater than 2000mIU/mL are con-
sidered to be contraindications for expectant management.
Patients with early, small tubal gestations with lower (β-hCG
< 200mIU/mL) and falling β-hCG levels are the best candi-
dates for expectant management.1

A serum β-hCG of less than 1000mIU/mL, accompanied 
by a small adnexal mass (<4cm), predicts spontaneous 
resolution in 75% of cases, whereas falling levels of β-hCG
predict resolution in around 90% of ectopic pregnancies.93,94

However, failure of β-hCG levels to decline and suspected
tubal rupture due to abdominal pain warrant immediate 
intervention and abandonment of the expectant 
management.

Recently, Elson and coauthors96 have conducted a prospec-
tive observational study in which clinically stable women with
nonviable pregnancies and no signs of hematoperitoneum
were managed expectantly, on an outpatient basis, until their
serum β-hCG declined to <20mIU/mL. Women who devel-
oped pelvic pain and those with nondeclining serum β-hCG
levels were offered surgery. A total of 107 out of 179 (59.8%)
tubal ectopic pregnancies were considered to be suitable for
expectant management. Ectopic pregnancy resolved sponta-
neously in 75 out of 107 (70%) women. Initial serum β-hCG
level was the best predictor for the successful outcome of
expectant management.96

Persistent ectopic pregnancy

Incomplete removal of trophoblastic tissue after conservative
surgery leads to persistent ectopic pregnancy. Several studies
have reported a higher incidence of persistent ectopic preg-
nancy after laparoscopic surgery than after laparotomy.97–101

The reported frequency of persistant ectopic pregnancy 
following conservative laparoscopic surgery varied between
5% and 15% of cases.102–105

Management includes methotrexate treatment or sometimes
further surgery. Hoppe and coauthors102 successfully treated
all patients with persistent ectopic pregnancy with a single-
dose systemic administration of methotrexate. In an attempt
to define patients at increased risk of having persistent ectopic
pregnancy, β-hCG levels as well as the size of the ectopic preg-
nancy have been suggested as possible markers. Interestingly,
women with a small ectopic pregnancy size (of 8 mm or less),
detected by preoperative ultrasound, were at an increased risk
for residual tissue.106,107

Heterotopic pregnancy

Incidence

Coexistent intrauterine and extrauterine pregnancies are
referred to as a heterotopic pregnancy.108 The occurrence of a
heterotopic pregnancy following spontaneous cycles is rare,
with an estimated incidence of 1 in 30000  normal pregnan-
cies.1 It was calculated by multiplying the rate of ectopic preg-
nancy (0.37%) by that of dizygous twinning (0.8%), thus
producing a hypothetical approximation. However, the inci-
dence is increased to around 1% by the use of assisted repro-
ductive technology.37 It is particularly high among women
who are undergoing ovulation induction with gonadotropins,
and among women undergoing in vitro fertilization, as it has
become standard practice to transfer at least two embryos.109

Clinical features

Heterotopic pregnancy poses a diagnostic dilemma. Serial β-
hCG levels are not helpful because of the intrauterine preg-
nancy. Routine ultrasound detects only one-half of cases; in
cases of viable intrauterine pregnancy, it is more likely that the
intrauterine pregnancy will be detected in the course of
workup and the ectopic pregnancy dismissed. In cases of non-
viable intrauterine pregnancy, the presence of chorionic villi
in the curettage specimen serves consistently to delay the
correct diagnosis. Indeed, 50% of patients suffer from late
diagnosis and arrive at hospital after rupture.110 There are no
specific features to guide the physician to make an accurate,
early diagnosis of heterotopic pregnancy other than a general
awareness of such a possibility. This is particularly important
in cases of abdominal pain and tenderness accompanying
normal intrauterine pregnancy, or following uterine curettage
for a nonviable intrauterine pregnancy among patients who
conceived following assisted reproductive technology. Also, in
cases of persistent or rising β-hCG levels following uterine
curettage for a nonviable intrauterine pregnancy, the possibil-
ity of heterotopic pregnancy should be considered.

Reece and associates108 performed a review on combined
intrauterine and extrauterine pregnancies, which included 589
cases. Approximately 94% were tubal and the rest were
ovarian pregnancies. However, combined intrauterine and 
cervical pregnancies from in vitro fertilization and embryo
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transfer were also reported.111,112 Abdominal pain was found
to be the most frequent presenting symptom occurring in more
than 80% of patients.108 A combination of symptoms includ-
ing abdominal pain, adnexal mass, peritoneal irritation, and
an enlarged uterus was the most significant finding in support
of a diagnosis of heterotopic pregnancy.

Treatment of heterotopic pregnancy

Treatment consists of removal of the ectopic pregnancy by
surgery, and avoidance of intrauterine instrumentation 
and systemic methotrexate treatment in cases when the preg-
nancy is desirable (especially following assisted reproductive
technology). In hemodynamically unstable patients, an explo-
rative laparotomy is necessary. Expectant management is
problematic as β-hCG levels cannot be monitored effectively
owing to the intrauterine pregnancy. The prognosis for the
intrauterine pregnancy is excellent, and the majority are
carried to term.113

Treatment is complex in cases of heterotopic cervical preg-
nancy accompanied by a desirable intrauterine pregnancy. In
such cases, hysteroscopic resection of the cervical gestation sac
has been tried and the intrauterine pregnancy continued
uneventfully until term.114 The use of cervical Shirodker cer-
clage as an elective procedure for the management of a het-
erotopic cervical pregnancy with intrauterine pregnancy has
also been described.115 It resulted in a normal, uneventful term
vaginal delivery. Local injection of KCl has been considered
as an alternative to methotrexate to avoid exposure of the
coexisting intrauterine pregnancy to chemotherapeutic agents.

In most reported cases, the intrauterine pregnancy was pre-
served leading to delivery of liveborn infants.116–118

Nontubal ectopic pregnancy

The most common site of ectopic pregnancy implantation is
the fallopian tubes, accounting for around 98% of all ectopic
pregnancies. The majority of ectopic pregnancies are in the
ampullary part of the fallopian tube (79.6%), with 12.3% in
the isthmus, 6.2% in the fimbria, and 1.9% in the interstitial
part. However, in rare cases implantation can occur in other
ectopic sites, including the ovary, uterine cervix, and abdomen
(Fig. 12.6).

Interstitial (cornual) pregnancy

The interstitial part of the fallopian tube is the proximal
portion that lies within the muscular wall of the uterus. Inter-
stitial implantation of the blastocyst is the rarest form (1.9%)
of tubal ectopic pregnancy.119 Late diagnosis and treatment are
the main contributing factors to the poor outcome tradition-
ally linked to these ectopic pregnancies.120,121 The mortality
rate of interstitial pregnancy is about twice that of other
ectopic pregnancies.

There are some unique signs in a sonogram that character-
ize an interstitial ectopic pregnancy. They include the follow-
ing: an empty uterine cavity with an eccentrically located or a
lateral gestational sac, the presence of myometrium between
the sac and the uterine cavity, the gestational sac covered with

Figure 12.6 Sites of ectopic pregnancy.
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thin myometrial fold, and no visible sac above the level of the
internal os.122 Recently, Tulandi and Al-Jaroudi123 summarized
32 cases of interstitial pregnancies reported to the registry of
the Society of Reproductive Surgeons and found ultrasound
diagnosis of interstitial pregnancy to be accurate in 71.4% of
cases, thus allowing conservative treatment.

Important risk factors for interstitial pregnancy include pre-
vious ectopic pregnancy (40.6%), ipsilateral salpingectomy
(37.5%), in vitro fertilization (34.4%), sexually transmitted
disease (25.0%), and ovulation induction (3.1%).123

The traditional treatment of interstitial pregnancy was hys-
terectomy or cornual resection by laparotomy.120 These
patients tend to present later in gestation than other tubal
pregnancies mainly because the myometrium (cornual part) is
more distensible than the fallopian tube (Figs 12.1 and 12.7).
However, the progress in diagnostic techniques has led
towards conservative management with methotrexate, laparo-
scopic treatment including cornual resection, cornuostomy,
salpingostomy or salpingectomy, and even hysteroscopic
removal.123–127 However, if uncontrolled hemorrhage occurs,
hysterectomy might be the preferred treatment.120

Abdominal ectopic pregnancy

Abdominal pregnancy occurs in approximately 1 in 8000
normal births and represents 1.4% of ectopic pregnancies.110

The prognosis is generally poor, with an estimated maternal
mortality of 5.1 per 1000 cases (7.7 times higher than other
ectopic pregnancies).128

Abdominal pregnancies are classified as primary (primary
peritoneal implantation) or secondary reimplantation. The
latter are more common, resulting from tubal abortion or
rupture. Distinction between the two is problematic but treat-

ment is given according to the clinical presentation. Diagno-
sis is best made by ultrasound.

The incidence of abdominal pregnancy is increased follow-
ing in vitro fertilization, induced abortions, recurrent pelvic
infections, previous ectopic pregnancy, and endometrio-
sis.129,130 There are several reports on abdominal pregnancies
reaching near term and their viability. In such cases the sur-
vival of the newborns is above 60%, although these pregnan-
cies are associated with a high rate of congenital anomalies
(20–40%).131 Such anomalies, attributed to oligohydramnios,
include bone and joint deformities, and central nervous system
and skull anomalies,.

Laparotomy was considered to be the treatment of choice
with removal of the pregnancy, with or without (if impossi-
ble) the placenta.132,133 The placenta can be detached if its vas-
cular supply can be recognized and ligated. If the vascular
supply cannot be identified, the cord is ligated and the 
placenta is left. In cases where the placenta was left in place,
complications such as sepsis, abscess formation, hemorrhage,
and intestinal obstruction were noted.131 However, although
removal of the placenta may reduce morbidity, it is associated
with a high risk of hemorrhage and subsequent visceral
damage.132 Thus, alternative regimens, including the use of
methotrexate or selective embolization of the vessels feeding
the placenta prior to definitive surgery, have been successfully
tried.134–137 Laparoscopic management of an early primary
abdominal pregnancy has also been reported.138

Ovarian pregnancy

Ovarian pregnancy is an infrequent variant of ectopic preg-
nancy with an incidence of 0.5–3% of all ectopic pregnan-
cies.139–143 It is likely, however, that the frequency is

Figure 12.7 Cornual pregnancy of 15
weeks’ gestation, after corneal resection.
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underestimated as some of the suspected tubal pregnancies
that were treated conservatively with methotrexate were in
fact early ovarian pregnancies. Also, several cases were only
retrospectively confirmed by the pathologist as they had been
mistakenly considered as ruptured corpus luteum. Recent
improvements in ultrasonography and operative laparoscopy
should lead to an earlier and a more accurate diagnosis of
these pregnancies.139

Risk factors for ovarian pregnancies include multiparity and
the use of an IUD.139,142–144 Interestingly, in two large series,
68–90% of the women with ovarian pregnancies had used this
form of contraceptive device.139,143

Clinical findings are similar to those encountered in tubal
pregnancy. The major presenting symptom (present in almost
all patients) is abdominal pain.139 Other findings include

vaginal bleeding and amenorrhea.142,143 Owing to the increased
vascularity of the ovarian tissue, hemodynamic instability and
rupture occurs in around 30% of patients.143

Historically, oophorectomy was considered as the treatment
of choice for ovarian pregnancies. However, improvements in
operative laparoscopic skills and instrumentation have led to
a more conservative approach, so that laparoscopic wedge
resection (Fig. 12.8) and ovarian cystectomy have become the
preferred treatment. Successful treatment with methotrexate
has also been reported.145,146 In patients with circulatory col-
lapse, however, immediate laparotomy is mandatory.

Cervical pregnancy

Cervical pregnancy, which results from implantation of the
blastocyst within the cervical canal, is a rare complication of
pregnancy. Its incidence varies from 1 in 2400 to 1 in 50000
normal pregnancies.147 Appropriate early diagnosis and treat-
ment has led to the remarkable reduction of maternal mor-
tality from 50% in 1911148 to under 5% in 1983.147

A close relationship was found between therapeutic abor-
tions with sharp curettage (dilation and curettage), previous
Cesarean sections, in vitro fertilization, and cervical 
pregnancy.148–150

Presenting symptoms include painless vaginal bleeding
which may be accompanied by abdominal pain and urinary
problems.150 On physical examination, the cervix is usually
enlarged, global (barrel shaped), and distended. Occasionally,
the external os is dilated.

Accurate diagnosis can be performed by vaginal ultrasound
and magnetic resonance imaging, demonstrating an intracer-
vical ectopic sac below a closed internal cervical os (Fig. 12.9).
Transvaginal demonstration of an intact part of the cervical

Figure 12.8 Laparoscopic wedge resection for ovarian ectopic
pregnancy.

VULVA

Figure 12.9 Sonographic image of ectopic mass
(extrauterine pregnancy) in the cervix area.
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canal between the endometrium and gestational sac is sugges-
tive of cervical pregnancy.

Conservative medical management (with systemic
methotrexate) has been reported to be successful, obviating
the need for surgical treatment, which entails a risk of 
hysterectomy. Dilation and evacuation, followed by cervical
tamponade, was successfully applied using Foley catheter 

tamponade.150 Methotrexate is the most commonly used
chemotherapy for cervical pregnancies, with a success rate of
around 80%.150–154 Other treatment regimens include arterial
embolization and even Shirodkar cerclage placement in order
to reduce bleeding. However, in cases of massive and uncon-
trolled vaginal bleeding, abdominal hysterectomy is necessary
(Fig. 12.10).147

1cmFigure 12.10 Cervical ectopic pregnancy: ruptured in
the cervical area with hemorrhagic placental tissue.

Key points

1 Ectopic pregnancy (EP) accounts for approximately 9%
of all pregnancy-related deaths.

2 The most common denominator is tubal obstruction
and injury.

3 The β-hCG levels in normal pregnancy double every 2
days (48 h), and thus, at present, clinicians rely on a
normal “doubling time” to characterize a viable
gestation.

4 The accuracy of the initial clinical evaluation before
rupture is less than 50%, and additional tests are
required in order to differentiate ectopic pregnancy
from early intrauterine pregnancy.

5 The risk of EP is increased among women undergoing
assisted reproductive technology and specifically in
vitro fertilization.

6 The most common complaint in EP is sudden severe
abdominal pain.

7 Pelvic examination before rupture is usually
nonspecific, and a palpable pelvic mass on bimanual
examination is established in less than half of the 
cases.

8 A baseline serum progesterone level of <20 nmol/L can
be used to identify abnormal pregnancy (either intra-
or extrauterine) with a positive predictive value of
≥95%. However, serum progesterone levels cannot

distinguish ectopic pregnancy from spontaneous
abortion.

9 The best diagnosis of ectopic pregnancy is based on the
positive visualization of an extrauterine pregnancy
outside the uterus.

10 At hCG levels between 1000 and 2000 mIU/m, or at
5.5 weeks’ gestation, a viable intrauterine pregnancy
should be seen by transvaginal ultrasound.

11 Coexistent intra- and extrauterine pregnancies
(heterotopic) following spontaneous cycles are rare,
with estimated incidence of 1 in 30 000 normal
pregnancies.

12 Methotrexate is a cost-saving, nonsurgical fallopian
tube-sparing treatment for EP.

13 Absolute contraindications to methotrexate include
breastfeeding, immunodeficiency, alcoholism, hepatic,
pulmonary, renal, or hematologic dysfunction, known
sensitivity to methotrexate, blood dyscrasias, or peptic
ulcer disease.

14 The overall success rate of methotrexate treatments is
almost 90%.

15 Candidates for successful expectant management must
be asymptomatic with an objective evidence of
resolution (generally manifested by declining levels of
hCG).
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Background

Incidence and epidemiology

In the past, the overall incidence of twins worldwide was
about 1 in 80 pregnancies (1.13%), and high-order multiples
were rare. During the last 30 years, the incidence of multiple
births has been steadily increasing. In the USA, the number of
twin births has increased by over 60% since 1980, giving a
twin birth rate of 31.1 per 1000 live births. Higher order
births increased by 500% for a higher order birth rate of 1.84
per 1000 live births.1 More than 90% of the increase is esti-
mated to result from the more widespread use of assisted
reproductive technologies (ART).2,3 Patients who conceive
after treatment with ovulation-inducing agents or in vitro fer-
tilization procedures do so with a multiple gestation 7–50%
of the time.3,4 Recent trends toward delayed childrearing in
developed countries have probably contributed to the increase
in multiple births as well, as there is a naturally occurring
greater incidence of twins among older women.1,3–5

Prior to the introduction of ART, the frequency of monozy-
gotic (MZ) twins was relatively constant throughout the
world. The incidence was 4 per 1000 births with a 2:1 ratio
of DZ:MZ pairs.6,7 In contrast, the incidence of naturally
occurring dizygotic (DZ) twins varies and is affected by mater-
nal race, parity, age, nutritional status, and family history.6,8

This may be related to higher baseline levels of gonadotropins
in certain groups of women.6,8 For example, the highest inci-
dence of DZ twinning has been found in black women, who
have been shown to have larger pituitary glands and higher
serum hormone content than other women.6,8

Pathogenesis/embryology

Multiple gestations can be either monozygotic (arising form the
fertilization of one ovum by one sperm leading to fetuses with
an identical genotype) or multizygotic (arising from the fertil-

ization of two or more ova each with one sperm leading to geno-
typically unique fetuses that happen to share the uterus at the
same time). In describing them, one should avoid the terms
“identical” and “fraternal”, which refer only to phenotypic
likeness. Nonetheless, identical generally implies monozygos-
ity, and fraternal generally implies dizygosity.

Monozygous gestations can be diamnionic–dichorionic
(DC), diamnionic–monochorionic (MC), or monoamnionic–
monochorionic (MA) depending on when the zygote splits (Fig.
13.1).6,8,9 The zygote splits soon after fertilization resulting in
DC placentation in about 30% of MZ twins.6,8,9 Remnants of
blood vessels, ghost villi, and decidual debris can be seen
between the four layers of membranes (two amnions and two
chorions). The chorions are almost always fused, as seen by a
characteristic ridge at the center of the placental mass. If the
zygote splits between the third and the eighth days, the result-
ing single placenta will be MC, which occurs in 70% of MZ
twins.6,8,9 The dividing membranes (two amnions and one
chorion) are thin and translucent. Rarely (less than 1%), MZ
twins will be MA if the zygote splits after the amnion has formed
at about days 9–12.6,8,9 If the twinning process occurs even later,
after the yolk sac has formed, the MZ pair will be conjoined.6,9

Beyond the 17th day, a singleton gestation will develop.
Interestingly, the rate of zygotic splitting and, therefore, of

monozygotic twins appears to be higher following all ART
procedures.3,7,10,11 There is some evidence that it may be related
to biochemical or mechanical trauma to the zona pellucida.10,11

If the timing of events outlined in Fig. 13.1 is correct, one
would expect to see only DC multiples in this setting as ART
procedures involve manipulation of the zygote within 2 days
after ovulation. This has not been the experience.

Multizygotic gestations are generally assumed to be the
result of multiple ovulation, as evidenced by their high rate
after ovulation induction with sonographically and biochem-
ically confirmed ovulation of multiple ova. All DZ twins have
separate DC placentas. Higher order multiple gestations can
contain any combination of monozygotic (DC, MC, and MA)
and multizygotic (DC) fetuses.

13 Multifetal pregnancies:
epidemiology, clinical characteristics,
and management
Michelle Smith-Levitin, Daniel W. Skupski, 
and Frank A. Chervenak
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Diagnosis

Ultrasound has become indispensable for the identification,
assessment, and management of multiple gestations (Table
13.1).12 An awareness of the risk factors for multiple gesta-
tion and the clinical indicators is still important, however, as
ultrasound is not routine worldwide.

Risk factors/clinical indicators of 
multiple gestations

Risk factors for conceiving a multiple gestation include a
family or personal history of spontaneous twins and the use
of ovulation induction or gamete or zygote transfer proce-
dures. The most common clinical signs or symptoms sugges-
tive of twins include uterine size that is greater than expected
for dates, hyperemesis gravidarum, auscultation of two or
more fetal heart rates, and accelerated maternal weight gain.
Higher levels of biochemical pregnancy markers such as β-
human chorionic gonadotropin (βhCG), progesterone, estriol,
estradiol, and maternal serum alpha fetoprotein (MSAFP) can
also be suggestive of a multiple gestation, although none is
specific enough to make the diagnosis of more than one fetus
without an ultrasound examination.6,13

Ultrasound

At a minimum, patients with the above risks should have a
diagnostic ultrasound because outcomes are much better for
multiple gestations that are diagnosed early. Although multi-
ple sacs can be seen as early as 4–5 weeks using a transvagi-
nal probe, it is prudent to reserve the diagnosis of twins (or
more) until several weeks later when fetal poles with cardiac
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Figure 13.1 The embryology of monozygotic
twinning. From Benirschke K, Kim CK.
Multiple pregnancy. N Engl J Med
1973;288:1276.

Table 13.1 The use of ultrasound in multiple gestations.

First trimester
Diagnosis of multifetal pregnancy
Determination of chorionicity and amnionicity
Accurate pregnancy dating (crown–rump length)
Screening for some anomalies (nuchal translucencies)
Guidance for chorionic villus sampling and multifetal pregnancy

reduction

Second trimester
Screening for fetal anomalies
Guidance for amniocentesis
Determination of chorionicity and amnionicity
Determination of placental cord insertion
Biometry to screen for early fetal growth restriction or discordance
Assessment of cervical length

Third trimester
Biometry to screen for fetal growth restriction or discordance
Assessment of cervical length
Fetal status assessment

Amniotic fluid volume
Biophysical profile
Doppler flow studies

Fetal presentation

Intrapartum
Fetal presentation
Guidance for external cephalic version of the second twin
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activity are seen, because there is a high frequency of embry-
onic “disappearance’’ in patients with a presumed multiple
gestation who are scanned in early pregnancy.14 The preva-
lence of this “vanishing twin’’ phenomenon has been reported
to range between 22% and 54% of patients with twins or
more scanned in the first trimester.14 Furthermore, a diagno-
sis of a multiple gestation should not be made simply on the
basis of visualization of more than one fluid-filled cavity as a
subchorionic hematoma, excessive transducer pressure, or a
septate uterus can all mimic a multiple gestation.12,15

Determination of chorionicity

There are several ways to determine the placentation in mul-
tiple gestations, but the most accurate is assessment in the late
first or early second trimester. The visualization of a dividing
membrane at any time excludes a diagnosis of a MA pair. Lack
of visualization, however, is not necessarily diagnostic of a MA
pair as the dividing membrane may be difficult to see until
10–12 weeks in MC multiples (Fig. 13.2). If two fetal poles
but only one yolk sac is present, the pregnancy is most likely
MA.16 After the first trimester, the membrane may be com-
pletely apposed to a twin with severe oligohydramnios. In this
situation, the fetus is trapped or “stuck” against the uterine
wall and will not move over time or with maternal position
change.6 A truly MA pair will move away from the uterine
wall, and cords will often be visibly entangled.

If the ultrasound reveals separate placental discs, particu-
larly if on opposite uterine surfaces, or fetuses of opposite
gender, the pregnancy is DC. If the placentas are close together,
attention should be turned to the dividing membranes. A MC

membrane will be thin and wispy (Fig. 13.3B), whereas a 
DC membrane will be thick and more easily visualized (Fig.
13.3A). MC membranes have two layers, and DC membranes
have four visible layers. In DC placentas, the “twin peak” sign
is a triangular projection of placental tissue from the chori-
onic plate into a cleft between the layers of the intertwin mem-
brane (Fig. 13.3A).17 In contrast, a T-shaped junction will be
present in an MC placenta (Fig. 13.3B).18 Assessment of the
Y-shaped ipsilon zone can aid in the determination of chori-
onicity in triplet gestations (Fig. 13.3C).19 These methods cor-
rectly identify chorionicity in the majority of patients who are
scanned in early pregnancy.19,20

The early determination of chorionicity does not always
establish the zygosity of multiple gestations as an MZ set can
have an MC or DC placenta. More sophisticated methods of
zygosity determination can be performed, such as DNA fin-
gerprinting from amniocytes, when the information is needed
for antenatal management.21 It is important to confirm chori-
onicity and zygosity after birth for the parents and for the
future medical care of the children. For example, an MZ twin
has a higher chance of developing some medical conditions if
the co-twin is affected, and an MZ twin can accept tissue from
the co-twin as an isograft. Examination of the placenta after
birth, blood grouping, and DNA mapping techniques are
methods that are used to determine the zygosity.6

Fetal complications

Perinatal morbidity and mortality

Multiple gestations contribute significantly to perinatal mor-
bidity and mortality, although they still account for a relatively
small percentage of live births.4,6,22,23 Twins alone account for
12.6% of the perinatal mortality, although they account for
only 3% of live births.1,22 The overall perinatal mortality rate
for twins in developed countries is approximately 50 per 1000
births.5,15,22 The risk of perinatal death is three- to 10-fold
higher for a twin than for a singleton,15,22 and the risk of cere-
bral palsy is four times greater.7 The corrected perinatal mor-
tality rates for triplets and higher order gestations are more
striking. The crude perinatal mortality rate for triplets is 121
per 1000 births.24 Twenty percent of triplets have a major
handicap and a triplet is 17 times more likely to have cerebral
palsy than a singleton.7

Prematurity

The relatively high incidence of perinatal mortality and 
morbidity is largely due to complications of prematurity. 
Fifty-eight percent of twins and 92% of triplets are born prior
to 37 weeks, because of preterm labor, preterm premature
rupture of membranes, or fetal or maternal complications,
compared with 10% of singletons.1 The average length of ges-
tation decreases inversely with the number of fetuses present
(Table 13.2). Twelve percent of twins, 36% of triplets, 

Figure 13.2 Early first-trimester sonogram of
diamnionic–monochorionic twins. It is too early to visualize the
dividing membrane, but the presence of two yolk sacs suggests
diamnionicity. Image courtesy of Birgit Arabin, MD.
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Figure 13.3 (A) The twin peak sign and a
thick dichorionic membrane. (B) The 
T-shaped junction of a monochorionic
placenta. (C) The Y-shaped ipsilon zone of a
trichorionic triplet gestation.
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and 60% of quadruplets are born prior to 32 weeks, and a
significant percentage deliver prior to 28 weeks.7,25 Further-
more, prematurity results in babies being born at low birth-
weight, and birthweight has been shown to be the most
important factor for predicting morbidity and mortality in
twins.7,23,26 The risk of being born at a low birthweight
(< 2500g) is ninefold higher for a twin than for a singleton
and 15-fold higher for a triplet.1,22,27 The risk of being born at
a very low birthweight (< 1500g) is also 10-fold higher for a
twin than for a singleton and is 31-fold higher for a
triplet.1,22,27 Twenty-five percent of twins, 75% of triplets, and
all quadruplets are admitted to the neonatal intensive care
unit.7,24,28–30

Fetal growth

The biometrical parameters that are used to assess fetal
growth in singletons have been shown to be accurate in mul-
tiple gestations as well. Although femur length measurements
between singletons and twins tend to be similar throughout
gestation, abdominal circumferences and biparietal diameters
tend to be smaller.31,35 Estimated fetal weights in twins should
be determined using formulas that incorporate at least femur
length and abdominal circumference.32–33

Multiple gestations are at increased risk of being small for
gestational age, which also leads to perinatal morbidity and
mortality.6,7,15,23,26 Twins who are born at the same gestational
age but who weigh less than 2000g have a 10-fold greater 
risk of an adverse outcome compared with twins weighing
more than 2000g, and the risk decreases by 40% for every
250-g increase in birthweight.23 Fetal growth restriction (FGR)
complicates as many as 60% of multiple gestations.6,7,31,34,35

The degree of FGR tends to increase with increasing numbers
of fetuses.36 The factors that influence growth in multiples are
unclear. Theories range from phenomenon that occur early,
such as limited vascular supply after the implantation of more
than one embryo, to uterine conditions occurring later, such
as fetal crowding or limited decidual area for placental

Table 13.2 Gestational age and birthweight in multiple gestations.

Twins Triplets Quadruplets

Average gestational age (weeks) 35.3 32.2 29.9
Average birthweight (g) 2347 1687 1309

Adapted from ref. 1.
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Figure 13.3 Continued.
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growth. Experience with patients undergoing multifetal preg-
nancy reduction, which reveals correlation between rates of
FGR and the starting number of viable embryos, indicates that
first-trimester events may play a role.35,37 However, the fact
that fetal growth in the majority of pregnancies, regardless of
fetal number, follows the same trajectory until approximately
28–32 weeks when multiple gestations begin to fall behind
singletons, and the fact that rates of FGR among multiples
increases exponentially with increasing gestational age, sug-
gests that the third-trimester environment is also significant
(Fig. 13.4).6,12,15,31,36,40,41

The definition of FGR in the setting of multiple gestations
is problematic. Some believe that it should be defined as an
estimated fetal weight below the 10th percentile at a given 
gestational age based on specific growth curves for twins or
triplets.31,33,36 Others believe that the use of singleton nomo-
grams is valid and should, in fact, be used, as multiple gesta-
tions, at least multizygotic sets, have the same genetic growth
potential as singletons.35,39,40,41 As the validity and accuracy of
published twin and triplet growth curves have not been estab-
lished, singleton curves continue to be used as the gold 
standard.

Another growth problem seen in multiple gestations is 
discordance between the fetuses, which complicates at least
15% of twins and up to 54% of triplets.34 This is associated
with even higher morbidity and mortality compared with con-
cordantly grown pairs, especially for the smaller twin or
triplet.7,12,13,42–45 Although discordant growth is not always 
the result of a pathologic process, it is often due to placental
insufficiency or abnormal placentation of one twin, twin–twin
transfusion syndrome, or a congenital anomaly of one
twin.12,23,36,46 A combination of some or all of the ultrasono-
graphically detectable indices listed in Table 13.3 identify dis-
cordant sets.12,31,32,47 As with FGR, measurement of abdominal
circumference seems to be the most sensitive marker for sig-
nificant growth discordance.47

Congenital anomalies

The incidence of congenital anomalies in multiple gestations
is one and a half to three times higher than in singletons.5,6,28

There is a higher incidence of structural defects seen in MZ

twins, some of which are unique to twins and may be due to
the twinning process itself.48 There is also a higher incidence
of chromosomal abnormalities, which is related to the older
age, in general, of woman conceiving multiples and to the
increased probability that a woman carrying more than one
fetus will have at least one that is aneuploid at a younger
maternal age than if she were carrying a singleton.7,49–51

Conjoined twins

Schinzel et al. describe three helpful categories to organize the
anomalies encountered in multifetal pregnancies.48 The first
are midline structural defects that are felt to be a consequence
of the “teratogenic’’ event of twinning such as sirenomelia,
holoprosencephaly, exstrophy of the cloaca, and neural tube
defects.48,52 Conjoined twins, which are specific to multiple
gestations, also fall into this category. The incidence of con-
joined twins is 0.2–0.6 per 10000 births or 40 per 10000 
twin births.53,54 They can also occur in the setting of a higher
order multiple gestation.12 The twins may be joined by minor,
superficial attachments, attachments of major body parts
including internal organs, or in the most severe forms (dupli-
cata incompleta), there may be complete union except for
duplication of just one body part. Conjoined twins are classi-
fied by the most prominent site of union (Table 13.4).53,54 They
can now be diagnosed relatively early in gestation with ultra-
sound and adjuvant use of three-dimensional ultrasound.53–55

The signs include lack of a dividing membrane, a fixed posi-
tion relative one to the other that does not change over time,
a bifid appearance to the first-trimester fetal pole, inability to
distinguish two complete fetal borders, the appearance of
more than three vessels in the umbilical cord, and detection
of other anomalies.13,53–55

Acardia

The second category of anomalies results from vascular inter-
changes that occur in most monochorionic placentas.46,56 Such
vascular anastomoses can often be demonstrated by perfusing
the placentas after delivery with colored water or milk (Fig.
13.5).6,46,56,57 The most severe form, acardia or twin reversed
arterial perfusion (TRAP), is believed to arise when arterial–
arterial and venous–venous anastomoses exist without any
arterial–venous connections.8,9,58,59 As a result, there is uncom-
pensated reversed flow, which is thought to impair development
of the heart and often the head (Fig. 13.6). The “pump” twin
becomes hydropic, and the “recipient” twin has multiple
anomalies, often appearing only as an amorphous mass of
tissue.6,13,58 This anomaly only affects approximately 1 in
35000 infants or 1 in 100 monozygotic twin pregnancies.58

Twin–twin transfusion syndrome

A less severe, but much more common, form of vascular inter-
change between fetuses leads to the twin–twin transfusion 
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Table 13.3 Sonographic criteria for discordance.

Parameter

Biparietal diameter ≥ 6 mm
Abdominal circumference > 20 mm
Femur length ≥ 5 mm
Estimated fetal weight > 20–25% (expressed as a percentage 

of the larger fetal weight)
Doppler of the umbilical > 15% (or > 0.4)

artery (systolic/diastolic 
ratio)
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Triplet versus singleton growth at the 10th, 50th, and 90th percentiles

Twins versus singletons at the 10th, 50th, and 90th percentiles

Triplet versus twin growth at the 10th, 50th, and 90th percentiles
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Figure 13.4 (A) Growth rates in twins versus
singletons. Twins are represented by open
symbols and solid lines. Singletons are
represented by solid symbols and dashed lines.
Triangles represent the 10th percentiles, squares
represent the 50th percentiles, and circles
represent the 90th percentiles. From ref 40. (B
and C) Growth rates in triplets compared with
singletons and twins. Singletons and twins are
represented by closed symbols and solid lines,
respectively, and triplets are represented by
open symbols and dashed lines. Circles
represent 10th percentile, squares represent the
50th percentile, and triangles represent the
90th percentile. From ref. 41.
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Although it has been reported in fused dichorionic placentas,
it is largely a complication of monochorionic placentation,
probably occurring in 5–15% of such pregnancies.58,60 The
recipient twin becomes hypervolemic and polycythemic, which
eventually leads to polyhydramnios, congestive heart failure,
and hydrops, while the donor becomes hypovolemic and
anemic, which leads to decreased renal perfusion, oligohy-
dramnios, and FGR, and can also eventually lead to heart
failure.12,58,61 An antepartum diagnosis can be made with rea-
sonable certainty using ultrasound. The criteria include a
strong suspicion of monochorionicity, oligohydramnios
(maximum vertical pocket less than 2 cm) around the smaller
twin (often severe enough to make it appear “stuck”) with a
small or absent urinary bladder on serial scans and polyhy-
dramnios (maximum vertical pocket > 8cm) around the larger

Figure 13.6 Example of twin reversed arterial perfusion (TRAP).
The fetus on the left has no head or upper limbs (acardiac), while
the fetus on the right is structurally normal. From Ref. 46.

Figure 13.5 Monochorionic placenta perfused with dye
demonstrating vascular anastomoses.

Table 13.4 Classification of conjoined twins.

Type* Organs commonly shared Frequency (%)

Thoracopagus (thorax) Heart, liver, GI tract 29–40
Omphalopagus (abdomen) Liver, GI tract 25–34
Pypopagus (sacrum) Spine, GU system, lower GI tract 10–18
Ischiopagus (pelvis) Pelvis, GU system, GI tract, liver 6–20
Craniopagus (skull) Brain 2–16

*Extensive areas of union are classified by placing the prefix “di” before the part of the body
that is not fused (i.e., dicephalus refers to a conjoined twin with one body but two heads).

syndrome (TTTS) or polyhydramnios–oligohydramnios
sequence. It is thought to occur when deep arterial–venous
connections are uncompensated, leading to a one-way shunt
between the fetuses (Fig. 13.7).8,12,46,56,57,60 The exact incidence
is unknown as severe forms may present as a “vanished twin”
in the first trimester or as the full syndrome later in gestation,
and milder forms may be evident only at birth or not at all.58
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twin (sometimes with evidence of high-output heart failure),
with a distended urinary bladder on serial scans.12,13,58

In addition to the vascular connections that can occur in the
placentas of multiple gestations, other abnormalities of the
placenta, membranes, and umbilical cords that can cause fetal
complications occur. MA gestations, although rare, are asso-
ciated with a high perinatal mortality, which often results from
entanglement of the two umbilical cords.46,58,62,63 Bivascular
cords (single artery)8,46 and velamentous cord insertions are
also much more common in twin and higher order placentas.46

The portion of cord that is unprotected is susceptible to
thrombosis, compression, or rupture, particularly if it is a vasa
previa.8

The third group of anomalies that Schnizel et al. described
are those resulting from intrauterine crowding. Examples are
minor foot deformities, skull asymmetry, and dislocation of
the hip.15,48

Intrauterine fetal demise

As discussed previously, a vanishing twin early in pregnancy
may be a common event that does not usually lead to further
problems.58,64,65 However, death of one fetus later in a multi-
ple gestation, which complicates 4–8% of twins58,65 and
11–17% of triplets,58,66 is associated with an increased risk of
preterm delivery, FGR, and perinatal mortality in the sur-
vivors.58,64 The risk of fetal demise is at least twice as high in
MC as in DC pregnancies,58,64,65 and there is a 20% risk of
organ damage such as microcephaly, hydranencephaly, multi-
cystic encephalomalacia, intestinal atresia, aplasia cutis, or
limb amputation in the survivor.13,48,58,64,67 There is at least a
12% risk of severe neurologic handicap in children who
survive the death of a MC co-twin even as early as
18 weeks.13,58,67 The pathogenesis of such damage is not fully
understood, but the most likely theory is hypotension along
with hypoxemia and anemia occurring in the survivor due to
exsanguination of the survivor into the dead twin’s relaxed
vascular bed.8,13,58

Maternal medical complications

Women carrying multiple fetuses are at greater risk of medical
and obstetrical complications than women carrying a single-
ton because of the increased average maternal age and the
increased physiologic demands of multiple fetuses and greater
placental mass (Table 13.5). Some of the problems that seem
to be more common with multiple gestations are discussed
below.

Gastrointestinal

Hyperemesis gravidarum
Nausea and vomiting early in pregnancy complicate almost
50% of multiple gestations.28 This is probably due to the
higher levels of βhCG and steroid hormones. Although there
is likely a higher incidence of hyperemesis gravidarum, as 
well, the exact incidence in multiple gestations has not been
quantified.

Cholestasis of pregnancy
There is a higher incidence of intrahepatic cholestasis of 
pregnancy in multiple gestations, particularly in genetically sus-
ceptible populations, in which it occurs in 21% of twins com-
pared with 10% of singletons.68 As in singletons, intrahepatic
cholestasis of pregnancy in multiples usually presents with gen-
eralized pruritis and mild jaundice in the third trimester. The
recurrence rate is reported to be as high as 70.5%.68 The dif-
ferential diagnosis includes viral hepatitis, acute fatty liver of
pregnancy, and cholelithiasis. The bile acids (cholic acid,
deoxycholic acid, and chenodeoxycholic acid) are increased
10–100 times over normal levels, and should be at least three
times normal levels to confirm the diagnosis. The management
of intrahepatic cholestasis of pregnancy in a multiple gestation
is the same as in a singleton, which must include careful
antepartum fetal monitoring and probable early delivery as the
condition is associated with adverse perinatal outcome.

Common villous district
A-V shunt

Artery

Donor Recipient

Vein

Figure 13.7 The pathologic arteriovenous
connection in the twin transfusion
syndrome. Redrawn from Benirschke K.
Twin gestation: incidence, etiology and
inheritance. In: Creasy RK, Resnik R, eds.
Maternal–fetal medicine: principles and
practice, 2nd edn. Philadelphia, PA: W.B.
Saunders; 1989:582.
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Acute fatty liver of pregnancy
Acute fatty liver of pregnancy (AFLP) is a very rare condition;
yet, 16.7% of the cases occur in twin pregnancies.69 AFLP is
a fulminant disease that causes jaundice, nausea, and vomit-
ing in the third trimester. It has historically been associated
with poor maternal and perinatal outcome and, if undiag-
nosed or untreated, may result in somnolence, coma, liver
rupture, liver failure, hypoglycemia, disseminated intravascu-
lar coagulation (DIC), oliguria, renal failure, metabolic aci-
dosis, multisystem organ failure, maternal death, fetal distress,
and fetal demise. Although earlier recognition and treatment
of AFLP have decreased maternal mortality, it is still up to
20%.70 Therefore, the diagnosis must be considered and serum
chemistries obtained in symptomatic patients. Important 
tests include liver transaminases, complete blood count, serum
ammonia (all increased), and serum glucose (markedly
decreased). Management of AFLP in a multiple gestation is the
same as for a singleton.7,69,70

Hematologic

The increased demands of a multiple gestation often lead to
iron and folate deficiency, and there is more “dilutional”
anemia due to the exaggerated increase in plasma volume.6

Anemia (hemoglobin <10g/dL or hematocrit <30%) has been
reported twice as often in mothers with twins compared with
those with singletons,5,71 It has also been found in 20–70% of
triplets and higher order mulitples.13,25,38 Severe anemia can be
defined as a hematocrit <22%, an anemia that requires blood
transfusion, or an anemia associated with cardiorespiratory
symptoms or decompensation. It is suspected, but has not been
shown, that severe anemia is also increased in multiple preg-
nancy. Thromboembolism is also more common in women
carrying a multiple gestation.72

Gestational diabetes

It is unclear whether carbohydrate metabolism is affected sig-
nificantly by the added demands of a multiple gestation.5

However, it is logical that gestational diabetes (GDM) would
be increased in multiples because of the increased human pla-
cental lactogen and circulating steroid hormones that are seen
in these pregnancies.38,73,74 The higher incidence observed in
triplets (~25%) compared with twins (~5%) supports this
logic.7,74,75 Diabetes education, particularly as it relates to diet,
must take into account the increased baseline caloric require-
ment for women with a multiple gestation and GDM.

Urinary tract infections

Ureteral changes in women carrying a multiple gestation are
likely to be exaggerated. Decreased peristalsis from the high
progesterone levels or compression at the pelvic brim from the
overdistended uterus may lead to increased stasis and more
urinary tract infections. Urinary tract infections have been
found more commonly in twins than in singletons,5,71 and in
triplets than in twins.28 However, it is not clear whether the
incidence of frank pyelonephritis is increased among multiple
gestations.5

Cardiovascular complications

The expected physiologic changes in the cardiovascular system
are exaggerated in women pregnant with a multiple gesta-
tion.713,76–78 There is an even greater drop in diastolic blood
pressure in the second trimester, followed by a greater rise
before delivery.6,13,78 There is a 10–20% greater increase in
plasma volume (approximately 500mL extra) compared with
singletons.6,13,78 As a result, total concentrations of serum 
proteins and electrolytes are reduced more than expected 
for singletons. Total intravascular protein mass, however, is
unchanged, as are serum sodium, potassium, chloride, and
osmolality. Greater increases in stroke volume and heart 
rate lead to greater increases in cardiac output than singleton

Table 13.5 Maternal complications of multiple gestation.

Gastrointestinal
Hyperemesis gravidarum
Cholestasis of pregnancy
Acute fatty liver of pregnancy

Hematologic
Anemia
Thromboembolism

Dermatologic
Pruritic urticaric papules of pregnancy

Metabolic
Gestational diabetes

Infectious
Urinary tract infections
Puerperal infections

Cardiovascular
Pregnancy-induced hypertension
Preeclampsia
Increased susceptibility to pulmonary edema
Complications of tocolysis

Economic

Psychologic morbidity

Obstetric
Preterm labor
Preterm premature rupture of membranes
Antepartum hemorrhage
Abruptio placentae
Postpartum hemorrhage
Increased incidence of Cesarean delivery and subsequent

complications
Increased hospitalization
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pregnancies.77,78 Most healthy women can adapt to these
changes, but women with underlying medical problems and 
a multiple gestation may be at increased risk of serious 
consequences.

Preeclampsia/eclampsia
The incidence of gestational hypertension and preeclampsia is
significantly increased in women carrying a multiple gestation
compared with women carrying a singleton.5,71,79,80 The
average incidence in twins across studies performed from 1982
to 2003 is 16.7% (8.9–37%).5,15,28,34,70,71,79,80–82 Women carry-
ing triplets have greater placental mass and even higher rates
of hypertensive complications, averaging 24.6%.25,34,38,70,81,83–86

The reported incidence of preeclampsia among patients car-
rying more than one fetus would undoubtedly be even higher
if more of these patients delivered closer to term.70,80 The onset
of preeclampsia is often earlier and the severity and compli-
cations are greater in women carrying a multiple gestation
compared with a singleton.15,25,70,80,81,83–85,87 For example,
Lynch and colleagues found severe disease in 26% of their
cohort of twins presenting with preeclampsia at an average
gestational age of 34 weeks.87 In a series of 100 triplets, 73%
of the patients with preeclampsia had severe disease at a mean
gestational age of 32.8 weeks.25 Life-threatening complica-
tions such as eclampsia, hemolysis, elevated liver function, and
low platelets (HELLP) syndrome, and AFLP occur more often
among twins and triplets.25,28,70,71,79,80,87 For this reason, we rec-
ommend obtaining uric acid, transaminases, serum creatinine,
and complete blood count with platelets early in pregnancy
and again early in the third trimester. Patients with borderline
blood pressures or a low platelet count and a multiple gesta-
tion are assumed to have a potentially serious hypertensive
complication and are evaluated frequently in order to avoid
maternal and neonatal morbidity and mortality from missed
or delayed diagnosis.70 A woman with a multiple gestation and
preeclampsia is more susceptible to volume overload and 
pulmonary edema because of the combination of increased
afterload (caused by the vasospasm seen in preeclampsia),
increased preload (caused by the baseline increase in plasma
volume), and decreased baseline colloid oncotic pressure.88

Therefore, management of preeclampsia in multiple gesta-
tions, although similar to management in singletons, must
include extra precautions to control blood pressure and to
avoid excessive intravenous fluid administration as well as
closer monitoring for evidence of life-threatening complica-
tions.70,79,83 There may be a role for expectant management of
HELLP syndrome in multiple gestations to avoid a signifi-
cantly preterm delivery of multiple fetuses using high-dose
dexamethasone to improve platelet counts and suppress liver
function abnormalities.70,89

Psychologic

The psychosocial effects of a multifetal pregnancy and birth
can also be significant.29,85,90–93 Families experience a great deal

of stress including feelings of isolation, depression, frustration,
and marital difficulties when caring for even healthy, full-term
multiples. These feelings are compounded when the infants are
preterm, often with handicaps or special needs.90,91,94

The complex ethical and bereavement issues that often arise
in a multiple gestation (Table 13.6) require a particularly
knowledgeable and sensitive approach. Couples often mourn
not only for the lost fetus (or baby) or fetuses (or babies) but
also for the unique celebrity status that being a parent of mul-
tiples confers. With subtotal loss, conflicting feelings of grief
and joy can interfere with normal bonding to survivors, a fact
that is commonly overlooked by healthcare providers and
social supports.92 In some situations, such as with multifetal
pregnancy reduction (MFPR), couples experience grief reac-
tions even when they are comfortable with their decision and
do not regret it.95,96 A detailed discussion of the reactions and
responses to loss in the setting of multiple gestations is beyond
the scope of this text, but a few pearls for healthcare providers
are listed in Table 13.7.

Table 13.6 Loss scenarios in multiple gestations.

First- and second-trimester miscarriage of all fetuses
First-trimester loss of some fetuses (vanishing twin/triplet)
Multifetal pregnancy reduction (MFPR)
Later intrauterine demise of some or all fetuses
Selective or complete termination for anomalies
Expectant management with one or more anomalous fetuses
Complications of monochorionic twins
Intrapartum demise
Delivery at limits of viability
Sudden infant death syndrome (SIDS) (twice as common in twins as

in singletons)
Accidental death (more common in multiples)

Adapted from ref. 92.

Table 13.7 A few management pearls for perinatal bereavement
after multiple pregnancy loss.

Offer private experiences such as viewing, holding, bathing, and
dressing with multiples individually and together (including
deceased with survivors)

Offer prenatal mementos (i.e., ultrasound pictures) and matching
mementos for each neonate

Offer photos of multiples alone, together, and with parents or other
family members: color, black-and-white, digital, or 35 mm

Suggest computer-manipulated photos (Fig. 13.13), sketches, or
pastels

Clarify parent preferences for the survivor’s crib label (i.e., “twin
A” or just “baby Jones”)

Clarify parent desires to refer to survivors by the original or the
remaining number of babies

Offer multiple-specific grief information and support resources (i.e.,
Center for Loss in Multiple Birth – www.climb-support.org)

Adapted from ref. 92.
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Economic

The cost of giving birth to multiple babies is significant 
for the healthcare system and for the families.7,30,66,97,98 The
expense does not increase linearly with the number of
fetuses.97,98 One study in the USA found the total charges for
a triplet delivery to be almost threefold higher than for a twin
delivery and 11-fold higher than for a singleton delivery.30 The
lifetime costs of feeding, clothing, and educating multiple 
children of the same age have not been quantified. Families
often lose valuable income when the woman, pregnant 
with a multiple gestation, is forced to give up her job due to
pregnancy complications or to the demands of caring for the
children.

Obstetrical complications

Preterm labor

Preterm labor is markedly increased in multiple gestations,
with an incidence ranging from 20% to 90%, depending 
on the study, the definitions used, and the number of
fetuses.7,28,66,71,85,97 The standard treatments for preterm labor
have decreased margins of safety in multiple gestations
because of the physiologic changes in the cardiovascular
system of these women.7,13,71,78 For example, the combination
of pregnancy, multiple gestation, labor, and the administration
of tocolytic agents can more than triple cardiac output com-
pared with nonpregnant levels. Intravenous tocolysis, partic-
ularly with beta-mimetic agents, but also with magnesium
sulfate, is associated with a host of serious cardiovascular and
metabolic side-effects that are exaggerated in patients carry-
ing a multiple gestation.6,7,78,88,99 Volume overload is com-
monly a precipitating factor in the development of pulmonary
edema in patients receiving tocolytics as well as hydration for
treatment of preterm labor and, as mentioned previously,
patients with a multiple gestation are at higher risk on account
of their increased plasma volume.78 Indeed, multiple gestation
appears to have been a predisposing factor in over 19% of the
reported cases of pulmonary edema occurring after the use of
beta-sympathomimetic agents.78 In addition, patients with a
multiple gestation may be at higher risk for myocardial
ischemia and arrhythmias while receiving intravenous beta-
sympathomimetics. Maternal death, in this setting, has been
reported to have occurred in at least three patients with a mul-
tiple gestation.100

Preterm premature rupture of membranes

Preterm premature rupture of membranes (PPROM) compli-
cates approximately 14% of twin pregnancies28,34 and 20% of
triplet pregnancies.25,28,34 The treatment for PPROM, which
usually involves prolonged strict bedrest in the hospital, puts
the mother at risk of infection, deep venous thromboses, and
deconditioning, and is costly.

Hemorrhage

An increased rate of both antepartum and postpartum hem-
orrhage has been reported for multiple gestations.28,71 Abrup-
tio placentae, which occurs three times more often in twins
than in singletons, is the major reason for the increased risk
of antepartum hemorrhage.13 Placenta previa, other than vasa
previa, has not been shown to occur at higher rates in twins.5

The risk of postpartum hemorrhage is twofold higher for
women giving birth to twins,71 and it occurs in up to 15% of
women delivering triplets.13,25 The average blood loss for a
twin vaginal delivery is 500 mL higher than for a singleton.6

Uterine atony due to overdistention from the multiple gesta-
tion is the major etiology. Therefore, patients need to be
watched closely for the first 24–48 hours, and treatment,
which is the same as in singletons, should be instituted
promptly.

Cesarean delivery

More than 50% of twins, 75% of triplets, and almost all
higher order multiple gestations are delivered by Cesarean
section, often with a classical incision, primarily because of
malpresentation.6,28,66,71,101 There are numerous maternal 
complications that are increased in incidence in patients
undergoing Cesarean delivery compared with patients having
vaginal delivery. These include, but are not limited to: puer-
peral infection (endometritis, pelvic abscess, wound infection,
and septic pelvic thrombophlebitis), wound dehiscence and
evisceration, deep venous thrombosis, ileus, bowel obstruc-
tion, bladder catheter drainage, intraperitoneal or retroperi-
toneal hemorrhage, and increased need for transfusion of
blood products. In a controlled study comparing twin with
singleton pregnancies undergoing Cesarean delivery,
endometritis was increased nearly threefold (13.1% versus
4.7%) and abdominal wound infections nearly twofold (5.6%
versus 3.0%).102

Uterine rupture

One retrospective study found a 0% incidence of uterine
rupture in patients with twins undergoing a trial of labor after
a previous Cesarean section (vaginal birth after Cesarean
section; VBAC).101 A newer, multicenter, retrospective study
confirmed the overall safety of attempted VBAC in twins 
with uterine rupture rates that are comparable to singletons.103

Until a larger, prospective study is completed, a trial of labor 
is justifiable for patients with twins as long as they are 
monitored closely during the antepartum and intrapartum
periods, and signs or symptoms of uterine rupture, such as
repetitive severe variables or prolonged decelerations, are taken
seriously.
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Antepartum management

Multifetal pregnancy reduction

Multifetal pregnancy reduction (MFPR), which was intro-
duced in the late 1980s, has proven to be a safe and effective
procedure to reduce the maternal and perinatal morbidity and
mortality associated with high-order multiple gestations.34,37,50

It is most commonly performed by transabdominal or trans-
vaginal injection of potassium chloride into the fetal thorax
under ultrasound guidance late in the first trimester. The
uppermost or technically easiest embryo is chosen for reduc-
tion unless one has a smaller crown–rump length or increased
nuchal translucency, which can be an early indicator of an
anomaly.104,105 The overall pregnancy loss rates after the pro-
cedure are reported to be approximately 3.3–11.7%, depend-
ing on the starting and finishing number.37,50 This must be
compared with the background loss rates for high-order mul-
tiple gestations prior to viability, which range from 8% to
20%.13,28 Although there is clear improvement in both mater-
nal and fetal outcome for women with four or more fetuses
who undergo the procedure, the medical benefit, although
present, is less striking for women pregnant with triplets.34,74

However, because there is clearly some improvement in
outcome for triplets that undergo MFPR to twins, and some
women may have compelling economic or psychological
reasons for desiring the procedure, we believe that all mothers
discovered to have more than two fetuses should be offered
the procedure with appropriate counseling.13,34 The final
number of fetuses can safely be left at two or one depending
on the woman’s medical and emotional background.37,50 There
also appears to be some residual effect of the starting number
of fetuses, as the overall pregnancy loss rates and incidence of
complications, such as subsequent preterm labor and delivery,
and fetal growth restriction, seem to increase in proportion to
the starting number.35,37 MFPR now gives women who find
themselves pregnant with a high-order multiple gestation,
often after years of emotionally, financially, and physically
exhaustive infertility treatments, a chance of a good pregnancy
outcome, but the availability of the procedure is not a substi-
tute for judicious monitoring of ovulation induction and the
use of advanced reproductive technologies. Patients need to be
thoroughly counseled about the likelihood of conceiving mul-
tiple fetuses and the risks involved in carrying such a preg-
nancy before embarking on infertility therapies.

Prenatal diagnosis

Women with multiple gestations frequently have indications
for prenatal diagnosis due to the higher incidence of congen-
ital anomalies, the frequency of advanced maternal age, 
and the increased risk of aneuploidy in at least one fetus at
younger ages.7,13,50,51 The modalities that are available in 
multiple gestations are similar to those for singletons,

although prenatal diagnosis in multiples has some unique
problems.7,50 The noninvasive modalities are ultrasound and
biochemical marker screening. The ultrasound markers in
twins are similar to those in singletons. As many multiple ges-
tations are scanned early, there is an opportunity to diagnose
some anomalies such as anencephaly even in the first trimester.
A nuchal translucency thickness greater than 2.5mm in the
first trimester has been shown to be present in a large number
of trisomic twin fetuses, as in singletons.105 It has value, espe-
cially when combined with maternal age, as a noninvasive
screen for Down syndrome.13,105 A comprehensive fetal survey
should be performed on each fetus at 18–20 weeks to rule out
structural anomalies that are not detectable in the first
trimester. Biochemical markers, as a screen for aneuploidy,
have unproven validity in the setting of multiple gestations,
particularly in those of high order, as the normal distributions
for both first- and second-trimester proteins have not 
been established.13,49 For example, a MSAFP of greater than
2.5 MoM, which is considered abnormal in singletons, occurs
in 20–30% of patients with twins.106 Elevations greater 
than 4 MoM in a twin gestation, however, are indications for
further evaluation.49 Thus, MSAFP screening alone does 
have some use in detecting open neural tube and abdominal
wall defects in twins that are not the result of MFPR, where
the levels are elevated due to the remains of one or more
fetuses.

The three invasive methods available for prenatal diagnosis
in singletons, chorionic villus sampling (CVS), amniocentesis,
and percutaneous umbilical blood sampling (PUBS), are also
available for multiple gestations, even those of high order. CVS
has been shown to be safe and effective in multiples with loss
rates (2–3%) that are similar to those with amniocentesis.50

The potential problems include inadvertent sampling of the
same fetus twice, contamination of one sample with villi from
another, and inability to identify the fetus with an abnormal
karyotype at a later date.7,49,50 Some of these problems can be
solved by using a combined transcervical and transabdominal
route to sample different placentas and by careful ultrasound
guidance.49 The advantages, such as earlier diagnosis, and the
disadvantages, such as forgoing amniotic fluid AFP analysis,
are the same as for CVS in singletons. An additional use for
CVS in high-order multiples is prior to MFPR procedures
where it has been used without increasing loss rates from the
procedure.49,50 This saves couples the potential tragedy of
finding out later that one of their remaining fetuses has a kary-
otypic abnormality when embryos that may have been normal
were the ones chosen for reduction.

Standard amniocentesis for analysis of karyotype and AFP
can be done in multiple gestations at 15–18 weeks with
reported loss rates prior to 28 weeks of 2.8%, which are not
significantly different from the background loss rates for
twins.49,107,108 Each fetus should be sampled as a separate pro-
cedure. To insure that the same fetus is not sampled twice,
1–3 mL of dilute indigo carmine can be injected into the first
sac after the fluid is withdrawn.49 If the second tap produces
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blue fluid, the same sac has been entered. It is not recom-
mended that methylene blue or other agents be used because
of some reports of fetal damage after their use.49

PUBS can be performed in twin gestations for the same indi-
cations as in singletons. The procedure can be technically dif-
ficult, and the cord of one fetus may not be accessible without
traversing the sac of another. Although the exact risks of the
procedure are not well defined in multiple gestations, the pro-
cedure has been performed safely, and there is experience in
using it successfully for in utero fetal therapy in twins, such
as for management of isoimmunization. Whichever method of
prenatal diagnosis is chosen by the patient, it is imperative that
fetal positions are clearly mapped, preferably by a drawn
diagram that identifies the locations of the sacs, placentas, and
fetuses, at the time of the procedure, and that the specimens
are labeled accordingly. This will decrease the risk that the
‘wrong’ fetus will be chosen for termination if the parents elect
such a procedure at a later date.

Selective termination

Once a fetal abnormality is diagnosed, management options
will depend on the severity of the anomaly, the gestational age
at the time, and the chorionicity. In the past, patients could
either terminate the entire pregnancy, sacrificing the other
normal fetus or fetuses, or expectantly manage the pregnancy.
Currently, patients have the additional option of selective ter-
mination of the abnormal fetus only.109,110 The procedure is
similar to MFPR in which potassium chloride or another car-
diotoxic agent is injected directly into the affected fetus’s heart
under direct ultrasound guidance. Loss of the entire pregnancy
occurs in 5–6% of cases if the procedure is done in twins prior
to 13 weeks and in 7–9% if the procedure is performed after
13 weeks.109 Loss rates are slightly higher when the procedure
is performed in triplets (12.5%).109,110 Ongoing pregnancies
generally have good outcomes for the remaining fetus or
fetuses.109 It is essential that the abnormal fetus be properly
identified prior to the procedure, and a specimen of amniotic
fluid or fetal blood should be sent for confirmation in cases of
karyotype abnormalities. This injection procedure is not 
safe in MC gestations discordant for an anomaly because of
morbidity and mortality in the survivors similar to that seen
with spontaneous death of a monochorionic twin in utero (see
discussion above). However, a selective termination can still
be performed if the ultimate vascular connection between 
the two fetuses is interrupted by an umbilical cord liga-
tion.13,111 This can be accomplished using a percutaneous
endoscopic technique and is most commonly done using
bipolar coagulation.112–114

Antenatal care

Specialized clinics
The antepartum care of women carrying more than one fetus
requires knowledge of all the maternal and fetal complications

that can occur in these pregnancies. In addition, special atten-
tion to nutrition, preterm birth prevention, and fetal surveil-
lance has been shown to decrease the perinatal morbidity and
mortality that is seen with multifetal pregnancies.115 In order
to provide the most effective care, some have advocated the
use of specialized multidisciplinary twin clinics or at least
applications of vigilant management protocols.15,116 The fol-
lowing discussion outlines the interventions that have been
recommended to improve outcomes for multiple gestations.

Weight gain/nutrition
Patients pregnant with twins or more have extra nutritional
demands.117,118 It is recommended that supplemental iron
(60–80mg/day) and folate (1mg/day) be given from the time
of diagnosis in addition to standard prenatal vitamins.15,118

Patients will also need additional calcium, especially in the
third trimester, to support the developing skeletons of more
than one fetus.29,99,117 We advocate liberal use of calcium 
supplements as most patients have difficulty meeting the
1500–2000mg/day requirement with diet alone. Zinc and
magnesium supplementation may be beneficial as well.
Increased fluid intake (at least 2L/day) is necessary to support
the expanded plasma volume, amniotic fluid volume, and
metabolic demands of multiple gestation. Patients need a diet
that is rich in protein (300–400g/day) and calories (at least
1000kcal/day) over the requirements for a singleton. Ade-
quate maternal weight gain, especially in the first and second
trimesters, has been associated with higher birthweights and
better outcomes in multiple gestations.15,116,118,119 It is currently
recommended that women with twins gain 35–45 pounds
(16–20kg), or more if underweight or carrying more than two
fetuses.116–119 Counseling by a certified nutritionist, early in the
first trimester, can help patients meet their body mass index
(BMI)-based weight gain goals. Screening for gestational dia-
betes should be performed at 24–26 weeks. Strong consider-
ation should be given to repeating a normal screen at 32 weeks
in women with a multiple gestation.

Prevention of prematurity
Prevention, diagnosis, and treatment of preterm labor must 
be a major focus in the antepartum care of women carrying a
multiple gestation as preterm birth is the leading cause of 
morbidity and mortality in this group. Education and inter-
ventions must begin early because most of the mortality
(50–80%) occurs before 32 weeks, and the critical period of
gestation appears to be between 26 and 29 weeks and between
600 and 900g. Many methods of preventing premature 
birth have been explored, with varying levels of success, but
little progress has been made. For example, the average ges-
tational age of delivery for triplets (~33 weeks) has not
improved since the 1940s.1 Outcomes have vastly improved,
but this is likely due to improvements in neonatal manage-
ment. It becomes clear as we review current methods that are
used to combat prematurity that further clinical investigation
is needed.
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Identification of patients at risk
The first step in preventing preterm birth is to identify those
patients at greatest risk so that they can be targeted for inter-
vention. This process should start with intensive education of
the patient regarding the dangers of prematurity, the signs and
symptoms of preterm labor, and easy access to a healthcare
provider at all times. A cervical length of <25mm at 24 weeks
in twins is strongly predictive of preterm delivery.15,120–122 A
midtrimester short cervix has also been shown to be an
increased risk for preterm delivery in triplets.123 Therefore, the
next steps in identifying patients with a multiple gestation who
are even more likely to deliver prematurely are a knowledge-
able risk assessment combined with serial cervical examina-
tions, both manually and with transvaginal ultrasound.123

Cervical lengths of at least 3.5 cm at 24 weeks in twins are
associated with less than a 5% risk of delivery at less than
34 weeks.124 Assessments should be made at least every
2 weeks starting in the second trimester in order to be effec-
tive. A suspicion of shortening or funneling on a transab-
dominal sonogram or a digital examination should be
followed immediately by a transvaginal sonogram.

Many practitioners use costly home uterine activity moni-
toring (HUAM) in attempts to identify patients at risk for 
premature labor. This noninvasive modality is based on the
knowledge that baseline uterine activity is increased in twin
pregnancies, that there is an increase in the frequency of con-
tractions as early as several weeks before the development of
preterm labor, with an even greater rise 24 hours before,125

and that women with twins are less likely to perceive their
contractions.15 However, the data showing the efficacy of
HUAM are limited, even in multiple gestations, and some of
the apparent benefit may be from the frequent nursing educa-
tion and contact that accompanies the programs and not from
the use of the monitor per se.15,126

The detection of fetal fibronectin (fFN) on a simple culture
swab from the cervicovaginal secretions, which is commer-
cially available, is a modality that identifies patients at risk for
delivering in the near future. The best positive predictor is 
in twins with serially positive fFN and a short cervix.120 The
high negative predictive value of the test has been confirmed
in multiple gestations.120,127 Unnecessary interventions may be
avoided in a patient with increased uterine activity but no cer-
vical change and a negative fFN.124

Preventative measures
Cerclage
The placement of a purely prophylactic cerclage in all 
patients with a multiple gestation is not currently 
recommended. No benefit from the procedure has been
demonstrated in twins without evidence of cervical incompe-
tence.6,13,121,128 Even in twins with a sonographically short
cervix (≤2.5cm), rescue cerclage placement does not clearly
improve outcomes.121 There is potentially more value to pro-
phylactic cerclage in high-order multifetal pregnancies where
the increased weight of the uterine contents may lead to cer-

vical incompetence in patients who have no other risk 
factors for the condition. Although there are some data that
support its use in the management of triplets and quadru-
plets,129 there are no randomized clinical trials, and substan-
tial data exist that show no benefit.29,38,85 Prophylactic cerclage
is not an intervention with proven benefit in patients pregnant
with more than two fetuses and no history of incompetent
cervix.13

Bedrest
Bedrest is one of the most commonly prescribed interventions
to prevent prematurity in multiple gestations; yet, its efficacy
is uncertain. For twins, in fact, prophylactic hospitalized
bedrest appears to have no benefit, and it is costly and dis-
ruptive to families.15,28,130,131 There are no randomized trials in
higher order pregnancies, but modern management in the USA
has essentially abandoned routine hospitalization for these
pregnancies as well.15,29,86,97 The value of prophylactic bedrest
at home has not been formally studied, but it is part of the
management in most studies of high-order multiple gesta-
tions.28,29,86,97 Modification of normal activity and increased
rest periods throughout the day may prolong gestation and
decrease the incidence of other complications such as hyper-
tension and FGR, even in twins.15,86 It is the author’s opinion
that recommendations to women carrying multiple fetuses
regarding lifestyle modifications must be individualized
depending on additional risk factors for pregnancy complica-
tions and the patient’s home and work environment, and that
strict bedrest and hospitalization be prescribed only when
complications occur that warrant it.

Prophylactic tocolytic therapy
The use of currently available tocolytic agents as a prophy-
lactic means to prevent preterm labor in multiple gestations is
not supported by the literature.15,7,132 Furthermore, there is sig-
nificant risk associated with their use, which is exaggerated in
multiple gestations, as discussed above.

Treatment of preterm labor

Tocolytics
Once preterm labor has been diagnosed, however, tocolysis 
is indicated. The medications, routes of administration, and
contraindications are the same as in singleton pregnancies.
Unfortunately, multiple gestation is frequently an exclusion
criteria in studies that have evaluated the efficacy of tocolysis.
Despite the paucity of scientific evidence in multiple gesta-
tions, experience has shown that tocolytic agents decrease
uterine activity and prolong gestation by at least 24–48 hours
in these pregnancies15,133 and, thus, we believe they should be
used to halt (or slow down) labor occurring prior to 34 weeks’
gestation. Of course, these agents must be used with extra
caution and monitoring in women with multiple gestations
because of the increased risk of complications detailed
above.6,78,88
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Steroids
The administration of betamethasone or dexamethasone
within several hours to 7 days of birth between 24 and
34 weeks’ gestation clearly decreases the incidence of respira-
tory distress syndrome, intraventricular hemorrhage, and
necrotizing enterocolitis in singleton gestations.134 The benefit
in multifetal pregnancies has not been studied extensively, and
there is some question as to whether the currently recom-
mended doses are adequate, given the altered pharmacokinet-
ics in these women.134,135 However, no harm has been
demonstrated, and it is therefore recommended that they be
used liberally in multifetal pregnancies for the same indica-
tions as in singletons.134 The efficacy and safety of weekly,
prophylactic administration of antenatal steroids has not been
demonstrated and is not currently recommended.134

Fetal surveillance

Ultrasound
The important uses of ultrasound in multiple gestations are
outlined in Table 13.1. As discussed previously, an early sono-
gram is necessary to confirm the diagnosis, assess chorionic-
ity, and establish good dating.12 Another sonogram should be
performed at 18–20 weeks to screen for anomalies, confirm
the chorionicity, and assess the cervix. Frequent sonograms
should be performed thereafter (every 3–4 weeks in an uncom-
plicated multiple gestation) to assess fetal growth, amniotic
fluid volume, and cervical length.15,136 If complications arise,
or in particularly high-risk multiple pregnancies, sonograms
should be performed more frequently and be done by sonol-
ogists experienced in the management of such complications.

Nonstress test
All multiple gestations are at some increased risk for un-
explained demise and uteroplacental insufficiency, and they
should therefore undergo antepartum fetal testing.7,137

However, the gestational age at which tests of fetal well-being
should be initiated, the frequency of testing, and the modality

or combination of modalities that should be used varies
depending on the presence of additional maternal or fetal risk
factors.7,15,136 At most centers, the nonstress test (NST) is the
primary method, and it is performed at a minimum of weekly
from 36 weeks in uncomplicated dichorionic multiples.15,136 It
has been proven to have the same validity in multiple gesta-
tions as in singletons and has some of the same problems, such
as a high false-positive rate.15,138 Monitors are available that
allow simultaneous testing of multiple fetuses, which shortens
testing time and allows for study of the in utero behavioral
interactions between twins (Fig. 13.8).136,139 The general prin-
ciple that an abnormal screening test should be followed
immediately by a more sensitive and specific test, such as
vibroacoustic stimulation or biophysical profile, applies to
multiples as well, but the interpretation and management of
nonreassuring testing in a multiple gestation can be much
more complex than in a singleton, particularly when the
fetuses have discordant test results. Management recommen-
dations must take into account the impact of immediate, often
preterm, delivery on the healthy fetus, and the prognosis,
which may be poor even with immediate delivery, of the fetus
with concerning testing.

Contraction stress test
Although a contraction stress test (CST) may be performed
safely in some cases of multiple gestation, this form of fetal
surveillance is rarely used. Often, multiple pregnancies are
complicated by conditions for which the CST is contraindi-
cated, such as premature labor, abnormal placentation, or
abnormal bleeding. If a spontaneous CST arises during a
period of antepartum fetal heart rate testing, its interpretation
may be of value.136

Biophysical profile
The fetal biophysical profile (BPP) is also a reliable method of
fetal surveillance in multiples, even in those of high order, with
comparable sensitivity and specificity to testing in single-
tons.15,136,139 An advantage of using the BPP as an adjunct to
the NST in multiple gestations is the ability to assess amniotic

Figure 13.8 A simultaneously reactive twin nonstress test.
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fluid volume which, if increased or decreased, may be the first
sign of a problem, such as FGR or a twin–twin transfusion.
Monochorionic multiple gestations, women with additional
risk factors for uteroplacental insufficiency, and fetuses who
are already known, from ultrasound, to have a growth
problem should have at least an amniotic fluid volume assess-
ment weekly.

Doppler ultrasound
The umbilical artery systolic/diastolic (S/D) ratio in twins is
the same as the value in singletons throughout gestation.12,13

Similar controversies exist regarding the use of umbilical
artery Doppler velocimetry as a screening modality for fetal
well-being in twins as in singletons. Some have shown that
abnormal or discordant values can be detected 4–8 weeks
earlier than other evidence of growth problems,12,13,136,140 and
that they are good predictors of poor perinatal outcome.136,141

It has also been shown to be of use in the surveillance of the
twin–twin transfusion syndrome.12,136,141 However, the utility
of Doppler velocimetry in concordant multiples has not been
proven, and we feel that its use should be limited to those preg-
nancies at highest risk. Abnormal results may indicate more
frequent surveillance, but other interventions should only 
be undertaken if a combination of all available test results
warrants it.

Timing of delivery

Much controversy exists regarding the timing of delivery in
multiple gestations. There is no evidence that fetuses “mature”
faster just because they are sharing the same womb. For this
reason, uncomplicated twins should not be electively delivered
prior to 38 weeks, and there is no contraindication to expec-
tant management until close to the due date as long as there
is reassuring testing.7,15 There is some evidence that twins have
higher stillbirth rates and higher than expected rates of FGR
after 38–39 weeks.6,137 The elective delivery of higher order
pregnancies, which is almost always by Cesarean section, can
be justified slightly earlier, at 36–37 weeks. Many multiple ges-
tations, however, are at higher risk as gestation progresses.
Consideration should be given to earlier delivery in these sit-
uations, only after confirmation of fetal lung maturity, unless
there is an absolute fetal or maternal indication for delivery.
As in singletons, the presence of phosphatidylglycerol or a
lecithin–sphingomyelin ratio ≥ 2.5 in amniotic fluid is indica-
tive of fetal lung maturity. In at least 50% of twins, there is
intersac discordance in lung maturity, so both sacs should be
sampled if possible.6,13,15,142

Antepartum management of fetal complications

Monoamnionic gestations
Monoamnionic twins were traditionally associated with a
mortality rate of 50%, which is predominantly the result of
cord entanglement.13,58,62,63 This occurs in at least 70% of cases

and can happen at any time.58 Contemporary management
protocols that involve early diagnosis, ultrasound looking for
evidence of cord compression and to evaluate fetal growth,
frequent antepartum fetal testing with nonstress tests and con-
tinuous fetal monitoring for frequent variable decelerations,
and delivery by Cesarean section for nonreassuring testing
have decreased the mortality to 20%.13,58,62,63 Most advocate
delivery, usually by Cesarean section, as soon as fetal lung
maturity is documented, usually around 34 weeks when mor-
tality is low.13,58,53 There is some justification for planned
Cesarean delivery at 32 weeks.143

Conjoined twins
If the diagnosis of a conjoined twin is made early, the option
of pregnancy termination should be offered. If the patient
declines or if the diagnosis is made later, serial ultrasound and
further evaluations such as echocardiography and magnetic
resonance imaging (MRI) should be performed to help deter-
mine whether extrauterine life is possible, and if there is any
chance of successful separation after birth. Management will
depend on such assessments.53,54 If conjoined twins have a pos-
sibility of survival, the best perinatal outcome will be achieved
with Cesarean delivery, close to term, at a specialized tertiary
care center.54 Abdominal delivery is sometimes necessary, even
for nonviable or demised conjoined twins, to avoid maternal
trauma. Postnatal prognosis will depend on the site and degree
of union, the presence or absence of any other major anom-
alies, and the degree of prematurity.54

Acardiac twins
The mortality for the pump twin in cases of acardia is greater
than 50% and is universally lethal for the recipient.13,59 The
in utero treatment modalities that have been attempted include
medical therapies, selective delivery, and umbilical cord block-
ade.13,58,111 The most promising seems to be fetoscopic umbil-
ical cord ligation, which has a relatively low failure rate but
a high risk of preterm delivery due to rupture of membranes
and preterm labor.13,111 There is also a role for expectant 
management when the weight of the acardiac twin
[–1.66(length) + 1.21(length2)] divided by the weight of the
normal twin (using standard biometry), the twin-weight ratio
(TWR), is more than 70%.58,59 The pump twin needs close sur-
veillance for evidence of cardiac failure and most likely will
require early delivery.

Twin–twin transfusion syndrome
When a “stuck twin” is visualized on ultrasound, a fetal
anomaly of that twin or a severe growth abnormality with pla-
cental insufficiency must be considered. Similarly, if isolated
polyhydramnios is seen around one twin, an anomaly or infec-
tion may be the etiology. A diagnosis of TTTS should be
reserved for those cases that demonstrate the multiple criteria
discussed earlier. Once the syndrome is diagnosed with rea-
sonable certainty, prognosis depends on the gestational age
and the severity, but the mortality is generally well above 50%
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without treatment.58 A staging system based on the appear-
ance of the bladder in the donor, Doppler values, and the pres-
ence of hydrops has some value in patient counseling and
comparison of treatment protocols.144 Four treatment options
have been investigated. The first is decompression amniocen-
tesis, whereby large quantities of amniotic fluid are serially
removed from the recipient’s sac.145 This serves to decrease
maternal respiratory embarrassment and preterm labor from
the often massive polyhydramnios, and may reduce compres-
sive forces on the umbilical cord leading to reversal of the
shunt. Although some have reported improved outcomes with
the procedure (78% survival), there is a question of abnormal
neurologic outcome in a significant percentage of the sur-
vivors.145 Another option is amniotic septostomy, which has
outcomes similar to serial amniocentesis. There is the possi-
bility of enlargement of the hole in the septum, resulting in an
iatrogenic MA pair with its associated risks.146 A more inva-
sive modality is fetoscopic laser ablation of the anastomotic
placental vessels, which has been reported to achieve a 60%
survival rate with low neurologic morbidity in the sur-
vivors.60,147–149 By ablating the vascular connections between
the fetuses, the now functionally DC pair is probably less sus-
ceptible to neurologic injuries that can occur as a result of
hypotension or other vascular alterations in a co-twin.13 Two
randomized trials have been performed, one demonstrating no
difference in survival between serial amniocentesis and amni-
otic septostomy,150 and one showing a significant benefit to
laser therapy over serial amniocentesis.148 The prognosis,
including the potential for damage to the survivor in the event
of a demise, should be discussed with the patient after the
diagnosis is made when deciding between various manage-
ment options. After therapy, weekly ultrasound and intensive
fetal surveillance will be needed. The option of termination of
pregnancy needs to be discussed due to the poor prognosis,
even with therapy. Delivery should be undertaken as soon as
fetal maturity is confirmed or for nonreassuring fetal testing.

Fetal growth restriction of one or more fetuses
When FGR afflicts one or more fetuses, management is similar
to that of FGR in a singleton. If it is detected early in preg-
nancy, an anomaly should be ruled out by careful sonography
and karyotype analysis. If it is secondary to uteroplacental
insufficiency, the risks of prematurity must be weighed against
the risks of continued stress in utero. Close fetal surveillance
should ensue, with ultrasound examinations every 2 weeks to
assess fetal growth, frequent nonstress and biophysical profile
testing, and Doppler velocimetry. Delivery of the growth-
retarded fetus should await fetal lung maturity of all the
fetuses unless the testing is nonreassuring or the affected fetus
fails to demonstrate any growth over time.

Growth discordance
The finding of discordant growth among fetuses in a multiple
pregnancy is not necessarily pathologic or associated with poor
outcome.36,23,36,42–44 However, severe growth discordance

(25–30%), particularly when there is evidence of FGR, is asso-
ciated with increased morbidity and mortality.36,42–44 Once eti-
ologies for the discordance, such as TTTS or anomalies of one
twin, are dismissed, it is difficult to predict which pairs are truly
at risk. For this reason, multiples that are found to be discor-
dant on ultrasound should be followed more frequently for 
fetal growth and undergo more frequent and earlier fetal
testing.17,13,42,151 As long as each fetus follows its own growth
curve and testing is reassuring, there is no indication for early
delivery.6,13,43,151 Early intervention should be undertaken,
however, even if premature, if there is progressive growth dis-
cordance or signs suggestive of immediate fetal danger.

Single fetal death in utero
The management of multiple gestation complicated by the
death of one fetus depends on the gestational age at which the
loss occurs, the potential cause of the demise, and the chorion-
icity. If the demise is caused by a pregnancy complication that
is likely to affect the survivor, such as uncontrolled diabetes,
maternal hypertension, or other medical problems, delivery
should be strongly considered even if the fetus will be prema-
ture.152 If the demise is caused by a problem that is unlikely to
affect the survivor, such as a known fetal anomaly, expectant
management with close surveillance is warranted.57,58,152 With
monochorionic gestations, there is a significant risk to the sur-
vivor, as discussed previously.7,58,64,67 Even immediate delivery
may not prevent neurologic deficits. If demise occurs prior to
32 weeks, intensive fetal surveillance should be performed with
counseling regarding the substantial risk of morbidity in the
survivor that may or may not be detectable on ultrasound or
heart rate monitoring.13,58 Ideally, delivery should be under-
taken, even in the face of prematurity, if a complicated MC
twin is likely to die shortly.13 Maternal coagulation profiles
should be followed periodically after a single fetal demise,
although the risk of maternal DIC is low.6,7,58,65

Intrapartum management

Asynchronous birth

Most deliveries of multiple fetuses occur in close proximity to
each other. There is a role, however, for delaying delivery of
some fetuses after a very premature delivery of one. The cri-
teria for attempting expectant management of the remaining
fetuses include reasonable evidence of fetal well-being by heart
rate monitoring and ultrasound, absence of signs of abrup-
tion or chorioamnionitis, and dichorionic placentation.153

Although some have had success with the liberal use of 
antibiotics, tocolysis, and cerclage placement shortly after
delivery,153,154 these interventions are controversial.155 Indocin,
for 48–72 hours after delivery, does appear to work well as a
tocolytic in this setting.153,154 There is a reasonable chance
(~50%) of achieving the delivery of a surviving infant or
infants weeks after the loss of one in carefully selected patients
who have been counseled about the potential risks.153–155
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Mode of delivery

The delivery of all multifetal pregnancies, even the seemingly
most uncomplicated, has the potential for serious com-
plications including unanticipated malpresentations, cord
accidents, abruptions, and postpartum hemorrhage. For this
reason, women with more than one fetus should be delivered
in centers with capabilities for intrapartum fetal monitoring
both electronically and by real-time ultrasound, for immedi-
ate Cesarean delivery, and for neonatal resuscitation. Any
meaningful discussion of the intrapartum management of
twins should consider the relative presentations of twin A 
and twin B (Fig. 13.9).156 The possible combinations are
varied, but three broad categories provide a working classifi-
cation: vertex–vertex, vertex–nonvertex, and nonvertex twin
A (Fig. 13.10). The authors’ management plan is illustrated in
Figure 13.11.

Twin A vertex, twin B vertex
There is widespread agreement that vaginal delivery of
vertex–vertex twins is appropriate.13,155–157 Throughout labor,
twin A can be monitored with a scalp electrode, once mem-
branes have been ruptured, and twin B can be monitored with
an external cardiotocograph. After delivery of twin A, elec-
tronic or sonographic monitoring of the fetal heart rate of twin
B is carried out until its delivery. Further labor should bring
the vertex of twin B into the pelvis, whereupon amniotomy is
performed and vaginal delivery is accomplished. If labor has
not resumed within 10 min after the delivery of twin A, careful
oxytocin augmentation should be used.158 Although the time

interval between delivery of twins is not a critical factor in
obtaining a successful outcome, as long as the well-being of
the second twin is continuously assessed, there is a higher inci-
dence of an umbilical cord pH less than 7.00 with longer inter-
vals.156–158 Cesarean delivery of either or both twins should be
undertaken for the same indications as in singletons. The
safety of internal podalic version with total breech extraction
for a second vertex twin who is in distress has not been
demonstrated and, therefore, cannot be recommended.155

Twin A nonvertex
(19.1%)

Vertex – vertex
(42.5%)

Vertex–nonvertex
(38.4%)

Figure 13.10 The relative occurrence rates of the three broad
categories of twin presentations: vertex–vertex, vertex–nonvertex,
and twin A nonvertex.

Twin A vertex,
twin B vertex

Vertex
vaginal
delivery,

both twins

Vertex
vaginal
delivery

Breech
delivery

Vertex vaginal
delivery

Intrapartum
external
version

EFW>2000g
AND

fetus candidate
for vaginal breech

delivery

Twin A Twin B

EFW<2000g
OR

fetus not candidate
for vaginal breech

delivery

Intrapartum
external
version

Successful Successful

UnsuccessfulUnsuccessful

Cesarean
section

Cesarean
section

both twins

Twin A vertex,
twin B nonvertex Twin A nonvertex

Figure 13.11 Outline of proposed intrapartum management of twin
gestation. From ref. 156.

Vertex–oblique
4 (1.1%)

Transverse – vertex
2 (0.6%)

Transverse – transverse
2 (0.6%)

Breech – oblique
1 (0.3%)

Vertex-vertex
154 (42.5%)

Vertex–transverse
41 (11.3%)

Vertex–breech
94 (25.0%)

Breech–transverse
17 (4.7%)

Breech–breech
22 (6.1%)

Breech–vertex
25 (6.9%)

Total
362

Figure 13.9 The relative occurrence rates of the possible
combinations of twin presentations. From ref. 156.
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There is some controversy regarding the mode of delivery
for very low birthweight infants, even if they are vertex–
vertex.155 However, there is an absence of data demonstrating
that Cesarean section is beneficial.13,156,157

Twin A vertex, twin B nonvertex
There is no definitive conclusion at this time regarding 
the optimum management of the vertex–nonvertex twin ges-
tation. One option is that of elective Cesarean delivery because
of the possibility of birth trauma and birth asphyxia to 
the vaginally delivered nonvertex twin.157 The preponderance
of evidence, however, indicates that this is not neces-
sary.6,155,159–162 Two other options exist after vaginal delivery
of the first twin: external cephalic version with subsequent
vaginal delivery from the vertex presentation or total or
assisted breech extraction.

Several series report a 70% success of external cephalic
version for the second twin with good maternal and fetal out-
comes.155,156,160 When considering this option, sonographic
assessment of the size of both fetuses should be made and, if
twin B is much larger than twin A, the option of elective
Cesarean section should be considered. If the patient is a can-
didate for labor, she should be strongly encouraged to have
epidural anesthesia as abdominal wall relaxation will greatly
aid attempts at version or breech delivery. The specific maneu-
ver is shown in Figure 13.12. As the first twin is being deliv-
ered, the presentation and heart rate of the second twin should
be evaluated with real-time ultrasound. Gentle pressure, either
with the transducer or with one’s hands, is used to guide the
vertex toward the pelvis. The shortest arc between the vertex
and the pelvic inlet should be followed initially. The version
can be accomplished as either a forward or a backward roll,
but undue force must be avoided in all patients. When the
vertex is brought to the pelvic inlet, the membranes are rup-
tured and delivery is accomplished, with oxytocin augmenta-
tion as needed. If the version is unsuccessful, vaginal breech
delivery or Cesarean section is performed depending on

whether the fetus is a candidate for breech delivery (see below)
and whether the status is reassuring.

Vaginal breech delivery of the second twin is the other option
to avoid routine abdominal delivery of vertex–nonvertex
twins.155,156,159,162 For twins weighing more than 1500g, several
studies have had up to 95% success rates without any differences
in outcome compared with second breech twins delivered 
by Cesarean section or second vertex twins delivered vagi-
nally.155,156, In fact, one study showed improved outcomes and
lower hospital charges for the breech extraction group.162 Even
in second breech twins weighing less than 1500g, there is no evi-
dence that Cesarean section is beneficial.161,163 We recommend
that vaginal breech delivery be performed for the second twin,
after a failed version attempt, if the standard criteria for a vaginal
breech are met. These include an adequate maternal pelvis, a
flexed fetal head, and an estimated fetal weight of 1500–3500g,
and size that is not significantly larger than twin A.113,155,159,163 If
these criteria are not met, or if there is evidence of fetal distress,
immediate Cesarean delivery should be performed.

Twin A nonvertex
Cesarean delivery is usually recommended for twins when the
first is not vertex because the safety of vaginal delivery in this
setting has not been established, and there is the potential
complication of interlocking fetal heads.155 Some have shown,
however, that, if the criteria are met for vaginal delivery of a
breech singleton, vaginal delivery of a breech first twin may
be just as safe as abdominal delivery for the pair.164

Higher order births
There are some studies, albeit with small sample sizes, that
report good outcomes for triplets that were allowed to deliver
vaginally.165,166 These studies clearly do not provide sufficient
evidence to suggest that this is safe, especially given the skill
that is required to perform such a delivery, and the increased
perinatal mortality inherent with triplet and higher order ges-
tations. Most still recommend Cesarean delivery for all high-
order multiple gestations,7,13,29,155 but the option should be
available for motivated patients without other indications for
elective Cesarean delivery.

Conclusion

The complexity of both maternal and fetal problems seen with
multiple gestation argues for management of the antepartum
and intrapartum periods by a multidisciplinary team of expe-
rienced personnel, including those skilled in prenatal diagno-
sis, obstetrical ultrasound, nutrition, prematurity assessment
and prevention, and delivery (spontaneous, operative vaginal,
and Cesarean deliveries). If complications arise at any time, it
is particularly important to have physicians available who are
experienced in the management of complications of multiple
gestations to optimize successful outcomes and minimize mor-
bidity and mortality.

Figure 13.12 The maneuver of external version. From Chervenak
FA, Johnson RE, Berkowitz RL, et al. Intrapartum external version
of the second twin. Obstet Gynecol 1983;62:160.
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Figure 13.13 Example of twins together created by computerized manipulation of two individual photographs. Twin A (left) is the survivor of
TTTS, and twin B (right) was stillborn. Image courtesy of Pam Schachter, with permission.

Key points

1 Widespread use of assisted reproductive technologies
has led to dramatic increases in the incidence of twins
and higher order multiple births.

2 Multiple gestations can be dizygotic (all
diamnionic–dichorionic) or monozygotic (30%
diamnionic–dichorionic, 70% diamnionic–
monochorionic, or < 1% monoamnionic–
monochorionic), or any combination.

3 Ultrasound is indispensable for the identification,
assessment including determination of chorionicity, and
management of multiple gestations.

4 Multiple gestations contribute significantly to perinatal
morbidity and mortality.

5 The majority of twins and most higher order multiple
gestations are born prematurely as a result of
premature labor, preterm rupture of membranes, or
fetal or maternal complications.

6 The risk of being born at a low and very low
birthweight is much higher for a multiple because of

both prematurity and fetal growth restriction, both of
which contribute to morbidity and mortality.

7 Fetal complications such as growth restriction,
intrauterine fetal demise, and congenital anomalies and
complications unique to multiples, such as discordant
growth and twin–twin transfusion syndrome, also lead
to significant morbidity and mortality.

8 Maternal medical complications are exaggerated when
carrying a multiple gestation.

9 Hyperemesis gravidarum, cholestasis, acute fatty liver
of pregnancy, anemia, gestational diabetes, urinary
tract infections, and cardiovascular complications occur
more frequently and more severely in women carrying
a multiple gestation.

10 The incidence of gestational hypertension and
preeclampsia is several fold higher in women pregnant
with a multiple gestation, and life-threatening
complications occur more frequently and at earlier
gestational ages.
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Fetal growth is the result of a complex interplay of various
factors, which include genetic, environmental, maternal, nutri-
tional, placental, and endocrine influences. Over 40 specific
factors have been shown, through animal studies, epidemio-
logical, and observational data, to influence fetal growth.1 The
importance of identifying the determinants of fetal growth is
highlighted by the fact that fetal growth restriction remains
the second leading cause of perinatal mortality, and is further
enhanced by the association between low birthweight (LBW)
and adult-onset diseases.2 Epidemiologic studies have demon-
strated that individuals born with a LBW have an increased
risk of cardiovascular diseases and diabetes in adulthood.
Conversely, there has also been a positive association reported
between high birthweight and breast cancer risk as, for
instance, women who weighed more than 4000g at birth have
been shown to have a risk of breast cancer 3.5 times higher
than those who weighed less than 3000g.3–5 These associations
between birthweight and adult-onset diseases support the
hypothesis that in utero events may result in alterations in the
programming of the fetus itself or of its metabolic milieu,
thereby resulting in significant adult diseases. Increasing lab-
oratory and epidemiologic evidence of the in utero origins of
these diseases makes it necessary that we understand the
factors involved in fetal growth regulation and examine how
they may interact as they carry long-term consequences for
future health. This chapter will focus on the current literature
describing the influences of maternal, genetic, environmental,
endocrine, and placental factors on fetal growth, and will
examine how these factors are involved in aberrant growth
patterns such as growth restriction and macrosomia.

Genetic influences

Elements from both the maternal and the paternal genome are
required for normal fetal growth and development. Recent
data have demonstrated that, for certain genes, only one allele
is functional. This is referred to as genetic imprinting, an epi-
genetic mechanism by which one of the two alleles of a gene 

is expressed according to its parental origin. The allele that is
silenced is called imprinted. In the murine model, over 60
imprinted genes have been identified, and the majority influ-
ence fetal growth directly. This has led to the suggestion that
imprinting may also be an important regulatory factor in
human fetal growth. In fact, recent human studies have demon-
strated that most maternally imprinted genes act as growth
suppressors (e.g., H19, p57), whereas paternal ones act as
growth promoters (e.g., insulin-like growth factor 2, IGF-2).6

It has been postulated that imprinting occurs because of con-
flicts between the maternal and paternal genome and nutrient
transfer to the fetus from the mother. Thus, paternally
expressed genes result in fetal growth promotion at the expense
of the mother, whereas genes that are maternally expressed
would have the opposite effect. The most striking evidence of
the importance of this mechanism lies in the influence of IGF-
2 imprinting and its disorder on human fetal growth (Table
14.1). It has been shown that biallelic expression of IGF-2 leads
to overgrowth of the fetus, which is recognized clinically as
Beckwith–Wiedemann syndrome (Fig. 14.1), characterized by
large birthweight, organomegaly, macroglossia, and neonatal
hypoglycemia.7 Conversely, in the mouse, deletion of the pater-
nal IGF-2 allele has been shown to cause fetal growth restric-
tion.8 The mechanisms by which imprinting is altered include
chromosomal deletion/duplication, point mutations, and uni-
parental disomy (UPD). The last refers to a situation in which
chromosome fragments originate from a single parent. Murine
studies have shown that, for some specific fragments, abnor-
mal fetal growth occurred, suggesting that this portion of the
chromosome carried an imprinted gene.6,9,10 There are several
examples of human imprinted genes associated with UPD. In
humans, UPD has been observed for most chromosomes,
although only a few are associated with an abnormal 
phenotype (often growth restriction), again suggesting that
these carry an imprinted gene.7 Specific examples include
Prader–Willi syndrome, Angelman syndrome, and Silver–
Russell syndrome (see Table 14.2).

There is evidence from the literature of an influence of
maternal genotype on fetal growth. These genetic influences
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are likely those involved in maternal size determination and
metabolism, as evidenced by the fact that maternal height is
correlated with birthweight and probably reflects its influence
on uterine size and perhaps blood flow.11 What is however
becoming clear is that maternal phenotype, which results in

physical constraints, probably plays an even more important
role in fetal growth regulation.12 This is evidenced by the
cross-breeding studies between horses and ponies in which it
was shown that, given the same fetal genotype, growth was
greater when occurring in a large animal compared with a
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Table 14.1 Evidence of a role for the IGF system in human fetal growth.

Homozygous deletion of exons 4 and 5 in the IGF-1 gene results in severe intrauterine growth restriction (IUGR) and postnatal growth failure
Biallelic expression of the IGF-2 gene leads to Beckwith–Wiedemann syndrome
Both IGFs are present in the fetal circulation very early and expressed in the placenta
Positive correlation between cord serum IGF-1 concentration and fetal size
Birthweight positively correlated with IGFBP-3 and negatively with IGFBP-1
Human IUGR associated with increased IGFBP-1 and -2 and decreased IGFBP-3
↑ IGFBP-1 at decidual–placental interface in severe preeclampsia/IUGR
↑ Circulatory levels of IGFBP-1 up to six times in severe preeclampsia
↑ IGFBP-1 in IUGR at term and antenatally (cordocentesis)
↓ PAPP-A leads to ↓ birthweight (PAPP-A protease of IGFBPs)

Summary of various evidence from human studies supporting the role of the IGF system in the regulation of fetal growth. This includes the
involvement of IGF-1 and -2 as well as their binding proteins and the proteases, which themselves modulate these binding proteins. IGFBP,
insulin-like growth factor binding protein; PAPP-A, pregnancy associated plasma protein A.

Figure 14.1 Infant with Beckwith–
Wiedemann syndrome. Note the obvious
macrosomia related to overexpression of
IGF. From Wiedemann HR, Kunze J.
Clinical syndromes, 3rd edn. Mosby-Wolfe
Publishers; 1997:148–149.
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small one.13 Furthermore, studies of outcomes from assisted
reproductive technologies using ova donation clearly demon-
strated that birthweight correlated with the height and weight
of the birth mother and not the donor.14 From an evolution-
ary standpoint, this represents an adaptive mechanism pre-
venting fetal overgrowth and the resulting maternal and 
fetal complications. This also suggests to the clinician that the
interplay between maternal genotype and phenotype that
influences birthweight must be recognized as a significant con-
founding variable in the interpretation of data from pregnan-
cies that are the result of assisted reproductive technologies.

Conversely, paternal factors are thought to have very little
influence over fetal growth. Human pedigree studies have
demonstrated very little effect of paternal factors on birth-
weight. Studies of paternal height and weight have also con-
cluded that only a very small effect on fetal weight was
present. In a more recent report, paternal height was related
to birthweight, with a small effect, an increase of 10g/cm
increase in paternal height, being apparent.15 This therefore
accounted for a very small amount of the variation in birth-
weight. As paternal weight and body mass index (BMI), which
are acquired characteristics, did not influence birthweight, it
was suggested that it was paternal genotype (a determinant of
height) that played a small role in fetal growth. Again, the fact
that this effect is small is highly desirable from an evolution-
ary standpoint as it prevents fetal overgrowth in mothers
whose physical determinants would not allow it.

Fetal genotype, on the other hand, is an important regula-
tor of growth. This is supported by the aberrant birthweight
seen in chromosomally abnormal fetuses. Indeed, the average
birthweight of fetuses with trisomy 13 is 2400g; for those with
trisomy 18, it is 2240g and, finally, for trisomy 21, 2894g.16

This is believed to be mediated by a decrease in cellular pro-
liferation leading to generalized hypoplasia. The cell cycle of
trisomic fetuses has been shown to be slower, with a 50%

reduction in the G2 phase and a generally decreased rate of
DNA synthesis.17 Other evidence of the importance of fetal
genotype lies in the fact that fetal gender influences birth-
weight, as male fetuses are approximately 175g heavier than
females at term. Confined placental mosaicism (CPM) results
from a chromosomal error located only in the placenta and
has been shown to increase the risk of fetal growth restriction.
It has been reported that up to 20% of cases of fetal growth
restriction are associated with CPM, which can itself be asso-
ciated with UPD.14 Therefore, in cases of unexplained fetal
growth restriction, a placental examination looking for CPM
may provide useful information.

Maternal influences

Various maternal factors affect fetal growth. These include
maternal anthropometry, overall health, nutritional status,
and genotype as described above. Several studies have clearly
demonstrated correlations between birthweight and maternal
height, prepregnant weight, and weight gain during gesta-
tion.11,18 However, the absence of a correlation between mater-
nal weight gain and birthweight in very obese patients is
noteworthy. This also applies to women with gestational 
diabetes possibly resulting from decreased maternal insulin
sensitivity. In addition, birthweight has also been shown to
increase with increasing parity, perhaps secondary to the
cumulative effects of previous pregnancies on maternal 
metabolism.

Good maternal health is essential for proper placental
implantation and normal fetal growth and development, as it
allows the woman to respond and adapt appropriately to
changes related to the establishment and maintenance of 
pregnancy.

In a recent review of the effect of exercise in pregnancy,
Clapp19 demonstrated that, in healthy, fit pregnant women,
exercise (particularly regular, weightbearing, strenuous) was
associated with improved maternal and fetal outcomes. It was
proposed that regular physical activity improved placental
growth as well as the normal physiologic changes of preg-
nancy. Furthermore, as exercise resulted in intermittent
decreases in uterine blood flow along with a very small
decrease in nutrient supply, those fetuses were leaner at birth
but more tolerant of the physiologic stresses of pregnancy and
labor.

Conversely, maternal health factors limiting oxygen and
nutrient delivery to the fetus do have a significant negative
impact on fetal growth. For instance, women with cyanotic
heart disease, preeclampsia, or significant pulmonary diseases
tend to have smaller infants as well as an increased risk of
LBW infants. One of the most common maternal medical 
conditions worldwide that alters fetal growth is anemia.20–22

In a recent study involving 629 women, 313 of whom were
anemic, the risk of LBW and intrauterine growth restric-
tion (IUGR) was increased by 2.2 times and 1.9 times 
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Table 14.2 Clinically relevant outcomes of uniparental disomy in
the human.

UPD Outcome

Maternal UPD2 IUGR
Paternal UPD6q24 Diabetes (transient neonatal)
Maternal UPD7 Silver–Russell syndrome
Paternal UPD11p15 Beckwith–Wiedemann syndrome
Maternal UPD14 IUGR
Paternal UPD14 Short-limbed dwarfism
Maternal UPD15 Prader–Willi syndrome
Paternal UPD15 Angelman syndrome
Maternal UPD16 IUGR
Maternal UPD20 IUGR

Uniparental disomy represents one mechanism that can influence
gene imprinting and therefore fetal growth.
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respectively.20 This is consistent with many other studies in
which severe anemia was associated with a 200- to 400-g
decrease in birthweight. Several mechanisms have been pro-
posed to explain this association23 including:
• Norepinephrine/cortisol: others have shown that iron defi-
ciency anemia increases norepinephrine release, which can
stimulate CRH and cortisol, known to have a negative effect
on fetal growth. Furthermore, norepinephrine infusion in the
sheep model results in a reduction in fetal protein synthesis
and accretion.
• Chronic hypoxia: severe anemia may result in a reduction
in oxygen transfer to the fetus, thereby impacting on fetal
growth.
• Increased oxidative stress: through this mechanism, oxida-
tive damage to erythrocytes could result as well as endothelial
dysfunction, further impeding fetal growth.
• Increased infection; iron deficiency anemia has been shown
to have a negative influence on B and T cells, neutrophils, and
natural killer (NK) cells, thereby increasing susceptibility 
to infection. Maternal infection itself has been shown to 
activate the fetal hypothalamic–pituitary axis, as evidenced 
by increased cord blood concentrations of cortisol and 
dehydroepiandrostenedione sulfate, thereby again negatively
affecting fetal growth.

Maternal nutrition is responsible for the availability of
nutrients for the fetoplacental unit. Its importance is high-
lighted by the fact that fetal growth restriction is seen as a
result of severe maternal undernutrition in many developing
countries and that the incidence of LBW is higher in women
with eating disorders.1,24 Women exposed to the Dutch famine
of 1944–1945 delivered LBW infants, but only if exposed in
the third trimester of pregnancy. Placental growth was also
reduced with the same exposure, but was increased in women
exposed to the famine during their first trimester. This sug-
gested that the influence of maternal nutrition on fetal growth
depends upon the severity of the insult and its timing, as well
as its influence on placental growth. Human and animal
studies of maternal undernutrition have shown significant
alterations in placental size and development, thereby affect-
ing fetal growth directly. For instance, human maternal under-
nutrition has been associated with decreased placental volume,
chorionic villous area, fetal capillary surface area, and volume
density of trophoblasts.25,26 These changes all correlated with
LBW and thus represent a mechanism by which fetal growth
is altered. Furthermore, in a recent study of maternal food
restriction in the guinea pig model, a decrease in the total
surface area of the placenta available for substrate exchange
was demonstrated.27 This correlated with fetal weight, sug-
gesting that impaired placental transfer of nutrients to the
fetus is involved in the process of growth restriction. In addi-
tion, the same study also reported an increase in the thickness
of the placental barrier for diffusion, also contributing to
altered growth through a decrease in substrate transfer to the
fetus. It has been suggested that some of these changes may

be mediated through alterations in growth factors such as 
IGF-2.26,28

At this time, it remains unclear whether nutritional defi-
ciencies in specific dietary components have a greater impact
on fetal growth compared with an overall deficiency. What 
is becoming more evident, however, is the importance of
micronutrient intake on fetal growth and the role that nutri-
ent–gene interactions may have in this process.29 Some of the
more important micronutrients studied to date include folate,
zinc, iron, copper, as well as vitamins E and A. Of these, zinc
has been shown to be critical for insulin packaging and secre-
tion, and its deficiency has resulted in fetal growth restric-
tion.24,30 Both copper and iron can alter fetal development by
the generation of free radicals, whereas their deficiency results
in an accumulation of antioxidant enzymes. Vitamin E, an
important regulator of insulin sensitivity, also contributes to
fetal growth regulation, whereas vitamin A’s role is through
the stimulation of growth hormone postnatally and possibly
of placental growth hormone prenatally.29 Although this last
mechanism is not entirely clear, the effects of vitamin A defi-
ciency on prenatal growth are supported by its association
with asymmetrical fetal organ growth as well as reductions in
the relative masses of fetal lungs, heart, and liver in animal
models.29 The influence of micronutrients on human fetal
growth has recently been investigated in a study of 797 
pregnant women in rural India.31 The authors showed 
that supplementation of their diet with micronutrient-rich
foods such as green leafy vegetables, fruits, and milk was asso-
ciated with improved birthweight. Interestingly, the intake of
green leafy vegetables and fruits at 28 weeks correlated with
birthweight, whereas a positive correlation with birthweight
was shown for fat and milk intakes at 18 weeks. This suggests
that there are likely different nutrient requirements for fetal
growth at different stages of development, possibly owing to
developmentally regulated tissue growth.

Interestingly, more evidence is accumulating suggesting an
interaction between gene expression during fetal growth and
nutrient availability.1,32 For instance, folate deficiency leads to
a decrease in remethylation of homocysteine to methionine.
As S-adenosylmethionine is a methyl donor, its absence or
decrease results in dysregulation of important developmental
genes (imprinting defects) and defective DNA synthesis. This
is further supported by animal studies including that by Gluck-
man and Pinal et al.24 in which methyl-supplemented diets fed
to pregnant mice altered the expression of an imprinted gene
specific to the coat color of their offspring. As DNA methyla-
tion is important in the regulation of gene imprinting, it is
likely that folic acid, through this process, is involved in fetal
growth determination.

Several studies have also examined the influence of mater-
nal fish and seafood consumption on fetal growth.33–35 This
potential association originated from the observation that
birthweights tend to be higher in regions of the world such as
the Faroe and Orkney Islands where there is a high maternal
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intake of marine foods. It has been proposed that the n-3 fatty
acids from fish and seafood might enhance fetal growth 
by improving placental perfusion through an increase in the
ratio of prostacyclins to thromboxanes, which itself reduces
blood viscosity.35 To date, two large epidemiological studies
(Denmark and Faroe Islands) have shown a positive correla-
tion between fish intake and birthweight.36 In agreement with
this, a more recent report from south-west England revealed
a decrease in the incidence of fetal growth restriction with
increasing fish consumption, but failed to show an association
between birthweight and fish intake after adjusting for con-
founding variables.35 Conversely, others have shown either no
effect or even a reduction in birthweight associated with fish
consumption.33 These conflicting reports may be explained by
the lack of adjustments for confounding variables, and may
also result from the presence of pollutants in marine foods
from certain regions. Indeed, fish is known to be a major
source of polychlorinated biphenyls (PCBs), which have been
shown to lead to fetal growth restriction in animal models.33

Research in this area is therefore required and needs to take
into account all the variables affecting fetal growth such as
smoking, as well as evaluating the presence of pollutants in
fish and seafood.

Finally, in the context of maternal influences on fetal
growth, caffeine intake has also been examined with much dis-
crepancy between studies.37,36 This again often resulted from
difficult and imprecise evaluation of maternal intake and
failure to control for other important variables. The effect of
caffeine on fetal growth is supported by the fact that it can
cross the placental barrier and has a slow metabolism in preg-
nancy with a half-life of 10 hours at 17 weeks increasing to
18 hours in the third trimester. Finally, the fact that neither
the placenta nor the fetus can metabolize caffeine further sup-
ports its negative influence on fetal growth. Although the exact
mechanism by which this might occur has not been fully elu-
cidated, it is likely that it involves a reduction in intervillous
blood flow37 and possibly an increase in oxygen consumption,
as noted in preterm infants treated with caffeine for apnea.36

Although, again, more information is needed on the impact of
maternal caffeine intake, it appears so far that at least mod-
erate consumption does not significantly decrease fetal
growth, but that a negative impact could be seen with mater-
nal consumption of over 600mg daily.37 The literature also
suggests synergism between caffeine and cigarette smoke, as
evidenced by a more significant influence of caffeine in women
who smoke.37

Growth factors

IGF family

Adequate fetal growth is dependent upon a balanced interplay
of positive and negative regulators originating from the fetal,
placental, and maternal compartments. Of these, the IGF

family plays an important role. The components of this family
include IGF-1 and IGF-2, as well as two receptors (type 1 and
2) and six high-affinity binding proteins (IGFBP 1–6) and their
proteases (e.g., PAPP-A), which ultimately regulate the
bioavailability of these two growth factors. IGF-1 and -2 are
peptides, produced mostly by the adult and fetal livers. They
are both potent mitogens and important regulators of tissue
growth and differentiation.1,24 However, they are develop-
mentally regulated in a different manner and have different
actions. For instance, IGF-2 is an imprinted gene, expressed
from the paternal allele, and is important for embryonic as
well as placental growth and likely involved in cellular differ-
entiation of specific organs such as the fetal pancreas. Biallelic
expression of IGF-2 leads to overgrowth syndromes such as
Beckwith–Wiedemann, whereas deletion of IGF-2 in the
mouse is associated with decreased placental and fetal
growth.9 In the murine model again, Constancia et al.8 have
demonstrated that deletion of the placental transcript of IGF-
2 resulted in decreased passive permeability of nutrients,
leading to restricted placental and, subsequently, fetal growth.
More recently, the same model was used to demonstrate that
the placental IGF-2 gene is directly involved in the regulation
of the diffusional characteristics of the placenta. The authors
suggested that decreased IGF-2 expression might indeed be
responsible for cases of idiopathic fetal growth restriction that
are characterized by decreased placental diffusion capacity.28

Conversely, IGF-1 regulates fetal growth in the later part of
pregnancy. It has been shown that IGF-1 promotes fetal sub-
strate uptake, inhibits catabolism, and alters placental metab-
olism through an inhibition of lactate production, thereby
improving placental transfer of nutrients.24 The importance of
IGF-1 in human fetal growth regulation is highlighted by a
report of an infant born with homozygous deletions of exons
4 and 5 in this gene. This resulted in severe fetal growth
restriction as well as postnatal growth failure.38 In addition,
deletion of IGF-1 in the mouse has also been shown to lead
to fetal growth deficiency which persists postnatally, contrary
to animals with IGF-2 deletions that are born at 60% of the
size of wild-type controls but whose postnatal growth nor-
malizes.8 This suggests that IGF-2 is the dominant regulator
during early intrauterine life, whereas IGF-1 influences the
process later in gestation and postnatally.

Several factors influence IGF’s actions, including their
binding proteins and associated proteases, their receptor
status, the presence of other hormones and, most importantly,
maternal nutrition. Indeed, fetal IGF-1 is sensitive to fetal
insulin levels, which are regulated by glucose concentrations
(Figs 14.2 and 14.3). This is well illustrated by a series of
sheep experiments in which maternal undernutrition was
associated with a decrease in fetal IGF-1 and resulted in absent
fetal growth. However, upon glucose or insulin infusion, fetal
IGF-1 levels returned to normal.24 In addition, it has been
demonstrated in numerous studies that a positive correlation
exists between cord blood IGF-1 levels and birthweight and
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Nutrient
supply
(glucose) 

↑ Insulin 
(and other 
nutritionally
sensitive
hormones)

↑  IGFBP-3/IGF-2R → ↑  Local IGF-1

↓  IGFBP-1 

↑ Fetal growth 

IGF-2
(relatively insensitive 
to nutrient supply) 

↑  Trophoblast invasion

↑  Placental size 

↑  Placental nutrient 
transfer

Tissue-specific 
increases in growth 
promotion and cellular 
differentiation

↑ IGF-1 bioavailability

Figure 14.2 Simplification of the mechanism by which the IGF
system regulates fetoplacental growth during development. As seen
here, nutrient supply, although a direct influence on insulin (which
itself regulates binding proteins and IGF-2 receptor), results in an

Nutrient
pool
(glucose)

↓  IGF-2R (soluble)

Decreased  local IGF-1 (tissue level) 

Decreased IGF-1 bioavailability

↓  Fetal growth

↓  IGF-2 

↑  IGF-2 in specific 
tissues

Severe
nutrient
restriction

Cortisol

↑  Cellular differentiation 
(compensation) 

↓  IGFBP-3 

↑  IGFBP-1

↓  Insulin ↓  IGF-1

↓  Placental size 
↓  Placental nutrient transfer 

Figure 14.3 Simplified mechanism involving the IGF system in the
induction of fetal growth restriction following decreased nutrient
and oxygen supply. The lower glucose concentration results in
several alterations including ↓ insulin with modulation in receptor
concentration and binding proteins status, which all lead to
decreased IGF-1 and therefore decreased fetal growth. With ongoing
severe nutrient restriction and associated hypoxemia, cortisol

concentration increases and IGF-2 decreases, which leads to a
decrease in placental growth and function, further impeding fetal
growth. Note that the decrease in IGF-2 receptor (IGF-2R; soluble
form) results in a local increase in IGF-2 concentration in specific
tissues. This is believed to promote cellular differentiation and
provide some positive stimulus for fetal growth in order to attempt
to compensate for the above changes.

increase in IGF-1, thereby promoting fetal growth. Conversely, IGF-
2 is relatively insensitive to nutrient supply and plays a role in
placental growth and development as well as promoting cellular
differentiation in specific tissues.
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that fetuses small for gestational age display lower IGF-1 con-
centrations.39–42 This is consistent with an influence of insulin
(as stimulated by glucose) over IGF-1 release in the fetus. As
no correlation existed between maternal concentrations of
IGF-1 and cord levels or birthweight, this suggested that IGF-
1 in cord blood originated from the fetoplacental unit and that
there was no placental transfer of maternal IGF-1 to the fetus.
Conversely, IGF-2 expression is much less sensitive to nutri-
ent supply. Indeed, it has been shown to be reduced only under
circumstances of severe malnutrition. In the IUGR fetus, IGF-
2 levels vary from organ to organ and have been noted to be
elevated in brain and lungs, for example, likely in an effort 
to promote differentiation and maturation in the context of
inadequate growth (see Figs 14.2 and 14.3).

Finally, placental production of IGF-1 should also be noted;
although its exact role at this point has not been clearly elu-
cidated, it is likely to be largely intraplacental as described in
the above experiments in the murine model.

IGFBPs modulate the actions of IGFs by altering their half-
life or simply through their transport to specific tissues. Of
these proteins, IGFBP-1 has been shown to be negatively cor-
related with birthweight in humans.40,43 There is increasing
evidence to support an important role for IGFBP-1 in fetal
growth.44,45 For instance, it has been shown that trophoblast
invasion, a step crucial to normal placentation and therefore
fetal growth, is inhibited by IGFBP-1.45 Furthermore, human
fetuses that are growth restricted have been shown to display
higher blood concentrations of IGFBP-1.41 Interestingly,
another study has demonstrated an inverse relationship
between cord blood pO2 and IGFBP-1. Taken together, these
data suggest that hypoxia may stimulate fetal IGFBP-1 pro-
duction, which decreases IGF-1 bioavailability, thereby mini-
mizing fetal growth when supply is clearly limited.46

Compartmentalization of nutrients is essential to the main-
tenance of fetal growth. This process requires that fetal nutri-
ent supply be maintained as a priority over maternal and even
placental demands. Indeed, by secreting placental growth
hormone (GH-v) and prolactin, a state of relative maternal
insulin resistance is created in which glucose is preferentially
transported across the placenta while maternal lipolysis is
facilitated in order to respond to the demands of the mother.24

Leptin

Leptin is a product of the ob/ob gene located on chromosome
7. It is synthesized by adipocytes as well as placenta (tro-
phoblast and amnion), stomach, bone cartilage, and teeth.1 It
is an important regulator of body weight, and its effect is
mediated through a negative feedback mechanism between
adipose tissues and specific satiety receptors located in the
hypothalamus. Its production has been shown to be stimulated
by various hormones including cortisol and insulin.47 Under
conditions of starvation, leptin levels decrease, which results
in induction of food-seeking behavior as mediated by the
hypothalamus. It is therefore not surprising that, in adults,

leptin concentrations have been shown to be related to fat
mass.

What is less clear is the role that this protein plays in fetal
growth. Leptin is known to be produced by the maternal, fetal,
and placental units, but whether or not it can cross the pla-
centa has yet to be determined clearly.1 Current studies have
provided conflicting results when examining correlations
between leptin concentrations and birthweight.48,49 There is
evidence for a positive correlation between cord blood leptin
and birthweight in appropriately grown fetuses; however, this
same relationship could not be consistently demonstrated in
small for gestational age (SGA) fetuses and was also influenced
by the presence or absence of maternal diabetes. Others have
reported a significant decrease in fetal leptin levels in IUGR
neonates, consistent with their marked reduction in fat
tissue.49 However, at this time, the exact mechanism by which
fetal weight and fat mass are regulated and how leptin is
involved in this process remains unclear.

Placental influences

The placenta influences fetal growth through its functional
size, capacity to transport oxygen and nutrients, and its own
metabolism. Placental growth is crucial to fetal growth. This
is supported by the fact that, throughout gestation, placental
growth closely parallels fetal growth. In addition, it has been
demonstrated recently that placental volume measured at
14 weeks was directly related to fetal anthropometric meas-
urements at 35 weeks.11 Furthermore, placental villous area
(the functional area) continues to increase throughout gesta-
tion along with vascularization of terminal villi and thinning
of the syncytial layer, which optimizes exchange at the feto-
placental level.

Transport capacity

Fetal growth relies on glucose as a major fuel and, as there is
no significant gluconeogenesis in the fetus, it must be obtained
from maternal blood directly. Placental transfer of glucose
depends on the total surface area of the syncytium available
for exchange, the thickness of the placental barrier, the pla-
centa’s own metabolic needs, the concentration gradient of
glucose between maternal and fetal blood, maternal blood
supply and, finally, the presence of transporters.50 Indeed, as
the syncytial membrane is not very permeable to glucose, the
placenta facilitates this process with the synthesis of specific
transporters that are members of the GLUT gene family of
facilitated diffusion transporters, which are located in the
microvillous and basal membranes. Of these, GLUT3 is likely
to be the major functional transporter in early pregnancy,
whereas GLUT1 is more important near term.50 The inverse
relationship shown in vitro between extracellular glucose con-
centration and the presence and activity of GLUT1 suggests
that glucose itself may be involved in the regulation of
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GLUT1. However, it has been shown that, despite the consis-
tent findings of low glucose in IUGR fetuses, their transporter
density was not affected. How this applies to the human fetus
remains to be elucidated as it is likely that glucose transfer in
vivo is very complex and relies on various mechanisms.

The fetus also requires amino acids for protein synthesis,
interconversion to other substrates, and oxidation. The trans-
fer of amino acids is also a complex process and involves sig-
nificant placental metabolism as the placenta can use, produce,
and interconvert several amino acids.51 However, in contrast
to glucose, which is transferred across a gradient, amino acids
are actively transported across the placenta, as supported by
their higher concentrations in the fetus compared with the
mother. This involves the presence of several transport systems
that are all distinct from each other but exhibit some over-
lapping substrate specificity.51,52 The importance of amino acid
transport for fetal growth is highlighted by the observations
made in IUGR. These fetuses display a decrease in amino acid
concentration, an impairment of some transport systems, a
decrease in surface area for exchange, decreased placental per-
fusion, and specific demonstrations of decreased transfer of
taurine, phenylalanine, and leucine.52

Placental substrate delivery is also dependent on perfusion.
As fetal nutrient demands increase throughout gestation, there
is a 20-fold increase in maternal flow into the intervillous
spaces. This process depends in part on adequate invasion of
spiral arteries by trophoblasts, as supported by the marked
reduction in transformed spiral arteries seen in IUGR,1 which
may result from impaired release of nitric oxide and carbon
monoxide (two vasoactive substances) by trophoblasts.1

Normal placental development also requires an early change
from a relatively hypoxic to a relatively normoxic environ-
ment, resulting from spiral artery transformation and expo-
sure of villi to maternal blood. Failure of this process leads to
aberrant expression of several important growth factors
involved in trophoblast migration, survival, and proliferation,
function, and overall placental growth. Invasion may also be
altered by external factors such as maternal smoking, which
we have demonstrated to result in increased apoptotic cell
death of first-trimester trophoblasts53 and impairment of
growth factor/cytokine-mediated trophoblast migration such
as epidermal growth factor (EGF). It also requires adequate
vascularization of villi, a complex mechanism that appears to
be mediated partly by angiogenic factors that may include vas-
cular endothelial growth factor (VEGF) and placental growth
factor (PIGF).54,55 IUGR fetuses have been shown to have
decreased branching angiogenesis in villi, therefore supporting
the importance of this process for fetal growth (Fig. 14.4).
Finally, factors that alter maternal blood flow to the utero-
placental unit are also of significance in fetal growth. For
instance, vessel obliterations have been demonstrated in pla-
centas of mothers with antiphospholipid antibody syndrome,
leading to restricted flow and potentially restricted fetal
growth regulation. Similarly, women with significant cardiac
or vascular disease also have altered uteroplacental blood flow

as a result of decreased output or uterine and placental 
vascular lesions.

Placental growth hormones

The IGF family plays multiple roles in placental growth and
development including an influence of IGF-2 in trophoblast
invasion, a step crucial to adequate placentation and to the
establishment of maternofetal exchange.14 In addition, as dis-
cussed earlier, placental IGF-2 is involved in placental growth
and transport.

GH-v gradually replaces maternal pituitary growth
hormone throughout the first trimester. It exerts its biologic
effects on the mother and placenta, as it is not detected in the
fetus. It has high somatogenic and low lactogenic activities and
has been shown to modulate maternal metabolism by stimu-
lating gluconeogenesis, lipolysis, and anabolism.56 The end
result is to increase nutrient supply to the fetus and therefore
indirectly influence fetal growth. It is responsive to changes in
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Figure 14.4 Placenta from a patient with fetal growth restriction
and absent/reverse end-diastolic flow in the umbilical arteries. Note
the unusually long, poorly branched terminal villi resulting from
hypoxemia. From Bernishke, Kaufmann, eds. Pathology of the
human placenta, 4th edn. Springer; 1999:457.
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glucose concentration in the maternal circulation and is a key
regulator of maternal IGF-1 as well as a mediator of insulin
resistance in the mother, thereby having an important role in 
compartmentalization.

Conclusion

Fetal growth regulation is a complex process influenced by a
multitude of factors, some of which have been explored here
(Table 14.3). To date, we only have a limited knowledge of
what these factors are and how they interact to influence
growth in utero. Our incomplete understanding of this process
in the human partly explains our current difficulties in identi-
fying adequate therapeutic approaches for those fetuses 
that suffer from growth anomalies such as restriction and

macrosomia. The adult consequences of these aberrant 
growth patterns in utero further highlight the importance 
of understanding the mechanisms behind fetal growth 
regulation.
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Table 14.3 Determinants of fetal growth.

Maternal Genotype (maternal height) +++
Physical constraints +++++

Paternal Genotype (paternal height) +
Paternal weight No effect

Fetal Genotype +++

Placental Size ++
Transport capacity ++
Metabolism ++

Key points

1 Abnormal fetal growth is associated with adult-
onset diseases. Growth restriction increases the 
risk of cardiovascular diseases and diabetes, 
whereas fetal macrosomia appears to result in an
increase in the incidence of certain types of cancer in
the adult.

2 Genetic imprinting is a mechanism by which one of the
two alleles of a gene is expressed according to its
parental origin. Insulin-like growth factor (IGF)-2 is an
example of an imprinted gene that plays an important
role in fetal growth. Biallelic expression of IGF-2
results in fetal overgrowth (Beckwith–Wiedemann
syndrome).

3 Uniparental disomy (UPD) is a situation in which
chromosome fragments originate from a single parent.
In the human fetus, UPD has been observed to be
associated with aberrant growth (e.g., Prader–Willi
syndrome).

4 Maternal phenotype is a very important determinant of
fetal growth and, therefore, when evaluating this
process, the interplay between maternal phenotype and
genotype must be taken into consideration. There is a
suggestion that paternal genotype plays a very small
role in fetal growth.

5 Trisomic fetuses have a decrease in cellular
proliferation leading to generalized 
hypoplasia.

6 Exercise in fit, pregnant individuals may improve
placental growth. Fetuses tend to be leaner at birth but
appear to be much more tolerant of the stresses of
labor.

7 Maternal anemia is one of the most important medical
conditions worldwide that is associated with fetal

growth restriction. The mechanism involved may
include increased catecholamines, hypoxia, increased
oxidative stress and/or infections.

8 The influence of maternal undernutrition on
fetoplacental growth depends on the severity and
timing of the insult.

9 Micronutrients such as folate, zinc, iron, copper, and
vitamins A and E play a role in the regulation of fetal
growth.

10 It is controversial at the present time whether n-3 fatty
acid consumption from marine foods promotes fetal
growth.

11 Moderate consumption of caffeine does not
significantly alter fetal growth. However, there 
appears to be synergism between caffeine intake 
and cigarette smoke resulting in inadequate fetal
growth.

12 IGFs (IGF-1, -2) are important mitogens and play
important roles in growth of the placenta and the fetus.

13 IGF-2 is important in embryonic growth and is
involved in promoting cellular differentiation. Placental
IGF-2 plays a role in the regulation of diffusion
capacity and, therefore, in fetal growth.

14 IGF-1 regulates growth in the latter part of 
pregnancy and is partly regulated by insulin (as
mediated by glucose). It is highly sensitive to nutrient
supply.

15 Leptin is produced by the maternal, placental, and fetal
units. Its cord concentrations are positively correlated
with birthweight. However, the exact mechanism by
which fetal fat mass may be regulated by leptin
remains unknown.
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Reproductive problems encompass a multiplicity of diseases
including sterility, infertility, abortion (miscarriage), stillbirth,
congenital malformations (resulting from environmental or
hereditary etiologies), fetal growth retardation, and prematu-
rity. These clinical problems occur commonly in the general
population and, therefore, environmental causes are not
always easy to corroborate (Table 15.1). Severe congenital
malformations occur in 3% of births; according to the Center
for Disease Control, they include those birth defects that cause
death, hospitalization, and mental retardation, and those that
necessitate significant or repeated surgical procedures, are dis-
figuring, or interfere with physical performance. This means
that each year in the USA, 120000 babies are born with severe
birth defects. Genetic disease occurs in approximately 11% of
births, and spontaneous mutations account for approximately
2–3% of genetic disease. This spontaneous mutation rate pres-
ents difficulties when determining the proportion of mutations
that are induced from preconception exposure to environ-
mental mutagens.

There have been dramatic advances in our understanding of
the causes of human birth defects. In earlier times, supersti-
tion, ignorance, and prejudice played a major role in explain-
ing why birth defects occurred. Reproductive problems have
been viewed throughout history as diseases of affliction, along
with cancer, psychiatric illness, and hereditary diseases. The
stigma associated with birth defects has primitive beginnings
and persists today; in the minds of many, even the most sophis-
ticated, a birth defect is felt to be some form of punishment
for previous misdeeds.1–4 Ancient Babylonian writings recount
tales of mothers being put to death because they delivered 
malformed infants. In the seventeenth century, one George
Spencer was slain by the Puritans in New Haven having been
convicted of fathering a cyclopean pig; the Puritans were
unable to differentiate between George Spencer’s cataract and
the malformed pig’s cloudy cornea.1 More recently, the situa-
tion has been reversed and the responsibility for reproductive
problems such as congenital malformations, infertility, abor-
tions, and hereditary diseases is often blamed on others, for

example, environmental agents dispensed by healthcare
providers or utilized by employers.1,2

Reproductive problems alarm the public, the press, and sci-
entists to a greater degree than many other diseases. Severely
malformed children are disquieting to healthcare providers,
especially if they are not experienced in dealing with such
problems; no physician will be comfortable informing a family
that their child was born without arms and legs. The objec-
tive evaluation of the environmental causes of reproductive
diseases is clouded by the emotional climate that surrounds
these diseases, resulting in the expression of partisan positions
that either diminish or magnify the environmental risks. These
nonobjective opinions can be expressed by scientists, the laity,
or the press.5,6 It is the responsibility of every physician to be
aware of the emotionally charged situation when a family has
a child with a birth defect; an inadvertent comment from
medical staff attending delivery can have grave consequences
for the physician and the family. Comments such as, “Oh, you
had a radiograph during your pregnancy,” or “You did not
tell me that you were prescribed tetracycline while you were
pregnant,” can direct the patient’s family to an attorney rather
than to a teratology or genetic counselor.

At present, the etiology of congenital malformations can be
divided into three categories: unknown, genetic, and environ-
mental. Unfortunately, the largest group (65–75%) has an
unknown etiology, whereas the most common known cause is
genetic (15–25%).7–9 Environmental factors account for 10%
of congenital malformations. Over 50 teratogenic environ-
mental drugs, chemicals, and physical agents have been
described9–12 by clinical dysmorphologists using modern 
epidemiological tools.13–19 The basic science and clinical rules
for evaluating teratogenic risks have been established.20 The
purpose of this chapter is to inform clinicians about envi-
ronmental drugs, chemicals, and physical agents that have
been documented to produce congenital malformations and
reproductive effects, and to indicate that the multitude of 
teratogenic agents accounts for only a small proportion of
malformations.
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Basic principles of teratology

To label an environmental agent as teratogenic it is necessary
to characterize the dose, route of exposure, and stage of preg-
nancy when the exposure occurred. A 50-mg dose of thalido-
mide administered on the 26th day post conception has a
significant risk of malforming the embryo. The same dose
taken during the 10th week of gestation will not result in con-
genital malformations, and 1mg of thalidomide taken at any
time during pregnancy will have no effect on the developing
embryo. X-ray irradiation can be teratogenic;21–23 however, if
the dose is too low or the X-ray does not directly expose the
embryo, there is no increased risk of congenital malforma-
tions.3 Therefore a list of teratogens indicates only teratogenic
potential; evaluation of the dose and time of exposure may
indicate that there is no teratogenic risk or that the risk is 
significant.

Physicians must be careful to carry out a thorough evalua-
tion of the risks faced by a woman exposed to drugs and chem-
icals during pregnancy, and before alleging that a child’s
malformations result from exposure to an environmental
agent. Clinical teratology and genetics is not emphasized in
medical schools and residency education programs. However,
clinicians have a multitude of educational aids to assist them
in their evaluations; these include consultations with clinical
teratologists and geneticists, the medical literature, and the
Online Mendelian Inheritance of Man (OMIM) website.24

The analysis of human and animal studies on the repro-
ductive effects of environmental agents should be guided by

the basic principles of teratology and developmental biology;3

these principles are outlined in Table 15.2.25–32

The etiology of 
congenital malformations

As mentioned earlier, the etiology of congenital malformations
can be divided into three categories: unknown, genetic, and
environmental (Table 15.3). A significant proportion of con-
genital malformations of unknown etiology are likely to have
an important genetic component. Malformations with an
increased recurrent risk such as cleft lip and palate, anen-
cephaly, spina bifida, certain congenital heart diseases, pyloric
stenosis, hypospadias, inguinal hernia, talipes equinovarus,
and congenital dislocation of the hip fit into the category of
multifactorial disease as well as that of polygenic inherited
disease.33,34 The multifactorial/threshold hypothesis postulates
the modulation of a continuum of genetic characteristics by
intrinsic and extrinsic (environmental) factors.

A significant percentage of spontaneous errors of develop-
ment can occur without apparent abnormalities of the genome
or environmental influences; these are due to the statistical
probability of errors in the developmental process, similar to
the concept of spontaneous mutation, and mean that we may
never achieve our goal of eliminating birth defects. It is esti-
mated that the majority of all miscarriages occur early in preg-
nancy, many within the first 3 weeks of development. The
World Health Organization estimated that 15% of all clini-
cally recognizable pregnancies end in spontaneous abortion,
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Table 15.1 Background reproductive risks in pregnancy.

Reproductive risk Frequency

Immunologically and clinically diagnosed spontaneous abortions per million conceptions 350000
Clinically recognized spontaneous abortions per million clinically recognized pregnancies 150000
Genetic diseases per million births: 110000

Multifactorial or polygenic genetic environmental interactions (i.e., neural tube defects, cleft lip, hypospadias, 90000
hyperlipidemia, diabetes)

Dominantly inherited disease (i.e., achondroplasia, Huntington’s chorea, neurofibromatosis) 10000
Autosomal and sex-linked genetic disease (i.e., cystic fibrosis, hemophilia, sickle-cell disease, thalassemia) 1200
Cytogenetic (chromosomal abnormalities) (i.e., Down syndrome (trisomy 21), trisomies 13 and 18, Turner syndrome, 5000

22q deletion, etc.)
New mutations* 3000

Severe congenital malformations† per million births (resulting from all causes of birth defects: genetic, unknown, 30000
environmental)

Prematurity per million births 40000
Fetal growth retardation per million births 30000
Stillbirths (> 20 weeks)  per million births 2000–20900
Infertility 7% of couples

Modified from ref. 11.
*The mutation rate for many genetic diseases can be calculated; this can be readily performed with dominantly inherited diseases when
offspring are born with a dominant genetic disease and neither parent has the disease.
†Congenital malformations have multiple etiologies including a significant proportion that are genetic.
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many (50–60%) resulting from chromosomal abnormali-
ties.35–38 Finally, 3–6% of offspring are malformed, which rep-
resents the background risk for abnormal human development
(Table 15.1).

Factors that affect susceptibility to
developmental toxicants

A basic tenet of environmentally produced malformations is
that teratogens or a teratogenic milieu have certain character-

istics in common and follow certain basic principles. These
principles determine the quantitative and qualitative aspects
of environmentally produced malformations.

Embryonic stage

The risk of an exposure to a developmental toxicant resulting
in morphological anomalies or intrauterine death depends on
the dose and the embryonic or fetal stage at which exposure
occurs. The period when an exposure occurs will determine
which structures are most susceptible to the deleterious effects
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Table 15.2 Basic scientific principles of teratology.

Principle Description

Exposure to teratogens follows a toxicological There is a threshold below which no teratogenic effect will be observed. As the 
dose–response curve dose of the teratogen is increased, both the severity and frequency of

reproductive effects will increase (Fig. 15.1)
The embryonic stage at which exposure occurs will  Some teratogens have a broad period of embryonic sensitivity while others have 

determine what effects, if any, a teratogen will have a very narrow period of sensitivity
Most teratogens have a confined group of congenital Known teratogens may be presumptively implicated by the spectrum of 

malformations referred to as the syndrome of the malformations they produce. It is easier to exclude an agent as a cause of a
agent’s effects birth defect than to definitively prove it was responsible because of the 

existence of genocopies of some teratogenic syndromes
No teratogen can produce every type of malformation The presence of certain malformations can eliminate the possibility that a

particular teratogenic agent was responsible because those malformations have
not been demonstrated to be part of the syndrome caused by the teratogen, 
or because production of the malformation is not biologically plausible for
that particular alleged teratogen

Based on concepts from ref. 20.

Table 15.3 Etiology of human congenital malformations observed during the first year of life.

Suspected cause Percent of total

Unknown 65–75
Polygenic
Multifactorial (gene–environment interactions)
Spontaneous errors of development
Synergistic interactions of teratogens

Genetic 15–25
Autosomal and sex-linked inherited genetic disease
Cytogenetic (chromosomal abnormalities)
New mutations

Environmental 10
Maternal conditions: alcoholism, diabetes, endocrinopathies, phenylketonuria, smoking and nicotine, starvation, 4

nutritional deficits
Infectious agents: rubella, toxoplasmosis, syphilis, herpes simplex,  cytomegalovirus, varicella zoster, Venezuelan 3

equine encephalitis, parvovirus B19
Mechanical problems (deformations): amniotic band constrictions, umbilical cord constraint, disparity in uterine 1–2

size and uterine contents
Chemicals, prescription drugs, high-dose ionizing radiation, hyperthermia < 1

Modified from ref. 8.
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of the drug or chemical and to what extent the embryo can
repair the damage. The period of sensitivity may be narrow
or broad, depending on the environmental agent and the 
malformation in question. Limb defects produced by thali-
domide have a very short period of susceptibility4 (2 weeks;
Table 15.4), whereas microcephaly, produced by radia-
tion, has a long period of susceptibility (weeks 8–15 of 
pregnancy).3

The embryo is most sensitive to the lethal effects of drugs
and chemicals during the period of embryonic development,
from fertilization through the early postimplantation stage.
Surviving embryos have malformation rates that are similar to
those of control subjects because significant cell loss or chro-
mosome abnormalities at these stages has a high likelihood of
resulting in embryonic death, not because malformations
cannot be produced at this stage. Because of the omnipoten-
tiality of early embryonic cells, surviving embryos have a high
probability of having malformation rates that are similar to
embryos that have not been exposed.

The period of organogenesis (from day 18 through about
day 40 post conception in the human) is the period of great-
est sensitivity to teratogenic insults and when most gross
anatomic malformations can be induced. Most environmen-
tally produced major malformations occur before the 36th day
post conception in the human. The exceptions are malforma-
tions of the genito-urinary system, the palate, and the brain,
or deformations due to problems of constraint, disruption or
destruction.

The fetal period is characterized by histogenesis involving
cell growth, differentiation, and migration. Agents that result
in cell depletion, vascular disruption, necrosis, specific tissue
or organ pathology, physiological decompensation, or severe
growth retardation have the potential to cause deleterious
effects throughout gestation. The fetus is most sensitive to the

induction of mental retardation and microcephaly at the end
of the first and the beginning of the second trimester. Other
permanent neurological effects can be induced in the second
and third trimesters. Effects such as cell depletion or func-
tional abnormalities, not readily apparent at birth, may give
rise to changes in behavior or fertility which are only appar-
ent later in life. The last gestational day on which certain 
malformations may be induced in the human is presented in
Table 15.5.

Dose or magnitude of the exposure

The quantitative correlation between the magnitude of the
embryopathic effects and the dose of a drug, chemical, or
other agent is referred to as the dose–response relationship.
This is extremely important when comparing effects among
different species because the use of mg/kg doses are, at best,
rough approximations. Dose equivalence for drugs and chem-
icals between humans and other species can be accomplished
only by performing pharmacokinetic studies, metabolic
studies, and dose–response investigations, whereas ionizing
radiation exposures in rads or sieverts (Sv) are similar in most
mammalian species.3 The response should be interpreted care-
fully. For example, a substance given in large enough amounts
to cause maternal toxicity is also likely to have deleterious
effects on the embryo such as death, growth retardation, or
retarded development. Also, it is unlikely that progesterone or
its synthetic analogues are involved in congenital teratogene-
sis because the steroid receptors that are necessary for natu-
rally occurring and synthetic progestin action are absent from 
nonreproductive tissues early in development.7,39–41 Several
considerations affect the interpretation of dose–response rela-
tionships and these are outlined in Table 15.6.

Threshold dose

The threshold dose is the dose below which the incidence 
of death, malformation, growth retardation, or functional
deficit is not statistically greater than that of control subjects
(Fig. 15.1). The threshold level of exposure usually varies 
between less than one and up to two orders of magnitude
below the teratogenic or embryopathic dose for drugs and
chemicals that kill or malform one-half of the embryos. An
exogenous teratogenic agent, therefore, has a no-effect dose
compared with mutagens or carcinogens, which have a sto-
chastic dose–response curve (Table 15.7, Fig. 15.1). The 
incidence and severity of malformations produced by all exoge-
nous teratogenic agents that have been appropriately studied
have exhibited threshold phenomena during organogenesis.7

The threshold concept stems from the principle that manifes-
tations of developmental toxicity occur because the processes
of repair and regeneration have been overwhelmed by a par-
ticular exposure to a developmental toxicant. It does not pred-
icate that no effect occurs at lower exposures, just that there is
no deleterious or irreversible effect.
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Table 15.4 Developmental stage sensitivity to thalidomide-induced
limb reduction defects in the human.

Days from conception Limb reduction defects
for induction of defects

21–26 Thumb aplasia
22–23 Microtia, deafness
23–34 Hip dislocation
24–29 Amelia, upper limbs
24–33 Phocomelia, upper limbs
25–31 Preaxial aplasia, upper limbs
27–31 Amelia, lower limbs
28–33 Preaxial aplasia, lower limbs; 

phocomelia, lower limbs; femoral 
hypoplasia; girdle hypoplasia

33–36 Triphalangeal thumb

Modified from ref. 4.
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Pharmacokinetics and metabolism of 
the drug or chemical

Physiological alterations during pregnancy as well as the bio-
conversion of compounds can significantly influence the 
teratogenic effects of drugs and chemicals by affecting absorp-
tion, body distribution, the active form(s), and excretion of
the compound. Tables 15.8 and 15.9 outline the pregnancy-
related physiological alterations in the mother and fetus,
respectively, that affect the pharmacokinetics of drugs.42–44

Although other organs, including the placenta, can be
involved in the metabolism of drugs or chemicals, the major
site of bioconversion of chemicals in vivo is likely to be the
maternal liver. Placental P450-dependent monooxygenation of
xenobiotics will occur at low rates unless induced by com-
pounds such as those found in tobacco smoke.45 However, the
rodent embryo and yolk sac have been shown to possess func-
tional P450-oxidative isozymes capable of converting pro-
teratogens to active metabolites during early organogenesis.46

In addition, P450-independent bioactivation has been 
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Table 15.5 Estimated outcome of pregnancy vs. time from conception.

Time from conception Percent survival Percent loss during Last time for induction of selected malformations†
to term* interval*

Pre-implantation –
0–6 days 25 54.55 –

Postimplantation –
7–13 days 55 24.66 –
14–20 days 73 8.18 –
3–5 weeks 79.5 7.56 22–23 days: cyclopia, sirenomelia, microtia

26 days: anencephaly
28 days: meningomyelocele
34 days: transposition of great vessels

6–9 weeks 90 6.52 36 days: cleft lip
6 weeks: diaphragmatic hernia, rectal atresia, ventricular septal 

defect, syndactyly
9 weeks: cleft palate

10–13 weeks 92 4.42 10 weeks: omphalocele; 12 weeks: hypospadias
14–17 weeks 96.26 1.33 –
18–21 weeks 97.56 0.85 –
22–25 weeks 98.39 0.31 –
26–29 weeks 98.69 0.30 –
30–33 weeks 98.98 0.30 –
34–37 weeks 99.26 0.34 –
38+ weeks 99.32 0.68 38+ weeks: CNS cell depletion

*An estimated 50–70% of all human miscarriages occur in the first 3 weeks of gestation.36,72

†Modified from ref. 60.

Table 15.6 Considerations that affect the interpretation of dose–response relationships.

Concept Description Example

Active metabolites Metabolites may be the proximate teratogen rather The metabolite phosphoramide mustard and acrolein may 
than the administered drug or chemical produce abnormal development resulting from the 

metabolism of cyclophosphamide
Duration of exposure A chronic exposure to a prescribed drug can Anticonvulsant therapy; in contrast an acute exposure to the 

contribute to an increased teratogenic risk same drug may present little or no teratogenic risk 
Fat solubility Fat-soluble substances can produce fetal Polychlorinated biphenyls (PCBs). Etretinate may present a 

malformations for an extended period after the similar risk but the data are not conclusive
last ingestion or exposure because they have an 
unusually long half-life
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Figure 15.1 Dose–response relationship of reproductive
toxins comparing preconception and postconception risks.

Table 15.7 Stochastic and threshold dose–response relationships of diseases produced by environmental agents.

Relationship Pathology Site Diseases Risk Definition

Stochastic Damage to a single DNA Cancer, mutation Some risk exists at all The incidence of the 
phenomena cell may result in dosages; at low disease increases with 

disease exposures the risk is the dose but the severity 
below the and nature of the 
spontaneous risk disease remain the same

Threshold Multicellular injury High variation in Malformation, No increased risk Both the severity and 
phenomena etiology, affecting growth retardation, below the threshold incidence of the disease 

many cell and death, chemical dose increase with dose
organ processes toxicity, etc.

Modified from ref. 73.

Table 15.8 Pregnancy-related physiological alterations in the mother that affect the pharmacokinetics of drugs.

Alteration Effect on drug pharmacokinetics

Decreased gastrointestinal motility; increased intestinal Results in delayed absorption of drugs in the small intestine owing to increased 
transit time stomach retention and enhanced absorption of slowly absorbed drugs

Decreased plasma albumin Alters the kinetics of compounds normally bound to albumin
Renal elimination Generally increased but is influenced by body position later in pregnancy
Increased plasma and extracellular fluid volumes Affects concentration-dependent transfer of compounds
Inhibition of metabolic inactivation in the maternal liver Increases half-life of drug in plasma
Variation in uterine blood flow May afect transfer across the placenta (although little is known concerning this)

Based on concepts from refs 42–44.
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suggested; for example, there is strong evidence that the rat
embryo can reductively convert niridazole to an embryotoxic
metabolite.47

Bioconversion of xenobiotics has been shown to be important
in their teratogenic activity. There is strong evidence that the
reactive metabolites of cyclophosphamide, 2-acetylaminofluo-
rene, and nitroheterocycles (niridazole) are the proximate ter-
atogens.48 There is also experimental evidence suggesting that
other chemicals undergo conversion to intermediates that have
deleterious effects on embryonic development, for example,
phenytoin, procarbazine, rifampicin, diethylstilbestrol, some
benzhydrylpiperazine antihistamines, adriamycin, testosterone,
benzo(a)pyrene, methoxyethanol, caffeine, and paraquat.45,48

Juchau48 has defined several experimental criteria to suggest
that a suspected metabolite is responsible for the in vivo terato-
genic effects of a chemical or drug (Table 15.10). These criteria
may explain why there are marked qualitative and quantitative
differences in the species response to a teratogenic agent.

Placental transport

It has been suggested that the placental barrier is protective
and that harmful substances do not reach the embryo;
however, it is now clear that there is no “placental barrier”
per se. The package inserts on many drugs state that “this drug
crosses the placental barrier”6 and the uninitiated may infer
from this statement that this characteristic of a drug is both
unusual and hazardous. However, most drugs and chemicals
cross the placenta, and only selected proteins, whose actions
are species specific, will cross the placental barrier in one
species but not another.

The role that the placenta plays in drug pharmacokinetics
has been reviewed by Juchau and Rettie45 and involves: (1)
transport; (2) the presence of receptor sites for a number of
endogenous and xenobiotic compounds (β-adrenergic agents,
glucocorticoids, epidermal growth factor, IgG-Fc, insulin, low-
density lipoproteins, opiates, somatomedin, testosterone,
transcobalamin II, transferrin, folate, retinoid);49 and (3) the
bioconversion of xenobiotics.

The factors which determine the ability of a drug or chem-
ical to cross the placenta and reach the embryo include molec-
ular weight, lipid affinity or solubility, polarity or degree of

ionization, protein binding, and receptor mediation. Com-
pounds with a low molecular weight and lipid affinity, non-
polarity, and without protein-binding properties will cross the
placenta rapidly and with ease. For example, ethyl alcohol
reaches the embryo rapidly and in concentrations equal to or
greater than the level in the mother. High-molecular-weight
compounds like heparin (20000 daltons) do not cross the pla-
centa readily and, therefore, during pregnancy, heparin is used
instead of warfarin-like compounds for the treatment of
hypercoagulation conditions. Rose Bengal does not cross the
placenta at all. In general, compounds with molecular weights
of 1000 daltons or more do not readily cross the placenta,
whereas those less than 600 daltons usually do; most drugs
are 250–400 daltons and do cross the placenta.50

Genetic differences

The genetic constitution of an organism is an important factor
in the susceptibility of a species to a drug or chemical. More
than 30 disorders of increased sensitivity to drug toxicity or
effects in the human result from an inherited trait.51 Maternal
and fetal genotypes determine the types of bioconversion
route, the rate at which bioconversions take place, and the
extent to which a compound is metabolized.
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Table 15.9 Pregnancy-related physiological alterations in the fetus that may affect the pharmacokinetics of drugs.

Alteration Effect on drug pharmacokinetics

Amount and distribution of fat Affects distribution of lipid-soluble drugs and chemicals
Lower plasma protein concentrations Results in a higher concentration of unbound drug in the fetal circulation
Functional development of pharmacological Likely to proceed at different rates in the various tissues of the developing fetus

receptors
Extent of amniotic fluid swallowing Drugs that are excreted by the fetal kidneys may be recycled through the fetus via swallowing 

of amniotic fluid

Based on concepts from refs 42–44.

Table 15.10 Criteria to suggest that a suspected metabolite is
responsible for the in vivo teratogenic effects of a drug or chemical.

The chemical must be convertible to the intermediate
The intermediate must be found in, or have access to, the tissue(s)

affected
The embryotoxic effect should increase with the concentration of

the metabolite
Inhibiting the conversion should reduce the embryotoxic effect of

the agent
Promoting the conversion should increase the embryotoxicity of the

agent
Inhibiting or promoting conversion should not alter the target

tissues
Inhibiting the conversion should increase the embryotoxicity of the

agent

Based on concepts from ref. 48.
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Environmental agents resulting in
reproductive toxicity following exposure
during pregnancy

Table 15.11 lists environmental agents that have resulted in
reproductive toxicity and/or congenital malformations in
humans. The list should not be used in isolation because many
other parameters must be considered when analyzing repro-
ductive risks in individual patients. Many of these agents rep-
resent a very small risk while others may represent substantial
risks; the risks will vary with the magnitude, timing, and
length of exposure. Further information can be obtained from
more extensive reviews or summary articles. Table 15.12 
lists agents that have had concerns raised about their 
reproductive effects but which, after a careful and complete
evaluation, have not been found to represent an 
increased reproductive risk.41,52–55 References for the environ-
mental agents can be found in review articles and texts on 
teratogenesis.13,18,24,38,51,56–61

Interpretation of animal study data 
for assessment of reproductive risks 
in humans

As human studies are expensive and take years to complete, sci-
entists have investigated the issue of whether appropriate animal
models can be used to evaluate the reproductive and toxicolog-
ical risks of environmental agents in humans (teratogenesis,
growth retardation, pregnancy loss, stillbirth, and infertility).

Whole animal teratology studies are helpful in raising con-
cerns about the reproductive effects of drugs and chemicals;

however, negative animal studies do not guarantee that 
these agents are free from reproductive effects in humans.
There are examples in which drug testing was negative in
animals (rat and mouse), but was teratogenic in the human
(thalidomide).27 Similarly, there are examples in which a drug
was teratogenic in an animal model but not in humans (diflu-
nisal). Therefore, while chemicals and drugs can be evaluated
for their toxic potential by utilizing in vivo animal studies and
in vitro systems, it should be recognized that these testing pro-
cedures are only one component in the process of evaluating
the potential toxic risk of drugs and chemicals. Well-
performed epidemiology studies still represent the best
methodology for determining the risks and effects of environ-
mental toxicants on humans. Indeed, most human teratogens 
have been discovered by alert physicians or during epidemiol-
ogy studies, not animal studies.62 In vitro studies play an 
even less important role, although they are helpful in des-
cribing the cellular or tissue-specific effects of drugs and 
chemicals.

One useful aspect of animal studies is in corroborating 
findings reported in epidemiological studies. Attempts at risk
assessment can be made by utilizing toxicokinetic data that
have been obtained in an animal model, and exposure levels of
the alleged toxicant and its metabolites that have been deter-
mined in humans. Studies to elucidate whether the mechanism
of action of a drug or chemical in the animal model is the same
as that in humans would further add to the toxicologist’s
ability to estimate human risks. This is not a simple process and
explains why good-quality epidemiological studies are so valu-
able in determining human risks and toxicity.

Clinicians are given little training in medical school and
during residency training on how to interpret animal 
toxicology studies. This is probably more true of reproductive
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Table 15.11 Proven human teratogens or embryotoxins: drugs, chemicals, milieu, and physical agents that have resulted in human congenital
malformations.

Reproductive toxin Alleged effects

Aminopterin, methotrexate Growth retardation, microcephaly, meningomyelocele mental retardation, hydrocephalus, and cleft palate
Androgens Along with high doses of some male-derived progestins, can cause masculinization of the developing fetus
Angiotensin-converting enzyme Fetal hypotension syndrome in second and third trimester resulting in fetal kidney hypoperfusion and 

(ACE) inhibitors anuria, oligohydramnios, pulmonary hypoplasia, and cranial bone hypoplasia. No effect in the first 
trimester

Antituberculous therapy The drugs isoniazid (INH) and paraaminosalicylic acid (PAS) have an increased risk for some CNS 
abnormalities

Caffeine Moderate exposure not associated with birth defects; high exposures associated with an increased risk of 
abortion but data are inconsistent

Chorionic villus sampling (CVS) Vascular disruptive malformations, i.e., limb reduction defects
Cobalt in hematemic multivitamins Fetal goiter
Cocaine Very low incidence of vascular disruptive malformations, pregnancy loss
Corticosteroids High exposures administered systemically have a low risk for cleft palate in some epidemiological studies;

however, this is not a consistent finding
Coumarin derivative Exposure during early pregnancy can result in nasal hypoplasia, stippling of secondary epiphysis, and

intrauterine growth retardation. Exposure in late pregnancy can result in CNS malformations as a 
result of bleeding
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Table 15.11 Continued.

Cyclophosphamide and other Many chemotherapeutic agents used to treat cancer have a theoretical risk of producing fetal 
chemotherapeutic and malformations, as most of these drugs are teratogenic in animals; however, the clinical data are not 
immunosuppressive agents, consistent. Many have not been shown to be teratogenic but the numbers of cases in the studies are 
e.g., cyclosporine, leflunomide small; caution is the byword

Diethylstilbestrol Genital abnormalities, adenosis, and clear cell adenocarcinoma of the vagina in adolescents. The risk of 
adenosis can be quite high; the risk of adenocarcinoma is 1:1000 to 1:10000

Ethyl alcohol Fetal alcohol syndrome (microcephaly, mental retardation, growth retardation, typical facial 
dysmorphogenesis, abnormal ears, and small palpebral fissures)

Ionizing radiation A threshold greater than 20 rad (0.2 Gy) can increase the risk of some fetal effects such as micocephaly 
or growth retardation. The threshold for mental retardation is higher

Insulin shock therapy Microcephaly and mental retardation
Lithium therapy Chronic use for the treatment of manic depressive illness has an increased risk for Ebstein’s anomaly and 

other malformations, but the risk appears to be very low
Minoxidil Hirsutism in newborns (led to the discovery of the hair growth-promoting properties of minoxidil)
Methimazole Aplasia cutis has been reported*
Methylene blue intraamniotic Fetal intestinal atresia, hemolytic anemia, and jaundice in the neonatal period. This procedure is no 

instillation longer utilized to identify one twin
Misoprostol Low incidence of vascular disruptive phenomenon, such as limb reduction defects and Mobius syndrome, 

has been reported in pregnancies in which this drug was used to induce an abortion
Penicillamine (d-penicillamine) This drug results in the physical effects referred to as lathyrism, the results of poisoning by the seeds of 

the genus Lathyrus. It causes collagen disruption, cutis laxa, and hyperflexibility of joints. The 
condition appears to be reversible and the risk is low

Progestin therapy Very high doses of androgen hormone-derived progestins can produce masculinization. Many drugs with 
progestational activity do not have masculinizing potential. None of these drugs has the potential for 
producing congenital malformations

Propylthiouracil Along with other antithyroid medications can result in an infant born with a goiter
Radioactive isotopes Tissue- and organ-specific damage is dependent on the radioisotope element and distribution, i.e., high 

doses of 131I administered to a pregnant woman can cause fetal thyroid hypoplasia after the 8th 
week of development

Retinoids, systemic Systemic retinoic acid, isotretinoin, and etretinate can result in an increased risk of CNS, cardio-aortic, 
ear, and clefting defects, microtia, anotia, thymic aplasia and other branchial arch and aortic arch 
abnormalities, and certain congenital heart malformations

Retinoids, topical This is very unlikely to have teratogenic potential because teratogenic serum levels are not achieved from 
topical exposure

Streptomycin Streptomycin and a group of ototoxic drugs can affect the eighth nerve and interfere with hearing; it is a 
relatively low-risk phenomenon. Children are even less sensitive to the ototoxic effects of these drugs 
than adults

Sulfa drug and vitamin K Hemolysis in some subpopulations of fetuses
Tetracycline Bone and teeth staining
Thalidomide Increased incidence of deafness, anotia, preaxial limb reduction defects, phocomelia, ventricular septal 

defects, and GI atresias during susceptible period from the 22nd to the 36th day post conception
Trimethoprim This drug was frequently used to treat urinary tract infections and has been linked to an increased 

incidence of neural tube defects. The risk is not high, but it is biologically plausible because of the 
drug’s lowering effect on folic acid levels. This has also resulted in neurological symptoms in adults 
taking this drug

Vitamin A (retinol) Very high doses of vitamin A have been reported to produce the same malformations as those reported 
for the retinoids. Dosages sufficient to produce birth defects would have to be in excess of 25000 to 
50000 units per day

Vitamin D* Large doses given in vitamin D prophylaxis are possibly involved in the etiology of supravalvular aortic 
stenosis, elfin facies, and mental retardation

Warfarin (coumarin) Exposure during early pregnancy can result in nasal hypoplasia, stippling of secondary epiphysis, and 
intrauterine growth retardation. Exposure in late pregnancy can result in CNS malformations as a 
result of bleeding

Anticonvulsants
Carbamazepine Used in the reatment of convulsive disorders; increases the risk of facial dysmorphology

(Continued)
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Table 15.11 Continued.

Diphenylhydantoin Used in the treatment of convulsive disorders; increases the risk of fetal hydantoin syndrome, consisting 
of facial dysmorphology, cleft palate, ventricular septal defect (VSD), and growth and mental retardation

Trimethadione and paramethadione Used in the treatment of convulsive disorders; increases the risk of characteristic facial dysmorphology, 
mental retardation, V-shaped eyebrows, low-set ears with anteriorly folded helix, high-arched palate, 
irregular teeth, CNS anomalies, and severe developmental delay

Valproic acid Used in the treatment of convulsive disorders; increases the risk of spina bifida, facial dysmorphology, 
and autism

Chemicals
Carbon monoxide poisoning* CNS damage has been reported with very high exposures, but the risk appears to be low
Gasoline addiction embryopathy Facial dysmorphology, mental retardation
Lead Very high exposures can cause pregnancy loss; intrauterine teratogenesis is not established 
Methyl mercury Causes Minamata disease consisting of cerebral palsy, microcephaly, mental retardation, blindness, and 

cerebellum hypoplasia. Endemics have occurred from adulteration of wheat with mercury-containing 
chemicals that are used to prevent grain spoilage. Present environmental levels of mercury are unlikely 
to represent a teratogenic risk, but reducing or limiting the consumption of carnivorous fish has been 
suggested in order not to exceed the Environmental Protection Agency’s (EPA’s) maximum permissible 
exposure (MPE), which is far below the toxic effects of mercury

Polychlorinated biphenyls Poisoning has occurred from adulteration of food products (cola-colored babies, CNS effects, 
pigmentation of gums, nails, teeth and groin, hypoplastic deformed nails, intrauterine growth 
retardation, abnormal skull calcification). The threshold exposure has not been determined, but it is 
unlikely to be teratogenic at the present environmental exposures

Toluene addiction embryopathy Facial dysmorphology, mental retardation

Embryonic and fetal infections
Cytomegalovirus Retinopathy, CNS calcification, microcephaly, mental retardation
Herpes simplex virus Fetal infection, liver disease, death
Human immunodeficiency Perinatal HIV infection

virus (HIV)
Parvovirus B19 infection Stillbirth, hydrops
Rubella virus Deafness, congenital heart disease, microcephaly, cataracts, mental retardation
Syphilis Maculopapular rash, hepatosplenomegaly, deformed nails, osteochondritis at joints of extremities, 

congenital neurosyphilis, abnormal epiphyses, chorioretinitis
Toxoplasmosis Hydrocephaly, microphthalmia, chorioretinitis, mental retardation
Varicella zoster virus Skin and muscle defects, intrauterine growth retardation, limb reduction defects, CNS damage (very low 

increased risk)
Venezuelan equine encephalitis Hydranencephaly, microphthalmia, CNS destructive lesions, luxation of hip

Maternal disease states
Corticosteroid-secreting Mothers with Cushing’s disease can have infants with hyperadrenocortism, but anatomical malformations 

endocrinopathy do not appear to be increased
Iodine deficiency Iodine deficiency can result in embryonic goiter and mental retardation
Intrauterine problems of Defects such as club feet, limb reduction, aplasia cutis, cranial asymmetry, external ear 

constraint and vascular malformations, midline closure defects, cleft palate and muscle aplasia, cleft lip, omphalocele, and 
disruption encephalocele. More common in multiple-birth pregnancies, pregnancies with anatomical defects of the

uterus, placental emboli, and amniotic bands
Maternal androgen Masculinization

endocrinopathy (adrenal 
tumors)

Maternal diabetes Caudal and femoral hypoplasia, transposition of great vessels
Folic acid insufficiency in the Increased incidence of neural tube defects (NTDs)

mother
Maternal phenylketonuria Abortion, microcephaly, and mental retardation. Very high risk in untreated patients
Maternal starvation Intrauterine growth retardation, abortion, NTDs
Tobacco smoking Abortion, intrauterine growth retardation, and stillbirth
Zinc deficiency* NTDs

*Controversial.
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toxicology studies than of any other area of animal testing. For
physicians the best source of information concerning animal
testing comes from the drug package insert or the Physicians’
Desk Reference (PDR).63 The PDR utilizes the Food and Drug
Administration’s (FDA’s) classification of reproductive risks
(categories A, B, C, D, and X), which is partly based on animal
testing. Category A includes drugs that present no risk of
reproductive effects. Category B, C and D drugs show increas-
ing risks and category X includes drugs such as methotrexate,
isotretinoin (Acutane), or thalidomide that should not be used
in pregnant women or women of reproductive age who are not
taking contraceptives. However, these categories are often
more misleading than helpful. Teratologists, obstetricians, and
other clinicians who counsel pregnant women have been very
critical of the FDA’s classification6 because it ignores the basic
principles of teratology3 and the importance of modern phar-
macokinetics in evaluating animal studies.29 In 1990, an article
was published which indicated that of the 200 most frequently
prescribed drugs, none represented a significant teratogenic
risk.64 However, only a small proportion of these drugs was
placed in category A by the FDA, the most important reason
being the misapplication of animal testing results. When a new
drug is marketed or a new environmental toxicant is discov-
ered, however, often the only information that is available are
the animal data.

Evaluating animal studies to determine 
the potential risk in humans

When utilizing animal data to assess the potential risk of a
drug or chemical exposure in humans, it is important to crit-
ically evaluate the studies using the basic principles of tera-
tology guidelines (Table 15.2). As discussed previously, one of
the most critical factors for consideration is the dose or mag-
nitude of the exposure, and the concept of the threshold-dose
effect for reproductive toxicants. A major shortcoming in
many studies is the use of weight (mg/kg) as a measure of dose,
as dose comparisons based on mg/kg doses are, at best, rough
approximations. Instead, testing in animals could be improved
if drugs and chemicals were administered to achieve pharma-
cokinetically equivalent serum levels in the animal and human.
Dose equivalence between species can be accomplished only
by performing pharmacokinetic studies, metabolic studies,
and dose–response investigations in the human and the species

being studied. Dose equivalence must also be determined for
the drug-specific effects at the cellular level, to account for
species differences in the molecular targets of chemicals or
drugs. An excellent example of the importance of the use of
pharmacological, rather than weight-based, dose equivalence
in interpreting animal study data is illustrated by animal and
epidemiological studies performed on leflunomide.32

Leflunomide is a relatively new drug (1998) which is used
to treat rheumatoid arthritis. It contains a warning for repro-
ductive effects (teratogenesis) and has been placed in category
X. This classification was based on animal studies as there
were no human data available at the time of marketing.

Leflunomide is a novel isoxazole immunomodulatory 
agent that has antiproliferative activity. It inhibits mitogen-
stimulated proliferation of human peripheral blood mononu-
clear cells (PBMCs) in a dose-dependent fashion. It has been
demonstrated that the active metabolite binds to, and is a
potent inhibitor of, dihydroorotate dehydrogenase
(DHODH), an enzyme important for DNA synthesis in the de
novo pyrimidine synthesis pathway. Together, these data
suggest that at serum concentrations achievable in patients,
leflunomide inhibits de novo pyrimidine synthesis in activated
lymphocytes and other rapidly dividing cell populations,
resulting in reversible cell cycle arrest.

In oral embryotoxicity and teratogenicity studies in rats and
rabbits, leflunomide was embryotoxic (growth retarding,
embryolethal, and teratogenic). The no-effect level for embry-
otoxicity and teratogenicity in rats and rabbits was 1mg/kg
body weight, which resulted in serum levels of 3.7 and 
4.1µg/mL respectively. In patients being treated with lefluno-
mide, the active metabolite (the pyrimidine antagonist), is
maintained at a blood level of 40µg/mL. The decision to label
leflunomide as having a teratogenic risk was based on the fact
that the human serum level was in the range of the teratogenic
blood level in the animal models, and, therefore, the initial
labeling was an appropriate precaution to prevent birth
defects.

After 4 years of treating rheumatoid arthritic patients with
leflunomide there was no indication of an increase in 
teratogenesis in a very small group of pregnant patients who
continued their pregnancy to term. The animal data were,
therefore, reanalyzed as follows (referred to as the method 
of action (MOA) approach). The most likely mechanism 
of leflunomide teratogenicity is the suppression of DNA 
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Table 15.12 Agents erroneously alleged to have caused human malformations.

Agent Alleged effect

Doxylamine succinate (Bendectin) Alleged to cause numerous types of birth defects including limb reduction defects and heart malformations
Diagnostic ultrasonography No significant hyperthermia, therefore no reproductive effects
Electromagnetic fields (EMF) Alleged to cause abortion, cancer, and birth defects
Progestational drugs Alleged to cause numerous types of congenital birth defects, including limb reduction defects and heart 

malformations
Trichloroethylene (TCE) Alleged to cause cardiac defects
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synthesis and cell proliferation by the inhibition of pyrimidine
synthesis. This is based on the assumption that, at the same
serum levels of the active metabolite of leflunomide, suppres-
sion of DNA synthesis, pyrimidine synthesis, and cell prolif-
eration is equal in the rat, rabbit, and human. There would
then be concurrence and the risks would be determined to be
identical in all three species; this was the basis of the X-cate-
gory labeling. However, in vitro studies on the active metabo-
lite of leflunomide revealed that the rat was 40 and 328 times
more sensitive to the suppression of DHODH and cell prolif-
eration, respectively, than the human.32 This means that if
enzyme suppression or antiproliferative activity is the mecha-
nism (MOA) of teratogenicity in the rat, then the clinical use
of leflunomide in pregnant women would probably not be ter-
atogenic. It is important that this drug is subjected to ongoing
epidemiological surveillance to confirm these findings. This is
an example of how modern pharmacokinetic studies can
improve risk assessment, making it easier to understand the
epidemiological studies.

Examples of in vivo animal studies

In the past 2 years, many excellent in vivo animal studies have
been carried out. Two particular studies demonstrate the
importance, differences, and the usefulness of animal studies
as well as the difficulties inherent in drawing inferences from
animal studies to describe human risk. Dam and coauthors65

used an in vivo animal model to study the effect of chlorpyri-
fos (CPF), an organophosphate insecticide whose domestic use
has been curtailed in the USA because of concerns about its
neurotoxicity, on gene expression. Newborn animals were
injected subcutaneously with one of two different doses of
CPF on postnatal days 1–4 or 11–14. Studies of the forebrain
using molecular biological techniques revealed a significant
elevation in one protein that persisted for 5 days after cessa-
tion of the exposure regimen. This is an interesting study;
however, the results are of little use in determining the human
risks of CPF for the following reasons:
1 CPF exposure in humans does not occur via subcutaneous
injection but by ingestion or skin absorption of contaminated
food or water.
2 The serum concentration of CPF was not determined for
the two different exposures used.
3 There was no discussion of the range of levels of CPF that
have occurred in human populations.
4 The threshold dose and the no-observed adverse effect level
(NOAEL) were not determined.
5 The authors performed toxicogenomics without 
toxicokinetics.

In contrast, the in vivo study by Tyl and coauthors66 on the
reproductive toxicity of dietary bisphenol in rats is considered
to be a modern, animal toxicology study for the following
reasons:
1 The bisphenol was placed in the diet ad libitum.

2 There were seven exposure groups.
3 The exposures were listed in ppm and mg/kg.
4 The range of exposures used was very large: 0.001–
500mg/kg or a 500000-fold range.
5 The following were not affected at any of the lower expo-
sures although some effects were observed in the 500mg/kg
group: mating, fertility, gestational indices, ovarian primordial
follicle counts, estrous cyclicity, precoital interval, gestational
length, offspring sex ratios, postnatal survival, nipple/areolae
retention in pre-weanling males, epididymal sperm number,
motility, and morphology, daily sperm production, and effi-
ciency of production
6 The adult NOAEL was 5mg/kg/day and the reproductive
NOAEL was 50mg/kg/day. There was a reduction in total
body weight and some reduction in organ weight at the higher
exposures.

To perform a risk analysis for bisphenol in the human 
population, some additional information is required that was
not reported in this study but which is available in other
studies. Yamada and coauthors67 obtained bisphenol exposure
data in humans from the mother and amniotic fluid. The
average concentration of bisphenol was 0.32ng/mL of serum,
with a range of 0.0–1.6ng/mL, levels which appear to be 
far below the threshold exposure determined by Tyl and 
coauthors. However, Tyl and coauthors did not obtain the
same pharmacokinetic data in the rat that Yamada and coau-
thors reported in the human, and therefore the serum con-
centration of bisphenol in the rat at the threshold exposure is
not known. Furthermore, it is not known whether the metab-
olism and effects of bisphenol are similar in the human and
the rat. 

These studies66,67 on the risk analysis for bisphenol in the
human population indicate the difficulties that can be faced in
achieving an accurate and complete interpretation of the data.
Combining such studies may appear to be a rare occurrence
in the field of risk analysis; fortunately, however, it is occur-
ring more often.68

In vitro testing

In vitro tests can be utilized for preliminary screening proce-
dures, and to study the mechanisms of teratogenesis and
embryogenesis. However, in vitro studies will never be able to
predict human teratogenic risks at particular exposures
without additional data obtained from whole animal and 
epidemiological studies.25,29,31,60 In spite of the advances in in
vitro and in vivo testing for teratogenicity, human epidemio-
logical surveillance by various methodologies is, and will con-
tinue to be, our most powerful tool for discovering human
reproductive toxins and teratogens. It may be difficult for
experimental teratologists to accept the fact that alert physi-
cians and scientists have been the most prominent contribu-
tors to the discovery of the environmental causes of birth
defects.26
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The role of the physician in counseling
families regarding the etiology of 
a child’s congenital malformation

The clinician must be cognizant of the fact that many patients
believe that most congenital malformations are caused by 
a drug or medication taken during pregnancy. Counseling
patients about reproductive risks requires a significant degree
of knowledge and skill. Physicians must also realize that erro-
neous counseling by inexperienced health professionals may
result in nonmeritorious litigation.2

Unfortunately, it has sometimes been assumed that if a drug
or chemical causes birth defects in an animal model or in vitro
system at a high dose, then it has the potential for producing
birth defects at any dose.27,29 This may be reinforced by the
fact that many teratology studies reported in the literature
investigate the effects of several doses but do not determine
the no-effect dose.

Ignoring the basic tenets of teratology appears to occur most
commonly in the evaluation of environmental toxic exposures
when the exposure is very low or unknown, and the agent has
been reported to be teratogenic at a very high dose or a mater-
nally toxic dose. In most instances, the actual population
exposure is orders of magnitude below the threshold dose, the
doses that were used in animal studies, or those received
during toxic exposures in the population. This has been 
the case with 2,4,5-trichlorophenoxyacetic acid (2,4,5-T),
polychlorinated biphenyls (PCBs), lead, cadmium, arsenic, 
pesticides, herbicides, veterinary hormones, and industrial
exposures.

Unfortunately, there are examples where environmental dis-
asters have been responsible for birth defects or pregnancy loss
in exposed populations (methyl mercury in Japan, PCBs in the
Far East, organic mercury in the Middle East, and lead poi-
soning in the nineteenth and early twentieth centuries) and
examples where teratogenic drugs have been inadvertently
introduced (Table 15.11). Therefore, it is not possible to deter-
mine whether a chemical or drug is safe or hazardous unless
the magnitude of the exposure is known.

Scholarly evaluation

The physician should respond to a parent’s query into the
cause of a child’s birth defect using the same professional and
methodical approach that would be used in a differential diag-
nosis for any clinical problem. Physicians have a protocol for
evaluating complex clinical problems, for example, “fever of
unknown origin,” “failure to thrive,” “congestive heart
failure,” or “respiratory distress.” If a mother of a malformed
infant had some type of exposure during pregnancy, for
example, medication or a diagnostic radiological examination,
the consulting physician should not support or suggest the
possibility of a causal relationship before performing a com-

plete evaluation. This is also true if a pregnant woman is
exposed to a drug, chemical, or physical agent. As mentioned
previously, only a small percentage of birth defects result from
exposure to prescribed drugs, chemicals, and physical
agents12,64 (Table 15.3). Even when the drug is listed as a ter-
atogen, to exert a teratogenic effect it has to be administered
during the sensitive period of development for that drug, and
above the threshold dose. Furthermore, the malformations in
a child should be the same as the malformations in the ter-
atogenic syndrome produced by that particular drug. It should
be emphasized that in a recent analysis of the 200 most pre-
scribed drugs in the USA, none were found to have measura-
ble teratogenic potential.64

After a complete examination of the child and a review of
the genetic and teratology medical literature, the clinician
must decide whether the child’s malformations are genetic or
result from exposure to an environmental toxin or agent. It
may not be possible to definitively or presumptively conclude
the etiology of the child’s birth defects. This information must
then be conveyed to the patient in an objective and compas-
sionate manner. A similar situation exists if a pregnant woman
has been exposed to a drug, chemical, or physical agent, as
the mother will want to know the risk of the exposure to her
unborn child. A formal approach is recommended to deter-
mine whether a particular environmental drug, chemical or
physical agent is a reproductive toxicant; this should include,
where possible, data obtained from a number of investigative
approaches (Table 15.1320) including: (1) epidemiological
studies,25,26 (2) secular trend or ecological trend analysis, (3)
animal reproductive studies,27–31 (4) dose–response relation-
ships and pharmacokinetic, toxicokinetic, pharmacodynamic,
and toxicodynamic studies comparing human and animal
metabolism, (5) MOA studies that pertain specifically to 
the agent and include receptor affinity, cytotoxicity, genoto-
xicity, organ toxicity, neurotoxicity, etc.,25,28,30,32 (6) biological
plausibility.

Some typical analyses of the reproductive risks of doxy-
lamine succinate (Bendectin), sex steroids, diagnostic ultra-
sound, and electromagnetic fields demonstrate the usefulness
of an organized approach to determine whether an environ-
mental agent has been demonstrated to be a reproductive
toxin.41,52–55,69

Clinical evaluation

There are many articles and books that can assist the physi-
cian with the evaluation of the medical literature and the clin-
ical evaluation of the patient,13,18,24,38,51,56–61 although training
programs do not usually prepare generalists to perform
sophisticated genetic or teratology counseling. In addition to
the usual history and physical evaluation, the physician has to
obtain information about the nature, magnitude, and timing
of the exposure. The physical examination should include
descriptive and quantitative information about the physical
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characteristics of the child. While some growth measurements
are routine, many measurements taken by specialized coun-
selors are not part of the usual physical examination, e.g.,
palpebral fissure size, ear length, intercanthal distances, and
total height-to-trunk ratio. Important physical variations in
facial, hand, and foot structure as well as other anatomical
structures may be suggestive of known syndromes, either 
teratological or genetic.

Evaluation of the reproductive risk or cause of 
a child’s malformation after an environmental
exposure during pregnancy

The vast majority of consultations involving pregnancy expo-
sures conclude that the exposure does not change the repro-
ductive risks for that pregnancy. In many instances, the
information that is available is so vague that the counselor
cannot reach a definitive conclusion about the magnitude of
the risk. The following information is necessary to evaluate
any risk:
1 What was the nature of the exposure?
2 Is the exposure agent identifiable? If so, has it been defini-
tively identified as a reproductive toxin with a recognized
range of malformations or other reproductive effects?
3 At what stage during embryonic and fetal development did
the exposure occur?
4 If the agent is known to produce reproductive toxic effects,
was the exposure above or below the threshold for these
effects?
5 Were there other significant environmental exposures or
medical problems during the pregnancy?

6 Is this a wanted pregnancy or is the family ambivalent about
carrying this baby to term?
7 What is the medical and reproductive history of the mother
with regard to prior pregnancies and the reproductive history
of the family lineage?

After obtaining this information, the counselor is able 
to provide the family with an estimate of the reproductive 
risks of the exposure. Some examples of consultations that 
have been referred to our clinical teratology service are listed
below.

Patient 1
A 34-year-old pregnant laboratory worker dropped and broke
a reaction vessel containing a mixture of chemical reagents.
She proceeded to clean the floor with paper towels and later
became concerned about the potential harmful effects of the
exposure. This was a planned, wanted pregnancy; she was in
the sixth week of pregnancy and, therefore, the embryo was
in the period of early organogenesis. The chemicals in the spill
were tetrahydrofuran (70%), pyridine (20%), and iodine
(1%). It was not possible to quantitatively estimate the expo-
sure to these agents, but the laboratory worker experienced
no symptoms from the exposure. There have been no epi-
demiological studies of tetrahydrofuran and pyridine in preg-
nant women but iodine has been shown to interfere with fetal
thyroid development; in this situation, however, the exposure
would have been inconsequential because, at this stage of
pregnancy, the thyroid is not yet present. No other exposure
to reproductive toxins occurred in this pregnancy and the
family history for congenital malformations was negative. The
woman was advised that it would be very unlikely that her
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Table 15.13 Proof of developmental toxicity in humans.

Epidemiological studies
Controlled epidemiological studies consistently demonstrate an increased incidence of a particular spectrum of embryonic and/or fetal effects in

exposed human populations

Secular trend data
Secular trends demonstrate a positive relationship between the changing exposures to a common environmental agent in human populations

and the incidence of a particular embryonic and/or fetal effect

Animal developmental toxicity studies
An animal model that mimics the human developmental effect at clinically comparable exposures can be developed. Because mimicry may not

occur in all animal species, animal models are more likely to be developed once there is good evidence for the embryotoxic effects reported
in the human. Developmental toxicity studies in animals are indicative of a potential hazard in general rather than the potential for a specific
adverse effect on the fetus when there are no human data on which to base the animal experiments

Dose–response relationship (pharmacokinetics and toxicokinetics)
Developmental toxicity in the human increases with dose (exposure), and the developmental toxicity in animals occurs at a dose that is

pharmacokinetically (quantitatively) equivalent to the human exposure

Biological plausibility
The mechanisms of developmental toxicity are understood, and the effects are biologically plausible

Modified from refs 20 and 74.
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teratogenic risk would be increased because the exposures to
the embryo would be extremely low. She was told that she still
faced the background risks for birth defects and miscarriage
and, therefore, her reproductive risks would be the same as
that of the general population (Table 15.1).

Patient 2
A 26-year-old pregnant woman was in an automobile accident
in the 10th week of her pregnancy and sustained a severe con-
cussion. Although she did not convulse post injury, the treat-
ing neurosurgeon prescribed 300mg of diphenylhydantoin
during her first 24h in hospital. Fortunately, she recovered
from the injury without any sequelae but her primary physi-
cian was concerned that she had received an anticonvulsant
associated with a teratogenic syndrome. No other exposure to
reproductive toxins occurred in this pregnancy and the family
history for congenital malformations was negative, except for
an uncle with neurofibromatosis. The primary physician
requested a consultation with regard to the teratogenic risk.
While diphenylhydantoin administered chronically through-
out pregnancy has been associated with a low incidence of
characteristic facial dysmorphogenesis, reduced mentation,
cleft palate, and digital hypoplasia, there are no data to indi-
cate that 24h of therapy would cause any of these features. In
addition, the development of the lip and palate are complete
by the 10th week of pregnancy. This was a wanted pregnancy
and the mother chose to continue her pregnancy; she deliv-
ered a normal 3370-g boy at term.

Patient 3
A 25-year-old woman was seen in the emergency service of
her local hospital with nausea, vomiting, and diarrhea, on
return from a cruise on which a number of the passengers
became ill with similar symptoms. The emergency-ward physi-
cian ordered a pregnancy test followed by a flat-plate radi-
ograph of the abdomen as there was evidence of peritoneal
irritation; however, both of these tests were negative. One
week later she missed her menstrual period and a subsequent
pregnancy test was positive. Her obstetrician was concerned
because she had been exposed to a radiological examination
at a time when she was pregnant; he referred the patient for
counseling after obtaining an ultrasound that indicated that
the embryo was approximately 7 days post conception at the
time of the examination. The patient advised the counselor
that she was ambivalent about the pregnancy because of the
“dangers” of the X-rays to her embryo. The estimated expo-
sure to the embryo was less than 500 mrad (0.005Sv), an
exposure that is far below that known to affect the develop-
ing embryo. Also, the embryo was exposed during the first 2
weeks post conception, a time that is less likely to increase the
risk of teratogenesis, even at much higher exposures.3,70 After
an evaluation of the family history and after receiving coun-
seling about the risks of the radiological examination, the
woman decided to continue the pregnancy; she delivered a
normal 3150-g baby.

Evaluation of the cause of a child’s 
congenital malformations: unknown, genetic,
or environmental

Patient 4
The mother of a 30-year-old man born in the Azores in 1960
with a congenital absence of the right leg below the knee had
pursued compensation for her son because she was certain that
she must have received thalidomide during her pregnancy.4

The German manufacturer of thalidomide refused compensa-
tion, claiming that thalidomide had never been distributed in
the Azores. The mother fervently believed that thalidomide
was responsible for her son’s malformations and asked for my
opinion; she sent me the radiograph studies of his hips and
legs and his complete evaluation performed at the local hos-
pital in the Azores. He had none of the other stigmata of
thalidomide embryopathy (preaxial limb defects, phocomelia,
facial hemangioma, ear malformations, deafness, crocodile
tears, ventricular septal defect, intestinal or gallbladder
atresia, and kidney malformations) and, most importantly, his
limb malformations were not of the thalidomide type; he had
a unilateral congenital amputation with no digital remnants
at the end of the limb, his pelvic girdle was completely normal,
and his limb defect involved only one leg with the other leg
being normal. In this particular case, the man had a congeni-
tal amputation probably resulting from vascular disruption of
an unknown etiology (known causes of vascular disruptive
malformations are cocaine, misoprostol and chorionic villous
sampling). It is difficult to determine whether any amount of
appropriate counseling will give closure to this mother.

Patient 5
The family of a malformed boy claimed that the antinausea
medication doxylamine succinate (Bendectin),52,53,71 taken by
the mother during pregnancy, was responsible for the child’s
congenital limb reduction defects. Bendectin was taken after
the period of limb organogenesis; however, some limb mal-
formations can be produced by teratogens after this time. The
boy’s malformation was the classical split-hand, split-foot
syndrome, which is dominantly inherited; it was unaccompa-
nied by any other dysmorphogenetic effects. Although signif-
icant number of cases of this syndrome result from a new
mutation, neither parent manifested the malformation and this
suggested that a new mutation had occurred in the sex cells
of one of the parents. Therefore, the risk of this malformation
occurring in the offspring of this boy would be 50%. It was
concluded that Bendectin was not responsible for this child’s
malformation; however, in spite of the obvious genetic etiol-
ogy of the birth defect, a legal suit was filed. A jury decided
for the defendant, namely, that Bendectin was not responsible
for the child’s malformation.

Patient 6
A woman visited a hospital emergency ward with severe lower
abdominal pain; as she had had a previous ectopic pregnancy
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that necessitated the removal of her ovary and fallopian tube,
she was seen by an obstetrical resident. A pregnancy test was
positive and she returned to the obstetrical clinic a week later
when her chorionic gonadotropin level was retested. It had
not changed from its previous level and, without performing
an ultrasound, a diagnosis of ectopic pregnancy was made; in
order to preserve the patient’s reproductive potential, it was
decided to treat the ectopic pregnancy with methotrexate
rather than remove the remaining fallopian tube and ovary.
However, following the administration of methotrexate, a 
laboratory report was received which indicated that the
gonadotropin level had increased fivefold, and a subsequent
ultrasound revealed a normally implanted embryo; the labo-
ratory report received earlier in the day was found to be a
copy of the original report performed a week earlier. The
mother was counseled that the baby was at an increased 
risk of having congenital malformations because of the expo-
sure to methotrexate; however, she refused to abort the preg-
nancy. The obstetrical department therefore offered to 
provide care for the pregnancy and delivery that included a
number of ultrasound examinations. At 28 weeks, the patient
went into labor and delivered a premature liveborn infant, and
during infancy, the child was diagnosed with hydrocephalus,
developmental delay, and spastic cerebral symptomatology.
The family filed a lawsuit against the doctors and hospital and
I was asked to evaluate the allegation that the abnormalities
in the child were due to the administration of methotrexate.
Methotrexate has been reported to cause growth retardation,
microcephaly, developmental delay, and hydrocephalus, but
not prematurity. The clinical care provided by the resident
doctor was unfortunate; however, the provision of care by the
obstetrical department turned out to be fortunate for the
defendants in this case. A review of the records revealed two
important findings: first, an ultrasound examination taken a
week before the premature delivery revealed that there was no
evidence of hydrocephalus and, second, the birthweight 
was appropriate for the gestational stage. Therefore, the expo-
sure to methotrexate was not responsible for the serious 
problems in this infant; the hydrocephalus and neurological
symptoms resulted from a central nervous system (CNS) 
bleed in the postnatal period as a complication of the 
prematurity.

These examples show that it is not a simple process to
determine the reproductive risks of an exposure during preg-
nancy or to determine the etiology of a child’s congenital mal-
formations. It requires careful analysis of the medical and
scientific literature on the reproductive toxic effects of exoge-

nous agents in humans and animals, as well as an evaluation
of the exposure and biological plausibility of an increased 
risk or a causal connection between the exposure and a 
child’s congenital malformation. It also involves a careful
physical examination, and a review of the scientific literature
regarding the genetic and environmental causes of the mal-
formations in question. Abridged counseling, based on super-
ficial and incomplete analyses, is a disservice to the families
involved.

Conclusion

Approximately 10% of human malformations are due to 
environmental causes and fewer than 1% are related to 
prescription drug exposure, chemicals, or radiation. How-
ever, malformations caused by drugs and other therapeutic 
agents are important because these exposures may be pre-
ventable. Advances in animal research and epidemiology have
enabled scientists to gain a better understanding of the mech-
anisms of teratogenesis. 

Concerns about environmental chemicals and physical
agents are clearly justified because, in most cases, not enough
information is available on the potentially differential effects
on the fetus and child. Such information, for example, the
population exposure and the NOAEL, can only be obtained
from high-quality human and animal toxicology and epi-
demiological studies which include toxicokinetic and toxico-
dynamic data and, therefore, it is essential that we expand 
our research programs in these areas. Ecological studies that
do not measure exposures in the human population are 
more confusing than helpful in determining human risks, and
studying exposures to groups of agents, e.g., solvents and 
pesticides, does not allow a risk assessment for individual 
toxicants.

All chemicals and drugs have the potential for develop-
mental toxicity if the exposure is high enough; it would there-
fore be beneficial if humans were not exposed to chemicals in
the workplace or home, or if chemicals were not dispersed into
the environment. To address this problem now, and in the
future, an extensive program of monitoring, reducing, and
eliminating the delivery of chemicals to the environment and
the exposure of populations to chemicals is needed. Introduc-
ing or banning chemicals that expose the human population
is an extremely difficult task that needs to be carefully planned
on the basis of risks and benefits.
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Key points

1 Severe congenital malformations (including those birth
defects that cause death, hospitalization, and mental
retardation, and those that necessitate significant or
repeated surgical procedures, are disfiguring, or
interfere with physical performance) occur in 3% of all
births.

2 Only a small percentage of birth defects are due to
prescribed drugs, chemicals, and physical agents. Even
when a drug is listed as a teratogen, it has to be
administered during the sensitive period of
development for that drug, and above the threshold
dose for producing teratogenesis. Environmental causes
account for approximately 10% of human birth
malformations, and fewer than 1% of all human
malformations are related to prescription drug
exposure, chemicals, or radiation.

3 The etiology of congenital malformations can be
divided into three categories: unknown (65–75%),
genetic (15–25%), and environmental (10%).

4 Reproductive problems alarm the public, press, and
some scientists, to a greater degree than most other
diseases.

5 Physicians must recognize the consequences of
providing erroneous reproductive risks to pregnant
women exposed to drugs and chemicals during
pregnancy, or of alleging that a child’s malformations
are caused by an environmental agent without
performing a complete and scholarly evaluation.

6 Labeling an environmental exposure as teratogenic is
inappropriate unless one characterizes the exposure
with regard to the dose, route of exposure, and stage
of pregnancy when the exposure occurred.

7 The application of the basic scientific principles of
teratology is extremely important in evaluating studies
on the reproductive effects of an environmental agent.
These principles include the following criteria: exposure
to teratogens follows a toxicological dose–response
curve; the embryonic stage at which exposure occurs
determines what effects (if any) a teratogen has; most
teratogens have a confined group of congenital
malformations (syndrome of agent’s effects) and; no
teratogen can produce every type of malformation.

8 The risk of morphological anomalies or intrauterine
death resulting from exposure to a developmental
toxicant varies depending on the dose and the
embryonic or fetal stage at which exposure occurs.

9 The threshold dose for an environmental toxicant is the
dose below which the incidence of death,
malformation, growth retardation, or functional deficit
is not greater than that of control subjects. The severity
and incidence of malformations produced by every
exogenous agent that has been appropriately studied
have exhibited threshold phenomena during
organogenesis.

10 Teratogens follow a threshold dose–response curve,
whereas mutagens and carcinogens tend to follow a
stochastic dose–response curve.

11 Physiological alterations in pregnancy and the
bioconversion of compounds can significantly influence
the teratogenic effects of drugs and chemicals by
affecting absorption, body distribution, active form(s),
and excretion of the compound.

12 Interpretation of dose–response relationships for
teratogens must take into account the active
metabolites, when metabolites might be the proximate
teratogen rather than the administered drug or
chemical, the duration of the exposure (chronic versus
acute), and the fat solubility of the agent.

13 The role that the placenta plays in drug
pharmacokinetics involves transport, the presence of
receptors for a number of endogenous and xenobiotic
compounds, and the bioconversion of xenobiotics.

14 The genetic constitution of an individual is an
important factor that affects the susceptibility of a
species to a drug or chemical.

15 Animal teratology studies are helpful in raising
concerns about the reproductive effects of drugs and
chemicals, but negative animal studies do not guarantee
that these agents are free from reproductive effects.

16 Well-performed epidemiology studies represent the best
methodology for determining the human risk and the
effects of environmental toxicants.

17 In vitro tests can be used to study the mechanisms of
teratogenesis and embryogenesis, and for preliminary
screening procedures. However, in vitro studies cannot
predict human teratogenic risks at particular exposures
without the benefit of data obtained from whole
animal studies and epidemiological studies.

18 The clinician must be cognizant of the fact that many
patients believe that most congenital malformations are
caused by a drug or medication taken during
pregnancy.

19 Ignoring the basic tenets of teratology appears to occur
most commonly in the evaluation of environmental
exposures when the exposure was very low or
unknown and the agent has been reported to be
teratogenic at a very high dose or maternally toxic
dose.

20 The evaluation of the toxicity of drugs and chemicals
should (when possible) use data obtained from
investigative approaches including: (1) epidemiological
studies, (2) secular trend analysis, (3) animal
reproductive studies, (4) dose–response relationships,
(5) mechanisms of action (MOA) studies that pertain
specifically to the agent and include receptor affinity,
cytotoxicity, genotoxicity, organ toxicity, and
neurotoxicity, and (6) biological plausibility.
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Determining the developmental toxicity of a drug or chemical
requires an understanding of the mechanism of action and
pharmacology of the substance as well as an understanding of
embryology. Drugs, both legal and illicit, exert fetal develop-
mental effects that are dependent on the dose, route of admin-
istration, physiologic handling by both the pregnant woman
and the fetus, genetic predisposition, and the timing of the
exposure in the pregnancy. The type of abnormality seen fol-
lowing drug exposure during pregnancy may give valuable
clues about when in the pregnancy that drug had its effect.
Thalidomide is perhaps the best known example of a sub-
stance with a very narrow window of toxic effect in develop-
ing humans.1 Exposure of human fetuses to thalidomide
between days 22 and 36 after conception is associated with
characteristic limb reduction defects, as well as other struc-
tural anomalies. Complete understanding of the above-named
factors may not in many cases be possible, so providers who
care for pregnant women must rely on published experience
of the agent in question. In the course of a busy practice,
exhaustive research is neither practical nor possible but, for-
tunately, there are convenient alternatives including the Physi-
cian’s Desk Reference (PDR), online resources such as
Reprotox, traditional texts, and those for portable use on a
personal digital assistant (PDA). When agents are new to the
pharmacopeia, caution is necessary. Data in animal models
may not present the full spectrum of toxicity in human preg-
nancy. Responsible pharmaceutical companies sponsor reg-
istries to more rapidly amass clinically significant data
concerning the fetal impact of drug exposure during preg-
nancy. Even given that, frequently it is many years after the
introduction of an agent before any degree of certainty about
the appropriateness of an agent for use in pregnancy can be
established. These registries benefit from being part of an
organized effort to present comprehensive information con-
cerning legal medications. Such organized registries are rare
for illicit drug use and, as a result, practitioners rely on animal
models and analyses of case series.

In spite of well-intentioned efforts at education, prevention,
and intervention, the use and abuse of drugs, both legal and
illi-cit, continue to cause maternal and fetal problems during 
pregnancy.

Alcohol

Ethanol is a social drug that offers no apparent benefit to the
pregnant woman or her fetus. In spite of this, more than
500 000 fetuses per year in the US are exposed to ethanol in
utero.2 In total, infants born with fetal alcohol syndrome (FAS)
cost approximately US$40 billion yearly (in 1998 dollars), or
approximately US$2 million as a lifetime cost per individual.3

The term FAS was coined to describe 11 children of alcoholic
mothers with characteristic features (Table 16.1).4,5 In 1980,
specific criteria for FAS were proposed by the Fetal Alcohol
Study Group of the Research Society on Alcoholism, requir-
ing that at least one feature from each of the three categories
be present for the diagnosis to be made.6 More recently, the
Institute of Medicine defined five categories of alcohol-related
birth effects7 (Table 16.2). The average IQ of children with
FAS is 70.8 The original FAS children were followed for
10 years, and their growth deficiency and mental handicaps
persisted.

It is difficult to estimate the prevalence of FAS or construct
a dose–response curve for levels of alcohol exposure necessary
to produce this problem, because it is difficult to accurately
quantify alcohol intake; the amount of alcohol used is invari-
ably underestimated. In addition, specific features of FAS may
be caused by exposure to alcohol at different times in gesta-
tion. Craniofacial anomalies may occur during embryogene-
sis, disorders of central nervous system function may be
brought about later in gestation, and growth disturbances may
reflect alcohol exposure over a broad range of gestational ages.

The prevalence of FAS among offspring of heavy drinkers
ranges from 2.5% to 10% in prospective studies.9 Recent
work estimates FAS prevalence in the US at 0.3–0.4 per 1000
live births.10 Although it is difficult to obtain more specific
data, it is clear that all cases of full-blown FAS occurred in
chronic alcoholic mothers who drank heavily throughout
pregnancy. It is also clear that binge drinking increases the
risks of affected children having IQs in the mentally retarded
range.11 Studies have attempted to identify a threshold level of 
maternal ethanol ingestion above which effects are seen, and
below which effects are not seen, without notable success. One
analysis of the Spanish Collaborative Study of Congenital

16 Drugs, alcohol abuse,
and effects in pregnancy
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Malformations determined that even low and sporadic alcohol
ingestion during pregnancy increased the risk of congenital
anomalies.12 Recent work has demonstrated increased neu-
rodegeneration via apoptosis during synaptogenesis,13 defects
in neuronal migration and decreased numbers of neurons in
the mature cortex,14 and effects on myelination leading to
decreases in white matter volume.15

The pathophysiologic mechanism for the adverse effects of
alcohol on the developing fetus is poorly understood. Ethanol
levels in maternal and fetal blood are identical in sheep, and
studies in sheep demonstrate a time lag before ethanol’s
appearance in amniotic fluid.16 A similar time lag has been
found in the appearance of ethanol in human amniotic fluid.17

There are increased c-myc protein levels and decreased
growth-associated protein 43 levels after exposure of neural
cell lines to ethanol.18,19 Normal cellular morphologic differ-
entiation requires decreases in c-myc and increases in growth-

associated protein 43. Ethanol effects the production of these
differentiation modulators and inhibits normal neuronal
growth and differentiation. These studies describe changes in
neuronal development/migration, apoptosis, and myeliniza-
tion that are likely to be at the root of the neurobehavioral
changes seen in children exposed to ethanol in utero. Acetalde-
hyde, a toxic metabolic product of ethanol, behaves similarly
with respect to the amniotic fluid. Alcohol is metabolized via
a number of different systems, including alcohol dehydroge-
nase in the cytosol fraction of the liver, the hepatic microso-
mal ethanol-oxidizing system, and the peroxisomal catalase
system. There are genetic differences in some of these enzymes,
and different individuals may induce them at different rates
when exposed to the same concentrations of ethanol. Differ-
ential enzyme induction may lead to differential susceptibility
to cell injury or disruption by other agents.20 Alternatively,
ethanol or acetaldehyde may interfere with placental transport
of vital nutrients such as amino acids, leading to fetal malnu-
trition.21 Either interference with normal cellular development
or fetal malnutrition may result in the 150-g lower birthweight
of babies exposed to one to three drinks per day seen in a
study of 10539 women.22

Alcohol ingestion by the gravida decreases fetal breathing
movements but not gross body movements or fetal heart
rate.23 Alcohol withdrawal effects have been described, even
in infants without the stigmata of FAS.24 The fetal effects of
alcohol appear to be multifactorial.

There is no treatment or cure for FAS or alcohol-related birth
effects. One study suggested a protective effect of antioxidants
(alpha-tocopherol and N-acetylcysteine) in the rat model, but
this has not been confirmed in humans.25 The best strategy is
prevention, and the first component of prevention is education,
so that women of childbearing age are aware of the risks of
drinking during pregnancy. Educational campaigns have been
carried out in the US at all levels. An epidemiologic study in
Seattle reported that any alcohol use in early pregnancy fell
from 81% in 1974–75 to 42% in 1980–81, and this was attrib-
uted to educational programs.26 Although the prevalence of
heavy drinking (defined in this study as 30mL or more of
absolute alcohol per day) before the discovery of pregnancy
was unchanged at 6–7% during each time period, such use
after pregnancy was discovered fell from 2.3% to 0.8%. In a
population-based study in Finland from 1983 to 1985, 55% of
women drank at least 2 oz of absolute alcohol during the week
in which conception occurred, and only 16% were totally
abstinent during the first trimester.27 By 32 weeks, 50% 
were totally abstinent and, by term, 80% took no alcohol 
at all.

To prevent FAS, it is first necessary to identify mothers at
risk. The CAGE28 (Table 16.3), T-ACE29 (Table 16.4), and
TWEAK30 (Table 16.5) questionnaires are all brief and 
effective. Several basic questions are asked in each of these
questionnaires. Two or more positive answers on the CAGE
questionnaire indicate a high probability of being a risk
drinker. In the T-ACE questionnaires, the ability to hold a 
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Table 16.1 Alcohol and the fetus.

Fetal alcohol syndrome – at least one from each of the following
categories:

Growth restriction, either prenatal or postnatal in onset
SGA/IUGR
Failure to thrive/short stature

Craniofacial abnormalities
Small eyes
Epicanthal folds
Long philtrum
Midface hypoplasia

Central nervous system abnormalities
Microcephaly
Developmental delay
Mental retardation
Learning disabilities

Alcohol-related birth defects – any of the preceding problems in the
offspring of an alcoholic individual

SGA, small for gestational age; IUGR, intrauterine growth
restriction.

Table 16.2 Categories of alcohol-related birth defects.

FAS: with confirmed maternal alcohol use and a characteristic
pattern of malformations

FAS: without confirmed maternal alcohol use, but with the
characteristic pattern of malformations

Partial FAS: with confirmed maternal alcohol use and some
components of the characteristic malformations

Alcohol-related birth defects: the presence of congenital anomalies
resulting from prenatal alcohol exposure

Alcohol-related neurodevelopmental disorder (ARND): central
nervous system neurodevelopmental abnormalities, neurological
hard or soft signs, or behavioral/cognitive abnormalities not
consistent with background or environment
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six-pack of beer or a bottle of wine scores two points on the
tolerance question; affirmative answers on the others each
score one point. A cumulative score of more than 2 indicates
a high probability of being a risk drinker. A total of ≥ 2 points
on the TWEAK questionnaire also indicates a high probabil-
ity of problem drinking. One of these questionnaires should
be administered to every patient when obtaining a history.

Recent research suggests that meconium fatty acid ethyl
esters are a sensitive and specific marker for suspected but
unreported maternal alcohol abuse in pregnancy.31 This
remains to be confirmed in clinical practice.

Once the individual at increased risk for having a child with
alcohol-related birth defects is identified, attention should be
turned to intervention. Rosett and co-workers32 found that
67% of 49 pregnant problem drinkers reduced their alcohol
intake when enrolled in a counseling program. Work in both
the US and Finland found that cessation of heavy alcohol
intake before the third trimester benefits the fetus.33,34 A ran-
domized trial, although not specific to pregnancy, demon-
strated that two brief (10–15 min each using scripted advice
and educational information) interventions decreased both
chronic and binge drinking.35

Disulfiram use to increase the motivation of alcoholics to
avoid consumption of alcohol is generally contraindicated in
pregnancy.36 Not a proven teratogen, disulfiram, when taken
in combination with alcohol, leads to very high circulating
acetaldehyde concentrations.

Pregnant women should be advised to avoid alcohol, but
this advice should not be construed as suggesting interruption
of pregnancy when a history of alcohol consumption has been
elicited; the risks of low-level alcohol consumption, or even
occasional binges of marked consumption, have not been
clearly quantified to date.

Cocaine

Pharmacology

Cocaine is an alkaloid37 and can be administered intranasally,
orally, vaginally, sublingually, rectally, and by intravenous,
subcutaneous, or intramuscular injection.

At one time, the most popular form of administration was
the intranasal route. Use of “crack” cocaine, an inexpensive,
pure, and portable form of cocaine that gives an immediate
effect, has superseded snorting. Cocaine is detoxified by
cholinesterases, and cocaine and its metabolites are excreted
in the urine, where they may be present for up to 3 days.
Cocaine blocks the presynaptic reuptake of norepinephrine
and dopamine, with accumulation of these neurotransmitters
at postsynaptic receptor sites. Vasoconstriction, hypertension,
myocardial irritability, and seizures may result. Euphoria
results from the accumulation of dopamine, a mechanism that
may also be responsible for addiction. In the pregnant ewe,
cocaine induces vasoconstriction, decreased uterine blood
flow, maternal and fetal hypertension, and fetal hypoxemia
due to impaired oxygen transfer.38,39

Adverse effects on the mother

Medical complications reported with cocaine include acute
myocardial infarction, cardiac arrhythmias, aortic rupture,
subarachnoid hemorrhage, strokes, ischemic bowel damage,
and various other problems.37 These same complications occur
in pregnant women, and a report of intracerebral hemorrhage
during the postpartum period confirms that expectation40

(Table 16.6). The altered hormonal milieu of pregnancy may
provide a setting in which the cardiovascular effects of cocaine
are exaggerated.41
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Table 16.3 CAGE.

1. Have you ever felt the need to Cut down drinking?
2. Have you ever felt Annoyed by criticism of your drinking?
3. Have you ever had Guilty feelings about drinking?
4. Have you ever taken a morning “Eye-opener”?

Table 16.4 T-ACE.

1. How many drinks can you hold? (Tolerance)
2. Have you ever felt Annoyed by criticism of your drinking?
3. Have you ever felt the need to Cut down drinking?
4. Have you ever taken a morning “Eye-opener”?

Table 16.5 TWEAK.

Tolerance: how many drinks does it take before you feel the effects
of alcohol? (2 points for ≥ 3 drinks)

Worry: have close friends or family worried or complained about
your drinking in the past year? (2 points for yes)

Eye-opener: do you sometimes take a drink in the morning when
you wake up? (1 point for yes)

Amnesia: are there times when you drink and afterwards can’t
remember what you said or did? (1 point for yes)

Cut down: do you sometimes feel the need to cut down on your
drinking? (1 point for yes)

Table 16.6 Reported effects of cocaine on the fetus and pregnancy.

Placental abruption
Intrauterine growth restriction
Preterm labor
Premature rupture of the membranes with meconium
Spontaneous abortion
Intrauterine cerebral infarctions
Genitourinary tract anomalies
Neurobehavioral disorders
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Adverse effects on pregnancy

Acker and associates42 in 1983 reported two cases of abrup-
tio placentae occurring 30min to a few hours after intra-
venous or intranasal administration of cocaine. Although it is
likely that the acute vasoconstrictive effects of cocaine are
responsible for causing abruptions, a chronic effect also exists.
Chasnoff et al.43 found that women who used cocaine only in
the first trimester demonstrated a high rate of abruption (9%),
as did women who used the drug throughout gestation (15%).
They suggested that cocaine alters the placental or uterine vas-
culature early in pregnancy, with adverse effects showing up
near term. Other reports of perinatal morbidity in cocaine
users have appeared. Morbidities include IUGR, preterm labor
and delivery, premature rupture of membranes, and sponta-
neous abortion.44–48 Cerebral infarcts occurring in utero have
been reported in the offspring of cocaine users.49 The major
methodologic problem of these studies has been the issue of
polydrug abuse. The majority of substance-abusing individu-
als abuse multiple substances, any one of which can adversely
affect fetal growth and development. As a result, it is difficult
to know whether a given effect is the result of abuse of a given
substance or the abuse of a combination of substances. The
teratogenic effects of cocaine have, as a result, proved difficult
to evaluate, and patterns of cocaine use during the time of
organogenesis are difficult to document. One study found
major malformations (mostly cardiac anomalies) in five off-
spring of 50 cocaine users, compared with seven of 340 drug-
free pregnancies (P < 0.01).50 Chavez et al.51 and Ferris et al.52

found increased odds ratios for urogenital malformations
among cocaine-abusing gravidae compared with noncocaine-
abusing gravidae. A meta-analysis of 45 investigations into
cocaine’s teratogenic effects found a nonsignificant trend
toward an increase in all malformations [odds ratio (OR)
4.08; 95% confidence interval (CI), 0.70–23.6] and cardio-
vascular malformations (OR 2.36; 95% CI, 0.83–6.74), but a
significant increase in genitourinary malformations (OR 4.97;
95% CI, 1.05–23.6).53 The proposed mechanisms by which
cocaine exerts its teratogenic effects include vasoconstriction
and reperfusion directly39 and the generation of oxygen free
radicals during the reperfusion that follows vasoconstriction.54

Adverse effects on the neonate

Withdrawal has been reported in neonates exposed to
cocaine,43,55,56 as well as electroencephalogram (EEG) abnor-
malities and abnormal visual evoked potentials.56,57 The con-
founding effects of polysubstance abuse make it difficult to
determine whether it is the unique effects of cocaine or the
effects of cocaine acting in concert with other drugs that gen-
erate the effects seen. Overall, however, studies have not gen-
erally found that cocaine adversely affects mental and motor
outcomes.58,59 Recent work suggests that, while fetal cocaine
exposure is associated with abnormalities in arousal, atten-
tion, and neurologic and neurophysiologic function, the effects

appear to be short-lived phenomena seen in infancy and early
childhood, and are correlated with other factors, including
prenatal exposure to alcohol, tobacco, and marijuana.60,61

Cocaine use among pregnant women varies widely depend-
ing on the study. Two reports found that cocaine use was seen
in 8–24% of pregnant women.62,63 Better birth outcomes for
cocaine-abusing gravidae can be achieved by a combination
of specialized prenatal care and drug treatment.64 Prenatal care
by itself is associated with a marked decrease in the rate of
low birthweight (less than 2500g; 34.3% versus 52.3%,
P < 0.05) and very low birthweight (less than 1500g; 5.2%
versus 18.2%, P = 0.01). Stopping cocaine after the first
trimester appears to decrease some (low birthweight, preterm
delivery) but not all of the risk.43 The challenge remaining is
to insure that these women continue to have access to care.

Heroin

Pharmacology

Heroin’s effects are similar to those of morphine, except that
it appears to cross the blood–brain barrier more quickly. This
is an effect of the greater lipid solubility of heroin. Heroin is
hydrolyzed to monoacetylmorphine and morphine, and is
excreted in the urine. Its effects are similar to those of other
opioids, and physical dependence leading to abstinence-related
withdrawal symptoms is induced with chronic use. Gyneco-
logic problems such as galactorrhea–amenorrhea have been
reported in female heroin addicts.65 Although cocaine use has
shifted attention away from perinatal heroin addiction, this
problem remains a challenge for obstetricians and other care-
givers (Table 16.7).

Fetal effects

Heroin crosses the placenta, and addiction is common among
fetuses of heroin-addicted mothers. Fetal withdrawal with
intrauterine convulsions has been postulated.66,67 The issue 
of low birthweight is confounded by elements of maternal
lifestyle also known to affect fetal growth. Heroin-addicted
mothers are more likely to deliver infants of low birthweight.68

The relative risk of delivering low birthweight babies in heroin
users is 4.61 (95% CI, 2.78–7.65) in pregnant heroin users,
1.36 (95% CI, 0.83–2.22) in methadone users, and 3.28 
(95% CI, 2.47–4.39) in women who used both. Respiratory
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Table 16.7 Reported effects of heroin on pregnancy.

Fetal addiction
Intrauterine withdrawal/neonatal abstinence syndrome
Low birthweight
Behavioral teratogenesis
Sudden infant death syndrome
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distress syndrome may actually occur with less frequency in
such children.69 It is uncertain whether the 28% prematurity
rate associated with heroin use seen in some studies is due to
the drug use itself or to the influence of other factors. There
are few convincing data to indicate an increased incidence of
preterm delivery among pregnant heroin users. Teratogenicity
has not been conclusively demonstrated, but behavioral ter-
atogenicity is likely, with neonates of heroin addicts demon-
strating impaired interactive abilities and motor changes.70

Sudden infant death syndrome (SIDS) occurs with greater fre-
quency among offspring of heroin-addicted mothers, but the
mechanism is unclear.71,72 Chasnoff70 suggested that this high
rate of SIDS may be associated with sleep apnea and has used
theophylline treatment to prevent it.

Neonatal abstinence syndrome

The most striking finding with perinatal heroin addiction is
neonatal withdrawal. It occurs in 50–80% of infants born 
to mothers addicted to heroin or treated with methadone.60

This syndrome includes tremors, restlessness, hyperreflexia,
high-pitched cry, sneezing, sleeplessness, tachypnea, yawning,
sweating, fever, and, in severe cases, seizures.73 The onset of
symptoms occurs anywhere from birth to as long as 2 weeks
of age and may persist for up to 4–6 months.74 Treatment has
ranged from supportive measures to the use of medications
such as diazepam, barbiturates, and opioids such as paregoric
and methadone.69 There is some evidence that withdrawal is
less severe in infants whose mothers’ methadone dose was
down to 20mg/day or less before delivery.75

Treatment in pregnancy

Heroin-addicted mothers are usually treated with methadone
maintenance. Specific programs for management of drug
dependency during pregnancy have met with success in low-
ering the various morbidities encountered in such extremely
high-risk pregnancies. Well-designed studies have demon-
strated a threefold decrease in heroin use as well as a three-
fold increase in maintenance of treatment among women
treated with methadone or buprenorphine when compared
with women not so treated.76 In addition, enrollment in a
methadone maintenance program with adequate prenatal care
results in an incidence of low birthweight infants similar to
that of nondrug-using women with good prenatal care.77

Heroin withdrawal during pregnancy has been associated with
stillbirth in humans.78 As a result, detoxification should be
attempted only in a highly motivated patient.

Infection

The comorbidities of heroin use are similar whether or not the
woman is pregnant. The most significant of these are infec-
tious. Twelve percent of heroin addicts tested positive for 
hepatitis B surface antigen in one study,79 and another study

reported a 43.5% infection rate of infants within 6 months of
delivery when born to asymptomatic carrier mothers.80 When
acute infection occurred in the first trimester, 76% of infants
were infected.81 The most significant problem facing intra-
venous drug users and their offspring now is the danger of
acquired immunodeficiency syndrome (AIDS). Intravenous
drug use accounts for the majority of human immunodefi-
ciency virus (HIV) positivity among women, with some areas
at one time reporting a 50% seropositivity rate among intra-
venous drug users.82 Significantly increased rates of infection
with syphilis are also present in heroin users.

Hallucinogens

Hallucinogenic drugs such as LSD were commonly taken
recreationally in the 1960s and 1970s, but few credible studies
were performed regarding the effects of such chemicals on
pregnant women and their fetuses. Even retrospective studies
were confounded by polydrug use, lifestyle differences, and
reporting bias. Chromosome damage from in vitro exposure
of leukocytes to LSD, increased prevalence of chromosome
breaks in vivo, and a malformation rate of 10% have been
reported in fetuses exposed to this agent,83 but teratogenicity
for LSD has not been confirmed. Little recent data are avail-
able because LSD use has declined in recent years.

Phencyclidine (PCP) use has continued to a greater extent
than LSD. In a prospective epidemiologic study of 2327 preg-
nant women, women were assessed by questionnaire and
urinary assays. Twelve (0.5%) admitted PCP use during the
index pregnancy, and an additional seven (0.3%) tested posi-
tive for this drug in their urine.84 Mouse studies demonstrated
that PCP crosses the placenta and appears in breast milk in
concentrations 10 times those in maternal plasma.85 PCP
appears in umbilical cord plasma and amniotic fluid from
human pregnancies, and the human placenta is an active site
for conversion of PCP to its metabolic products in vitro.86,87

One case measured both maternal and umbilical cord levels
and found the concentration of PCP in the fetus was double
that in the mother.88 Case reports describe abnormal neonatal
behavior, abnormal brain wave patterns, depressed interactive
behaviors, and diminished organizational responses to stimuli
in infants exposed to PCP in utero, but no epidemiologic
studies have quantified the risk.89–92 Finally, one study demon-
strated an increased rate of preterm delivery and meconium-
stained amniotic fluid in children exposed to PCP in utero.93

Tobacco

Maternal smoking is associated with a wide variety of
increased obstetric morbidities (Table 16.8). The major effects
of tobacco present in the first trimester of pregnancy as
decreased fecundity and increased spontaneous pregnancy
loss, and in the second and third trimester as increased growth
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restriction and preterm labor and delivery.94,95 Maternal
smoking during pregnancy decreases birthweight by 10–15g
per cigarette smoked daily. This may be due to direct effects
of smoking on fetal growth, to decreased maternal caloric
intake seen in pregnant smokers, or to the decreased intervil-
lous volume and decreased number and surface area of fetal
capillaries seen in the placentas of pregnant smokers.96–98 The
increased incidence of low birthweight and premature deliv-
ery associated with maternal smoking results in a 33%
increase in overall perinatal and neonatal mortality.99 Overall,
perinatal mortality for infants of nonsmokers was 23.3 per
1000 births in the Ontario Perinatal Mortality Study.100

Among smokers of more than one pack per day, that figure
increased to 33.4 per 1000 births, and half of that increase
was due to smoking-related increases in placental abruption
and placenta previa. There are conflicting data on the effects
of maternal smoking on human uterine and umbilical blood
flow. Morrow et al.101 found that smoking increased maternal
heart rate and blood pressure and fetal heart rate without any
changes in uterine artery systolic-to-diastolic ratios. They did
note, however, smoking-dependent changes in the umbilical
artery systolic-to-diastolic ratio. It remains unclear whether
the effects seen were the result of the nicotine in the smoke or
the carbon monoxide. Some animal literature suggests that
maternal nicotine exposure is associated with decreased
uterine blood flow,102 but the evidence for a similar effect in
primates and humans is less compelling. Nicotine adminis-
tered to the mother has been associated with decreased uterine
blood flow in rhesus monkeys but, in the human fetus, it has
been associated with increased umbilical blood flow.103,104

Both standard cigarette smoke and smoke from nicotine-free
cigarettes were associated with decreased fetal PO2 when
inhaled by pregnant rhesus monkeys.105 This effect may be
attributed to carbon monoxide, because carboxyhemoglobin
is preferentially trapped on the fetal side of the placenta. The
relative hypoxia induced by increased carboxyhemoglobin
levels in the fetus could induce a wide variety of adverse
effects. Clinical studies have demonstrated variable effects on
fetal breathing106 and increased fetal heart rate with decreased
beat-to-beat variability107 during acute maternal exposure to
cigarette smoke, but no effect was seen on nonstress test re-

activity.108 Chronic cigarette exposure was associated with
lower Apgar scores in some but not all studies.109,110 Intimal
injury of the umbilical arteries of newborns from smoking
mothers has been demonstrated, as have placental
changes.111–113 Maternal smoking has also been associated
with a failure in expansion of total body water and mean
plasma volume during pregnancy.114 Maternal smoking has
been associated with changes in hemostatic and platelet func-
tion,115,116 but it is difficult to determine whether these changes
are due to the effects of nicotine, carbon monoxide, or some
other substance(s). Studies in rats have demonstrated damage
to the fetal brainstem117 and both a decrease in the number of
neonatal type I pneumocytes and an increase in the number
of type II pneumocytes in rats.118 The type II pneumocytes
were morphologically abnormal, with no microvilli on their
alveolar surface.

The teratogenic potential of maternal cigarette smoking is
becoming manifest. One study found increased mutations in
the gene for hypoxanthine–guanine phosphoribosyltransferase
in the cord blood T-cell lymphocytes of neonates exposed to
maternal smoking as fetuses.119 One epidemiologic study sug-
gested that isolated oral clefts are increased in the offspring of
cigarette smokers,120 but an analysis of the Swedish Medical
Birth Registry found that the association between smoking
and facial clefts depended on the type of analysis done: an
association between cleft palate and smoking was seen in 
all case designs, but the association between cleft lip with 
or without cleft palate and smoking was seen only in
case–control analyses.121 Lammer et al.122 found that orofacial
clefts are increased among smokers whose fetuses have poly-
morphic variants of NAT1, an enzyme involved in detoxi-
fication of smoke components, possibly explaining the
discrepancy in study findings. Maternal smoking during preg-
nancy has been associated with a decreased risk of respiratory
distress syndrome in the prematurely delivered offspring, an
effect that has generally been attributed to enhanced pulmonic
maturation secondary to intrauterine hypoxic stress.123 Chil-
dren exposed in utero to smoking consistently score lower on
scores of expressive language and conceptual understanding
and have a greater incidence of behavioral difficulties.99,124,125

Although it is possible to detect the effects of household
smoking exposure on infants, one study was unable to demon-
strate maternal–fetal transmission of thiocyanate acquired
passively by the mother exposed to a smoking environment,
but not herself a smoker.126 Another study was able to show
such an effect,127 and one report demonstrated a significant
reduction in birthweight among the offspring of mothers
exposed passively to cigarette smoke, as evidenced by
increased maternal cotinine levels during the second
trimester.128 A case-controlled study of 91 children found a
dose-dependent relationship between maternal exposure to
second-hand smoke and risk of childhood brain tumors,129

and an adverse effect on language skills, visual, and spatial
abilities was seen in children exposed prenatally to second-
hand smoke when compared with children not exposed.130
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Table 16.8 Obstetric morbidities among pregnant smokers.

Spontaneous abortion
Ectopic pregnancy
Preterm delivery
Placenta previa
IUGR/low birthweight
Placental abruption
PPROM
Sudden infant death syndrome

IUGR, intrauterine growth restriction; PPROM, preterm premature
rupture of membranes.
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Attempts to modify smoking behavior during pregnancy
have met with mixed success. Nieburg and colleagues131 sug-
gested the term fetal tobacco syndrome to describe infants
meeting four conditions (Table 16.9). In 2000, the American
College of Obstetricians and Gynecologists published a Tech-
nical Bulletin recommending that pregnant women be encour-
aged to stop smoking.132 Identification of the smoker at the
first prenatal visit should be coupled with intensive education
about the risks of smoking during pregnancy. A brief 5- to 
15-min intervention will increase smoking cessation by
30–70% in smoking gravidae. It is most effective in women
who smoke < 20 cigarettes per day133 and consists of Ask,
Advise, Assess, Assist, and Arrange134 (Table 16.10).

Although there have been great strides in American society
in prohibiting smoking in public areas and in decreasing the
number of cigarette-smoking citizens, smoking during preg-
nancy continues to be a problem. Statistics suggest that
15–29% of women continue to smoke during pregnancy.135

Pregnant smoking women treated with a cessation program
demonstrated a significant increase in birthweight and length
of their offspring when compared with untreated smoking
control subjects,136 and quitting at any point in pregnancy is
helpful.134 We must find out if our patients are smoking,
educate them about the risks, and refer them to smoking ces-
sation programs in our communities. Behavioral therapies are
the first line of intervention. If these therapies fail, then phar-
macological treatment with either bupropion or nicotine

replacement treatments (NRTs) can be considered. Bupro-
prion is Food and Drug Administration (FDA) class B, and all
the NRTs are FDA class C. A careful assessment of risks and
benefits is necessary before starting these therapies.

Caffeine

Caffeine is a xanthine. The xanthines exert their systemic
effects by increasing intracellular cyclic adenosine monophos-
phate, altering ionized calcium levels, and potentiating the
action of catecholamines. These systemic effects include
central nervous system excitation, smooth muscle relaxation,
increased heart rate, increased cardiac output, an increase in
gastric acid secretion, and increased diuresis. Caffeine is con-
tained in coffee and tea (100–150mg per average cup), cola
drinks (35–55mg per 12-oz serving), and cocoa (200mg of
theobromine per average cup). Pregnant women near term
eliminate caffeine considerably more slowly than nonpregnant
control subjects, and ingestion of two cups of coffee by these
women was associated with a small but significant decrease in
intervillous blood flow.137,138 Caffeine is fat soluble and crosses
the placenta in sheep and humans. Chronic coffee drinkers
have increased fetal breathing activity, but acute ingestion 
of 200mg of caffeine had no significant effect on fetal 
breathing.139

Caffeine is teratogenic in rodents. Doses of 50–75mg/kg in
mice, and greater than 80mg/kg in rats induce malformations
of limbs and digits.140 These are levels higher than those likely
to be achieved in human pregnancies. Additionally, if caffeine
doses are given in split doses instead of in bolus fashion,
330mg/kg/day is required to cause teratogenicity in rats. A
report of three human pregnancies in which high maternal caf-
feine intake was associated with ectrodactyly in the offspring
created a great deal of interest in the possibility of terato-
genicity, but each mother had consumed between 1100 and
1777mg of caffeine on an average day during her preg-
nancy.141 Three large epidemiologic studies in humans detected
no increase in congenital anomalies related to caffeine intake
among pregnant women.142–144 A recent review of the effect of
caffeine on spontaneous abortion concluded that, while many
epidemiologic studies have observed a positive association
between caffeine intake and spontaneous pregnancy loss rates,
the evidence should be considered equivocal because of the
many methodologic flaws.145 The data on the effect of caffeine
on birthweight are similarly conflicting. Fortier et al.146 found
a dose-dependent effect of increasing caffeine consumption on
decreasing birthweight in a population-based study of over
7000 women, but Mills et al.,147 in their study on moderate
caffeine intake, were unable to confirm this finding.

There is no convincing evidence supporting a teratogenic or
other adverse role of caffeine in pregnancy when taken in
amounts equivalent to less than 10 cups of coffee per day.
Pregnant women should be advised to use moderation in their
caffeine intake, but it need not be avoided altogether.
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Table 16.9 Fetal tobacco syndrome.

1. A mother who smoked five or more cigarettes a day throughout
the pregnancy

2. No evidence of hypertension during the pregnancy
3. Symmetric growth retardation at term
4. No other obvious cause of growth retardation

Table 16.10 Intervention to promote smoking cessation during
pregnancy.

Ask: ask the patient to choose a statement that best describes her
smoking status:

I’ve smoked < 100 cigarettes in my lifetime
I quit smoking before I found out I was pregnant
I quit smoking after I found out I was pregnant
I still smoke, but I’ve cut down
I still smoke and I haven’t cut down

Advise: give clear, firm advice to quit smoking. Stress the benefits to
her and the fetus.

Assess: investigate her willingness to quit.
Assist: offer and encourage coping mechanisms for quitting smoking

(identify trigger situations):
Provide support as part of the treatment
Arrange for social support; involve family and friends
Pregnancy-specific smoking cessation programs

Arrange: follow-up is essential. Reassess and re-encourage.
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Key points

1 Drug effects on fetal development depend on the dose,
the route of administration, physiologic handling of the
drug by both the pregnant woman and the fetus,
genetic predisposition, and timing of the exposure in
the pregnancy.

2 Fetal alcohol syndrome (FAS) occurs in 2.5–10% of
offspring of heavy drinkers, and includes growth
restriction (either prenatal or postnatal in onset),
craniofacial anomalies (small eyes, epicanthal folds,
long philtrum, or midface hypoplasia), and central
nervous system abnormalities (microcephaly,
developmental delay, mental retardation, learning
disabilities).

3 The categories of alcohol-related birth defects include:
(1) FAS with confirmed maternal alcohol use; (2) FAS
without confirmed maternal alcohol use but with
characteristic malformations; (3) partial FAS with
confirmed maternal alcohol use and some components
of FAS; (4) alcohol-related birth defects with the
presence of congenital anomalies resulting from
prenatal alcohol exposure; and (5) alcohol-related
neurodevelopmental abnormalities.

4 Women at risk for problem drinking during pregnancy
can be identified using the “CAGE”, “T-ACE,” or
“TWEAK” questionnaires. Interventions in women so
identified can decrease problem drinking by more than
50%.

5 Drinking cessation before the third trimester of
pregnancy will benefit the fetus, so it is never “too
late.”

6 All studies of the impact and effects of a particular
illicit drug on developing fetuses are complicated by
problems in accurately quantifying the exposure, and
the fact that polysubstance abuse is the rule and not
the exception.

7 Cocaine blocks presynaptic reuptake of norepinephrine
and dopamine, resulting in vasoconstriction,
hypertension, myocardial irritability, and euphoria.

8 Cocaine use during pregnancy is associated with an
increased incidence of placental abruption (a side-effect
of vasoconstriction and hypertension), and this effect
persists even if the pregnant cocaine user stops using in
the first trimester.

9 Maternal medical effects of cocaine use include acute
myocardial infarction, cardiac arrhythmias,

hypertension, aortic rupture, subarachnoid hemorrhage,
and ischemic bowel damage.

10 Fetal/neonatal effects of cocaine use in pregnancy
include placental abruption, intrauterine growth
restriction, preterm labor and delivery, increased
incidence of genitourinary birth defects, and
withdrawal.

11 The features previously ascribed to the so-called 
“crack baby syndrome” (abnormalities in arousal,
attention, and neurologic and neuropsychologic
function) are short-lived and correlate with other
factors including exposure to alcohol, tobacco, and
marijuana.

12 Convincing a woman to use methadone instead of
heroin decreases the relative risk of delivering a low
birthweight baby from 4.61 to 1.36.

13 Structural teratogenicity has not been associated with
heroin use during pregnancy, but behavioral
teratogenicity is likely.

14 Neonatal abstinence occurs in 50–80% of infants born
to mothers using heroin or methadone, and includes
tremors, restlessness, hyperreflexia, high-pitched cry,
sneezing, sleeplessness, tachypnea, yawning, sweating,
fever, and sometimes seizures.

15 Neonatal abstinence and withdrawal is less severe 
if the maternal methadone dose is < 20mg/day at 
delivery.

16 The major effects of tobacco present in the first
trimester as decreased fecundity and increased
pregnancy loss, and in the second and third trimester
as increased growth restriction and preterm labor and
delivery.

17 The increased incidence of low birthweight and
preterm labor and delivery explains the 33% increase
in overall perinatal and neonatal morbidity seen in
pregnant smokers.

18 Cigarette smoking during pregnancy is associated with
an increased incidence of orofacial clefts.

19 Smoking cessation interventions during pregnancy will
increase smoking cessation by 30–70% in smoking
gravidae.

20 Caffeine is teratogenic in rodents, but probably only in
doses that are exceedingly difficult to achieve in
humans (i.e., > 10 cups of coffee per day).
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A teratogen is an agent that induces malformations in humans,
from the Greek word “teras” meaning monster. Teratogenic
viruses include the following: cytomegalovirus (CMV), herpes
simplex virus (HSV), varicella zoster virus (VZV), rubella
virus, and Venezuelan equine encephalitis (VEE) virus. The
role of parvovirus B19 in congenital malformations has been
questioned but is briefly included in this chapter. The chapter
reviews each individual virus’s epidemiology, biology, patho-
genesis, diagnosis and management in pregnancy, effects on
the fetus and infant, and prevention of spread. Other viruses
have been shown to cause fetal damage but are not consid-
ered to be teratogenic; these viruses and their specific fetal
effects are summarized in Table 17.1. Epidemiological studies
using clinical data, virus isolation techniques, and serology
have provided estimates of the frequency of teratogenic viral
infections in pregnant women and their children (Table 17.2).
Factors that influence these data include the population
sampled, the occurrence of epidemics, the methods of diag-
noses used, the use of vaccines for rubella and varicella, deliv-
ery by Cesarean section when maternal herpes infection is
present, and changing social behaviors.

The first major development in the control of viral infec-
tions was the introduction of the rubella virus vaccine in 1969.
Over the following 25 years, other significant developments in
the management and treatment of perinatal viral infections
have included: (1) the introduction of vaccines against the 
hepatitis B virus and VZV; (2) the universal administration of
hepatitis B vaccine to all newborns; (3) the dramatic reduc-
tion of perinatally acquired infection with human immuno-
deficiency virus (HIV) by administration of antiretroviral
medication at the time of delivery; and (4) the application of
modern molecular biological techniques, such as in situ
hybridization and the polymerase chain reaction (PCR), in 
the prenatal diagnosis of viral infection. A vaccine against 
hepatitis B virus first became commercially available in 
1981, whereas the VZV vaccine became available in Europe
in 1984 and in the USA in 1995. Use of the rubella vaccine
resulted in a 99% reduction in the incidence of congenital
rubella syndrome (CRS) in the USA.1 The vaccination of 

children with the VZV vaccine resulted in a 93% reduction 
in the expected number of cases compared with a historical
attack rate of 87% in a cohort of unvaccinated children. 
Investigational vaccines against CMV, HSV, VEE, and HIV
have been used in humans, although results of their efficacy
are discouraging at present.

Cytomegalovirus

Biology

CMV is a DNA virus belonging to the Herpesviridae family.
It is the most common congenitally acquired infection (Table
17.2). The name of the virus is derived from the characteris-
tic “owl’s eye” appearance of cells seen in histological sections
of tissues which have been infected by the virus; this appear-
ance is due to massive viral cytoplasmic replications, creating
the distinct viral or cytomegalic inclusions. In 1956, Rowe and
coauthors2 were the first to successfully isolate the virus in
tissue culture and describe its cytopathic effects. The follow-
ing year, Weller and coauthors3 independently reported the
isolation of the same agent from infected infants.

Epidemiology

Seroprevalence studies of pregnant and nonpregnant women
worldwide have consistently shown wide variations in
seropositivity to CMV antibodies. These rates range from
40% to 80%, with higher rates related to lower socioeco-
nomic status and an increase in patient age, gravidity, parity,
and number of sexual partners. In general, the seroprevalence
rate in the USA is approximately 60%. Studies using PCR have
shown a cervical excretion rate of CMV of 13–40% and a
urinary excretion rate of 1–13% throughout pregnancy.4

Using nested PCR techniques, viral nucleic acid has been
detected in other fluids such as nasopharyngeal secretions,
urine, breast milk, and amniotic fluid.5

Congenital infection with CMV occurs at a frequency 
of approximately 0.5–2.5% of all newborns. In the USA,

17 Teratogenic viruses
Antonio V. Sison
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cytomegalic inclusion disease (CID), occurs at a rate of
approximately 1 in 5000 to 1 in 20000 births.

Perinatal transmission of CMV has been demonstrated in
cases where the pregnant woman develops either a primary or
recurrent CMV infection. Transmission rates of CMV after
primary infection range from 15% to 50%,6 whereas neona-
tal infection occurs in approximately 0.5–1.0% of cases where
there is a recurrent infection in the mother. In general, the fol-
lowing principles apply to fetal infection with CMV: (1) severe
damage, such as that seen in fully developed CID, results
almost exclusively from primary maternal infection, and (2)
clinically evident manifestations in the newborn are more
common following primary infection in the mother.

Clinical manifestations

In general, maternal infection with CMV is asymptomatic.
Symptomatic patients develop fever, pharyngitis, lym-
phadenopathy, and other generalized symptoms of viral
illness. Primary CMV infection has been described as a 
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Table 17.1 Viruses which are perinatally acquired and which can cause fetal/neonatal damage.

Virus Perinatal/neonatal effects

Known teratogenic viruses See text for perinatal effects
Cytomegalovirus
Rubella virus
Varicella zoster virus
Herpes simplex virus (HSV1, HSV2)
Parvovirus B19
Venezuelan equine encephalitis virus

Viruses that have been shown to cause fetal damage after transmission
Coxsackieviruses (group B) Myocarditis, meningoencephalitis, pleurodynia
Dengue virus Fever, leucopenia, thrombocytopenia
Echovirus (14 and 19) Apneic spells, hepatitis, thrombocytopenia
Hepatitis B virus Hepatitis
Hepatitis C virus Hepatitis
Human immunodeficiency virus Growth restriction, leukopenia, failure to thrive, hypogammaglobulinemia, AIDS-related infections
Human papillomavirus Laryngeal papilloma
Influenza virus Endocardial fibroelastosis (?)
Mumps virus Pneumonitis, endocardial fibroelastosis (?)
Parvovirus B19 Nonimmune fetal hydrops, anemia
Poliovirus Paralysis
Rubeola (measles) virus Premature delivery, measles, otitis media
Vaccinia virus Spontaneous miscarriage, fetal death
Variola virus Spontaneous miscarriage, fetal death
Western equine encephalitis virus Meningitis

Viruses that have not been shown to cause fetal damage after transmission or when data on fetal transmission are inconclusive
Coxsackieviruses (group A)
Epstein–Barr virus
Hepatitis A virus
Non-A, non-B, non-C hepatitis viruses
Rabies virus
Smallpox virus

Table 17.2 Frequency of teratogenic viral infections in pregnant
women and their children.

Virus Mother Child
(per 10000) (per 10000)

Cytomegalovirus 300–500 50–150
Rubella virus

Epidemic 200–400 20–40
Nonepidemic 10–20 1–2
Currently in the USA < 1 < 0.1

Herpes simplex virus 50–150 0.5–5.0
Parvovirus B19 25 5–10
Varicella zoster virus 1–2 < 0.01–1.0
Venezuelan equine encephalitis With epidemics With epidemics

approximately 40000 infants are born annually with either
clinical or laboratory evidence of CMV infection. Worldwide,
it is estimated that 1% of all newborns are infected with CMV.
Severe damage from congenital infection, such as the classic
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heterophile-negative, mononucleosis-like syndrome. Follow-
ing initial primary infection, CMV becomes latent; reactiva-
tion of latent infection is often asymptomatic and the factors
that control reactivation are poorly understood at present.
Fetal and neonatal infections can be acquired from mothers
with either primary or recurrent infection; in general, the risk
of fetal transmission and severity of the infection from reacti-
vated disease in the mother is lower than with primary mater-
nal infection.7

The clinical and laboratory manifestations of congenital
CMV infection, summarized in Table 17.3, are divided into
early and late findings. Most infected neonates are asympto-
matic at birth, although 10% of these infants present with
clinical manifestations later in life. In the USA, fully developed
CID occurs at a rate of 1 case per 10 000 births; it involves
multiorgan damage and is almost always a result of primary
infection in the mother. The most common findings in CID
include petechial rash (79%), hepatosplenomegaly (74%),
jaundice (63%), and microcephaly (50%).8

Diagnosis

CMV infections usually go unrecognized unless symptoms
develop. The presence of CMV-specific IgG antibodies in the
mother confirms a recent or past infection; however, because
CMV becomes latent in the mother, previous infection in the
mother does not confer immunity against infection in 
the infant. CMV-specific IgM is detectable in both maternal
and neonatal primary infections in 80% of cases.

Viral culture is the most accurate method of diagnosing
CMV infection, although culture positivity cannot distinguish

between primary and recurrent infection. Culture sites in the
mother include the nasopharynx, cervix, vagina, and urine; in
the infant, they include the nasopharynx, conjunctiva, and
urine. Modern techniques, such as detection of viral DNA
using PCR or in situ hybridization, have also been used in the
prenatal diagnosis of CMV. Table 17.4 summarizes methods
for the prenatal diagnosis of in utero infection with CMV.

Treatment and prevention

The treatment of CMV infection in the mother and infant is
directed toward the symptoms, when they are present. Agents
that have been used in the treatment of CMV include adeno-
sine arabinoside, cytosine arabinoside, acyclovir, ganciclovir,
and foscarnet (phosphonoformic acid). Unfortunately, they
have had limited success; the first two agents are very toxic
and the remainder have only been used in a very small number
of studies. For example, ganciclovir has been used in the treat-
ment of chorioretinitis and been shown to reduce viral shed-
ding among infected infants; however, the reduction is only
present for the duration of the treatment. Immunoprophylaxis
with a live attenuated CMV vaccine has been used in seroneg-
ative kidney transplant recipients with some success.9 Vaccine
recipients were significantly less susceptible to acquiring
primary CMV infection than those who received a placebo.

To date, the most effective method of reducing primary
CMV infection in all pregnant women who are at high risk is
to observe: (1) proper handwashing techniques, particularly
when handling infants and young children, who are frequently
infected and shed virus for extended periods of time, and (2)
proper handling of infected body fluids and secretions in high-
risk areas.

Rubella virus

In 1941, the Australian ophthalmologist, Gregg,10 was the first
physician to report congenital defects in children whose
mothers had suffered an acute rubella (German measles) infec-
tion while pregnant. In total, 68 of the 78 infants who were
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Table 17.3 Clinical manifestations of CMV in newborns and
adults.

Birth defects
Cytomegalic inclusion disease (CID), which includes any of the

following findings:
Early: petechiae, hepatosplenomegaly, jaundice, microcephaly,

hemolytic anemia, cerebral calcifications, seizures, cerebellar or
cortical atrophy, microphthalmia, intrauterine growth retardation,
interstitial pneumonia, pneumonitis, mononucleosis-like illness,
cardiovascular disease (e.g., ventriculomegaly, cardiomegaly),
gastrointestinal defects, thrombocytopenia, ascites

Late: mental retardation, sensorineural hearing loss, learning
disability, neuromuscular defects, psychomotor retardation

Early or late: chorioretinitis, optic atrophy, dental defects, spasticity

Clinical findings
Mother: mostly asymptomatic; when symptoms are present,

heterophile-negative mononucleosis-like syndrome; laboratory
diagnoses include CMV-specific IgG and IgM, viral culture

Infant: mostly asymptomatic; when symptoms are present, see
above; laboratory diagnoses include CMV-specific IgM, viral
culture, viral antigen, detection of viral DNA using in situ
hybridization or PCR

Table 17.4 Prenatal methods of CMV detection.

Site/compartment Method of detection

Amniotic fluid CMV-specific IgM
Viral culture
Nucleic acid using PCR

Chorionic villus Nucleic acid using PCR
Nucleic acid using in situ hybridization

Fetal blood (from CMV-specific IgM
percutaneous umbilical Viral culture
blood sample) Nucleic acid using PCR

Viral antigen
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studied developed cataracts and many also had congenital
heart defects. Out of all the known teratogenic viruses, infec-
tion with rubella results in the most severe malformations.

Epidemiology

The most recent rubella pandemic was from 1962 to 1964,
when 12.5 million cases of rubella and 20000 cases of CRS
were reported worldwide. In 1969, the introduction of the
rubella vaccine in the USA reduced the annual incidence of
rubella by 99% and, over the next two decades, the annual
incidence of rubella decreased to 0.05 cases per 100000 live
births.

In the USA, up to 10% of women are susceptible to acute
rubella infection in pregnancy despite routine and mandatory
vaccination programs in children. At present, the single most
important source of serosusceptible individuals in the USA are
foreign-born immigrants who have not been vaccinated in
their countries of origin, primarily Mexico and Central
America.11 Less than 5% of countries worldwide offer routine
vaccination against rubella. In addition, specific groups in the
USA, such as the Amish communities in Pennsylvania, do not
commonly accept the vaccine and have a high serosuscepti-
bility to rubella.

Biology and pathogenesis

Rubella is a member of the Togaviridae family, genus
Rubivirus. The clinical manifestations of rubella infection in
humans were first described in the mid-eighteenth century but
the virus was only successfully isolated in tissue culture in
1962.12 Humans acquire rubella infection primarily through
infected respiratory droplets that are inoculated through the
nasopharynx of the host. Infection is followed by the rapid
spread of virus to regional lymph nodes and the bloodstream.
Patients are viremic within 7 days of inoculation, although
incubation periods are typically from 14 to 21 days, and
viremia ceases 1–2 days before the onset of the rash. Viral
shedding from the nasopharynx of infected individuals begins
7 days before, and up to 5 days after, onset of the rash.

When pregnant women develop acute rubella, congenital
infection occurs through the transplacental route. Evidence of
perinatal transmission through the birth canal has not been
substantiated even though virus has been recovered from cer-
vical secretions. Most fetal damage occurs in the first trimester
and, in general, the earlier in gestation that the infection
occurs, the more severe the fetal damage and malformation.

Clinical manifestations

Children and adults with primary rubella infection present
with malaise, fever, lassitude, and headaches. A fine, macular,
“rubelliform” rash develops within 1–5 days after these initial
symptoms. The rash generally starts on the face and neck,
extending to the trunk and extremities. Lymph node enlarge-

ment in the posterior auricular and suboccipital regions 
is common. Less common symptoms include arthralgias,
tenosynovitis, myalgia, and peripheral neuritis.

Congenital manifestations of rubella are summarized in
Table 17.5, with hearing loss the most common clinical finding
in newborns. Late-onset clinical findings commonly present as
endocrinological abnormalities, such as diabetes mellitus and
thyroid disorders.

Diagnosis

The rubelliform rash on the face accompanied by posterior
auricular lymphadenopathy and viral illness is virtually 
diagnostic of acute rubella infection in adults and children.
Rubella-specific IgM can be detected a week after the onset of
the rash, and typically persists for up to 2 months; it is
detectable by culture of nasopharyngeal swabs, urine, blood,
amniotic fluid, placenta, and synovial fluid.13 Diagnosis of
acute rubella infection is also made by the observation of a
rise in acute and convalescent titers of rubella-specific IgG over
a period of 3–4 weeks.

Congenital infection is diagnosed by the range of symptoms
noted in Table 17.5. The Centers for Disease Control recently
published a classification of CRS based on both clinical and
laboratory findings.11 Rubella-specific IgM is detectable for up
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Table 17.5 Clinical manifestations of rubella infection in newborns
and adults.

Birth defects
Congenital rubella syndrome (CRS), which includes any of the
following findings:
Neurological: meningoencephalitis, microcephaly, intracranial

calcifications, psychomotor retardation, behavioral disorders,
autism, chronic progressive panencephalitis, hypotonia, speech
defects

Otic: hearing loss
Ophthalmological: cataracts, retinopathy, glaucoma, cloudy cornea,

microphthalmia, subretinal neovascularization
Cardiac: patent ductus arteriosus, pulmonary artery stenosis,

pulmonary artery hyperplasia, coarctation of the aorta,
ventricular septal defect, atrial septal defect, myocarditis,
myocardial necrosis

Miscellaneous: thrombocytopenia purpura, chronic rubelliform rash,
dermatoglyphic abnormalities, jaundice, hepatosplenomegaly,
hepatitis, hemolytic anemia, interstitial pneumonia, bone defects,
genitourinary abnormalities (cryptorchidism, polycystic kidneys)

Clinical findings
Mother: macular rubelliform rash, lymphadenopathy (posterior

auricular, suboccipital), prodromal symptoms (malaise, fever,
headaches), arthralgias, peripheral neuritis; laboratory diagnoses
include rubella-specific IgG and IgM, virus isolation from
nasopharynx, viral antigen

Infant: CRS (as above); laboratory diagnoses include rubella-specific
IgG and IgM, virus isolation from nasopharynx
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to 6 months in infected newborns, and rubella IgG may remain
elevated beyond this 6-month period. As in the mother, rubella
is detectable by culture of infant blood, stools, cerebrospinal
fluid, and urine. Daffos and coauthors14 used cordocentesis to
test fetal blood from pregnancies complicated by acute rubella
in the first 20 weeks; the study demonstrated rubella-specific
IgM in virtually all of the infants who were later shown to be
infected at birth. Rubella viral RNA has also been detected
using nested PCR techniques in chorionic villus samples, 
amniotic fluid, and fetal blood obtained by cordocentesis.15

Treatment and prevention

The treatment of acute rubella in adults and children is based
on the symptoms. Most adults have complete recovery from
the rash and lymphadenopathy within a week, although one-
third may develop late-onset arthralgias. At present, there is
no standard method of treating acute congenital rubella infec-
tions with antiviral therapy.

Since it was first introduced in the USA in 1969, the use of 
the rubella vaccine has been the most important factor in the
worldwide management of rubella. The current strain of the
live attenuated vaccine is still the original Wistar RA27/3 strain
grown in human diploid fibroblasts; immunization with this
vaccine induces rubella hemagglutination-inhibiting antibodies
in approximately 97% of susceptible individuals. Two other
live rubella vaccine strains were licensed in 1969, the Cendehill
and HPV77 (DE-5 and DK-12) strains; however, the RA27/3
strain elicits a broader antibody response after vaccination.

Immunity against rubella is considered to be lifelong and
enzyme-linked immunosorbent assay (ELISA) antibody levels
persist for at least 10 years after vaccination. The American
College of Obstetricians and Gynecologists (ACOG) currently
recommends the following vaccination schedules: (1) all chil-
dren from 12 to 15 months of age or older should be vaccinated
against rubella and their mothers given a record of the vacci-
nation; (2) all adults should be vaccinated, especially women
who are known to be susceptible to rubella or who have a neg-
ative history of being immunized against rubella but whose
serology status is unknown; however, pregnant women should
not be vaccinated; (3) all prenatal patients should be tested for
rubella IgG; and (4) all pregnant women identified as being sus-
ceptible to rubella should be advised about the potential risk of
congenital rubella infection and be vaccinated after delivery.16

In 2001, the interval between the administration of rubella
vaccine and attempting pregnancy was reduced from 3 months
to 1 month.17 These guidelines also recommend that breast-
feeding is not a contraindication to vaccine administration.

Varicella zoster virus

Congenital varicella syndrome is a collection of fetal abnor-
malities, primarily of the skin, eyes, and limbs, which were first
described by Laforet and Lynch18 in an infant born to a mother

who contracted chickenpox at 8 weeks’ gestation. VZV infec-
tion in adults and children presents as two different clinical con-
ditions: as a primary infection (chickenpox), or as herpes zoster
(shingles) resulting from reactivation of a latent infection.

Epidemiology

Chickenpox is one of the most contagious and, therefore,
common infectious diseases of childhood. From 1980 through
1994, approximately 3.5 million cases of chickenpox were
reported in the USA every year.19 Chickenpox has an annual
incidence of approximately 1500 cases per 100000 of the 
population and around 85% of adults show serological evi-
dence of immunity to chickenpox. However, despite the high
number of serosusceptible individuals (15%), the incidence of
primary VZV during pregnancy is only 0.013–0.07%.20 In
around 10–20% of adults, VZV infection may present later 
in life as shingles by reactivation of a latent viral infection;
this is more frequent in older individuals.

In one study, the risk of fully developed congenital varicella
syndrome following acute VZV infection in the first 20 weeks
of pregnancy was shown to be approximately 2–5%.21

However, more recently, a study of 347 pregnant women with
acute VZV infection showed the frequency of congenital vari-
cella syndrome to be only 0.4%.22

Biology

VZV is a member of the Herpesviridae family; its genetic
structure is therefore similar to that of other herpesviruses.
Horizontal transmission of VZV occurs via passage of infec-
tious respiratory droplets from the nasopharynx of an infected
host or from vesicular fluid expressed from the characteristic
skin lesions. Following inoculation, the incubation period for
VZV is approximately 1–3 weeks. The virus replicates at the
site of entry, usually the nasopharynx; hence, patients are
commonly viremic 1 week before, and up to 2 days after, the
onset of clinical symptoms. This period of viremia is accom-
panied by prodromal symptoms.

Clinical manifestations

Most infections with VZV are symptomatic; acute VZV infec-
tions commonly present with painless, multiple, vesicular
lesions starting on the head and face, then extending to the
truck and extremities. The vesicles, ranging from 250 to 500
lesions during the acute stage, eventually rupture and develop
a scab within several days. New vesicles may form as others
heal, therefore the acute phase may involve lesions in differ-
ent stages of development. The virus is detectable from skin
lesions until the scab forms. The attack rates in susceptible
individuals after exposure is approximately 90%.

After the primary infection, VZV remains latent in dorsal
root ganglia and may present later in life as reactivated disease
in the form of shingles. In both adults and children, shingles
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presents as very painful, vesicular lesions that typically follow
the dermatomal pattern of the involved dorsal root ganglia (Fig.
17.1). The lesions are almost always unilateral. Peripheral neu-
ralgia, which presents as hypesthesia on the skin around the
lesions, precedes the lesions by several days. Virus is also recov-
erable from the lesions of shingles, although the viral load in the
vesicular fluid is significantly lower than with primary infec-
tion. Shingles is a sequela in around 10% of acute VZV infec-
tions; this rate is higher among immunocompromised patients
such as those with Hodgkin’s disease or HIV infection.23

Vertical transmission of VZV has been well documented. In
utero infection is the predominant method of transmission; the
presence of virus in cervicovaginal secretions and the ability
to transmit the virus through the birth canal have not been
described. Congenital infection with VZV presents as one of
four distinct clinical conditions: (1) fully developed congeni-
tal varicella syndrome; (2) disseminated varicella; (3) neona-
tal varicella; and (4) neonatal zoster (Table 17.6). The timing
of maternal infection determines which clinical syndrome the
newborn develops. Congenital varicella syndrome occurs fol-
lowing perinatal infection in the first 20 weeks of gestation.
Infants born to women who develop clinical infection between
20 and 5 days before delivery are at risk of developing neona-
tal varicella. In contrast, those born to women who develop
clinical infection from 5 days before and up to 2 days 
after delivery are at a 30% risk of developing disseminated
varicella.

The most common findings in congenital varicella syndrome
include skin, eye, and limb malformations, such as cicatricial
scarring, chorioretinitis, anisocoria, cortical atrophy, limb

paresis, and limb hypoplasia ipsilateral to the scarred limb.
Intracranial calcifications have also been demonstrated in con-
genital VZV infections. Disseminated varicella presents with
generalized vesicular skin lesions, pneumonia, and hepatitis;
one-third of these infants die from this severe infection.
Neonatal varicella is generally a mild course of chickenpox.
Finally, Paryani and Arvin have reported a case of neonatal
zoster in a 7-month-old infant without a prior history of 
chickenpox whose mother developed an acute infection while
pregnant.24

Diagnosis

In adults and children, the characteristic rash (lesion) of VZV,
which presents in multiple stages, is virtually diagnostic of
primary infection. Virus is recoverable by culture of, and
antigen detection in, scrapings of skin lesions. VZV-specific
IgM becomes positive within several days of the onset of the
rash. VZV-specific IgG confirms previous immunity to VZV
and is present in 85–95% of adults. Approximately 70–90%
of patients whose serology status to VZV is uncertain, or
whose history of chickenpox in childhood is unknown,
demonstrate previous seroimmunity.25

Congenital infections present with clinical findings as shown
in Table 17.6. VZV-specific IgM in cord blood or infant blood
confirms the diagnosis of fetal infection. Virus can also be iso-
lated by culture of lesion scrapings from newborns. PCR has
been used to detect viral DNA in the amniotic fluid from preg-
nancies complicated by VZV infection. Interestingly, infected
newborns, even when asymptomatic, show evidence of 
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A B

Figure 17.1 Vesiculopapular rash (A) and  unilateral rash (B) of shingles (herpes zoster).
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lymphocyte transformation after stimulation with different
VZV antigens.24

Treatment and prevention

In adults and children, acute infection with VZV is self-limited
and treatment is generally directed at the symptoms. Table
17.7 summarizes the management of pregnant women who
have been exposed to, or who develop, acute chickenpox.
Pregnant women exposed to chickenpox should have their
immune status identified; within 96h of exposure, those found
to be susceptible should receive varicella zoster immunoglob-
ulin (VZIG) at a dose of 0.125mg/kg of body weight. Of preg-
nant women exposed to VZV who were administered VZIG,
only 20% developed primary varicella compared with 89% of
patients who did not receive VZIG.18 When administered more
than 96 h after exposure, the efficacy of VZIG is questionable.
Infants born to women who develop chickenpox from 5 days
before and up to 2 days after delivery should be given VZIG.

Both pregnant and nonpregnant patients with herpes zoster
benefit from a short course of antiviral therapy to shorten the
duration of postherpetic neuralgia. These antiviral agents
include acyclovir, valaciclovir, and famciclovir.

The VZV vaccine is the Oka strain of a live attenuated virus
obtained from a child in Japan with a natural chickenpox
infection, which was introduced into human embryonic lung
cell cultures, and propagated in human diploid cell cultures.
The vaccine was first introduced to high-risk children in
Europe in 1984, in Japan in 1986, and in Korea in 1988; it
was subsequently licensed in the USA in 1995. Seroimmunity
is conferred 4–6 weeks after vaccination in 97% of suscepti-
ble children. The reported annual attack rate of chickenpox
among vaccinated children is 0.2–1.0%, compared with 8–9%
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Table 17.6 Clinical manifestations of VZV infection in newborns
and adults.

Birth defects
General: spontaneous abortion, fetal demise, premature delivery,
low birthweight
Congenital varicella syndrome, which includes any of the following

findings:
Neurological: cerebral cortical atrophy, microcephaly, encephalitis,

seizures, mental retardation, intracranial calcifications, bulbar
palsy, cerebellar hypoplasia, ventriculomegaly,
neurodevelopmental delay, nystagmus

Ophthalmological: microphthalmia, optic atrophy, cataracts,
chorioretinitis, anisocoria, corneal opacification, hydrocephalus,
meningocele

Dermatological: cicatricial scarring of limb, vesicular lesions over
dermatomal pattern

Limb disorder: limb hypoplasia ipsilateral to skin scarring, limb
paresis, hypotonia, areflexia, flexion contracture deformities

Gastrointestinal: duodenal stenosis, colon atresia
Miscellaneous: Horner syndrome, hydroureter

Clinical findings
Mother: chickenpox, pneumonia, encephalitis, Reye syndrome,

aseptic meningitis, Guillain–Barré syndrome, ophthalmological
complications (conjunctivitis, uveitis), hepatitis, shingles (zoster),
pneumonitis, esophagitis, myocarditis, herpes gangrenosum;
laboratory diagnoses include VZV-specific IgG and IgM, virus
culture, viral antigen, detection of viral DNA using PCR

Infant: four distinct clinical presentations:
(1) Congenital varicella syndrome
(2) Disseminated varicella; generalized lesions, pneumonia,

hepatitis, viremia
(3) Neonatal varicella
(4) Neonatal zoster (shingles)
Laboratory diagnoses include VZV-specific IgG and IgM, virus

culture, detection of viral DNA using PCR

Table 17.7 Management of pregnant women with VZV exposure
and infection.

Pregnant women with VZV exposure, within 96h of exposure
Test for VZV IgG
If IgG positive, confirms previous immunity, discontinue evaluation
If IgG negative, administer VZIG, 0.125mg/kg i.m.
Observe for symptoms of chickenpox

Pregnant women with VZV exposure, more than 96h after
exposure
Test for VZV IgG
If IgG negative, efficacy of VZIG questionable, weigh risks and

benefits of vaccine administration
Observe for symptoms of chickenpox

Pregnant women with primary chickenpox
Isolate from susceptible persons
Test for VZV IgG
Treat symptoms
Infection within the first 20 weeks of gestation:

Counsel approximately 2–5% risk of congenital varicella
syndrome, miscarriage, prematurity, low birthweight

Observe for complications (e.g., varicella pneumonia)
Consider acyclovir for pneumonia
VZIG not necessary

Infection from 20 to 5 days before delivery:
Counsel about risk for neonatal chickenpox
Observe infant for chickenpox
VZIG not necessary

Infection from 5 days before and up to 2 days after delivery
Counsel approximately 30% risk of disseminated varicella
Observe infant for disseminated varicella
Administer VZIG to infant at birth, 1.25–2mL i.m.
Consider acyclovir for symptomatic infant
Consider delaying birth until mother recovers from acute

infection

Pregnant women with herpes zoster (shingles)
Counsel theoretical risk of neonatal infection
Isolate from susceptible persons (vesicular fluid is infectious)
Treat symptoms
Administer famciclovir for postherpetic neuralgia
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in unvaccinated children. This represents a 93% reduction in
acute VZV cases.

The Centers for Disease Control has the following recom-
mendations regarding the VZV vaccine: (1) all children from
12 to 18 months of age should be routinely vaccinated regard-
less of VZV infection; (2) VZV vaccine is recommended for
all susceptible children by 13 years of age; and (3) susceptible
persons older than 13 years of age who are at high risk of
acquiring VZV should receive the vaccine. The vaccine is con-
traindicated in pregnancy as it is a live virus; the teratogenic
potential of the vaccine given inadvertently to pregnant
women is not known. Women who receive the vaccine should
be advised not to become pregnant for 1 month after admin-
istration. Early studies show no evidence of active VZV in
breast milk in postpartum mothers who received the vaccine,26

therefore there is no clear evidence that breastfeeding should
be discontinued after administration of the vaccine.

Herpes simplex virus

Epidemiology

The first neonatal cases of HSV infection were reported 
independently by Batignani in 193427 and Hass in 1935.28 In
adults, HSV is one of the most widely disseminated and preva-
lent infections worldwide. In the USA, an estimated 45 million
adults and adolescents are infected with HSV,29 and approxi-
mately one in four women of reproductive age has antibodies
to HSV2.30 Large-scale epidemiological studies have consis-
tently shown that an increased incidence of HSV infection cor-
relates with increased sexual activity, early age of first sexual
contact, and increased number of sexual contacts. Asympto-
matic shedding of virus in cervicovaginal secretions occurs at
a rate of 0.02–4% in nonpregnant women.

In the USA, the incidence of neonatal HSV infection is
approximately 1 case per 7500 live births. Congenital infec-
tions with HSV have increased in the last three decades; the
annual incidence of neonatal HSV increased from 2.6 per
100000 live births in 1966 to 11.9 per 100000 live births in
1981.31

Biology

Herpes simplex is a member of the Herpesviridae family of
viruses. There are two subtypes of herpes simplex, HSV1 and
HSV2. These subtypes are difficult to distinguish serologically
as they share very close genomic homology and produce
similar glycoproteins. At present, detection methods for HSV
are based on the antibody response to glycoprotein G-2 for
HSV2 and glycoprotein G-1 for HSV1; most other immune
responses are similar for both HSV subtypes.30

Like other herpesviruses, HSV is neurotropic; after primary
infection, HSV becomes latent in the infected host and virus
is stored in the dorsal root ganglia. HSV is reactivated later in
life and presents with recurrent episodes. Both HSV subtypes

present with clinical symptoms in the genitals although most
genital infections are due to HSV2. Infections with HSV2 are
also associated with higher recurrence rates than infections
with HSV1, in both the first and subsequent years following
primary infection.

Clinical manifestations

Adults and children with HSV2 infection present with three
distinct clinical syndromes: (1) first-episode primary infection;
(2) first-episode nonprimary infection; and (3) recurrent infec-
tion. Following transmission from an actively shedding indi-
vidual to a susceptible host, first-episode primary infections
occur after an incubation of 3–7 days. These infections clas-
sically present with multiple, exquisitely painful, vesicular
lesions at the site of inoculation. The vesicles rupture within
48–72 h, become ulcerated, indurated, and then resolve com-
pletely within 3–4 weeks. Virus is easily recoverable from the
primary lesions. Viral shedding from both male and female
asymptomatic patients has been well documented.32 Lesions
may be accompanied by fever, inguinal lymphadenopathy,
malaise, and neuralgia. The majority of patients who show
serological evidence of previous infection to HSV2 are asymp-
tomatic, and up to 75% of patients with primary infection go
unrecognized. Atypical clinical manifestations of genital HSV
infection include genital fissures, furuncles and excoriations in
the genitalia, aseptic meningitis, sacral autonomic nervous
system dysfunction, and extragenital lesions. In rare instances,
primary infection may progress into a more fulminant course,
characterized by fever, anicteric hepatitis, and ulcerative
pharyngitis.

After primary infection, HSV becomes latent. Reactivation
of virus presents clinically as a first-episode, nonprimary infec-
tion or as a recurrent infection after a primary symptomatic
outbreak. These reactivations are characterized by multiple,
vesicular lesions of the genitals that are less painful, often
without accompanying lymphadenopathy and generalized
symptoms. Patients with first-episode, nonprimary infections
and those with reactivation produce HSV2-specific IgG anti-
bodies. Immunocompromised patients (e.g., those with HIV
infection) may experience a more severe or protracted course
of recurrent disease.

Nearly all HSV infection of neonates and infants occurs at
delivery, through exposure to virus present in the birth canal.
In utero transmission through transplacental passage of virus
accounts for approximately 5% or less of all cases of con-
genital HSV.33 For infants, the risks of acquiring HSV from
the mother are summarized in Table 17.8.

Congenital infection with HSV manifests as one of three dis-
tinct clinical syndromes: (1) infection involving the skin, eyes,
and mouth (SEM disease); (2) infection of the central nervous
system (CNS), with or without SEM findings; and (3) dissem-
inated HSV, when multiple organ damage is involved (Tables
17.9 and 17.10). Clinical disease is further classified as either
early or late, depending on the timing of infection and onset
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of clinical manifestations. Infants infected transplacentally
present with symptoms within the first 24–48h of life. In 
contrast, infants who acquire HSV at the time of birth 
become clinically symptomatic within 1–2 weeks. One-half of
the infants with CNS manifestations will also have SEM 

characteristics. CNS complications in infants, such as herpes
encephalitis, can be life-threatening and carry a mortality rate
of approximately 50%. Disseminated HSV with encephalitis
carries the worst prognosis for infants, with a mortality rate
of approximately 80%.

Diagnosis

In adults and adolescents, genital infections with HSV are
usually diagnosed clinically. Up to one-fourth of patients who
present with a first-episode infection show serological evidence
of a previous infection; these patients are, in fact, experienc-
ing a recurrent infection. Commercial assays for HSV2-
specific antibodies are useful in confirming a previous 
infection; however, cross-reactivity with HSV1 antibodies is
possible. HSV2-specific IgG is detectable 2–12 weeks after
exposure, with a mean seroconversion time of 22 days.29

Therefore, many patients with primary infections do not
demonstrate serological evidence of infection at the time of
symptomatic clinical presentation. Virus isolation from vesicle
fluid obtained from fresh lesions or from the cervix is the most
specific laboratory method for detection of HSV.

Diagnosis of neonatal herpes includes a maternal history of
HSV infection (primary or recurrent), clinical symptoms in the
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Table 17.8 Risk factors for transmission of HSV from mother to
infant.

Incidence of neonatal HSV 1/3000–1/20000 live births

Primary methods of infection
Transplacental (in utero) 5%
Intrapartum 85%
Postpartum 10%

Risk of perinatal transmission
Primary infection 30–50%
Nonprimary first episode 33%
Recurrent < 5%

Percentage of infants with clinical syndrome at birth
SEM disease 30%
CNS disease only 30%
Disseminated HSV 30%

SEM, neonatal herpes involving skin, eyes, and mouth.

Table 17.9 Clinical manifestations HSV infection in infants.

Site Early symptoms Late symptoms

Skin Vesicles Recurrent cutaneous lesions
Exanthem
Skin scarring

Eye Chorioretinitis Chorioretinitis
Keratoconjunctivitis Blindness
Microphthalmia Cataracts
Cataracts Retinal dysplasia

Mouth Oral ulcerations

CNS Microcephaly Microcephaly
Cerebral atrophy Psychomotor retardation
Hydrancephaly Learning disability
Intracranial calcifications Spasticity
Encephalitis (bulging fontanelles, pyramidal Seizures

tract signs, poor feeding, temperature Porencephalic cysts
instability) Hydrancephaly

Disseminated Shock
HSV Disseminated intravascular coagulopathy

Jaundice
Respiratory distress
Seizures
Irritability
Thrombocytopenia

Miscellaneous Hepatosplenomegaly Hearing loss
Pneumonitis Dental anomalies
Purpura/petechiae Pneumonitis
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infant (Table 17.9), and laboratory evidence of infection in
both mother and infant. Because viral shedding may be asymp-
tomatic in the cervix of pregnant women, symptomatic disease
in the mother is not a requisite for the diagnosis of infection
in the newborn. Detection of HSV1- and HSV2-specific 
IgM in the newborn may be helpful in the diagnosis of con-
genital infection. As in adults, virus isolation from skin vesi-
cles, conjunctiva, nasopharynx, and cerebrospinal fluid
remains the gold standard in the diagnosis of HSV in infants.
Unfortunately, however, virus isolation carries a false-negative
rate as high as 20% in primary infection and even higher in

recurrent disease. Recent data on the detection of viral DNA
using PCR show that this technique has greater specificity and
sensitivity than classical virus isolation techniques.34

Treatment

HSV infections in adults and adolescents are treated sympto-
matically. Antiviral therapy with aciclovir has been shown to
be effective in: (1) reducing both the severity and duration 
of symptoms in primary infection; (2) preventing the occur-
rence and reducing the frequency of recurrent outbreaks; and
(3) treating fulminant, disseminated HSV in adults and
infants.

Aciclovir is a synthetic thymidine analog that acts as a com-
petitive inhibitor of HSV1 and HSV2 DNA polymerase. The
drug has also been shown to have in vitro and in vivo antivi-
ral activity against CMV, VZV, and Epstein–Barr virus. HSV
thymidine kinase phosphorylates aciclovir and the resulting
triphosphate derivative terminates the elongating chain, thus
inhibiting further viral replication. Second-generation thymi-
dine analogs (famciclovir and valaciclovir) are also approved
treatments for HSV; in vivo, valaciclovir is converted to aci-
clovir, while the active antiviral agent in famciclovir is penci-
clovir. Table 17.11 summarizes treatment options using these
three antiviral drugs. Topical treatments for both genital and
oral lesions have not been shown to be effective.

Acyclovir has been shown to be effective in the treatment 
of neonatal HSV infections. Vidarabine, another nucleoside
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Table 17.10 Clinical manifestations of HSV infection in mothers
and infants.

Birth defects
General: miscarriage, preterm delivery
Early and late symptoms: see Table 17.9

Clinical findings
Mother: mostly asymptomatic; when symptoms are present, genital

and extragenital lesions (painful, vesicular to ulcerative lesions),
gingivostomatitis, pharyngitis, herpetic whitlow, keratitis,
penumonitis, hepatitis; disseminated HSV; laboratory diagnoses
include HSV1- and HSV2-specific IgG and IgM, viral antigen,
virus isolation, detection of viral DNA using PCR

Infant: see Table 17.9; laboratory diagnoses include HSV1- and
HSV2-specific IgG and IgM, virus isolation, detection of viral
DNA using PCR

Table 17.11 Antiviral treatment options for HSV infection in adults.29

Type of infection Drug Dosage Pregnancy category

First episode (primary or nonprimary)
Treat for 7–10 days Acyclovir 400mg p.o. t.i.d. B

Acyclovir 200mg p.o. 5 × /day

Valaciclovir 1g p.o. b.i.d. B

Famciclovir 250mg p.o. t.i.d. B

Recurrent disease
Treat for 5 days Acyclovir 400mg p.o. t.i.d.

Acyclovir 200mg p.o. 5 × /day

Valaciclovir 500mg p.o. b.i.d.
Valaciclovir 1g po q.d.

Famciclovir 125mg p.o. b.i.d.

Suppressive therapy
May be given for several years Acyclovir 400mg p.o. b.i.d.

Valaciclovir 0.5–1g p.o. b.i.d.

Famciclovir 250mg p.o. b.i.d.

Herpes zoster (recurrent VZV)
Treat for 7–10 days Acyclovir 800mg p.o. 5 × /day

Valaciclovir 1g p.o. t.i.d.

Famciclovir 500mg p.o. t.i.d.
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analog, has also been used successfully to reduce mortality in
neonates with HSV encephalitis and disseminated HSV. A
prospective, randomized trial comparing the efficacy of aci-
clovir and vidarabine in neonatal HSV showed no significant
differences between the two treatments with regard to reduc-
tion of mortality and adverse sequelae.35

Prevention

In 1999, ACOG established guidelines for the management of
HSV infection in pregnancy to help prevent perinatal trans-
mission.36 Previous management protocols, which advocated
weekly testing of the cervix for HSV using culture methods, are
now obsolete; recent data have demonstrated a poor correla-
tion between antepartum shedding of HSV and shedding at the
time of delivery and, therefore, perinatal transmission.
Approximately 1.4% of neonatal infection occurs in pregnan-
cies where antepartum cultures were negative. The current
ACOG guidelines for management of HSV in pregnant 
women in labor are summarized in Table 17.12. Cesarean
delivery is recommended for patients in labor with active
genital lesions resulting from HSV infection (primary or recur-
rent). Patients with lesions that may be due to HSV infection
or those with prodromal symptoms (e.g., tingling in the vulva)
are also recommended to undergo a Cesarean delivery. Asymp-
tomatic patients and those with HSV lesions that are remote
from the vagina (e.g., thigh or buttock) should be allowed to
deliver vaginally.36 Also, a Cesarean delivery would be consid-
ered beneficial for patients at term who have active lesions and
whose membranes have ruptured for longer than 4h.

There are no conclusive data on the management of patients
with active lesions who experience preterm premature rupture
of membranes. The current recommendation for these patients
is to weigh up the benefits of delivery in order to prevent the
perinatal transmission of HSV against the risks of delivering
a premature infant. There are no contraindications to the use
of antenatal corticosteroid therapy in this setting.

A meta-analysis by Sheffield and coauthors,37 using large
multicenter studies, demonstrated that prophylaxis of asymp-
tomatic pregnant women at term, who have a history of HSV
and antiviral therapy, significantly reduced the incidence of
HSV viral shedding at delivery. The use of acyclovir prophy-
laxis, starting at 36 weeks, effectively reduced the clinical
recurrence and asymptomatic shedding of HSV at the time of
delivery, and the need for Cesarean delivery for recurrent
disease.

Parvovirus B19 infections

Erythema infectiosum, or fifth disease, is the major clinical
presentation of parvovirus B19 infection in children and was
first described in 1983.38 The disease was named fifth disease
as it is the fifth most common exanthema of childhood. The
classic “slapped cheek” appearance of fifth disease typically
presents in children; adults present with a generalized macular
rash, anemia, and arthralgias. The teratogenic effects of par-
vovirus B19 infection have not been clearly defined although
there have been several reports which identify parvovirus B19
as a teratogen.

The rash of erythema infectiosum is macular and reticulate;
it typically starts on the face and extends to the trunk and
extremities. Constitutional symptoms include fever, coryza,
pharyngitis, and malaise; viremia occurs up to a week before
the onset of the rash. Adult infections may be accompanied
by a transient anemia; patients with hemoglobinopathies may
precipitate a transient aplastic crisis. Fetal infection can lead
to fetal death, miscarriage, and nonimmune hydrops fetalis;
few reports have demonstrated fetal malformations following
congenital infections, such as microphthalmia, bilateral cleft
lip and palate, micrognathia, and hydrocephalus. The fetal
hydrops is thought to result from the transient fetal anemia
caused by the infection. A recent report by Enders and coau-
thors39 has shown that the rate of development of fetal
hydrops following acute infection in pregnancy is 3.9%. This
study also revealed a high fetal death rate (6.3%), with the
highest rates observed when hydrops developed before 20
weeks’ gestation.

Acute infections with parvovirus B19 are diagnosed by the
clinical presentation (e.g., macular facial rash, arthralgias,
anemia). Diagnosis is confirmed by the presence of parvovirus-
specific IgM, which is detectable 7–10 days after the onset of
constitutional symptoms. Parvovirus-specific IgG is produced
shortly afterwards and persists for years; immunity to par-
vovirus is permanent. Because IgM does not cross the pla-
centa, parvovirus IgM in cordocentesis samples, cord blood,
or neonatal blood, should indicate congenital infection.

Parvovirus infections in children and adults are self-limited
and treatment is therefore symptomatic. Following diagnosis
of acute parvovirus in pregnancy, weekly ultrasonography to
detect fetal hydrops should be performed for 15 weeks.
Because fetal anemia is the physiological cause of the hydrops,
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Table 17.12 Guidelines for the management of HSV infection in
pregnancy.

Pregnant women with a previous known history of HSV infection
Recommend prophylaxis against asymptomatic cervical shedding

with antiviral therapy at 35 weeks
Allow vaginal delivery if asymptomatic in labor
Cesarean delivery for obstetric indications only
Weekly cervical cultures for HSV are not indicated
Perform culture in labor if symptomatic
Observe infant for HSV

Pregnant women with herpetic genital lesions, clinically suspicious
for HSV
Culture lesions to confirm diagnosis
Recommend Cesarean delivery
Observe infant for HSV
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in utero transfusion has been shown to significantly improve
fetal morbidity and mortality in severe cases. A study by 
Rodis and coauthors40 of 5349 cases of fetal hydrops, sec-
ondary to acute parvovirus infection in the mother, showed a
survival rate of 83%. Most cases of fetal hydrops revert back
to normal within 4 weeks. There is clearly no risk of hydrops
in mothers who have previous immunity to parvovirus B19.
Following intrauterine fetal transfusion, Enders and coau-
thors39 reported a survival rate of approximately 85% of
hydrops cases.

Venezuelan equine encephalitis (VEE)

VEE is a member of the larger group Alphavirus encephali-
tides, which includes Western equine encephalitis, Eastern
equine encephalitis, and chikungunya virus. VEE infections
occur mostly in the Caribbean, southern USA, and South and
Central America. Although VEE can result in an epidemic in
horses, it usually causes only mild infections in humans.
However, in October 1995, during a 6-week epidemic/

epizootic in the Guajira state of Colombia, a total of 12403
patient visits for VEE were reported.41 The mosquito of the
genus Culex is the most common vector, while humans and
other wild mammals (monkeys, rats, opossums, and jackrab-
bits) are common hosts.

After an incubation period of 2–5 days, adults with VEE
infection present with fever, headaches, malaise, and myalgia.
Severe complications include seizures, mental confusion,
coma, and tremors. Symptoms last for 3–8 days and virus is
recoverable from the serum of symptomatic individuals by
culture. VEE-specific antibody can be used to confirm previ-
ous infection. Congenital infection has been associated with
pregnancy loss and fetal malformations including microph-
thalmia, absent cerebellum, and other CNS damage. Inocula-
tion of pregnant rhesus monkeys with VEE has been shown
to result in congenital microcephaly, hydrocephalus, cataracts,
and porencephalic cysts.42

VEE can be controlled by proper immunization and quar-
antine of animals, as well as by reducing the spread of 
mosquitoes in endemic areas. There is presently no effective
vaccine against VEE in humans.
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Key points

1 Cytomegalovirus (CMV) is currently the most common
congenitally acquired infection in humans. In the USA,
approximately 40000 infants are born annually with
evidence of perinatally acquired CMV infection.

2 Most infections with CMV in adults and newborns are
asymptomatic; classic cytomegalovirus inclusion disease
(CID) occurs in approximately 1 in 50000 births.

3 Unlike other infections, congenital CMV can be
acquired from mothers who develop either primary or
recurrent infection; however, severe damage in the
infant occurs principally from mothers who have
primary infection.

4 Appropriate hand washing techniques are still the most
effective method of preventing acute primary CMV
infection among serosusceptible individuals, especially
those who work in very high-risk areas.

5 The introduction of the rubella vaccine in the USA in
1969 has been the single most important factor in
reducing the incidence of rubella infection in adults and
children, and congenital rubella syndrome (CRS) in
neonates. In 1999, the incidence of rubella was 0.1
case per 100000 individuals.

6 The single most common source of individuals
serosusceptible to rubella is foreign-born immigrants
who have not been vaccinated in their country of
origin.

7 Rubella is most commonly transmitted transplacentally;
there is no definitive evidence that rubella is acquired
perinatally through the birth canal.

8 Acute rubella most commonly presents in adults and
children with a triad of symptoms: macular, rubelliform
rash, lymphadenopathy of the head and neck, and
generalized flu-like illness.

9 Characteristic congenital infections with varicella zoster
virus (VZV) include malformations of the skin
(cicatricial formation), eye (chorioretinitis,
microphthalmia), and limb (limb hypoplasia and
deformities).

10 Approximately 10–20% of individuals who acquire
chickenpox will develop shingles (zoster) later on in
life.

11 Clinical manifestations of congenitally acquired 
VZV infection correlate with the timing of infection in
pregnancy. Infections in the first trimester result in
birth defects while those in the third trimester result in
chickenpox or disseminated varicella in the newborn.

12 There is no evidence that VZV infection is acquired
perinatally through the birth canal. Horizontal
transmission occurs through transfer of infectious
respiratory droplets or from infectious fluid expressed
from the skin lesions of chickenpox.

13 Varicella zoster immunoglobulin (VZIG) is indicated
for serosusceptible pregnant women within 96h of
exposure to chickenpox. VZIG is also indicated for
newborns whose mothers develop acute chickenpox
from 5 days before and up to 2 days after delivery.

14 The highest risk of fetal infection with VZV occurs
when the mother develops acute chickenpox from 5

TCO17  9/13/06  4:58 PM  Page 259



CHAPTER 17

Further reading (key points)

Adler SP, Finney JW, Manganello AM, et al. Prevention of child-to-
mother transmission of cytomegalovirus among pregnant women.
J Pediatr 2004;145:485.

Brown ZA, Benedetti J, Ashley R, et al. Neonatal herpes simplex virus
infection in relation to asymptomatic maternal infection at the time
of labor. N Engl J Med 1991;324:1247.

Brown ZA, Selke S, Zeh J, et al. The acquisition of herpes simplex
virus during pregnancy. N Engl J Med 1997;337:509.

Centers for Disease Control and Prevention. 2002 guidelines for 
treatment of sexually transmitted diseases. Morb Mort Wkly Rep
2002;51(RR-6):1.

Jim WT, Shu CH, Chiu NC, et al. Transmission of cytomegalovirus
from mothers to preterm infants by breast milk. Pediatr Infect Dis
J 2004;23:848.

Karakoc GB, Altintas DU, Kiline B, et al. Seroprevalence of rubella in
school girls and pregnant women. Eur J Epidemiol 2003;18:81.

Revello MG, Gerna G. Pathogenesis and prenatal diagnosis of human
cytomegalovirus infection. J Clin Virol 2004;29:71.

Schrag SJ, Arnold KE, Mohle-Boetani JC, et al. Prenatal screening for
infectious diseases and opportunities for prevention. Obstet
Gynecol 2003;102:753.

References

1 Centers for Disease Control and Prevention. Rubella and con-
genital rubella: United States, 1984–1986. Morb Mort Wkly Rep
1987;36:664.

2 Rowe WP, Hartlet JW, Waterman S, et al. Cytopathogenic agents
resembling human salivary gland virus recovered from tissue
culture of human adenoids. Proc Soc Exp Biol Med 1956;92:418.

3 Weller TH, Macauley JC, Craig JM et al. Isolation of intranuclear
inclusion producing agents from infants with illnesses resembling
Cytomegalic inclusion disease. Proc Soc Exp Biol Med 1957;94:4.

4 Shen CY, Chang SF, Yen MS, et al. Cytomegalovirus excretion in
pregnant and nonpregnant women. J Clin Microbiol 1993;31:
1635.

5 Borg KL, Nordbo SA, Winge P, Dalen A. Detection of
cytomegalovirus using “boosted” nested PCR. Mol Cell Probes
1995;9:251.

6 Morris DJ, Sims D, Chiswick M, et al. Symptomatic congenital
cytomegalovirus infection after maternal recurrent infection.
Pediatr Infect Dis J 1994;12:61.

7 Fowler KB, Stagno S, Pass RF, et al. The outcome of congenital
cytomegalovirus infection in relation to maternal antibody status.
N Engl J Med 1992;326:663.

8 Stano S, Pass RF, Dworsky ME, Alford CA. Congenital and peri-
natal cytomegalovirus infection. Semin Perinatol 1983;7:30.

9 Plotkin SA, Friedman HM, Fleisher GR. Towne-vaccine induced
prevention of cytomegalovirus disease after renal transplants.
Lancet 1984;1:528.

10 Gregg NM. Congenital cataract following German measles in the
mother. Trans Ophthalmol Soc Aust 1941;3:35.

11 Centers for Disease Control and Prevention. Control and preven-
tion of rubella: evaluation and management of suspected 
outbreaks, rubella in pregnant women, and surveillance for con-
genital rubella syndrome. Morb Mort Wkly Rep 2001;50 (RR-
12):1.

12 Parkman PD, Buescher EL, Artenstein MA. Recovery of rubella
virus from army recruits. Proc Soc Exp Biol Med 1962;111:225.

13 Cradock-Watson JE, Miller E, Ridehalgh MK, et al. Detection of
rubella virus in fetal and placental tissue and in the throats of
neonates after serologically confirmed rubella in pregnancy. Prenat
Diagn 1989;9:91.

14 Daffos F, Forestier F, Grangeot-Keros L, et al. Prenatal diagnosis
of congenital rubella. Lancet 1984;2:1.

15 Tanemura M, Suzumori K, Yagami Y, Kartow S. Diagnosis of fetal
rubella infection with reverse transcription and nested polymerase
chain reaction: a study of 34 cases diagnosed in fetuses. Am J
Obstet Gynecol 1996;174:578.

16 American College of Obstetricians and Gynecologists. Rubella and
pregnancy. Technical Bulletin 1992;171.

17 American College of Obstetricians and Gynecologists. Rubella
vaccination. Committee Opinion 2002;281.

18 Laforet EG, Lynch C. Multiple congenital defects following mater-
nal varicella. N Engl J Med 1947;236:534.

19 Enders G. Varicella zoster virus in pregnancy. Prog Med Virol
1984;29:166.

260

days before and up to 2 days after delivery. In this
case, the risk of neonatal disseminated varicella is
approximately 30%.

15 The incidence of herpes simplex virus (HSV) infection
correlates directly with increased sexual activity, early
age of first sexual contact, and increased number of
sexual contacts. Approximately one out of four women
of reproductive age has serological evidence of HSV2
infection.

16 Transmission of HSV occurs primarily through
exposure of the infant to the virus in the birth canal; 
in utero or transplacental infection rarely occurs.

17 The management of pregnant women with HSV
includes the following: (1) Cesarean delivery for
women with active or suspicious lesions; (2) in
pregnant women with a history of HSV, consider

aciclovir prophylaxis at term, to reduce recurrent
infections; and (3) antiviral therapy for patients with
primary HSV.

18 Acyclovir is a synthetic thymidine analogue that
competes with thymidine for binding sites in HSV
DNA polymerase. Other agents which are active
against HSV include famciclovir and penciclovir;
penciclovir is metabolized to aciclovir in vivo.

19 Patients with suspicious lesions or prodromal
symptoms at the time of delivery are also
recommended to undergo a Cesarean delivery to
prevent neonatal transmission of HSV.

20 Vaccines have dramatically reduced the incidence of
perinatal infection with rubella and VZV. Although
being developed, there are currently no effective
vaccines available for CMV, HSV, and parvovirus B19.

TCO17  9/13/06  4:58 PM  Page 260



TERATOGENIC VIRUSES

20 Jones KL, Johnson KA, Chambers CD. Offspring of women
infected with varicella during pregnancy: a prospective study. 
Teratology 1994;49:29.

21 Pastuszak AL, Levy M, Schick B, et al. Outcome after maternal
varicella infection in the first 20 weeks of pregnancy. N Engl J
Med 1994;330:901.

22 Harger JH, Ernest JM, Thurnau GR, et al. Frequency of congen-
ital varicella syndrome in a prospective cohort of 347 pregnant
women. Obstet Gynecol 2002;100:260.

23 Friedman-Kien AE, LaFleur FL, Gendler E, et al. Herpes zoster: a
possible early clinical sing for development of acquired immun-
odeficiency syndrome in high-risk individuals. J Am Acad 
Dermatol 1986;14:1023.

24 Paryani SG, Arvin AM. Intrauterine infection with varicella-zoster
virus after maternal varicella. N Engl J Med 1986;314:1452.

25 Streuwing JP, Hyams KC, Tueller JE, Gray GC. The risk of
measles, mumps, and varicella among young adults: a serosurvey
of US Navy and Marine Corps recruits. Am J Pub Health
1993;83:1717.

26 Bohlke K, Galil K, Jackson LA, et al. Postpartum varicella vacci-
nation: is the vaccine virus excreted in breast milk? Obstet
Gynecol 2003;102:970.

27 Batignani A. Conjunctivite de virus erpetico in neonato. Bull Ocul
1934;13:1217.

28 Hass M. Hepatoadrenal necrosis with intranuclear inclusion
bodies: report of a case. Am J Pathol 1935;11:127.

29 Fleming DT, McQuillan GM, Johnson RE, et al. Herpes simplex
virus type 2 in the United States, 1976–1994. N Engl J Med
1997;337:1105.

30 American College of Obstetricians and Gynecologists Practice 
Bulletin. Clinical management guidelines for obstetrician-
gynecologists, No. 57, 2004. Gynecologic herpes simplex virus
infections. Obstet Gynecol 2004;104:1111.

31 Sullivan-Bolyai J, Hull HF, Wilson C, Corey L. Neonatal herpes
simplex infection in King County, Washington. Increasing inci-
dence and epidemiological correlates. JAMA 1983;250:3059.

32 Rooney JF, Felser JM, Ostrove JM et al. Medical intelligence:
acquisition of genital herpes from an asymptomatic sexual partner.
N Engl J Med 1986;314:1561.

33 Whitley RJ. Neonatal herpes simplex virus infections: is there a
role for immunoglobulin in disease prevention and therapy?
Pediatr Infect Dis J 1994;13:432.

34 Jerome KR, Huang ML, Wald A, et al. Quantitative stability of
DNA after extended storage of clinical specimens as determined
by real-time PCR. J Clin Microbiol 2002;40:2609.

35 Whitley RJ, Arvin A, Prober C et al. A controlled trial comparing
vidarabine with aciclovir in neonatal herpes simplex virus infec-
tion. N Engl J Med 1991;324:444.

36 American College of Obstetricians and Gynecologists Practice 
Bulletin. Clinical management guidelines for obstetrician-
gynecologists, No. 8, 1999. Management of herpes in pregnancy.
Int J Gynecol Obstet 2000;68:165.

37 Sheffield JS, Hollier LM, Hill JB, et al. Aciclovir prophylaxis to
prevent herpes simplex virus recurrence at delivery: a systematic
review. Obstet Gynecol 2004;102:1396.

38 Anderson MJ, Jones SE, Fisher-Hoch SP, et al. Human parvovirus,
the cause of erythema infectiosum (fifth disease)? Lancet 1983;1:
1378.

39 Enders M, Weidner A, Zoellner I, et al. Fetal morbidity and 
mortality after human parvovirus B19 infection in pregnancy:
prospective evaluation of 1018 cases. Prenat Diagn 2004;24:
513.

40 Rodis JF, Borgida AF, Wilson M et al. Management of parvovirus
infection in pregnancy and outcomes of hydrops: a survey of
members of the Society of Perinatal Obstetricians. Am J Obstet
Gynecol 1998;179:985.

41 Centers for Disease Control and Prevention. Venezuelan equine
encephalitis: Colombia, 1995. Morb Mort Wkly Rep 1995;44:
775.

42 London WT, Levitt NH, Kent SG, et al. Congenital cerebral and
ocular malformations induced in rhesus monkeys by Venezuelan
equine encephalitis virus. Teratology 1977;16:285.

261

TCO17  9/13/06  4:58 PM  Page 261



262

Group B streptococcal infection

Group B streptococcus (GBS) is a bacterial member of a group
of β-hemolytic streptococci that includes group A (Strepto-
coccus pyogenes) and group D, which includes enterococci.
Group B streptococci are facultative, Gram-positive diplococci
with the vast majority causing complete (β) hemolysis on
blood agar plates. Group B streptococci can be found as a col-
onizing organism in the gastrointestinal and genital tracts of
humans. It can cause stillbirth, preterm labor, and chorioam-
nionitis. In the mother, GBS can cause urinary tract infection,
endometritis, and septicemia; in the neonate, it is responsible
for early- and late-onset sepsis, pneumonia, meningitis and,
less frequently, osteomyelitis, septic arthritis, and cellulitis.
There are several serotypes of GBS that cause human disease,
and they can all be found in genital isolates; serotype III is the
predominant cause of late-onset neonatal sepsis.

Epidemiology

Group B streptococci were first recognized as causing perina-
tal disease in the 1960s and, by the 1970s, they were recog-
nized as a leading cause of neonatal and maternal infection.
Neonatal fatality ranged from 20% to a staggering 50%.
There were approximately 6100 early-onset and 1400 late-
onset cases of neonatal disease in the pre-prevention era, with
an incidence of early-onset disease in the 1980s and early
1990s of 1.5–2 cases per 1000 live births. Subsequent to the
implementation of national prevention strategies in the mid-
1990s, neonatal GBS disease incidence has declined to 0.4–0.5
cases per 1000 live births.

While it is possible that GBS colonizes all women at some
point in their lifetimes, when cultured on their vaginas,
rectums, or both, 20–30% of pregnant mothers are found to
be rectovaginal GBS carriers. African–American women have
higher colonization rates than Caucasians or Asians.1 Colo-
nization can be transient or intermittent, resulting in poten-
tially different culture statuses between pregnancies.

Neonatal disease
Early-onset disease occurs within 1 week of life (with most
cases being identified within 72h of birth), while late-onset
disease occurs after the first week of life. Owing to the dra-
matic decline in early-onset disease in the 1990s, early- and
late-onset disease now have similar occurrence rates, with case
fatality rates of 4.7% for the former and 2.8% for the latter.2

Survival is largely dependent upon gestational age at birth,
with 98% survival for greater than 37 weeks’ gestation, 
90% for 34–36 weeks, and 70% for infants less than 33 weeks
old.2

Risk factors for early-onset disease include maternal GBS
colonization, prolonged rupture of membranes, preterm deliv-
ery, GBS bacteriuria during pregnancy, birth of a previous
infant with invasive GBS disease, maternal clinical chorioam-
nionitis, young maternal age, African–American race, His-
panic ethnicity, and low levels of antibody to type-specific,
capsular polysaccharide antigens. Colonization with GBS,
preterm delivery, maternal race, and young maternal age are
also independent risk factors for late-onset disease. There is
an increased risk of long-term neurologic sequelae in late-
onset neonatal disease as up to one-third of these cases include
neonatal meningitis.

Apart from neonatal disease, 9–15% of stillbirths have 
been attributed to infection, with GBS isolated in a large
number of these cases. This is especially true of early still-
births, i.e., those that occur at less than 28 weeks’ gestation,
as opposed to term stillbirths.

Maternal disease
In maternal infection, GBS is often found to be one of multi-
ple miscreant organisms. In chorioamnionitis, group B strep-
tococcal isolates can be found in as many as 15% of cases,
often along with other organisms.3 Endometritis is similarly a
polymicrobial infection, with similar culture rates to GBS.4

Group B streptococci can also be found in 2–15% of infected
postCesarean section incisions. After Escherichia coli, GBS 
is the second most common bacteria found in maternal 
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bacteremia, including cases of pyelonephritis. Clinical presen-
tation of GBS infection can include a maternal fever and ele-
vated white blood cell count.

GBS has rarely been shown to cause fatal infections, necro-
tizing fasciitis, and maternal meningitis.5,6

Diagnosis

The optimal culture site for lower genital tract colonization
has been rectovaginal. Recently, GBS has been isolated from
vaginoperianal, anorectal, and perianal specimens with equal
rates of positivity. To optimize yield, swabs from the recto-
genital tract should be inoculated in selective growth media
(commercially available) to suppress competing bacteria.
However, blood agar is adequate for GBS recovery from
endometrial, amniotic fluid, urine, and blood specimens.

Rapid identification tests, including Gram stain, immuno-
fluorescent antibody, colorimetric assay using starch serum
media, and antigen detection (e.g., coagglutination, latex
agglutination, enzyme immunoassay) all lack sufficient sensi-
tivity or positive predictive value (PPV). Polymerase chain
reaction (PCR) is a new technology that has not yet been
widely implemented for rapid detection, but has been shown
to be 97% sensitive and 100% specific, with a PPV of 100%
and a negative predictive value (NPV) of 98.8%.7 Under ideal
conditions, test results have been available in 40–100min.
There are several limitations of PCR technology, including the
inability to test for GBS sensitivity to various antibiotics,
which is something that would be necessary in patients who

have a history of anaphylaxis to penicillin. It is also unclear
whether such rapid turnaround is adequate for routine use
intrapartum, and whether all hospital laboratories can provide
rapid results at night or at weekends. For now, screening
should continue to rely upon genitorectal cultures as delin-
eated in the 2002 Centers for Disease Control (CDC) guide-
lines (explained below).

Treatment

Fortunately, GBS continues to be susceptible to penicillin and
ampicillin. However, as of 2003, 37% of invasive GBS isolates
were noted to be resistant to erythromycin and 17% to 
clindamycin (Active Bacterial Core Surveillance/Emerging
Infections Program Network, unpublished data). Resistance to
cefoxitin, a second-generation cephalosporin, has also been
detected.8

In 2002, the CDC, the American Academy of Pediatrics, and
the American College of Obstetricians and Gynecologists 
produced new GBS chemoprophylaxis guidelines. These
guidelines are predicated upon the GBS carrier status in the
pregnant mother, which should have been obtained via a 
rectovaginal swab at approximately 36 weeks’ gestation or
within 5 weeks of delivery (see Fig. 18.1). In a circumstance
in which one is testing a patient who has a history of peni-
cillin allergy, especially anaphylaxis, upon obtaining a screen-
ing specimen, it is necessary to notify the laboratory to test
for sensitivity to erythromycin and clindamycin if GBS 
is detected.9 Multistate data from 2003 showed a 34% 
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Vaginal and rectal GBS screening cultures at 35–37 weeks’ gestation for ALL pregnant women (unless patient had GBS bacteriuria   
during the current pregnancy or a previous infant with invasive GBS disease)

•   Previous infant with invasive GBS disease

•   GBS bacteriuria during current pregnancy

•   Positive GBS screening culture during current pregnancy
    (unless a planned Cesarean delivery, in the absence of labor
    or amniotic membrane rupture, is performed)

•   Unknown GBS status (culture not done, incomplete,
    or results unknown) and any of the following:

•   Delivery at < 37 weeks’ gestation*

* If onset of labor or rupture of amniotic membranes occurs at < 37 weeks’ gestation and there is a signiticant risk for preterm delivery (as assessed by

† If amnionitis is suspected, broad-spectrum antibiotic therapy that includes an agent known to be active against GBS should replace GBS prophylaxis.
the clinician), a suggested algorithm for GBS prophylaxis management is provided.

•   Amniotic membrane rupture ≥ 18 h

•   Intrapartum temperature ≥ 100.4°F (≥ 38.0°c)†

Intrapartum prophylaxis indicated

•   Previous pregnancy with a positive GBS
    screening culture (unless a culture was also
    positive during the current pregnancy)

•   Planned Cesarean delivery performed in the
    absence of labor or membrane rupture
    (regardless of maternal GBS culture status)

•   Negative vaginal and rectal GBS screening
    culture in late gestation during the current
    pregnancy, regardless of intrapartum risk
    factors

Intrapartum prophylaxis not indicated

Figure 18.1 Guidelines for prophylaxis and treatment regimens (from ref. 9). 
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reduction in early-onset neonatal GBS disease incidence in the
year following the issuing of these new guidelines.10

For maternal infection, penicillin G is the drug of choice;
this is usually administered at 5 million units intravenously
initially, followed by 2.5 million units intravenously every
4–6h (see Fig. 18.2). For GBS prophylaxis intrapartum, the
dosing interval should be 4h. In cases of shortage, as has been
seen recently in the United States, ampicillin is a suitable alter-
native at 2g intravenously initially followed by 1g intra-
venously every 4–6h; again, note that intrapartum GBS
prophylaxis necessitates dosing every 4h until delivery.

In the case of chorioamnionitis, a polymicrobial condition,
it is prudent to use broad-spectrum coverage that includes
treatment for GBS and common Gram-negative organisms
such as E. coli. Such an intrapartum regimen might be ampi-
cillin (2g i.v. every 6h) along with gentamicin (1.5mg/kg i.v.
every 8h). Treatment should be initiated as soon as the diag-
nosis is made, as intrapartum therapy will treat the fetus and
reduce neonatal sepsis.11

Postpartum endometritis is similarly a polymicrobial infec-
tion and deserves broad-spectrum treatment, preferably with
i.v. antibiotics. Coverage should include anaerobic organisms
and, hence, a triple antibiotic regimen of ampicillin, clin-
damycin, and gentamicin is commonly used.

For neonates suspected of having GBS sepsis, empiric treat-
ment is initiated with i.v. ampicillin and i.v. aminoglycoside to
provide coverage similar to that offered in the treatment of
chorioamnionitis. If there is bacteremia without meningitis,
the treatment is extended to 48–72h. In the case of GBS as
the sole isolate, then i.v. penicillin G is administered to com-
plete a 10-day course of antibiotics. In the case of meningitis,
i.v. ampicillin and gentamicin are administered until cere-
brospinal fluid is sterile; i.v. penicillin G is continued to 
complete a 14-day course of antibiotic treatment.

Toxoplasmosis

The organism responsible for toxoplasmosis is Toxoplasma
gondii, an obligate intracellular protozoan parasite that
exhibits a complex life cycle. It exists in three forms: tropho-
zoite (or tachyzoite), cyst, and oocyst. Trophozoites are the
proliferative and invasive forms, whereas cysts are the latent
forms, persisting in tissue for the lifetime of the host. Oocysts
are found in cats that have ingested rodents infected with
cysts. Humans become infected if they eat uncooked or under-
cooked fresh (never frozen) meat from infected animals.
Human infection may also occur with hand-to-mouth contact
with oocysts excreted in cat feces, most commonly due to poor
handling of cat litter. Inhalation of aerosolized oocysts is
another possible mechanism for infection. Parasitemia in a
pregnant woman with acute toxoplasmosis may result in
transplacental migration of the parasites, with subsequent
fetal infection.
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Recommended Penicillin G, 5 million units i.v.
initial dose, then 2.5 million
units i.v. every 4 h until
delivery
Ampicillin, 2 g i.v. initial dose,
then 1 g i.v. every 4 h until
delivery

Alternative

Cefazolin, 2 g i.v. initial dose,
then 1 g i.v. every 8 h until
delivery

Clindamycin, 900 mg i.v.
every 8 h until delivery

Vancomycin.** 1 g i.v. every
12 h until delivery

History of penicillin allergy should be assessed to determine whether a
high risk for anaphylaxis is present. Penicillin-allergic patients at high
risk for anaphylaxis are those who have experienced immediate hyper-
sensitivity to penicillin including a history of penicillin-related anaphy-
laxis; other high-risk patients are those with asthma or other diseases
that would make anaphylaxis more dangerous or difficult to treat, such
as persons being treated with beta-adrenergic-blocking agents. 

If laboratory facilities are adequate, clindamycin and erythromycin sus-
ceptibility testing should be performed on prenatal GBS isolates
from penicillin-allergic women at high risk for anaphylaxis.

Cefazolin is preferred over vancomycin for women with a history of
penicillin allergy other than immediate bypersensitivity reactions, and
pharmacologic data suggest it achieves effective intra-amniotic concen-
trations. Vancomycin should be reserved for penicillin-allergic women at
high risk for anaphylaxis.

                    OR
Erythromycin, 500 mg i.v. every
6 h until delivery

If penicillin allergic†

Patients at high risk
for anaphylaxis§

GBS resistant to
clindamycin or
erythromycin or
susceptibility
unknown

GBS susceptible
to clindamycin
and erythromycin

Parients not at high
risk for anaphylaxis

†

§

**

Resistance to erythromycin is often but not always associated with
clindamycin resistance. If a strain is resistant to erythromycin but
appears susceptible to clindamycin, it may still have inducible
resistance to clindamycin. 

Figure 18.2 Recommended regimens for intrapartum antimicrobial
prophylaxis for perinatal group B streptococci disease prevention
(from ref. 9). Broader-spectrum agents, including an agent active
against GBS, may be necessary for treatment of chorioamnionitis.
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Epidemiology

The prevalence of toxoplasmosis varies throughout the world,
and is dependent upon the geographic location and age of the
population under consideration. Hot, arid climates are asso-
ciated with low prevalence; in the United States and Europe,
the prevalence, based on serologic status, increases with age
and exposure. Infection during pregnancy also varies by geog-
raphy; acute antenatal infection occurs in 10 in 1000 preg-
nancies in France,12 whereas it occurs in only 1.1 in 1000
pregnancies in the United States.13 The incidence of congeni-
tal infection is between 1 in 10000 to 10 in 10000 live births
in the United States, or approximately 400–4000 births per
year.14 It is believed that half of these congenital infections are
due to the consumption of contaminated meat.14

Fetal infection only occurs with acute maternal toxoplas-
mosis. The likelihood of transmission and the severity of risk
to the fetus vary with gestational age. Congenital toxoplas-
mosis is more frequent, but usually less apparent, when
maternal infection occurs in later gestations. In France,
Desmonts and Couvreur15 found that 17% of first-trimester
pregnancies with acute maternal toxoplasmosis, 24% of the
second-trimester pregnancies, and 62% of the third-trimester
pregnancies resulted in infected infants at a time before treat-
ment was available. However, severe infections or stillbirths
occurred in 75% of the cases in the first trimester, 20% in the
second trimester, and 0% in the third trimester.

Clinical manifestations

Maternal
An immunocompetent adult with acute toxoplasmosis is often
only minimally symptomatic or completely asymptomatic.
When the disease is clinically apparent, symptoms similar to
infectious mononucleosis, including malaise, myalgias, sore
throat, and fever, may be present. Painful, but nonsuppura-
tive, lymph node enlargement, most commonly involving the
posterior cervical lymph nodes, is a frequent finding in acute
toxoplasmosis. Other associated findings include macu-
lopapular rash, hepatosplenomegaly, and lymphocytosis.
Ocular symptoms such as blurred vision, photophobia, and
eye pain may be present with chronic disease. In the immuno-
compromised patient, severe disease with pulmonary and
central nervous system involvement can be seen.

Fetal
Some investigators have reported an increased incidence of
spontaneous abortion and preterm delivery in acute primary
toxoplasmosis.16,17 Clinical manifestations that may prompt
suspicion of infection include intrauterine growth restriction,
nonimmune hydrops, hydrocephaly, microcephaly, anen-
cephaly, and hydrancephaly.18,19 Ultrasound often fails to iden-
tify fetuses affected in utero. If ultrasonographic findings are
present, they may include intracranial calcifications, ventricu-

lar dilation, hepatic enlargement, ascites, and increased 
placental thickness.20

Neonatal
The most common finding is a normal infant. In fact, more
than half of infants with congenital toxoplasmosis have no
signs or symptoms in the newborn period. Chorioretinitis is
the most common abnormal finding. The classic triad of
periventricular calcifications, chorioretinitis, and hydro-
cephaly is actually uncommon. Other findings can include
growth restriction, low birthweight, hydrocephalus, micro-
cephaly, intracranial calcifications, jaundice, hepatospleno-
megaly, cataracts, microphthalmia, strabismus, blindness,
epilepsy, psychomotor or mental retardation, petechia sec-
ondary to thrombocytopenia, anemia, maculopapular rash,
pneumonia, vomiting, and diarrhea.20 Serious long-term com-
plications include mental retardation, severe visual deficits,
and seizures. Adverse sequelae have been detected in long-term
follow-up of infants with subclinical infection at birth.19

Diagnosis

Detection can be achieved via direct and indirect methods.
Indirect techniques should be used in immunocompetent
patients, as these methods rely upon serologic analysis, specifi-
cally the detection of organism-specific IgG and IgM antibod-
ies. Direct detection is with PCR, hybridization, isolation, and
histology, and is largely reserved for diagnosis in immuno-
compromised individuals.

Detection of IgG and IgM antibodies should be performed
in pregnant women who are suspected of having had toxo-
plasmosis exposure. IgM can appear as early as 1 week after
an acute infection, increases rapidly, and then wanes, persist-
ing for several weeks to months; in rare circumstances, IgM
may even persist for years. IgG does not appear until several
weeks after the IgM increase, but low titers usually persist for
years. Traditionally, the Sabin–Feldman dye test, indirect 
fluorescent assays, indirect hemagglutination assays, and 
complement fixation tests have been used. More recently,
enzyme-linked immunosorbent assay (ELISA), IgG avidity
test, and agglutination and differential agglutination tests have
been used for the detection of IgG antibodies.20 Most labora-
tories no longer use the Sabin–Feldman dye test. Avidity, i.e.,
functional affinity, testing of IgG antibodies is now routinely
performed to help to distinguish acute from chronic infection.
High-avidity antibodies are not seen in cases of infections
acquired in the most recent 3–4 months. The differential
agglutination (AC/HS) test is useful in distinguishing between
a probable acute or chronic infection in pregnant women.

The presence of Toxoplasma-specific IgG would indicate
protection from further infection. The presence of a high Tox-
oplasma IgG titer with the presence of IgM is suggestive of a
recent infection, especially if the IgM titer is high, but it must
be remembered that IgM may persist for months or even years
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in some instances following acute infection. A negative IgM
test, if found within the first 24 weeks of gestation, especially
if associated with low titers of IgG, essentially rules out an
acute infection during gestation and points to a chronic infec-
tion antedating conception. However, a negative IgM titer in
the third trimester does not negate the possibility of an acute
infection in the first trimester with a subsequent decline. In
this circumstance, additional testing, such as IgG avidity
testing as explained above, can be helpful. Finally, women
who test positive for IgM antibody in a nonreference labora-
tory should always undergo confirmatory testing in a refer-
ence laboratory, as 60% of these women are actually found
to be chronically infected.21

Prenatal diagnosis of congenital toxoplasmosis is possible.
Initially, ultrasound, cordocentesis, and amniocentesis were
recommended. Serologic tests for specific IgM and IgG were
performed on fetal blood, as were nonspecific tests, including
white blood cell count and hepatic enzymes. Also, there was
isolation of the organism by inoculation into mice.22 However,
IgM-specific antibodies may not be detected even in culture-
proven cases because antibody synthesis may be delayed in the
fetus and neonate. Isolation of parasites may also be unsuc-
cessful because parasitemia may be intermittent, and the
samples of fetal blood or amniotic fluid may be limited in
quantity.23 More recently, prenatal diagnosis using PCR tech-
nology on amniotic fluid obtained by amniocentesis has essen-
tially eliminated the need for periumbilical fetal blood
sampling or serologic testing of amniotic or fetal specimens as
this approach has greater sensitivity and is simpler. Sensitivity
for PCR analysis of amniotic fluid depends on gestational age,
but overall has a rate of 64% (and in some studies has been
noted to be as high as 98.8%), with a specificity of 100%, a
PPV of 100%, and a NPV of 87.8%.20, 21

Treatment and prevention

In some European countries, large-scale seroscreening and 
specific therapy are used to prevent congenital toxoplasmosis.
The efficacy of medication is approximately 50% in reducing
congenital infection. If acute maternal toxoplasmosis is 
contracted between 2 and 10 weeks’ gestation or if there are
major lesions documented by ultrasound, the option of 
termination should be discussed. The combination of
pyrimethamine (a folic acid antagonist) and sulfa drugs (sul-
fadiazine or triple sulfonamides) is the only effective medica-
tion generally available in the United States. Folinic acid
should be used with pyrimethamine to minimize its potential
side-effects of bone marrow suppression and pancytopenia.
Spiramycin, a macrolide antibiotic, is used extensively in
Europe, but is available for use in the United States only
through the CDC. Spiramycin reduces the rate of fetal infec-
tion, but not the severity of infection. In Western Europe, spi-
ramycin is used from diagnosis to delivery, and pyrimethamine
plus sulfadiazine are used to protect against progressive
fetopathy.

The primary method of prevention of congenital toxoplas-
mosis is the application of certain hygienic measures.24 The
pregnant woman should be advised to wash her hands thor-
oughly after contact with raw meat, cats, and materials poten-
tially contaminated by cat feces. She should also eat meat only
when it has been cooked to more than 66ºC (about 151ºF).
The brown color of well-done meat is due to myoglobin
turning to metmyoglobin at this temperature, which is also the
temperature at which the cysts are rendered noninfectious. It
is too early to tell whether a primary prevention program will
significantly reduce the incidence of acquired toxoplasmosis.
A prospectively evaluated prevention program reduced the
rate of seroconversion by 34%, but this was not statistically
significant.25

Mandatory serologic screening for toxoplasmosis during
pregnancy is required by law in France and Austria, and has
been advocated as a means of improving treatment and pre-
natal diagnosis in the United States.26 Because of the low
prevalence of disease in the United States, the high cost of a
systematic screening program, and concern about the reliabil-
ity of serologic testing, routine toxoplasmosis testing is still
not widely recommended in the US.

Another approach is simply to screen infants and treat them
when there is serologic infection. In New England, this
approach identified 52 infected infants among approximately
600000 newborns. After 1 year of treatment, only one child
in 46 had a neurologic deficit, and 4 of 39 had eye lesions.
Thus, neonatal screening and early treatment may reduce
serious infections.27

Rubella

Rubella, or German measles, is caused by a single-stranded
RNA virus that is a member of the togaviridae. There are two
major genotypes, with European, North American, and Japan-
ese isolates differing from some found in India and China.
Given the stability of the viral genome, and the protective
effect of IgG antibody, the humoral-mediated response confers
immunity against future reinfection. The success of vaccina-
tion against rubella, and the subsequent decline of congenital
rubella infection (CRI), stands as one of the major achieve-
ments of twentieth-century perinatal and neonatal medicine.

Epidemiology

The epidemiology of rubella infection was altered by the intro-
duction of the vaccine in 1969. Before this, immunity to
rubella through primary infection was acquired by 85% of the
population by adolescence. The highest incidence was in the
group aged 5–9 years, accounting for 38.5% of cases from
1966 to 1968. The incidence of rubella has declined by 99%
from 57 686 cases in 1969 to 271 cases in 1999 (CDC, unpub-
lished data, 2000, available at www.CDC.gov). The age dis-
tribution of rubella infection changed during the mid-1990s,
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with those aged 15 years or older now accounting for the
majority of cases, whereas this was the opposite in the early
1990s. By 1999, 86% of cases occurred in adults and, since
1992, outbreaks have occurred among young adults from spe-
cific groups such as Hispanics and Asians and Pacific Islanders
as well as individuals who have immigrated from countries
such as Mexico. Seventy-three percent of rubella cases in 1999
occurred in Hispanics, with the majority of patients having
been foreign born.28 Despite widespread immunization pro-
grams, 10–20% of the United States population is susceptible
to rubella.29 After the initial decrease in the incidence of con-
genital rubella syndrome (CRS), the incidence has plateaued
at approximately 0.05 cases per 100000 live births for the
past 10 years because of continued rubella infection in women
of childbearing age. Similar to the distribution of rubella infec-
tion in adults, during 1997–1999 in the United States, 81%
of infants reported to have CRI were Hispanic, with 92% of
their mothers having been foreign born (CDC, unpublished
data, 2000).

Before the implementation of large-scale vaccination poli-
cies in the United States, epidemics of rubella occurred every
6–9 years. The last epidemic before the introduction of the
vaccine was in 1964. It is estimated that more than 20000
cases of CRS and 11000 pregnancy losses occurred as a result
of this epidemic. The vaccine was originally targeted at young
children, but this had little effect on attack rates in the group
aged over 15 years. Now efforts are also made to vaccinate
susceptible adults,29 but opportunities to do so are missed,
including in the postpartum period. According to data from
CRS surveillance, almost half of mothers of CRS infants have
had a previous live birth. All these cases of CRS could pre-
sumably have been prevented by postpartum vaccination after
the birth of the first child.29

Transmission

Rubella virus is spread by respiratory droplets. This requires
prolonged, close exposure. The virus is present in the
nasopharynx and spreads via the lymphatics and then blood.
It is less communicable than varicella, with an 80% attack
rate. Fetal infection requires maternal viremia and placental
transmission. Viremia has been thought to occur only with
primary infection. Rare cases of reinfection leading to CRS
have been reported.30 Serologic evidence of fetal exposure to
rubella has been documented after inadvertent vaccination in
pregnancy. To date, no cases of congenital defects secondary
to CRS have been reported due to vaccine.31,32 Nevertheless,
vaccine administration is contraindicated in pregnancy
because the theoretical risk of CRS after vaccination, although
low, may not be zero.33 Virus is shed in breast milk as well.
Neonatal exposure to rubella during breastfeeding has not
been associated with morbidity.34 Prolonged viral shedding
from the CRS infant may be a source of infection. Virus has
been isolated in the urine, cerebrospinal fluid, and even the
lens of CRS patients.

The variable risk of CRS at different gestational ages has
long been recognized. Rubella infection before implantation
has been implicated in spontaneous abortion, stillbirth, neona-
tal death, and CRS. Enders and co-workers35 reported that
rubella occurring from 12 days to 12 weeks after the last men-
strual period (LMP) resulted in an 81–90% fetal infection rate.
No infection was noted if the rash appeared before the LMP
or up to 11 days after the LMP. Cradock-Watson and Ride-
halgh36 reviewed rates of rubella infection after the first
trimester. The overall rate of CRI (seropositivity, with or
without clinical disease) was 29% based on rubella-specific
IgM and 49% based on persistence of rubella-specific IgG
after 8 months of age. Gestational age-specific rates of CRI
ranged from 12% when infection occurred at 24–28 weeks to
58% at 36–40 weeks.

Clinical manifestations

Maternal
Postnatally acquired rubella is a mild or asymptomatic infec-
tion. The incubation period is 14–21 days, with viral shedding
beginning 1 week before the onset of rash. The rash is macular
and lasts 3 days, hence the name 3-day measles. Malaise, fever,
and postauricular and suboccipital adenopathy are also
common. Arthralgias are common in adult women; arthritis,
neuritis, encephalitis, and thrombocytopenia are rare in 
postnatal infection. Because these symptoms are nonspecific,
diagnosis should be made on serologic rather than clinical
grounds.37

Fetal and neonatal
The pathogenesis of congenital defects includes impairment in
organogenesis due to decreased mitosis and damage second-
ary to scarring and persistent infection.38 Abnormalities result-
ing from impaired organogenesis occur with maternal
infection in the first trimester. Other abnormalities, such as
progressive hearing loss and pulmonic or aortic stenosis, are
due to ongoing damage caused by persistent infection and
immune response. In addition, first-trimester rubella infection
is believed to cause abortion. This was difficult to confirm
during the 1964 epidemic because of the small numbers of
women who were both exposed in the first trimester and reg-
istered early in pregnancy. Current surveillance practices do
not provide information on the incidence of pregnancy loss.29

Congenital infection may be divided into three categories
based on its manifestations: CRS, extended CRS, and delayed
CRS. Newborn rubella, or CRS, and extended CRS are appar-
ent at birth. Delayed manifestations of congenital infection
may not be apparent for years or decades.

Four major defects in CRS, in order of decreasing frequency,
are deafness, mental retardation, heart lesions, and ophthal-
mologic abnormalities. Types of malformation are gestational-
age specific. Cataracts and cardiac lesions are present when
infection occurs before 8 weeks. Deafness occurs with infec-
tion before 16 weeks, and retinopathy with infection before
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130 days. Timing of fetal exposure is at best estimated because
of difficulties in dating gestational age and lack of informa-
tion regarding the incubation period of fetal rubella infection.
Sever and associates,38 in the Collaborative Perinatal Research
Study (CPRS) of 1964, reported that deafness was the most
common single defect and was present in 100% of infants with
multiple defects resulting from first-trimester infection. Con-
versely, eye defects, with cataracts and glaucoma being most
frequent, were present only with other abnormalities. Cardiac
lesions include ventricular septal defect, patent ductus arte-
riosus, and peripheral pulmonic stenosis. Thrombocytopenic
purpura (blueberry muffin rash), hepatosplenomegaly, osseous
lesions, meningoencephalitis, and rubelliform rash may also
be present in CRS. Contrary to the previously held perception
that second- and third-trimester rubella infections are without 
clinical consequence in the fetus, abnormalities (including
developmental delay, hearing loss, growth retardation, 
pulmonic stenosis, and thrombocytopenia) have been found 
in 15 out of 24 infants exposed to rubella at between 14 and
31 weeks’ gestation.39

The spectrum of extended CRS includes cerebral palsy,
mental retardation, developmental and language delay,
seizures, cirrhosis, growth retardation, and immunologic dis-
orders (e.g., hypogammaglobulinemia). Delayed manifesta-
tions of CRI include endocrinopathies, late-onset deafness and
ocular damage, renovascular hypertension, and encephalitis.
Long-term follow-up of CRS patients revealed a 20% 
incidence of diabetes mellitus by the age of 35 years.38 Other
endocrinopathies include thyroid dysfunction and growth
hormone deficiency. Deafness and ocular and vascular 
damage may be due to ongoing infection with scarring and
inflammation.

Delayed manifestations of CRS are thought to be due to cir-
culating immune complexes.40,41 Delayed manifestations occur
in more than 20% of those with initially symptomatic CRS.38

The incidence of delayed defects in those with asymptomatic
CRI and their gestational age-related risk are not clear. Data
from the CPRS showed delayed effects in almost two-thirds
of those infected in the third trimester.42 Although major 
malformations due to infection in the first trimester may be
devastating, the adverse effects from later infection are clearly
not minor.

Progressive panencephalitis has been likened to subacute
sclerosing panencephalitis due to rubeola infection and is a
different entity from the encephalitis present at birth.
Hypogammaglobulinemia may be a delayed result of CRI;
altered cell-mediated immunity is necessary for continued
latent viral infection. Because of altered cell-mediated immu-
nity, the rubella virus persists in the congenitally infected
person for up to a year, and perhaps longer.37

Diagnosis

Clinical diagnosis of postnatal infection is unreliable and must
be confirmed by serology. Before the availability of serologic

tests of rubella infection and immunity, virus isolation was
attempted. The rubella virus is difficult to isolate. Serologic
evidence of maternal primary infection includes the presence
of rubella-specific IgM, which can persist for 8–12 weeks fol-
lowing acute infection. In the past, the presence of a fourfold
increase in hemagglutination inhibition titer on acute and con-
valescent sera also provided evidence of a primary infection;
commercially available enzyme immunoassays for rubella IgM
and IgG are now routinely performed by most laboratories.43

Indirect antibody assays are more prone to false-positive IgM
results, due in part to crossreactivity with other IgM antibod-
ies or with rheumatoid factor; hence, a second confirmatory
test for rubella IgM by a different modality should be 
performed, especially before 20 weeks’ gestation.

Prenatal diagnosis of CRI is possible. The presence of
rubella-specific IgM in fetal blood confirms infection. Fetal
immunocompetence is attained in the mid-second trimester;
therefore, to avoid a false-negative result, fetal blood sampling
to detect IgM must be delayed until 20–22 weeks’ gesta-
tion.42,44,45 First-trimester confirmation of fetal infection was
described by Terry and colleagues46 by detecting virus-specific
antigen and RNA in a chorionic villus sample. This method is
superior to virus isolation in the products of conception.47

Nevertheless, the presence of rubella virus in the placenta may
not correlate with fetal infection. More recently, the develop-
ment of PCR technology has the potential of rendering fetal
blood sampling virtually unnecessary. With reverse transcrip-
tase PCR (RT PCR), amniotic fluid obtained via amniocente-
sis (when performed at least 8 weeks after acute maternal
infection or at 15 weeks of gestation) can be evaluated for
virus-specific RNA; this has a sensitivity of 87–100%.43

However, cases have been reported of finding rubella RNA
and IgM in fetal blood following negative PCR analysis of
amniotic fluid at 19 and 23 weeks.

Prevention and treatment

Prevention of in utero rubella infection requires the acquisi-
tion of immunity by all persons before the childbearing years.
Programs to ensure vaccination of all schoolchildren, suscep-
tible college students, and military personnel help, but do not
eradicate CRI. Missed opportunities for vaccination of adults
still occur and contribute to the continued existence of CRS.48

Congenitally infected neonates are also a source of virus. The
rubella vaccine is a live-attenuated virus that yields immune
responses similar to native infection; the rate of seroconver-
sion is as high as 95% in individuals older than 11 months of
age.43 Long-term efficacy exceeds 90%, but antibody titers can
decline over time. As mentioned previously, administration of
the vaccine is contraindicated in pregnancy as there is a theo-
retical risk of acquiring CRS, although there have never been
such cases documented worldwide.

There is no specific antiviral therapy for rubella infection.
If in utero exposure to rubella virus is documented, the woman
should be counseled as to the risks and consequences of CRI.
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Prenatal diagnosis, even in the first trimester, is possible. With
the potentially devastating effects of first-trimester infection,
a patient may choose to terminate the affected pregnancy if
the diagnosis is made in a timely manner.

Herpes simplex virus

Herpes simplex virus (HSV) is a double-stranded DNA virus,
primarily of two subtypes (1 and 2), that is responsible for a
variety of infections involving mucocutaneous surfaces, the
central nervous system (CNS), and visceral organs. Taking up
residence in sensory neuronal ganglia, genital HSV infection
is a recurrent, lifelong infection.

Systemic symptoms are more common in primary occur-
rences, and can include fever, malaise, myalgia, and headache.
Local symptoms include pain, discharge, adenopathy, dysuria,
and urinary retention secondary to pain or local nerve involve-
ment. Painful vesicles, which may emerge 2–10 days follow-
ing primary exposure, ulcerate and heal without scarring.
Viral shedding persists until the lesions heal. Cervical shed-
ding is present with primary infection in more than 80% of
patients and in up to 30% of recurrences. Asymptomatic
shedding occurs in 0.35–1.4% of pregnancies.49

Genital HSV infection can lead to a number of complica-
tions that can profoundly affect the developing fetus and/or
the neonate. Perinatal transmission has been linked with spon-
taneous abortion, preterm labor, and congenital malforma-
tions.50 Anomalies linked to HSV are similar to those seen with
congenital cytomegalovirus (CMV) infection: microcephaly,
periventricular calcifications, chorioretinitis, intrauterine
growth restriction, and vesicular eruptions.51 While evidence
for the teratogenic potential of HSV is circumstantial, neona-
tal disease can be devastating. This can range from infection
of the skin, eyes and mouth, which, though rarely fatal, can
lead to neurologic impairment in 30% of affected children, to
CNS infection (symptoms include seizures, poor feeding, and
irritability; mortality is more than 50% if untreated), and dis-
seminated infection, which is often complicated by encephali-
tis and can be fatal in over 80% of cases if left untreated, with
neurologic impairment in nearly all survivors.49

Epidemiology

HSV infection is ubiquitous. Among HSV infections, genital
herpes is widely prevalent, affecting at least 50 million Amer-
icans. Seropositivity to type 1 HSV (HSV-1) is acquired by a
majority of people by the age of 7 years. The incidence of
seropositivity to HSV-2 varies with age, sexual habits, and
economic status.52 HSV-1 is the serotype most often found in
oral lesions, while HSV-2 causes most lesions below the waist.
Eighty-five percent of adult genital HSV is due to HSV-2. From
1988 to 1994, overall adult prevalence of HSV-2 infection was
21.9%, and it was slightly higher at 25.6% among females.53

The prevalence of HSV-2 infections in the US is rising, with

approximately 1.6 million new infections acquired annually.54

Among adults, 5–10% have a history of symptomatic genital
HSV-2 infection. However, another 20–30% who have never
had symptomatic genital infection demonstrate type-specific
antibodies against glycoprotein G (gG) of the HSV-2 
virion. Thus, because HSV-2 infections rarely cause ulcerative
lesions, most HSV-2-seropositive individuals are unaware of
their exposure. Clearly then, much must be done toward 
prevention.

There are three primary types of genital herpes syndromes.
Primary infection occurs with initial infection with either
HSV-1 or -2 and without prior exposure to either. Recurrent
infection is due to reactivation of latent virus, and is therefore
not a reinfection. Finally, nonprimary first-episode genital
herpes occurs when a patient has had a prior exposure to the
other viral serotype.

Transmission

Transmission of genital HSV requires intimate contact of
infectious secretions with susceptible mucous membranes or
skin. Mechanical friction provides for more efficient transfer.55

Unfortunately, clinical history does not provide reliable infor-
mation regarding the likelihood of sexual transmission.56

Although analysis of the survival characteristics of the herpes
simplex virion in water and on plastic surfaces supports the
possibility of fomite transfer, there are no documented cases
of such transmission.55 Essentially all cases of genital herpes
are spread via sexual contact; genital HSV-1 is usually due to
oral–genital contact.57

Transmission to the fetus or neonate can occur antenatally,
intrapartum, or postnatally. In the US, neonatal transmission
occurs in 1 in 3200 to 1 in 15000 live births. The highest risk
is at the time of delivery, responsible for 85% of all neonatal
herpes cases.49 Intrauterine infection, resulting mainly from
transplacental passage or ascension via the cervix, accounts
for 5–8% of cases. Intrapartum transmission is not necessar-
ily dependent upon maternal symptoms, but rather upon
maternal viral shedding, especially when that shedding occurs
in the context of first-episode genital herpes as opposed to
reactivation disease. The risk of intrapartum transmission
with a vaginal delivery in HSV-2-seropositive, asymptomatic
women is 0.02%, with symptomatic recurrence it is 1–3%,
and with asymptomatic seroconversion, i.e., with primary
infection, or with nonprimary first episode near the time of
delivery it is 40%.

Diagnosis

Diagnosis can be made by viral culture, Pap smear, mono-
clonal antibody testing, ELISA, or PCR. Cultures are widely
used in persons with ulcers, but sensitivity declines within a
few days of ulcer occurrence. PCR testing is highly sensitive.
Pap smear findings indicating disease are usually incidental,
and should not serve as a primary diagnostic modality. 
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Monoclonal antibody and ELISA testing have limited sensi-
tivity in the absence of lesions and do not allow for the dis-
tinguishing of HSV type. Serologic diagnosis with Western
blotting of gG can identify types 1 and 2. Food and Drug
Administration (FDA)-approved commercially available gG-
based type-specific assays for HSV have sensitivities ranging
from 80% to 98%, with specificity ≥ 96%.

Prevention

While adult genital HSV is problematic, transmission to the
fetus or neonate can be far more tragic. Prevention of trans-
mission to the fetus, and especially the neonate, is an impor-
tant goal. Efforts toward this goal include recognition of
lesions, elective Cesarean delivery, suppression of viral shed-
ding during the peripartum period, and maintenance of neona-
tal skin integrity.

In the largest prospective study of its kind, Brown et al.58

looked at over 58000 women in the state of Washington who
underwent collection of genital secretions for HSV culture at
the time of their presentation in labor. None of these women
received or were receiving suppressive viral therapy. Of these
women, 202 had HSV-positive cultures. Fifty-eight percent of
these women were delivered vaginally, and 42% were deliv-
ered via Cesarean section, with 71% of the latter having rec-
ognized genital lesions as the indication for surgical delivery.
Although not quite reaching statistical significance, the odds
ratio (OR) for neonatal HSV infection was 0.14 (95% CI,
0.02–1.08), tending towards favoring Cesarean delivery.
Based on previous studies, and the lack of a randomized,
prospective, controlled trial to evaluate Cesarean delivery
versus vaginal delivery even in the case of active genital
lesions, the American College of Obstetricians and Gynecolo-
gists, in a 1999 Practice Bulletin, recommended Cesarean
delivery in women “with active genital lesions or symptoms
of vulvar pain or burning, which may indicate an impending
outbreak,” but did not recommend such a delivery modality
in cases of recurrent disease with lesions distant from the 
perineum (such as the buttocks or the thigh).

Brown et al.58 also found a statistically significant increase
of nearly sevenfold for the development of neonatal HSV with
the use of invasive fetal monitoring intrapartum. It is recom-
mended that these monitors be avoided if possible, as should
rupture of the membranes more than 4–6h prior to delivery.
Based on this finding, forceps and vacuum-assisted delivery
should also be minimized. All these recommendations should
of course be mitigated by concerns for fetal safety, and thus
decisions should be made that are appropriate for the clinical
situation at hand.

Oral suppressive therapy with the antiviral agent acyclovir
in primary infection has been shown to decrease duration of
shedding, pain, new lesion formation, and time to complete
healing.59 Duration of shedding may be decreased by 80%.
Oral acyclovir is also effective in suppressing recurrences with

long-term use.60 Furthermore, among 601 acyclovir-exposed
pregnancies (425 in the first trimester), there was no notable
increase in the rate of birth defects compared with back-
ground, and there was no notable pattern of anomalies.61 In
a systematic review of acyclovir prophylaxis administered in
five different trials that included women with first-episode
disease, recurrent disease, and all HSV disease, Sheffield et al.62

were able to demonstrate that prophylactic use of acyclovir
starting at 36 weeks’ gestation reduced the rate of clinical
recurrence at delivery (OR 0.25; 95% CI 0.15–0.40), the rate
of Cesarean delivery for HSV (OR 0.3; 95% CI 0.13–0.67),
the overall Cesarean delivery rate (OR 0.61; 95% CI
0.43–0.86), and the rate of asymptomatic HSV shedding (OR
0.09; 95% CI 0.02–0.39). Thus, acyclovir (or, alternatively,
famcyclovir or valacyclovir) suppressive therapy starting at
36 weeks’ gestation should be considered in genital HSV
patients, especially those with first-episode disease occurring
during pregnancy, as there may not be adequate time for the
generation of homologous maternal IgG antibodies that seem
to protect the neonate from congenital acquisition of disease.

Cytomegalovirus

Human cytomegalovirus (CMV), otherwise known as human
herpes virus 5 (HHV-5), is an enveloped double-stranded
DNA virus and a member of the Herpesviridae family. CMV-
specific IgG and IgM antibodies may be detectable several
weeks after infection. Many different strains of CMV have
been identified by restriction endonuclease analysis. Owing to
its ubiquity, CMV is the most common viral cause of intrauter-
ine and congenital infection as well as of sensorineural deaf-
ness.45 Unfortunately, CMV can be spread to the fetus with
either primary infection or reactivation disease and, in most
instances, with the mother remaining asymptomatic.

Epidemiology

An estimated 0.2–2.2% of all neonates are infected in utero,
with only 5–10% of these infants symptomatic at birth.63

Affecting approximately 1 in 40000 liveborn infants in the
United States annually, CMV causes 30000–40000 cases of
congenital infection every year.64,65 Primary CMV infection
occurs in 1–2% of pregnant women;66 it is estimated that
about 50% of reproductive-age women are susceptible to
CMV infection. The rate of seropositivity, the risk of congen-
ital infection, and the incidence of recurrent infection are
greater in women of lower socioeconomic status. CMV infec-
tion is spread through infected secretions or body fluids such
as endocervical mucus, semen, blood, urine, saliva, breast
milk, and tears. High-risk environments for exposure to CMV
include childcare centers, newborn nurseries, renal dialysis
units, and areas of hospitals providing care for immunocom-
promised individuals.
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Transmission

Fetal infection can occur with both primary and recurrent
maternal infection; however, the likelihood and severity of con-
genital disease is greater with a primary infection.67,68 Trans-
mission to the fetus occurs in approximately 20–50% of
pregnancies with primary maternal CMV infection.65,69 Con-
genital infection can occur as a result of recurrent maternal
infection, but the risk is less (approximately 1% detected in the
newborn period and up to 8% if followed for 5 years) and the
manifestations milder (mainly hearing loss). Transmission can
occur at any time during pregnancy, with the lowest risk of
transmission associated with primary CMV acquired pericon-
ceptionally, and an equal risk of transmission in the first and
second trimesters; the third trimester poses the greatest risk of
vertical transmission. However, there is evidence to indicate
that fetuses that acquire infection earlier in gestation are at
higher risk for worse outcomes compared with infection
acquired later in gestation.68 Studies indicate that recurrent
infections and transmission to the fetus in immune women are
more frequently due to reactivation than to reinfection.70

Clinical manifestations

Maternal
CMV infection in the immunocompetent mother is usually
asymptomatic. In some patients, a heterophile-negative
mononucleosis-like syndrome may be present. Fever, malaise,
myalgias, mild pharyngitis, minimal lymphadenopathy, 
lymphocytosis, and abnormal liver function test results may
be present in such cases.

Fetal
Major target organ systems include the hematopoietic and
central nervous systems and general development. Character-
istics of fetal infection that may aid in prenatal diagnosis
include intrauterine growth retardation, cerebral ventricu-
lomegaly, ascites, microcephaly, hydrocephaly, periventricular
calcifications, hepatosplenomegaly, cardiomegaly, hypere-
chogenic bowel, and oligo- or polyhydramnios. CMV may
cause nonimmune hydrops. CMV has also been implicated in
myocarditis; there have been reports of fetal heart block and
of fetal supraventricular tachycardia.71–73 Ultrasound visuali-
zation of periventricular calcifications due to CMV has been
reported, even in the second trimester.74

Neonatal
Approximately 10% of infants with congenital infection are
symptomatic at birth. From the CDC registry, the most
common clinical findings of congenital infection are hemato-
logic (petechiae/purpura, 54%; hepatosplenomegaly, 40%;
jaundice, 38%; hemolytic anemia, 11%), neurologic
(intracranial calcifications, 37%; microcephaly, 36%; hearing
impairment, 25%; chorioretinitis, 11%; seizures, 11%; one or

more neurologic findings, 68%), small for gestational age
(47%), pneumonia (8%), and death (9%).75 Approximately
5–15% of the initially asymptomatic infants develop evidence
of disease by 2 years of age, with sensorineural hearing deficits
(5–10% of cases) and subsequent learning disabilities being
the most important long-term sequelae.64

Diagnosis

The most definitive method of diagnosis of CMV infection is
by isolation of the virus from the blood, urine, or cervix.
Several years ago, virus was often not detectable in culture for
2–6 weeks, but with newer techniques the virus is now
detectable usually within days. A number of serologic studies
are available for the detection of antibody to CMV, including
indirect hemagglutination assay, ELISA, immunofluorescent
assay, neutralization tests, and complement fixation (CF). CF
assays are often inaccurate because of a high false-positive rate
due to crossreactivity with other herpesviruses. CMV-specific
IgM antibody tests are helpful but of limited value because
30% of women with primary infections are initially seroneg-
ative, and the test result is positive in 10% of women with
recurrent infections.66 Acute and convalescent paired speci-
mens demonstrating a significant increase in titer are sugges-
tive of a primary infection.

When maternal primary infection is suspected, or there are
findings on ultrasonography that are suspicious of congenital
CMV infection, prenatal diagnosis can be carried out by
amniocentesis or fetal blood sampling. Ideally, prenatal diag-
nosis should occur beyond 21 weeks’ gestation, as this opti-
mizes the sensitivity of diagnostic tests. PCR and/or viral
culture of amniotic fluid can be performed to detect CMV.
PCR, including nested PCR, has been shown to have a sensi-
tivity of 77–100%, specificity of 67–99%, PPV of 100% and
NPV of 93%.76–78 Viral isolation has a sensitivity ranging from
50% to 72%, and a specificity of 97–100%.79 PCR of amni-
otic fluid, when combined with viral isolation, has been shown
to have a sensitivity of 84% and a specificity of 100%.76

Fetal blood can be tested for the presence of fetal IgM after
20 weeks’ gestation, and has a sensitivity of 51–58% and a
specificity of 100%.77 The presence of cord blood CMV-
specific IgM, which is detectable in 60% of infants with con-
genital infection, establishes the diagnosis.67 It is possible to
obtain false-negative IgM titers when cordocentesis is per-
formed early in the course of fetal infection; IgM levels cor-
relate positively with abnormal fetal ultrasound findings and
hematologic test results. PCR analysis of fetal blood for the
presence of CMV DNA has a sensitivity of 41%, whereas viral
culture is only 7% sensitive. Additional tests include search-
ing for the presence of viremia (i.e., infectious CMV in leuko-
cytes; sensitivity of 0–55%), antigenemia (i.e., pp65-positive
leukocytes; sensitivity 16–64%), and messenger RNA (sensi-
tivity 82%).68 On the whole, fetal blood sampling and amni-
otic fluid analysis has sensitivity, specificity, PPV and NPV of
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80%, 99%, 98%, and 93% respectively.78 As fetal blood sam-
pling adds little additional value to amniotic fluid sampling, it
should now be considered only for possible confirmatory
testing of the fetus.

Treatment and prevention

No treatment other than symptomatic therapy is necessary for
the immunocompetent adult with CMV infection. A variety
of therapeutic agents – ganciclovir, adenosine arabinoside,
acyclovir, idoxuridine, cytosine arabinoside, 5-fluoro-2′-
deoxyuridine, leukocyte interferon, and transfer factor – have
been administered for the treatment of congenital CMV infec-
tion, but none has been found to be satisfactory because of
toxicity or recurrence of infection after drug administration is
terminated. Currently, there is no role for antenatal treatment
of fetal CMV infection.77

Vaccines have been investigated.80 As the vast majority of
congenital CMV infections occur in instances of maternal
primary infection, a reasonable strategy is to vaccinate
seronegative women prior to conception. Vaccine develop-
ment has included investigations into live-attenuated vaccines,
recombinant virus vaccines, subunit vaccines, DNA vaccines,
and peptide vaccines.77 None has been established as a supe-
rior method, and none has been adopted for routine use in
humans.

Routine antepartum serologic screening for CMV is not rec-
ommended at this time. The detection of maternal CMV anti-
body before conception indicates prior infection, but the degree
of protection that this immunity provides against congenital
infection in subsequent pregnancies is unclear. The implications
of a single antibody titer obtained during pregnancy are diffi-
cult to interpret. Even in a high-risk environment, the extent of
risk for a seronegative pregnant woman by exposure is uncer-
tain. One effective prevention strategy is the use of good hand-
washing, especially in high-risk settings such as daycare
facilities or neonatal intensive care units.81

Parvovirus

Parvovirus B19, discovered in 1974, is the only member of the
virus family Parvoviridae known to cause human pathology.
B19, a ubiquitous single-stranded DNA virus with a predilec-
tion to infect erythroid precursor cells, causes variable disease
dependent upon the immunologic and hematologic status of
its host. In immunocompetent children, it is known to cause
erythema infectiosum (Fifth disease or “slapped cheek 
syndrome”); in some individuals, especially adults, an acute
symmetric polyarthropathy may develop.82,83 Underlying
hemolytic disorders predispose to the development of a tran-
sient aplastic crisis. Red cell aplasia and chronic anemia can
result from persistent infection in the immunocompromised
host. In the fetus, B19 infection can result in in utero demise,
hydrops fetalis, and congenital anemia.

Clinical features

Erythema infectiosum is characterized by a facial rash com-
monly referred to as “slapped cheek” in appearance.82 There
is also a lace-like rash on the trunk and extremities. The rash
may also reappear several weeks later, after exposure to tem-
perature, sunlight, or emotional stress. Otherwise, the patient
is well at the onset of the rash, but may have a history of mild
systemic symptoms a few days before the rash’s onset. Pruri-
tus may be a common feature in some outbreaks. Erythema
infectiosum is more common in the winter and spring and
usually lasts approximately 5–9 days in children. Headache,
fever, anorexia, sore throat, and gastrointestinal symptoms
occur in a minority of children. Complications such as lym-
phadenopathy, arthralgia, or arthropathy rarely occur in chil-
dren. As with other viral infections (such as rubella), erythema
infectiosum tends to be more severe in adults. In adults,
fatigue, fever, adenopathy, and arthritis are common. There
have also been reports of more serious complications, such as
encephalitis, pneumonia, and hemolytic anemia.

In investigations of outbreaks, asymptomatic infection has
been reported in up to 20% of adults and children. B19 infec-
tion is also associated with a condition known as transient
aplastic crisis with asymmetrical peripheral polyarthroplasty
and with severe chronic anemia in patients who are 
immunodeficient.

Epidemiology

The major concern for the obstetrician is infection with B19
in pregnant women.84–94 The incidence of primary B19 infec-
tion during pregnancy is approximately 1–5%, with trans-
mission to the fetus occurring in 24–33% of cases. Thus, in
most of the reported B19 infections during pregnancy, there
has been no adverse outcome. The risk of developing hydrops
fetalis in the case of congenital infection is approximately
1–1.6%, and B19 is estimated to cause 15–20% of all non-
immune hydrops fetalis cases. The hepatic period of fetal
hematopoeisis, 11–23 weeks of gestation, seems to be the most
critical period of gestation that is prone to adverse fetal
outcome; the fetus appears to be especially vulnerable to B19
infection because fetuses have a short blood cell survival time
and the fetal red cell volume expands rapidly.83

Studies in both the United States and the United Kingdom
have suggested that the risk of fetal death in a pregnant
woman with documented B19 infection and an infected fetus
is less than 10%.95 The CDC estimates that the risk of fetal
death after exposure of a pregnant woman to a household
member with a documented infection is less than 2.5%, while
the upper limit of the risk of fetal death would be less than
1.5% in a pregnant woman who has prolonged exposure to
B19 infection in the workplace. Further, it is estimated that
the upper limit of risk of fetal death occurring in pregnant
women with other types of exposure (e.g., limited exposure to
students with erythema infectiosum) would be substantially
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less. The mechanism of fetal death is undetermined, but it is
likely that either severe anemia or direct myocarditis may pre-
cipitate congestive heart failure and hydrops. Once hydrops
sets in, case fatality rates may be as high as 50% if untreated,
but can improve to as low as 18% with fetal transfusions via
cordocentesis.83

Transmission

DNA specific for B19 has been identified in the respiratory
secretions of viremic patients, suggesting this as a major mode
of spread. At the time that erythema infectiosum develops,
however, patients are probably past the point of greatest infec-
tiousness. After close contact exposure, the virus appears to
be transmitted effectively; during school outbreaks, 10–60%
of students develop erythema infectiosum. In the setting of
outbreaks, it is not clear whether the major mode of trans-
mission involves direct contact, person-to-person contact, or
large particle droplets, small particle droplets, or fomites. It is
also known that the virus can be transmitted parenterally
through transfusion and vertically from mother to fetus.

Diagnosis

Diagnostic testing is available through commercial and refer-
ence laboratories such as the CDC.85 B19 antibody assays are
available, with the most sensitive test to detect recent infec-
tion being the IgM antibody assay. This can be performed by
a captured antibody radioimmunoassay or by enzyme
immunoassay. There is also an IgG B19 antibody assay that is
usually positive by the seventh day of illness. IgG persists for
years. The IgM antibody, on the other hand, begins to decline
after 30–60 days. Prior to the advent of PCR technology, the
most sensitive test for detecting the virus was B19 DNA
nucleic acid hybridization.83 Because DNA can persist for
some time in serum, synovial membranes, and basement mem-
branes, detection of low levels of B19 DNA is not sufficient
to make the diagnosis of acute infection.

Treatment and prevention

Currently, no specific treatment is available to individuals with
presumed B19 infection. They are treated with supportive
measures. In otherwise healthy individuals, B19 infection
usually produces a mild self-limited infection. Further, there is
no vaccine to prevent B19 infection, and no studies have been
conducted to assess the value of commercially available
immunoglobulin. At this point, the CDC does not recommend
routine prophylaxis with immunoglobulin. In healthcare set-
tings where exposures to B19 may be possible through contact
with patients with B19 infection (such as transient aplastic
crisis), the CDC has recommended infection control measures
such as admission to private rooms of patients with transient
aplastic crisis due to chronic B19 infection. It is noteworthy
that most patients with erythema infectiosum are past the

period of infectiousness by the time that clinical symptoms
develop, and these individuals do not present a risk for further
transmission. Thus, isolation precautions are not necessary.82

Hospital personnel who may be pregnant should know
about the potential risks to their fetus from exposure to B19
infection. In homes, school, and the workplace, the greatest
risk of transmitting B19 occurs before the symptoms of 
erythema infectiosum develop. Therefore, transmission cannot
truly be prevented by excluding contact with persons who
have erythema infectiosum. The only measure that is currently
recommended is handwashing.

In the past several years, the advancement of Doppler ultra-
sound technology has led to the development of monitoring of
fetal middle cerebral artery peak systolic velocities (MCA PSV).
Presumably, in the setting of fetal infection and subsequent
anemia, the reduced blood viscosity leads to a greater cardiac
output, and hence increased MCA PSV values. In a recent mul-
ticenter, prospective study evaluating weekly MCA PSV for the
prediction of anemia in patients referred for acute maternal B19
infection based upon the presence of IgM antibody, sensitivity,
specificity, PPV, and NPV, utilizing a cutoff of greater than 1.50
multiples of the median (MoM), were 94.1%, 93.3%, 94.1%,
and 93.3% respectively.95 In this study, no fetuses that had
MCA PSV values less than 1.50 MoM had anemia at the time
of birth, and none of these fetuses died; all cases of moderate to
severe anemia were detected by the 1.50 MoM cutoff. The two
fetal deaths were in the setting of hydrops.

This method of detecting clinically significant anemia has
led to a drastic reduction in the number of diagnostic cordo-
centeses and is rapidly becoming the standard of care. Weekly
ultrasound evaluation for up to 12 weeks following exposure
is necessary to insure that the potentially affected fetus does
not develop hydrops or elevated MCA PSV values that would
indicate moderate to severe anemia. Surveillance frequency
should be increased for MCA PSV > 1.50 MoM or for hydrops
fetalis. Once there is clinically significant anemia, or overt fetal
hydrops, intrauterine blood transfusions, sometimes weekly,
are necessary for improving the chances of fetal survival. It
has been estimated that, in the setting of hydrops, fetal trans-
fusions increase survival rates from 15% to 30% when no 
intervention is attempted to 60–80%.

Varicella

Varicella zoster virus (VZV) is a member of the human her-
pesvirus group. VZV is a DNA virus that exhibits viral latency.
Primary infection usually occurs in childhood, presenting clin-
ically as chickenpox. As a highly contagious disorder, VZV
infection is acquired by most children in the United States
before reproductive age and is generally a self-limited disease
characterized by typical skin lesions.96 It is recognized that,
when adults contract the disease, both constitutional and pul-
monary symptoms may be severe. Reactivation of latent zoster
infection presents clinically as shingles, generally occurring in
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the older population or in immunocompromised individuals.
Zoster presents as painful crops of vesicular lesions occurring
along the distribution of a segmental dermatome.

The remainder of this discussion is limited to the effects of
VZV infection in pregnancy. There are two major concerns for
the perinatologist. The first is the risk that the infection
imposes upon the mother; the second is the risk of either ter-
atogenesis in or perinatal acquisition by the fetus or neonate.

Epidemiology

More than 50000 cases of chickenpox occur annually in the
United States.97 Yet, because of widespread under-reporting, it
is estimated that the actual number of cases is 2–3 million.98,99

More than 90% of the population has been infected during
childhood. The incidence of VZV infection in pregnancy is
estimated at approximately 5 in 10000 pregnancies.

Diagnosis

Because the clinical presentation is usually characteristic,
serology is not usually indicated to confirm the clinical diag-
nosis. In adults with a positive history of varicella, 97–99%
are seropositive.100 However, 71–93% of adults with negative
or uncertain histories are also seropositive. Serologic testing is
indicated in a pregnant woman with exposure but with a neg-
ative or uncertain history of varicella. Many methods are used
including CF, indirect fluorescent antibody, fluorescent anti-
body to membrane antigen, radioimmunoassay, latex aggluti-
nation, and ELISA. These tests vary in sensitivity. CF is widely
used, but is the least sensitive. Fluorescent antibody to mem-
brane antigen is sensitive, but cumbersome. Commercial
ELISA tests range in sensitivity from 86% to 97%.100

Clinical presentation

After an incubation period from 10 to 20 days (usually
13–17 days), fever and rash commonly occur simultaneously
in children. In adults, fever and generalized malaise usually
precede the rash by several days. The rash usually begins on
the face and scalp and then spreads to the trunk. There is
usually minimal involvement of the extremities. The skin
lesions begin as macules and proceed to a vesicular and then
a pustular stage. Healing is heralded by the presentation of
crusts and scabs. The prominent feature of the disease is
itching. Over a period of 2–5 days, new crops of lesions occur,
and lesions in various stages of progression are usually present
at the same time.

Bacterial infection of the skin is the common secondary
complication of chickenpox.96 Encephalitis, meningitis,
myocarditis, glomerulonephritis, and arthritis are all rare
complications in childhood. The most serious complication 
of varicella infection is pneumonia. It occurs more commonly 
in adults, but pneumonia does not appear to have an 
increased prevalence in pregnant women as opposed to other

adults.98,99,101 Currently, it is estimated that approximately
5–10% of adults with chickenpox develop pneumonia. In a
review of the literature on varicella pneumonia in pregnancy,
Young and Gershon96 noted that, of 77 cases of chickenpox
in pregnancy, 29% developed pneumonia. Because of selec-
tivity, we estimate that this incidence of varicella pneumonia
in pregnancy is high. Ten deaths occurred, all in women who
had pneumonia. The mortality of varicella pneumonia in this
series was 45%. There were no severe complications in women
who did not develop pneumonia.96

For the clinician, the main objective is to maintain a high
index of suspicion for pneumonia in women who have varicella
infection in pregnancy. Pulmonary symptoms usually begin on
the second to sixth day after the appearance of the rash, and
usually present with mild nonproductive cough. If the disease
is more severe, there may be additional symptoms, including
hemoptysis, dyspnea, pleuritic chest pain, or progression to
frank cyanosis. Physical examination in women who develop
pneumonia would include looking for signs of fever, rales, and
wheezes. Chest radiography characteristically shows a miliary
pattern or a diffuse nodular pattern. On chest radiography, the
perihilar regions are more likely to be involved. Women who
have varicella infection without complications in pregnancy do
not need to be hospitalized. However, women with this infec-
tion must be warned to contact their physician immediately in
the event of any pulmonary symptoms, including a mild cough.
At this point, hospitalization with full respiratory support, if
necessary, should be indicated.

In a series of 43 pregnancies complicated by maternal vari-
cella, Paryani and Arvin102 noted that nine women had devel-
oped associated morbidity. Varicella pneumonia developed in
four of these women (9%), one of whom died. Premature
labor developed in 4 out of 42 (10%), with premature deliv-
ery occurring in two (5%). Another woman developed herpes
zoster infection.

If a pregnant woman is exposed to varicella, it is likely that
she is immune but, if she is not immune, it is most probable
that she will be infected. McGregor and colleagues103 pointed
out that most pregnant women have detectable antibodies
even if they have a negative history of chickenpox. In their
series, 12 out of 17 (71%) such women were already antibody
positive. Of those women with indeterminate histories,
approximately 90% were immune. On the basis of these data,
it appears appropriate and cost-effective to test for maternal
antibody by any of the following tests: fluorescent antibody
to membrane antigen, ELISA, enhanced neutralization test,
and immune adherence hemagglutination. A reliable history
of varicella is a valid measure of immunity, according to the
CDC.100

If it is found that a woman has been exposed and is 
susceptible, varicella zoster immune globulin (VZIG) should
be strongly considered. When administered intramuscularly
within 96h of exposure, it is likely that VZIG ameliorates the
course of the maternal disease as it does in children.104

However, it is not at all certain that passive immunity with
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VZIG prevents fetal infection. Currently, there is no reason to
believe that VZIG in pregnancy is harmful. Thus, the only dis-
advantage of providing VZIG to nonimmune pregnant women
with exposure to varicella is the cost, currently US$400 for
the adult dose.100

Acyclovir is a synthetic nucleoside analog that was intro-
duced into clinical practice in the early 1980s. Its activity
against VZV is considerably less than its activity against HSV.
The safety of acyclovir therapy in pregnancy has not been
established, but considerable experience to date (mainly in
women with genital herpes infection) has been reassuring.
Accordingly, in instances of serious complications of varicella
infection such as pneumonia, use of intravenous acyclovir
should be strongly considered. Use of acyclovir orally for the
treatment of milder manifestations of varicella infection is con-
troversial. Clinical trials among adolescents and adults have
shown that acyclovir is effective in reducing the duration of
severity of illness if the drug is initiated within 24h of the onset
of the varicella rash. Although the CDC does not recommend
oral acyclovir for pregnant women, consideration should be
given to its use early in the course of infection, provided the
limited benefits and hypothetical risks are considered.100

In 1995, a live-attenuated varicella vaccine virus (Varivax)
was introduced by Merck and Company. It is recommended
that vaccination should be considered for susceptible women
of childbearing age who are not pregnant. Varicella immunity
may be ascertained at any routine healthcare visit, and women
should be asked if they are pregnant and advised to avoid
pregnancy for 1 month after each dose of the vaccine. The
effects of the varicella vaccine on the fetus are unknown. It is
recommended that pregnant women should not be vaccinated.
Wild-type varicella poses only a small risk to the fetus and,
because the virulence of the attenuated virus is less than that
of the wild-type virus, the risk to the fetus, if any, is estimated
to be even lower. In most circumstances, the decision to ter-
minate a pregnancy should not simply be based on vaccine
administration during pregnancy.100

Varicella in the newborn

Acquisition by the fetus of maternal antibody is usually pro-
tective. However, an infant born after maternal viremia, but
before maternal development of antibodies, is at high risk of
potentially life-threatening neonatal varicella infection. Infants
at risk are those whose mothers develop clinical varicella
within 5 days prior to birth or within the first 5 days after
delivery. Congenital varicella infection has been reported in
approximately 20% of term infants born to mothers with vari-
cella within this time-frame, and the case fatality has been
reported at approximately 30%. Infants born five or more
days after maternal development of clinical illness develop
either a mild varicella infection or none whatsoever. Both
zoster immunoglobulin and VZIG have been shown to modify
or prevent varicella infection in children, leading Brunell104 to
recommend their use in preventing severe neonatal infections.

Accordingly, infants at risk, as outlined earlier, should
receive VZIG as passive immunization at a dose of 125 units.
Weibel and colleagues105 have reported excellent results using
a live-attenuated varicella vaccine. The seroconversion rate
was 94%, and the vaccine was 100% effective in preventing
varicella. In a placebo-controlled group, approximately 10%
of children developed varicella.

Effect of varicella zoster infection 
in early pregnancy

Congenital birth defects due to varicella in early pregnancy
were not recognized until 1947.106 The syndrome of congeni-
tal varicella infection consists of limb hypoplasia, cicatricial
skin lesions, atrophic digits, psychomotor retardation, and
even bilateral cortical atrophy.106 Ultrasound findings can
include dermatomal skin scarring, limb hypoplasia, ventricu-
lomegaly, microcephaly, gastrointestinal and genitourinary
abnormalities, and cortical atrophy.45 We now recognize that
maternal varicella infection in the first trimester of pregnancy
may be responsible for such a syndrome, but the risk of the
fetus developing these anomalies with first-trimester chicken-
pox has only recently been recognized. The highest risk of
transmission is between 13 and 20 weeks’ gestation and occurs
through viremic seeding of the placenta and subsequent fetal
infection.107 Of 11 infants of women with first-trimester vari-
cella, one (9%) developed findings consistent with congenital
varicella syndrome.102 More recent estimates have down-
graded the risk to anywhere from 0.4% to approximately
1–2%.45,108,109 Fetal infection can be determined by either
culture of or PCR detection in amniotic fluid, with PCR being
the more sensitive method.45

Effect of zoster in pregnancy

Herpes zoster infection, as noted, is caused by the same virus
that causes clinical chickenpox. Zoster occurs rarely in preg-
nancy and, because it is a reactivation, maternal antibodies
are already present. In healthy women, zoster poses no special
threat to the fetus or newborn.

Influenza

Influenza viruses belong to the myxovirus group and cause the
clinical entity of influenza that occurs in epidemics. Type A
influenza is responsible for most epidemics and is associated
with more severe disease, whereas types B and C occur less
frequently.110

Epidemiology

The frequency and severity of influenza outbreaks have been
related to changes in the viral antigens.110 The major antigenic
changes occur at 10- to 30-year intervals and are associated
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with severe infection because of the absence of protective anti-
bodies. Two major pandemics occurred in 1918 and in
1957–1958. More than 20 million deaths occurred worldwide
during the pandemic of 1918.111

Clinical presentation

With a short incubation period of 1–4 days, influenza pres-
ents with abrupt onset of an upper respiratory infection, fever,
malaise, myalgia, and headache. With wide clinical variabil-
ity, the major portion of the disease lasts approximately 3 days
in most cases.

Definitive diagnosis can be made by isolation of the virus
from throat washings during acute illness or by serologic con-
firmation of a fourfold rise in antibody. Although these anti-
bodies are of the CF or hemagglutination inhibition types, they
are rarely indicated clinically.

Effects on the mother

For the obstetrician, the major concern of influenza infection
in pregnancy is the increased likelihood of potentially life-
threatening pneumonia. From reports from the epidemics of
1918 and 1957, it appears that pregnant women were dis-
proportionately represented in individuals dying of influenza.
In addition, reported estimates of overall maternal mortality
were approximately 27%, with a mortality of up to 61% in
cases complicated by pneumonia prior to the era of treat-
ment.112 It is not certain, however, whether pregnant women
are more likely to develop influenza or whether they are more
likely to develop influenza pneumonia. Yet, if influenza pneu-
monia develops in pregnancy, it is more severe. Deaths among
pregnant women with influenza may result from secondary
bacterial infection and from primary influenza pneumonia
without secondary superinfection.

Effects on the fetus

Contradictory data exist on the effects of influenza on abor-
tion, prematurity, and congenital anomalies.113 These studies
may be summarized as noting that the vast majority of women
who have influenza in pregnancy have normal outcomes and
that there seems to be little influence on congenital abnor-
malities, intrauterine growth, prematurity, or stillbirth.

Hepatitis

Viral hepatitis is a common infection that predominantly
affects the liver. Of all cases of hepatitis in pregnancy, approx-
imately 50% are caused by hepatitis B. Hepatitis A is respon-
sible for approximately 25% of cases, and hepatitis C (most
of which was formerly nonA, nonB hepatitis) is responsible
for most of the remainder. Laboratory diagnosis can now
confirm the presence of hepatitis A, B, or C infection. Hepati-

tis A is also referred to as infectious hepatitis or short-
incubation hepatitis, and hepatitis B has been referred to as
serum hepatitis, long-incubation hepatitis, and hepatitis B
surface antigen-positive hepatitis. Other infections that may
cause a secondary hepatitis include Epstein–Barr virus (EBV)
infection, coxsackie B infection, CMV infection, and others.
In this chapter, the main emphasis is on the consequences of
hepatitis B infection in pregnancy.

Epidemiology

Hepatitis B is a worldwide problem with an estimated 5%
prevalence. Thus, it is estimated that there are more than 200
million carriers throughout the world. In the United States,
which is a low-prevalence area, it is estimated that the preva-
lence is from 0.01% to 0.5% of the population [an estimated
1 million hepatitis B virus (HBV) carriers].110 Women in the
United States most at risk for hepatitis B surface antigenemia
(HBsAg) are characterized as follows:
• Asian Pacific Basin or Native Alaskan women, whether
immigrants or born in the United States, 15%;
• Haitian, subSaharan African, Eastern European, Middle
Eastern, Caribbean, Central or South American women, 15%;
• Women with occupational exposure (e.g., medical or
dental), 0.5–1.0%;
• Women working or residing in custodial institutions, 
3%;
• Women with acute or chronic liver disease, illicit drug users,
or women with multiple blood transfusions, 7–10%;
• Women living in a household with an HBV-infected person,
6–13%.

The impact of HBV infection is immense. Its consequences
include chronic hepatitis, cirrhosis, and primary hepatocellu-
lar carcinoma. Of an estimated 300000 new cases yearly in
the United States, 75000 of these patients become clinically
ill, including 15000 requiring hospitalization. A small
number, estimated at 375, die of fulminant disease. Some
6–10% become chronic carriers, and as many as 25% of these
HBV carriers eventually die of cirrhosis or hepatocellular car-
cinoma. Despite the availability of an effective vaccine, the
incidence of HBV reported to the CDC has remained high.
The incidence of hepatitis B infection in pregnant women is
the same as that in the general population, and the course of
the disease in pregnancy is probably not altered.

HBV infection is spread by sexual transmission, blood
transfusion, intravenous drug abuse, and intrauterine or peri-
natal transmission from the mother to the fetus or newborn.
The major concern in pregnancy is transmission to the infant.
In the Far East, approximately 40% of HBV cases in mothers
result in vertical transmission to the fetus or newborn.114 In
the United States, the reported overall risk of perinatal HBV
transmission from HBV surface antigen-positive mothers
ranges from 20% to 50%, with the rate of transmission
depending on population characteristics. These influencing
characteristics include ethnic background, lifestyle, and 
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persistence of the HBe antigen (HBeAg). Nonfulminant hepa-
titis probably does not increase fetal wastage, but may be asso-
ciated with an increased risk of prematurity. Finally, there is
no apparent increase in congenital anomalies associated with
maternal hepatitis B infection in pregnancy.

For hepatitis C, the principal risk factors include intravenous
drug use and multiple blood transfusions. Approximately 90%
of cases of post-transfusion hepatitis now result from hepatitis
C infection. Other risk factors include heterosexual contact,
organ donation, needlestick injury, and vertical transmission
from mother to fetus. The overall prevalence of hepatitis C
infection has been reported to be approximately 2–7%, but
these are data from at-risk populations, including those from
sexually transmitted disease clinics and intravenous drug users.

Determining the rate of perinatal transmission of hepatitis
C virus (HCV) has been problematic, as initial reports were
highly variable. Two groups appear to be at high risk for peri-
natal transmission: women who are coinfected with human
immunodeficiency virus (HIV)115 and women who have a large
viral inoculum.116 When the viral inoculum is low and when
the mother is not coinfected with HIV, the likelihood of peri-
natal transmission is approximately 4.5%, whereas it is about
18% in the presence of HIV co-infection. In mothers with cir-
culating levels of HCV RNA of 10 million copies or greater,
the risk of perinatal transmission seems to be as high as 36%,
but perinatal transmission virtually does not occur when levels
are below this viral load.117

Virology and serology

HBV is a DNA virus that is 42nm in diameter. The outer
protein coat is the so-called surface, the HBsAg. This antigen
is produced in excess by the virus and appears in the serum
of individuals with active infection. The central core contains
DNA, a DNA polymerase, and the core antigen, HBcAg. The
core antigen is found only in infected liver cells, not in the
serum. The third antigen, HBeAg, is found in the serum and
is a marker of high rates of perinatal transmission.

Each of these three antigens has a corresponding antibody:
anti-HBs, anti-HBc, and anti-HBe. The serologic pattern that
is followed in 90% of cases of HBV infection is that, within
6 months of infection, all antigens are cleared from the serum.
This individual becomes noninfectious. The antibodies to HBs
and to HBc are lifelong markers of prior infection. [For further
details, see the two figures in the hepatitis B section (diagno-
sis) in the following viral hepatitis website: http://web.uct.
ac.za/depts/mmi/jmoodie/dihep.html.]

In the remaining 10% of individuals with HBV infection,
there is persistence of HBsAg beyond 6 months. Approxi-
mately 60% of these women with persistence of infection
develop chronic persistent hepatitis. Approximately 10% have
asymptomatic HBsAg antigenemia, and approximately 30%
have chronic active hepatitis. All these groups are potentially
infective to others including, in pregnant women, transmission
to the offspring. This is a group that is the target for prenatal

screening. Transmission rates from mother to fetus or neonate
are as follows:118,119

• Acute HBV in third trimester or within 1 month of deliv-
ery: 80–90% infection rate in infant;
• Asymptomatic, HBeAg positive: 90% infection rate in
infant;
• Asymptomatic, HBeAg negative: 10–30% infection rate 
in infant;
• Asymptomatic, HBsAg positive: 0–10% infection rate in
infant.

HCV is a single-stranded RNA virus that is 30–38nm in
diameter. The antigen is the hepatitis C antigen (HCAg), and
the antibody is the anti-hepatitis C antibody (anti-HC). 
Anti-HC antibody is identified by third-generation tests,
including the enzyme immunoassay for screening and the
recombinant immunoblot assay as the confirmatory test. The
antibody may not be present until 6–16 weeks after the onset
of clinical illness. PCR methodology is now used to detect 
hepatitis C RNA, with high levels denoting a high likelihood
of infectivity.

Clinical manifestations

After an incubation period of 45–160 days, hepatitis B may
become clinically evident. Initial symptoms often include fever,
headache, and abdominal pain, followed in several days by
spontaneous resolution. At this point, the urine may become
dark, and jaundice may be evident. The liver is usually some-
what enlarged and tender. As the jaundice resolves, the patient
spontaneously feels better and usually recovers rapidly. As
noted, in approximately 10% of patients with hepatitis B, a
form of chronic disease continues. Hepatitis B may present as
an acute fulminated form that may become fatal, although this
is quite rare in well-nourished Western populations. Fulminant
hepatitis is heralded by a rapidly shrinking liver, rapidly rising
bilirubin level, and abnormalities in prothrombin time, with
development of encephalopathy and ascites. The mortality
rate in such cases of fulminant hepatitis is greater than 80%.

In neonates, the most frequent presentation of hepatitis
infection is an asymptomatic child with chronic infection.
Clinical illness is relatively infrequent with congenital hepati-
tis, but approximately 10% of neonates with asymptomatic
disease become jaundiced within the first 3–4 months of life.

Treatment

Most women with hepatitis B infection during pregnancy can
be managed on an outpatient basis. There is no specific treat-
ment, but supportive measures include increased bedrest and
a high-protein, low-fat diet. Specific indications for hospital-
ization of women with viral hepatitis include severe anemia,
diabetes, protracted nausea and vomiting, abnormalities in
prothrombin time, a rapidly falling or low serum albumin
level, and a high serum bilirubin greater than approximately
15mg/dL.
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Prevention

Women with a definite exposure to HBV should be given hep-
atitis B immune globulin (HBIG) as soon as possible within a
7-day period of exposure, with a second dose 30 days after
the first. Such passive immunization would be indicated for
hospital exposures and inoculation with contaminated
needles. Until June 1988, the CDC had recommended screen-
ing of pregnant women for asymptomatic hepatitis B infection
on a selective basis. However, in mid-1988, the CDC120 over-
hauled these recommendations based on several studies
demonstrating that selective screening only identified 50% of
women who were HBsAg positive.120–123 The study popula-
tions were medically indigent women in Cleveland, New
Orleans, and Miami, for example. In middle-class popula-
tions, the sensitivity of selective screening has not been well
studied. Yet, a cost-analysis study carried out at the CDC con-
cluded that, even in extremely low-prevalence populations
(with a prevalence of less than 0.1%), the universal screening
program would be cost-effective.124

The purpose of universal screening is to allow treatment of
newborns of HBsAg-positive women with HBIG and hepati-
tis B vaccine, a regimen that is 90% effective in preventing the
development of an HBV chronic carrier state in the newborn.
The specifics of the recommendation are that women should
be tested for HBsAg during an early prenatal visit. Testing for
additional markers is considered unnecessary. Even though
women who have HBeAg are at a much higher risk of peri-
natal transmission, there is still a risk of about 10–15% of
perinatal transmission in women who do not have HBeAg but
who have HBsAg. If a woman is identified as being HBsAg
positive, she should be evaluated for active liver disease.
Infants born to HBsAg-positive women should receive HBIG
(0.5mL intramuscularly) once they are stable, preferably
within 12h of birth. In addition, these infants should receive
the recombinant HBV (Recombivax HB) vaccine (5µg per
dose), or they may receive the plasma-derived (Engerix-B)
vaccine (10µg per dose).125 Either of these vaccines should be
given intramuscularly in the following sequence of three 
doses: the first at birth and the second and third at 1 and

6 months of age respectively. It is estimated that the direct 
cost to prevent one newborn from becoming a chronic HBV
carrier would be approximately US$12700 if the prevalence
of HBsAg in a given population is approximately 5 in 1000.12

In infants born to seronegative mothers, HBIG is not indi-
cated, but active vaccination is now recommended for all
neonates.

Household members and sexual partners of women identi-
fied as being HBsAg positive should be tested to determine sus-
ceptibility to HBV infection. Susceptible individuals should
receive the HBV vaccine.126

Women who deliver without prenatal care should be tested
as early as possible on delivery admission so that infants at
risk can begin to receive their prophylaxis within 48h after
birth. It is further recommended that hospitals that cannot
rapidly test for HBsAg either develop this capability or offer
testing to another laboratory.126

As a further preventive measure, it is recommended that uni-
versal precautions be applied, including the use of gloves,
masks, and glasses or goggles by delivery room personnel to
keep infectious fluids away from the mouth, nose, eyes, and
breaks in the skin. These precautions are equally important in
guarding against HBV infection and in preventing the trans-
mission of HIV. Thus, to prevent both these serious infections,
as well as hepatitis C infection, universal blood and body 
fluid precautions are the best measures for preventing noso-
comial transmission.126 Finally, all healthcare personnel are
required to undergo hepatitis B vaccination in most healthcare
facilities.

With hepatitis C, there does not appear to be any prophy-
laxis against perinatal transmission, and there does not appear
to be a protective benefit from Cesarean delivery over vaginal
delivery. As a result, even routine screening of otherwise
asymptomatic pregnant women for hepatitis C is not 
recommended.117

Other microbial infections

Details of these can be found in Table 18.1.

279

Key points

1 Group B streptococcus (GBS) is a significant
contributor to neonatal morbidity and mortality. GBS
prophylaxis is highly effective in reducing perinatal
infection and is the standard of care in women known
to be GBS carriers or who are considered to be high
risk.

2 GBS prophylaxis should be with penicillin. In
penicillin-allergic patients without anaphylaxis,
intravenous cephazolin is the preferred treatment. In

patients who have a history of anaphylaxis with
penicillin exposure, sensitivities should be obtained for
the GBS isolate with regard to erythromycin and
clindamycin. If the isolate is resistant to either
antibiotic or both, then intravenous vancomycin is the
preferred antibiotic for prophylaxis.

3 Diagnosis of intrauterine (fetal) toxoplasmosis is
clinically available in the form of PCR analysis of
amniotic fluid obtained via amniocentesis.
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Antibiotics are widely used during pregnancy. Because of the
potential for maternal and fetal side-effects, they should be
used only when the indication is clear and the risk–benefit
ratio justifies their use. Pregnant patients should be warned
that they are particularly susceptible to yeast infections and
may need therapy later with antifungal agents. Free samples
of the newest drugs should not be given to women who might
become pregnant, as there is often no human pregnancy infor-
mation on recently marketed drugs.

Penicillins

The penicillins have a wide margin of safety and lack toxicity
in both the pregnant woman and the fetus.1 There is no evi-
dence that penicillin or its derivatives are teratogenic. In the
Collaborative Perinatal Project, 3546 mothers took penicillin
derivatives during the first trimester of pregnancy, with no
increased risk of anomalies.1 In a separate study, there was no
increase in birth defects in 86 women exposed to dicloxacillin
during the first trimester.2

Several studies have revealed that, in patients receiving
equivalent dosages, the serum level of penicillins is lower and
renal clearance higher throughout pregnancy than in the non-
pregnant state.3 Because of an increase in both renal blood
flow and glomerular filtration rate, the increase in maternal
renal function results in a higher renal excretion of drugs. The
expansion of the maternal intravascular volume during 
the late stages of pregnancy is another factor that affects
antibiotic blood levels.

The transplacental passage of penicillin occurs by simple
diffusion. Maternal administration of penicillins with a 
high protein-binding capacity (e.g., oxacillin, cloxacillin,
dicloxacillin, and nafcillin) results in lower fetal tissue and
amniotic fluid levels than the administration of penicillins with
a low protein-binding capacity (e.g., penicillin G, ampicillin,
and methicillin).4 The antibiotic is ultimately excreted in the
fetal urine and thus into the amniotic fluid. At term, maternal

serum and amniotic fluid concentrations of penicillin G, ampi-
cillin, and methicillin are equal at 60min after intravenous
administration, representing rapid passage into the fetal 
circulation and amniotic fluid.

Most penicillins are primarily excreted in the urine
unchanged, with only small amounts being inactivated in the
liver. This requires a reduction in dosage in patients with
impaired renal function, and an increase in dosage during
pregnancy.

Clavulanate is added to penicillin derivatives to broaden
their antibacterial spectrum. In a study of 556 infants 
exposed to clavulanate during the first trimester, no increased
risk of birth defects was observed.5 Amoxicillin/clavulanate
was studied in randomized controlled trials as potential
therapy for chorioamnionitis in women with preterm prema-
ture rupture of membranes.6 During this trial, amoxicillin/
clavulanate was compared with both placebo and erythromy-
cin. An increased incidence of necrotizing enterocolitis was
found in the amoxicillin/clavulanate group compared 
with both the placebo and erythromycin groups.6 It has been
suggested that amoxicillin/clavulanate selects for specific
pathogens, which leads to abnormal microbial colonization of
the gastrointestinal tract and ultimately initiation of necrotiz-
ing enterocolitis. Therefore, amoxicillin/clavulanate should be
avoided in women at risk of preterm delivery.7

Penicillin G, ampicillin, and amoxicillin are excreted into
breast milk in low concentrations.4,8 Oxacillin and
dicloxacillin9 are highly protein bound and are excreted into
breast milk in particularly small amounts. Although no
adverse effects are attributable to penicillin in breast milk,
three theoretical problems might be seen in the nursing infant:
modification of bowel flora (possible diarrhea, candidiasis),
allergic response, or interference with the interpretation of
culture results. The benefits of continued breastfeeding usually
outweigh these potential risks; when these drugs are used to
treat mastitis or other infections in breastfeeding mothers,
continued nursing is recommended.

19 Antibiotics and other antimicrobial
agents in pregnancy and 
during lactation
Janet I. Andrews and Jennifer R. Niebyl
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ANTIBIOTICS AND OTHER ANTIMICROBIAL AGENTS IN PREGNANCY AND DURING LACTATION

Cephalosporins

In a study of 5000 Michigan Medicaid recipients, it was sug-
gested that there was a teratogenic risk (25% increase in birth
defects) following exposure to cefaclor, cephalexin, and
cephradine but not other cephalosporins.10 A separate study
of 308 pregnant women exposed to cephalosporins during the
first trimester showed no increased risk of malformations.11

However, because other antibiotics (e.g., penicillin, ampicillin,
amoxicillin, erythromycin) that have been used extensively
have not been associated with an increased risk of congenital
defects, they should be first-line therapy when antibiotic
treatment is required during the first trimester.

Maternal serum levels of cephalosporins during pregnancy
are lower than those in nonpregnant patients receiving equiv-
alent dosages owing to a shorter half-life in pregnancy and an
increased volume of distribution. Renal elimination is also
increased in pregnancy.12 These drugs readily cross the pla-
centa into the fetal bloodstream and, ultimately, the amniotic
fluid.

The cephalosporins are excreted into breast milk in suffi-
ciently low concentrations that the infant receives an insignif-
icant dose. Although the same theoretical concerns exist as
with penicillins, the advantages of continued breastfeeding
during treatment usually outweigh any potential risks.

Sulfonamides

Studies of several thousand human infants to investigate the
potential risk of exposure to sulfonamides during the first
trimester of pregnancy have found no evidence of teratogenic
effects.1,13

Sulfonamides cause no known damage to the fetus in utero
because the fetus can clear free bilirubin through the placenta.
However, these drugs might theoretically have deleterious
effects if present in the blood of the neonate after birth. The
sulfonamides compete with bilirubin for binding sites on
albumin, thus raising the levels of free bilirubin in the serum
and increasing the risk of hyperbilirubinemia or kernicterus in
the neonate.14 For that reason, it is recommended that an alter-
native antibiotic is used during the third trimester if possible.
However, kernicterus in the neonate has been reported 
only with neonatal administration, not following in utero
exposure.

The sulfonamides are easily absorbed orally and readily
cross the placenta, achieving fetal plasma levels that are
50–90% of those attained in the maternal plasma. The mater-
nal serum levels of the drug are similar to those in nonpreg-
nant individuals.15

Trimethoprim, a folate antagonist in bacterial systems, is
often given with a sulfa drug for the treatment of urinary tract
infections. Two small trials including 131 women failed to
show any increased risk of birth defects after first-trimester

exposure.16,17 However, in 2296 Michigan Medicaid recipi-
ents, first-trimester trimethoprim exposure was associated
with an increased risk of birth defects, particularly cardiovas-
cular,18 and in retrospective studies the risk of cardiovascular
defects and oral clefts was increased two- to threefold.19,20

Sulfonamides are excreted into breast milk in low concen-
trations.13 The amount of sulfonamide ingested by an infant
is sufficiently low not to have any toxicity (less than 2% of
the maternal dose) and so breastfeeding is usually continued
during administration of these drugs. However, the adminis-
tration of sulfa drugs to infants who are ill, stressed, or jaun-
diced, or who have glucose-6-phosphate dehydrogenase
(G6PD) deficiency, is best avoided.13 With these precautions,
the American Academy of Pediatrics considers sulfonamides
compatible with breastfeeding.21 Trimethoprim is also
excreted in breast milk in small amounts, and is compatible
with breast feeding.

Nitrofurantoin

A link between the use of nitrofurantoin and congenital
defects has not been reported. In the Collaborative Perinatal
Project,1 no significantly increased risk of anomalies or 
other adverse effects were seen in 590 infants exposed to nitro-
furantoin during pregnancy (83 during the first trimester). In
the Michigan Medicaid data,22 1292 infants were exposed
during the first trimester with no increased risk of birth
defects.

Nitrofurantoin absorption from the gastrointestinal tract
varies depending on the form of drug administered. The
macrocrystalline form is absorbed more slowly than the crys-
talline form and is associated with less gastrointestinal intol-
erance. Therapeutic serum levels are not achieved; therefore,
this drug is not indicated when there is a possibility of 
bacteremia, such as with pyelonephritis.

Nitrofurantoin is excreted into breast milk in very low con-
centrations; the drug could not be detected in 20 samples
taken from mothers receiving a dose of 100mg, four times a
day.23,24

Tetracyclines

The tetracyclines readily cross the placenta and are firmly
bound by chelating to calcium in developing bone and tooth
structures.25 This causes brown discoloration of the teeth,
hypoplasia of the enamel, inhibition of bone growth,26 and
other skeletal abnormalities. The yellowish-brown staining of
the teeth usually occurs after 24 weeks’ gestation, during the
second or third trimester, whereas bone incorporation can
occur earlier. Depression of skeletal growth is particularly
common among premature infants treated with tetracycline.
At present, alternative antibiotics are recommended during
pregnancy.
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CHAPTER 19

Hepatotoxicity has been reported in pregnant women
treated with large doses (2.4–4g daily) of intravenous tetra-
cyclines. This is dose related and has not been reported with
brief courses of therapy.

First-trimester exposure to tetracycline was not found to
have any teratogenic risk in 341 pregnant women in the 
Collaborative Perinatal Project,1 or in 174 women in a second
study.2 A third study looking at the effect of exposure to 
doxycycline in 63 women also found no teratogenic risk.27

Tetracycline is excreted into breast milk in low concentra-
tions. It is not detectable in the serum of breastfeeding infants,
and delayed bone growth from tetracycline has not been
reported in breastfed infants. This may be the result of the
high binding capacity of the drug for calcium and protein, 
limiting absorption from the milk. The American Academy 
of Pediatrics considers tetracycline to be compatible with
breastfeeding.21

Aminoglycosides

Gentamicin is preferred to tobramycin and amikacin, as it has
been more extensively studied in pregnancy. Streptomycin and
kanamycin have been associated with congenital deafness in
the offspring of mothers who took these drugs during preg-
nancy. In one study,28 the administration of 1g of streptomycin
twice weekly for 8 weeks during the first trimester resulted in
ototoxicity. A second study29 found that, out of the children
born to 391 mothers who had received 50mg/kg of kanamycin
for prolonged periods during pregnancy, nine had hearing loss
(2.3%).

Nephrotoxicity may be increased when aminoglycosides are
given in combination with cephalosporins, and this should be
avoided. Neuromuscular blockade may be potentiated by the
combined use of these drugs and curariform drugs; therefore,
the dosages should be reduced appropriately. Potentiation of
magnesium sulfate-induced neuromuscular weakness has been
reported in a neonate exposed to magnesium sulfate and 
gentamicin.30

Ototoxicity is the only known teratogenic effect associated
with the use of these drugs during the first trimester of preg-
nancy.31 No teratogenic effects were observed in 135 infants
exposed to streptomycin in the Collaborative Perinatal
Project.1 In addition, in a group of 1619 newborns whose
mothers were treated with multiple drugs, including strepto-
mycin, for tuberculosis during pregnancy, the incidence of
congenital defects was the same as that of the healthy control
group.32

The aminoglycosides are poorly absorbed after oral admin-
istration and are rapidly excreted by the normal kidney.
Because the rate of clearance is related to the glomerular 
filtration rate, dosage must be reduced in cases of abnormal
renal function and increased during pregnancy.

The serum aminoglycoside levels are usually lower in preg-
nant than in nonpregnant patients receiving equivalent doses

because of more rapid elimination. Thus, it is important to
monitor levels to prevent subtherapeutic dosing,33,34 as wide
interpatient variation in gentamicin levels has been observed
in obstetric patients. At full term, the concentrations of 
gentamicin in fetal blood are lower than those in maternal
blood.35

Once-a-day dosing (7mg/kg ideal body weight every 24h)
is recommended for gentamicin because this increases effi-
cacy36 while decreasing toxicity and cost.37 This dosing sched-
ule has been studied in patients with chorioamnionitis and
endometritis and has been shown to be safe and effective.38

Small amounts of gentamicin are excreted into breast milk;39

because oral absorption of these drugs by the infant is poor,
side-effects are not expected.

Macrolides

There have been no reports of a link between the use of eryth-
romycin and teratogenicity. Furthermore, there was no
increased risk of birth defects noted in 79 patients in the 
Collaborative Perinatal Project1 nor in 6972 patients in the
Michigan Medicaid data.40,41 There was no increased risk 
of birth defects in a study of 122 infants exposed during the
first trimester to clarithromycin.42

Erythromycin and its salts are not consistently absorbed
from the gastrointestinal tract of pregnant women, and
transplacental passage is unpredictable. Both maternal and
fetal serum levels achieved after the administration of the drug
in pregnancy vary considerably and may be low.43 For the
treatment of syphilis in pregnancy, desensitization and admin-
istration of penicillin is still the method of choice because
erythromycin therapy often fails.44 Fetal plasma concentra-
tions are 5–20% of those in maternal plasma. The usual oral
dose is 250–500mg every 6h, although the higher dose may
not be tolerated well in pregnant women, who are susceptible
to nausea and gastrointestinal symptoms.

Erythromycin is excreted into breast milk in small amounts;
however, no reports of adverse effects have been noted in
infants exposed to erythromycin in breast milk.40

Lincosamides

Of 647 infants exposed to clindamycin during the first
trimester, no increased risk of birth defects was noted.45 Clin-
damycin crosses the placenta, achieving maximum cord serum
levels of approximately 50% of the maternal serum.43 When
assessed at various stages of pregnancy, maternal serum levels
after dosing were found to be similar to those of nonpregnant
patients.33

Clindamycin is excreted into breast milk in low levels, and
nursing is usually continued during administration of this
drug.45 The American Academy of Pediatrics considers the use
of clindamycin to be compatible with breastfeeding.21

286

TCO19  9/13/06  4:59 PM  Page 286



ANTIBIOTICS AND OTHER ANTIMICROBIAL AGENTS IN PREGNANCY AND DURING LACTATION

Fluoroquinolones

The fluoroquinolones (e.g., ciprofloxacin, levofloxacin, nor-
floxacin) have a high affinity for bone tissue and cartilage and
may cause arthropathies in children. However, no malforma-
tions or musculoskeletal problems were noted in 38 infants
exposed in utero during the first trimester in one study,46 or
in 134 cases in a second study.47 An international multicenter
study48 prospectively followed 200 pregnant women exposed
to quinolones and compared them with a control group of
pregnant women exposed to nonteratogenic antimicrobials.
The rates of teratogenicity and achievement of developmental
milestones were reported. There were no differences in the
major malformations or musculoskeletal dysfunctions
between the two groups; however, the manufacturer recom-
mends that fluoroquinolones are not used during pregnancy
or in children. Gatifloxacin and moxifloxacin have not been
studied in pregnant women.

Ciprofloxacin is excreted in breast milk in small amounts,
and the use of quinolones during breastfeeding has not been
recommended because of the theoretical potential for
arthropathy in the infant. The manufacturer recommends that,
before breastfeeding is resumed, 48h elapse after administra-
tion of the last dose;49 however, the American Academy of
Pediatrics considers the use of ciprofloxacin to be compatible
with breastfeeding.21

Metronidazole

Controversy regarding the use of metronidazole during preg-
nancy began when the drug was shown to be positive in the
Ames test, which correlates with carcinogenicity in animals.
However, the doses used were much higher than the doses used
clinically, and carcinogenicity in humans has not been 
confirmed.50

Studies have failed to show any increase in the incidence of
congenital defects among the newborns of mothers treated
with metronidazole during early or late gestation. In a study
of 1387 prescriptions filled, the risk of birth defects could not
be determined;51 a subsequent meta-analysis confirmed no 
teratogenic risk.52

Metronidazole is excreted into breast milk in small
amounts. The American Academy of Pediatrics recommends
interrupting breastfeeding for 12–24h after a single oral dose
of 2g to allow clearance of the drug.21

Acyclovir and valaciclovir

The Acyclovir in Pregnancy Registry recorded 1695 exposures
during pregnancy from 1984 to 1998 (including 756 during
the first trimester), with no increased risk of abnormalities in
the infants.53 In addition, maternal systemic acyclovir treat-

ment has been used near term to prevent recurrent genital
herpes, with no adverse effects on the infants.54,55 The Centers
for Disease Control and Prevention (CDC) recommends that
pregnant women with disseminated infection, e.g., herpetic
encephalitis or hepatitis or varicella pneumonia, be treated
with acyclovir.56

Valaciclovir is rapidly converted to acyclovir, and the level
in breast milk is 2% of that of the maternal serum level, which
is far less than the therapeutic dose for neonates.57

Antiretrovirals

In general, pregnancy should not preclude using the optimal
regimen of antiviral therapy. Combination antiretroviral
therapy, usually consisting of two nucleoside analog reverse
transcriptase inhibitors and a protease inhibitor, is the recom-
mended therapy for HIV-infected nonpregnant adults.
However, it is important to take account of the circumstances
before selecting the appropriate antiretroviral regimen during
pregnancy.

Zidovudine (ZDV) should be included in the regimen when-
ever possible because of its excellent safety record and efficacy.
In a prospective cohort study,58 children exposed to ZDV
during the perinatal period as a result of the Pediatric AIDS
Clinical Trials Group Protocol 076 were studied up to a
median age of 4.2 years, with no adverse effects observed in
these children. The International Antiretroviral Registry was
established in 1989 to detect any major teratogenic effects of
antiretroviral drugs. Up to January 2004, over 1000 preg-
nancies had first-trimester exposures to ZDV and lamivudine
with no reported increase in teratogenicity.59

Concerns have been raised regarding the use of some anti-
retroviral therapies in pregnancy. Efavirenz is not recom-
mended during pregnancy because of reports of significant
fetal malformations in monkeys who received efavirenz during
the first trimester of pregnancy, and also three case reports of
fetal neural tube defects in women who received the drug.60

In 2001, Bristol–Myers Squibb issued a warning advising
against the use of didanosine and stavudine in pregnant
women because of case reports of lactic acidosis, including
fatalities.61 These two drugs should be used only if no alter-
natives are available.

Breastfeeding is not recommended in women with HIV
infection, as the virus is transmitted in milk. However, one
study has shown that women who received ZDV during 
pregnancy, labor, and for a week postpartum had a 38%
reduction in the vertical transmission of HIV, despite breast-
feeding, compared with control subjects.62

Anti-influenza drugs

Four drugs are currently recommended for the prevention or
treatment of influenza in the USA: amantadine, rimantadine,
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zanamivir, and oseltamivir. In a surveillance study of Medic-
aid recipients, 64 pregnant women were exposed to amanta-
dine during the first trimester.63 Five of their infants were
diagnosed with congenital anomalies, which was higher than
the expected number of three. The CDC states that, because
of the unknown effects of influenza antiviral drugs on preg-
nant women and their fetuses, they should be used during
pregnancy only if the potential benefit justifies the potential
risk to the embryo or fetus.64

Amantadine is excreted into breast milk in low concentra-
tions. The manufacturer recommends that it is not used in
nursing mothers; it has not been evaluated by the American
Academy of Pediatrics.65

Isoniazid

There is no evidence of any teratogenic effect of isoniazid
(INH).66 The American Thoracic Society and the American
College of Obstetricians and Gynecologists state that 
treatment with INH for patients with a positive purified

protein derivative (PPD) test with a negative chest radiograph
should be delayed until after delivery because of a small risk
of maternal liver toxicity.67 A recent decision analysis recom-
mends starting treatment at 20 weeks antepartum.68 However,
if the probability of active tuberculosis is moderate to high,
the American Thoracic Society and CDC recommend initiat-
ing therapy with INH, rifampin, and ethambutol during 
pregnancy.69

Isoniazid is concentrated in breast milk; however, the Amer-
ican Academy of Pediatrics considers it to be compatible with
breastfeeding.21 The infant should be periodically examined
for signs of peripheral neuritis or hepatitis.70

Conclusions

Most antibiotics are safe to use during pregnancy but, as there
is the potential for fetal effects that are still unrecognized, they
should be used only when clearly indicated. A summary of
drug effects in pregnancy and lactation is presented in Table
19.1.
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Table 19.1 Teratogenic effects of antibiotics and anti-infective agents.

Drug First-trimester teratogen Perinatal effects Compatible with lactation

Penicillins No No Yes
Amoxicillin/clavulanate No Necrotizing enterocolitis in premature Yes

infants
Cephalosporins Unclear: may be specific to No Yes

cephalosporin
Sulfamethoxazole No Competes with bilirubin for albumin Yes, except in ill or 

binding sites; increased risk of jaundice premature infants
Trimethoprim Possible No Yes
Nitrofurantoin No No Yes
Tetracyclines No Tooth discoloration, decreased bone Yes

growth
Aminoglycosides No Ototoxicity (deafness) Yes
Erythromycin No No Yes
Clindamycin No No Yes
Fluoroquinolones No Arthropathies in exposed children? Yes
Metronidazole No No Unknown
Acyclovir No No Yes
Zidovudine No No Yes
Amantidine Possible Unknown Unknown
Isoniazid No Maternal hepatitis Yes
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Key points

1 Penicillin and its derivatives are safe for use in
pregnancy.

2 Amoxicillin/clavulanic acid should be avoided in
women at risk for preterm delivery as it increases the
risk of necrotizing enterocolitis in the premature infant.

3 Sulfonamides cause no harm to the fetus in utero as the
fetus can clear free bilirubin through the placenta. In
the neonate, they increase the risk of hyperbilirubinemia.

4 Trimethoprim should not be given during the first
trimester of pregnancy as it is a weak folic acid
antagonist and has been associated with a threefold
increased risk of cardiovascular defects and oral 
clefts.

5 Nitrofurantoin does not achieve therapeutic serum
levels and is inadequate therapy for pyelonephritis.

6 The tetracyclines bind to and inhibit developing bones
and teeth during the second and third trimesters of
pregnancy and are contraindicated at that time.

7 Once-a-day dosing is recommended for gentamicin as it
increases efficacy and decreases toxicity and cost.

8 Erythromycin is inadequate therapy for syphilis. For
penicillin-allergic patients, desensitization and
treatment with penicillin is recommended.

9 Fluoroquinolones have a high affinity for bone and
cartilage and the manufacturer recommends against
their use in pregnancy.

10 Studies have failed to show any risks of metronidazole
in pregnancy.

11 In patients with recurrent herpetic infections of the
vulva, prophylactic acyclovir in the last month of

pregnancy can prevent recurrences and the need for
Cesarean sections.

12 Pregnant women with varicella pneumonia should
receive acyclovir.

13 Pregnant women with HIV should receive 
combination antiretroviral therapy that includes
zidovudine (ZDV).

14 Breastfeeding is not recommended in women with HIV
as the virus is transmitted through breast milk.

15 A combination antiretroviral regimen that includes
both didanosine and stavudine should be avoided
because of the risks of lactic acidosis.

16 Pregnant women with a positive purified protein
derivative (PPD) and a negative chest radiograph
should have therapy with isoniazid (INH) postponed
until after delivery because of a small risk of maternal
liver toxicity.

17 Treatment of active tuberculosis during pregnancy
should be initiated with INH, rifampin and
ethambutol.

18 Efavirenz is not recommended during pregnancy
because of reports of malformations in monkeys and
fetal neural tube defects in women who received the
drug.

19 All antibiotics are compatible with breastfeeding except
for sulfonamides when the infant is ill or premature,
and possibly metronidazole and amantadine, whose
effects are unknown.

20 Gentamicin is poorly absorbed orally by the infant and
is safe during lactation.
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Genetic disorders can result from any one of several mecha-
nisms: numerical or structural alterations in chromosomal
constitution, mutation involving a single genetic locus
(mendelian), or the cumulative effect of several genes (poly-
genic), possibly interacting with environmental factors 
(multifactoral). In this chapter, the major principles underly-
ing these genetic mechanisms are reviewed. Perturbations of
these mechanisms are responsible for most of the disorders
whose diagnosis is considered elsewhere in Part VI.

Chromosomal analysis

Chromosomal analyses are usually performed on peripheral
blood (lymphocytes) or fibroblasts cultured from skin, gonads,
chorionic villi (mesenchyme), or amniotic fluid cells. Very
rapidly dividing cells (e.g., bone marrow, chorionic villus 
trophoblasts, fetal cord blood, newborn cord blood, or cancer
cells) may sometimes be analyzed without culturing. Rapid
techniques have been developed for the analysis of cord blood
or percutaneous umbilical cord blood. Fluorescence in situ
hybridization (FISH) analysis using chromosome-specific
probes can produce results within hours (see below), but it
provides information only on the chromosomes or chromo-
some regions tested. This may suffice if a specific disorder (e.g.,
trisomy 21 or 18) must be excluded; however, the information
obtained is obviously more limited than that resulting from a
complete chromosomal analysis.

If cultures are necessary, cells are grown in nutrient media
to which various growth factors are usually added. A speci-
fied period of growth is typical for a given tissue: overnight
for bone marrow, cord blood, and chorionic villus tro-
phoblasts; 48–72h for peripheral blood; and 7–14 days for
chorionic villus mesenchyme or amniotic fluid cells. The
preparation of cells for chromosomal analysis usually requires
the sequential addition of: (1) colchicine or desoxymethyl-
colchicine to accumulate metaphases; (2) a hypotonic solution
that causes cells to swell; (3) an acetic acid–methanol solution
to fix cells permanently; and (4) a dye to enhance chromosome

visibility. Traditionally, metaphases were photographed, prints
developed, and individual chromosomes aligned (Fig. 20.1)
Automated systems can now produce karyotypes directly from
metaphases. Published karyotypes usually portray realigned
chromosomes rather than the original metaphase. Analysis
generally requires counting 15–20 cells and karyotyping 2–5
of them. Not all cells are intact; some will have been damaged
(“broken”) in preparation and have hypodiploid counts. This
technical point is clinically relevant because approximately
2% of chorionic villi or amniotic fluid specimens contain one
or more spurious cells. A single hypodiploid cell is unlikely to
have clinical significance.

Sometimes, two or more cell lines exist in a single individ-
ual, a phenomenon called mosaicism. Because mosaicism
arises during embryogenesis, not all tissues show the same
complements. Of additional relevance to the obstetrician is
that the complements in chorionic villus trophoblasts may
differ not only from the complements of cultured chorionic
villus mesenchyme but also from those of the embryo.1

Routine cytogenetic analysis usually reveals approximately
450–500 bands per haploid set of chromosomes. Using high-
resolution chromosomal analysis, it is often possible to obtain
a resolution of about 1000 bands. At this level, each band 
consists of approximately 3000–4000 kilobases (kb) of DNA,
which are capable of translating about 30–40 genes. There-
fore, deletions, duplications, and rearrangements involving
considerable stretches of DNA can pass undetected, even with
high-resolution chromosomal analysis.

Molecular cytogenetic analysis and
fluorescence in situ hybridization

Exciting and useful advances have resulted from merging
molecular techniques with traditional cytogenetics. The basic
principle involves identifying a DNA sequence specific for a
given chromosome and then making the sequence fluorescent
for the purpose of cytological identification. In FISH analysis,
a single-stranded DNA probe hybridizes to its complementary
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DNA sequence when that specific sequence is present (Fig.
20.2). The DNA probe may be labeled directly with a fluo-
rochrome or indirectly by adding another compund (e.g.,
biotin) that is then conjugated secondarily with a fluo-
rochrome. If the probe is labeled directly, the fluor intercalates
into the host (unknown) DNA. FISH can be used to derive
information from interphase cells (e.g., uncultured amniotic
fluid cells).

Using composite probes coupled with suppressive hybridiza-
tion, whole chromosomes or chromosome segments can be
“painted” and uniquely visualized.

Definitions and cytological origin of
numerical chromosomal abnormalities

Aneuploidy is the lack of expected number of chromosomes
(n or 2n) in a haploid gamete or diploid cell. If an additional
chromosome is present (2n + 1), trisomy exists. The term
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Figure 20.1 Karyotype of normal male (46,XY) G bands. (From ref. 26, with permission.)

polysomy is sometimes applied if the additional chromosome
is a sex chromosome (e.g., 47,XXY).

There are several cytological mechanisms that can result in
trisomy, but in humans it usually arises de novo after meiotic
or mitotic nondisjunction. Nondisjunction may originate after
the failure of homologous chromosomes to disjoin in meiosis
I or the failure of sister chromatids to disjoin in either meiosis
II or mitosis. In humans, maternal meiosis I is by far the most
common cytological origin of autosomal trisomy.2 Non-
disjunction in maternal meiosis I is usually associated with a
maternal age effect (Table 20.1), whereas paternal non-
disjunction is minimally associated with paternal age.

Irrespective of cytological origin, nondisjunction during
meiosis produces aneuploid gametes and the resulting zygote
has the identical chromosomal constitution in all cells. By con-
trast, nondisjunction during mitosis produces two or more cell
lines (mosaicism).

Monosomy (2n − 1) arises by mechanisms that are similar
to those which result in trisomy. Indeed, meiotic nondisjunc-

TCO20  9/13/06  5:02 PM  Page 296



PRINCIPLES OF HUMAN GENETICS: CHROMOSOMAL AND SINGLE-GENE DISORDERS

tion leading to a disomic gamete also produces a complemen-
tary gamete lacking that chromosome. In addition, monosomy
may result from a chromosome merely lagging behind and
failing to pass to daughter cells (anaphase lag).

In polyploidy, more than two haploid sets of chromosomes
exist. The most common form of polyploidy is triploidy
(3n = 69), which may be characterized by either two mater-
nal or two paternal haploid complements. In humans, dis-
permy is the most common mechanism resulting in polyploidy.
Polyploidy is frequently detected among human abortuses but
rarely among neonates. Triploidy accounts for 25% of chro-
mosomally abnormal abortuses, or around 10–15% of all
first-trimester abortuses.

Definitions and cytological origin of
structural chromosomal abnormalities

Minor structural variation (polymorphism) exists among
human chromosomes without any apparent phenotypic con-
sequences. Examples include prominent satellites on acrocen-
tric chromosomes (nos. 13, 14, 15, 21, and 22) and variation
in the length of the Y long arm. Such “variants” are trans-
mitted in a dominant fashion.

On the other hand, major structural alterations clearly cause
phenotypic abnormalities. It can be assumed that many genes
are duplicated or deficient; phenotypic abnormalities might
also result if the position of a gene is altered with respect to
its neighbors (position effect). Several types of chromosomal
abnormalities are of clinical relevance.

Chromosomal deletion involves the loss of a portion of a
chromosome, either terminal or interstitial. Deficiencies

usually result from breakage and loss of an acentric fragment,
but may also arise after crossing over within a pericentric
inversion loop (see below). Autosomal deficiency usually leads
to embryonic death or malformation, but deficiency in a sex
chromosome is not necessarily as damaging.

A translocation occurs when, after chromosome breakage,
material is exchanged between two or more chromosomes
(Fig. 20.3). Rearrangement of genes need not necessarily be
deleterious, provided that genes are neither lost nor gained. If
the individual is phenotypically normal, it is assumed that no
genetic material is lost; such a translocation is said to be bal-
anced. If a translocation has led to a deficiency or excess of
genetic material, the rearrangement is said to be unbalanced.
Even if it is not evident on a karyotype, an unbalanced
rearrangement can be assumed if the individual is pheno-
typically abnormal. If a fetus or offspring shows the same
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Figure 20.2 Fluorescence in situ hybridization (FISH) on a human
blastomere biopsied from an eight-cell stage embryo. Fluorescent
signals corresponding to specific chromosomes 13, 18, 21, and X
are shown, demonstrating detection of a normal female (XX)
embryo. Courtesy of Farideh Z. Bischoff, Department of Obstetrics
and Gynecology, Baylor College of Medicine, Houston, TX, USA.

Table 20.1 Chromosomal abnormalities in liveborns.

Maternal age Risk of Down Total risk of chromosomal
syndrome abnormalities

20 1/1667 1/526*
21 1/1667 1/526*
22 1/1429 1/500*
23 1/1429 1/500*
24 1/1250 1/476*
25 1/1250 1/476*
26 1/1176 1/476*
27 1/1111 1/455*
28 1/1053 1/435*
29 1/1000 1/417*
30 1/952 1/384*
31 1/909 1/385*
32 1/769 1/322*
33 1/625 1/317
34 1/500 1/260
35 1/385 1/204
36 1/294 1/164
37 1/227 1/130
38 1/175 1/103
39 1/137 1/82
40 1/106 1/65
41 1/82 1/51
42 1/64 1/40
43 1/50 1/32
44 1/38 1/25
45 1/30 1/20
46 1/23 1/15
47 1/18 1/12
48 1/14 1/10
49 1/11 1/7

From ref. 25. Because sample size for some intervals is relatively
small, confidence limits are sometimes relatively large. Nonetheless,
these figures are suitable for genetic counseling.

*47,XXX excluded for ages 20–32 (data not available).

TCO20  9/13/06  5:02 PM  Page 297



CHAPTER 20

translocation as a normal parent, it can be assumed that the
translocation is balanced and the fetus is normal. When a de 
novo translocation is detected in villi or amniotic fluid cells,
it is hazardous to assume normalcy even if the translocation
seems balanced. A subtle rearrangement may not be recog-
nized, and this accounts for the 10–15% risk of phenotypic
abnormality.

Translocations may be either reciprocal or robertsonian. 
In reciprocal translocations, breaks and rearrangements 
occur in two or more chromosomes but do not involve cen-
tromeres (see Fig. 20.3). Thus, translocation heterozygotes 
still have 46 chromosomes, although two pairs of homologous
chromosomes differ in morphology and composition. In
robertsonian translocations, two of the acrocentric chro-
mosomes (nos. 13, 14, 15, 21, and 22) fuse at their cen-
tromere. Because no single acrocentric short arm is essential,
heterozygotes are phenotypically normal. These individuals
have only 45 chromosomes (centromeres) as a result of the
fusion.

Robertsonian translocations

Robertsonian translocations involve the acrocentric chromo-
somes 13, 14, 15, 21, and 22. The most common single
translocation involves chromosomes 14 and 21 (Fig. 20.4);
2–3% of Down syndrome cases result from this translocation.
Theoretically, one-third of the viable offspring of transloca-
tion heterozygotes should have Down syndrome; however, of
the viable offspring of female and male heterozygotes, empir-
ical data reveal that only 10–15% and 2–4%, respectively,
have Down syndrome.3,4 Liveborn normal offspring have an

equal likelihood of showing either translocation heterozygos-
ity (2n = 45) like their parents or normal chromosomal com-
plements (2n = 46).

In translocations involving chromosomes 21 and 22
[t(21;22)], female and male heterozygotes appear to be at a
relatively high risk for Down syndrome offspring (10–15%).3,4

Abnormal liveborn infants are uncommon in most other
robertsonian translocations involving two different chromo-
somes, e.g., in t(13;14) less than 1% of offspring have trisomy
13. These findings are not surprising, given that trisomies 13
and 14 are lethal and rarely result in liveborns. Nonetheless,
individuals with any robertsonian translocation should be
counseled about antenatal chromosomal studies.

Robertsonian translocations involving homologous chro-
mosomes have a bleak prognosis. Translocations involving
chromosome 13 [t(13;13)] or chromosome 21 [t(21;21)] yield
only abnormal liveborns or abortions (trisomy 13 or trisomy
21). Homologous translocations involving chromosomes 14,
15, and 22 almost always result in abortions; liveborns with
these trisomies have been reported but are very rare. Thus,
females with homologous translocations should be counseled
about sterilization or donor oocytes, whereas donor sperm can
be offered for male heterozygotes.

Reciprocal translocations

Many different reciprocal translocations exist, involving every
chromosome, including the acrocentrics. Ideally, empirical
data should be available for each translocation; however, at
present, only data for general categories exist. Counseling
requires attention to the mode of ascertainment.
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Figure 20.3 A reciprocal translocation between
chromosomes 4 and 10. Origin of derivative
chromosomes is shown. (From ref. 26, with
permission.)
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A reciprocal translocation may be ascertained in one of
several ways: through a balanced (clinically normal) proband
that is coincidentally detected (e.g., in a survey), through 
phenotypically normal couples having repeated abortions, or
through an abnormal fetus or infant having an unbalanced
karyotype. The risk of a parent having a liveborn child with
a chromosomal duplication or deficiency is higher in the last
situation than in the first two.4,5 The lower risk in the first sit-
uation presumably reflects selection against unbalanced segre-
gants at the level of the gametes or, more likely, of the embryo.
Overall, prenatal diagnosis and surveillance of couples where
either the male or female shows a reciprocal translocation
indicates that the risk of an unbalanced fetus is approximately
10%.3,4 Although substantial, these risks are still less than the
theoretical risks, which are as high as 50–60% (proportion of
unbalanced gametes), assuming random segregation and no
crossing over. Daniel and coauthors6 found that, if ascertained
through a full-term unbalanced neonate, the risks in unbal-
anced amniotic fluid specimens are 19% and 24% for female
and male carriers respectively. If ascertained through a couple
with repeated abortions, the risks are 3.5% and 1.5%. If
ascertained coincidentally, the risks are 5% and 4%. Liveborn
offspring who are phenotypically normal are equally likely to
have either normal chromosomes (46,XY or 46,XX) or the

same two balanced translocation chromosomes that are
present in the carrier parent. Although most reciprocal
translocations carry an empirical risk of only approximately
10%, the risk is higher for complex rearrangements involving
more than two chromosomes6 and for situations in which 3:1
segregation occurs.

An unresolved question is whether a translocation ascer-
tained through repeated abortions carries a risk for abnormal
liveborns that is as high as the risk ascertained through an
abnormal liveborn. In the study by Daniel and coauthors,6 the
risks appear to be lower. The question frequently arises
because approximately 2–3% of couples who experience
repeated abortions show a translocation.7 The clinician should
assume that the risks are similar, irrespective of ascertainment,
although this is probably conservative advice.

Sometimes it is not clear whether a de novo translocation
is balanced or not. An infant with an abnormal phenotype is
assumed to have an unbalanced rearrangement. With a normal
phenotype, the converse can be assumed. However, such rea-
soning is hazardous if a de novo translocation (or supernu-
merary marker chromosome) is detected at prenatal diagnosis,
even with a normal ultrasound. Warburton8,9 has provided
empirical data showing that the risks for de novo reciprocal
or robertsonian translocations are 6.7% and 3.7% 
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Figure 20.4 Diagram of possible
gametes and progeny of a
phenotypically normal individual
heterozygous for a translocation
between chromosomes 14 and 21.
Three of the six possible gametes are
incompatible with life. The
likelihood that an individual with
such a translocation would have a
child with Down syndrome is thus
33%. However, the empirical risk is
considerably less. (From ref. 27.)
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respectively. For de novo nonsatellited or satellited marker
chromosomes, the risks are 14.7% and 10.9% respectively.

Single gene abnormalities 
(mendelian inheritance)

In mendelian inheritance, a gene mutation usually involves
only a single genetic locus. A chromosome carrying a single
mutant gene with no other abnormality appears structurally
normal because the change involves only a minute deletion or
a change in a single nucleotide sequence. Analysis of a mutant
gene is therefore not ordinarily facilitated by cytogenetic
studies. Instead, the geneticist studies pedigrees, measures a
gene product or its metabolite, or examines the DNA coding
for the gene.

Definitions

Chromosomes exist in pairs, with one maternally derived and
one paternally derived. Chromosomes contain genes; thus,
genes, or more properly alleles (different states of a single
gene), exist in pairs. Alleles occupy identical places on homol-
ogous chromosomes and can become interchanged during
meiotic recombination.

The state of possessing a pair of identical alleles at a given
position is termed homozygosity; if alleles are dissimilar, het-
erozygosity exists. An allele capable of expression in its het-
erozygous state is dominant, whereas an allele capable of
expression only in homozygous form is recessive. These defi-
nitions apply only to autosomal loci; different circumstances
exist for X-linked loci. A recessive trait whose allele is located
on the X chromosome is expressed by all males (46,XY) 
carrying the recessive allele. Affected males are said to be 
hemizygous.

An important concept of particular relevance to autosomal
recessive inheritance is compound heterozygosity, in which the
two alleles are dissimilar but both abnormal (dysfunctional).
Compound heterozygosity is often clinically indistinguishable
from homozygosity for a single mutant allele. In autosomal
recessive disorders, analysis using molecular techniques has
shown that compound heterozygosity is the rule rather than
the exception (the exception arises in consanguineous
matings). In cystic fibrosis, some affected individuals are
homozygous for deletion of three nucleotides at position 508
(∆F508), but others have one such mutant allele and one 
other dysfunctional allele at the same locus (e.g., the 
missense mutation producing the premature stop (X) codon
W1282X).

Transmission of mutant genes in families

The familial patterns followed by mendelian traits depend not
only on whether the mutant gene is dominant or recessive but
also on whether the gene is located on an autosome or a sex
chromosome. There are five potential patterns of transmission:
autosomal dominant, autosomal recessive, X-linked domi-
nant, X-linked recessive, and Y-linked. The concept of mito-
chondrial inheritance, which for some genes yields maternal
transmission exclusively, is not discussed here. Y-linked inher-
itance is of relevance here with respect to transmission of 
male gender and transmission of certain genes necessary for
spermatogenesis.

Autosomal dominant inheritance

An autosomal dominant allele is recognized by its ability to
be expressed in more than one generation (Fig. 20.5). In auto-
somal dominant traits, equal numbers of males and females
are usually affected; the likelihood is 50% that an individual
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Figure 20.5 Idealized pedigree of common modes of
mendelian inheritance. From ref. 28.
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carrying a mutant autosomal dominant gene (allele) will trans-
mit that allele to any given offspring, male or female. If pen-
etrance (see below for definition) is complete, an unaffected
individual will not have an affected offspring.

However, autosomal dominant patterns are not always
associated with these idealized characteristics. Some individu-
als may be more severely affected than others, a phenomenon
known as variable expression. This characteristic has been
known clinically for decades, but the molecular basis has only
recently been elucidated. In a given gene, the exact mutation
may vary, e.g., a deletion or single-nucleotide substitution; this
is called molecular heterogeneity. Some molecular changes are
more deleterious than others; a mutation resulting in loss of
a gene product (protein) is likely to be more serious than a
mutation in which a single amino acid substitution has
occurred. Variable expression occurs not only between fami-
lies but also among affected members of a single family
(intrafamilial variability). A single mutant gene may also be
responsible for several ostensibly distinct phenotypic effects
(pleiotropy). Occasionally, an autosomal dominant allele may
exert its effect only on individuals of one sex (sex limitation).
Another characteristic of autosomal dominant inheritance is
that some individuals may be phenotypically normal yet carry
a mutant autosomal dominant allele. Such a mutant allele is
said to show lack of penetrance in the phenotypically normal
individual. Lack of penetrance probably reflects our inability
to study gene products or DNA directly; if molecular analysis
was possible in all disorders, “nonpenetrant” individuals
would probably show an abnormality in their DNA.

In the absence of an ability to measure DNA or its gene
products, an autosomal dominant allele in humans must be
recognized clinically. Usually, one of the following clinical
characteristics must exist for dominant inheritance to be 
recognized:
1 a lack of interference with reproductive ability (e.g., 
polydactyly);
2 manifestation only after reproduction is completed (e.g.,
Huntington’s disease);
3 a lack of penetrance or variable expressivity (i.e., a mini-
mally affected parent might have severely affected progeny).

Dominant disorders need not always have been transmitted
from an affected parent. The disorder may have arisen de
novo, as result of a new mutation in a sperm or oocyte. The
more severe the trait, the more likely it is that an affected indi-
vidual has a new mutation. Approximately 90% of achon-
droplasia cases occur as a result of new mutations, whereas
this occurs in relatively few cases of polydactyly. All individ-
uals with a dominant trait conferring sterility must represent
a new mutation.

Autosomal recessive inheritance

An autosomal recessive trait is expressed when an individual
is homozygous for the mutant allele, i.e., at a given genetic
locus both alleles show an identical mutation. As noted above,

different but equally dysfunctional alleles can also exist (com-
pound heterozygosity) and, for most disorders, this is usually
the case. An individual with a recessive trait is usually the
product of parents who are both heterozygous (carriers) for a
mutation at the same locus. If two heterozygotes mate, the
likelihood is 25% that a given offspring will be affected (see
Fig. 20.5). If multiple siblings of both sexes are affected, auto-
somal recessive inheritance should definitely be considered.
Consanguineous parents are more likely to carry an identical
allele (mutant or normal) than nonconsanguineous parents.
Thus, an individual with a recessive trait is relatively more
likely to arise from a consanguineous than from a noncon-
sanguineous union. The rarer a trait, the higher the propor-
tion of affected individuals who arise from consanguineous
unions. For common traits (e.g., cystic fibrosis, sickle cell
anemia), parents of affected offspring are usually not 
consanguineous.

Autosomal recessive inheritance can also occur if a homozy-
gous individual mates with a heterozygous individual, in
which case 50% of the offspring will be affected (pseudo-
autosomal dominant inheritance). This phenomenon is
becoming more frequent as survival to reproduction becomes
less unusual for serious autosomal recessive traits (e.g., cystic
fibrosis, sickle cell anemia).

The mathematical relationship between the frequencies of
homozygotes and heterozygotes is clinically important and is
expressed by the Hardy–Weinberg equilibrium. To illustrate,
suppose that the normal allele is A and the mutant allele is a;
A is said to have the frequency p, and a has the frequency q.
Because the frequencies of alleles at a given locus add up to
1, p + q = 1. Squaring both sides of the equation gives
p2 + 2pq + q2 = 1. In this binomial expansion, p2 becomes the
frequency of individuals homozygous for allele A (AA); q2 is
the frequency of individuals homozygous for allele a (aa); and
2pq is the frequency of the heterozygote (Aa). The frequency
of a mutant allele (q) is usually much less than the frequency
of a normal allele (p). If q is much less than 0.5, q2 will be
much less than 2pq because p will be nearly equal to 1.

The relative magnitudes of 2pq and q2 make it clear that
the “load” for deleterious recessive traits is carried mostly by
heterozygotes; relatively few homozygotes exist. To illustrate,
suppose the incidence of a trait (q2) is 1 in 10000. Thus, q = 1
in 100; p = 99 out of 100, or almost 1; and 2pq = 2 × 1 × 1
in 100 = 1 in 50, which is much more frequent than 1 in
10000 (q2). This mathematical exercise becomes clinically rel-
evant when addressing proposals for eliminating mutant
alleles from the population by selecting against homozygous
fetuses. Theoretically, eliminating heterozygous individuals
might also be unwise because they may possess an advantage
over those normal homozygous individuals who may have
been responsible for maintaining the mutant allele in the pop-
ulation. In fact, “normal” individuals may be heterozygous for
at least five or six deleterious recessive genes.

Clinically unaffected individuals who have a sibling with an
autosomal recessive disorder often inquire about the risk that
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their own offspring will have the disorder. Assuming that they
and their mate are not related, the risk of having affected off-
spring can usually be shown to be low. If heterozygote detec-
tion tests are not available (less often the case, fortunately,
with the use of molecular techniques), the a priori likelihood
that the unaffected individual is a heterozygote can be calcu-
lated if the incidence of the trait is known. The unaffected
sibling will have one of three equally likely genotypes: two will
be heterozygous and one homozygous for the normal allele;
the fourth genotype (homozygous mutant) is excluded on 
clinical grounds. Thus, the likelihood of the sibling being 
heterozygous is two in three. The likelihood of the sibling’s
mate being heterozygous for the same mutant gene reflects
gene frequency in the general population, as determined by
the Hardy–Weinberg equilibrium. If the trait were to have an
incidence of 1 in 8100 births, the heterozygote frequency is 1
in 45 (q2 = 1/8100; q = 1/90; 2pq = 1/45). Thus, the likelihood
that any given offspring will be affected is 2/3 × 1/45 ×
1/4 = 2/540 = 1/270. Rarer traits naturally confer a corre-
spondingly lower likelihood. Most patients are surprised to
find the risks so low. Risks for other family members can be
calculated, assuming that a heterozygous individual has an
equal likelihood of either transmitting or not transmitting a
mutant gene. Thus, for example, a normal individual whose
uncle is affected will have only a 1 in 3 chance of being 
heterozygous (i.e., 2/3 × 1/2 = 2/6 = 1/3).

X-linked recessive inheritance

A mutant recessive gene located on the X chromosome is
expressed by all males (46,XY) who carry it. Such individuals
are said to be hemizygous. X-linked recessive alleles are
usually transmitted through phenotypically normal females
who are heterozygous (see Fig. 20.5). In a family in which 
an X-linked recessive mutant allele is segregating, affected
individuals might include male siblings, maternal uncles,
nephews, male first cousins, and certain other maternal male
relatives.

For a heterozygous female to transmit an X-linked recessive
allele to any given offspring, the probability is 0.5. Males
inheriting the allele will be affected, whereas females inherit-
ing the allele will be heterozygous, like their mothers. An
affected man will transmit the allele to all of his daughters but
none of his sons; male-to-male transmission thus excludes X-
linked inheritance. All offspring of an affected man will be
phenotypically normal, unless the mother is heterozygous for
the same mutant gene. In such a case, four genotypes are pos-
sible and females may be affected. This is unlikely for severe
traits (e.g., Duchenne muscular dystrophy) but quite possible
for mild traits (e.g., color blindness) or successfully treatable
traits (e.g., hemophilia).

Women may occasionally manifest X-linked recessive traits:
46,XX individuals can be affected if they are homozygous, a
circumstance that could result if their mother were heterozy-
gous and their father hemizygous. Vicissitudes of X inactiva-

tion (preferential inactivation of normal X) can be so extreme
that phenotypic effects exist which approximate those present
in hemizygous men. Mutant genes also exist that skew X-
inactivation away from randomization between the maternal
X and paternal X in a given cell. Finally, women with only
one X chromosome (45,X) may be affected if the X chromo-
some has a mutant allele.

The possibility of new mutations must be considered. It
should not be assumed that the mother of a child with an X-
linked recessive mutation is heterozygous because the child
may represent a new mutation arising in the ovum. If the trait
is lethal with respect to fertility, and if no other relatives are
affected, the likelihood that a mutation is new can be shown
to be one in three.

In counseling individuals at risk for X-linked recessive traits,
it is frequently helpful to utilize Bayesian calculations. 
Conceptually simple, but sometimes complex in application,
Bayesian calculations take into account all available data, not
just a priori calculations. For example, common sense dictates
that a woman at theoretical risk of having offspring with an
X-linked recessive trait is actually less likely to be heterozy-
gous if four consecutive sons prove unaffected. The following
example illustrates this point. A prospective mother (proband)
has two brothers who have an X-linked disorder for which
neither metabolic nor DNA analysis is possible. It can be
deduced that her own mother is an obligate heterozygote;
thus, the likelihood of the prospective mother being heterozy-
gous is 50%. This is known as the proband’s a priori risk or
prior probability. Suppose that the woman has three 
unaffected sons: if she is heterozygous, the probability of her
having three consecutive unaffected sons is one in eight.
However, it is more likely that she is, in fact, not heterozy-
gous. Table 20.2 illustrates how to account for the three unaf-
fected sons. The newly calculated likelihood of the woman
being heterozygous is only one in nine, considerably lower
than the likelihood calculated from a priori expectations
alone.

X-linked dominant inheritance

In X-linked dominant traits, women are twice as likely to be
affected as men; however, women are usually less severely
affected and, in fact, some X-linked dominant traits are lethal
in men. A man carrying an X-linked dominant allele transmits
the mutant to all of his daughters but none of his sons (Table
20.3). There is a probability of 0.5 that a woman with an X-
linked dominant allele will pass that allele to any offspring,
male or female. Relatively few X-linked dominant traits are
known.

Causes of gene mutation

Although specific gene mutations are rare, at least 1% of all
infants have a disorder resulting from a single mutant gene.
Some affected individuals inherit a mutant gene, whereas
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others are the first in their family to have the disorder. Spon-
taneous mutation rates average from 10−5 to 10−6 per locus per
gamete per generation. Overall, each gamete is estimated 
to contain 20–30 mutations. Most mutations are neutral or
lethal; otherwise, many more than 2–3% of liveborns would
be abnormal.

Mutation rates increase with increasing paternal age, with
fathers in their fifth or sixth decade having an increased like-
lihood of certain gene mutations arising in their germ cells.
This applies to some but not all X-linked recessive and auto-

somal dominant disorders. This increase is believed to reflect
the continuous germ cell replication (spermatogenesis) that
occurs throughout a man’s fertile lifetime, although the exact
manner by which repeated replication leads to mutation
remains obscure. Unlike the situation for chromosomal abnor-
malities, advanced maternal age is not associated with an
increase in gene mutations.

Ionizing irradiation is a well-established mutagen. X-rays
are the major source of ionizing irradiation, although ultravi-
olet light also causes mutations. An X-ray exposure of 50–100
rads (50–100cGg) only doubles the mutation rate; therefore,
the absolute risk is relatively low unless an individual is sub-
jected to a massive exposure. Ultrasound and microwaves are
not ionizing and probably not mutagenic.

Numerous chemicals cause mutations in animals and in in
vitro testing systems, and many of these can be mutagenic in
humans. Well-known examples include alkylating agents,
DNA base analogs (e.g., 5-bromouracil), antimetabolites,
nitrous acid, and acridine dyes. Inorganic salts, caffeine,
nitrites, and other ubiquitous agents are also mutagenic under
certain circumstances. It is difficult to determine the likelihood
of particular compounds being mutagenic in humans in a
given circumstance; retrospective clinical data cannot provide
satisfactory information. However, even substantive exposure
to alkylating agents or antimetabolites leads to little if any
increase in abnormal liveborns. Individuals treated with
chemotherapeutic agents before pregnancy show no increased
abnormalities in subsequent progeny. This suggests that most
induced mutations are lethal.

Linkage

Genes are located on chromosomes at given locations and in
a definite linear relationship to one another. Genes on the same
chromosome are said to be linked or to exhibit linkage.
Specifically, genes show linkage if during meiosis, with its
opportunity for recombination, they are more likely to remain
on the same chromosome in parental combination than to
behave as if they were on different chromosomes.

If the frequency of recombination between two linked genes
is 1%, those genes are defined to be one map unit or one cen-
timorgan apart (percentage recombination = centimorgans).
Genes that are 50 centimorgans apart on the same chromo-
some fail, by definition, to show linkage because such genes
segregate indistinguishably from genes on nonhomologous
chromosomes. Linkage analysis is increasingly useful in ante-
natal diagnosis as a more complete map of the human genome
becomes available. Linkage analysis in prenatal diagnosis
usually relies on a polymorphic locus. Polymorphism exists
when two or more alleles are present at a given locus, such
that the less frequent allele is still present in 1% of the popu-
lation. The polymorphism may be some aspect of a gene
product, such as electrophoretic mobility. However, the type
of polymorphism increasingly used diagnostically is that of
DNA variants.
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Table 20.2 Bayesian analysis.

Proband Proband not 
heterozygous heterozygous

Prior probability

Conditional probability 1

Joint probability (prior and 
conditional)

Posterior probability (joint 
and prior)

This analysis calculates the likelihood of heterozygosity for a
woman whose two brothers have an X-linked recessive disorder.
The a priori risk (prior probability) of heterozygosity is 1/2, in as
much as the woman’s mother is an obligate heterozygote. Supposing
the woman has three unaffected sons, what is the likelihood that
she is nevertheless heterozygous? Multiplying prior by conditional
probability yields joint probability. The posterior probability (1/9) is
the newly derived heterozygosity risk, taking into account the three
unaffected sons. (From ref. 30.)
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Table 20.3 X-linked dominant inheritance.

Parents Offspring

Affected male (Xy) and normal female (xx) Xx, Xx, xy, xy
Normal male (xy) and affected female (Xx) Xx, xx, Xy, xy

X carries an X-linked dominant allele; x does not carry the allele.
For offspring of affected males, all females are affected, but no
males. For offspring of affected females, 50% of females and 50%
of males are affected. (From ref. 30.)
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Nonmendelian inheritance: imprinting and
uniparental disomy

Autosomal loci usually display biallelic gene expression, with
both alleles of a pair (one paternally and one maternally
derived) being active. Sometimes, however, only one of a pair
of alleles is active (monoallelic expression), and the active allele
must be derived from a particular parent (mother or father).
An abnormal phenotype develops if the allele is not inherited
from the appropriate parent, even if the other parent transmits
a gene with a typically normal allele. In monoallelic expression,
the allele not required must be inactivated; this process is well
known in the case of inactivation of X chromosomes in excess
of one, and is called imprinting. An imprinted gene is not
expressed as a result of hypermethylation.

The prototypic disorders that led to the elucidation of auto-
somal imprinting in humans were Prader–Willi syndrome
(PWS) and Angelman syndrome (AS). These two recognizable
malformation syndromes are controlled by contiguous regions
on the long arm of chromosome 15. A paternally derived crit-
ical region prevents the expression of PWS; a maternally
derived region does not suffice because it is inactive. Con-
versely, in AS, a maternally derived critical region must be
expressed because the paternal region is inactive. PWS and AS
may manifest themselves under a variety of circumstances. In
PWS, the paternally derived critical region may be deleted or
two copies of the maternal region (both inactive) may be
present, as a result of both copies of chromosome 15 being
maternal in origin. The latter circumstance can result if a
paternal chromosome 15 is expelled from a trisomic zygote
consisting of two maternal and one paternal chromosome 15.
Uniparental disomy (UPD) is then said to exist. If, in contrast,
one of the two maternal chromosomes is expelled, a normal
situation arises (zygotic correction).

UPD is a clinically relevant phenomenon. In total, 1–2% of
chorionic villi contain trisomic cells, usually as a very low per-
centage. If the zygote had been trisomic and correction
occurred by expulsion of one of the three chromosomes
present in triplicate, the likelihood of UPD occurring is one in
three. Whether UPD exerts a phenotypic effect depends on
whether a given chromosome displays monoallelic expression
for any of its genes. A special concern in prenatal diagnosis 
is that UPD can follow asymmetric segregation in a 
parent having a balanced robertsonian translocation.10

Both maternal and paternal UPD exists for chromosome 
14;10 however, UPD does not seem to have a deleterious effect
for all chromosomes, including chromosomes 13, 21, and
22.11–14

Imprinting is also relevant to entire haploid sets of chro-
mosomes. If both haploid sets in a diploid zygote are mater-
nal in origin, an ovarian teratoma (dermoid) results, whereas
if both haploid sets are paternal a hydatidiform mole results.
The general principle is that paternal chromosomes govern
placental growth, whereas maternal chromosomes control
embryonic growth. In triploidy, if two of the three haploid sets

of chromosomes are paternal, a hydatidiform mole results; if
two of the three sets are maternal, the placenta is small.

The relevance of imprinting to human pathology is only
now being unraveled. The extent of its importance could be
enormous not only for pregnancy loss and malformations, but
also for somatic processes such as cancer.

Molecular basis of the gene

DNA exists in the form of a double helix, which may be envi-
sioned as a twisted ladder. Each vertical column consists of
alternating phosphate and deoxyribose carbohydrate residues.
The carbohydrate and phosphate residues on opposite sides
are connected by nitrogenous bases called nucleotides. The
DNA nucleotides consist of the purines, adenine (A) and
guanine (G), and the pyrimidines, thymine (T) and cytosine
(C). Adenine is always connected to thymine by forming two
hydrogen bonds (base pairing). Similarly, guanine is always
connected to cytosine by three hydrogen bonds. As a result,
the two DNA strands are complementary. If the sequence of
bases on one strand is ATTGC (adenine–thymine–thymine–
guanine–cytosine), the sequence on the opposite strand must
be TAACG. The ratio of adenine to thymine is always 1:1, as
is the ratio of guanine to cytosine. However, the ratio of
adenine–thymine (AT) pairs to guanine–cytosine (GC) pairs
varies not only in different parts of a single chromosome but
also between different chromosomes. This variation is one
basis for chromosomal banding.

Genetic information, specifically the amino acid sequence,
is determined by the sequence of nucleotides on one of the two
DNA strands. A sequence of three adjacent bases forms a
codon; most codons specifically code for one of the 20 amino
acids but a few code for a stop signal (i.e., cessation of tran-
scription). Specifically, the message is said to be read from the
sense strand of DNA, with the antisense strand being the com-
plementary strand. The complementary strand corresponds to
the messenger RNA (mRNA) sequence, although uracil is
incorporated in mRNA rather than thymine.

Structural organization of the gene

Along the chromosome, genes are made up of unique
sequences of DNA, which are able to code for protein, inter-
spersed with repetitive or noncoding sequences. Other
sequences are also present which are essential for DNA tran-
scription and RNA translation, or which code for only part
of a protein (e.g., pseudogenes); these types of DNA are less
immediately relevant to this discussion.

Fig. 20.6 shows the sequence of events in which DNA is first
transcribed into mRNA and then translated into protein.
Upstream from the nucleotide sequence which codes for amino
acids are sequences assumed to be involved in transcription reg-
ulation. Knowledge about gene regulation in humans is incom-
plete, but some intriguing observations have been made. The
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nucleotide sequence TATA (“TATA box”) is consistently found
30 base pairs (bp) before (5′ to) the site at which transcription
begins. The TATA box may be involved in positioning RNA
polymerase II, the enzyme essential for transcribing mRNA
from DNA. Another pivotal sequence is CAAT, located
50–75bp upstream from the transcription site. The CAAT box
may be the site at which RNA polymerase II actually binds.
Transcription proceeds in the 5′ to 3′ direction, extending
beyond the region of unique-sequence DNA. The signal termi-
nating transcription is unknown, but the sequence AATAAA is
consistently observed 15–30 bases 5′ to the site at which the
polyadenylated [poly(A)] tail will be added.

Post-transcriptional events

The entire sequence (5′ region, unique-sequence region with
its intervening repetitive sequences, 3′ region) is transcribed
into mRNA in a 5′ to 3′ direction. Several post-transcriptional
processes are necessary before the protein can be translated
because the nucleotide sequence is discontinuous with respect
to sequences coding for amino acids. A precise splicing mech-
anism exists to excise the noncoding intervening sequences
(introns); the nucleotides GT on the 5′ side of the intervening
sequence are removed (intron) along with nucleotides AG on
the 3′ side (see Fig. 20.6). The remaining sequences are thus
the coding sequences (exons).

Translation

Once the introns are excised, the transcribed mRNA can direct
polypeptide synthesis (translation). The first step in translation
is that mRNA moves into the cytoplasm to associate with ribo-
somes, which are structures consisting of both protein and a
special high-molecular-weight RNA (ribosomal RNA, or
rRNA). Adenosine triphosphate next reacts with the carboxyl
end of specific amino acids to form an amino acid-specific trans-
fer RNA that lines up on the ribosome complex at the point sig-
nified by its appropriate codon. The amnio acids that make up
the polypeptide chain are thus brought into correct sequence.

Molecular analysis of the gene and 
its clinical applicability

Analytical techniques

Understanding how molecular genetics can be used for pre-
natal diagnosis requires a knowledge of analytical techniques.
Here, several pivotal techniques are briefly described.

Southern blotting

DNA fragments of differing size can be distinguished using 
a technique called Southern blotting. DNA is digested by
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Figure 20.6 Transcription and translation.
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excised, leaving exons to be translated to
proteins. (From ref. 30.)
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restriction endonucleases (see Restriction endonucleases),
which are enzymes present in bacteria that are capable of
cutting specific nucleotide sequences to yield fragments of
reproducible (and manageable) lengths. The fragments are
allowed to migrate through an agarose gel; heavier DNA frag-
ments are less mobile and remain near the origin of the gel,
whereas lighter fragments migrate faster and thus are further
from the origin (Fig. 20.7). The gel is laid on a piece of nitro-
cellulose filter paper, and buffer is allowed to flow through the
gel into the nitrocellulose filter. DNA fragments concomitantly
migrate out of the gel and bind to the filter, creating a replica
of the DNA fragment pattern. The nitrocellulose replicate is
exposed to a specific gene probe (see Gene probes), which
hybridizes only to the portion of the filter containing its com-
plementary DNA. To identify the bound fragment and its
length, the probe is made radioactive or, more commonly, is
biotinylated. Thus, a gene (or, more specifically, a DNA
sequence that is part of a gene) can be identified among thou-
sands of fragments that have been categorized according to
length.

Gene probes

For a specific gene (or, more precisely, a specific DNA
sequence) to be located among thousands of DNA fragments,
DNA probes are created from cloned DNA. Probes of
unknown sequence (anonymous) can be generated, but, in the
present context, we are concerned with diagnostically useful
probes. If purified mRNA is available, single-stranded DNA
probes can be generated using an enzyme called reverse tran-
scriptase. This enzyme, present in viruses whose hereditary
information is RNA not DNA, directs the synthesis of DNA
from RNA (the reverse of the situation in humans). Exposing
human mRNA to viral reverse transcriptase produces com-
plementary single-stranded human DNA called cDNA. This
cDNA is injected into a vector that is able to replicate the
foreign DNA as well as its own. Bacteriophages, various syn-
thetic systems (plasmids and cosmids), and yeast artificial
chromosomes can all be used as vectors. The presence of a dis-
order that is characterized by the absence of DNA can be
detected by determining whether or not a DNA probe for the
normal gene hybridizes to an individual’s DNA. If it does not,
the DNA sequence must be missing (gene deletion) and the
individual must be affected. It is also possible to construct
short oligonucleotide- or allele-specific DNA probes of usually
15–20 nucleotides in length. These sensitive probes hybridize
only to sequences that are complementary for every single
nucleotide. If only a single nucleotide is absent (or altered),
the oligonucleotide probe will fail to hybridize.

Polymerase chain reaction

The polymerase chain reaction (PCR) has revolutionized
molecular biology. In PCR, a target sequence of up to 1kb 
can be quickly amplified by 105 to 106 times. The prerequisite

for this amplification is the identification of unique DNA
primers that flank and are specific for the DNA region to be
amplified. This region may consist of a part of a gene (e.g.,
that containing a mutation), a polymorphic DNA sequence
closely linked to a given locus, or a repetitive DNA sequence
characteristic of a chromosomal region (e.g., the Y long arm).
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Figure 20.7 Southern blotting. DNA is cleaved with restriction
enzymes, and the DNA fragments are separated by size, using
agarose gel electrophoresis. The gel is then laid on a piece of
nitrocellulose, and buffer allowed to flow through the gel onto the
nitrocellulose. DNA fragments migrate out of the gel and bind to
the filter. A replica of the DNA fragment pattern of the gel is thus
created on the filter. The filter can then be hybridized to a suitably
labeled probe, with DNA fragments that hybridize to the probe
signaled by autoradiography or other techniques. (From ref. 29.)
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A heat-stable DNA polymerase extracted from Thermus
aquaticus is traditionally used  in PCR (thus, the term Taq
polymerase), but other enzymes can also be used. The target
DNA, unique primers, and Taq polymerase are added
together. When the temperature is raised, denaturation into
single-stranded DNA occurs. On cooling, amplification
occurs. Repetition of this cycle results in the DNA between
primers increasing in logarithmic fashion. Other sequences are
amplified but only increase linearly; thus, they are soon inun-
dated by the exponential increase in the sequence flanked by
the primers.

Restriction endonucleases and restriction fragment
length polymorphisms

Restriction endonucleases are bacterial enzymes that recognize
and cut specific nucleotide sequences in double-stranded DNA
molecules. The sites at which DNA is cut are called restriction
sites. Over 200 restriction enzymes have been identified, each
recognizing a unique sequence of bases. DNA fragments
resulting from digestion with restriction enzymes differ in
length according to the distance between recognition sites; the
greater the distance between sites, the longer the length of
intervening DNA. Restriction fragments are specified accord-
ing to the numbers of bases (e.g., 8000 bases or 8kb). Usually,
there is more than one restriction site per gene, but occasion-
ally the sites are situated in such a way that an entire gene lies
between two sites. If a gene contains more than one restric-
tion site, its DNA will be digested into fragments of different
lengths.

DNA from ostensibly normal individuals does not always
show the same spectrum of DNA fragments after exposure to
a particular restriction enzyme. Among individuals in the
general population, differences in DNA sequence exist which
confer no advantage or disadvantage. Thus, polymorphism
exists with respect to the presence or absence of restriction
sites (these polymorphisms contrast with differences in DNA
sequence that cause disorders such as sickle cell anemia). This
phenomenon is termed restriction fragment length polymor-
phism (RFLP). RFLPs provide markers for linkage analysis. If
a given RFLP is closely linked to a locus that confers a disease,
linkage analysis to detect the presence or absence of a disor-
der may be possible. Because RFLPs exist every few centi-
morgans, linkage analysis allows prenatal diagnosis for all loci
in which the family is informative and the gene has been local-
ized. RFLP linkage analysis forms the basis for prenatal diag-
nosis for many disorders in which the molecular basis is either
not known or cannot practically be sought.

The types of DNA polymorphism now most commonly used
for linkage analysis are dinucleotide repeats. For example, does
a given locus on a particular chromosome have 5, 7, 10, 12, or
more repeat sequences of cytosine–adenine (CA)? The number
of repeats is inherited in a mendelian fashion.

RFLPs can be used in prenatal diagnosis to detect mutations
if a mutation alters a specific restriction enzyme site, or results

in a new site. For example, in sickle cell anemia, codon 6 (the
triplet signifying the sixth amino acid) has undergone a muta-
tion from adenine to thymine. The restriction enzyme MstII
recognizes the normal nucleotide sequence but not the mutant
sequence. After digestion with MstII, hybridization of the
digested DNA to a β-globin DNA probe can differentiate
DNA containing the mutant gene from DNA containing the
normal gene. The probe highlights a longer fragment in 
the mutant DNA as a result of the missing restriction site.

If the nucleotide sequence responsible for a given disorder
is not known, a combination of linkage analysis and molecu-
lar techniques is used. If the mutant gene has been localized
to a chromosome but not isolated, a nearby RFLP can serve
as a marker. It is also possible to use polymorphic markers,
such as the number of tandem repeats of nucleotides. To apply
linkage analysis, one must determine whether an informative
situation exists in the family. Figure 20.8 illustrates the
approach used when an informative RFLP polymorphism does
exist. The normal allele is signified by the presence of a 5700-
bp fragment, whereas the mutant is signified by the presence
of 3300- and 2400-bp fragments. Recall that the RFLP pattern
that connotes an affected fetus in this family may show just
the opposite in another family. The RFLP merely serves as a
marker; its presence or absence is functionally independent
from the disease. The same principles would apply if the poly-
morphic locus being used for linkage were a varying number
of tandem repeats.

Polygenic–multifactorial inheritance

Genetic tendencies, rather than shared environmental factors,
are very often responsible for physiological and anatomical
variation, as well as for common anomalies affecting a single
organ system (e.g., cleft palate); most of the latter show recur-
rence risks of 1–5% for first-degree relatives (siblings, off-
spring, parents). This can also be deduced from twin studies;
monozygotic twins are much more likely to be concordant for
any given anomaly than dizygotic twins. Both monozygotic
and dizygotic twins are exposed to the same intrauterine envi-
ronment; thus, genetic factors must be invoked to explain the
differences.

Basis of polygenic inheritance

The logical explanation for either anatomical or physiological
variation in a trait whose recurrence risk is 1–5% is the
involvement of several genes. To illustrate, let us consider how
the number of genotypic classes changes as the number of
genes influencing a single characteristic increases. Suppose that
only one gene controls a trait and that this gene has only two
alleles, A and a. In the simplest case, the frequency of allele A
equals the frequency of allele a. Thus, 25% of the population
is AA (p = q = 0.5; p2 = q2 = 0.25), 25% is aa, and 50% is Aa
(2pq = 0.5). If two genes influence the trait, alleles B and b
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will be present at the second locus. Nine genotypes are now
possible: AABB, AABb, AAbb, AaBB, AaBb, Aabb, aaBB,
aaBb, and aabb. The population will contain nine distinct
classes of individuals if A, B, a, and b all exert dissimilar influ-
ences (Table 20.4). Therefore, as the number of genes 
controlling a trait increases, the number of genotypic classes
increases rapidly. If one gene has two alleles, there are three
classes. If two genes exist, each with two alleles, there will be
nine classes and thus nine histographic bars. If one continues
to represent histographically the proportion of individuals in
each genotypic class, normal distribution will be approxi-
mated as more and more genotypes become possible (Fig.
20.9). Thus, continuous variation is approximated in the pop-
ulation. A trait controlled by more than one gene is said to be
inherited in polygenic fashion (Table 20.5). With the avail-
ability of molecular techniques, the scientific validity of these
assumptions has been substantiated. Infrequently, one gene
exists which has a major effect, with several other genes
having lesser effects.

Although the term polygenic inheritance is often used 
synonymously with continuous variation, the latter may also
result from other mechanisms, namely a single multiple-allele

locus influenced by environmental factors. If environmental as
well as genetic factors influence a trait, the term multifactor-
ial is more appropriate. Polygenic and multifactorial inheri-
tance cannot usually be distinguished in humans, although
comparisons between monozygotic and dizygotic twins theo-
retically permits such a distinction.

Polygenic–multifactorial inheritance is invoked to explain
the inheritance of normal anatomical and physiological vari-
ables that display continuous variation, such as height, skin
color, hair color, blood pressure, age at menarche, and ability

308

Normal gene

5700 bp

3300 bp

I.1

II.1I.1

5.7

2400 bp

3.3

2.4

I.2 II.1 II.2 II.3 II.2 II.3

I.2

Mutant gene

A C

CA B

Figure 20.8 Prenatal diagnosis is achieved by use of a restriction
fragment length polymorphism linked to the locus causing a disease.
Suppose a restriction site (B) is closely linked to a gene. This
restriction site is present in some individuals but not in others
(polymorphism). A probe that hybridizes to DNA containing the
polymorphic site identifies 2400-bp and 3300-bp fragments in
individuals with the restriction site but identifies only a single 5700-
bp fragment in those without the restriction site. On agarose gel
electrophoresis, individuals homozygous for the restriction site
display two bands (ll.1). Homozygous individuals lacking the

restriction site display only one band (ll.2). In this family, parents
(l.1, l.2) are doubly heterozygous. They are each heterozygous both
for the restriction site and for an autosomal recessive mutant
(pedigrees). DNA analysis of the affected child (ll.1) shows only two
bands (3300 and 2400 kb). We can conclude that, in both parents,
the mutant gene is located on the chromosome characterized by the
presence of restriction site B. DNA analysis reveals that their
unaffected son (ll.2) is not heterozygous but homozygous normal.
DNA analysis from amniotic fluid cells or chorionic villi reveals that
the fetus (ll.3) is normal but heterozygous. (From ref. 29.)

Table 20.4 Relationship between the number of genes controlling a
trait and the number of classes of individuals in a population.

Number of genes Classes of individuals Number of classes

1 (A, a) AA, Aa, aa 3
2 (A, a; B, b) AABB, AABb, AAbb, AaBB, 9

AaBb, Aabb, aaBB, 
aaBb, aabb

n 3n

From ref. 28.
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to metabolize a given drug or toxin. However, polygenic inher-
itance alone does not explain discontinuous variation in which
the population consists of two discrete groups, one affected
(e.g., cleft palate) and one unaffected. There exists no con-
tinuum in the population for such traits. To explain such
dichotomy (discontinuity), one must postulate a threshold
beyond which the accrued genetic liability for developing a
specific trait becomes so great that a malformation is mani-
fested (Fig. 20.10). Phenotypically normal parents delivered of
a child with a polygenic–multifactorial trait (anomaly) are
assumed to have genetic liabilities nearer the threshold than
most other individuals in the general population. This model
is biologically reasonable if “liability” reflects the rate of
embryonic growth. A slow rate of growth may preclude a key
embryonic step from occurring by a crucial time, thus leading
to anomalous development.

Diagnosis of single-gene disorders

The previous sections of this chapter have reviewed the major
mechanisms that result in genetic disorders and general
approaches to their diagnosis. The following sections will
examine specific approaches to the diagnosis of single-gene or
mendelian disorders.

Single-gene disorders represent a large group of conditions
that number in the hundreds and that are individually infre-
quent and often rare. Diagnosis depends mostly on gene analy-
sis (i.e., DNA analysis) or analysis of a gene product, and
occasionally on effects secondary to deficient gene function.

Multifactorial or polygenic disorders have complex etiolo-
gies, often depicted as combining small effects of several 
hypothetical factors. Neural tube defects, facial clefts, and dys-
plastic kidneys are examples of disorders in this category. At
present, successful prenatal diagnosis of a multifactorial dis-
order is usually accomplished by sonographic imaging of
altered anatomy. It may be that, eventually, a small number of
genetic or nongenetic factors, perhaps as few as one or two,
may be recognized as having the major causative role in gen-
erating an anomaly; that factor or factors could then become
the target for diagnostic efforts. Prenatal diagnosis of multi-
factorial disorders may come to resemble the laboratory-based
diagnosis of chromosomal and single-gene disorders if
progress is made in this direction.

The continuing and rapid progress in molecular and bio-
chemical genetics means that it is futile to make any attempt
to compile a complete list of either possible diagnoses or the
appropriate methodology to make a specific diagnosis. The list
changes continually, especially as new genes are discovered.
When an obstetrician or genetic counselor is faced with ques-
tions in this area, it is necessary to consult with specialists or
refer to a prenatal diagnosis center.
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Figure 20.9 Histographs showing relative proportions in the
population of individuals having the different genotypes that would
be produced if two genes influence a trait and if each gene has two
alleles. Further, each gene is comparable in effect, that is, A = B and
a = b. However, A and B exert a different effect than a and b. The
graph approximates normal distribution. (From ref. 28.)

Table 20.5 Common polygenic–multifactorial traits.

Neural tube defects (most cases)
Hydrocephaly (most cases)
Cleft lip, with or without cleft palate
Cleft lip (alone)
Cardiac defects (most types)
Diaphragmatic hernia
Omphalocele and gastroschisis
Renal agenesis
Ureteral anomalies
Hypospadias
Posterior urethral valves
Uterine (müllerian fusion) defects (probably)
Hip dislocation
Limb reduction defects
Talipes equinovarus (clubfoot)

Liability

F
re

qu
en

cy

Threshold

Figure 20.10 Schematic presentation of one model for polygenic or
multifactorial inheritance, assuming a threshold beyond which
liability is so great that an abnormality is manifested. Parents of
affected individuals presumably have a greater liability (i.e., are
closer to the threshold) than most other individuals in the
population.28
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Screening for recessive disorders

Most recessive disorders are rare, especially those associated
with severe morbidities. Except in inbred communities, they
often appear in a family as a first occurrence without other
members being affected. When they recur, they do so in sib-
lings. For several disorders, screening programs have been
developed for potential parents; this will allow them to be 
prewarned about first occurrences and enable decisions to be
made about prenatal diagnosis. Different paradigms have
evolved for these programs in different locales. Some 
programs address both members of a couple simultaneously;
other programs address one member initially, and the second
only when the first person is shown to be a carrier. Although
carrier screening and the counseling that must accompany it
are ideally accomplished before conception, very often they
occur in the early months of an ongoing pregnancy.

The frequency of recessive mutations among population
groups depends on the disorder. These differences may result
in targeting certain population groups that have a high carrier
frequency for an autosomal recessive disease. The first carrier
screening programs addressed Tay–Sachs disease in people of
Ashkenazi Jewish heritage, and hemoglobinopathies (sickle
cell disorders and thalassemias) in people of African, Mediter-
ranean, and South Asian heritages. In the case of X-linked dis-
orders, a screening program would test only women because
hemizygous men would show obvious morbidities.

Methods of diagnosis

This section will describe the major methods used in diagno-
sis and the groups of disorders that are diagnosable today,
with specific examples from each. For further details, the
reader is referred to textbooks on prenatal diagnosis,15,16 on-
line resources for single-gene disorders,17,18 and a catalog that
lists prenatally diagnosed conditions.19

The primary abnormality in a single-gene disorder lies in
the structure of the gene or, less often, in a controlling element
of that gene. The simplest method of diagnosis is usually
analysis of the gene, and this has become possible for over 200
genes. For many disorders, however, the gene is either not
known or has not yet been isolated and studied, so other diag-
nostic strategies are necessary. These parallel the methods of
postnatal genetic diagnosis that have been established for
many decades. Even when a gene has been isolated and
studied, at times a more efficient diagnosis of a disease state
will be made by analysis of the gene product or some other
effect secondary to the primary gene defect. This is the case,
for example, when a disease state arises from a large number
of different mutations in a specific gene (allelic variation or
allelic heterogeneity) or when the disease state arises from
mutations in more than one gene, each affecting a final
common pathway that leads to disease expression (genetic

heterogeneity). Thus, a number of strategies that are one or
more steps away from the primary gene defect have been used.

At present, most prenatal diagnoses of single-gene disorders
require tissue or cells that contain the fetal genome and fetal
gene products, usually cells external to the fetus itself but
within the womb. These are recovered by amniocentesis or
chorionic villus sampling. Occasionally, cells obtained directly
from the fetus via fetal blood sampling (cordocentesis) or fetal
organ biopsy (from skin, liver, or muscle) are required. Use of
the least dangerous approach that will achieve accurate infor-
mation is axiomatic to the discipline of prenatal diagnosis.
Thus, fetal organ biopsy is rarely used, being reserved for sit-
uations in which a disease is expressed in that organ but not
in amniotic fluid cells or chorionic villi. Diagnostic techniques
that avoid entry into the uterus altogether are preferable. This
has become possible with progress in the isolation of fetal cells
and fetal nucleic acids (DNAs and RNAs), which cross into
the maternal circulation and can be recovered from a small
sample of the pregnant woman’s blood.20,21

The field of pre-implantation diagnosis, in conjunction with
in vitro fertilization, is also being developed. In this technique,
the diagnosis of a single-gene disorder is based on DNA analy-
sis of either polar bodies or a single cell aspirated from an
embryo before that embryo is transferred into the womb.
Many aspects remain under active investigation, including the
diagnostic accuracy, success of the methods, and safety of the
procedures. A few errors have occurred, but over 1500 babies
have now been born with correct pre-implantation diagnoses.
Of mendelian disorders, cystic fibrosis has been the most 
frequently addressed.

In addition to the analysis of genes and gene products,
several other approaches are used that depend on expression
of the disease phenotype. Sometimes, they are not applicable
at the early stages of pregnancy but must await expression of
the disease as the fetus develops. These approaches include
sonographic imaging and magnetic resonance imaging (MRI),
embryo fetoscopic imaging, measurement of metabolite con-
centrations, histology of biopsies, and chromosomal analysis.

Sonographic imaging

Pedigree analysis has established single-gene mutations as the
presumed or probable etiology of a large number of malfor-
mations and birth defect syndromes.22 Pathogenetic events
take place during embryogenesis, leaving malformations as
evidence of an earlier cell malfunction. Visualization of altered
anatomy by sonographic imaging or MRI can be used to reach
a diagnosis.

Certain genetic malformation syndromes will always man-
ifest an anatomical abnormality. For example, type II osteo-
genesis imperfecta, which is most often a dominant disorder
resulting from mutations in type I collagen genes, results in
compacted, deformed limb bones by the second trimester. In
other syndromes, one particular manifestation is much less
constant than another. A cardinal feature of the recessive 

310

TCO20  9/13/06  5:03 PM  Page 310



PRINCIPLES OF HUMAN GENETICS: CHROMOSOMAL AND SINGLE-GENE DISORDERS

disorder chondroectodermal dysplasia (Ellis–van Creveld syn-
drome) is the presence of six fingers, whereas heart defects
occur in only approximately one-half of cases. The recessive
disorder Meckel–Gruber syndrome usually shows the triad of
encephalocele, polydactyly, and cystic kidneys, but any one of
the three may be absent or rudimentary in a specific case. The
variability in disease expression, and the time during gestation
at which altered anatomy occurs and can be visualized,
become crucial factors in diagnosis by ultrasound or MRI.
Thorough knowledge of the disease and its expression are
important. In many circumstances, positive findings can be
accepted as establishing a diagnosis but negative findings will
not exclude a diagnosis. When family history shows a high
risk for an inherited malformation syndrome, that specific
diagnosis can be inferred from an abnormal finding. Without
the family history, the same finding can result in several 
considerations in a differential diagnosis.

Embryo fetoscopic imaging

Direct optical visualization of the fetus in the second trimester
by fetoscopy was introduced in the 1970s. It had the capacity
to visualize the surface of the fetus and allow diagnoses based
on anatomical findings. The advantage of fetoscopy over
sonographic imaging was in viewing small areas of anatomy
such as the tips of the digits, details of the genitalia, or fea-
tures of facial anatomy. Syndactyly, hypospadias, or preauric-
ular sinuses could be visualized, enabling the diagnosis of a
malformation syndrome that was beyond the capability of
ultrasound. The embryo can now be visualized with an
embryoscope during the first trimester.23 Today, these tech-
niques are rarely used for prenatal diagnosis because of the
risks associated with them and the increasing sophistication
of sonographic imaging and MRI.

Metabolite analysis

Inborn errors of metabolism, in which there is typically a
block in a metabolic pathway, can usually be characterized by
an accumulation or deficiency of one or more metabolites.
Measurements of metabolites in the blood or urine of the preg-
nant woman have not been useful, but analysis of fluids or
tissues from the fetal compartment offer a much better oppor-
tunity for diagnosis. Here, metabolites can be obtained before
they are acted on by maternal dilution or metabolism. Several
disorders, including methylmalonic acidemias and propionic
acidemia, have been accurately diagnosed solely through
measurements of metabolites in amniotic fluid. Canavan
disease, galactosemia, and adrenogenital syndrome resulting
from 21-hydroxylase deficiency are also diagnosable in this
way. However, extensive efforts are required to establish these
diagnostic methods. The range of concentrations of metabo-
lites from normal fetuses and fetuses with disease must be
established although the number of pregnancies at risk for
most inborn errors of metabolism is very small.

Histological examination

Tissue biopsies have played a limited role in prenatal diagno-
sis. The two tissues that are usually available with low risk to
the fetus are cells from the amniotic fluid and chorionic villi
(placenta), neither of which is part of the fetus per se. Unfor-
tunately, uncultured amniotic fluid cells are a variable mixture
of many cell types which, in the second trimester, are domi-
nated by desquamated epithelial cells in varying stages of dis-
integration. Fetal blood sampling and skin, liver, and muscle
biopsy increase the risks of miscarriage and fetal demise. Diag-
noses based on histology have come from skin biopsies that
can be used to assess the presence of inherited skin diseases,
including ichthyoses, epidermolysis bullosa syndromes, and
ectodermal dysplasias. Because these and other diseases with
distinctive histopathology are often defined by abnormal
genes, DNA tests are supplanting biopsies for many diagnoses.

Chromosomal analysis

A few single-gene disorders show chromosomal abnormalities
when cells are examined by cytogenetic techniques, e.g., 
chromosome breakage syndromes, Fanconi pancytopenia 
syndrome, and Roberts–SC phocomelia syndrome, which is
characterized by the premature separation of dividing chro-
mosomes at centromeres.

Small chromosomal deletions have been described that are
associated with defined clinical syndromes. The underlying
defect is the absence of several contiguous genes. One of the
absent genes may be largely responsible for the phenotype, or
the disease expression may reflect the absence of two or more
genes. Examples of contiguous gene deletion syndromes are
Miller–Dieker syndrome, with a microdeletion on chromo-
some 17p, and DiGeorge velocardiofacial syndrome, with a
microdeletion on chromosome 22q. If the disorder does not
preclude reproduction, dominant transmission can be seen in
a family. Increasingly, diagnosis utilizes DNA probes and
hybridization with single probes or microarrays.

Another situation involving an unusual status of chromo-
somes is that of uniparental disomy (UPD), in which both
members of a chromosome pair have originated from a single
parent. Prader–Willi syndrome can be caused either by a
microdeletion on the paternally inherited chromosome 15q
when there is biparental disomy for chromosome 15 or by
maternal uniparental disomy. In either case, the result is the
absence of paternal genes in the Prader–Willi region of chro-
mosome 15; these genes are imprinted and the absence of
paternal copies leads to the syndrome. Diagnosis of UPD
requires DNA analysis that compares the DNA of each parent
with that of the fetus.

Gene products

Single-gene disorders are most often defined by a deficiency,
alteration, or excess of a gene product. The analysis of gene
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products continues to be important in both postnatal and pre-
natal diagnosis, even in this age of gene analysis and descrip-
tion of specific gene mutations. Gene product analysis has a
major advantage when a disease shows important allelic or
genetic heterogeneity.

Today, most gene products that are associated with a disease
process are proteins or peptides. Abnormal RNAs as gene
products have not yet become important in genetic diagnosis.
In single-gene disorders, protein analysis usually involves the
measurement of enzyme activity; occasionally, physical attrib-
utes of the protein, such as electrophoretic mobility or recog-
nition of the protein by antibodies, are analysed. The large
majority of prenatal diagnoses based on protein gene products
use amniotic fluid cells and chorionic villi. Occasionally,
another specialized tissue, such as liver or blood cells, is
required because of limited expression of the gene, e.g.,
globins are expressed only in red blood cells.

Healthy, living tissue is usually necessary for accurate
protein analysis. Amniotic fluid cells, obtained by amniocen-
tesis, are almost always cultured to provide this healthy tissue.
Biopsies of chorionic villi or blood cell aspirates, on the other
hand, consist almost entirely of healthy cells and thus can be
used without being cultured as well as being used as a source
of cultured cells. Because the culture process takes many days,
analyses on uncultured biopsies have the advantage of 
providing a more rapid diagnosis.

Gene analysis

To understand a genetic disease at the molecular level, the gene
responsible for the disease must be isolated and molecular
abnormalities demonstrated in that gene. This has been suc-
cessful for many single-gene disorders; thus, DNA analysis has
become the dominant method for prenatal diagnosis of these
conditions. Examples of common disorders include cystic
fibrosis, fragile X syndrome, Duchenne–Becker muscular 
dystrophy, and most hemoglobinopathies.

Gene analysis usually begins with an initial phase of gene
mapping, in which the gene’s approximate location on a chro-
mosome or its relation to neighboring genetic material is deter-
mined, followed by the eventual isolation of the gene and
documentation of its mutations. During the first phase, DNA
analysis depends on linkage relationships to neighboring
markers that can be followed from the parents to the fetus.
These markers are known as RFLPs or tandem repeat poly-
morphisms. Because linked markers rather than the disease
gene itself are being followed, the relationship of these markers
to the mutant and normal alleles of the disease gene must be
established individually for each family that requests prenatal
diagnosis. Major limitations include the possibility that RFLPs
may be unavailable in a given family to distinguish mutant and
normal alleles (e.g., if all family members have the same poly-
morphic allele, the polymorphism is not informative in that
family), a family member who is crucial to establishing linkage
relationships is not available, and meiotic crossover events

occur between the linked marker and the gene of interest. The
last limitation becomes minimized if informative markers are
sought on both sides, thus flanking the gene of interest.

When the gene and its structure are known and mutations
have been discovered, there is a possibility of direct DNA diag-
nosis based on the mutations present in the family. Family
studies should be initiated well before prenatal diagnosis is
necessary, although direct gene analysis can sometimes be
accomplished during pregnancy for disorders in which there
has been intensive study of the gene and its mutations. In most
circumstances, fetal DNA is obtained from chorionic villi or
amniotic fluid cells. Sometimes, uncultured amniotic fluid cells
will not provide sufficient DNA of requisite quality, and diag-
nosis must await a period of cell culture. This delay is usually
not necessary when chorionic villi are used. The polymerase
chain reaction provides a method of amplifying tiny amounts
of DNA and can help to minimize the time to diagnosis. In
the future, fetal cells or fetal nucleic acids (DNA or RNA)
recovered from the maternal circulation will probably become
an alternative to chorionic villi and amniotic fluid cells.

Prenatal diagnosis of specific disorders

The following sections list specific disorders that can be diag-
nosed prenatally. The lists are not complete, and new informa-
tion is constantly appearing. It is especially important to consult
with specialists in prenatal diagnosis when dealing with single-
gene disorders, because there are hundreds of disorders and
sometimes several possible methods by which a diagnosis may
be made. Texts relating to this specialty and on-line sources are
also available.15–19 As more and more genes are isolated and pre-
viously unknown gene products discovered, it is becoming pos-
sible to diagnose disorders for the first time. In addition,
different and improved methods may become available to
improve the accuracy, safety, or timing of a diagnosis.

Another caveat for the diagnosis of single-gene disorders is
the absolute requirement for an accurate diagnosis in a
proband or gene carrier in the family, in order to apply many
of the diagnostic tests. For example, if an enzyme assay or a
mutation analysis is to be used, it must already be known from
prior studies in the family that the proposed test is the ap-
propriate one. Correct information about paternity is also
required, sometimes for several matings in the family, if a
DNA linkage method is being used.

Malformation syndromes

Sonographic imaging and MRI can detect malformations of
many organ systems. When a specific diagnosis is being sought
because of a previously affected child, a specific demonstrable
malformation can be essentially diagnostic. The absence of a
demonstrable malformation is often much less reassuring
about the absence of the disorder. Examples of malformation
syndromes are presented in Table 20.6.
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Skin disorders

Severe skin disorders have previously been diagnosed using
skin biopsies (Table 20.7). Specific proteins and the genes
associated with these diseases are being discovered so that
DNA or other biochemical assays now replace histological
examination of biopsies in most circumstances.

Chromosome breakage syndromes and DNA 
repair defects

Fanconi pancytopenia syndrome has been successfully diag-
nosed many times; however, the diagnosis of Bloom syndrome
and ataxia-telangiectasia, which also show increased chromo-
some breakage, has been limited. Xeroderma pigmentosum
syndromes show faulty repair of induced DNA damage; 

prenatal diagnosis based on this phenomenon has had some
success. For all of these conditions, it is likely that a gene-
based diagnosis will be available in the near future.

Hematological disorders

Several different types of hematological disorder have been
diagnosed prenatally (Table 20.8). These include globin
abnormalities (especially the thalassemias and sickle cell 
disorders), hemophilias, and immune deficiency syndromes.
Increasingly, DNA analysis has become available for this
group of disorders. Before this, fetal blood, obtained by cor-
docentesis, was necessary for diagnosis and this is still used
occasionally, e.g., to analyze a gene product or enumerate a
class of cells. Some gene products, for example the globins,
are present only in red blood cells. Because fetal red blood
cells are significantly larger than maternal red blood cells, an
automated cell size analyzer, such as the Coulter counter and
Channelyser, is used to distinguish fetal and maternal blood
cells in the aspirates obtained during fetal blood sampling (Fig.
20.11).

Fragile X syndrome

After Down syndrome, fragile X syndrome is the second most
frequent genetic cause of significant mental retardation in
most populations. The underlying gene defect is almost always
an expansion of the number of trinucleotide repeats (strings
of CGGs) in the FMR-1 gene. Normal genes have fewer than
40–55 repeats, depending upon the authority. Men and boys
with more than 200 repeats (defined as a full mutation) usually
show moderate to severe retardation. One-half of women and
girls with full mutations show few, if any, symptoms, whereas
the other one-half have severe learning disabilities or mild
retardation. Some asymptomatic women and men have a
fragile X allele with an intermediate number of repeats, i.e.,
between 55 and 200. Such premutation alleles are unstable on
transmission from mother to offspring; they have a tendency
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Table 20.6 Malformation syndrome.

Syndrome Inheritance pattern*

Aqueductal stenosis XL (and others)
Walker–Warburg syndrome AR
Craniofacial dysostosis and craniosynostosis AD

syndrome
Holoprosencephaly AR (and others)
Achondrogenesis AD, AR?
Ellis–van Creveld syndrome AR
Asphyxiating thoracic dystrophy AR
Thanatophoric dysplasia AD
Short-rib polydactyly syndromes AR
Thrombocytopenia–absent radius syndrome AR
Adult polycystic kidney disease AD
Arthrogryposis AR, AD
Multiple pterygium syndrome AR, XL
Meckel–Gruber syndrome AR
Noonan syndrome AD
Roberts syndrome AR

AD, autosomal dominant; AR, autosomal recessive; XL, X-linked.

*Some malformation syndromes occur sufficiently often in families
to warrant designation of an inheritance pattern; they may occur
sporadically as well, raising possibilities of AD inheritance if
reproduction is sharply limited, or have multifactorial etiologies.

Table 20.7 Skin disorders.

Disorders Inheritance pattern

Epidemolysis bullosa syndrome AR, AD
Ichthyosis syndromes AR
Anhidrotic ectodermal dysplasia XL, AR
Sjögern–Larsson syndrome AR
Oculocutaneous albinism AR

AD, autosomal dominant; AR, autosomal recessive; XL, X-linked.

Table 20.8 Hematological disorders.

Disorder Inheritance pattern

β-thalassemias AR
α-thalassemias AR
Sickle cell disorders AR
Hemophilia A XL
Hemophilia XL
von Willebrand’s disease AD
Wiskott–Aldrich syndrome XL
Chronic granulomatous disease XL, AR
Severe combined immunodeficiency diseases AR, XL
Hereditary elliptocytosis AR

AD, autosomal dominant; AR, autosomal recessive; XL, X-linked.
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to enlarge, sometimes into the full mutation with associated
symptoms. This tendency to expand is not observed when a
premutation allele is transmitted by a man.

Limited population screening has begun to try and identify
women who carry premutation or full mutation alleles and
enable them the opportunity to undergo prenatal diagnosis.
Diagnosis is accomplished using DNA from chorionic villi or
amniotic fluid cells. Counseling is complex given the spectrum
of disease expression and a varying probability of expansion,
which is dependent on the size of the mother’s allele; the larger
the allele, the more likely it is to expand. A further complica-
tion has been the recognition that carriers of permutation
alleles may face symptoms in adulthood. Approximately 20%
of women show premature ovarian failure, and older men may
develop a syndrome of tremor, ataxia, and possible dementia.

Cystic fibrosis

The gene and gene product for cystic fibrosis were discovered
simultaneously. There is a common mutation in the cystic
fibrosis gene that is present in 30–70% of people from differ-
ent ethnic populations who carry cystic fibrosis mutations.
The most common mutation in non-Ashkenazi Jewish Cau-
casians is a deletion of the three nucleotides coding for a
phenylalanine (F) at position 508 of the cystic fibrosis protein
(∆F508). In Ashkenazi Jews, the most common mutation is
W1282X, the X connoting a stop codon that produces a trun-

cated protein. Today, over 1000 disease-causing mutations in
the cystic fibrosis gene are known. For a person carrying two
mutant alleles, disease is usually expressed as a severe lung, or
lung and pancreatic malfunction. For some people, however,
disease is expressed as a mild lung disorder or, sometimes,
solely as atresia of the vas deferens. Population screening for
carriers has begun in some countries. Most protocols test for
a limited number of mutations although sequencing of the
entire gene is becoming increasingly available. In the USA, it
is recommended to test for a panel of 23 mutations; this panel
identifies 94.04% of cystic fibrosis carriers in Ashkenazi Jews.
82.29% in other non-Hispanic Caucasians, 71.72% in His-
panic Americans, 64.46% in African Americans, and 48.93%
in Asian Americans.24 The absence of complete carrier detec-
tion and the recognition of a much wider spectrum of disease
expression than previously realized has complicated prenatal
diagnosis and counseling for cystic fibrosis.

Inborn errors of metabolism

Most inborn errors of metabolism that are diagnosable pre-
natally are detected by measuring enzyme activities. A few dis-
orders are diagnosed by other types of protein analysis or by
the measurement of secondary effects of the metabolic block.
DNA analysis is beginning to play an important role as well.
Tables 20.9–20.12 list many of the inborn errors that have
been diagnosed.
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Figure 20.11 Coulter Channelyser analysis of
fetal and maternal red blood cells. (A) 100%
maternal; (B) 30% fetal, 70% maternal; (C)
80% fetal, 20% maternal; and (D) 100%
fetal. (From ref. 30.)
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Muscle and nerve disorders

Mapping and cloning of genes have made possible the 
prenatal diagnosis of several muscle and nerve disorders for
which little basic information had previously been known
(Table 20.13). Most of the diagnostic activity has involved
Duchenne–Becker muscular dystrophy, and its gene product
(dystrophin) has proved useful in clarifying the presence or
absence of disease in muscle obtained by biopsy or autopsy.
Spinal muscular atrophy is usually caused by mutations in 
the survival motor neuron (SMN) gene. This is true for the
severe infantile presentation (Werdnig–Hoffmann disease) 
as well as for the juvenile- and adult-onset forms. Several
adult- (or juvenile-) onset neurological disorders, including
myotonic dystrophy and Huntington’s disease, result from the

expansion of trinucleotide repeats, as occurs in the fragile X
syndrome.

Mitochondrial genes

In mitochondrial disorders, one or more of the functions of
mitochondria are seriously impaired as a result of either
abnormal nuclear genes inherited in the usual mendelian
manner, or abnormal mitochondrial genes. Mitochondrial
genes, which reside within the mitochondrion, are inherited
solely from the mother via the cytoplasm of the oocyte.
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Table 20.9 Inborn errors of lipid metabolism.

Disorder Inheritance pattern

Fabry’s disease XL
Gaucher’s disease AR
Tay–Sachs disease AR
Sandhoff’s disease AR
Metachromatic leukodystrophy AR
Adrenoleukodystrophy XL, AR
Zellweger syndrome AR
Krabbe’s disease AR
Mucolipidoses AR

AR, autosomal recessive; XL, X-linked. (From ref. 31.)

Table 20.10 Inborn errors of amnio acid and fatty acid metabolism.

Disorder Inheritance pattern

Ornithine transcarbamylase deficiency XL
Citrullinemia AR
Argininosuccinic acidemia AR
Propionic acidemias AR
Methylmalonic acidemias AR
Isovaleric acidemia AR
Glutaric acidurias AR
Phenylketonuria AR
Maple syrup urine disease AR
Biotinidase deficiency AR
Tyrosinemia AR
Nonketotic hyperglycinemia AR
Cystinosis AR
Homocystinuria AR
Medium-chain acyl-CoA dehydrogenase AR

deficiency and other fatty acid oxidation 
disorders

Canavan disease AR

AR, autosomal recessive; XL, X-linked. (From ref. 31.)

Table 20.11 Inborn errors of carbohydrate metabolism and related
disorders.

Disorder Inheritance pattern

Galactosemia AR
Glycogen storage diseases AR
Sialidoses AR
Mucopolysaccharidoses AR, XL
Pyruvate carboxylase deficiency AR
Mannosidosis AR
Fucosidosis AR

AR, autosomal recessive; XL, X-linked. (From ref. 31.)

Table 20.12 Miscellaneous inborn errors of metabolism.

Disorder Inheritance pattern

Lesch–Nyhan disease XL
Smith–Lemli–Opitz syndrome AR
Menkes’ disease XL
Osteogenesis imperfecta AD, AR
Porphyrias AD, AR
Adrenogenital syndrome due to AR

21-hydroxylase deficiency
Hypophosphatasia AR

AD, autosomal dominant; AR, autosomal recessive; XL, X-linked.
(From ref. 31.)

Table 20.13 Muscle and nerve disorders.

Disorder Inheritance pattern

Duchenne-Becker muscular dystrophy XL
Spinal muscular atrophy AR
Myotonic dystrophy AD
Spinocerebellar ataxia AD
Friedreich’s ataxia AR
Huntington’s disease AD
Neurofibromatosis type 1 AD

AD, autosomal dominant; AR, autosomal recessive; XL, X-linked.
(From ref. 31.)
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Common mutations of these genes include point mutations,
and small and large deletions. A pattern of maternal trans-
mission of disease may be evident in a family pedigree. Satis-
factory methods for the prenatal diagnosis of diseases caused
by mutant mitochondrial genes are still being developed. The
situation is complicated by the fact that cells contain many
mitochondria and, hence, many copies of mitochondrial genes,
and by the fact that there is a mixture of inherited mutant
mitochondrial genes and normal mitochondrial genes. The dis-
tribution of mutant and normal genes in various tissues and
organs gives rise to a wide range of symptoms, age of onset
of disease, and organs primarily affected. This complexity
presents a major challenge for prenatal diagnosis.

Conclusion

Single-gene disorders represent an extremely heterogeneous
category of inherited problems. Many of the features that
define a disorder in postnatal life can be sought in prenatal
diagnosis, but extreme care must be taken to examine the vari-
ability of expression and onset of the disorder, possible genetic
heterogeneity underlying the phenotype, and accuracy of diag-
nosis for the family that is requesting a prenatal diagnosis.
Increasingly, these disorders are being defined by genes and
their mutations, and prenatal diagnosis is relying on analysis
of those genes.
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Key points

1 Genetic disorders can result from any one of several
mechanisms: numerical or structural alterations in
chromosomal constitution, a mutation involving a
single genetic locus (mendelian), or the cumulative
effect of several genes (polygenic–multifactoral).

2 Routine cytogenetic analysis usually reveals 450–500
bands per haploid set of chromosomes. At this level,
each band consists of approximately 1500–2000
kilobases (kb) of DNA (1500000–2000000 bases).

3 Trisomy may arise by several cytological mechanisms,
but in humans it usually arises de novo after maternal
meiotic nondisjunction.

4 In a couple in which one parent has a balanced
robertsonian translocation involving chromosomes 14
and 21, Down syndrome will arise in 10–15% of
viable offspring of female heterozygotes and 2–4% of
viable offspring of male heterozygotes.

5 In a couple in which one parent has an unbalanced
translocation, the risk is 10–15% for offspring of either
female or male carrier.

6 When a nonfamilial (de novo) translocation that is
apparently balanced is detected in amniotic fluid or
chorionic villi, the risk of the fetus being abnormal is
still increased over background: 7% for reciprocal
translocations and less for robertsonian translocations.

7 In autosomal dominant traits, equal numbers of males
and females are usually affected. The likelihood that an
individual carrying a mutant autosomal dominant gene
(allele) will transmit that allele to any given offspring,
male or female, is 50%.

8 An individual with an autosomal recessive trait is
usually the product of parents who are both
heterozygous (carriers) for mutation at the same locus.
The likelihood that a given offspring will be affected is
25%.

9 In a family in which an X-linked recessive mutant allele
is segregating, individuals at risk include male siblings,

maternal uncles, maternal nephews, maternal male first
cousins, and certain other maternal male relatives.

10 Anomalies affecting a single organ system (e.g., cleft
palate) show recurrence risks of 1–5% for first-degree
relatives (siblings, offspring, parents).

11 The multiple contributing causes of presumed
multifactorial disorders are poorly understood. Prenatal
diagnosis depends largely on some phenotypic feature,
usually altered sonographic anatomy, and not on gene
analysis.

12 Screening potential parents to identify carriers of
serious recessive disorders has evolved because most of
these disorders are infrequent and the disease has yet to
appear in the family.

13 By 2006, recessive gene screening programs were
commonly available for cystic fibrosis,
hemoglobinopathies, and Tay–Sachs disease. Several
other disorders characterized by an increased frequency
in the Ashkenazi Jewish population along with a
limited number of common mutations also had
screening available.

14 Fetal diagnosis using gene analysis (DNA analysis) can
be carried out using cells from chorionic villi (placenta)
or amniotic fluid. In the future, it may be possible to
separate fetal DNA or RNA from maternal blood for
fetal diagnosis.

15 Many gene products (proteins) are present in chorionic
villi or amniotic fluid cells and, therefore, fetal
diagnosis can use these tissues for assays of enzyme
activities and other protein characteristics.

16 Most single-gene disorders that are expressed as
anatomical abnormalities cause abnormalities that are
also seen as isolated birth defects which are not part of
a genetic syndrome (e.g., cleft lip, omphalocele, heart
defect). If the a priori risk for a genetic syndrome is
high based on family history, the diagnosis of a
syndrome from the anatomical finding is very likely; 
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if the a priori risk is low, diagnosis is much less 
likely.

17 For mendelian disorders that are expressed by
abnormal anatomy, there is usually considerable
variability in the abnormalities in both structure and
time of appearance during development; there is even
variability in whether a given abnormality will be
present or not.

18 Microdeletions or microduplications of small
chromosomal segments that cause contiguous gene
syndromes are diagnosable using DNA hybridization,
often with microarray technology.

19 Uniparental disomy (UPD), when both members of a
chromosome pair come from one parent (e.g., in
Prader–Willi or Angelman syndromes), requires
comparison of fetal DNA with parental DNA.

20 When gene mutations cannot be determined in a family
at risk for a single-gene disorder, yet mapping of the
causative gene has been accomplished, linkage analysis
using restriction fragment length polymorphisms
(RFLPs) or single nucleotide polymorphisms (SNPs) can
often provide a very accurate diagnosis. A careful study
of the family, often involving several members, is an
absolute requirement in these circumstances.

TCO20  9/13/06  5:03 PM  Page 317



318

There is no family, and hence no pregnancy, in which genetic
factors can be ignored. Normal body structure and function
are direct consequences of multiple gene action that is fre-
quently conditioned by environmental interaction. Indeed the
maternal milieu of the fetus is now increasingly recognized as
not only influencing growth and development but also in 
some way seeding the origins of disease in adulthood.1 Hyper-
tension, type 2 diabetes, obesity, breast and prostate cancer,
and coronary artery disease are but a few examples of disor-
ders causally connected to fetal influences. Not unexpectedly,
genetics has a role in virtually every illness: in causation, pre-
disposition and susceptibility, immune response, modulation,
or reaction to medical treatment. Determination of genetic
susceptibilities reflects the widening scope of molecular diag-
nostics, which, in turn, has increased opportunities for 
predictive, preconception, preimplantation, and prenatal 
diagnosis. These advances are important as each of us carries
some disadvantageous (and advantageous) genes. About one
in 13 conceptions results in a conceptus with a chromosome
abnormality and about 50% of first-trimester spontaneous
abortions are associated with chromosome anomalies.2 Live-
born infants have a 0.4% rate of clinically significant chro-
mosome defects and an additional 0.2% rate of balanced
chromosomal rearrangements.3,4 Some 3–4% of all births are
associated with a major congenital malformation, mental
retardation, or genetic disorder, a rate that doubles by 7–8
years of age, given late-appearing and/or late-diagnosed
genetic disorders.5 The burden of genetic disease is sufficiently
significant in childhood to account for 71% of hospital admis-
sions in a major North American Children’s Hospital.6

Cataloged single-gene traits or disorders now approximate
10000.7 The extent and importance of the role of genetics in
disease causation becomes apparent immediately when one
includes later-onset disease, such as heart disease, hyperten-
sion, diabetes, and the polygenic disorders in general. If chro-
mosomal, monogenic, and polygenic disorders are combined,
about 60% of all sick individuals have genetically influenced
diseases.8 It is appropriate and important that parents are fully
informed of the risks they normally undertake in having a

child9 and about any significant additional risks of 0.5–1.0%
or more.

Preconception care and counseling

Major and continuing efforts must be made to educate the
public at large about the importance of pregnancy planning
and, in particular, of preconception care and counseling.9 Our
knowledge of embryonic and fetal development and the
sophisticated developments of the “new genetics” make the
matter more compelling than ever. Physicians need to incul-
cate the wisdom not only of planning pregnancy, but also of
initiating care in the preconception period. Many issues that
influence fetal development and maternal welfare need to be
addressed at the preconception visit.

Careful attention is necessary in eliciting the medical history
and examination. Medical disorders may be detected that have
a bearing on pregnancy, fetal development, delivery, and the
newborn. For example, the significance of excessive joint
laxity may be recognized for the first time at the preconcep-
tion visit and point to diagnoses such as the Ehlers–Danlos
syndrome, with its associated complications of premature
delivery and tissue fragility.10 Excess bruisability may reflect a
disorder of coagulation and a history of recurrent fetal loss
may signal the presence of a factor V Leiden gene mutation.11

A history of unexplained syncope or a family history of sudden
death should alert the physician to the possibility of the long
QT syndrome.12 In these few examples, early detection affords
the opportunity to avoid potential later complications and
facilitates anticipatory obstetric and perinatal management.

The preconception visit is also the time to secure control
and treatment of specific disorders that may affect an other-
wise successful pregnancy. Prospective mothers with type 1
and type 2 diabetes need help and advice to achieve tight
control of their hyperglycemia. They need to understand 
that the poorer the control of their diabetes, the higher 
the frequency of congenital malformations and the more
severe they may be.13 Women with epilepsy, in particular,

21 Genetic counseling in prenatal and
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require review by their own neurologists concerning anticon-
vulsant medication. When appropriate, anticonvulsants could
be changed to those that might pose lesser risks of fetal anom-
alies without risking maternal health. Women with sickle cell
disease14 or cystic fibrosis,15,16 who face serious personal and
fetal risks, need special attention and treatment to secure the
best chance for successful pregnancy and survival. Recogni-
tion of systemic lupus erythematosus allows appropriate
careful medical surveillance and later monitoring of the fetal
and neonatal heart for early detection and treatment of con-
genital heart block, which occurs much more frequently in this
condition.17

The obstetric and gynecologic history, taken at the precon-
ception visit, provides important opportunities again for inter-
vention. Patients with prolonged infertility of unknown cause
or recurrent spontaneous abortion, who may face a 3–8% risk
of a parental chromosome abnormality,18,19 require chromo-
some analysis, as do their spouses. Failure to detect a parental
chromosome translocation or other rearrangement may later
be followed by the conception and birth of a child with an
unbalanced karyotype.

History of a previous stillbirth should raise questions about
the need for parental chromosome analysis. Between 6% and
11% of stillbirths have a chromosome abnormality,20 and a
small portion of such cases indeed may have a transmitting
parent with a chromosome rearrangement or disorder. The
preconception visit, in addition, facilitates determination of
whether the prospective mother is susceptible to rubella,
cytomegalovirus, or toxoplasmosis, or has herpes or AIDS.
Timely vaccination for rubella, where indicated, should be
provided well before conception.

Nutritional considerations that bear on fetal development
have become more important. Our original data indicated that
multivitamins containing folic acid taken during the precon-
ception period and continuing at least through the first 6
weeks of pregnancy reduce the frequency of neural tube
defects by 70%,21 a conclusion confirmed by definitive double-
blind randomized control studies.22,23 Notwithstanding uncer-
tainty about the precise mechanism by which folic acid exerts
its protective effects, there are now clear indications that
0.4mg daily provides the necessary supplementation dose. In
pregnancies that follow the conception of offspring with a
neural tube defect, a dose of 4mg daily is recommended, taken
while planning pregnancy and at least through the first 6
weeks post conception.22,24 For the 30% of cases of spina
bifida that are resistant to folic acid supplementation, addi-
tional supplementation with the B-complex vitamin inositol
may eventually be shown to add protective effects.25

The clinical genetic history focuses first on analysis of the
family pedigree. An obvious pattern of inheritance may
emerge without a known named disorder. For example, a
maternal history of nephews, brothers, or uncles with unex-
plained mental retardation may point to sex-linked mental
retardation including the fragile X syndrome. A previous
living child with a specified genetic defect might require 

additional diagnostic studies, parental examination, or other
appropriate investigations. Carrier detection tests using DNA
analysis for conditions such as Duchenne or Becker muscular
dystrophy, spinal muscular atrophy, chronic granulomatous
disease, and ornithine transcarbamylase deficiency are among
the many disorders now approachable through molecular
analysis.4

Attention to the patient’s ethnicity may be the only warning
to the obstetrician of potential genetic risks. Virtually all
ethnic groups carry some “genetic burden.”9 For example,
Caucasians have a risk of about 1 in 25 of carrying a cystic
fibrosis gene mutation. Over 1300 cystic fibrosis mutations26

have been reported and screening panels for the most common
mutations detect between 85% and 90% of Caucasian carri-
ers. Physicians are now expected to offer cystic fibrosis DNA
carrier tests to all couples in their reproductive years.27 Labo-
ratory standards and guidelines now exist for population-
based cystic fibrosis carrier screening.28 The cystic fibrosis
carrier screening panel has recently been revised to reflect
more current data and exclude a polymorphism that was pre-
viously thought to be a mutation.29 Prenatal diagnosis can be
offered only if the parental mutations are known or if the
pregnancy is suspected to be at risk for cystic fibrosis (i.e.,
presence of echogenic fetal bowel). About 1 in 12 individuals
of Mediterranean extraction carry a gene mutation for β-
thalassemia. Once again, a simple blood examination for
mean corpuscular volume and for hemoglobins A2 and F will
assist in carrier detection. About 1 in 30 Ashkenazi Jews carry
the gene for Tay–Sachs disease, and should be routinely 
offered the necessary carrier detection test for this lethal
degenerative neurological disorder. DNA analysis for the three
most common Tay–Sachs disease mutations in this ethnic
group yields a detection rate of over 98%, without the
problem of false-negatives or -positives and repeat sampling
that hampers the hexosaminadase assay.30 About 1 in 40
Ashkenazi Jews carries a gene mutation for Canavan disease
and similarly should be routinely offered the necessary DNA
carrier detection tests for this severe neurodegenerative con-
dition.31 For all the autosomal recessive disorders just men-
tioned, only if both parents are carriers would there be a 25%
risk of bearing an affected child. In all these instances, prena-
tal diagnosis would be available.4 This information becomes
important for individuals who might select prenatal or pre-
implantation diagnosis as an option or for couples who could
select other reproductive choices, such as artificial insemina-
tion or ovum donation, from donors who test negative for
detectable gene mutations.

Dramatic and continuing advances in molecular genetics
increasingly enable predictive tests for disorders not previously
detectable by any method. Hence, even asymptomatic indi-
viduals may be able to determine whether they have a partic-
ular dominant gene for which there is a risk of 50% for
transmission in each pregnancy, or whether they carry auto-
somal or X-linked genes, with their associated risks. Selected
examples of such disorders for which presymptomatic and
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a disorder with succeeding generations. Anticipation is seen in
several of these disorders, and can be explained by the further
expansion of the specific triplet repeat. In addition to expan-
sions, triplet repeat reversions (decrease in number of repeats)
have been documented in a small percentage of cases.38 When
interpreting test results, the number of such repeats may be
used in genetic counseling to estimate the risk of recurrence
and disease severity.

Advances in human genetics continue to escalate rapidly fol-
lowing the completion of the Human Genome Project. Obste-
tricians and all physicians who care for patients in their
childbearing years should remain alert to these advances. In a
growing number of centers, preimplantation diagnosis may
require discussion during the preconception visit. Worldwide,
over 5000 cases have been accomplished, and for some indi-
viduals this is an expensive, but possible, option.39,40 Finally,
among the more important aspects of the preconception visit
is the provision of genetic counseling, the details of which now
follow.

Genetic counseling

Genetic counseling is a communication process concerning 
the occurrence and the risks of recurrence of genetic disorders
within a family. The aim of such counseling is to provide the
patient with a clear and comprehensive understanding of all
the important implications of the disorder in question, as well
as the possible options. The purpose is also to help families
through their problems, necessary decision making, and 
emotional adjustments and adaptations, where indicated.
Although the physician may wish to prevent or minimize the
suffering of both patient and family and to decrease the inci-
dence of serious genetic disease, the primary strategy must be
to achieve clear understanding by prospective parents, facili-
tating rational decision making.8,9,41 All prospective parents
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Table 21.1 Examples of monogenic disorders for which DNA
diagnostic tests facilitate presymptomatic and prenatal diagnosis as
well as carrier detection.

Autosomal dominant disorders
Adult polycystic kidney disease Multiple endocrine neoplasia
Charcot–Marie–Tooth disease Myotonic muscular dystrophy

type 1A
Familial adenomatous polyposis Spinocerebellar ataxia type 1
Huntington’s disease Tuberous sclerosis
Long QT syndrome Von Hippel–Lindau disease
Machado–Joseph disease (SCA III)

Autosomal recessive disorders
α-Thalassemia Phenylketonuria
β-Thalassemia Sickle cell anemia
Cystic fibrosis Spinal muscular atrophy
Canavan disease Tay–Sachs disease
Familial dysautonomia Wilson’s disease
Friedreich’s ataxia

Sex-linked disorders
Adrenoleukodystrophy
Charcot–Marie–Tooth disease
Chronic granulomatous disease
Duchenne/Becker muscular dystrophy
Hemophilia A
Lesch–Nyhan syndrome
X-linked lymphoproliferative disease
Menkes’ disease
Myotubular myopathy
Ornithine transcarbamylase deficiency
Spinal and bulbar muscular atrophy

Table 21.2 Myotonic muscular dystrophy: potential pregnancy,
neonatal, and other complications.

Potential abortion
Fetal death
Polyhydramnios
Prolonged labor
Fetal distress
Uterine atony
Postpartum hemorrhage
Cardiac arrhythmias
Increased sensitivity to anesthetic and relaxant agents
Postoperative respiratory depression
Neonatal death
Arthrogryposis
Mental retardation

Data from refs 32–34.

prenatal diagnosis and carrier detection are feasible are listed
in Table 21.1. Hence, for example, once a parent is shown to
carry the dynamic gene mutation for myotonic muscular dys-
trophy, accurate prenatal diagnosis by direct DNA analysis
can be accomplished. These tests allow detection of maternal
myotonic dystrophy, facilitating prenatal diagnosis, anticipa-
tion,32 optimal surveillance, and possible early intervention or
prevention of the frequently serious intrapregnancy, labor,
delivery, and postpartum and neonatal complications 
(Table 21.2).

Discovery of disorders with mutations resulting from the
unstable expansion of trinucleotide repeats has rapidly esca-
lated. The first such reports in 1991 described unstable CGG
triplet repeats in males with the fragile X syndrome.36 Thus
far, 17 such disorders with dynamic mutations have been
described and are outlined in Table 21.3. Friedreich’s ataxia
is the first autosomal recessive disorder that has been described
with a triplet repeat expansion in about 96% of cases.37 The
remaining cases are due to other mutations within the gene.
It is noteworthy that the typical carrier will have one normal
allele and a second expanded allele.

The genetic mechanism of anticipation refers to progres-
sively earlier manifestation and/or more severe expression of
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have a right to know if they have an increased risk of having
children with a genetic disorder, or other defect, and what
their options are. The physician’s duty is to communicate this
information clearly and in simple language (with a translator
if required), to offer specific tests (serially, if necessary), or to
refer couples for second expert opinion and to document the
consultation and recommendations.

The primary reasons couples seek genetic counseling in the
context of risks and prenatal diagnosis are circumscribed:
1 Advanced maternal age. An arbitrary age of 35 years has
long functioned as the standard of expected care, at which
maternal age-related risks of chromosome defects should be
discussed and prenatal genetic studies recommended.4 Increas-
ingly, geneticists consider it appropriate to inform parents of
their risks that the fetus has a chromosome disorder based on
first- and second-trimester maternal serum multiple analyte
screening. Indeed, the decision about amniocentesis reflects the
balance of risks between fetal loss and fetal defects. Although
decisions made for or against such studies should be prima-
rily parental, based on appropriate consultation with their
physician, third-party payers continue to influence many of
these decisions through cost considerations.
2 Maternal serum screening using four analytes. These assays
yield increased odds for Down syndrome, trisomy 18, and
other chromosome defects42–45 or indicate increased risks for
neural tube defects46 necessitating ultrasound studies that may
be followed by amniocentesis.
3 A previous fetus or child with a chromosomal, monogenic,
or polygenic disorder.

4 A family history of a specific familial disorder.
5 One prospective parent with a suspected or known chro-
mosomal, monogenic, or polygenic disorder.
6 A maternal disorder with or without specific drug treat-
ment, associated with an increased risk of congenital defects.
7 A known or suspected carrier state for a certain genetic dis-
order on the basis of previous or required tests or ethnicity.
8 Exposure during, or prior to, pregnancy, to potentially haz-
ardous medications, infectious organisms, X-rays, toxins, or
occupational hazards.
9 Known or suspected consanguinity.
10 The background risk of congenital defects and genetic 
disorders.

In general, genetic counseling is best provided by a clinical
geneticist or certified genetic counselor under supervision of a
clinical geneticist. In both the USA and Canada, board-certi-
fied specialists in clinical genetics and medical genetics are
available for referral. If an obstetrician is well informed, he or
she should be able to provide the necessary counseling for
advanced maternal age and, increasingly, for abnormal mater-
nal serum screening results. Caution should guide the physi-
cian in avoiding areas outside expected expertise. Quotation
of risk figures through intuitive judgments is strictly con-
traindicated. Clinical geneticists who provide counseling are
expected to provide a letter to the referring physician, with a
copy to the patient (or two separate letters, if preferred). Either
way, documentation of the key elements transmitted during
counseling would be regarded as mandatory, regardless of
who provides such services.
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Table 21.3 Dynamic mutations with triplet repeat expansions.

Disease Chromosome Repeat sequence Size in normal* Size in carrier* Size in affected*

Dentatorubral pallidoluysian atrophy 12p12–13 CAG 7–34 – 49–75
Fragile X syndrome† Xq27.3 CGG 5–54 50–200 200 to 2000
Fragile XE Xq27.3 GGC 6–25 116–133 200 to > 850
Friedreich’s ataxia† 9q13 GAA 7–40 50–200 200 to > 1200
Huntington’s disease 4p16.3 CAG 6–36 – 35–121
Kennedy’s disease (spinal bulbar muscular atrophy) Xq11–12 CAG 12–34 – 40–62
Machado–Joseph disease 14q32.1 CAG 13–36 – 68–79
Myotonic dystrophy type 1 19q13.3 CTG 5–37 – 50 to > 2000
Myotonic dystrophy type 2‡ 3q21.3 CCTG < 44 – 75–11 000
Spinocerebellar ataxia type I 6p22–23 CAG 6–39 – 41–81
Spinocerebellar ataxia type II 12q24.1 CAG 15–29 – 35–59
Spinocerebellar ataxia type VI 19p13 CAG 4–16 – 21–27
Spinocerebellar ataxia type VII 3p21.1 CAG 4–18 – 37–130
Spinocerebellar ataxia type VIII 13q21 CTG 16–37 – > 90
Spinocerebellar ataxia type X§ 22q13–qter ATTCT 10–22 – > 19 000
Spinocerebellar ataxia type XII 5q31–33 CAG 7–28 – 66–78
Spinocerebellar ataxia type XVII 6q27 CAG 27–44 – > 45

*Variable ranges reported and overlapping sizes may occur.
†Mutation may not involve an expansion.
‡Expansion involves four nucleotides.
§Expansion involves five nucleotides.
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The genetic basis for counseling

Genetic disorders that affect fetal development may be chro-
mosomal, monogenic, or multifactorial in origin. Acquired
disorders that complicate fetal development (e.g., infectious
diseases, medications, toxins) will not be discussed here, even
although their actions may be mediated through individual
genetic susceptibility. Chromosomal disorders arise as a con-
sequence of abnormal chromosome number or from structural
rearrangements of one or more chromosomes. Single-gene dis-
orders may be inherited or arise de novo as a consequence of
mutation. The modes of inheritance for single-gene disorders
are classified as autosomal dominant, autosomal recessive, X-
linked, or mitochondrial. Multifactorial disorders result from
an interaction between multiple genes and one or more envi-
ronmental factors. The arbitrary distinction between chromo-
somal and single-gene inheritance should be understood, as
many examples exist in which structural alteration of a chro-
mosome results in deletion or interruption of one or more
genes. Notwithstanding such arbitrary classifications, it is
simpler, when trying to determine the origin of a specific 
phenotype, to think in terms of the preceding categorical 
classification.

Chromosomal disorders

Each of our somatic cells contains 46 chromosomes, with 23
derived from each parent. There are 44 nonsex chromosomes
(called autosomes) and two sex chromosomes. Females have
two X chromosomes (XX) and males have one X chromosome
and one Y chromosome (XY). The chromosomes can be dis-
tinguished from each other on the basis of size, location of the
centromere (which divides a chromosome into long and short
arms), and the unique banding pattern. Not only can subtle
details of chromosome structure now be delineated (e.g., dele-
tions), but also the origin of an extra or abnormal chromo-
some can be determined frequently and precisely. For example,
the extra chromosome 18 in trisomy 18 derives from a mater-
nal source in 95% of cases, whereas the structurally abnor-
mal chromosome (with a deletion) in Prader–Willi syndrome
appears to be uniformly of paternal origin. High-resolution
chromosome analysis of prophase chromosomes, rather than
metaphase, allows easier recognition of structural defects.

It is now recognized that individuals can inherit two copies
of part or all of a chromosome from one parent and no copy
from the other parent. This process, called uniparental disomy
(UPD), is uncommon, but contributes to the occurrence of
some well-known clinical disorders. Uniparental heterodisomy
refers to the inheritance of two homologous chromosomes
that originate from one parent. Uniparental isodisomy indi-
cates that the two chromosomes inherited from one parent are
identical.47 This derivation of a pair of homologs from one
parent cannot be detected cytogenetically. Molecular cytoge-
netic techniques using fluorescence in situ hybridization

(FISH), painting probes, and DNA markers facilitate detec-
tion. UPD has been described most commonly in the
Prader–Willi48 and Angelman syndromes,49 and in addition
has been reported in cystic fibrosis,50 spinal muscular
atrophy,51 mosaic trisomy 15,52 and robertsonian transloca-
tions.53 About two-thirds of Prader–Willi syndrome patients
have a recognizable cytogenetic deletion in one chromosome
15q11–q13 region. Another approximately 30% of cases are
due to maternal UPD.48 A newly recognized concern is the
increased likelihood of inheriting a severe or lethal form of
recessive disease in cases of uniparental isodisomy. UPD has
been identified for 12 autosomes (e.g., chromosome 7 and
cystic fibrosis) and the X chromosome. The indication for
UPD study in most instances has been either a genetic disor-
der such as Prader–Willi syndrome or Angelman syndrome or
an abnormality found on prenatal diagnosis, especially involv-
ing chromosomes 11, 14, and 15.54,55 UPD is caused primarily
by meiotic nondisjunction events, followed by trisomy or
monosomy “rescue.”56

Chromosomal disorders are classified as either numerical 
or due to structural rearrangements. Numerical disorders are
characterized by extra or absent chromosomes. For example,
the most common numerical chromosome disorder in new-
borns is characterized by an entire extra chromosome 21,
resulting in trisomy 21 (Down syndrome). Among first-
trimester abortuses, an absent sex chromosome, resulting in a
45,X fetus, is the most common numerical chromosome dis-
order. A single cell division, soon after fertilization, may go
awry, resulting in a numerical chromosome abnormality in the
daughter cells of that division and, consequently, in chromo-
somally abnormal cells from that original stem cell. These
abnormal cells continue to divide and multiply alongside the
subjacent chromosomally normal cells and eventually result in
an individual who has two or more different cell lines – a chro-
mosomal mosaic. Chromosomal mosaicism is found most fre-
quently among the sex chromosome disorders.

Sex chromosome aneuploidy is the most common chromo-
some abnormality present at birth, with an overall incidence
of 1 in 400.57 Its incidence at amniocentesis is even greater and
is estimated to be 1 in 250 in women over 35 years of age.58

Genetic counseling after the prenatal diagnosis of sex chro-
mosome aneuploidy often presents a challenge even for the
experienced genetics professional. Knowledge of the pheno-
typic variability and the range of associated developmental
and behavioral problems is essential to provide the most com-
plete counseling. Linden et al.59 reviewed the literature and
summarized current knowledge on the intrauterine diagnosis
of sex chromosome aneuploidy based on seven prospective
studies. Sex chromosome mosaic karyotypes are most often
45,X/46,XX, 46,XX/47,XXX, or 46,XY/47,XXY, but many
other combinations are possible. The presence of a normal
46,XX or 46,XY cell line tends to modify the effects of the
aneuploid cells. On evaluations of intelligence, educational
intervention, motor skills, and behavioral problems, those
with mosaicism scored similarly to control subjects, and no
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significant differences were determined.60,61 Fertility may 
vary, depending on the chromosomal constitution. Although
46,XX/47,XXX women usually are fertile, the prognosis for
45,X/46,XX and 46,XY/47,XXY mosaics is less definite.59

When a prenatal diagnosis of sex chromosome mosaicism is
made, a thorough discussion of the expected phenotype, devel-
opmental issues and probable learning disabilities should be
tempered with the statement that a specific prognosis based
on karyotype for any affected child is not possible. It should
be explained that mental retardation is not typically associ-
ated with sex chromosome aneuploidy, but that the affected
individual’s IQ is often 10–15 points less than that of siblings.
Owing to the information gleaned from these important
prospective studies, genetic counselors can now better assist
obstetricians in providing accurate and comprehensive infor-
mation to parents of affected fetuses, thereby facilitating
informed decision making about pregnancy management.

Chromosome mosaicism detected prenatally may also
reflect confined placental mosaicism (CPM). CPM refers to the
discrepancy between the chromosomal complement of the
fetus and its placenta, due to postzygotic mitotic errors during
embryonic development. CPM can be detected prenatally in
about 2% of viable human pregnancies at 10–12 weeks of ges-
tation.62 CPM may be caused by the trisomic zygote rescue,
which may then result in either a liveborn trisomic fetus or a
diploid fetus. A diploid cell line, the product of the random
loss of a trisomic chromosome, is expected to have UPD for
the chromosome pair involved in the original trisomy in one-
third of these cases.63,64 The most common placental–fetal
dichotomy involves placental trisomy for chromosome 16.65

In pregnancies with CPM, a general effect of trisomy in the
placenta may result in some degree of placental insufficiency,
which may lead to intrauterine growth restriction, pregnancy
associated hypertension, or intrauterine fetal death.66 Ultra-
sound monitoring of fetal growth in such cases would be
appropriate.

Structural chromosome defects may result from the break-
age and loss of a variable-sized piece of a long or short arm
(deletion) or the breakage of two chromosomes and transfer
with fusion of parts of the broken fragments onto the resid-
ual chromosomes (translocation). About 1 in 500 liveborns
has a balanced chromosomal translocation, whereas an unbal-
anced translocation occurs in about 1 in 1675 liveborn
infants.

Translocations involving the acrocentric chromosomes in
one parent are associated with risks of an unbalanced translo-
cation, ranging mostly from 4% to 20%, with higher risks for
maternal carriers (Table 21.4). Reciprocal translocations
between autosomes are associated, almost invariably, with
much lower risks for unbalanced karyotypes, mostly below 3%
and frequently around 1%. An isochromosome is formed by
abnormal splitting of a centromere during meiosis. This occurs
infrequently but may cause the loss of an entire chromosome
arm and duplication of the remaining arm, resulting in a single
symmetric chromosome with two genetically identical arms.

Duplications of either an entire region (resulting in partial
trisomy of the long or short arm of a specific chromosome) or
a tiny segment of a chromosome arm may result in congenital
malformations, with or without mental retardation.

Chromosome inversions, which occur following breakage at
two sites along a chromosome length, followed by inversion
and reattachment, are not uncommon. Such inversions, which
involve the centromere (called pericentric inversions)66 or do
not involve the centromere (called paracentric inversions),67

are generally thought to be associated with a risk of 5% for
congenital defects, with or without mental retardation, when
they occur de novo (see Table 21.4). The exception is the 
pericentric inversion involving the long arm of chromosome
9, which appears to have no clinical significance. This
“normal” chromosomal variation is present in about 1% of
individuals.72

Subtle chromosome deletions pose serious diagnostic diffi-
culties when they occur de novo.

High-resolution chromosome analysis (prometaphase chro-
mosomes) and FISH have increased the recognition of these
microdeletion syndromes. Virtually all microdeletion syn-
dromes are associated with serious or fatal genetic disease
(Table 21.5). The finding of a microdeletion in an infant
should lead automatically to chromosome analysis of 
both parents seeking a translocation or other chromosomal
rearrangement. Individuals with mental retardation of un-
known etiology need to be assessed by a geneticist, who may
test for one of these microdeletion syndromes. The most
common microdeletion involving chromosome 22q11.2 has
been associated with several distinct genetic disorders that are
known to have overlapping clinical features. These disorders
include DiGeorge syndrome, velocardiofacial syndrome, iso-
lated conotruncal cardiac defects, Cayler syndrome, and Opitz
syndrome. The expanding, variable phenotype of individuals
with 22q11 deletions is now recognized. These advances pose
additional diagnostic and counseling challenges.

Indications for chromosome analysis

1 For both prospective parents with infertility or three or
more spontaneous abortions, or two or more stillbirths.
2 When one parent has a chromosome abnormality (most
commonly a sex chromosome defect) or is a known carrier of
a chromosomal translocation or other structural rearrange-
ment.
3 For all of the offspring of one parent who carries a struc-
tural chromosome rearrangement.
4 For the prospective parent who has genital malformations
or abnormalities of sexual development.
5 On all stillborns (with or without dysmorphic features or
malformations) or babies following neonatal death without a
specific diagnosis.
6 In newborns with dysmorphic features, or those who
exhibit serious growth restriction, with or without a single
major congenital malformation.
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7 In infants or children with developmental delay, with or
without dysmorphic features or associated malformations.

FISH allows for the microscopic visualization of specific
regions of the genome in metaphase chromosomes and inter-
phase nuclei.73 Examples of the many clinical applications 
of FISH are illustrated in Table 21.6. Diagnostic limitations
exist when an additional molecular mechanism is responsible
for the disorder (see details on uniparental disomy and
Prader–Willi, above). FISH has been applied to neonatal and
prenatal detection of aneuploidy and structural aberrations in
chorionic villus cells and amniocytes. The use of multicolor
FISH has enabled the identification of cryptic translocations

previously not elucidated by routine cytogenetic analysis.
These translocations may be the etiology of multiple miscar-
riages, stillbirths, or prolonged infertility. Using this technol-
ogy, the identification of microdeletions/duplications and
marker chromosomes has become routine. Additional cryptic
chromosome rearrangements either at the subtelomeric ends
of chromosomes or along the length of the chromosome have
now been identified in patients with mental retardation with
or without additional congenital abnormalities. Subtelomeric
FISH and comparative genomic hybridization have identified
the etiology of previously idiopathic mental retardation in up
to 10% of cases.74–76 Once a specific abnormality has been
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Table 21.4 Recurrence risks for the more common chromosome disorders.

Chromosome disorders Risk of recurrence (%) Notes

Numerical abnormalities
A previous child born with trisomy 21 1–1.5 Includes risks for all aneuploidy and applies to all 
A previous child born with trisomy 18 < 1 women < 30 years. Those > 30 have maternal 
A previous child born with trisomy 13 < 1 age-associated risks of aneuploidy
A previous child with Turner syndrome (45X) Population risk As long as mother is not a Turner syndrome mosaic, 

risks of recurrence will approximate population 
risk (1 in 2500 females)

A previous child with XXX syndrome Population risk As long as neither parent has sex chromosome
mosaicism and mother is < 35 years, risks of 
recurrence will approximate population risk 
(1 in 1000 females)

A previous child with Klinefelter syndrome (47,XXY) Population risk As long as neither parent has sex chromosome
mosaicism and mother is < 35 years, risk of 
recurrence will approximate population risk
(1 in 1000 males)

A previous child with 47,XYY Population risk Population risk approximates 1 in 1000 males

Structural rearrangements
Robertsonian translocations
t(13;14) (14;21) maternal
t(14;21) paternal Rare
t(13;21) maternal 11–15
t(13;21) 1–2
t(15;21) maternal 11–15
t(15;21) paternal 1–2
Reciprocal translocation in general maternal 5–20 Risks depend on how original case was ascertained – 

if through recurrent miscarriage lower figure applies
In general paternal 3–30 Risks depend on how original case was ascertained – 

if through recurrent miscarriage lower figure applies
t(11;22) maternal 6
t(11;22) paternal 5

Inversions (autosomal)
Pericentric 5–10 If original case ascertained through a previous child 

with a structural rearrangement
Pericentric 1–3 If original case ascertained fortuitously and without 

phenotypic abnormality
Paracentric < 1

Data from refs 66–70.
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determined, further testing of family members including
parents may yield specific recurrence risks and prenatal diag-
nosis opportunities.

The frequency of chromosomal anomalies in liveborn
infants is illustrated in Table 21.7. Careful consideration
should be given to such anomalies in all cases of aberrant fetal
development, including those detected in the third trimester
(i.e., intrauterine growth restriction, IUGR). Advancing mater-
nal age is associated with an increasing frequency of numeri-
cal chromosome disorders resulting from nondisjunction and
includes not only trisomy 21, but also trisomies 13 and 18,
triple-X, and the 47,XXY male (Klinefelter syndrome). The
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Table 21.5. Examples of chromosome microdeletion syndromes.

Disorder Clinical features Deletion site

Angelman Severe mental retardation, ataxia, jerky movements, inappropriate laughter, absent speech 15q11–q13
Langer–Giedion Variable mental retardation, dysmorphic facies, multiple exostoses, sparse scalp hair, cone-shaped 8q24.1

epiphyses
Miller–Dieker Severe mental retardation, lissencephaly, dysmorphic facies, vertical furrowing in forehead when crying 17p13.3
Prader–Willi Mild mental retardation, infantile hypotonia, obesity, hypopigmentation, hypogonadism 15q11–q13
Retinoblastoma Retinal malignancy, typical facies, possible mental retardation 13q14
Rubinstein–Taybi Variable mental retardation, dysmorphic facies, broad thumbs/toes 16p13.3
Smith–Magenis Mental retardation, dysmorphic facies, self-destructive behavior, microcornea, renal abnormalities, 17p11.2

hearing impairment
Steroid sulfatase Frequent stillbirths, ichthyosis, low maternal estriol in urine and plasma Xp22

deficiency
Velocardiofacial/ Overlapping clinical features: mental retardation, cleft palate, cardiac defects, learning disabilities, 22q11.2

DiGeorge hypocalcemia, hypoplastic lymphoid tissue, T-cell deficiency, dysmorphic facies
WAGR Wilms tumor, aniridia, genitourinary abnormalities, mental retardation 11p13
Williams Mental retardation, dysmorphic “elfin” facies, cardiac defect, renal anomalies, infantile hypercalcemia 7q11.23

Table 21.6 Examples of clinical application of FISH.

Identification of microdeletion syndromes
Prader–Willi
Angelman
Velocardiofacial/DiGeorge
Miller–Dieker
Williams
Steroid sulfatase deficiency
Smith-Magenis

Identification of duplications
Charcot–Marie–Tooth type 1a
Beckwith–Wiedemann

Identification of subtelometric rearrangements

Identification of cryptic translocations

Identification of marker chromosomes

Prenatal and postnatal identification of chromosome aneuploidy

Cancer cytogenetics

Table 21.7 Frequency of chromosome abnormalities in liveborn
infants.

Chromosome abnormality Approximate frequency

Numerical disorders
Autosomal trisomies

47,+21 (Down syndrome) 1:800
47,+18 (Edward syndrome) 1:7500
47,+13 (Patau syndrome) 1:22 700
Other 1:34 000

Sex chromosome abnormalities
47,XYY 1:1000 males
47,XXY 1:1000 males
Other (males) 1:1300 males
45,X 1:2500 females
47,XXX 1:1000 females
Other (females) 1:2700 females

Structural rearrangements
Structural balanced All 1:500

Robertsonian translocation
Reciprocal and insertional translocation
Inversion

Structural unbalanced All 1:1600
Robertsonian
Reciprocal and insertional
Inversion
Deletion
Supernumerary
Other

Data from refs 3 and 30.
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risks of recurrence, following the birth of babies with differ-
ent trisomies, are shown in Table 21.4. Certainly, one numer-
ical chromosome abnormality, caused by nondisjunction, may
be followed by a different one caused by the same basic mech-
anism. Hence, following conception of an offspring with
trisomy 21, recurrence of a numerical abnormality has been
different in some 50% of subsequent chromosomally abnor-
mal offspring.4 Available data suggest no increased risk of
chromosome abnormality in future pregnancies after sponta-
neous abortions of lethal trisomies or recurrent abortion with
normal parental karyotypes.77

Monogenic disorders

Single-gene disorders occur in approximately 10 per 1000 live
births, with about 7 in 1000 being due to autosomal domi-
nant genes, about 2.5 in 1000 being due to recessive genes,
and 0.4 per 1000 being due to X-linked genes. Thus far, hun-
dreds of genetic disorders with biochemical defects have been
recognized.78 Their single mutant genes have involved mainly
abnormalities in enzymes and, increasingly, specific proteins.
A reduced lifespan is associated with over half of all mono-
genic disorders, whereas reproductive capacity is reduced in
about 69% of such disorders.78

Clinically, dominant disorders are viewed as those in which
symptomatic individuals are heterozygotes, whereas those
with autosomal recessive disorders are symptomatic and are
considered homozygotes. The distinction between dominant
and recessive disorders is largely arbitrary, but useful clinically.
It is known, for example, that for the autosomal reces-
sive sickle cell disease, heterozygotes have subtle physiologic
abnormalities, affecting renal concentrating ability as well as
demonstrating a selective advantage for resistance to malaria.
Heterozygotes for ataxia telangiectasia are known to be at an
increased risk for developing malignancy. Hence, carriers of
recessive genes may manifest disorders, just as do those indi-
viduals with dominant genes. Concerning the concept of dom-
inant and recessive genes, other subtleties are recognized. For
example, in retinoblastoma (typically transmitted as an auto-
somal dominant disorder with virtually full penetrance) the
deletion, or point mutation, on one chromosome 13 has to be
associated with another mutation in the homologous allele on
the other chromosome 13 for retinoblastoma to develop. In
other words, “two hits” are necessary, although for this clas-
sical, dominant disorder, a recessive gene mechanism is effec-
tive. Notwithstanding continued progress in understanding
complex mechanisms resulting in genetic disorders due to
dominant or recessive genes, it still remains useful to consider
them clinically in their well-established categories.

Autosomal dominant disorders

As the genes for autosomal dominant disorders exist on one
of the 22 autosomes, both males and females may be affected.
An individual who is affected has a 50% risk of transmitting

the gene to each of his or her offspring. The phenomenon of
pleiotropy is especially important in this category of disorders.
A single gene that has several different effects is regarded as
pleiotropic (e.g., either of the genes causing tuberous sclerosis
may result in retardation, achromic spots, and subungual
fibromas). In contrast, genetic heterogeneity means that
several genes have the same effect. A good example is deaf-
ness, which can result from many different single-gene disor-
ders. New mutations commonly cause autosomal dominant
disorders. For example, about seven out of eight individuals
with achondroplasia are due to a dominant de novo gene
mutation. Moreover, the frequency of such mutations rises
with advancing paternal age. Variability in clinical expression
(called expressivity) is also especially important in dominantly
inherited disorders. One excellent example is the multiple
endocrine neoplasia syndrome, in which individual affected
family members may have either hyperplasia or malignancy or
both, in various endocrine organs. Also typical of autosomal
dominant disorders is the variation seen in the age of onset,
even for the same condition. Hence, Huntington’s disease may
manifest in childhood or not until old age, even although the
mutant gene has been present from the time of conception.
Molecular analysis allows determination of the presence of the
mutant gene, but does not usually provide any ability to
predict onset time (except for several triplet repeat disorders).
Some guidance on this point is likely to emerge from a study
of disease onset ages within specific families. Predictive pre-
natal diagnostic testing for presymptomatic adult-onset 
disorders poses significant challenges. Disorders such as 
Huntington’s disease, familial breast/ovarian cancer syn-
dromes, long QT syndrome, familial adenomatous polyposis,
multiple endocrine neoplasia and Von Hippel–Lindau syn-
drome all are amenable to presymptomatic and prenatal diag-
nosis. Prenatal testing for these serious disorders that may only
manifest years to decades after birth, may also reveal the
presymptomatic affected status of an at-risk parent. Precon-
ception/prenatal genetic counseling is critically important in
such cases to consider the complex issues of diagnosis, pene-
trance, expressivity, anticipation, heterogeneity, risks, as well
as available and future treatment.

Autosomal recessive disorders

The mutant genes that cause this group of disorders are
located on one of the 22 autosomes, and therefore both males
and females may be affected. Clinically obvious autosomal
recessive disorders exist only in the homozygous state (each
parent contributing one of the mutant genes). Hence, when
both parents are carriers, they have a 25% risk of having
affected offspring in each pregnancy. An autosomal recessive
disorder can result in an offspring inheriting the same harmful
gene from each parent, even although the site of the mutation
within the gene may be different. These so-called compound
heterozygotes still develop the disease, but the nature of its
clinical manifestations and time of onset may be altered.
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Important examples include cystic fibrosis, Tay–Sachs disease,
and metachromatic leukodystrophy.

Typically, the rarer the mutant recessive gene, the greater
the likelihood that those affected will result from consan-
guineous unions, or those where the couple has ethnicity in
common. Although new mutations that result in recessive dis-
orders may occur, they have not been easy to distinguish clin-
ically. With increasing use of DNA analysis, the frequency and
nature of recessive mutations are likely to be better under-
stood. Meanwhile, for the more common autosomal recessive
disorders, the physician needs to recognize the patient’s eth-
nicity and provide the straightforward carrier detection tests
for that specific group. Hence, couples who share Mediter-
ranean, Ashkenazi Jewish, Black, or Asian extraction should
be routinely offered indicated preconception carrier detection
tests for at least β-thalassemia, Tay–Sachs and Canavan
disease, sickle cell disease, and α-thalassemia, respectively.

X-linked disorders

The mutant genes that result in X-linked disorders are located
on the X chromosome. Given that the male has only one X
chromosome and the female has two, both the risk and sever-
ity of X-linked disease will vary between the sexes. Males will
usually manifest the fullest expression of the disorder, whereas
random X inactivation will largely influence expression in
females. In contrast to females who carry autosomal recessive
genes, those heterozygous for X-linked genes frequently man-
ifest some sign(s) of the disease in question (Table 21.8). An
important example is female carriers of Duchenne muscular
dystrophy (DMD), who are at significant risk for developing
either cardiomyopathy or cardiac conduction defects.79 A
careful surveillance protocol for these life-threatening condi-
tions is warranted.

Male-to-male transmission does not occur in X-linked
disease. This is because a male never contributes his X chro-
mosome to a son. An affected male, by contributing his only
X chromosome to all his daughters, will render them all car-
riers of the trait in question. In examining the pedigree of 
a family with possible X-linked disease, attention is usually
given to whether the disease has occurred in maternal
nephews, uncles, or first cousins and through the female line.
Female heterozygotes have a 50% risk of having affected male
offspring.

X-linked dominant traits are characterized by an affected
male transmitting the condition to all his daughters and none
of his sons, and by an affected female, with a 50% likelihood
of transmitting the disorder to her sons or daughters. X-linked
dominant disorders occur about twice as often in females as
in males and may be less severe in affected females. Rarely, an
X-linked dominant trait may be lethal in affected males, result-
ing in a disorder that appears to occur, clinically, only in
females and in which an affected female has a 50% likelihood
of transmitting the trait to her daughters. These affected
women have an increased frequency of miscarriage, repre-

senting affected male fetuses (e.g., incontinentia pigmenti).
Mutations of X-linked genes are not uncommon and are most
often associated with the occurrence of a sporadic affected
male within a family. Because of advances in molecular genet-
ics, we now know that even in some of these families, despite
the presence of a normal gene in the mother of such an affected
male, germline mosaicism may account for recurrence in a
future pregnancy. The birth of a male with DMD, no family
history, and no detectable mutation by DNA analysis of
maternal peripheral leukocytes might lead to counseling 
based on spontaneous mutation rates. Once again, germline
mosaicism is now well recognized in mothers of apparently
sporadic DMD sons, and the risk of recurrence in such cases
approximates 7–14% if the at-risk X-haplotype is deter-
mined.80 Hence, genetic counseling following sporadic occur-
rence of a male with X-linked DMD should include the
recommendation of prenatal genetic studies in all subsequent
pregnancies notwithstanding negative DNA carrier testing of
the mother.
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Table 21.8 Signs in females who are X-linked recessive disease
carriers.

Achromatopsia Decreased visual acuity and 
myopia

Adrenoleukodystophy Neurological and adrenal 
dysfunction

Alport syndrome Hematuria and hearing 
impairment

Choroideremia Chorioretinal dystrophy
Chronic granulomatous disease Cutaneous and mucocutaneous 

lesions
Duchenne muscular dystrophy Pseudohypertrophy, weakness, 

cardiomyopathy/conduction 
defects

Dyskeratosis congenita Retinal pigmentation
Fabry’s disease Angiokeratomas, corneal 

dystrophy, “burning hands 
and feet”

Fragile X syndrome Mild-moderate mental 
retardation; behavioral 
aberrations; schizoaffective 
disorders; premature ovarian 
failure, fragile X tremor 
ataxia syndrome

G6PD deficiency Hemolytic crises, neonatal 
hyperbilirubinemia

Hypohidrotic ectodermal Sparse hair, decreased sweating
dysplasia

Omithine transcarbamylase Hyperammonemia, 
deficiency psychiatric/neurological 

manifestations
Spondyloepiphyseal dysplasia, Arthritis

late onset

Modified from ref. 30.
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Fragile X syndrome

Special attention must be given to the X-linked disorder
known as fragile X syndrome, which represents the most
common single cause of inherited mental retardation in males.
Typical features include mental retardation of varying sever-
ity, macroorchidism, typical facial features (including a large
head, prominent ears, forehead, and jaw), signs suggestive 
of a connective tissue disorder (including hyperextensibility,
pectus excavatum, flat feet, possible mitral valve prolapse, and
dilation of the aortic root) and behavioral disorders, seizures,
stereotypies, speech disorders, autistic signs, and other neuro-
logical features. The fragile X syndrome occurs in 1 out of
every 4500 males, and about 1 in 250 females carry the gene.
About one-third of female heterozygotes may be variably men-
tally retarded. This disorder is named for the appearance of
the chromosomal fragile site, located on the distal long arm
of the X chromosome and demonstrated by using folic acid-
depleted culture medium for blood chromosome study. Detec-
tion of the unstable CGG triplet repeat with concurrent
ascertainment of the methylation status is the standard diag-
nostic test for fragile X syndrome. Where before two-thirds of
fragile X carrier females were not detected cytogenetically,
DNA analysis of triplet repeats will facilitate detection of 96%
of carriers. In addition, females with the dynamic fragile X
premutation may also develop premature ovarian failure.81

Normal transmitting males are those who carry a premuta-
tion, do not have fragile X syndrome, and transmit this pre-
mutation to their daughters. Although thought to be
phenotypically normal, studies have now shown that a sub-
group of older men with the fragile X premutation develop a
progressive neurodegenerative syndrome that includes inten-
tion tremor, parkinsonism, ataxia, cognitive decline, and gen-
eralized brain atrophy.82 This disorder has been named the
fragile X tremor ataxia syndrome and has also been shown to
manifest in a subgroup of elderly women with the fragile X
premutation.83,84

A careful family history and pedigree analysis is important
when considering testing for fragile X. Special awareness is
needed for the manifesting carrier female, a family history of
mental retardation or learning disabilities on the maternal
side, and of the “unaffected” transmitting male. Prenatal diag-
nosis can now identify not only the affected male, but also the
female with this X-linked disorder. Carrier females can mostly
be distinguished from clinically manifesting females by the
number of triplet repeats and the degree of methylation.

Interpretation of the methylation assay can be complicated,
especially when chorionic villus samples are assayed.85

Methylation is not well correlated with fragile X gene expres-
sion based on assays of chorionic villi.

Mitochondrial disorders

Mitochondrial disorders have protean manifestations, which
include neurologic, multisystem, and tissue-specific conditions

that are primarily maternally inherited. One specific charac-
teristic of mitochondrial disorders is called heteroplasmy,
which is the coexistence of normal and mutant mitochondrial
DNA molecules within each cell. Although possible, prenatal
diagnosis for specific mitochondrial point mutations may be
affected by heteroplasmy, resulting in many uncertainties
including severity, type, and age of onset of symptoms, thus
complicating prenatal counseling.

Multifactorial genetic disorders

Many disorders result from the interaction of multiple genes
with one or more environmental factors. Typical birth defects
in this category include cleft lip and palate, congenital heart
disease, and neural tube defects. Generally, risks of recurrence
tend mostly to range between 3% and 5%; important excep-
tions (such as pyloric stenosis) are well known. For example,
if the mother had pyloric stenosis, the risk is 16–20% for
having an affected son and 7% for having an affected daugh-
ter. If the father had pyloric stenosis, the risk is about 5% for
having an affected son and about 2.5% for having an affected
daughter.86 Recurrence risks typically vary from family to
family and are particularly influenced by the number of
affected family members and the severity of the condition in
the index case. In general, if there are more affected relatives
with more severe disease, the risk to their other relatives will
be higher.

Consideration of phenocopies is particularly important in
determining the etiology of what might be considered a mul-
tifactorial disorder. For example, cleft lip and palate may also
occur as a consequence of a monogenic disorder, a chromo-
some abnormality, or a specific teratogenic medication.

Evaluating the cause of stillbirth or
perinatal death

The full spectrum of grief can be expected to attend all still-
births and perinatal deaths. Therefore, the physician can, and
should, anticipate feelings of denial, expressions of guilt, expe-
rience of depression, and expressed or contained anger from
the parents. Although the intensity and duration of such
normal responses by parents may vary, active steps to evalu-
ate the cause(s) of their loss serves to assist in turning anguish
into action and to possibly providing important information
that would help alleviate the grieving process. A summary pro-
tocol for such evaluation is suggested in Table 21.9.

Genetic etiologies of stillbirth need to be considered as they
may lead to increased risks for miscarriage, stillbirth, or
abnormality in future offspring. Genetic causes include throm-
bophilias, chromosome abnormalities, or single-gene disor-
ders, including X-linked dominant, lethal autosomal recessive,
and lethal de novo autosomal dominant conditions. Follow-
ing stillbirth or perinatal death, careful review of the family
(genetic) history and of the medical and obstetric history is
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recommended. Assessment of consanguinity should include
determination of possible common ancestral origins of the
parents, as well as consideration of last names of grandpar-
ents or great-grandparents. Autopsy should automatically be
recommended in all such cases, unless an absolute and defin-
itive diagnosis is already known. During the overwhelming
grief at such times, one or both parents frequently are not
inclined to allow an autopsy. Experience has taught that many
such parents later regret having lost the opportunity to deter-
mine specific answers to very definite questions. If the ward,
medical, and nursing staffs have been unable to obtain per-
mission for autopsy, judicious action would include request-
ing the senior attending physician to meet with the parents
immediately, lending experience and authority to the recom-
mendation, urging that information gained at autopsy may
benefit their other or future children. Keeping the deceased
child on the ward for a few hours pending this decision will
sometimes prove helpful. Photographs of the face, including
profile views, and whole-body pictures, including detailed
photographs of any specific abnormality (e.g., of digits) would
be helpful to a dysmorphologist later. Full-body skeletal X-
rays may prove similarly important later. Any dysmorphic fea-
tures should be carefully documented. Heparinized cord or
fetal blood samples should be obtained for chromosome
analysis in all cases. Between 6% and 11% of all such off-
spring will have a chromosome abnormality, whether or not
an abnormal physical phenotype is present.19 A fetal serum
sample should also be obtained for infectious disease studies,
which might include, for example, parvovirus, cytome-
galovirus, and toxoplasmosis.

Fetal tissue samples should be obtained for cell culture
(internal fascia of the thigh) to determine the chromosome
complement, to determine the biochemical phenotype, where
applicable, or to analyze DNA (liver tissue frozen without pre-
servative), where indicated. The obstetrician is expected to
ensure that sterile culture medium is kept available for these
often-unexpected circumstances, thereby avoiding submission
to the laboratory of pieces of fetal tissue in dry gauze or in a
container, without any culture medium whatsoever. Parental
blood samples for chromosome analysis may be useful if fetal
karyotyping fails or if a specific chromosomal anomaly is
detected (e.g., translocation). Results of the autopsy, as well
as those of any special tests performed, should be communi-
cated directly to the parents. Many weeks may elapse before
such communication can occur. Nevertheless, face-to-face
consultation with both parents is recommended to reiterate
any previous counseling, especially as anxiety block to the
reception of information may have lessened somewhat by that
time. This communication and counseling should be followed
by a summary letter explaining their future risks and options
and emphasizing any necessary recommendations.

Guidelines to genetic counseling

The principles guiding the delivery of genetic counseling have
been discussed extensively elsewhere.4,41,88 The quintessential
points will be summarized briefly here.

Accurate diagnosis

Current expectations demand that a careful and sharp focus
be kept on fetal development throughout pregnancy. Discrep-
ancy between gestational age and fetal growth, disparity in
specific measurements (e.g., femur length, size of lateral ven-
tricles), or questions of organ presence or normality (e.g., large
or absent kidneys) will alert the perinatologist to the need for
further study, including serial examinations, in order to seek
accurate diagnosis. Reliable genetic counseling cannot begin if
an accurate diagnosis has not been established. This same
exhortation applies to the history obtained at the first obstet-
ric visit (ideally the preconception visit), when pregnancy plan-
ning has been initiated. At this visit, expectations include
careful review of the family pedigree and formal confirmation
of specific congenital defects or genetic disorders that bear on
the risk of the proband in the current or future pregnancies.
Examination of previous autopsy reports, X-rays, and photo-
graphs – including those of previous stillborns – is often nec-
essary for confirmation or for help in establishing a diagnosis
not made earlier. Now more than ever, the advent of molecu-
lar genetic diagnosis makes it incumbent on the physician to
determine precisely whether a history of “muscular dystro-
phy” was, in fact, Duchenne, myotonic, or some other 
type. Failure to check a history of “encephalocele” in a pre-
vious deceased newborn could result in counseling with an
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Table 21.9 Protocol for evaluating the cause of stillbirth or
perinatal death.

Review genetic, medical, and obstetric history
Determine possible consanguinity
Gently and persistently recommend that parents permit a complete

autopsy
Obtain photographs, including full face and profile, whole body,

and, where applicable, detailed pictures of any specific
abnormality (e.g., of digits)

Obtain full-body skeletal radiographs
Consider full-body magnetic resonance imaging,87 if autopsy not

permitted
Carefully document any dysmorphic features
Obtain heparinized cord or fetal blood sample for chromosomal or

DNA analysis
Obtain fetal serum for infectious disease studies (e.g., parvovirus,

cytomegalovirus, toxoplasmosis)
Obtain fetal tissue sample (sterile fascia best) for cell culture aimed

at chromosome analysis, biochemical, or DNA studies
Obtain parental bloods for chromosome analysis, where indicated
Communicate final autopsy results and conclusions of special

analyses
Provide follow-up counseling, including a summary letter
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approximate 3% risk estimate. The autopsy record, however,
may have revealed polydactyly and polycystic kidneys, which,
in combination with the encephalocele, constitute Meckel syn-
drome, an autosomal recessive disorder with a 25% risk of
recurrence.

Nondirective counseling

Most therapeutic medicine involves paternalistic management,
with directions to the patient to take a specific medication that
will restore him or her to good health. The consensus among
medical geneticists in the Western world is to provide nondi-
rective genetic counseling, where the physician is expected to
dispense the most complete information available while
remaining impartial and objective. In contrast, a directive
approach invites, consciously or subconsciously, the opportu-
nity for the physician to insinuate his or her own religious,
racial, eugenic, or other beliefs or dictates of conscience into
the counseling process. Hence, whether they have antiabor-
tion views or personal judgments of the estimated burden of
a specific disease on a family, physicians are strongly encour-
aged to avoid directing patients’ decisions. Efficacy in genetic
counseling means helping the clients to rational decision
making, which may not necessarily result in a reduction in the
frequency of a genetic disease.

Concern for the individual

A physician’s paramount concern is for the individual patient.
The physician is not an advocate for society when in the midst
of patient care and counseling. Hence, if a patient does not
wish to terminate a pregnancy in the face of a serious fetal
genetic disease, it is inappropriate for the physician to try to
influence that decision, either on behalf of other family
members or because of the “cost to society.” This principle
does not, however, preclude the requirement to inform the
patient fully about all aspects, both advantageous and disad-
vantageous, of the decision he or she is making. An informa-
tive discussion, therefore, should range over issues that the
patient may not be cognizant of to include future inter-
relationships of the couple, the effect on their other children,
the suffering of the affected child, anticipated reactions by 
relatives and the public at large, and the many economic and
other societal implications.

Truth in counseling

There are relatively few instances in genetic counseling when
the abiding principle of telling the truth is threatened. Detec-
tion of unexpected nonpaternity perhaps ranks first in fre-
quency and is likely to retain its favored status with increasing
use of DNA diagnostic studies. Detection of nonpaternity
during routine prenatal chromosome studies is not at all
uncommon. Such discoveries are usually predicated on recog-
nition or suspicion of a potential fetal chromosome 

abnormality, necessitating blood samples from both
“parents.” Determination of what might appear to be a de
novo translocation, rather than an inherited one, brings the
issue into sharp relief. Because risk counseling for fetal nor-
mality will be decidedly different for the de novo versus inher-
ited translocation and because the other male is invariably
unaware of his possible translocation, every effort needs to be
made to arrange a face-to-face consultation with the pregnant
patient herself. These not-infrequent encounters raise tricky
ethical and legal questions and require considerable finesse in
management.

Discovery of nonpaternity during DNA diagnostic studies
in members of the family distant to the proband (her own
father, an uncle, a first cousin) represents the same thematic
challenge. Once again, considerable judgment and insight is
required by the physician in determining whether to transmit
such information; ethical and legal issues exist and cannot be
ignored. Nevertheless, where sufficient information (e.g., to set
“phase” for genotype evaluation through DNA studies) is
available, communication concerning nonpaternity might best
be avoided. Only in situations in which life-threatening cir-
cumstances are clear is there an absolute need for communi-
cation and disclosure. Even then great sensitivity and finesse
are required.

Confidentiality and trust

The traditional and expected confidentiality and trust rela-
tionship between physician and patient is no different in the
genetics arena. This principle may be challenged, for example,
when the need arises to inform the sisters of a proven X-linked
disease carrier about their own risks and need for testing. Dif-
ficulty arises if the patient insists on not communicating with
her family and specifically instructs the physician also to
desist. Although statutes of conditional immunity cover physi-
cians communicating private information concerning highly
infectious diseases (e.g., meningococcemia), such immunity
may not safeguard the physician transmitting genetic risk
information. Notwithstanding this difference in informing
about germs and genes, the advent of AIDS and the associated
privacy issues further add to the dilemma in managing these
kinds of genetic cases.

Information transmitted to the physician’s or institution’s
employees about patients’ serious genetic neurological 
genetic disorders (e.g., Huntington’s disease) add a further
dimension in which confidentiality and trust may be ques-
tioned. The physician’s first and clearest duty is to the 
patient, and great caution must be exercised to safeguard this
critical relationship and to secure all the elements of absolute
privacy.

Timing of genetic counseling

The need for preconception counseling has been emphasized.
Notwithstanding this frequently repeated recommendation,
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huge numbers of couples emerge for genetic counseling during
pregnancy. Professional and public education is needed to
reverse this practice if couples are to benefit from available
options (not to have children, adoption, in vitro fertilization,
artificial insemination by donor, ovum donation, embryo
transfer, surrogacy, vasectomy, tubal ligation, carrier detection
tests, preimplantation diagnosis, prenatal diagnosis, treat-
ment, and selection or avoidance of abortion).

The timing of genetic counseling following the birth of a
child with a serious congenital defect is also important.
Although communication and support are critical during these
first unhappy days, formal genetic counseling should not be
attempted. Anxiety block effectively prevents anguished
parents from assimilating or comprehending the important
information being communicated. Essential diagnostic infor-
mation must be communicated, but not in a corridor, not to
the patient alone without her partner, and not to the 
patient who is still under the effects of anesthesia. Sadly, exam-
ples of all of these practices are well known. Although a
formal appointment should be scheduled with such a couple
within 6 weeks of the birth, access by telephone should 
also be made available for response to urgent questions and
concerns.

Parental counseling

Contribution of one-half of the genome by the father is not
the only reason the physician should insist on the father
accompanying his mate for genetic counseling. Not only may
outright diagnostic information be obtained from such a 
face-to-face visit, but also a more reliable paternal family
history may be obtainable. Moreover, issues to be discussed
are frequently complex and invariably involve questions of
guilt, family prejudices, religious obstacles, fear, and serious
differences of opinion between mates. Physicians should sys-
tematically insist, at the time appointments are made, that a
couple attend together for counseling. Even although a 
letter summarizing the essential points made during counsel-
ing should be routinely sent to the referring doctor and the
parents being counseled, the male partner must be urged to
attend.

Knowledge, jargon, and empathy

Enormous advances in human genetics over the past three
decades have led to a huge and exponentially increasing body
of specialized knowledge. As a consequence of these develop-
ments, a board-certified specialty in medical genetics was ini-
tiated in 1982 in the USA and, shortly thereafter, in Canada.
Physicians who are not medical geneticists need to be espe-
cially careful about venturing into areas in which they lack
expertise. Communication concerning risks, based on DNA
studies for a rapidly increasing number of prenatally
detectable disorders, serves as one example for which caution
and referral would be appropriate. Understanding the full

expression of a disease not only in the fetus or newborn, but
also in the child and adult, and its wider consequences for the
family, requires special knowledge and experience.

Communications concerning genetic disorders are fre-
quently based on complex information. An important princi-
ple is to avoid technical jargon in communication and to make
no assumptions about a patient’s basic knowledge or under-
standing. Some patients, especially professionals, are embar-
rassed to reveal their ignorance or lack of understanding even
after an explanation has been provided. Great sensitivity is
always necessary, and sufficient insight in these circumstances
may encourage repetition of the communication then and
there, or at a subsequent planned appointment.

The birth of a child with a fatal or serious genetic defect is
invariably associated with complex responses and reactions
from both parents. After the anticipated shock, self-incrimi-
nation or guilt, anger, and (one hopes) final adaptation will
come the associated dashed expectations and dreams, fear of
recurrence, anxiety about disability and/or death, economic
woes, concern about social stigmatization, and stress between
partners (often for not planning). The physician should be able
to dispense empathy and sensitivity, not be judgmental, and
to project warmth, understanding, and support. Together with
knowledge, these prerequisites take time – the final ingredient
for effective counseling. Genetic counseling cannot be brief
and hurried.

Do no harm

The classical exhortation primum non nocere (“do no harm”)
is no less pertinent to clinical genetics than to medicine gen-
erally. In this context, perinatologists may offer predictive
diagnosis from chorion villi or amniotic fluid cells for disor-
ders that will manifest decades after birth. Prime examples
include Huntington’s disease,89 myotonic muscular dystro-
phy,32 and Friedreich’s ataxia.90 Recommendations and 
guidelines concerning predictive testing for the presympto-
matic detection of Huntington’s disease have been published
by the International Huntington Association and the World
Federation of Neurology Research Group on Huntington’s
disease.91,92 These recommendations propose rigorous pre- and
post-test counseling and state that the test should not be avail-
able to individuals under the age of 18 years. The inherent
danger in such presymptomatic testing (as opposed to prena-
tal predictive testing) is the potential depression and possible
demoralization that a patient might experience. For a disor-
der without curative, let alone meaningful palliative, treatment
the wisdom of providing presymptomatic diagnoses must be
seriously considered. Although 50% of individuals at risk will
receive good news, relieving them of anxiety, the other 50%
face an effective death sentence. Given the high suicide rate in
individuals at risk for Huntington’s disease, it may reasonably
be questioned whether one does more harm than good by 
providing this 50% with a death sentence years before 
manifestations appear.93 Given the pace of advances in human
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genetics, it might well be possible in the foreseeable future to
develop a therapy that enhances the mechanism already in
place and to delay the manifestations of Huntington’s disease
for decades after birth. It would be sad to find a life ruined by
severe depression or suicide, only to be followed shortly there-
after by discoveries that delay the manifestations of Hunting-
ton’s disease by decades or permanently. Difficult as these
decisions may be for individual patients at risk, such under-
takings can only be regarded as acceptable if performed with
extreme care, concern, and professionalism. Although patients
retain the right to make the choice for presymptomatic testing,
there is reason to remain concerned about the wisdom of such
choices for those who find themselves affected. On the other
hand, an increasing number of examples already exist in which
presymptomatic testing is possible and important to either the
patient or the future offspring, or both. Use of DNA linkage
analysis and mutation analysis94 for autosomal dominant
polycystic kidney disease may lead to unsuspected diagnosis
of an associated intracranial aneurysm and pre-emptive
surgery with avoidance of a life-threatening sudden cerebral
hemorrhage. In a study of 141 affected individuals, 11%
decided against bearing children on the basis of risk.95 These
authors noted that only 4% of at-risk individuals between 18
and 40 years of age would seek elective abortion for an
affected fetus. The importance of accurate presymptomatic
tests for potential at-risk donors has been emphasized.96

Duty

The physician has a duty to inform the patient, impartially,
fully, and in a nondirective way, providing a clear delineation
of available risks and options. Where facts are uncertain or
new advances possible, there is a clear duty for the physician
to refer the patient to or consult with a medical geneticist. All
communications with the patient must be documented and,
preferably, summarized in a letter to the patient. Physicians
have a duty to support patients and to remain nonjudgmental
about their decisions. An additional duty is to remain aware
of new advances and progress in human genetics so that
patients may benefit from them in a timely manner. In 1991,
Pelias97 discussed the geneticist’s duty to recontact patients
when new relevant information concerning their diagnosis, or
possible treatment, becomes available. This daunting task to
recontact patients, perhaps years after their initial visit to the
genetics clinic, can be tempered by initially informing the
client of the expanding nature of genetic knowledge and 
the need to remain in at least annual contact with the clinical
geneticist. This theme should be recorded in clinic notes and
reiterated in follow-up letters to the patient and to referring
and consulting physicians. Given the many millions who move
each year and change their physicians, it would be judicious
to vest the responsibility with both the primary care doctor
and the patient to remain in contact with a clinical geneticist.

332

Key points

1 The preconception period is important for control and
treatment of specific disorders that may affect an
otherwise successful pregnancy.

2 Infertility may have a genetic basis for which genetic
testing and counseling are indicated.

3 Stillbirths and/or multiple miscarriage may have a
genetic etiology for which genetic counseling and
testing are indicated.

4 Family history of a specific disorder may enable carrier
testing and prenatal diagnosis and is an indication for
genetic counseling.

5 Carrier testing for specific genetic disorders based on
ethnicity is a recognized standard of care.

6 Identification of maternal myotonic muscular dystrophy
will enable prenatal diagnosis, optimal surveillance,
and possible early intervention or prevention of the
frequently serious intrapregnancy, labor, delivery,
postpartum, and neonatal complications.

7 Genetic counseling is a communication process
concerning the occurrence and the risks of recurrence
of genetic disorders within a family.

8 The physician should be aware of the multiple
indications for a genetic counseling referral in the
context of risks and prenatal diagnosis.

9 Uniparental disomy molecular testing may be indicated
in the prenatal diagnosis of robertsonian 
translocations.

10 Sex chromosome aneuploidy is a frequent finding 
in prenatal diagnosis and may present genetic
counseling challenges due to the phenotypic and
developmental variability within each karyotype 
group.

11 The use of FISH has increased the identification of the
etiology of previously idiopathic mental retardation
allowing more accurate recurrence risk counseling and
prenatal diagnosis opportunities.

12 Autosomal dominant disorders are characterized by
pleiotropy, variable expressivity, variable age of onset,
and often new mutations and heterogeneity.

13 Consanguinity increases the risk of autosomal recessive
disorders.

14 Female carriers of X-linked genes often manifest sign(s)
of the disorder due to random X inactivation.

15 Germline mosaicism complicates recurrence risk
counseling in apparently sporadic cases of an increasing
number of disorders.

16 Fragile X female carriers are at risk of developing
premature ovarian failure, whereas both male and
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Introduction

Ultrasound has had a profound influence on the practice of
medicine, especially in obstetrics. Since its first introduction
into medicine, almost half a century ago, ultrasound studies
have shown a potential to provide information about the fetus
in a noninvasive manner. Most importantly, it does not appear
to be associated with any known adverse fetal bioeffects.
Thus, diagnostic ultrasound gained wide clinical acceptance
and become of considerable diagnostic value. The new pow-
erful ultrasound machines, with superb resolution, three-
dimensional capabilities, and various Doppler modalities, are
convenient to use, comfortable for the patient, and not very
expensive. It is an unquestionable fact that prenatal ultra-
sound provides information that allows diagnosis and treat-
ment of fetal malformations that otherwise could be diagnosed
only postnatally and often in an untimely fashion. However,
a major question still remains unequivocally unanswered: Is
prenatal diagnostic ultrasound safe? Although no known
human epidemiologic data or unquestionable evidence exist to
demonstrate any deleterious effect of diagnostic ultrasound in
neonates over the last 40–50 years of clinical use, there are
some tissue biological effects generated by ultrasound. Even
more, the acoustic output of modern equipment constantly
changes with the advancement of the technology, whereas
investigations into the possibility of subtle or transient fetal
adverse ultrasound bioeffects are still at an early stage. There-
fore, diagnostic prenatal ultrasound should only be considered
safe if used prudently.

Basic physics

Sound consists of waves and is described by frequency, wave-
length, amplitude, intensity, and the propagation of speed. An
ultrasound is a sound with a frequency higher than the human
ear can detect. The frequency of ultrasound used in medicine
for fetal imaging is in the range of 3–7.5 million cycles per

second (megahertz, MHz). Such high-frequency ultrasound is
generated by high mechanical deformation of certain materi-
als (e.g., crystals or ceramics), caused by electrical stimulation,
which produces a generation of waves at ultrasound frequen-
cies. This is described as the piezoelectric phenomenon, and it
also works in reverse.1 An ultrasound “receptor” will resonate
at certain frequencies, creating electrical impulses when stim-
ulated by reflected ultrasonic waves (echoes).

Materials amenable to the piezoelectric phenomenon make
up the core of the ultrasound transducer. These “crystals” are
arrayed at the tip of the ultrasound probe. An ultrasound wave
is generated by the electric pulse, transmitted through the
tissue, and at some tissue depth is reflected and returned to
the transducer. Returned “echoes” are detected and converted
by the same transducer into electric impulses of equivalent
amplitude that corresponds to the depth of the returned ultra-
sonic wave. The array of the electric impulses is analyzed by
the computer software and converted into the image. Depend-
ing on the mode of data analysis, we are able to demonstrate
tissue structures by B-mode two-dimensional real-time sono-
graphy; M-mode (e.g., used for assessment of heart motion);
a pulsed Doppler modality that pictures blood flow in the form
of waveforms that correspond to the systolic and diastolic
components of the cardiac cycle; color and power Doppler
modes (superimposed blood flow in the form of colored
dots/areas over the B-mode picture); and, more recently, three-
dimensional sonography that renders analyzed structures in a
static three-dimensional image, or four-dimensional ultra-
sound, which demonstrates a three-dimensional image in real
time (Table 22.1). All of these advances were possible because
of the tremendous advancements in computer technology and
software systems that enable quick and accurate analysis of
the received ultrasound data.1

Ultrasound image and resolution

It is imperative to understand that ultrasound images are gen-
erated from an ultrasound beam that is three-dimensional in
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Table 22.1 Basic ultrasound modes and images.

Ultrasound mode Ultrasound image Brief description Comment

A-mode (one-dimensional) Wave spikes occur when a single beam Of historical value, now
passes through objects of different obsolete in medical imaging
consistency and hardness

B-mode (one-dimensional, Same as A-mode, but wave spikes (upper Of historical value, now
1-D) row) are replaced with dots (lower row) obsolete in medical imaging

where “brightness” corresponds to
amplitude of reflected sound

B-mode (two-dimensional) B-mode generated from multiple crystals Today’s standard of ultrasound
(in real time) (array) in real time (up to 100 images per imaging, utilized by almost

second) any ultrasound machine

M-mode Combination of B-mode one-dimensional Fetal cardiac imaging
(vertical axis) and time (horizontal axis)

Pulsed Doppler Based on Doppler principle* demonstrates Used to analyze blood flow
blood flow in real time (wave spikes are characteristics (e.g., velocities
systolic component of the blood flow) and resistance to blood flow)

Color Doppler Codes blood flow (or any motion) by Used to map blood flow
Doppler principle, into two colored dots spots within the investigated
according to the direction and blood flow tissue or organ
velocities; it is superimposed over B-mode
image

Power (color) Doppler Similar to color Doppler, but codes all Used to enhance blood flow
blood flow into one color (no directional mapping in tissue with slow
information) – more sensitive to slow blood blood flow states
flow than color Doppler
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form. The three dimensions are thickness (azimuthal resolu-
tion), width, and depth (lateral and axial resolution). Any
transducer that generates an ultrasound beam is capable of
focusing that beam at certain depths via an “electromagnetic
lens.” Generated ultrasound beams are unevenly thick, with
the narrowest part at the level of their focus. If the beam is
thick, the reflected echoes from the same plane at a certain
depth will be unified in one two-dimensional image that may
appear blurry. It is especially true for the images that are
closest and farthest away from the probe where the ultrasound
beam is the thickest. At the same time, the image is most clear
at the focus level where the beam is narrowest. Axial resolu-
tion, or parallel to the direction of the sound waves leaving
the transducer, is related to the length of the ultrasound pulse.
Shorter ultrasound wavelengths or higher frequencies will
produce better axial resolution. In contrast, lateral resolution
is equal to the beam diameter in millimeters, is perpendicular
to the axial, and inevitably poorer that axial resolution.
Because it is related to the beam diameter, it is significantly
affected in curved transducers where the beam diameter
increases with depth and becomes equivalent in thickness to
the azimuthal resolution. Thus, the image that is away from
the probe appears not only blurry, but also distorted some-
times as well.

Although the image quality directly depends on the fre-
quency of the ultrasound probe, resolution has been signifi-

cantly improved by an increase in the number of transducer
crystals (or channels); improvements in transducer crystal
technology (creating broadband and high-dynamic-range
images); increased array aperture (more crystals firing in a
single time-frame); faster computational capabilities (faster
computer chipsets); improved technical algorithms for focus-
ing on received ultrasound beam (increasing the number of
focal zones along the beam); incorporating automatic time-
gain controls, and progressively replacing analog portions of
the signal path to digital. The signal path of the beam former
(transducer), in the older analog processing data chain ultra-
sound machines, was analyzed based on the axial resolution
formed by the use of the one or multifocuses. With the
employment of more powerful computers, the whole process
became digitized. Super-fast digital beam formers allowed sig-
nificantly increased numbers of focal points (microfine
focuses) along the beam to the size of a screen pixel. This tech-
nology reduced signal–noise ratio in data processing by several
hundred-fold and created a significantly clearer picture. The
most recent advent in use is the so-called harmonic imaging
(Fig. 22.1). Tissue harmonic imaging utilizes lower frequency
echoes for the ultrasound penetration that receives and
processes only the higher frequency echoes generated by the
body’s inherent characteristics. The final product is dramati-
cally cleaner contrast between adjacent tissue structures that
is particularly useful in obese patients.
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Table 22.1 Continued.

Ultrasound mode Ultrasound image Brief description Comment

Three- and four-dimensional Two-dimensional B-mode with third Diagnostic value of three- over
(four-dimensional is three- dimension (depth) analyzed by powerful two-dimensional B-mode 
dimensional ultrasound in computer software to render three- real-time ultrasound is
real time) dimensional image; three-dimensional controversial, although may

image is static, whereas four-dimensional significantly reduce scanning
image is the three-dimensional image in time
real time

*Doppler principle. Source moving toward the receiver has higher frequency than source moving away from receiver, which has lower
frequency.

A B

Conventional US Harmonic US
Figure 22.1 Comparison between
conventional (A) and harmonic
ultrasound imaging (B).
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Ultrasound safety

The diagnostic ultrasound has widespread acceptance due to
its clinical utility, convenience, and noninvasiveness. In the
USA, approximately 65% of pregnant women have at 
least one ultrasound examination.2 We usually reassure any
prospective mother that ultrasound is safe and does not have
any harmful effects on the baby; therefore, it is of paramount
importance to be familiar with ultrasound safety.3 Some evi-
dence exists that high-energy ultrasound may produce biolog-
ical effects in exposed tissues. The most studied effects are the
local increase in temperature (thermal changes), and oscilla-
tory and potentially catastrophic motions of bubbles, if
present, in the tissues (microcavitation).4

The nature of ultrasound is such that, during its propagation
through the tissue, portions of its energy are absorbed and con-
verted into heat. Although the heat is dissipated by the adja-
cent tissues and blood flow through the insonated area, tissue
temperature may rise a fraction of a degree Celsius.5 Such tem-
perature aberrations normally occur during the human diurnal
cycle, and temperature may increase by 3–4°C in febrile states.
Hyperthermia is a proven teratogenic agent in various animals
(mouse, rat, hamster, monkey, sheep, and others) and is con-
sidered so in humans. In addition, certain stages of embryonic
and fetal development may be more susceptible to thermal
effects.6 Effects appear to be a threshold phenomenon when
temperature increases of 1.5°C or higher are considered neces-
sary for damage to occur. However, the energy output of the
diagnostic ultrasound is of such low intensity that it is unlikely
to induce temperature changes of such a degree to produce
adverse pregnancy effects.7 In addition, no recently published
study has demonstrated unequivocal adverse effects of diag-
nostic ultrasound. However, it is a theoretical possibility and
should not be completely ignored.

The interaction of sound with microscopic gas bubbles that
pre-exist in tissues may cause a bioeffect termed microcavita-
tion or acoustic cavitation.4 Because of the succession of pos-
itive and negative pressures that can cause oscillatory motions
of bubbles, several outcomes may result: (1) stable cavitation
or (2) implosion of the bubbles described as transient cavita-
tion. These can result in cell membrane disruption and even
the release of free radicals that are cell toxic. Another poten-
tial effect is radiation stress, caused by acoustic streaming in
liquid media secondary to the pressure gradient generated by
the moving sound wave. These biological effects have been
produced in plants, insects, and some mammalian tissues.
Although there is no direct evidence to suggest that in humans,
under clinical conditions, ultrasound-induced microcavitation
produces biological effects, the Food and Drug Administra-
tion (FDA), together with the American Institute of Ultra-
sound in Medicine (AIUM), the American College of
Obstetrics and Gynecologists (ACOG), and the National Elec-
trical Manufacturers Association, introduced a method of dis-
playing ultrasonic output that would control and minimize

possible bioeffects in insonated fetal tissues.5,7–10 If an ultra-
sound machine exceeds predetermined limits for output, either
a thermal index or mechanical index must be displayed on the
screen. If the thermal index, which is appropriate for Doppler
applications, exceeds 1.0, there is a potential for the tissue
temperature to rise. If the mechanical index, which is appro-
priate for scale imaging, exceeds 1.0, there is a potential for
cavitational effects.5,8 It is important to note that although the
more recent epidemiologic studies were published in 1998
through 2002, ultrasound examinations consisted exclusively
of B-mode, and all machines used predated 1992, i.e., the
“new” FDA regulations, allowing output to rise to more than
94mW/cm2, the then-accepted upper limit for fetal applica-
tion. Those acoustic outputs can be considered “low” by
today’s standards. Still, available published evidence showed
no difference in the prevalence of delayed speech or motor
development, impaired neurological development, growth,
vision, or hearing, low birthweight, dyslexia, or childhood
cancer among children exposed to ultrasound in utero.11–13

The only well-designed study showing some effect was a recent
article that presented a small increase in the frequency of non-
right-handedness (ambiguity) in male infants of mothers
exposed to diagnostic ultrasound.14 Nevertheless, in general,
it is safe to say that when sonography is performed for a valid
medical indication by a well-trained individual who respects
the basic rules of time and exposure, the information that can
be obtained is of such great value that it clearly overshadows
the remote risks that may exist.15–19 In contrast with medical
indications, performing ultrasound for “keepsake” records of
the fetus, especially in the first trimester of the pregnancy,
should be discouraged. Embryonic tissue may not have the
tensile strength of fetal or adult tissue secondary to underde-
velopment of the intercellular matrix to withhold cellular
damage due to biological effects caused by ultrasound, espe-
cially if the energy output is above recommendations, or if it
is used for prolonged periods of time. The risk of thermal bio-
effects is increased when imaging is advanced from simple
grayscale B-mode (in which the risk may be nonexistent) to
pulsed Doppler. Doppler examinations present the highest risk
of thermal bioeffects owing to their high pulse repetition fre-
quency and longer pulses.17,18 It also appears that the risks of
appreciable harmful bioeffects may increase with increasing
scanning time, ultrasound frequency (increases thermal risks
but decreases cavitation risks), and output power (increasing
the gain on the “output” knob, an “energy” trackball, or a
“power” cursor) (Table 22.2). However, we believe that newer
technologies, such as harmonic imaging and three-dimensional
sonography, may be safer. Both modalities are based on data
post processing; therefore, one might speculate that time used
for ultrasound scanning may be significantly reduced and
thereby decrease the potential for adverse ultrasound biolog-
ical effects.

In conclusion, the duration of exposure and output levels
should be kept at a minimum, which is the basis of the ALARA
(as low as reasonably achievable) principle, endorsed, among
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others, by the American Institute of Ultrasound in Medicine,
the National Electrical Manufacturers Association, and the
FDA.5 Nevertheless, continuous research and education on
ultrasound safety are strongly encouraged.

Ultrasound examination

The current standpoint of ACOG is that ultrasound in preg-
nancy should be performed only when there is a valid medial
indication (Table 22.3).20 Therefore, physicians are not obli-
gated to perform ultrasonography in patients who are at low
risk and have no indications. However, if a patient requests
ultrasonography, it is reasonable to honor the request – the

final decision to have an ultrasound scan rests with the physi-
cian and patient jointly.15,20

It is our belief that the benefits of routine ultrasound in preg-
nancy outweigh the risks associated with potential adverse
ultrasound effects. The early recognition of fetal anomalies
may introduce in utero treatment, or at least prepare parents
for the emotional ordeal that follows delivery of the fetus with
a major malformation. Although 90% of infants with con-
genital anomalies are born to women with no risk factors, a
controversy about routine ultrasound use exists.21 A minimal
and inconsistent impact on perinatal morbidity or mortality
was observed with the use of routine ultrasound screening in
the second trimester of pregnancy.22–24 However, there are data
that support its cost-effectiveness when performed in tertiary
centers.25

The ACOG, in its most recent clinical management guide-
lines for obstetricians and gynecologists, has defined three
types of ultrasound examinations performed during the
second or third trimester of pregnancy.20 The standard exam-
ination includes an evaluation of fetal presentation, amniotic
fluid volume, cardiac activity, and placental position, fetal 
biometry, and an anatomic survey. Fetal anatomy may be
assessed adequately at 16–20 weeks of gestation (Table 22.4).
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Table 22.2 A summary of the recommendations published by
several national and international organizations, including the
American Institute of Ultrasound in Medicine (AIUM), International
Society for Ultrasound in Obstetrics and Gynecology, Australasian
Society for Ultrasound in Medicine, British Society for Medical
Ultrasound, and World Federation for Ultrasound in Medicine and
Biology.

Ultrasound induces biological effects (bioeffects) in the tissues but is
generally considered safe if properly used – no epidemiologic
studies have shown, so far, harmful effects in humans

A clear medical indication should be present for performance of
diagnostic sonography; when a clear medical indication exists, the
benefits outweigh the risks potentially caused by performing
sonography

Ultrasound services should be provided by people with adequate
training, including knowledge of safety and bioeffects issues

An elevation of fetal body temperature above 41°C for 5 min or
more is considered hazardous

Nonthermal bioeffects (microcavitation) may result in capillary
bleeding, particularly in the lungs and bowels when gas bubbles
are present; fetal lungs and bowels do not contain gas, therefore a
mechanical risk is probably nonexistent

B- and M-mode sonography appears entirely safe in pregnancy
Pulsed Doppler and color Doppler sonography with a small region

of interest have the greatest potential for bioeffects; these should
be carried out with particular care in the first trimester

New technologies, such as harmonic imaging and three-dimensional
sonography, do not present more risk than native B-mode
imaging

Sonographic examination, particularly spectral Doppler sonography,
in a pregnant patient with an elevated temperature might pose
additional risks to the fetus

The duration of exposure and output energy levels should be kept
at a minimum – ALARA (as low as reasonably achievable)
principle

Continuous research and education in ultrasound safety and
biological effects are strongly encouraged

Modified from Abramowicz JS. Ultrasound in obstetrics and
gynecology: is this hot technology too hot? J Ultrasound Med
2002;21:1327–1333.

Table 22.3 Indications for ultrasonography during pregnancy.

Estimation of gestational age
Evaluation of fetal growth
Vaginal bleeding
Abdominal and pelvic pain
Incompetent cervix
Determination of fetal presentation
Suspected multiple gestation
Adjunct to amniocentesis
Significant uterine size and clinical dates discrepancy
Pelvic mass
Suspected hydatidiform mole
Adjunct to cervical cerclage placement
Suspected ectopic pregnancy
Suspected fetal death
Suspected uterine abnormality
Evaluation for fetal well-being
Suspected amniotic fluid abnormalities
Suspected placental abruption
Adjunct to external cephalic version
Premature rupture of membranes and/or premature labor
Abnormal biochemical markers
Follow-up evaluation of a fetal anomaly
Follow-up evaluation of placental location for suspected placenta

previa
History of previous congenital anomaly
Evaluation of fetal condition in late registrants for prenatal care

Modified from American Institute of Ultrasound in Medicine
(AIUM). Practice guideline for the performance of an antepartum
obstetric ultrasound examination. J Ultrasound Med 2003;22:
1116–1125.
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If technically feasible, the uterus and adnexae should also 
be examined. A limited examination is performed when a spe-
cific question requires investigation. For example, it may be
employed to verify fetal presentation in a laboring patient, or
to confirm heart activity in a patient with absent fetal move-
ments. A specialized examination is a detailed or targeted
anatomic examination that is performed when an anomaly is
suspected on the basis of patient history, biochemical abnor-
malities, or clinical evaluation. Other specialized examinations
include fetal Doppler studies, biophysical profile, fetal
echocardiography, or additional biometric studies.

In addition to indications in the second and third trimester
of pregnancy, Table 22.5 demonstrates indications for the use
of ultrasound in the first trimester of pregnancy. The first
trimester is a time of rapid embryonic–fetal development.
Highly accurate first-trimester dating can be obtained by
measuring the crown–rump length (CRL) of the fetus (Fig.
22.2). A number of studies have demonstrated that fetal CRL
is the most accurate measurement for the sonographic dating
of pregnancy. It has a high reproducibility and can be used
reliably until approximately 12 weeks’ gestation. Beyond this
period, a variety of sonographic parameters, such as bipari-

etal diameter (BPD), abdominal circumference, and femoral
diaphysis length can be used to estimate gestational age.
However, the variability of gestational age estimations
increases with advancing pregnancy. As early as the late first
trimester, separate fetal body structures can be examined.

Head

The oval outline of the fetal head should be sought in all exam-
inations. The intracranial anatomy should be examined to
ascertain that major midline structures are present, such as
thalami, intrahemispheric fissure, and cavum septi pellucidi
(Fig. 22.3). Advanced head evaluation includes other head
measurements, such as the extra- and intraorbital distances,
ventricular diameters, as well as the occipital frontal 
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Table 22.4 Essential elements of the fetal anatomic ultrasound
survey.

Head and neck
Cerebellum
Choroid plexus
Cisterna magna
Lateral cerebral ventricles
Midline falx
Cavum septi pellucidi

Chest
The basic cardiac examination includes a four-chamber view of the

fetal heart. If technically feasible, an extended basic cardiac
examination can also be attempted to evaluate both outflow tracts

Abdomen
Stomach (presence, size, and situs)
Kidneys
Bladder
Umbilical cord insertion site into the fetal abdomen
Umbilical cord vessel number

Spine
Cervical, thoracic, lumbar, and sacral spine

Extremities
Legs and arms (presence or absence)

Gender
Medically indicated in low-risk pregnancies only for evaluation of

multifetal gestations

Modified from American Institute of Ultrasound in Medicine
(AIUM). Practice guidelines for the performance of an antepartum
obstetric ultrasound examination. J Ultrasound Med 2003;22:
1116–1125.

Table 22.5 Indications for ultrasound in the first trimester of
pregnancy.

To confirm the presence of an intrauterine pregnancy
To evaluate a suspected ectopic pregnancy
To define the cause of vaginal bleeding
To evaluate pelvic pain
To estimate gestational age
To diagnose or evaluate multiple gestations
To confirm cardiac activity
As an adjunct to chorionic villus sampling, embryo transfer, or

localization and removal of an intrauterine device
To evaluate maternal pelvic masses or uterine abnormalities
To evaluate suspected hydatidiform mole

Modified from American Institute of Ultrasound in Medicine
(AIUM). Practice guideline for the performance of an antepartum
obstetric ultrasound examination. J Ultrasound Med
2003;22:1116–1125.

Figure 22.2 Transverse image of the embryo at 12 weeks and 1 day
of gestational age depicting the crown–rump length measurement of
5.43mm.
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distance and the cephalic index. The cephalic index is the ratio
of BPD to occipital front distance, which is normally in the
range of 0.75–0.85. The posterior fossa reveals information
about the cerebellar diameter, which correlates with gesta-
tional age, presence of the cerebellar vermis, and the size of
the cisterna magna (Fig. 22.4).

Fetal spine

The fetal spine ossifies as early as 10 weeks and is seen as par-
allel sets of echoes representing the articulating vertebral
facets. It is usually examined in the longitudinal (coronal)
plane, although in a targeted examination for neural tube
defects, the transverse view of the total spine should be
demonstrated (Fig. 22.5).

Fetal heart

A four-chamber heart view (Fig. 22.6) is a basic part of all
examinations after 18 to 20 week’s gestation. It is fast and
easy to perform a screening test for congenital heart disease
because the majority of heart structural anomalies may be
detected using this single view. However, outflow tract 
anomalies (e.g. transposition of the great vessels) can be 
easily missed if “long” and “short” axis heart views are not
performed (Fig. 22.7).

Abdomen

The fetal abdomen and stomach, as a single cystic area, can
be visualized as early as 14 weeks’ gestation. Ventral wall

342

Figure 22.3 Transverse ultrasound image at the level of the
biparietal diameter, demonstrating thalami (T) and septum cavum
pellucidum (SCP).

Figure 22.4 Posterior fossa with cerebellar diameter, fourth
ventricle, and cisterna magna.

Figure 22.5 Longitudinal image of the fetal spine.

Figure 22.6 Four-chamber view of the fetal heart.
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defects can be excluded by the demonstration of an intact
abdominal umbilical cord insertion (Fig. 22.8). Fetal kidneys
(Fig. 22.9) and other upper abdomen organs can be easily
demonstrated, such as gallbladder and liver. Fetal bladder is
usually visible as a fluid-filled structure in the midline of the
pelvis.

Extremities

The four fetal limbs are identified routinely during ultrasound
examination. Although it is not necessary to measure all six
tubular bones in every fetus, measurements of at least one or
two segments (femur and humerus) are performed. Both bones
of the normal distal segments should be present. An image of
the fetal hands and feet are also highly desirable, but are not
required for a basic ultrasound examination (Fig. 22.10).

Fetal biometry

Fetal biometry is used to assess the size or estimated fetal
weight that is usually plotted against a growth curve (gener-
ated from the large portion of general fetal population) to

343

A B

LVOT
RVOT

LV

A
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P RV

Figure 22.7 Left and right ventricle outflow tracts of the fetal heart: (A) LVOT, left ventricle and aorta; (B) RVOT, right ventricle and
pulmonary artery.

Figure 22.8 Fetal abdominal umbilical cord insertion.
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Figure 22.9 Transverse image through the fetal kidneys.

A B

HAND

FOOT

Figure 22.10 Fetal open hand (A) and a
foot (B).

evaluate fetal growth characteristics. The estimated fetal
weight is derived from various combinations of fetal meas-
urements at certain gestational age, and mainly includes BPD,
head circumference, abdominal circumference, and femoral
diaphysis length, described elsewhere in this text. However, it

is important to ascertain caution with the results of the fetal
biometry, because there is large inter- and intraobserver vari-
ation in measurements at extremes of the fetal age (e.g., less
than 24 or beyond 36 weeks’ gestation).
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Key points

1 Sonography principles are based on the piezoelectric
phenomenon and generated ultrasound waves. These
ultrasound waves are reflected from tissue boundaries
of different density, and processed by powerful
computer software to generate real-time two- or three-
dimensional images.

2 Recent advances in ultrasound data processing, such as
“harmonic” imaging and super-fast digital beamers,
permit significantly improved ultrasound resolution.

3 Although three- and four-dimensional (real-time three-
dimensional) ultrasound produce excellent fetal images,
their clinical superiority over conventional real-time
two-dimensional ultrasound is controversial.

4 Ultrasound waves may produce certain biological tissue
effects, e.g., thermal changes and mechanical effects
(microcavitation), if used for prolonged periods of time
with extremely high-energy outputs. However, these
ultrasound energy output levels are not used with
diagnostic ultrasound at present time.

5 To ensure ultrasound safety, it is the general consensus
that the thermal and mechanical indexes are displayed
on the screen if the ultrasound machine exceeds
predetermined limits for energy output.

6 At the present time, diagnostic ultrasound is considered
safe for the fetus when used appropriately and
prudently. However, casual use of ultrasound,
especially during the first trimester of pregnancy,
should be avoided, especially implementation of pulsed
Doppler ultrasound, which, theoretically, may produce
a high thermal index.

7 Ultrasound examination in pregnancy is an accurate
method of evaluating viability of the pregnancy, fetal
number, and placental location, as well as gestational
dating, which is most accurately determined in the first
trimester of pregnancy.

8 Ultrasound is also able to accurately diagnose major
fetal anomalies; however, the diagnosis of fetal growth
abnormalities is less precise.

9 The optimal timing for a single ultrasound examination
(if performed in the absence of specific indications) is
at 18–20 weeks of gestation.

10 Appropriate patient counseling before the ultrasound
examination regarding its limitations for diagnosis is of
paramount importance and should be exercised
routinely.
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Only a small proportion of congenital anomalies of the central
nervous system (CNS) are clinically recognizable and are
therefore identified at birth. Long-term follow-up studies
suggest that the prevalence of these conditions is much greater
than expected for epidemiologic survey of neonates and is
about 1 in 100 births.1 Modern high-resolution ultrasound
equipment has a unique potential for evaluating normal and
abnormal anatomy of the fetal neural axis from the very early
stages of development. Yet, identification of selected anom-
alies, such as ventriculomegaly and spina bifida, remains a
challenge in many cases. In this chapter, the sonographic inves-
tigation of the fetal brain and the identification of CNS anom-
alies will be reviewed.

Normal sonographic anatomy of the
fetal central nervous system

The fetal cerebrum undergoes major developmental changes
throughout gestation. Fetal neurosonography demands a 
thorough knowledge of the ontogenesis of the brain. The 
interested reader is referred to specific publications on this
subject.2,3 Starting from 7 weeks’ gestation, the primary cere-
bral vesicles can be identified with transvaginal sonography as
fluid-filled areas. From 11 weeks’ gestation, the brightly
echogenic choroid plexuses filling the large lateral ventricles
are the most prominent intracranial structures. In the second
trimester, a detailed sonographic examination of the already
well-developed cerebral structures allowing the detection of
most anomalies is feasible. However, the results of an 
obstetric sonogram depend greatly upon the level of expertise
of the sonographer and the time dedicated to the scan. In eval-
uating the fetal brain, a distinction must be made between a
standard scan (frequently referred to as a level 1 scan) and an
expert (or level 2) scan. The standard scan is fundamentally a
screening examination for low-risk patients, and there is a
general consensus that it is conveniently carried out with two
axial views of the head, demonstrating the lateral ventricles,
basal ganglia, and posterior fossa.4 Measurement of the bipari-
etal diameter, head circumference, internal diameter of the

atrium and cisterna magna depth, and choroid plexuses is rec-
ommended.

A level 2 scan is a diagnostic examination, usually per-
formed in a patient at increased risk of fetal anomalies, and
may include coronal and sagittal views of the head that are
more difficult to obtain, but have the advantage of delineat-
ing more clearly subtle details of intracranial anatomy, par-
ticularly by using a vaginal probe in vertex fetuses.5

Three-dimensional ultrasound (Fig. 23.1) is a useful adjunct
to the bidimensional examination in that it allows visualiza-
tion of scanning planes that are difficult or impossible to
obtain directly.6

Magnetic resonance of the fetal brain

Magnetic resonance imaging (MRI) has been used in obstetric
patients for the diagnosis of fetal cerebral anomalies. The MRI
procedure is not believed to be hazardous to the fetus, and the
new equipment allows fast scanning at a reasonable level of res-
olution. In general, the anatomy is well depicted in fetuses older
than 20 weeks’ gestation. Compared with ultrasound, MRI
allows a better discrimination between the cortex and the liquid
spaces, and is particularly valuable in the assessment of migra-
tional disorders, intracranial hemorrhage, and complex cere-
bral anomalies (Fig. 23.2). Furthermore, it is not influenced by
fetal position, skull calcification, and oligohydramnios. There
is a controversy in the current literature as to whether or not
MRI provides valuable information to the sonographic exami-
nation when it is performed by an expert.7–9 Nevertheless, the
use of MRI in obstetric patients is becoming widespread. It
should be stressed that, with current technology, this technique
gives the best results only after fetal viability, when in most
countries termination of pregnancy is no longer possible.

Ventriculomegaly

Enlargement of the lateral cerebral ventricles can be regarded
as a specific marker of abnormal brain development, and is
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encountered with many different cerebral anomalies. Evalua-
tion of the integrity of the cerebral lateral ventricles is there-
fore of particular importance while screening for fetal cerebral
anomalies. Although many different approaches to the evalu-
ation of the integrity of lateral ventricles have been proposed,
measurement of the internal width of the atrium of the lateral
ventricle at the level of the glomus of the choroid plexus is
currently favored (Fig. 23.3). Under normal conditions, the

measurement is less than 10mm, while a value of more than
15mm indicates severe ventriculomegaly, almost always asso-
ciated with an intracranial malformation.4,10,11 The outcome
of these fetuses is variable and depends largely upon the under-
lying etiology of the ventricular dilatation. The available
studies suggest that fetuses with isolated severe ventricu-
lomegaly have an increased risk of perinatal death and a prob-
ability of severe neurologic sequelae in the range of 50% of
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Figure 23.1 Multiplanar imaging of the fetal brain using three-dimensional sonography. The data volume has been obtained with the probe
aligned along the axial plane (A). Two orthogonal sections have been reconstructed, simultaneously demonstrating the coronal (B) and
midsagittal plane (C). The corpus callosum and cerebellar vermis are easily recognized. 3v, third ventricle.
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Figure 23.2 Magnetic resonance imaging of fetal cerebral anomalies. (A) Large teratoma with an intracranial and an extracranial component
(arrows); (B) grade 4 intraventricular hemorrhage with destruction of the surrounding cortex (arrow); (C) unilateral megalencephaly: this
anomaly is the consequence of a migrational abnormality affecting one hemisphere (arrow) that is overgrown, has abnormal convolutions, and
lacks a well-developed cortical plate. Note the normally developed cortical plate in the ipsilateral hemisphere.
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survivors.10 An intermediate value of the atrial width,
10–15mm, is commonly referred to as mild ventriculomegaly
and is associated with a much increased probability of cere-
bral and extracerebral malformations, aneuploidies, and infec-
tions, and therefore should be carefully evaluated in an expert
center. Fetuses with isolated mild ventriculomegaly usually
have a good outcome and, in most instances, the ventricles
return to normal size during gestation. However, these infants
run an increased risk of neurologic compromise and, in some
cases, develop severe cerebral anomalies in the last part of ges-
tation or after birth, including hydrocephalus, white matter
injury, and cortical plate abnormalities. The risk is particularly
increased when the atrial width is greater than 12mm, when
the dilation affects both lateral ventricles, and in females.11

Congenital hydrocephalus has genetic implications. It should
be stressed that the experience thus far indicates that antenatal
ultrasound is unreliable for predicting the recurrence of isolated
ventriculomegaly, particularly of the X-linked variety, because
in many cases enlargement of the lateral ventricles only devel-
ops late in gestation or after birth.12 DNA analysis for the X-
linked variety is now available and should be considered,
although the exact sensitivity remains uncertain.12–14

When the diagnosis of severe ventriculomegaly is made
prior to viability, many parents would probably request ter-
mination of pregnancy. In continuing pregnancies, no modifi-
cations of standard obstetric management are required. A
Cesarean section is recommended only in those cases with
associated macrocrania. Cephalocentesis to reduce cranial size
is associated with significant morbidity, and is indicated only
in cases with a presumption of a severe prognosis.

Neural tube defects

The average incidence of neural tube defects is 1–2 in 1000
births, with a peak of 7 in 1000 in South Wales. The multi-
factorial etiology of this anomaly is well established.

Anencephaly is characterized by the absence of the cranial
vault and telencephalon. Necrotic remnants of the brain stem
and rhomboencephalic structures are covered by a vascular
membrane. Associated malformations are common and
include spina bifida, cleft lip palate, clubfoot, and omphalo-
cele. Polyhydramnios is frequently found. The diagnosis is
easy in the midtrimester, and relies upon the demonstration of
the absence of the cranial vault. Although the fetal head can
be positively identified by vaginal sonography as early as the
7th week of gestation, the diagnosis may be difficult in the
first trimester.15 Anencephaly is considered to be the final stage
of acrania, as a consequence of disruption of abnormal brain
tissue unprotected by the calvarium.16,17 A cephalic pole, 
albeit overtly abnormal, is therefore usually present in early
gestation, and may be difficult to identify prior to 11 weeks’
gestation (Fig. 23.4).

Spina bifida is commonly subdivided into open and closed
forms.18 Open spina bifida is predominant at birth and is a
full-thickness defect of the skin, underlying soft tissues, and
vertebral arches exposing the neural canal. The defect may be
covered by a thin meningeal membrane (meningocele). In the
presence of neural tissue inside the sac, the lesion is defined as
a myelomeningocele, a term often used to indicate all cases of
spina bifida aperta. The defect may vary considerably in size.
The lumbar, thoracolumbar, or sacrolumbar areas are most
frequently affected. Leakage of cerebrospinal fluid through the
defect causes an increased concentration of alpha-fetoprotein
(AFP) in the amniotic fluid and maternal serum.19 Closed spina
bifida is characterized by a vertebral schisis covered by skin.
The skin is usually pigmented, dimpled, or presents areas 
of hypertrichosis. A subcutaneous mass, a meningocele, or
lipoma may be present. Maternal serum and amniotic fluid
AFP are usually within normal limits.

The diagnosis of open spina bifida is possible from midges-
tation, but it is often difficult and requires meticulous scanning
(Fig. 23.5). The accuracy depends heavily on the experience
of the operator, the quality of the equipment, and the amount
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Figure 23.3 (A) Normal transventricular scan demonstrating an atrium of lateral ventricle of normal size; (B) mild ventriculomegaly; (C) severe
ventriculomegaly.
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Figure 23.4 Three-dimensional ultrasound
of anencephaly at different gestational ages:
on the left, a 12-week-old fetus with an
abnormal cephalic pole; on the right,
absence of the cephalic pole in the third
trimester (courtesy of Dr R. Ximenez, Sao
Paulo, Brazil).
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Figure 23.5 (A–C) Myelomeningocele in a
midtrimester fetus.
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of time dedicated to the scan. The accuracy of referral centers
is close to 100%.19–21 The accuracy of routine nontargeted
examinations is uncertain. Examination of the fetal head can
assist the sonologist, as open spina bifida is consistently asso-
ciated with easily recognizable cranial lesions (Fig. 23.6).
Leakage of cerebrospinal fluid leads to displacement of the
cerebellar vermis, fourth ventricle, and medulla oblongata
through the foramen magnum inside the upper cervical canal
(Chiari type II or Arnold–Chiari malformation). Sonographi-
cally, this results in a small head measurement at mid-
gestation, obliteration of the cisterna magna, small size and
abnormal shape of the cerebellum that is impacted deep into
the posterior fossa (banana sign), and frontal bossing (lemon
sign).22 Hydrocephalus of variable degrees is present in virtu-
ally all cases of spina bifida aperta at birth, but in less than
70% of cases in the midtrimester.

Closed spina bifida is associated with normal intracranial
anatomy and normal AFP levels and is therefore usually
unpredictable, with the possible exception of cases associated
with large subcutaneous lesions.

Anencephaly is invariably fatal. The outcome for infants
with open spina bifida is dictated by the site and extension of
the lesion.23 The mortality rate is high, the 7-year survival rate
being only 40% despite early treatment. Many of the survivors
will suffer from significant disabilities such as lower limb
paralysis or dysfunction and incontinence. The association of
spina bifida and severe hydrocephalus was traditionally con-
sidered a poor prognostic factor for intellectual development.
More recent studies indicate that, in many cases, control of
intracranial hypertension by shunting results in normal 
intelligence.

Recently, attempts have been made at intrauterine repair of
spina bifida, and it has been suggested that these operations
may reduce the morbidity of the affected infants.24

The outcome of closed spina bifida is difficult to predict in
utero. These infants usually do not develop Arnold–Chiari
malformation and hydrocephalus. However, particularly those
with subcutaneous masses may suffer from neurologic seque-
lae of variable degrees.18

The term cephalocele indicates a protrusion of intracranial
contents through a bony defect of the skull. In most cases, the
lesion arises from the midline, in the occipital area, and less
frequently from the parietal or frontal bones. Encephaloceles
are characterized by the presence of brain tissue inside the
lesion. When only meninges protrude, the term cranial
meningocele should be used. Cephaloceles often cause
impaired cerebrospinal fluid circulation and hydrocephalus.
Massive encephaloceles may be associated with microcephaly.

Fetal cephaloceles should be suspected when a paracranial
mass is seen on sonography. The diagnosis of encephaloceles
is easy, as the presence of brain tissue inside the sac is strik-
ing on ultrasound. Differentiation of a cranial meningocele
from soft tissue edema or a cystic hygroma of the neck may
be difficult. Demonstration of the bony defect in the skull
would allow a proper diagnosis, but cranial meningoceles are
often associated with extremely small (a few millimeters)
defects that are not amenable to antenatal sonographic recog-
nition. Indirect clues can assist the diagnosis. Cranial cephalo-
celes are very often associated with ventriculomegaly. Cystic
hygromas arise from the region of the neck, have multiple
internal septations and a thick wall, and are often associated
with generalized soft tissue edema and hydrops.

The pediatric literature suggests that the outcome of
cephaloceles is mainly related to the presence or absence of
brain tissue inside the lesion. However, the largest avail-
able antenatal series reports a dismal prognosis for both 
varieties.25,26

Midline anomalies

Midline cerebral anomalies include a group of brain defects
that encompass a wide spectrum of severity and are typically
associated with craniofacial malformations (Fig. 23.7).

The holoprosencephalies are complex abnormalities of the
forebrain that share in common an incomplete separation of
the cerebral hemispheres and formation of diencephalic struc-
tures.27 The most widely accepted classification of these 
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Figure 23.6 The cranial signs associated with
open spina bifida.
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disorders recognizes three major varieties: the alobar, semilo-
bar, and lobar types. In the alobar variety, the most pro-
nounced one, the interhemispheric fissure and the falx cerebrii
are totally absent, there is a single primitive ventricle (holoven-
tricle), the thalami are fused on the midline, and there is
absence of the third ventricle, neurohypophysis, olfactory
bulbs and tracts. In semilobar holoprosencephaly, the two
cerebral hemispheres are partially separated posteriorly, but
there is still a single ventricular cavity. In both alobar and
semilobar forms, the roof of the ventricular cavity, the thela
choroidea, normally enfolded within the brain, may balloon
out between the cerebral convexity and the skull to form a
cyst of variable size – the dorsal sac. Alobar and semilobar
holoprosencephaly are often associated with microcephaly,
and less frequently with macrocephaly, which is invariably due
to internal obstructive hydrocephalus. In the lobar variety, the
interhemispheric fissure is well developed posteriorly and ante-
riorly, but there is still a variable degree of fusion of the cyn-
gulate gyrus and of the lateral ventricles, and absence of the
septum pellucidum. The facial anomalies are pleomorphic, but
can be regarded as the consequence of hypoplasia of the mid-
facial structures. They span between cyclopia and severe
hypotelorism with median cleft lip–palate. The nose can be
absent, replaced by a proboscis or extremely flattened.

The incidence of holoprosencephaly at birth is uncertain.
This anomaly was, however, found in 1 of 250 voluntary ter-
minations of pregnancy.28 This observation suggests a high
intrauterine fatality rate. The etiology is heterogeneous. In
most cases, the anomaly is isolated and sporadic. In other
cases, chromosomal abnormalities (trisomy 13 and poly-
ploidy), and/or anatomic abnormalities are found.

Prenatal diagnosis of alobar holoprosencephaly depends
upon the demonstration of a single rudimentary cerebral ven-
tricle.27 Additional findings include the presence of typical
facial anomalies.29,30 Similar findings are expected with the
semilobar type. Recognition of the lobar variety has also been
reported. Diagnosis requires a midcoronal scan, demonstrat-
ing absence of the cavum septum pellucidum and central

fusion of the frontal horns, which have a flat squared roof and
communicate amply with the inferior third ventricle.27,31 The
presence of the fused fornices, which appear as a linear struc-
ture running within the third ventricle from the anterior to the
posterior commissure, is a frequent and very specific finding
with this condition.32 As in lobar holoprosencephaly, the inter-
hemispheric fissure is shallow anteriorly as a result of the
fusion of the frontal lobes; the branches of the anterior cere-
bral artery run along the surface of the brain giving rise on
color Doppler to a typical sign that has been referred to as the
serpent crawling under the skull.33

The invariably poor prognosis for infants affected by alobar
and semilobar holoprosencephaly is well established. Thus far,
cases diagnosed in utero have had extremely poor neurologic
development.31

Agenesis of the corpus callosum (ACC) is an anomaly of
uncertain prevalence and clinical significance. Estimates of
0.3–0.7% in the general population and 2–3% in the devel-
opmentally disabled are usually quoted.34 The etiology is het-
erogeneous. Genetic factors are probably predominant. The
high frequency of associated malformations and chromosomal
aberrations suggest that ACC is often part of a widespread
developmental disturbance.

ACC may be either complete or partial. In the latter case,
also referred to as dysgenesis of the corpus callosum, the
caudad portion (splenium and body) is missing to varying
degrees.

The diagnosis of ACC is possible from mid-gestation, but
is a challenge even for expert sonologists.34 In routine exami-
nations, an increased atrial width with a “tear-drop configu-
ration” of the lateral ventricles and/or failure to visualize the
cavum septum pellucidum (which is always absent with com-
plete ACC) should alert to the possibility of fetal ACC.

Once a suspicion has been formulated, a direct diagnosis is
possible by demonstrating the absence of the corpus callosum
by coronal and sagittal scans. These views are at times diffi-
cult to obtain, in particular in vertex fetuses. However, vaginal
sonography is of great advantage in such cases. Abnormal
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Figure 23.7 (A) Normal coronal scan at mid-gestation; (B) alobar holoprosencephaly; (C) complete agenesis of corpus callosum.
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branching of the anterior cerebral artery can also be demon-
strated with the use of color Doppler ultrasound.34

Diagnosis of partial ACC has also been reported, but the
sonographic findings are even more elusive than with the com-
plete form.34

The outcome of ACC is mainly dictated by the associated
anomalies. Isolated ACC is associated with a normal to bor-
derline intellectual development in most cases.35 However,
long-term studies indicate a progressive decrease in intellec-
tual capacity over time, and most infants tend to have 
significant difficulties at school.36 ACC has also been linked to
psychosis.37

The term Dandy–Walker syndrome was originally intro-
duced to indicate the association of: (1) ventriculomegaly of
variable degree; (2) a large cisterna magna; and (3) a defect in
the cerebellar vermis through which the cyst communicates
with the fourth ventricle. At present, the term Dandy–Walker
complex (or continuum) is used to indicate a spectrum of
anomalies of the posterior fossa that share in common a cystic
posterior fossa and/or hypoplasia of the cerebellar vermis.38

The classic type of Dandy–Walker malformation has an esti-
mated incidence of about 1 :30000 births, and is found in
4–12% of all cases of infantile hydrocephalus. The frequency
of minor variants of this condition is unknown.

Dandy–Walker malformation is frequently associated with
other neural defects, mostly with other midline anomalies, such
as ACC and holoprosencephaly. Other deformities include
encephaloceles, polycystic kidneys, cardiovascular defects, and
facial clefting. Postnatal studies indicate a frequency of associ-
ated malformations ranging between 50% and 70%.38,39

The sonographic landmark of the Dandy–Walker complex is
an enlarged cisterna magna (by common definition, a depth
greater than 10 mm),40,41 usually associated with a midline cleft
of the vermis (Fig. 23.8). The classic type of Dandy–Walker
malformation is associated with a large cisterna magna and
severe ventriculomegaly, and tends to have a poor prognosis.
However, minor variations are encountered more fre-

quently.38,42,43 The clinical significance of these findings is
uncertain, and no clear-cut prognostic data exist. Recent neu-
ropediatric series suggest an association between the size of the
cerebellar vermis and intellectual development.39 Under
normal conditions, it is usually possible with either sonogra-
phy or MRI to obtain a midsagittal view of the fetal cerebellar
vermis demonstrating the fastigium of the fourth ventricle and
the two main fissures from about mid-gestation.39 With
hypoplasia of the vermis, these landmarks cannot be identified.
Nomograms of the normal size of the vermis throughout ges-
tation are also available44 (Fig. 23.9).

Caution is warranted while making the diagnosis of a minor
variety of the Dandy–Walker continuum. Development of the
cerebellar vermis is incomplete prior to 20 weeks’ gestation,
and this frequently creates an artifact mimicking a vermian
defect.45

When the classic form of Dandy–Walker malformation is
found prior to viability, pregnancy termination can be offered
to the parents. In continuing pregnancies, no modification of
standard obstetric management exists. Cesarean delivery is
indicated only if macrocrania is present. A careful search for
associated malformations is indicated when the cisterna
magna is greater than 10 mm or there is the impression of a
vermian defect after 20 weeks.40,43

As the diagnosis of midline anomalies depends mostly upon
scans of sagittal and coronal planes of the fetal head that are
sometimes difficult to obtain, we have found that three-
dimensional ultrasound is frequently of considerable help.
Multiplanar slicing of a volume obtained from axial scans
usually provides images of diagnostic quality (Fig. 23.10).

Destructive cerebral lesions

Many congenital anomalies of the brain are not the conse-
quence of an embryogenetic malformative process, but are due
to a destructive process. The pathophysiology is frequently
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Figure 23.8 The normal transcerebellar scan (A) compared with variations of the Dandy–Walker continuum; (B) a cerebellar “cleft” (arrow)
suggesting a vermian defect; (C) an enlarged cisterna magna (arrow) with a seemingly normal vermis.
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unclear, and the conditions remain idiopathic. A link with
obstetric complications of a different nature is however fre-
quently found.46–48

Intracranial hemorrhage (ICH) is usually found at the level
of the lateral ventricles, although it can occur in other anatom-
ical locations. It is a frequent complication in premature
infants. Although rarely, it may occur antenatally, as a 
consequence of coagulopathy or trauma, or other as yet 
unexplained factors.46 The sonographic appearance of an ICH
is extremely variable depending upon the severity and the time
since it occurred (Fig. 23.11). Blood accumulated into the ven-
tricles appears as an echogenic collection. With time, the blood
clot retracts, demonstrates an anechoic core, and is frequently
associated with ventricular dilation (grade 3 hemorrhage).
Large hemorrhagic collections may be complicated by infarct
and destruction of the surrounding white matter (grade 4 
hemorrhage).

The prognosis is severe. In a review of the literature,46 peri-
natal death occurred in about 50% of cases, and 50% of sur-
vivors had neurologic compromise at long-term follow-up.
There was a correlation between the outcome and the grade
of the hemorrhage. The prognosis was more favorable with
grade 1 and 2 hemorrhages (hemorrhage limited to the ger-
minal matrix or lateral ventricles without ventriculomegaly),
which at times may even resolve in utero, and was usually
severe with grade 3 and 4 lesions (intraventricular hemorrhage
associated with severe ventriculomegaly and white matter
destruction respectively).

Congenital porencephaly is defined as the presence of cystic
cavities within the brain matter (Fig. 23.12). The cavities
usually communicate with the ventricular system, the sub-
arachnoid space, or both. Loss of cerebral tissue may derive
from a morphogenetic disorder (true porencephaly or 
schizencephaly). More frequently, it is the consequence of an
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Figure 23.9 The normal midsagittal view (A) demonstrating the
main landmarks of the cerebellar vermis (fastigium of fourth
ventricle and the two main scissures) (arrows) is compared with
variations of the Dandy–Walker continuum: (B) upward rotation of
a hypoplastic vermis; (C) upward rotation of a seemingly intact
vermis; (D) enlargement of the cisterna magna with an intact vermis

(megacisterna magna). Although the outcome cannot be clearly
predicted, a hypoplastic vermis (B) is a poor prognostic factor, 
while the upward rotation of a seemingly intact vermis and a
megacisterna magna (C and D), when isolated, may be
asymptomatic.
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Figure 23.10 Multiplanar imaging of the fetal brain using three-
dimensional ultrasound. (A) Complete agenesis of the corpus
callosum; (B) upward rotation of a hypoplastic cerebellar vermis;
(C) upward rotation of an intact vermis. The images are of

comparable quality to those obtained with direct bidimensional
scanning (compare with Figs 23.7C, 23.9B, and 23.9D respectively).
3v, third ventricle.
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intrauterine disruption (pseudoporencephaly or encephalo-
clastic porencephaly). The developmental form is typically
bilateral and symmetrical, and is frequently associated with
microcephaly. In pseudoporencephaly, a unilateral lesion is
usually found. In both cases, there is wide variability in the
size of the lesion. Cerebrospinal fluid turnover is often
impaired, and hydrocephalus is present. Hydranencephaly can
be regarded as an extreme form of pseudoporencephaly. Most
of the cerebral hemispheres are replaced by fluid. The brain
stem and rhomboencephalic structures are usually spared. The
head may be small, of normal size, or extremely enlarged. The
etiology is heterogeneous. Congenital infections, including
toxoplasmosis and cytomegalovirus, and intrauterine strangu-
lation or occlusion of the internal carotid arteries have been
reported. Accurate antenatal diagnosis of both schizencephaly
and porencephaly has been reported.49 It should be stressed,
however, that porencephaly is a disruption that usually occurs
only in the third trimester.

The outcome of infants with congenital destructive process
of the brain is dictated by the size and location of the lesion.
Extensive porencephaly, particularly if associated with hydro-
cephalus or microcephaly, and hydranencephaly have a uni-
formly poor outcome.

Periventricular leukomalacia is a degenerative disorder of
the white matter that is most frequently encountered in pre-
mature infants and is frequently associated with a severe prog-
nosis. The cystic variety of this condition has been described
recently in the fetus.48 The diagnosis is made by demonstrat-
ing multiple small cysts close to the upper corner of the lateral
ventricles (Fig. 23.12).

Disorders of nerve cell proliferation

The association between decreased head size and reduction in
both brain mass and total cell number in microcephalic infants
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Figure 23.11 Types of intracranial hemorrhage. (A) Soon after the hemorrhage, the blood is intensely echogenic (arrow); this is a grade 2
hemorrhage. (B) An old hemorrhage (arrow); the coronal scan demonstrates a typical blood clot and ventricular enlargement (grade 3
hemorrhage). (C) Hemorrhage (arrow) associated with destruction of the cortex (grade 4 hemorrhage).
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Figure 23.12 Destructive lesions of the fetal brain: (A) porencephalic cyst (arrow); (B) schizencephaly (arrows); (C) periventricular
leukomalacia (arrows).
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is well established. However, the threshold of abnormality is
uncertain. Some authors suggest employing a head circumfer-
ence below –2 standard deviations from the mean as the diag-
nostic criterion. Others prefer to consider head circumference
below –3 standard deviations as abnormal. The incidence of
microcephaly obviously varies in different surveys, depending
upon the definition used to identify the lesion.

Microcephaly should not be considered as a single clinical
entity, but rather as a symptom of many etiologic distur-
bances, including both environmental and genetic factors.
Microcephaly features a typical disproportion in size between
the skull and the face. The forehead is sloping. The brain is
small, with the cerebral hemispheres affected to a greater
extent than the diencephalic and rhomboencephalic structures.
Abnormal convolutional patterns, including macrogyria, micr-
ogyria, and agyria, are frequently found. The ventricles may
be enlarged. Microcephaly is frequently found in cases of
porencephaly, lissencephaly, and holoprosencephaly.

Many difficulties arise in attempting to identify fetal micro-
cephaly.50 The utility of head measurements alone may be
hampered by incorrect dating or intrauterine growth retarda-
tion. Furthermore, the natural history of fetal microcephaly is
largely unknown. A progressive development of the lesion
interfering with early recognition has been described. A com-
parison of biometric parameters such as the head cir-
cumference:abdominal circumference ratio and the femur
length:biparietal diameter ratio has been suggested. Neverthe-
less, both false-positive and false-negative diagnoses occur fre-
quently. It is clear that the predictive value of ultrasound
biometry has significant limitations. A qualitative evaluation
of the intracranial structures is a very useful adjunct to biom-
etry because many cases of microcephaly are associated 
with morphologic derangement, particularly with ventricu-
lomegaly, schizencephaly, and disorders of ventral induction.
Demonstration of a sloping forehead also increases the index
of suspicion.51

The final outcome of microcephaly is uncertain. Infants with
small heads have a much increased risk of neurologic com-
promise, and this correlates with head size. When the head
circumference is extremely small, 4 standard deviations or
more below the mean, and/or there are associated abnormal-
ities, the prognosis tends to be severe.

Megalencephaly, that is, an abnormally large brain, is
usually found in individuals of normal and even superior intel-
ligence, but it may be associated with mental retardation 
and neurologic impairment.52 Megalencephaly is also part of
congenital anomalies and syndromes such as Beckwith–
Wiedemann syndrome, achondroplasia, neurofibromatosis,
and tuberous sclerosis. Obstetric and pediatric sonographers
are frequently challenged by the problem of megalencephaly,
a condition that should be suspected in the presence of abnor-
mally large head measurements without evidence of hydro-
cephalus or intracranial masses. In such cases, examination of
the parents may be of help, as asymptomatic megalencephaly
is frequently familial.

Anomalies of neuronal migration

The neuronal cells that form the gray matter originate 
internally to the brain, on the surface of the lateral ventricles,
and only later migrate along radially aligned glial cells to the
surface of the brain. The migration occurs in different 
waves that last for several weeks. Most of the process takes
place between 8 weeks’ and 16 weeks’ gestation, but 
continues up to 25 weeks. Once the neuronal cells have
reached their destination on the surface of the brain, they
undergo a process of maturation and differentiation, grow
axons and dendrites, and develop synapses with other
neurons, giving rise to a well-ordered, six-layer cortex. Migra-
tional abnormalities are characterized by the incomplete for-
mation of the cortical layers, with abnormal locations of
neurons that have failed to reach their final destination. In
general, the cortex is thickened by a large, disorganized layer
of neurons. Conversely, the white matter underneath the
cortex is thinned by failure in production of axons by the dis-
organized neuronal cells. Macroscopically, the main finding is
an alteration in the convolutional pattern of the brain, which
may be associated with modifications in brain mass and the
size of the ventricles.

Failure of neuronal migration includes a broad spectrum of
anomalies: absence to severe reduction of convolutions
(lissencephaly), increased number of small convolutions
(polymicrogyria), unilateral megalencephaly, schizencephaly,
and gray matter heterotopias. The migrational process may be
arrested by environmental factors (ischemia, teratogens), but
a genetic predisposition is clearly present at least for some
anomalies.

Postnatally, the technique of choice for the diagnosis of this
condition is MRI, which allows a clear discrimination between
white and gray matter. Sonographic detection of typical
macroscopic abnormalities of brain anatomy (clefts in the
cortex, gyral anomalies, etc.) has led to the diagnosis of these
conditions antenatally, although usually only in late gesta-
tion8,53,54 (Fig. 23.2).

Choroid plexus cysts

Choroid plexus cysts are sonolucent spaces within the choroid
plexus, with well-defined walls. The cysts may be unilateral or
bilateral and are occasionally multiple. They are typically
found at the level of the atrium of lateral ventricles, and less
frequently within the bodies. When examined with high-reso-
lution ultrasound equipment, the choroid plexus of the lateral
ventricle often appears slightly dishomogeneous. A choroid
plexus cyst should measure at least 2 mm in diameter. Large
cysts up to 14 mm may be seen, and usually contain internal
sediments.

Fetal choroid plexus cysts are benign findings that are
however associated with an increased likelihood of trisomy
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18.55,56 The available data do not indicate an association with
other chromosomal aberrations, including trisomy 21.57,58 In
80–90% of fetuses with trisomy 18, anatomic deformities 
will be detected by ultrasound.59 On the basis of these data, 
a prudent approach is to perform a thorough sonographic
examination of the fetus when a choroid plexus cyst is iden-
tified. This examination should include evaluation of the
hands, feet, and heart. If an additional ultrasound abnormal-
ity is identified, chromosomal analysis should be offered to 
the patient. Otherwise, the patient may be counseled with 
the figures suggested by Snijders and co-workers,58 that is, that
the risk of trisomy 18 is increased 1.5 times over the baseline.

Isolated choroid plexus cysts do not modify standard
obstetrical management. As no deleterious effect on the fetus
has been reported with this finding thus far, there is no need
in our opinion for follow-up scans. A handful of very large
cysts of the choroid plexuses causing intracranial hypertension
has been described in the neurosurgical literature, but these
probably represent a separate clinical entity.60

Conclusions

Modern ultrasound equipment yields a unique potential for
the evaluation of the normal and abnormal fetal CNS. A large
number of congenital anomalies can be consistently recog-
nized. Transvaginal sonography is extending antenatal diag-

nosis to very early gestation.61–63 MRI can be used to improve
the accuracy of the diagnosis in selected cases.

Nevertheless, it is important to stress that development of
the brain continues throughout gestation and that a significant
number of anomalies cannot be predicted even by an expert
examiner at mid-gestation. In a recent study, 17% of fetal
cerebral abnormalities could not be diagnosed prior to viabil-
ity.64 Furthermore, when an anomaly is identified, counseling
the parents and deciding on a sensible obstetric management
is frequently difficult. Some cerebral anomalies have outcomes
that can be predicted with reasonable precision. This is cer-
tainly the case with catastrophic lesions such as anencephaly
and severe holoprosencephaly, as well as with anomalies that
are invariably detected at birth, such as spina bifida. There
are, however, a large number of conditions that can be accu-
rately identified in utero and yet have an unclear natural
history. ACC, mild ventriculomegaly, and minor variations of
the Dandy–Walker continuum are remarkable examples in this
regard. It has to be appreciated that, at present, there is quite
a dramatic discrepancy between the diagnostic capability of
antenatal ultrasound (which is potentially very high) and our
understanding of the prognostic implications of anatomic
alterations (which is limited by many points of view).

Eventually, the diagnosis of acquired brain lesions owing to
hemorrhagic or ischemic causes will be possible, and it is likely
to become part of the management of selected high-risk 
pregnancies.46–48
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Key points

1 The incidence of central nervous system malformations
is in the range of 1:100 births.

2 Ultrasound allows the diagnosis of many
malformations from mid-gestation; the results of the
examination depend partly upon the expertise of the
sonologist and the time dedicated to the examination; a
standard sonogram is performed in low-risk patients by
the use of two scanning planes demonstrating the
lateral ventricles and posterior fossa; an expert
sonogram is performed by using other scanning planes
oriented along the sutures and fontanelles of the fetal
head that allow the identification of other details; the
use of three-dimensional ultrasound facilitates the
examination.

3 Some cerebral malformations may not be detected
antenatally by ultrasound, particularly in early
gestation.

4 Magnetic resonance is frequently used in fetuses at high
risk of cerebral malformations, particularly to assess
hemorrhage, abnormalities of cortical development,
and complex cerebral anomalies.

5 Under normal conditions, the internal diameter of the
atrium of the lateral ventricles is less than 10 mm; a
value of 10 mm greatly increases the likelihood of a
cerebral anomaly.

6 An atrial diameter of more than 15 mm is usually
associated with an intracranial malformation.

7 An atrial diameter of 10–15 mm, a condition usually
referred to as mild ventriculomegaly, may represent a
normal variant, but greatly increases the likelihood of
cerebral anomalies and extracerebral anomalies,
chromosomal aberrations, and abnormal
neurodevelopment.

8 Anencephaly is easily diagnosed sonographically at
mid-gestation and may be identified as early as
12 weeks’ gestation.

9 Spina bifida is one of the most frequent anomalies of
the central nervous system; the most severe type, the
open variety, can be identified sonographically by 
mid-gestation, although the diagnosis is at times
difficult; obstetric patients usually undergo screening by
assay of maternal serum alpha-fetoprotein; the
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sonographic diagnosis is assisted by the demonstration
of typical cranial alterations, the lemon and banana
signs, that are usually easier to identify than the spinal
defect.

10 Closed spina bifida is usually unpredictable
sonographically.

11 The most severe varieties of holoprosencephaly, the
alobar and semilobar forms, are usually recognized by
mid-gestation by the demonstration of the absence of
the midline echo and the presence of a single
rudimentary ventricular cavity.

12 The less severe variety of holoprosencephaly is more
difficult to identify and diagnose; the main clue is the
absence of the cavum septi pellucidi and the central
fusion of the frontal horns.

13 Agenesis of the corpus callosum may be one of the
most frequent congenital anomalies; in a standard
examination, it may be suspected by indirect findings,
such as mild ventriculomegaly and/or the absence of
the cavum septi pellucidi; a specific sonographic
diagnosis is possible but requires an expert
examination; agenesis of the corpus callosum is an
important risk factor for mental retardation; infants
with isolated agenesis of the corpus callosum may have
a normal, albeit frequently low, intellect.

14 The term Dandy–Walker complex is used to define
cases in which the cisterna magna is large (more than
10 mm) and/or there is hypoplasia of the cerebellar
vermis; many variations exist, and the prognosis is
difficult to predict.

15 Many congenital anomalies of the cerebrum are not the
consequence of an embryogenetic malformative process
but are due to a destructive antenatal event, usually
hemorrhagic or ischemic; fetal intracranial hemorrhage
may be recognized by sonography, but the findings
vary depending upon the time the lesion has occurred
and the severity of the hemorrhage; most intracranial
bleeding occurs at the level of the ventricles; a recent
hemorrhage appears as an echogenic collection that
may be associated with ventricular enlargement; in the
weeks following the hemorrhage, the blood clot
retracts and develops a sonolucent core; severe forms
of intraventricular hemorrhage (those associated with

either hydrocephalus and/or destruction of the nearby
cortex) are associated with an excess of perinatal
deaths and neurologic compromise.

16 Destructive insults of the brain result in cystic cavities
(porencephaly) of the cortex; cystic degeneration of the
white matter (periventricular leukomalacia) has also
been described in the fetus; in some cases, these lesions
are the consequence of obstetric complications such as
intrauterine hypoxia/ischemia, infections, or congenital
coagulopathy.

17 Microcephaly is associated with an increased risk of
neurologic compromise; the fetal head can be
effectively measured with sonography, but the diagnosis
of microcephaly is hampered by an overlap with
normal variations (there is no clear quantitative
threshold) and particularly by intrauterine progressive
development, which occurs in many cases; when the
head is small, a specific antenatal diagnosis may be
difficult; as microcephaly is associated with intracranial
abnormalities in many cases, a careful inspection of
cerebral anatomy may be helpful.

18 Disorders of neuronal migration include a wide
spectrum of disorders characterized by abnormal
sulcation of the brain; they may be diagnosed
sonographically and/or with magnetic resonance, but
usually only in late gestation.

19 Choroid plexus cysts are small fluid collections within
the choroid plexus of lateral ventricles; they are
identified in 1% or more of fetuses at mid-gestation,
and are transient and benign findings that however
increase the risk of trisomy 18; as most cases of
trisomy 18 are associated with anomalies that are
readily identified with sonography, there is a general
consensus that a careful inspection of fetal anatomy is
indicated; amniocentesis may not be necessary.

20 Any time that a sonographic examination is performed
in the second or third trimester, a survey of intracranial
anatomy should be performed; the sensitivity of
antenatal sonography remains uncertain; certainly,
many even severe anomalies are associated with 
subtle antenatal findings or become manifest only 
in late gestation and therefore escape antenatal
detection.
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Cardiac anomalies

Abnormalities of the heart and great arteries are among the
most common congenital abnormalities, with an estimated
incidence of 5 per 1000 births and about 30 per 1000 still-
births. In general, about one-half are either severe or require
surgery early in life and are generally referred to as major
cardiac abnormalities.

Fetal echocardiography is the primary diagnostic tool used
to assess fetal cardiac structure and function.1,2 This is a spe-
cialized sonogram that is certainly indicated when there is an
increased risk of fetal cardiac abnormalities, and is usually
performed at 18–22 weeks’ gestation. When the risk of a fetal
cardiac anomaly is particularly high, an earlier evaluation, 
at around 13–15 weeks, by either transabdominal or vaginal
sonography, may be considered, as many cardiac anomalies
are already demonstrable at this stage. This early examination
should, however, be corroborated by a repeat evaluation
around mid-gestation.

A complete fetal echocardiographic examination should
incorporate the following standard views: a demonstration of
the visceral and cardiac situs, a four-chamber view, ventriculo-
arterial connections, and course of the great arteries (Fig.
24.1). Real-time examination of cardiac structures is enhanced
by the use of color Doppler. Different approaches are possi-
ble to visualize these anatomical details, and the interested
reader is referred to specific works on this subject.3,4

Fetal echocardiography allows the detection of many
cardiac malformations, but the precise accuracy is difficult to
establish. Antenatal studies have a tendency to detect the more
severe anomalies and miss the more benign lesions.2 Defects
that have commonly been missed include ventricular septal
defects, atrial septal defects, semilunar valve stenosis, and
tetralogy of Fallot, among others. Lesions that affect the four-
chamber view are more commonly detected than conotruncal
lesions. Finally, the natural evolution of some anomalies may
be such that they only appear in the third trimester. Examples
of this include premature occlusion of the foramen ovale,

aortic and pulmonary stenosis with intact ventricular septum,
and cardiac tumors, among others. Most studies in which a
detailed fetal echocardiogram was performed report sensitiv-
ities in the range of 70–85%.5

The sensitivity of the four-chamber view, which should
always be included in any standard sonographic examination
performed from mid-gestation on, is controversial. Albeit in
some studies it has been found to be as high as 80%, others
have reported disappointing results, with sensitivities of
5–15%6,7 – most likely the experience of the sonologist per-
forming the examination is critical from this point of view.

A new technique for the sonographic evaluation of the fetal
heart, based upon the use of three-dimensional ultrasound, has
been recently introduced, commonly referred to as STIC (spa-
tiotemporal image correlation technology (Fig. 24.2). The use
of this technology has provided many potential advantages,
both for diagnostic use (e.g., to reconstruct scanning planes
that cannot be directly obtained)8–11 and for screening and tele-
consultation,12,13 which have been only partially investigated
thus far.

Septal defects

Defects of the atrial and ventricular septum represent about
10% and 30%, respectively, of all cardiac defects. Prenatal
diagnosis is based upon demonstration of a gap of the septa
(Fig. 24.3). In general, identification is difficult and is impos-
sible in most cases. Most atrial defects involve the septum
secundum, which is difficult to analyze owing to the physio-
logic presence of the foramen ovale. Most ventricular septal
defects are small and equally difficult to demonstrate antena-
tally. As they are usually associated with blood shunting across
the septum, color Doppler may aid in the diagnosis, which
remains nevertheless difficult, and is very rarely made.14 When
a ventricular septal defect is identified, STIC technology has
been suggested to be useful in that it allows visualization of
the septal gap in three orthogonal planes, allowing demon-
stration of both dimensions and position8,15 (see Fig. 24.2).

Atrial and ventricular septal defects are not a cause of
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Figure 24.1 The essential views used for an echocardiographic examination in a normal fetus at 22 weeks’ gestation. (A) Four-chamber view.
(B) View of the left ventricle demonstrating the left ventriculoarterial connection. (C) Transverse section of great vessels demonstrating the right
ventriculoarterial connection and the crossing of great arteries. (RA/LA, right/left atrium; RV/LV, right/left ventricle.)
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Figure 24.2 Sonogram of fetal tetralogy of Fallot obtained with three-dimensional technology and STIC technology. Three orthogonal planes
are simultaneously visualized and can be observed in motion during one reconstructed cardiac cycle. (A) Axial view of the chest demonstrating
the aorta (Ao) overriding by about 50% the ventricular septum. (B) Coronal view demonstrating a short axis of both ventricle. 
(C) Reconstructed sagittal view of the chest demonstrating a lateral view of the entire ventricular septum and ascending aorta; this view
demonstrates the subaortic location and extent of the ventricular septal defect.
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impaired cardiac function in utero, as a large intracardiac
right-to-left shunt is a physiologic condition in the fetus. Most
affected infants are asymptomatic even in the neonatal period.
When they are not associated with other cardiac anomalies,
the prognosis is excellent. Spontaneous closure is frequent.
Primum atrial septal defect is the simplest of the atrio-
ventricular septal defects and will be considered below.

The core of the heart, being the apical portion of the atrial
septum, the basal portion of the interventricular septum and
the medial portion of atrioventricular valves, develops from
the mesenchymal masses, or endocardial cushions. Abnormal
development of these structures, commonly referred to as
endocardial cushion defects, atrioventricular canal, or atrio-
ventricular septal defects, represents about 7% of all cardiac
anomalies. In the complete form, persistent common atrio-
ventricular canal, the tricuspid and mitral valve are fused in a
large single atrioventricular valve that opens above and
bridges the two ventricles (see Fig. 24.3). In the complete form
of atrioventricular canal, the common atrioventricular valve
may be incompetent and systolic blood regurgitation from the
ventricles to the atria may give rise to congestive heart failure.
In the partial form, there is a defect in the apical portion of
the atrial septum (septum primum defect). There are two sep-
arate atrioventricular valves, but they are inserted at the same
level on the ventricular septum.

Antenatal diagnosis of complete atrioventricular septal
defects is not always easy. When the atrial and septal defects
are large, the four-chamber view reveals an obvious deficiency
of the central core structures of the heart.16 Color Doppler
ultrasound can be useful in that it facilitates the visualization
of the central opening of the single atrioventricular valve. The
atria may be dilated as a consequence of atrioventricular insuf-
ficiency. In such cases, color and pulsed Doppler ultrasound
allow the identification of the regurgitant jet. However, we
have seen cases in which the defects of the septa were so small
that they presented a real diagnostic challenge. False-negatives

have also been reported.17 The incomplete forms are even
more difficult to recognize. A useful hint is the demonstration
that the tricuspid and mitral valves attach at the same level at
the crest of the septum. The low detection rate of fetal atrio-
ventricular septal defects is attested by several large studies of
low-risk patients.7,18 To improve the sensitivity of ultrasound,
the ratio of the atria to the ventricular portion of the heart
has been recently suggested.19

Atrioventricular septal defects do not impair the fetal cir-
culation per se. However, the presence of atrioventricular
valve insufficiency may lead to intrauterine heart failure. 
The prognosis of atrioventricular septal defects is poor when
detected in utero, probably because of the high frequency of
associated anomalies in antenatal series.16,20 Atrioventricular
septal defects will usually be encountered either in fetuses with
chromosomal aberrations (50% of cases are associated with
aneuploidy, 60% being trisomy 21, 25% trisomy 18) or in
fetuses with cardiosplenic syndromes. In the former cases, an
atrioventricular septal defect is frequently found in association
with extracardiac anomalies. In the latter cases, complex
cardiac anomalies and abnormal disposition of the abdominal
organs are almost the rule. Survival after surgical closure is
more than 90%, but in about 10% of patients a second 
operation for atrioventricular valve repair or replacement is
necessary. Long-term prognosis is good.16,20

Univentricular heart

This term defines a group of anomalies characterized by the
presence of an atrioventricular junction that is entirely con-
nected to only one chamber in the ventricular mass. There-
fore, univentricular heart includes both those cases in which
two atrial chambers are connected, by either two distinct atri-
oventricular valves or a common one to a main ventricular
chamber (double-inlet single ventricle) (see Fig. 24.3), and
those in which, because of the absence of one atrioventricular
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Figure 24.3 Four-chamber views demonstrating abnormalities of cardiac septa: (A) muscular ventricular septal defect; (B) complete
atrioventricular septal defect; (C) double-inlet single ventricle.
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connection (tricuspid or mitral atresia), one of the ventricular
chambers is either rudimentary or absent. Univentricular heart
is rare; it represents about 1.5% of all congenital cardiac
defects. Tricuspid atresia is by far the most frequent variety.

In double-outlet single ventricle, two separate atrioventric-
ular valves are seen opening into a single ventricular cavity
without evidence of the interventricular septum. In tricuspid
atresia, there is only one atrioventricular valve connected to a
main ventricular chamber. A small rudimentary ventricular
chamber lacking an atrioventricular connection is a frequent
but not constant finding.

Surgical treatment (the Fontan procedure) involves separa-
tion of the systemic circulations by anastomosing the superior
and inferior vena cava directly to the pulmonary artery. 
The survivors from this procedure may develop several com-
plications including arrhythmias, thrombus formation, and
protein-losing enteropathy. The 5-year survival is about 70%
and the long-term outcome is uncertain.21

Aortic stenosis

Aortic stenosis represents about 3% of all cardiac defects and
is commonly divided into supravalvar, valvar, and subaortic
forms. Supravalvar and subaortic are rare and usually cannot
be detected antenatally. The valvar form of aortic stenosis 
can be due to dysplastic, thickened aortic cusps or fusion of
the commissure between the cusps. With severe valvar aortic
stenosis, the left ventricle may be either hypertrophic or
dilated and hypocontractile. The ascending aorta is frequently
enlarged. Hyperechogenicity of the aortic valve and pulsed
Doppler demonstration of increased peak velocity (usually in
excess of 1m/s) support the diagnosis. At the color Doppler
examination, high velocity and turbulence usually results in
aliasing, with a mosaic of colors within the ascending aorta.
Severe aortic stenosis may result in atrioventricular valve
insufficiency and intrauterine heart failure. Most cases of mild
to moderate aortic stenosis are probably not amenable to early
prenatal diagnosis. Asymmetric septal hypertrophy and hyper-
trophic cardiomyopathy of fetuses of diabetic mothers result-
ing in subaortic stenosis has been diagnosed occasionally by
demonstrating an unusual thickness of the ventricular septum.

Depending upon the severity of the aortic stenosis, the asso-
ciation of left ventricular pressure overload and subendocar-
dial ischemia, due to decrease in coronary perfusion, may lead
to intrauterine impairment of cardiac function. Subvalvar and
subaortic forms are not generally manifested in the neonatal
period. Conversely, the valvar type can be a cause of conges-
tive heart failure in the newborn and fetus as well. The neona-
tal outcome depends on the severity of the obstruction. If the
left ventricular function is adequate, balloon valvoplasty is
carried out in the neonatal period, and in about 50% of cases
surgery is necessary within the first 10 years of life because of
aortic insufficiency or residual stenosis. If left ventricular func-
tion is inadequate, a Norwood type of repair is necessary (see
Hypoplastic left heart syndrome, below).

Coarctation, tubular hypoplasia, and interruption
of the aortic arch

Coarctation is a localized narrowing of the juxtaductal arch,
most commonly between the left subclavian artery and the
ductus. Cardiac anomalies are frequently present and include
aortic stenosis and insufficiency, ventricular septal defect,
atrial septal defect, transposition of the great arteries, and
truncus and double-outlet right ventricle. Noncardiac anom-
alies include diaphragmatic hernia and Turner syndrome but
not Noonan syndrome. Interrupted aortic arch is typically
associated with chromosome 22 microdeletion.22

Coarctation or interruption of the aortic arch should be sus-
pected when the right ventricle is enlarged (right ventricle–left
ventricle ratio of more than 1:3 (Fig. 24.4). Narrowing of the
isthmus, or the presence of a shelf, is often difficult to demon-
strate because in the fetus the aortic arch and ductal arch are
close and are difficult to distinguish. In most cases, coarcta-
tion can only be suspected in utero and a definite diagnosis
must be delayed until after birth.21 The characteristic finding
of an ascending aorta that is more vertical than usual and the
impossibility of demonstrating a connection with the descend-
ing aorta suggests the diagnosis of interrupted aortic arch.
Coarctation/interrupted aortic arch should always be consid-
ered when intracardiac lesions diverting blood flow from the
left to the right heart are encountered (aortic stenosis and
atresia in particular).

Critical coarctation and interruption are fatal in the 
neonatal period after closure of the ductus and therefore
prostaglandin therapy is necessary to maintain a patent
ductus. Surgery (which involves excision of the coarcted
segment and end-to-end anastomosis) is associated 
with a mortality of about 10% and the incidence of resteno-
sis in survivors (requiring further surgical repair) is about
15%.

Interrupted aortic arch should always be considered when
intracardiac lesions diverting blood flow from the left to the
right heart are encountered (aortic stenosis and atresia in 
particular). Isolated interruption of the aortic arch is often
encountered with enlargement of the right ventricle (right 
ventricle–left ventricle ratio of more than 1:3).

Interrupted aortic arch is one of the lesions most frequently
associated with a microdeletion of chromosome 22, and rep-
resents an indication for prenatal diagnosis of this condition.
In the most typical case, there is aortic arch interruption and
a small or absent thymus.22 Recent reports suggest an overall
late survival of more than 70% after surgery.

Hypoplastic left heart syndrome

Hypoplastic left heart syndrome accounts for 4% of all
cardiac anomalies at birth, but it is one of the most frequent
cardiac malformations diagnosed antenatally. It is a spectrum
of anomalies characterized by a very small left ventricle with
mitral and/or aortic atresia or hypoplasia. Blood flow to the
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head and neck vessels and coronary artery is supplied in a ret-
rograde manner via the ductus arteriosus.

Prenatal echocardiographic diagnosis of the syndrome
depends on the demonstration of a diminutive left ventricle
and ascending aorta (Fig. 24.5). In most cases, the ultrasound
appearance is self-explanatory, and the diagnosis an easy one.
There is, however, a broad spectrum of hypoplasia of the left
ventricle and in some cases the ventricular cavity is almost
normal in size. We anticipate that these cases will certainly be
missed in most routine surveys of fetal anatomy. At closer
scrutiny, however, the movement of the mitral valve appears
severely impaired to nonexistent, ventricular contractility is
decreased, and the ventricle often displays an internal

echogenic lining owing to endocardial fibroelastosis. The
definitive diagnosis depends on the demonstration of hypopla-
sia of the ascending aorta and atresia of the aortic valve. Color
flow mapping is an extremely useful adjunct to the real-time
examination, in that it allows the demonstration of retrograde
blood flow within the ascending aorta and aortic arch (see 
Fig. 24.5).

Hypoplastic left heart is well tolerated in utero. The patency
of the ductus arteriosus allows adequate perfusion of the head
and neck vessels. Intrauterine growth may be normal, and the
onset of symptoms most frequently occurs after birth. The
prognosis for infants with hypoplastic left heart syndrome,
however, is extremely poor and this lesion is responsible for
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Figure 24.4 Aortic coarctation in a third-trimester fetus. (A) Four-chamber view demonstrating a disproportion in the size of the ventricles
with predominance of the right cavities. (B) Transverse section of the upper thorax demonstrating a discrepancy in the size of the great vessels
with a narrow transverse aortic arch. (C) Sagittal view of the chest demonstrating narrowing of the aortic arch.
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Figure 24.5 Hypoplastic left heart syndrome at mid-gestation. (A) Four-chamber view demonstrating a small left ventricle that does not reach
the apex of the heart. (B) View of the left ventricle demonstrating a very small ascending aorta. (C) Color Doppler demonstrates reverse blood
flow into the small aortic arch.
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25% of cardiac deaths in the first week of life. Almost all
affected infants die within 6 weeks if they are not treated. In
the neonatal period, prostaglandin therapy is given to main-
tain ductal patency but still congestive heart failure develops
within 24h of life. Options for surgery include cardiac trans-
plantation in the neonatal period and the two-staged
Norwood repair. Stage 1 involves anastomosis of the pul-
monary artery to the aortic arch for systemic outflow, 
placement of systemic–pulmonary arterial shunt to provide
pulmonary blood flow, and arterial septectomy to ensure
unobstructed pulmonary venous return; the survival rate of
fetuses diagnosed in utero is in the range of 40%. Stage 2
(usually carried out in the sixth month of life) involves anas-
tomosis of the superior vena cava to the pulmonary arteries.
Neurodevelopmental abnormalities have been reported in 
survivors of the Norwood operation. The survival rate for
hypoplastic left heart diagnosed in utero at 3 years of life is
in the range of 30%.21,23 Although there is controversy in the
literature, some reports indicate that prenatal diagnosis
increases the likelihood of survival, presumably by optimizing
perinatal treatment.24,25

Pulmonary stenosis and pulmonary atresia

Pulmonary stenosis and pulmonary atresia with intact ven-
tricular septum (also known as hypoplastic right ventricle)
represent 9% and about 2% of all cardiac anomalies, 
respectively.

The most common form of pulmonary stenosis is the valvar
type, due to the fusion of the pulmonary leaflets. Hemody-
namics are altered proportionally to the degree of the steno-
sis. The work of the right ventricle is increased, as well as the
pressure, leading to hypertrophy of the ventricular walls. The
same considerations formulated for the prenatal diagnosis of
aortic stenosis are valid for pulmonary stenosis as well. A
handful of cases recognized in utero have been reported in the
literature thus far, mostly severe types with enlargement of the
right ventricle and/or poststenotic enlargement or hypoplasia
of the pulmonary artery.

Pulmonary atresia with intact ventricular septum in infants
is usually associated with a hypoplastic right ventricle.
However, cases with enlarged right ventricle and atrium have
been described with unusual frequency in prenatal series.26

Enlargement of the ventricle and atrium is probably the con-
sequence of tricuspid insufficiency. Prenatal diagnosis of pul-
monary atresia with intact ventricular septum relies on the
demonstration of a small pulmonary artery with an atretic pul-
monary valve. The considerations previously formulated for
the diagnosis of hypoplastic left heart syndrome apply to this
condition as well.

Patients with mild stenosis are asymptomatic and there is
no need for intervention. Patients with severe stenosis and
right ventricular overload may develop congestive heart failure
and require balloon valvoplasty in the neonatal period with
excellent survival and normal long-term prognosis. Fetuses

with pulmonary atresia, severe tricuspid insufficiency, and 
an enlarged right heart have a very high degree of perinatal
mortality.

Ebstein’s anomaly and tricuspid valve dysplasia

Ebstein’s anomaly results from the faulty implantation of the
tricuspid valve. The posterior and septal leaflets are elongated
and tethered below their normal level of attachment on the
annulus or displaced apically, away from the annulus, down
to the junction between the inlet and trabecular portion of the
right ventricle. The anterior leaflet is normally inserted but
deformed. The resulting configuration is that of a consider-
ably enlarged right atrium at the expense of the right ventri-
cle. The portion of the right ventricle that is protruding into
the right atrium is called the atrialized inlet of the right ven-
tricle. It has a thin wall that may even be membranous and is
commonly dilated. The tricuspid valve is usually both incom-
petent and stenotic. Associated anomalies include atrial septal
defect, pulmonary atresia, ventricular septal defect, and
supraventricular tachycardia. Ebstein’s anomaly may be asso-
ciated with trisomies 13 and 21, and Turner, Cornelia de
Lange and Marfan syndromes. Maternal ingestion of lithium
has also been incriminated as a causal factor.

The characteristic echocardiographic finding is that of a
massively enlarged right atrium, a small right ventricle, and a
small pulmonary artery. Doppler can be used to demonstrate
regurgitation in the right atrium.27 About 25% of the cases
have supraventricular tachycardia (from re-entrant impulse),
atrial fibrillation, or atrial flutter. Similar findings are encoun-
tered with dysplasia of a normally implanted tricuspid valve
(Fig. 24.6).

Although the disease has a variable severity, with some cases
discovered only late in life, Ebstein’s anomalies and tricuspid
dysplasia detected prenatally have a dismal prognosis, with a
very high perinatal mortality rate.27 This probably reflects that
the prenatal variety is more severe than the forms detected in
children or adults.

Conotruncal malformations

Conotruncal malformations are a heterogeneous group of
defects that involve two different segments of the heart: the
conotruncus and the ventricles. Conotruncal anomalies are
relatively frequent. They account for 20–30% of all cardiac
anomalies and are the leading cause of symptomatic cyanotic
heart disease in the first year of life. Prenatal diagnosis is of
interest for several reasons.28 Given the parallel model of fetal
circulation, conotruncal anomalies are well tolerated in utero.
The clinical presentation occurs usually hours to days after
delivery, and is often severe, representing a true emergency and
leading to considerable morbidity and mortality. Yet, these
malformations have a good prognosis when promptly treated.
Two ventricles of adequate size and two great vessels are com-
monly present, giving the premise for biventricular surgical
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correction. The outcome is indeed much more favorable than
with most of the other cardiac defects that are detected ante-
natally.21 Unfortunately, the recognition of these anomalies
remains difficult. The four-chamber view is frequently unre-
markable in these cases. A specific diagnosis requires meticu-
lous scanning and at times may represent a challenge even for
experienced sonologists (Fig. 24.7). Recently, an association
has been demonstrated between conotruncal anomalies and
microdeletion of chromosome 22. This association is particu-
larly frequent with truncus arteriosus and tetralogy of Fallot,
and, in particular, in those cases with absence of the pul-
monary valve. A small or absent thymus in these cases greatly
increases the likelihood of the association.22

Transposition of the great arteries (TGA) is an abnormality
in which the aorta arises entirely or in large part from the right
ventricle and the pulmonary artery arises from the left ventri-
cle. Associated cardiac lesions are present in about 50% of
cases, including ventricular septal defects (which can occur
anywhere in the ventricular septum), pulmonary stenosis,
unbalanced ventricular size (“complex transpositions”), 
and anomalies of the mitral valve, which can be straddling or
overriding.

Complete transposition is probably one of the most difficult
cardiac lesions to recognize in utero. In most cases the four-
chamber view is normal, and the cardiac cavities and the
vessels have normal dimensions. A clue to the diagnosis is the
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Figure 24.6 Tricuspid abnormalities associated with severe
insufficiency and cardiomegaly: (A and B) tricuspid dysplasia with a
very large right atrium and severe insufficiency at the color Doppler
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Figure 24.7 Conotruncal anomalies. (A) Tetralogy of Fallot: a large
vessel (arrow) overrides the ventricular septum by about 50% and
forms the aortic arch; similar findings are expected with truncus
arteriosus and some types of double outlet right ventricle, and
meticulous scanning is required for a differential diagnosis. 
(B) Complete transposition of the great vessels; the great arteries
(arrows) arise from the base of the heart in parallel fashion without

crossing. (C) Corrected transposition: the four-chamber view
demonstrates that the posterior ventricle, which is connected to an
atrial chamber, which, in turn, is connected to the pulmonary veins,
has a moderator band (MB) that is a characteristic feature of the
morphologic right ventricle; an increased deviation of the cardiac
axis is also noted; compare this image with the normal four-
chamber view demonstrated in Fig. 24.1.

examination; (C) Ebstein’s anomaly of the tricuspid valve: note that
the tricuspid valve inserts at a much lower level than the AV
junction.
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demonstration that the two great vessels do not cross but arise
parallel from the base of the heart (see Fig. 24.7). The most
useful echocardiographic view, however, is the left-heart view,
demonstrating that the vessel connected to the left ventricle
has a posterior course and bifurcates into the two pulmonary
arteries. Conversely, the vessel connected to the right ventri-
cle has a long upward course and gives rise to the brachio-
cephalic vessels. Corrected transposition is characterized by a
double discordance, at the atrioventricular and ventriculo-
arterial level. The left atrium is connected to the right ventricle,
which is in turn connected to the ascending aorta. Conversely,
the right atrium is connected with the right ventricle, which,
in turn, is connected to the ascending aorta. The derangement
of the conduction tissue secondary to malalignment of the
atrial and ventricular septa may result in dysrhythmias,
namely complete atrioventricular block. For diagnostic pur-
poses, the identification of the peculiar difference of ventricu-
lar morphology (moderator band, papillary muscles, insertion
of the atrioventricular valves) has a prominent role (see Fig.
24.7). Demonstration that the pulmonary veins are connected
to an atrium, which, in turn, is connected with a ventricle that
has the moderator band at the apex, is an important clue,
which is furthermore potentially identifiable even in a simple
four-chamber view. Diagnosis requires meticulous scanning to
carefully assess all cardiac connections, using the same views
described for the complete form. The presence of atrioven-
tricular block increases the index of suspicion.

As anticipated from the parallel model of fetal circulation,
complete transposition is uneventful in utero. After birth, sur-
vival depends on the amount and size of the mixing of the two
otherwise independent circulations. Patients with transposi-
tion and an intact ventricular septum present shortly after
birth with cyanosis and deteriorate rapidly. When a large ven-
tricular septal defect is present, cyanosis can be mild. Clinical
presentation may be delayed for 2–4 weeks, and usually occurs
with signs of congestive heart failure. When severe stenosis of
the pulmonary artery is associated with a ventricular septal
defect, symptoms are similar to patients with tetralogy of
Fallot. The time and mode of clinical presentation with cor-
rected transposition depend upon the concomitant cardiac
defects.

Surgery (which involves arterial switch to establish
anatomic and physiologic correction) is usually carried out
within the first 2 weeks of life. Operative mortality is about
10% and 10-year follow-up studies report normal function in
the vast majority of cases. It has been suggested recently that
prenatal diagnosis reduces perinatal mortality presumably by
allowing early treatment avoiding heart failure and hypox-
emia.29 The outcome of corrected transposition depends
largely upon the associated cardiac defects that are variable.
As the systemic ventricle is the right ventricle, there is a high
chance of cardiac failure in adulthood.

The essential features of tetralogy of Fallot are a subaortic
ventricular septal defect, aorta overriding the ventricular

septal defect, and infundibular stenosis of the aorta (see Fig.
24.5). In about 20% of cases there is atresia of the pulmonary
valve, a condition that is commonly referred to as pulmonary
atresia with ventricular septal defect. Tetralogy of Fallot can
be associated with other specific cardiac malformations, defin-
ing peculiar entities. These include atrioventricular septal
defects (found in 4% of cases) and absence of the pulmonary
valve (found in less than 2% of cases). Hypertrophy of the
right ventricle, one of the classic elements of the tetrad, is
always absent in the fetus and only develops after birth.

Echocardiographic diagnosis of tetralogy of Fallot relies on
the demonstration of a ventricular septal defect in the outlet
portion of the septum and an overriding aorta (see Figs 24.2
and 24.7). Color and pulsed Doppler can be used to identify
the patency of the pulmonary valve and exclude pulmonary
atresia. Diagnostic problems arise at the extremes of the spec-
trum of tetralogy of Fallot. In cases with minor forms of right
outflow obstruction and aortic overriding differentiation from
a simple ventricular septal defect can be difficult. In those cases
in which the pulmonary artery is not imaged, a differential
diagnosis between pulmonary atresia with ventricular septal
defect and truncus arteriosus communis is similarly difficult.
Abnormal enlargement of the right ventricle and main pul-
monary trunk and artery suggests absence of pulmonary valve.

Tetralogy of Fallot does not result in cardiac failure in
fetuses. Even in cases of tight pulmonary stenosis or atresia, 
the wide ventricular septal defect provides adequate combined
ventricular output, while the pulmonary vascular bed is sup-
plied in a retrograde manner by the ductus. The only excep-
tion to this rule is represented by cases with an absent
pulmonary valve, which may result in massive regurgitation
to the right ventricle and atrium. When severe pulmonic steno-
sis is present, cyanosis tends to develop immediately after
birth. With lesser degrees of obstruction to pulmonary blood
flow, the onset of cyanosis may not appear until later in the
first year of life. When there is pulmonary atresia, rapid and
severe deterioration follows ductal constriction. Survival after
complete surgical repair (which is usually carried out in the
third month of life) is more than 90%, and about 80% of sur-
vivors have normal exercise tolerance.

In double outlet right ventricle (DORV), most of the aorta
and pulmonary valve arise completely, or almost completely,
from the right ventricle. The relation between the two vessels
may vary, ranging from a Fallot-like to a TGA-like situation
(the Taussig–Bing anomaly). DORV is not a single malforma-
tion from a pathophysiologic point of view. The term refers
only to the position of the great vessels that is found in 
association with ventricular septal defects, tetralogy of Fallot,
transposition, and univentricular hearts. Pulmonary stenosis
is very common in all types of DORV, but left-outflow
obstructions, from subaortic stenosis to coarctation and 
interruption of the aortic arch, can also be seen.

Prenatal diagnosis of DORV can be reliably made in the
fetus but differentiation from other conotruncal anomalies can
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be very difficult, especially with tetralogy of Fallot and trans-
position of the great arteries with ventricular septal defect. The
main echocardiographic features include (1) alignment of the
two vessels totally or predominantly from the right ventricle
and (2) presence in most cases of bilateral coni (subaortic and
subpulmonary). The hemodynamics are dependent upon the
anatomic type of DORV and the associated anomalies. As the
fetal heart works as a common chamber where the blood is
mixed and pumped, DORV is not associated with intrauter-
ine heart failure. However, DORV, in contrast with other
conotruncal malformations, is commonly associated with
extracardiac anomalies and/or chromosomal defects. Usually,
DORV does not interfere with hemodynamics in fetal life. The
early operative mortality is about 10%.

A single arterial vessel that originates from the heart over-
rides the ventricular septum and supplies the systemic, pul-
monary, and coronary circulations, characterizing truncus
arteriosus. The single arterial trunk is larger than the normal
aortic root and is predominantly connected with the right ven-
tricle in about 40% of cases, with the left ventricle in 20%,
and is equally shared in 40%. The truncal valve may have one,
two, or three cusps and is rarely normal. It can be stenotic or,
more frequently, insufficient. A misaligned ventricular septal
defect, usually wide, is an essential part of the malformation.
There are three types based on the morphology of the pul-
monary artery. In type 1, the pulmonary arteries arise from
the truncus within a short distance from the valve, as a main
pulmonary trunk, which then bifurcates. In type 2, there is no
main pulmonary trunk. In type 3, only one pulmonary artery
(usually the right) originates from the truncus, whereas a sys-
temic collateral vessel from the descending aorta supplies the
other. Similar to tetralogy of Fallot, and unlike the other
conotruncal malformations, truncus is frequently (about 30%)
associated with extracardiac malformations.

Truncus arteriosus can be reliably detected with fetal
echocardiography. The main diagnostic criteria are: (1) a
single semilunar valve overrides the ventricular septal defect
and (2) there is direct continuity between one or two pul-
monary arteries and the single arterial trunk. The semilunar
valve is often thickened and moves abnormally. Doppler ultra-
sound is of value to assess incompetence of the truncal valve.
A peculiar problem found in prenatal echocardiography is 
the demonstration of the absence of pulmonary outflow tract
and the concomitant failure to image the pulmonary arteries.
In these situations a differentiation between truncus and 
pulmonary atresia with ventricular septal defect may be
impossible.

Similar to the other conotruncal anomalies truncus arterio-
sus is not associated with alteration of fetal hemodynamics.
Truncus arteriosus is frequently a neonatal emergency. These
patients usually have unobstructed pulmonary blood flow and
show signs of progressive congestive heart failure with the
postnatal fall in pulmonary resistance. Many patients will
present with cardiac failure in the first 1 or 2 weeks of life.

Surgical repair (usually before the sixth month of life) involves
closure of the ventricular septal defect and creation of a
conduit connection between the right ventricle and the 
pulmonary arteries. Survival after surgery is about 90%, but
the patients require repeated surgery for replacement of 
the conduit.

Heterotaxy

In heterotaxy, also referred to as cardiosplenic syndromes, the
fetus is made of either two left or two right sides. Other terms
commonly used include left or right isomerism, asplenia, and
polysplenia. Unpaired organs (liver, stomach, and spleen) may
be absent, midline, or duplicated. Because of left atrial iso-
merism (thus absence of the right atrium, which is the normal
location for the pacemaker) and abnormal atrioventricular
junctions, atrioventricular blocks are very common. Hetero-
taxy represents about 2% of all congenital heart defects.

In polysplenia, the fetus has two left sides (one in the normal
position and the other as a mirror image); this is called left
isomerism. Multiple small spleens (usually too small to be
detected by antenatal ultrasound) are found posterior to the
stomach. The liver is midline and symmetric but the stomach
and aorta can be on opposite sides. In asplenia, the fetus has
two right sides (right isomerism). The liver is generally midline
and the stomach right- or left-sided. The aorta and cava are
on the same side (either left or right) of the spine.

Cardiac malformations are almost invariably present and
are usually severe, with a tendency towards a single structure
replacing normal paired structures: single atrium, single atrio-
ventricular valve, single ventricle, and single great vessel.

The main clue for the diagnosis of fetal heterotaxy is the
demonstration of complex cardiac anomalies associated 
with abnormal disposition of the thoracic and/or abdominal
organs.30,31 In polysplenia, a typical finding is interruption of
the inferior vena cava with azygous continuation (there is
failure to visualize the inferior vena cava and a large venous
vessel, the azygos vein, runs to the left and close to the spine
and ascends into the upper thorax). Symmetry of the liver can
be sonographically recognized in utero by the abnormal course
of the portal circulation, which does not display a clearly
defined portal sinus bending to the right.

The heterogeneous cardiac anomalies found in association
with heterotaxy are usually easily seen, but a detailed diag-
nosis often poses a challenge; in particular, assessment of 
connection between the pulmonary veins and the atrium 
(an element that has a major prognostic influence) can be
extremely difficult. Associated anomalies include absence of
the gallbladder, malrotation of the guts, duodenal atresia, and
hydrops.

The outcome depends on the number of cardiac anomalies,
but it tends to be poor. Atrioventricular insufficiency and
severe fetal bradycardia due to atrioventricular block may lead
to intrauterine heart failure.30,31
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Fetal dysrhythmias

Irregular patterns of fetal heart rhythms are a frequent finding.
Short periods of tachycardia, bradycardia, and ectopic beats
as well are very commonly seen, and in the vast majority of
cases have no clinical significance. A sustained bradycardia of
less than 100 beats per minute (bpm), a sustained tachycardia
of more than 200 bpm and irregular beats occurring 
more than one in 10 should be considered abnormal and
require further investigation.32 The fetal electrocardiogram is
of little value in the prenatal diagnosis of dysrhythmias, as a
satisfactory transabdominal recording can be obtained in a
minority of cases. At present, M-mode and pulsed Doppler
ultrasound are the best available techniques for the assessment
of irregular fetal heart rhythm.32,33 The study of the mechan-
ical events of the sequence of contraction may be accom-
plished in different ways. Simultaneous visualization of
atrioventricular valves and ventricular wall motion, aortic
valve opening and atrial wall movement with M-mode, and
sampling of the ventricular inlet or inferior vena cava with M-
mode can be used from time to time. The sequence of excita-
tion can be reasonably inferred by the sequence of contraction
(Fig. 24.8).

Premature atrial and ventricular contractions are the most
frequent fetal dysrhythmias. Repeated premature contractions
can give rise to complex rhythm patterns. Premature atrial
contractions may be either conducted to the ventricles or
blocked, depending upon the time of the cardiac cycle in which
they occur, thus resulting in either an increased or a decreased
ventricular rate. Blocked premature atrial contractions should
be differentiated from atrioventricular block. Premature atrial
and ventricular contractions are considered a benign condi-
tion. They probably do not induce any hemodynamic pertur-
bance, do not appear to be associated with an increased risk
of structural abnormalities, and usually disappear in utero or
soon after birth. However, as there is at least a theoretical pos-
sibility that in a few cases an ectopic beat triggers a re-entrant
tachyarrhythmia, serial monitoring of the fetal heart during
pregnancy is suggested.33

Supraventricular tachyarrhythmias include supraventricular
paroxysmal tachycardia (SVT), atrial flutter, and atrial fibril-
lation. SVT is characterized by an atrial frequency between
200 and 300 bpm and a 1:1 atrioventricular conduction rate.
It can occur by one of two mechanisms: automaticity and 
re-entry. In the former case, an irritable ectopic focus dis-
charges at high frequency. In the latter case, an electrical
impulse re-enters the atria giving rise to repeated electrical
activity. Re-entry may occur at the level of the sinoatrial node,
inside the atrium, the atrioventricular node and the His–
Purkinje system. Re-entry may also occur along an anomalous
atrioventricular connection such as the Kent bundle in the
Wolff–Parkinson–White (WPW) syndrome. In atrial flutter,
the atrial rate ranges from 300 to 400 bpm. Owing to vari-
able degrees of atrioventricular block, the ventricular rate
ranges between 60 and 200 bpm. In atrial fibrillation, the

atrial rate is more than 400 bpm and the ventricular rate
ranges between 120 and 200 bpm. Atrial flutter and fibrilla-
tion often alternate, and are thought to arise from similar
mechanisms, which include circus movement of the electrical
impulse, ectopic formation, multiple re-entry, and multifocal
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Figure 24.8 Diagnosis with M-mode of fetal dysrhythmias: a
indicates atrial contractions, v ventricular contractions. In the upper
panel, a premature atrial contraction (PAC) is seen. In the middle
panel, the atria contract rapidly with a frequency of about 440/s
and the ventricle respond with a frequency of 220/s. This is atrial
flutter with 2:1 atrioventricular block. In the lower panel, the atria
contract regularly with a frequency of about 120/s. The ventricle
contract with a frequency of about 50/s, independently from atrial
contractions. This is complete atrioventricular block.
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impulse formation. SVT is by far the most common tachy-
arrhythmia in children. The most frequent form is the one
caused by atrioventricular nodal re-entry.

The association between fetal tachyarrhythmia and non-
immune hydrops is well established. It has been postulated
that a fast ventricular rate results in suboptimal filling of the
ventricles. This would lead to decreased cardiac output, right
atrial overload, and congestive heart failure. The frequency of
nonimmune hydrops is variable. We have seen fetuses with
SVT that did well in utero and were successfully treated after
birth. It can be postulated that in those cases in which a re-
entry mechanism is involved, the fetus alternates phases of
tachycardia and phases of normal rhythm. Intrauterine phar-
macologic cardioversion of fetal tachyarrhythmia by maternal
administration of drugs has been attempted with success in
many cases. Transplacental passage of antiarrhythmic drugs is
limited when fetal hydrops is present, and under these condi-
tions a direct administration by ultrasound-guided funi-
puncture has been proposed. The optimal approach to the
treatment of this condition is still uncertain. Digoxin, vera-
pamil, propranolol, quinidine, procainamide, flecainide, and
amiodarone have all been used from time to time. The inter-
ested reader is referred to specific works in this subject. 
Independent of the therapeutic regimen employed, the largest
available series suggests a survival rate in the range of
90%.33–36

Atrioventricular (AV) block can result from immaturity of
the conduction system, absence of connection to the AV node
or abnormal anatomic position of the AV node. AV block is
commonly classified into three types. First-degree AV block
corresponds to a simple conduction delay, which is associated
with prolongation of the PR interval on the ECG. Second-
degree AV block is subdivided into Mobitz types 1 and 2.
Mobitz type 1 consists of a progressive prolongation of the
PR interval that finally leads to the blocking of one atrial
impulse (Luciani–Wenckebach phenomenon). In Mobitz type

2 the ventricular rate is a submultiple of the atrial rate (e.g.,
2:1, 3:1). In third-degree or complete AV block, there is a com-
plete dissociation of the atria and ventricles, usually with inde-
pendent and slow activation of the ventricles. Third-degree AV
block is associated in over one-half of the cases with cardiac
structural anomalies, mostly atrioventricular discordance. In
cases without structural cardiac disease, the etiology of AV
block mostly depends upon the presence of maternal anti-
bodies against SSA and SSB antigens (anti-Ro and anti-La).
Transplacental passage of these antibodies would lead to
inflammation of and damage to the conduction system. Anti-
SSA antibodies have been reported in over 80% of mothers
who delivered infants with AV block, although only 30% had 
clinical evidence of connective tissue disease, mostly lupus 
erythematosus.

First- and second-degree AV block are not usually associ-
ated with any significant hemodynamic perturbation. Third-
degree AV block may lead to important bradycardia,
determining a decreased cardiac output and congestive heart
failure in utero. Outcome is poor when there are associated
cardiac anomalies and/or hydrops. Conversely most fetuses
with isolated block will survive.37–39

The use of maternal steroids to limit the inflammatory
response in the fetal cardiac conducting system has been pos-
tulated to carry an advantage. The use of immunosuppressive
agents has also been advocated.37

Thoracic anomalies

Hyperechogenic and cystic lungs

The typical finding is that of enlarged brightly echogenic lungs
displacing the mediastinum and causing an inversion of the
diaphragm (Fig. 24.9).40,41 Most frequently, part of one lung,
or one entire lung, is affected, causing lateral displacement of
the heart and mediastinum. Rarely, both lungs are affected,
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Figure 24.9 Thoracic anomalies. (A) Echogenic lung (arrow). (B) Bilateral pleural effusions (arrows) associated with hydrops and
polyhydramnios. (C) Left diaphragmatic hernia: the heart is shifted to the right side of the chest and the left hemithorax is occupied by a
complex area in which stomach and bowel loops can be recognized.
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compressing both sides of the mediastinum. The pathophysi-
ology is related to obstruction of the respiratory tree, which
causes accumulation of fluid and secretions in the lungs. The
effects of respiratory obstruction on the lungs are variable.
Accumulation of fluid may lead to lung hyperplasia. Early and
longstanding obstruction is probably responsible for the his-
tological alterations that are commonly referred to as cystic
adenomatoid malformation of the lungs. The etiology is vari-
able. Obstruction may result from primary atresia or be the
consequence of a mucus plug. A further possibility is pul-
monary sequestration. With this condition, part of the lung
develops separately from the bronchi and the pulmonary cir-
culation, and is supplied through arteries that arise from the
descending aorta. A differential diagnosis between these three
conditions is often difficult. With lung sequestration, a specific
diagnosis is possible by demonstrating the abnormal vessels
connecting the aorta to the abnormal lung using color
Doppler. Spontaneous regression or resolution of the increased
echogenicity indicates that a mucus plug is the most likely
hypothesis. When both lungs are affected, the most likely diag-
nosis is an obstruction of the upper airways, usually atresia of
the trachea. Polyhydramnios and fetal hydrops may occur,
particularly with bilateral echogenic lungs and large seques-
tration. Lung sequestration may also be associated with
cardiac and diaphragmatic defects.

In some cases, macroscopic cysts may be associated with
increased echogenicity. Occasionally, large and multiple cysts
are the dominant finding. Cystic adenomatoid malformation
is usually found at birth in these cases (macrocystic variety)
and the pathophysiology probably overlaps that of echogenic
lungs.

Unilateral echogenic and/or cystic lungs, without other
anomalies or hydrops, have a very good outcome. The lesions
usually decrease in size with gestation, and the infants are
asymptomatic at birth. However, dysplastic lung tissue, is
usually present and must be surgically removed.42,43 Con-
versely, bilateral lesions or those associated with hydrops
usually have a poor outcome. In these cases, drainage, or
shunting of the cysts may be attempted.

Pleural effusions

Fetal pleural effusions may be an isolated finding or they may
occur in association with generalized edema and ascites (Fig.
24.9).44 Irrespective of the underlying cause, infants affected
by pleural effusions usually present in the neonatal period
with severe, and often fatal, respiratory insufficiency. This is
either a direct result of pulmonary compression caused by 
the effusions or due to pulmonary hypoplasia secondary to
chronic intrathoracic compression. Isolated pleural effusions
in the fetus may either resolve spontaneously or they can be
treated effectively after birth. Nevertheless, in some cases
severe and chronic compression of the fetal lungs can result in
pulmonary hypoplasia and neonatal death. In others, media-
stinal compression leads to the development of hydrops and

polyhydramnios, which are associated with a high risk of pre-
mature delivery and perinatal death. Attempts at prenatal
therapy by repeated thoracocenteses for drainage of pleural
effusions have been generally unsuccessful in reversing the
hydropic state, because the fluid reaccumulates within 24–48h
of drainage. A better approach is chronic drainage by the
insertion of thoracoamniotic shunts. This is useful both for
diagnosis and treatment. First, the diagnosis of an underlying
cardiac abnormality or other intrathoracic lesion may become
apparent only after effective decompression and return of the
mediastinum to its normal position. Second, it can reverse fetal
hydrops, resolve polyhydramnios and thereby reduce the risk
of preterm delivery, and may prevent pulmonary hypoplasia.
Third, it may be useful in the prenatal diagnosis of pulmonary
hypoplasia because in such cases the lungs often fail to expand
after shunting. Furthermore, it may help distinguish between
hydrops due to primary accumulation of pleural effusions, in
which case the ascites and skin edema may resolve after shunt-
ing, and other causes of hydrops such as infection, in which
drainage of the effusions does not prevent worsening of the
hydrops. Survival after thoracoamniotic shunting is in the
range of 50% and is more likely with isolated pleural 
effusions than with generalized hydrops.45

Diaphragmatic hernia

Diaphragmatic hernia is found in about 1 in 4000 births.
Development of the diaphragm is usually completed by the
ninth week of gestation. In the presence of a defective
diaphragm there is herniation of the abdominal viscera into
the thorax at about 10–12 weeks, when the intestines return
to the abdominal cavity from the umbilical cord. However, at
least in some cases intrathoracic herniation of viscera may be
delayed until the second or third trimesters of pregnancy.
Diaphragmatic hernia is usually a sporadic abnormality.
However, in about 50% of affected fetuses there are associ-
ated chromosomal abnormalities (mainly trisomy 18, trisomy
13, and Pallister–Killian syndrome – mosaicism for tetrasomy
12p), other defects (mainly craniospinal defects, including
spina bifida, hydrocephaly, and the otherwise rare inien-
cephaly, and cardiac abnormalities) and genetic syndromes
(such as Fryns syndrome, de Lange syndrome, and Marfan 
syndrome).

Prenatally, the diaphragm is imaged by ultrasonography 
as an echo-free space between the thorax and abdomen.
However, the integrity of the diaphragm is usually inferred
from the normal disposition of the thoracic and abdominal
organs. Diaphragmatic hernia is usually diagnosed by the
ultrasonographic demonstration of stomach, intestines, or
liver in the thorax and the associated mediastinal shift to the
opposite side. Herniated abdominal contents, associated with
a left-sided diaphragmatic hernia, are easy to demonstrate
because the echo-free fluid-filled stomach and small bowel
contrast dramatically with the more echogenic fetal lung (see
Fig. 24.9). In contrast, a right-sided hernia is more difficult to
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identify because the echogenicity of the fetal liver is similar to
that of the lung.

Antenatal prediction of pulmonary hypoplasia remains one
of the challenges of prenatal diagnosis because this would be
vital both in counseling parents and also in selecting those
cases that may benefit from prenatal surgery. Poor prognostic
signs include herniation of the liver into the fetal chest and a
lung–head ratio (area of the demonstrable lung divided by
head circumference) < 1.00.46

In the human, the bronchial tree is fully developed by the
16th week of gestation, at which time the full adult number
of airways is established. In diaphragmatic hernia the reduced
thoracic space available to the developing lung leads to reduc-
tion in airways, alveoli, and arteries. Thus, although isolated
diaphragmatic hernia is an anatomically simple defect that is
easily correctable, the mortality rate is high in cases with
severe hernia.

In a few cases of diaphragmatic hernia, hysterotomy and
fetal surgery were carried out but these interventions have now
been abandoned. Endoscopic occlusion of the fetal trachea has
also been carried out in human fetuses with diaphragmatic
hernia but the preliminary experience thus far has not been
encouraging.47

Conclusions

Sonography allows the detection of many congenital anom-
alies of the heart and thorax. Congenital heart defects are
among the most common malformations and a major cause
of perinatal death. Evaluation of the fetal heart allows a
precise diagnosis of most major cardiac anomalies beginning
early in gestation. However, a specific expertise is required.
The outcome of some severe cardiac abnormalities may be
ameliorated by prenatal diagnosis. Thoracic anomalies are
rare. Echogenic lungs and diaphragmatic hernia are the most
frequent entities. The former are usually benign, and although
they may have a dramatic sonographic presentation, in
general, they have a good prognosis. Diaphragmatic hernia
continues to be associated with significant mortality and 
long-term morbidity. Despite many attempts, the value of
antenatal treatment remains highly uncertain.
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Key points

1 Congenital heart disease occurs in approximately 
0.5% of births. In general, about one-half are either
severe or require surgery early in life and are generally
referred to as major cardiac abnormalities. Despite
advances in pediatric cardiology and cardiac surgery
heart defects remain a major cause of perinatal and
infantile death.

2 Diagnosis of cardiac defects is possible; however, a
specific examination is required (fetal echocardiogram)
and this is usually performed in pregnancies with an
increased risk. The sensitivity is in the range of 80%.
Most of the severe cardiac anomalies can be recognized
by at least mid-gestation.

3 While performing a standard sonogram from mid-
gestation on, it is recommended to obtain a four-
chamber view of the heart; the sensitivity of this
approach varies in different studies, but the general
consensus is that it is an acceptable approach.

4 Septal defects are the most common form of congenital
heart disease. In most cases the lesions are small and
prenatal diagnosis is not possible; these anomalies may
have little clinical significance but at times require
surgical correction.

5 Atrioventricular septal defects (or atrioventricular
canal) are a more relevant entity mostly because of the
very frequent association with other anomalies such as
trisomy 21; diagnosis of this defect is simpler although
false-negatives may occur.

6 The term univentricular heart applies to anomalies in
which the atria are connected with one single
ventricular chamber. These anomalies constitute the
lion’s share of the cardiac malformations diagnosed in
utero. These conditions can be treated after birth with
a likelihood of survival at 3 years in the range of 60%;
only complex palliative procedures are possible,
however, and the long-term outcome remains difficult
to predict.

7 Hypoplastic left heart syndrome includes a continuum
of malformations that share in common atresia or
extreme hypoplasia of the aorta; it is one of the major
causes of perinatal and infant death. The most
important clue to the diagnosis is the presence of a
very small left ventricle and ascending aorta, typically
with inversion of blood flow into the aortic arch.
Survival may be increased by prenatal diagnosis. Only
30% of infants diagnosed in utero are alive, however,
at follow-up in 3 years.

8 A disproportion in the size of the ventricles with a
predominance of the right side is very frequently a
presenting sign of fetal coarctation or interrupted aortic
arch; a definitive diagnosis may be difficult in utero
and at times can only be made after birth.

9 Aortic and pulmonary stenosis are among the most
frequent cardiac anomalies; however, mild and
moderate cases go usually undetected in utero. Prenatal
diagnosis is limited to the severe varieties that may
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progress in utero toward hypoplastic left heart or
pulmonary atresia with intact septum.

10 Tricuspid dysplasia and Ebstein’s malformation of the
tricuspid valve may be complicated by severe tricuspid
insufficiency, cardiomegaly, and hydrops; such
combination is most frequently lethal, with very few
infants surviving.

11 Conotruncal anomalies include transposition of the
great arteries, tetralogy of Fallot, double outlet right
ventricle, and truncus arteriosus communis. They
represent about 30% of congenital heart defects and
usually have a good outcome if adequately treated after
birth in that usually biventricular repair is possible.
Diagnosis is difficult because assessing the connections
between ventricles and great arteries requires
meticulous scanning; however, prenatal diagnosis
would be important because at times these conditions
(complete transposition in particular) represent
neonatal emergencies.

12 Heterotaxy, or cardiosplenic syndromes, includes 
a group of anomalies characterized by the association
between cardiac defects and anomalous disposition 
of abdominal organs; cardiovascular malformations 
are frequently complex and the prognosis tends to 
be poor.

13 Irregular patterns of fetal heart rhythms are frequent.
Short periods of tachycardia, bradycardia, and ectopic
beats as well are very commonly seen, and in the vast
majority of cases have no clinical significance. A
sustained bradycardia of less than 100 bpm, a
sustained tachycardia of more than 200 bpm and
irregular beats occurring more than 1 in 10 should be
considered abnormal and require further investigation.
The techniques of choice for the diagnosis of fetal
dysrhythmias are M-mode and/or spectral Doppler
ultrasound.

14 Premature atrial or ventricular beats are by far the
most frequent fetal arrhythmias. They are benign, are
not associated with an increased risk of cardiac
malformations, and tend to disappear throughout
gestation. Serial monitoring has been recommended
because, although rare, they sometimes can evolve
toward fetal tachycardia.

15 Fetal tachycardias (frequency greater than 200 bpm)
are potentially serious dysrhythmias that may cause
fetal hydrops and perinatal death. Treatment is
possible, however, usually by maternal administration
of antiarrhythmic agents, and the survival rate exceeds
90%.

16 Congenital complete heart block may occur either as a
consequence of a cardiac malformation (heterotaxy or
corrected transposition) or because of transplacental
passage of maternal autoimmune (anti-Ro and anti-La)
antibodies. In the former case, prognosis is poor; in the
latter, most infants survive. Maternal administration of
steroids has been proposed for the treatment of
immune heart block.

17 Echogenic lungs arise as a consequence of cystic
adenomatoid malformation of the lungs, airway
obstruction, or lung sequestration. There is clinical as
well as pathophysiological overlapping among these
entities, however, when they are not complicated by
hydrops they have a good outcome generally.

18 Pleural effusion may be isolated or a part of fetal
hydrops. Primitive pleural effusions may evolve toward
hydrops, probably because they compress the
mediastinum and obstruct venous return to the heart;
prenatal treatment is possible by implantation of a
thoracoamniotic shunt; survival rate is in the range 
of 50%.

19 Diaphragmatic hernia is a severe fetal anomaly that
can be treated after birth but continues to be associated
with significant mortality and morbidity as a
consequence of lung hypoplasia. Diagnosis is possible
and is based upon demonstration of abdominal organs
into the fetal chest. The identification of cases with only
bowel loops herniated in the second trimester and of
the right diaphragmatic hernias remains difficult; some
sonographic findings including the herniation of the
liver into the chest and the ratio of the demonstrable
lung to the head have prognostic implications.

20 Prenatal treatment of diaphragmatic hernia has been
attempted using different strategies. Open fetal surgery
had been abandoned. More recently attempts have
been made by tracheal occlusion using endoscopic
techniques but the first series has not been encouraging.
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Gastrointestinal anomalies

Structural anomalies of the gastrointestinal (GI) tract are rel-
atively common. Fetuses with GI anomalies, which often allow
a good quality of life after postnatal surgical correction,
largely benefit from prenatal diagnosis.1 Anomalies can be
subdivided into two groups: intestinal obstructions and
ventral wall defects.

Normal ultrasound anatomy of
gastrointestinal and urinary tract

The liver occupies most of the upper abdomen, showing a
homogeneous, echogenic ultrasound pattern. The portal cir-
culation, the hepatic veins, the hepatic arteries, and the biliary
ducts represent the ductal system crossing into the liver. The
gallbladder is often distended in utero, appearing as a pear-
shaped, fluid-filled structure arising from the hilum, and angles
from the anteroposterior axis of the abdomen at 45°. The
intra-abdominal umbilical vein can be confused with the gall-
bladder. The left umbilical vein (the right umbilical vein is
reabsorbed before 6–7 weeks’ gestation) penetrates into the
abdomen through the umbilical ring; it runs centrally and cra-
nially, entering the liver and receiving the venae advehentes,
and then anastomoses with the left portal vein. From the junc-
tion with the left portal vein, the oxygenated blood may reach
the heart through the ductus venosus or the hepatic veins. The
stomach is almost constantly distended and, in a transverse
scan, appears as a semilunar, fluid-filled, and neatly outlined
area. Stomach dimensions can vary significantly at each ges-
tational age, due to the filling and emptying state. An axial
section, in which the intrahepatic umbilical vein, the stomach,
and the liver are simultaneously visualized, is used to measure
the abdominal circumference (Fig. 25.1).2 The spleen appears
as a triangular area posterior to the stomach, with a similar
structure to the liver. The study of the visceral situs is of great
importance as structural cardiac defects are frequently associ-

ated with abnormal location of abdominal viscera (polysplenic
and asplenic syndromes). Normally, the stomach and spleen
are located on the left side, while the portal sinus, which cor-
responds to the hepatic hilum, is on the right side; the descend-
ing aorta can be visualized close to the vertebrae and slightly
on the left, the inferior vena cava more anteriorly and on the
right. The fetal bowel is usually uniformly echogenic, and it
may be difficult to distinguish bowel from liver, particularly
in the second and early third trimester. Late in pregnancy,
loops distended by the accumulating meconium are easily visu-
alized. In the second trimester, a diffuse hyperechogenicity is
quite often seen in the lower abdomen (Fig. 25.2). This finding
is of no clinical significance when isolated. It has been
reported, however, in association with trisomy 21, cystic fibro-
sis, and intrauterine growth retardation (IUGR).3 Hypere-
chogenicity seems to be a consequence of intra-amniotic
bleeding.4 During the third trimester, as meconium accumu-
lates in the lumen of the bowel, a suspicion of pathological
obstructive dilation is sometimes raised. Loops of small and
large bowel measuring less than 7 and 20mm, respectively,
seem to be perfectly normal. Therefore, ultrasound diagnosis
of bowel obstruction is rather difficult. An increased fluid
content in the lumen of the bowel, giving a clearly anechoic
picture, is another useful criterion for diagnosis.

All components of the urinary system, except ureters, can
be visualized in utero from the beginning of the early second
trimester. Viewing a cross-section of the abdomen, as early as
14 weeks’ and up to 20 weeks’ gestation, the kidneys appear
circular and slightly hypoechoic, compared with the liver and
bowel loops, at both sides of the vertebral bodies.5

At 20 weeks, the kidneys show a hyperechoic capsule, the
parenchyma is less hyperechoic, and calices sometimes sur-
round a minimally physiologically dilated pelvis. This dilated
pelvis has nothing to do with hydronephrosis, and is proba-
bly due to a more efficient diuresis than in later gestation. At
this gestational age, the cortical area is slightly more echogenic
than the medulla.6

With progressing gestation, fat tissue accumulates around
the kidneys, enhancing the borders of the kidneys in contrast
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with the other splanchnic organs. Around 26–27 weeks’ ges-
tation, renal pyramids can be detected, and the arcuate arter-
ies can be seen pulsating in their proximity in real-time
ultrasonography.

During the midtrimester, kidneys should be differentiated
from adrenals by looking for the renal pelvis.

Transverse and coronal sections of the abdomen can be used
to study the kidneys. In a transverse scan, kidneys appear as
roundish structures at both sides of the spine, while on coronal

scans, they appear as elliptical areas (Figs 25.3 and 25.4). On
a cross-section of the abdomen, kidneys cover less than one-
third of the surface of the entire abdomen. Biometry of the
kidneys has been suggested by various authors to diagnose
congenital anomalies.7 Moreover, on coronal scans, renal
arteries are clearly seen with color power Doppler (Fig. 25.5).

The fetal bladder can be detected as a fluid-filled area in the
anterior lower abdomen from early midtrimester, when urine
formation begins. At both sides of the bladder, branches of 
the umbilical artery are visualized with color power Doppler
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Figure 25.1 Cross-section of the fetal trunk during the second
trimester of pregnancy, showing the intrahepatic umbilical vein (uv).
Ao, aorta; ivc, inferior vena cava; s,stomach; sp, spine.

Figure 25.2 Longitudinal scan of the fetal trunk at 22 weeks’
gestation showing diffuse hyperechogenicity of the lower abdomen
(arrow).

Figure 25.3 Cross-section of the abdomen of a fetus during the
second trimester, demonstrating normal kidneys (k) at both sides of
the spine (Sp); p, pelvis.

Figure 25.4 Coronal scan of the fetal trunk at 21 weeks’ gestation,
demonstrating the kidneys (k) as elliptical masses.
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(Fig. 25.6). The contribution of the kidneys to the amniotic
fluid dynamics is little before 16 weeks, but it increases
steadily throughout gestation so that, in the second half of ges-
tation, amniotic fluid is formed mostly by urine.8 Change in
shape and volume depends on alternate emptying and filling.
It has been demonstrated that micturition occurs approxi-
mately every 110 min.9 The fetal bladder, however, should
always be visualized, because of incomplete emptying.

Obstructions

The echo-free areas resulting from fluid collection and pro-
gressive dilation of the bowel cephalad to the obstruction site
are easily detected by ultrasound.10 Furthermore, a GI obstruc-
tion is often associated with hydramnios, allowing a better
visualization. A proximal obstruction can be expected in
approximately 1 in 15 pregnancies with polyhydramnios.11 GI
obstructions can involve the esophagus, duodenum, and small
bowel; they can be intrinsic or extrinsic (e.g., intrathoracic cyst
or annular pancreas). Conversely, distal obstructions are not
usually associated with hydramnios, and their detection is
rather more difficult.

Esophageal atresia

Esophageal atresia is a relatively frequent anomaly, occurring
in 1 in 3000–3500 live births. It is caused by an impairment
in the process of recanalization of the primitive esophagus. 
An abnormal connection between trachea and esophagus is

usually derived from an imperfect development of the respi-
ratory diverticulum. In the most common type of fistula
(90–95%), the upper portion of the esophagus ends blindly
(esophageal atresia), and the lower portion develops from the
trachea near the bifurcation. The two portions of the esoph-
agus may be connected by a solid cord. Less common are: (1)
the upper portion ending in the trachea, the lower portion
being of variable length; (2) double fistula, in which upper and
lower portions end in the trachea; (3) tracheo-esophageal
fistula without esophageal atresia; (4) esophageal atresia
without tracheo-esophageal fistula; and (5) tracheal aplasia
(lethal).

Severe structural anomalies are associated in nearly 50% of
cases, including heart, GI, and genitourinary (GU) tract anom-
alies, skeletal deformities, cleft defects of the face, and central
nervous system (CNS) lesions such as meningoceles or hydro-
cephalus. Chromosomal anomalies, particularly trisomy 21,12

are also commonly present. The VACTERL syndrome refers
to a condition where vertebral, anorectal, and cardiac 
anomalies, tracheo-esophageal fistula, esophageal atresia,
renal anomalies, and limb anomalies are associated.13

Prenatal diagnosis is suspected when, in the presence of
polyhydramnios (usually after 25 weeks), serial ultrasound
examinations fail to demonstrate the fetal stomach, or the
stomach appears permanently small (< 15% of the abdominal
circumference) (Fig. 25.7);14 gastric secretions, however, may
be sufficient to distend the stomach and make it visible. Also,
in the case of an associated fistula, the stomach may look
normal. Occasionally, after 25 weeks, the dilated proximal
esophageal pouch can be seen as an elongated upper medi-
astinal and retrocardiac anechoic structure (Fig. 25.8). The
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Figure 25.5 Renal arteries are visualized on coronal scans with
color power Doppler.

Figure 25.6 Branches of the umbilical artery are clearly seen at both
sides of the urinary bladder.
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differential diagnosis for the combination of absent stomach
and polyhydramnios includes intrathoracic compression, from
conditions such as diaphragmatic hernia, and musculoskeletal
anomalies, causing inability of the fetus to swallow.

Factors such as associated anomalies, respiratory complica-
tions at birth, gestational age at delivery, and neonatal weight
play the most important prognostic role. Thus, for babies with
an isolated tracheo-esophageal fistula, born after 32 weeks,
when an early diagnosis is made, avoiding reflux and aspira-
tion pneumonitis, the postoperative survival rate is more than
95%. In the case of fetal weight < 2.5kg and in the presence
of respiratory complications or other anomalies, the survival
rate decreases to 6%.15 Drainage of fluid can be performed in
cases of severe polyhydramnios. Time and mode of delivery
are not influenced by prenatal diagnosis. Delay in postnatal
recognition, however, results in increased neonatal morbidity
and mortality.16 Prenatal diagnosis alerts the pediatrician,
facilitates prompt neonatal diagnostic confirmation, and
enables the prevention of potentially severe complications,
such as aspiration pneumonia.

Duodenal obstruction

Duodenal obstruction occurs in approximately 1 in
7500–10000 live births. It is a sporadic abnormality, although
in some cases there is an autosomal-recessive pattern of inher-
itance. The anomaly can be either extrinsic or intrinsic. Extrin-
sic lesions are mainly the consequence of a compression of the

duodenum by the surrounding annular pancreas or by peri-
toneal fibrous bands. Duodenal atresia or stenosis (intrinsic
lesions) derives from an incomplete developmental process
during the second and third month of fetal life.17 As the intes-
tine turns from a solid structure into an empty tubular one,
the persistence of one or more septa, resulting in a diaphragm,
is defined as stenosis. Complete atresia develops from the 
separation of solid intestine into two or more blind portions,
which can be either totally isolated from each other or con-
nected by fibrous bands.

Approximately half of the fetuses with duodenal atresia
have associated abnormalities, including trisomy 21 in about
40% of the cases and skeletal defects (vertebral and rib 
anomalies, sacral agenesis, radial abnormalities, and talipes), 
gastrointestinal abnormalities (esophageal atresia/tracheo-
esophageal fistula, intestinal malrotation, Meckel diverticu-
lum, and anorectal atresia), and cardiac and renal defects.

Detection of two echo-free areas inside the abdomen
(“double-bubble” sign), representing the dilated stomach and
the first portion of the duodenum, is crucial for prenatal diag-
nosis18 (Fig. 25.9). Polyhydramnios is invariably associated.
However, obstruction due to a central web may result in only
a “single bubble,” representing the fluid-filled stomach. Sono-
graphic demonstration of continuity of the duodenum with the
stomach enables differentiation of a distended duodenum
from other cystic masses, including choledocal or hepatic 
cysts (Fig. 25.10).19 Potential pitfalls derive from visualiza-
tion of a double bubble on a longitudinal scan of the fetal
trunk in cases of intense peristaltic activity. By perform-
ing axial scans of the trunk, one should avoid a misdi-
agnosis. Prenatal diagnosis is not usually made until after
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Figure 25.7 Coronal section of the neck in a fetus with esophageal
atresia, showing the blind end of the esophagus (arrow). N, neck.

Figure 25.8 Cross-section of the fetal abdomen in a fetus with
esophageal atresia. Stomach is not visualized. sp, spine; uv,
umbilical vein.
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25 weeks, suggesting that the fetus is unable to swallow a suf-
ficient volume of amniotic fluid for bowel dilation to occur
before midtrimester. Diagnosis has occasionally been reported
in the second trimester. Recently, a case of duodenal atresia
has been recognized in the first trimester.20

Postnatal prognosis of duodenal atresia depends mainly on
the following: associated anomalies, birthweight, and prompt
confirmation of prenatal diagnosis.

Survival after surgery in patients with an isolated anomaly
is more than 95%. Obstetric management is not influenced by
prenatal diagnosis; however, spontaneous premature labor is
frequent due to polyhydramnios. Prenatal diagnosis allows
prevention of neonatal vomiting or aspiration pneumonia
through early aspiration of gastric contents.

Intestinal obstructions (below the level
of the duodenum)

Intestinal obstructions occur in about 1 in 2000 births. In
about half of the cases, there is small bowel obstruction and,
in the other half, anorectal atresia. Small bowel obstruction
may derive from primary atresia or stenosis of the bowel,
meconium ileus, and extrinsic constriction from adhesions.
The most frequent site of small bowel obstruction is the distal
ileus, followed by the proximal jejunum. In about 5% of cases,
obstructions occur in multiple sites. Although the condition is
usually sporadic, in multiple intestinal atresias, familial cases
have been described.

Associated abnormalities and chromosomal defects are rare.
However, in the case of anorectal atresia, associated defects
such as genitourinary, vertebral, cardiovascular, and gastroin-
testinal anomalies are found in about 80% of cases. Meco-
nium ileus may be associated with cystic fibrosis.

The lumen of the small bowel and colon does not normally
exceed 7mm and 20mm respectively. Diagnosis of obstruction
is usually made late in pregnancy, after 25 weeks, because dila-
tion of the intestinal lumen is slow and progressive. Jejunal
and ileal obstructions are imaged as multiple fluid-filled loops
of bowel in the abdomen (Fig. 25.11).21 The more distal the
site of the obstruction, the greater the number of anechoic
structures (Fig. 25.12). The abdomen is usually distended, 
and active peristalsis may be observed. If bowel perforation 
occurs, transient ascites, meconium peritonitis, and meconium
pseudocysts may ensue. Polyhydramnios, usually after
25 weeks, is common, especially with proximal obstructions.22

Similar bowel appearances and polyhydramnios may be 
found in fetuses with Hirschprung disease, the megacystis–
microcolon–intestinal hypoperistalsis syndrome, and chloride
diarrhea. The differential diagnosis of small bowel obstruction
includes renal tract abnormalities and other intra-abdominal
cysts such as mesenteric, ovarian, or duplication cysts. A spe-
cific clue for bowel obstruction is the presence of peristalsis.
Prenatal diagnosis of anorectal atresia is rather difficult,
because the proximal bowel may not demonstrate significant
dilation, and the amniotic fluid volume is usually normal;
occasionally, calcified intraluminal meconium may be seen in
the fetal pelvis.
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Figure 25.9 Cross-section of the upper fetal abdomen in a case of
duodenal atresia, showing the pathognomonic “double-bubble”
sign. D, dilated duodenal bulb; sp, spine; st, stomach.
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Figure 25.10 Oblique scan of the abdomen in a fetus with
duodenal atresia. Notice the thin connection between stomach and
duodenum (arrow). D, duodenum; st, stomach.
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The prognosis is related to gestational age at delivery, asso-
ciated abnormalities, and the site of obstruction.23 In those
born after 32 weeks with isolated obstruction requiring resec-
tion of only short segments of bowel, the survival rate is more
than 95%. Loss of large segments of bowel can lead to short
gut syndrome, which is a lethal condition.

Fetuses with uncomplicated intestinal obstruction can be
delivered vaginally at term. Induction should be considered
when perforation with ascites occurs. In these cases, fetal
paracentesis to decrease abdominal pressure on the
diaphragm, thus allowing expansion of the lungs, may be 
indicated.24 If perforation and bleeding into the abdominal
cavity occur, delay in delivery may cause hydrops fetalis,
owing to severe anemia, decreased oncotic pressure, and loss
of plasma volume.25

Meconium peritonitis

Meconium peritonitis is a chemically sterile peritonitis conse-
quent to intestinal perforation in utero. Various conditions
may be the cause: intestinal atresia, vulvulus, meconium ileus,
etc. In 25–40% of cases, it is secondary to perforation of a
meconium ileus such as in the case of cystic fibrosis. In a
minority of cases, the cause remains unknown.

As meconium begins to accumulate in fetal bowel at
4 months, any perforation occurring after that time could
bring the outflow of meconium into the peritoneal cavity. 

As a result, an intense reaction occurs, leading to extensive
adhesions. If it is localized at the site of perforation, a calci-
fied mass develops (fibroadhesive type). In other cases 
(cystic type), the continuous outflow of intestinal content 
into a cavity (pseudocyst) determines the formation of a 
highly echogenic mass at the site of the perforation 
(Fig. 25.13). Polyhydramnios is a frequent finding; ascites may
also be present.26

A peritonitis can be suspected when a fetus affected by intes-
tinal obstruction suddenly shows the presence of ascites or
generalized hydrops. Differential diagnosis should be made
with other abdominal masses, in particular with abdominal
teratomas and gallbladder calcifications. However, teratomas
are complex masses, and gallbladder calcifications are strictly
connected with the gallbladder.

Prognosis is generally severe. Only a few cases have been
described in the literature; therefore, the most suitable man-
agement of pregnancy is still questioned. Serial ultrasound
examinations are indicated. In stable conditions, without
ascites, obstetric management should not change. In case of a
deteriorating condition, with developing ascites, preterm
delivery could be considered to avoid damage to the bowel.
Pregnancies that continue until term should be monitored
intensively to assess fetal well-being. Cesarean section does not
seem to ameliorate the prognosis; the risk of abdominal dys-
tocia, however, should always be considered. Delivery in a 
tertiary-care facility allows immediate postnatal surgical 
intervention.27
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Figure 25.11 Cross-section of the abdomen in a fetus with small
bowel atresia. Dilated bowel is visible.

Figure 25.12 Cross-section of the abdomen in a fetus with small
bowel atresia. Multiple distended loops of bowel are visible.
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Cystic anomalies of the 
gastrointestinal tract

Choledochal cysts

The etiology is unknown. The presence of a cyst in the 
upper side of the fetal abdomen suggests the diagnosis of
choledochal cyst. They represent cystic dilation of the
common biliary duct. Differential diagnosis includes intestinal
duplication cysts, hepatic cysts, situs inversus, and duodenal
atresia. The absence of the connection with the stomach,
which does not appear dilated, enables the exclusion of duo-
denal atresia (Fig. 25.14). The absence of polyhydramnios 
or peristalsis suggests a nonintestinal disorder. A prompt 
diagnosis and surgical postnatal removal (although, carrying
a 10% mortality rate) could avoid complications such as
biliary cirrhosis, portal hypertension, calculus formation, and 
adenocarcinoma.

Mesenteric, omental, and retroperitoneal cysts

Cystic structures located in the small or large bowel mesen-
tery, the omentum, or the retroperitoneal space are caused by
obstruction of the lymphatic drainage system or may repre-
sent lymphatic hamartomas. Quite rare, these cystic lesions are
usually anechoic, multi- or unilocular, median, and of variable
size. The fluid contents may be serous, chylous, or hemor-
rhagic. Obstetric management is unchanged; surgical removal

is required in the case of bowel obstruction or acute 
abdominal pain following torsion or hemorrhage into a cyst.

Hepatic cysts

Hepatic cysts are typically located in the right lobe of the liver.
They are quite rare and result from obstruction of the hepatic
biliary system. They appear as unilocular, intrahepatic cysts,
and they are usually asymptomatic, although they may rarely
show complications such as infections or hemorrhages. In
30% of the cases of polycystic kidneys (adult type), asympto-
matic hepatic cysts may be associated.28

Intestinal duplication cysts

These are quite rare, and may be located along the entire GI
tract. They appear sonographically as tubular or cystic struc-
tures of variable size. They may be isolated or associated with
other GI malformations.29 Thickness of the muscular wall of
the cysts and the presence of peristalsis may facilitate the 
diagnosis. Complications in the first months of postnatal 
life are represented by bowel obstruction and respiratory 
complications.

Anomalies of the umbilical vein

These are very rare anomalies. They can be divided into three
groups: persistence of the right umbilical vein with ductus
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Figure 25.13 Cross-section of the fetal abdomen showing a highly
hyperechogenic mass (arrow) of meconium peritonitis (cystic type).
B, distended loops of bowel; sp, spine.

Figure 25.14 Oblique scan at the level of the right upper abdomen
in a fetus with choledocal cyst (cy) close to the gallbladder (g). 
sp, spine; s, stomach.
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venosus and presence or absence of left umbilical vein; absent
ductus venosus with extrahepatic insertion of umbilical vein;
dilated umbilical vein with normal insertion and decurrence.30

Normally, the umbilical vein enters the abdomen almost cen-
trally at the level of the liver and courses on the left of the
gallbladder. Persistence of the right umbilical vein is demon-
strated by the fact that it is localized on the right of the gall-
bladder, bending toward the stomach.31 Color Doppler may
help to diagnose these anomalies and may allow the differen-
tial diagnosis with other cystic abdominal lesions. Associated
anomalies are frequent in the first two groups, and this influ-
ences the prognosis. These anomalies include cardiac, skele-
tal, GI, and urinary anomalies. IUGR is also present, together
with single umbilical artery. The anomalies of the third group
are rarely associated with other defects, and prognosis
depends upon the time of diagnosis and dimension of the 
varicosity.

Gallbladder anomalies

Agenesis of the gallbladder is associated with biliary atresia in
20% of cases. Prenatal diagnosis has not yet been described.
Gallstones may be visualized as minute hyperechogenic intra-
luminal structures. Conservative management is indicated, as
they may disappear postnatally.

Hepatosplenomegaly

Isolated hepatomegaly or splenomegaly is rare. Causes of
hepatosplenomegaly are immune and nonimmune hydrops,
hemolytic anemia, congenital infection, metabolic disorders,
and hepatic tumors. Hepatic hemangioma, despite its benign
nature, is associated with a high mortality rate (81%) sec-
ondary to congestive heart failure due to arterial–venous
shunting. The sonographic finding is usually a hypoechogenic
intrahepatic structure. The tumor may be pulsating and rec-
ognizable with Doppler ultrasound. The presence of hepatic
calcifications and a hyperechogenic solid mass may suggest a
diagnosis of hepatoblastoma, which represents the most fre-
quent malignant tumor during fetal life. Hamartomas usually
present as a multilocular cystic mass. Hepatic hypere-
chogenicity, unrelated to infections or tumors, seems to carry
a favorable prognosis when other anomalies are absent and
the karyotype is normal.32

Abdominal wall defects

Defects of the abdominal wall including omphalocele and gas-
troschisis (defect of the upper abdominal wall) and bladder
and cloacal exstrophy (defect of the lower abdominal wall)
are recognizable owing to the protrusion of abdominal con-
tents into the amniotic fluid cavity. Prognosis largely depends

on associated anomalies and complications such as fetal
growth restriction.

Omphalocele

Omphalocele, or exomphalos, occurs in about 1 in 4000
births, and results from failure of normal embryonic regres-
sion of the midgut from the umbilical stalk into the abdomi-
nal coeloma. The abdominal contents, including intestines and
liver or spleen covered by a sac of parietal peritoneum and
amnion, are herniated into the base of the umbilical cord.33

When omphalocele is small, the umbilical cord is inserted into
its apex; in cases of large defects, the cord is attached inferi-
orly, and the umbilical vein and arteries are splayed out in the
wall of the sac. If the sac ruptures in utero, its remnants, with
the umbilical vessels, are still visible on the border of the
lesion. The defect varies greatly in size, from a small opening
through which only one or two loops of the small intestine or
a Meckel’s diverticulum protrude to an enormous defect con-
taining most of the abdominal contents.

The majority of cases of omphalocele are sporadic, and the
recurrence risk is usually less than 1%. However, in some
cases, there may be an associated genetic syndrome.

Omphalocele is often associated with other abnormalities,
as a result of general interference with embryonic development
during early gestation.34 Malrotation of the gut and duodenal
obstruction are frequent. GU anomalies, including exstrophy
of the bladder, penile anomalies, and undescended testes, are
also very common. Congenital heart diseases are frequent and
represent the most important cause of death for the affected
child. Craniofacial anomalies are quite rare. Chromosomal
abnormalities (mainly trisomy 18 or 13) are found in about
30% of cases at mid-gestation and in 15% of neonates.35

If macrosomia is present, one should suspect Beckwith–
Wiedemann syndrome (EMG syndrome), which includes 
multiple abnormalities such as omphalocele, macroglossia,
occasionally requiring partial glossectomy to prevent
mandibular prognathism, and macrosomia with hyperplastic
fetal visceromegaly; a severe resistant neonatal hypogly-
cemia may be expected in 50% of cases. In some cases, 
Beckwith–Wiedemann syndrome is associated with mental
handicap, which is thought to be secondary to inadequately
treated hypoglycemia. About 5% of affected individuals
develop tumors during childhood, most commonly nephrob-
lastoma and hepatoblastoma. In Beckwith–Wiedemann 
syndrome, most cases are sporadic, although autosomal-
dominant, recessive, X-linked, and polygenic patterns of
inheritance have been described. Omphalocele is also present
in pentalogy of Cantrell, which includes a large upper abdom-
inal omphalocele, an anterior diaphragmatic hernia, a sternal
cleft, ectopia cordis, and various cardiac anomalies such as
ventricular septal defect or tetralogy of Fallot. A low omphalo-
cele is frequently associated with bladder or cloacal exstrophy
and other anomalies, including anal atresia or myelomeningo-
cele, and lower limb anomalies.36
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Prenatal diagnosis of omphalocele is based on the demon-
stration of the midline anterior abdominal wall defect, the her-
niated sac with its visceral contents, and the umbilical cord
insertion at the apex of the sac (Figs 25.15 and 25.16).37,38 As
normal migration of the midgut back into the abdomen occurs
between the 9th and the 12th gestational weeks, the diagno-
sis of ventral wall defects should not be made before
14 weeks.39 Exceptionally, heart and bladder are contained in
the herniated sac.40 In small defects, umbilical cord insertion
is on top of the mass, whereas in large lesions, the cord is
attached to its lower border. A cystic structure associated with
the umbilical cord, representing an allantoic cyst often asso-
ciated with omphalocele, can be interpreted as protrusion of
abdominal contents through a defect in the abdominal wall.41

Polyhydramnios is often present. The differential diagnosis
includes mainly gastroschisis, in which the only herniated
abdominal contents are bowel loops, not contained by an
amnioperitoneal membrane.

Isolated lesions have a good prognosis with a survival rate
after surgery of higher than 90%.42,43 The volume of the pro-
truded viscera is crucial for determining fetal prognosis: giant
defects associated with liver evisceration and ectopia cordis
may have a much worse prognosis than small defects, in which
only bowel loops are extruded.44,45 In cases of small defects or
an isolated anomaly, if omphalocele is intact, there is no need
to anticipate delivery.46 When omphalocele has gone into a
rupture, a preterm Cesarean section has been suggested to
avoid the exposure of the bowel to the amniotic fluid, which
may compromise the outcome of postnatal surgical correc-
tion.47 However, risks of prematurity should be taken into

account. Large or ruptured omphalocele should probably be
delivered by Cesarean section, in strictly sterile conditions, to
avoid trauma and infection of the herniated viscera and to
decrease the risk of dystocia. However, it has yet to be demon-
strated whether this management improves fetal outcome. In
1983, in a large retrospective study of 112 cases of abdomi-
nal wall defects, Kirk and Wah48 found no adverse effects
related to vaginal delivery or to the success of surgical post-
natal correction. However, because the mortality rate of new-
borns affected by abdominal wall defects largely depends on
the clinical condition of the malformed baby on admission,49

maternal transport to a tertiary center and an accurately
planned Cesarean delivery would probably avoid the risks 
of a sudden, unexpected delivery leading to a delay in 
surgical care.

Gastroschisis

Gastroschisis is found in about 1 in 4000 births. In gas-
troschisis, the primary body folds and the umbilical ring
develop normally, and evisceration of the intestine occurs
through a small abdominal wall defect located just lateral and
usually to the right of an intact umbilical cord.50 Other patho-
genetic theories suggest that gastroschisis results from an
intrauterine rupture of an incarcerated hernia into the cord,51

or from a vascular accident involving the omphalomesenteric
artery, leading to disruption of the umbilical ring and hernia-
tion of abdominal contents.52 The loops of intestine lie uncov-
ered in the amniotic fluid. Occasionally, only a short tract of
the intestine is herniated; in most cases, however, all the small
and large intestines protrude. Stomach, gallbladder, urinary
bladder, testes or uterus, and adnexae are also prolapsed.
Chemical peritonitis is an ominous complication due to 
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Figure 25.15 Cross-section of a fetus with omphalocele. Note the
herniated hyperechogenic mass (arrow) at the level of cord insertion.
L, liver; P, placenta; uc, umbilical cord on top of the defect.

Figure 25.16 Cross-section of a 20-week fetus with a large
omphalocele. The liver protrudes from the abdominal wall defect
covered by an amnioperitoneal membrane.
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amniotic fluid exposure of eviscerated abdominal contents. In
such cases, the intestine shows marked dilation of the lumen
and increased thickness of the walls, which appear edematous,
of leathery consistency, and matted together and encased in a
net of fibrinous material. In many cases, the intestine reveals
an abnormal shortening. Single or multiple atretic sites of the 
protruded gut can be detected. Gastroschisis is a sporadic
abnormality.

Associated anomalies are uncommon compared with
omphalocele, and usually involve the intestinal tract (malro-
tation). Occasionally, intestinal obstruction due to angulation
of gut, adhesions, or atresia secondary to vascular impairment
of the wall can be seen as ancillary complications.

Prenatal diagnosis is based on the demonstration of the nor-
mally situated umbilicus and the herniated loops of intestine,
which are free-floating and widely separated (Fig. 25.17).53

Hypoechogenic areas can sometimes be identified within
the bubble-like structures, suggesting the presence of meco-
nium. The extruded structures are not covered by amnioperi-
toneal membrane, and normal umbilical cord insertion is
present (Fig. 25.18). Polyhydramnios is common, as well 
as increased amniotic fluid alpha-fetoprotein (AFP) levels.
About 30% of fetuses are growth restricted, but the diagno-
sis can be difficult because gastroschisis as such is associated
with a small abdominal circumference.54 In these cases, the
volume of amniotic fluid is often reduced and visualization
suboptimal.

Prognosis has improved dramatically during the last three
decades.55 Decreased perinatal mortality from 82% in 1960
to less than 10% in 1984 is likely to be attributable to
improved surgical technique and the use of parenteral nutri-
tion. Mortality is usually the consequence of short gut syn-

drome. It is still debated whether sonographic findings such
as dilation and thickening of the bowel wall can predict infant
outcome.56–58 Dilation of the stomach seems to be associated
with increased perinatal morbidity and mortality.59

Gastroschisis is less frequently associated with other con-
genital anomalies than omphalocele. As with omphalocele, it
can be part of amniotic band syndrome. Unlike omphalocele,
gastroschisis is often associated with IUGR60 and oligohy-
dramnios; in these cases, risks related to prematurity should
be balanced against benefits of the shortened exposure time to
the action of amniotic fluid.

In cases with associated growth restriction, strict surveil-
lance of fetal well-being is recommended between 34 and
36 weeks.61

As with omphalocele, the impact of route of delivery on
outcome is still debated. Some authors show that babies born
from elective Cesarean section had less sepsis and less short-
term morbidity,62 while other groups do not demonstrate the
benefit of Cesarean section versus vaginal delivery.63,64

It seems crucial, however, that delivery takes place in 
tertiary-care centers where the neonate can receive intensive
care and where neonatal surgical correction is promptly avail-
able. Delay in pediatric care, in fact, increases the risk of sepsis
and may be the cause of severe dehydration and rapid heat
loss, which may compromise the outcome of surgical correc-
tion. Long-term follow-up of survivors is excellent: children
show normal growth and development in follow-up to 5 years 
of age.65
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Figure 25.17 A case of gastroschisis diagnosed at 22 weeks’
gestation: free-floating loops of bowel (B) herniated through a
lateral abdominal wall defect.

Figure 25.18 Loops of bowel protruding through a lateral defect 
of the abdominal wall. See the intact insertion of the cord (arrow).
B, bowel; uv, umbilical vein.
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Body stalk anomaly

Body stalk anomaly is a rare fatal disease with a birth inci-
dence of 1 in 14000.66 It is characterized by a defect of the
anterior abdominal wall with absence of the umbilicus and
umbilical cord. The placenta appears to be fused with the her-
niated viscera, and consequent skeletal kyphosis is a common
feature. This anomaly derives from failure of the cephalic,
caudal, and lateral body folds to develop, together with the
abnormal persistence of the coelomatic cavity, which usually
obliterates by the fourth week of embryonic life. Prenatal diag-
nosis is based upon demonstration of a vast defect in the 
anterior abdominal wall, through which herniated viscera 
protrude and fuse with the placenta.67 Major anomalies of any
apparatus may be associated.

Bladder exstrophy and cloacal exstrophy

Bladder and cloacal exstrophy are rare sporadic anomalies,
even if familial cases have been described. Incidence of bladder
exstrophy is 1 in 30000 live births, while incidence of cloacal
exstrophy is 1 in 200000 live births. Bladder exstrophy is a
consequence of impaired development of the caudal fold of the
anterior abdominal wall. The anterior wall is absent, and expo-
sure of the posterior bladder wall is common. Omphalocele is
frequently associated, as well as epispadias, incomplete descent
of the testicles, and imperforate anus. In cloacal exstrophy,
both GI and GU tracts are involved. Cloacal exstrophy (also
referred to as OEIS complex) is the association of an omphalo-
cele, exstrophy of the bladder, imperforated anus, and spinal
defects such as meningomyelocele. The hemibladders are on
either side of the intestines.

Bladder exstrophy should be suspected when the fetal
bladder is not visualized in the presence of normal amniotic
fluid (the filling cycle of the bladder is normally about 15 min)
or when an echogenic mass is seen protruding from the lower
abdominal wall in close association with umbilical arteries.68

In cloacal exstrophy, the findings are similar to bladder exstro-
phy (large infraumbilical defect that extends to the pelvis), but
a posterior anomalous component is present.69 Other findings
include single umbilical artery, ascites, vertebral anomalies,
clubfoot, and ambiguous genitalia. In boys, the penis is
divided and duplicated. With aggressive reconstructive
bladder, bowel, and genital surgery, the survival rate is more
than 80%.70 Bladder exstrophy is compatible with complete
repair, although permanent urinary tract diversion becomes
necessary in some cases. Cloacal exstrophy is a much more
severe disease involving the lower abdominal tract as well, and
is associated with significant sequelae.

Genitourinary tract anomalies

Congenital malformations of the GU tract are relatively 
frequent, probably due to the complexity of embryologic

development, representing the major cause of neonatal abdo-
minal masses. Prenatal diagnosis is crucial to choose the most
appropriate prenatal and postnatal management, and has
greatly improved the prognosis of affected children.71 The
volume of amniotic fluid should be carefully evaluated. A 
significant decrease in amniotic fluid volume heralds the 
presence of many GU anomalies and, when detected 
after the second trimester, is an ominous prognostic factor
because of the association with pulmonary hypoplasia.72

Owing to the paucity of amniotic fluid, the diagnosis of GU
tract anomalies is sometimes a difficult task; recently, 
magnetic resonance imaging (MRI) has been proposed 
as a useful tool to provide adequate visualization of renal 
and bladder regions, despite a reduced volume of amniotic
fluid.73

Bilateral renal agenesis

Bilateral renal agenesis is found in 1 in 5000 births, while uni-
lateral disease is found in 1 in 2000 births. Renal agenesis
derives from failure of development of the ureteric bud or
nephrogenic blastema, because both components occur at the
formation of normal kidneys.

This abnormality is usually isolated and sporadic, although
it may rarely be secondary to a chromosomal abnormality or
part of a genetic syndrome such as Fraser syndrome, or a
developmental defect such as VACTERL association. In non-
syndromic cases, the risk of recurrence is approximately 3%.
However, in about 15% of cases, one of the parents has 
unilateral renal agenesis and, in these families, the risk of
recurrence is increased.74

Renal agenesis can be part of Potter’s syndrome, which
includes pulmonary hypoplasia, skeletal deformities, and
typical facies, characterized by low-set ears. Oligohydramnios
is considered to be responsible for pulmonary hypoplasia and
skeletal deformities, which are also present in some cases of
prolonged rupture of membranes or IUGR.75 Conversely,
when oligohydramnios is not severe, the characteristic features
of Potter’s syndrome are uncommon.76 Other structural anom-
alies, such as cardiac and GI tract anomalies, are associated
with variable incidence.

Failed visualization of kidneys and bladder, associated 
with oligohydramnios, prompts the diagnosis of bilateral 
renal agenesis. Additionally, adrenals are usually hyper-
trophic and can be confused with normal kidneys (Fig. 
25.19). Prenatal diagnosis can be rather difficult owing to 
the lack of amniotic fluid and the “crumpled” position
adopted by these fetuses. Identification of the renal 
capsule and renal pelvis enables the two structures to be 
distinguished.77

The differential diagnosis includes premature rupture of the
membranes, severe uteroplacental insufficiency, and obstruc-
tive uropathy or bilateral multicystic or polycystic kidneys.
Vaginal sonography with a high-resolution probe is useful in

387

TCO25  9/13/06  5:08 PM  Page 387



CHAPTER 25

these cases. Failure to visualize the renal arteries with color
Doppler is sometimes crucial to the diagnosis (Fig. 25.20A and
B). Prenatal diagnosis of unilateral renal agenesis is difficult
as there are no major features, such as anhydramnios and
empty bladder, to alert the sonographer.

Bilateral renal agenesis is a lethal condition. Amniotic fluid
enables normal development of the lungs up to 22–24 weeks.
Early severe oligohydramnios invariably leads to pulmonary
hypoplasia, and infants die in the neonatal period owing to

respiratory insufficiency. Unilateral agenesis has a favourable
prognosis.

Cystic kidneys

Four main categories of cystic dysplastic kidneys are recog-
nized. Two different entities can be identified with certainty
via antenatal ultrasonography: multicystic kidney and cystic
dypslasia occurring as a consequence of early and longstand-
ing obstructive uropathy.

Multicystic kidneys

Multicystic kidneys are usually unilateral, although bilateral
renal involvement has been reported.78 The dysplastic process
is usually limited to the medulla, but can involve the cortex
as well. The prevalence of the unilateral type is unknown;
bilateral involvement is estimated to occur in 1 in 1000 live
births.79

In the majority of cases, this is a sporadic abnormality, but
a few examples of familial cases have been described.79 Patho-
genesis of the anomaly is controversial; it is most likely sec-
ondary to atresia of the ureter, the pelvis, or both during the
metanephric stage of development.81

Multicystic kidney is often associated with other congenital
anomalies, including mainly congenital heart diseases and chro-
mosomal aberrations (mainly trisomy 18), and it is often part
of genetic syndromes. It may frequently be associated with 
contralateral renal agenesis and hydronephrosis.82 Misdiagno-
sis can occur when the contralateral kidney is ectopic. 
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Figure 25.19 No demonstrable kidneys and flattened adrenal gland
in a 20-week fetus with bilateral renal agenesis.

A B

Figure 25.20 Color Doppler failed to demonstrate the renal arteries in the case of bilateral (A) and unilateral (B) renal agenesis.
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In 10% of cases, the anomaly is associated with contralateral
hydronephrosis, usually from obstruction at the ureteropelvic
junction (UPJ). Because the obstructed kidney is the only func-
tioning one, serial examination should be planned to monitor
dilation of the pelvis and the amount of amniotic fluid.

Multicystic kidneys are usually unilateral and appear as a
cluster of multiple irregular cysts of variable size with little
intervening hyperechogenic stroma (Fig. 25.21).83,84 Affected
kidneys are usually extremely enlarged. The hypoplastic or
atretic collecting system is undetectable by ultrasound. In the
unilateral variant, contralateral kidney and bladder are
normal, as is the amount of amniotic fluid. Occasionally, the
contralateral renal pelvis appears slightly enlarged owing to
compensatory urine flow. Distinction between multicystic
kidneys and obstructions at the UPJ in prenatal sonograms can
be extremely difficult.85 Coronal scans seem to be the most
specific because, in UPJ obstructions, they clearly demonstrate
the connection between the renal pelvis and the dilated cal-
iceal system. Conversely, in cystic lesions, the cysts are sepa-
rated. Such a distinction is much easier when ultrasound
examination is performed in early pregnancy. Isolated unilat-
eral multicystic kidneys have a good prognosis. The need for
postnatal nephrectomy is currently under discussion: it is
required when the size of the kidney is inconvenient to the
patient, but it should be considered in all cases, because com-
plications, including GI infections, hypertension, and malig-
nant mixed tumors, may originate from a retained affected
kidney.86,87 Bilateral multicystic dysplastic kidney disease
(MDKD) invariably has a poor prognosis.

Cystic dysplasia

Early and persistent obstruction of the lower GU tract is asso-
ciated with secondary cystic dysplasia of the kidneys, which
appear hyperechogenic, increased in size, and present small
cysts that spread through the parenchyma. In these cases, the
diagnosis is made by the simultaneous demonstration of
obstructive uropathy (distended bladder, convoluted ureters,
pyelectasia, oligohydramnios), and these findings can be part
of genetic renal disorders.88

Autosomal-recessive cystic kidney

Autosomal-recessive cystic kidney (also referred to as infantile
polycystic kidney) invariably involves both kidneys, and
occursin 1 in 20000 live births. A defect in the collecting
system seems to be responsible for the anomaly. Kidneys are
symmetrically enlarged, and the parenchyma is totally occu-
pied by numerous cysts of minute dimensions. At section, the
cysts present a cubic epithelium.

Sonographically, both kidneys usually appear extremely
enlarged and hyperechogenic (Fig. 25.22).89 In severe cases,
the bladder is absent and oligohydramnios is extreme.
However, these sonographic appearances may be manifest
only in late gestation.90 Molecular genetics helps in the diag-
nosis only when the index case has been clearly identified, and
only if DNA from the case is available and can be screened in
order to identify the familial mutations.

The prognosis is variable. Cases appearing early in 

389

Figure 25.21 Coronal scan of the trunk of a 33-week fetus with
unilateral multicystic dysplastic kidney disease. The cysts are clearly
separated by echoic tissue.

Figure 25.22 Coronal section of a fetus with recessive-type
polycystic kidneys. Kidneys appear extremely enlarged and
hyperechogenic.
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gestation are associated with oligohydramnios in the second
trimester and are usually lethal owing to a combination of
renal failure and pulmonary hypoplasia.91,92 In other cases, the
onset of the disease occurs later in gestation or after birth, and
there is variable progression toward renal failure. The infan-
tile and juvenile types result in chronic renal failure, hepatic
fibrosis, and portal hypertension; many survive into their teens
but require renal transplantation.

Autosomal-dominant cystic kidney

Autosomal-dominant cystic kidney (also referred to as adult
polycystic kidney) almost invariably affects both kidneys,
although often asymmetrically.93,94 It is usually asymptomatic
until the third or fourth decade of life.

Autosomal-dominant cystic kidney is a common inherited
nephropathy affecting more than 1 in 1000 live births. It may
be inherited as an autosomal-dominant trait, or it may be a
feature of genetic and nongenetic syndromes. Sporadic dis-
eases have also been reported in the literature.95

Using a highly polymorphic DNA probe genetically linked
to the mutant gene, prenatal diagnosis is possible.96

Sonography does not usually demonstrate abnormalities
prior to the second or third decade of life. In a handful of
cases, however, affected fetuses have demonstrated findings
similar to the autosomal-recessive variety, including enlarged
and echogenic kidneys.93,95 Kidneys appear grossly enlarged
with multiple cysts of variable size intermixed with well-rep-
resented, hyperechogenic solid tissue (Fig. 25.23). Dissection
shows multiple cysts of variable size filled with fluid within
both the medulla and the cortex. Histology demonstrates the

presence of normal renal parenchyma. Nephrons and collect-
ing tubules are poorly defined, as are papillae and calices. The
cysts are lined by cuboidal cells.

It is clear that this disease covers a wide spectrum. The expe-
rience with prenatal diagnosis is limited. It would not seem
that intrauterine presentation is necessarily associated with a
poor prognosis.

Cystic kidneys are also found with many mendelian disor-
ders, such as tuberous sclerosis, Jeune syndrome, Sturge–
Weber syndrome, Zellweger syndrome, Laurence–Moon–
Biedl syndrome, and Meckel–Gruber syndrome.

Obstructive uropathies

Enlargement of the GU tract usually occurs, albeit not 
exclusively, as a consequence of obstruction. When the
obstruction is complete and occurs early in fetal life, cystic
renal dysplasia ensues. On the other hand, where intermittent
obstruction allows for normal renal development, or when
obstruction occurs in the second half of pregnancy,
hydronephrosis will result, and the severity of renal damage
will depend on the degree and duration of the obstruction.
Different entities with variable findings and clinical implica-
tions exist depending on the location and severity of the 
dilatation.97

Hydronephrosis refers to dilation of the renal pelvis (Fig.
25.24 and 25.25). Mild hydronephrosis, or pyelectasia, is
defined by the presence of an anteroposterior diameter of the
pelvis of more than 4mm at mid-gestation and more than
7mm in the third trimester. Transient hydronephrosis may be
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Figure 25.23 Coronal scan of the fetal trunk demonstrating the
polycystic kidneys (PK).

Figure 25.24 Cross-section of the fetal abdomen showing a mildly
enlarged renal pelvis and a contralateral normal pelvis.
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due to relaxation of smooth muscle of the GU tract by high
levels of progesterone or maternal–fetal overhydration. In the
majority of cases, the condition remains stable or resolves in
the neonatal period. In about 20% of cases, there may be an
underlying pathology that requires postnatal follow-up and
possible surgery. The incidence of surgery with a renal pelvis
of 5–10mm is in the range of 3–4%. Moderate hydronephro-
sis, characterized by an anteroposterior pelvic diameter of
more than 10mm, is almost invariably associated with caliceal
dilation, is usually progressive and, in more than 50% of
cases, requires surgery during the first 2 years of life. Sono-
graphically, it may be be difficult at times to distinguish severe
hydronephrosis with significant caliceal enlargement from a
multicystic kidney. A scan oriented along the coronal plane of
the kidney is required to demonstrate the radial projection of
the calices around the enlarged pelvis (Fig. 25.26). Sections
oriented in different planes may create the false impression of
multiple cysts separated by parenchymal tissue that is typical
of multicystic kidney.

Mild pyelectasia (anteroposterior diameter between 4 and
10 mm) has recently been suggested as a sonographic marker
for chromosomal abnormalities98 and, in some cases, may
reveal vesicoureteric reflux at birth.99

Hydroureteronephrosis is the combination of hydronephro-
sis and an enlarged ureter (Fig. 25.27). Of course, these find-
ings are generally present with megacystis. However, the
following discussion refers to hydroureteronephrosis with a
normal bladder, which may result from either ureterovesical
reflux or ureterovesical junction obstruction. Under normal
conditions, the small ureter cannot be visualized with antena-

tal ultrasonography. The dilated ureter appears as a tortuous
fluid-filled tubular structure interposed between the renal
pelvis, which is variably dilated, and the bladder.100,101 Some-
times, it is clearly visible as a ureterocele, which is represented
by a thin-walled and fluid-filled small circular area inside the
bladder (Fig. 25.28). Amniotic fluid is present in normal
amounts. Rarely, a primary megaureter will be present, with
a normal renal pelvis. The outcome and management princi-
ples are similar to those outlined for hydronephrosis.

Ureteral duplication can be associated with hydronephrosis
and megaureter. A specific diagnosis is possible when two dis-
tinct renal pelves can be seen within one kidney (Fig. 25.29).
Typically, there is some degree of dilation of the upper 
renal pole.102,103

Megacystis

Megacystis is defined as an abnormal enlargement of the
urinary bladder, and is most frequently the consequence of
urethral obstruction. Typically, it is seen in the early
midtrimester and has been visualized as early as 11 weeks’ ges-
tation.104 The bladder is usually greatly enlarged, occupying
most of the abdomen and distending it. Urethral obstruction
can be caused by urethral agenesis, persistence of the cloaca,
urethral stricture, or posterior urethral valves. Posterior ure-
thral valves occur only in males and are the most common
cause of bladder outlet obstruction. The condition is generally
sporadic and is found in about 1 in 3000 male fetuses;
however, in some cases, it has a genetic basis.105 In the 
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Figure 25.25 Cross-section of the fetal abdomen showing mild
dilation of both pelves.

Figure 25.26 Coronal view of the kidney in a case of ureteropelvic
junction obstruction. Pelves and calices appear fairly dilated.
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majority of cases, obstruction is caused by two semicircular
membranous plicae at the level of the verumontanum.74 As
urine flows from the bladder, these plicae adhere and close the
upper portion of the urethra.

With posterior urethral valves, there is usually incomplete
or intermittent obstruction of the urethra, resulting in an
enlarged and hypertrophied bladder with varying degrees of
hydroureters, hydronephrosis, a spectrum of renal hypoplasia
and dysplasia, oligohydramnios, and pulmonary hypopla-

sia106,107 (Figs 25.30–25.33). Diagnosis has been made from as
early as 12 weeks’ gestation (Fig. 25.34).

In some cases, urinary ascites is associated with rupture of
the bladder or transudation of urine into the peritoneal cavity.

When megacystis is found in association with an increased
amount of amniotic fluid, the possibility of a megacystis–
microcolon–intestinal hypoperistalsis syndrome should be
considered. This is a sporadic abnormality characterized by a
massively dilated bladder and hydronephrosis in the presence
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Figure 25.27 Coronal scan of the lower
abdomen in a fetus with unilateral
ureterovesical junction obstruction. Calices
and pelvis are dilated, as well as the
proximal portion of the ureter (U).

Figure 25.28 Thin-walled, fluid-filled, small, circular area (*) inside
the bladder (B), representing a ureterocele in a fetus with
ureterovesical junction obstruction.

Figure 25.29 Coronal scan of the abdomen of a fetus with
duplication of the kidneys. The two renal pelves (*) appear
moderately dilated.
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of normal or increased amniotic fluid; the fetuses are usually
female. There is associated shortening and dilation of the
proximal small bowel, and microcolon with absent or inef-
fective peristalsis. The condition is usually lethal owing to
bowel and renal dysfunction.

The outcome of urethral obstruction depends on how severe
it is and how early it occurs. Complete persistent obstruction
occurring in the early midtrimester (e.g., urethral atresia, early
posterior urethral valves) results in massive distention of the
bladder and abdominal wall (prune-belly abdomen), severe
oligohydramnios, dysplastic kidneys, and pulmonary hypopla-

sia.108 Obstruction occurring in late gestation may be associated
with oligohydramnios and hydronephrosis, but does not result
in pulmonary hypoplasia and dysplastic kidneys. The manage-
ment of early-appearing megacystis has been debated.109–112

Shunting of the fetal bladder is feasible, although there is no
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Figure 25.30 Longitudinal scan of the lower abdomen in a fetus
with megacystis. The proximal tract of the ureter is dilated.

Figure 25.31 Longitudinal scan of the trunk of a male fetus affected
by megacystis. The insertion of the umbilical vessels on the anterior
abdominal wall is demonstrated with color Doppler.

Figure 25.32 Severe megacystis. Radiograph of neonate with severe
dilation of the urinary bladder.

Figure 25.33 Megacystis: pathological specimen of the urinary
bladder which appeared enlarged with thickened walls.
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conclusive evidence that such intervention improves renal or
pulmonary function beyond what can be achieved by postnatal
surgery. Antenatal evaluation of renal function relies on a com-
bination of ultrasonographic findings and analysis of fetal urine
obtained by puncture of the bladder or renal pelvis. An attempt
to assess the severity of renal compromise should be made
before embarking on fetal therapy. Poor prognostic signs 
are: (1) the presence of bilateral multicystic or severely
hydronephrotic kidneys with increased parenchymal
echogenicity, suggestive of renal dysplasia; (2) anhydramnios,
implying complete urethral obstruction; and (3) decreased
output (< 2mL/h) of isotonic urine (osmolarity > 210mOsm;
sodium > 100mEq/mL; chloride > 90mEq/mL, and high levels
of beta-2 microglobulin). In these cases, there is little chance of
the infant surviving. Conversely, potential candidates for
intrauterine surgery are fetuses with: (1) bilateral moderately
severe pelvicaliceal dilation and normal cortical echogenicity;
and (2) normal levels of urinary sodium, calcium and beta-2
microglobulin. One must remember, however, that normal
values cannot exclude renal failure in childhood.113

Fetal ovarian cysts

Ovarian cysts are one of the most common causes of abdom-
inal masses in the female neonate.114,115 They are the most sig-
nificant genital anomaly presenting in the prenatal period.

Although classically related to hormonal stimulation, the
cause of the anomaly is still uncertain. Interestingly, congeni-
tal ovarian cysts occur in association with hypothyroidism.116

Prenatal ultrasound diagnosis is possible from the second
trimester of pregnancy.117–119 Cystic mass in the fetal lower
abdomen, integrity of GI and GU tracts, and female sex are
the main ultrasound criteria for diagnosis of fetal ovarian cyst.
The cyst may be completely fluid or septated,120 and some-
times presents with a fluid-solid level (Fig. 25.35). Diagnosis,

however, is always presumptive, as mesenteric and urachal
cysts, enteric duplication anomalies, cystic teratoma, and low
intestinal obstructions cannot be ruled out with certainty in
utero. Serial examinations of the anomaly allow the detection
of structural changes in the cyst, which prompt the diagnosis
of a complication of the cyst.121

Associated anomalies are uncommon, although increased
amniotic fluid is often present, probably secondary to partial
GI obstruction.122

Prognosis and management of fetal ovarian cysts depend
largely on the natural history of the mass.123 The cyst may
increase in size, decrease, or even disappear, or lead to com-
plications such as torsion, infarction, and rupture. In this light,
once prenatal ultrasound diagnosis has been made, serial
examinations should be performed throughout gestation to
detect any structural changes in the mass. Enlargement of the
mass, causing distention of the fetal abdomen, is an indication
for Cesarean section to avoid the risk of soft tissue dystocia.
Ultrasound-guided fine-needle aspiration of large fetal ovarian
cysts may eliminate the need for a Cesarean section, theoret-
ically reducing the risk of intrauterine torsion. However, the
benefit of such an invasive procedure is unclear, possibly being
a cause of intraperitoneal bleeding. Sudden development of
intense hyperechogenicity within the mass, followed by a
complex, heterogeneous appearance, should be considered to
result from an intrauterine torsion of the cyst with infarction.
When this occurs, immediate delivery is recommended. Con-
versely, small cysts detected in utero can subsequently disap-
pear and may not be present on a postnatal ultrasound
evaluation.

In summary, prenatal diagnosis of fetal ovarian cysts per se
does not modify standard obstetric management, whereas
complications occurring during gestation, such as torsion and
rupture, may require active obstetric intervention. Neonates
with confirmed diagnosis often require postnatal ovariectomy
soon after birth.
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Figure 25.34 Longitudinal scan of a 12-
week fetus with megacystis, obtained using a
6.5-MHz transvaginal probe.
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Figure 25.35 Cross-section of the abdomen of a 28-week
fetus showing a cystic mass. A diagnosis of ovarian cyst
was made.

Key points

1 Esophageal atresia is suspected when polyhydramnios
is present and serial ultrasound examinations fail to
demonstrate the fetal stomach, or the stomach appears
permanently small (< 15% of the abdominal
circumference). Prenatal diagnosis cannot be made at
times, as gastric secretions may be enough to distend
the stomach and make it visible. Moreover, in cases of
associated tracheal fistula, the stomach may look
normal.

2 Approximately half of fetuses with duodenal atresia
have associated abnormalities, including trisomy 21 in
about 40% of cases, skeletal defects (vertebral and rib
anomalies, sacral agenesis, radial abnormalities, and
talipes), gastrointestinal abnormalities (esophageal
atresia/tracheo-esophageal fistula, intestinal
malrotation, Meckel diverticulum, and anorectal
atresia), and cardiac and renal defects.

3 Jejunal and ileal obstructions are imaged as multiple
fluid-filled loops of bowel in the abdomen. The more
distal the site of the obstruction, the greater the
number of anechoic structures. The abdomen is usually
distended, and active peristalsis may be observed. In
cases of bowel perforation, transient ascites, meconium
peritonitis, and meconium pseudocysts can be seen.
After 25 weeks, polyhydramnios is rather common,
particularly in proximal obstructions.

4 As meconium begins to accumulate in fetal bowel at
4 months, any perforation occurring after that time
could bring the outflow of meconium into the
peritoneal cavity. As a result, an intense reaction
occurs, leading to extensive adhesions. If it is localized
at the site of perforation, a calcified mass develops

(fibroadhesive type). In other cases (cystic type), the
continuous outflow of intestinal content into a cavity
(pseudocyst) determines the formation of a highly
echogenic mass at the site of the perforation. A
peritonitis can be suspected when a fetus with intestinal
obstruction suddenly shows the presence of ascites or
generalized hydrops. Prognosis is generally severe. In
stable conditions, without ascites, obstetric
management should not change. In case of a
deteriorating condition, with developing ascites,
preterm delivery should be considered to avoid damage
to the bowel.

5 Omphalocele is often associated with other
abnormalities, such as gut and duodenal obstructions,
exstrophy of the bladder, penile anomalies, and
undescended testes, and particularly congenital heart
diseases, which represent the most important cause of
death for the affected child. Chromosomal
abnormalities (mainly trisomy 18 or 13) are found in
about 30% of cases at midgestation and in 15% of
neonates. Beckwith–Wiedemann syndrome (EMG
syndrome) is a mostly sporadic genetic syndrome,
which includes omphalocele, macroglossia, and
macrosomia with hyperplastic fetal visceromegaly; a
severe resistant neonatal hypoglycemia and mental
handicap are sometimes present. Pentalogy of Cantrell
includes a large upper abdominal omphalocele, an
anterior diaphragmatic hernia, a sternal cleft, an
ectopia cordis, and cardiac anomalies such as
ventricular septal defect or tetralogy of Fallot.

6 Prenatal diagnosis of omphalocele is based on the
demonstration of the midline anterior abdominal wall
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defect, the herniated sac with its visceral contents, and
the umbilical cord insertion at the apex of the sac. As
normal migration of the midgut back into the abdomen
occurs between the 9th and the 12th gestational weeks,
the diagnosis of ventral wall defects should not be
made before 14 weeks. Exceptionally, heart and
bladder are contained in the herniated sac. In small
defects, umbilical cord insertion is on top of the mass,
whereas in large lesions, the cord is attached to its
lower border.

7 In gastroschisis, the loops of intestine lie uncovered in
the amniotic fluid. Occasionally, only a short tract of
the intestine is herniated; in most cases, however, all
the small and large intestines protrude. Stomach,
gallbladder, urinary bladder, testes or uterus, and
adnexae are also prolapsed. Chemical peritonitis is an
ominous complication due to amniotic fluid exposure
of eviscerated abdominal contents. In such cases, the
intestine shows marked dilation of the lumen and
increased thickness of the walls.

8 The impact of the route of delivery on outcome is still
debated in the case of gastroschisis and omphalocele.
As babies born from elective Cesarean section seem to
have a lower risk of sepsis and short-term morbidity,
the benefit of Cesarean section versus vaginal delivery
is not yet clearly demonstrated. It seems crucial,
however, that delivery takes place in tertiary care
centers where the neonate can receive intensive care
and prompt surgical correction. Long-term follow-up
of survivors is excellent.

9 Bladder exstrophy is a consequence of impaired
development of the caudal fold of the anterior
abdominal wall. The anterior wall is absent, and
exposure of the posterior bladder wall is common.
Omphalocele, as well as epispadias, is frequently
associated with incomplete descent of the testicles and
imperforate anus. Cloacal exstrophy is associated with
omphalocele, exstrophy of the bladder, imperforated
anus, and spinal defects such as meningomyelocele.

10 Failed visualization of kidneys and bladder, associated
with oligohydramnios, prompts the diagnosis of
bilateral renal agenesis. Prenatal diagnosis can be
rather difficult due to the lack of amniotic fluid and the
“crumpled” position adopted by these fetuses.
Additionally, adrenals are usually hypertrophic and can
be confused with normal kidneys. Identification of the
renal capsule and renal pelvis enables the two
structures to be distinguished. Failure to visualize the
renal arteries with color Doppler is another important
clue to the diagnosis. The differential diagnosis includes
premature rupture of the membranes, severe
uteroplacental insufficiency, and obstructive uropathy
or bilateral multicystic or polycystic kidneys. Vaginal
sonography with a high-resolution probe may be useful
in these cases.

11 Multicystic kidneys are usually unilateral and appear
as a cluster of multiple irregular cysts of variable size

with little intervening hyperechogenic stroma. Affected
kidneys are usually extremely enlarged. Distinction
between MDKD and obstructions at the UPJ in
prenatal sonograms can be extremely difficult. Coronal
scans may demonstrate the connection between the
renal pelvis and the dilated caliceal system in UPJ, and
separation of the cysts in MDKD. Such a distinction is
much easier when ultrasound examination is performed
in early pregnancy, as the progression of obstructive
uropathy results in a sonographic appearance similar to
that of MDKD.

12 Early and persistent obstruction of the lower urinary
tract is associated with secondary cystic dysplasia of
the kidneys that appear enlarged, hyperechogenic, and
present small cysts that spread through the
parenchyma. In these cases, the diagnosis is made by
the simultaneous demonstration of obstructive
uropathy (distended bladder, convoluted ureters,
pyelectasia, oligohydramnios), and the prognosis 
is poor.

13 Autosomal-recessive cystic kidneys (also referred to as
infantile polycystic kidney) invariably involves both
kidneys, with a recurrence risk of 1 in 20000 live
births. A defect in the collecting system seems to 
be responsible for the anomaly. Kidneys are
symmetrically enlarged, and the parenchyma is totally
occupied by numerous cysts of minute dimensions.
Sonographically, both kidneys usually appear extremely
enlarged and hyperechogenic. The hyperechogenicity
seems to be due to multiple minute cysts, which fall
below the resolution power of the ultrasound
equipment, thus increasing the acoustic transmission. In
severe cases, the bladder is absent and oligohydramnios
is extreme.

14 Autosomal-dominant cystic kidneys is a common
inherited nephropathy affecting more than 1 in 1000
live births. It may be inherited as an autosomal-
dominant trait, and it may be a feature of genetic and
nongenetic syndromes. Sporadic cases have also been
reported in the literature.

15 Hydronephrosis refers to dilatation of the renal pelvis.
Mild hydronephrosis, or pyelectasia, is defined by the
presence of an anteroposterior diameter of the pelvis of
more than 4 mm at mid-gestation and more than 7mm
in the third trimester. Transient hydronephrosis may be
due to relaxation of smooth muscle of the urinary tract
by high levels of progesterone or maternal–fetal
overhydration. In the majority of cases, the condition
remains stable or resolves in the neonatal period. In
about 20% of cases, there may be an underlying
pathology that requires postnatal follow-up and
possible surgery.

16 Sonographically, it may be be difficult to distinguish
severe hydronephrosis with significant caliceal
enlargement from a multicystic kidney. Coronal scans
demonstrate the radial projection of the calices around
the enlarged pelvis enabling the diagnosis. Duplication
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of the kidney is commonly associated with dilation of
one or both renal pelves.

17 Megacystis is defined as an abnormal enlargement of
the urinary bladder, and is most frequently the
consequence of urethral obstruction. It is usually seen
in the early midtrimester and has been visualized as
early as 11 weeks’ gestation. A more or less severe
oligohydramnios is present.

18 Megacystis associated with an increased amount of
amniotic fluid raises the suspicion of a
megacystis–microcolon–intestinal hypoperistalsis
syndrome. This is a sporadic abnormality characterized
by a massively dilated bladder and hydronephrosis in
the presence of normal or increased amniotic fluid; the
fetuses are usually female. There is associated
shortening and dilation of the proximal small bowel
and microcolon with absent or ineffective peristalsis.
The condition is usually lethal owing to bowel and
renal dysfunction.

19 Prenatal surgical treatment of bilateral urinary
obstructive uropathies relies on antenatal evaluation of

renal function. Potential candidates for intrauterine
surgery are fetuses with: (1) bilateral moderately severe
pelvicaliceal dilation and normal cortical echogenicity;
(2) normal levels of urinary sodium, calcium, and beta-
2 microglobulin. One must remember, however, that
normal values cannot exclude renal failure in
childhood.

20 Prenatal diagnosis of fetal ovarian cyst is based 
on the ultrasound finding of a cystic mass in the fetal
lower abdomen, integrity of GI and GU tracts, and
female sex. In the majority of cases, the cyst is
completely fluid; sometimes it is septated.
Polyhydramnios is often present. Differential diagnosis
should be made with other abdominal cystic lesions
such as mesenteric and urachal cysts, enteric
duplication anomalies, cystic teratoma, and low
intestinal obstructions. Serial examinations of the
anomaly allow the detection of structural changes in
the cyst, which prompt the diagnosis of a complication
of the cyst.
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Skeletal dysplasias are a heterogeneous group of disorders that
affect the development of chondro-osseous tissues, resulting in
abnormalities in the size and shape of various segments of the
skeleton. Despite recent advances in imaging modalities and
molecular genetics,1–3 accurate prenatal diagnosis of skeletal
dysplasias remains a clinical challenge.4 Although 253 osteo-
chondrodysplasias and 45 genetically determined dysostoses
have been included in the most recent revision of the Interna-
tional Nosology and Classification of Constitutional Disor-
ders of Bone,5 the number that can be recognized with the 
use of sonography in the antepartum period is considerably
smaller. This chapter reviews the birth prevalence, classifica-
tion, and molecular genetics, and provides an approach 
to prenatal diagnosis of skeletal dysplasias identifiable 
at birth.

Birth prevalence and contribution to
perinatal mortality

Table 26.1 presents a summary of the published prevalence 
of skeletal dysplasias abstracted from 12 studies.6–17 Esti-
mated prevalences ranged from 1.1 to 9.5 per 10000 births,
with the highest prevalence reported from a greatly inbred 
population.17

In a large multicentric Italian study, the birth prevalence of
skeletal dysplasias recognizable in the neonatal period, exclud-
ing limb amputations, was estimated as 2.4 per 10000 births.7

In this large series, 23% of affected infants were stillborn and
32% died during the first week of life. The overall frequency
of skeletal dysplasias among perinatal deaths was 9.1 per
1000. This study also reported the birth prevalence of the 
different skeletal dysplasias and their relative frequency
among perinatal deaths (Table 26.2). The four most com-
mon skeletal dysplasias were thanatophoric dysplasia, 
achondroplasia, osteogenesis imperfecta, and achondro-
genesis. Thanatophoric dysplasia and achondrogenesis
accounted for 62% of all lethal skeletal dysplasias, 

whereas the most common nonlethal skeletal dysplasia was
achondroplasia.7

In another larger series reporting the prevalence and classi-
fication of lethal neonatal skeletal dysplasias in the west of
Scotland, the prevalence was 1.1 per 10000 births, and the
most frequently diagnosed conditions were thanatophoric dys-
plasia (1 per 42000), osteogenesis imperfecta (1 per 56000),
chondrodysplasia puntacta (1 per 84000), campomelic syn-
drome (1 per 112000), and achondrogenesis (1 per 112000).8

Rasmussen and colleagues15 reported a prevalence of 2.14
cases per 10000 deliveries in a longitudinal study that
included elective pregnancy termination, stillborn infants at
more than 20 weeks of gestation, and liveborn infants diag-
nosed by the fifth day of life. The rate of lethal cases was 0.95
per 10000 deliveries.15

Classification of skeletal dysplasias

Nosology

Over the past 30 years, the classification of skeletal dysplasias
has evolved from one based upon clinical/radiological/patho-
logical descriptions to one that also includes the underlying
molecular abnormality for conditions in which the defect is
known.18 In an attempt to develop a uniform terminology, a
group of experts met in Paris in 1977 and proposed an Inter-
national Nomenclature for Skeletal Dysplasias based purely on
descriptive findings of either a clinical or radiologic nature.19

This nomenclature was revised in 1992,20–22 when it was reori-
ented on radiodiagnostic and morphologic criteria, grouping
morphologically similar disorders into families of disorders
based on presumed pathogenetic similarities. The International
Working Group on Constitutional Diseases of Bone met in Los
Angeles, California, in 1997, to perform the third revision of
the Paris Nomenclature of Constitutional Disorders of
Bone.23,24 Families of disorders were rearranged based on
etiopathogenetic information concerning the gene and/or
protein defect. Disorders in which the defect was well docu-
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mented were regrouped into distinct families based on 
the mutations. These include the “achondroplasia group” of
disorders with mutations in the fibroblast growth factor recep-
tor 3 (FGFR3) gene, the “diastrophic dysplasia group” of dis-
orders with mutations in diastrophic dysplasia sulfate
transporter gene, the “type II collagenopathies” with mutations
in the type II collagen gene, and the “type XI collagenopathies”
with mutations in the cartilage oligomeric protein (COMP)
gene. Several new groups were added, including the “lethal
skeletal dysplasias,” the group with fragmented bones, and the
“miscellaneous neonatal severe dysplasia” group. Other groups
were renamed. The classification was revised in 2001 and is
now called the International Nosology and Classification of
Constitutional Disorders of Bones (2001).5 Although the clas-
sification remains a combination of morphological and molec-
ular groupings of disorders, genetically determined dysostoses
were added to the skeletal dysplasias, as in clinical practice
these two groups overlap. Genetically determined dysostoses

have been divided into three groups: those with predominant
cranial and facial involvement (e.g., Crouzon syndrome), those
with predominant axial involvement (e.g., spondylocostal dys-
plasia), and those with predominant involvement of the 
extremities (e.g., Fanconi syndromes). The full version of 
the 2001 classification5 can be downloaded from the 
website of the International Skeletal Dysplasia Society
(http://www.isds.ch/ISDSframes.html, last accessed on
06/11/2006).

Nosology of lethal skeletal dysplasias

Of special interest to perinatologists are the lethal osteochon-
drodysplasias, which were classified by Spranger and
Maroteaux25 into 11 groups based on the radioanatomical
manifestations (Table 26.3). The purpose of this classification
is to facilitate differential diagnosis, and the groups do not
necessarily constitute pathogenetic “families.”
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Table 26.1 Birth prevalence of osteochondrodysplasias: summary of 12 studies.

Reference Rate per 10 000 Comment

Gustavson and Jorulf6 4.7 In newborns
Camera and Mastroiacovo7 2.4 In neonates
Connor and colleagues8 1.1 Lethal skeletal dysplasias in neonates
Weldner and colleagues9 7.5 –
Orioli and colleagues10 2.3 First 3 days of life
Stoll and colleagues11 3.2 First 8 days of life
Andersen and Hauge12 7.6 Diagnosed in all ages
Andersen13 1.5 Lethal chondrodysplasias only
Kallen and colleagues14 1.6 No details about age
Rasmussen and colleagues15 – –
All cases 2.1 In first 5 days of life
Lethal chondrodysplasias 0.95 –
Gordienko and colleagues16 3.1 –
Al Gazali and colleagues17 9.5 Newborns and stillbirths > 500 g; prevalence of consanguinity 72%

Table 26.2 Birth prevalence (per 10 000 total births) of skeletal dysplasias.

Skeletal dysplasias Birth prevalence (per 10 000) Frequency among perinatal deaths

Thanatophoric dysplasia 0.69 1:246
Achondroplasia 0.37 –
Achondrogenesis 0.23 1:639
Osteogenesis imperfecta type II 0.18 1:799
Osteogenesis imperfecta (other types) 0.18 –
Asphyxiating thoracic dysplasia 0.14 1:3196
Chondrodysplasia puntacta 0.09 –
Campomelic dysplasia 0.05 1:3196
Chondroectodermal dysplasia 0.05 1:3196
Larsen syndrome 0.05 –
Mesomelic dysplasia (Langer’s type) 0.05 –
Others 0.46 1:800

Reproduced with permission from ref. 7.
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Molecular–pathogenetic classification of 
skeletal dysplasias

The process of skeletal formation and growth includes differ-
entiation of mesenchymal cells to form cartilage for future
bone endochondral ossification. Long bone growth occurs
through differentiation of chondrocytes in the growth plates,
whereas the craniofacial skeleton and clavicles develop by
intramembranous ossification.26,27 Disruption in any of these
processes results in skeletal abnormalities.28 A wide range 
of phenotypes has been described in osteochondrody-
splasias. However, recent advances in the understanding 
of the molecular basis of skeletal dysplasias indicate 
that a spectrum of phenotypes share a similar genetic 
basis.29,30 Although the familial tendency of chondrodyspla-

sias has been known for many years, the molecular 
basis for a number of conditions has only recently been 
clarified.2,3,31,31,32

Therefore, it is anticipated that two parallel but interacting
classifications will evolve, one clinical, and the other molecu-
lar, to help further understand the pathogenesis of individual
disorders. Indeed, a classification of genetic disorders of the
skeleton based on the structure and function of implicated
genes and proteins has recently been proposed (Molecular–
Pathogenetic Classification of Genetic Disorders of the Skele-
ton – Table 26.4)2 to complement the existing International
Nosology and Classification of Constitutional Disorders of
Bone5. In this classification skeletal disorders with a well-
documented genetic and biochemical basis were assigned 
to one of seven groups: (1) defects in extracellular structural
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Table 26.3 Nosology of lethal osteochondrodysplasias.

Hypophosphatasia and morphologically similar disorders
Hypophosphatasia
Probable hypophosphatasia
Lethal metaphyseal dysplasia

Chondrodysplasia punctata and similar disorders
Rhizomelic chondrodysplasia punctata
Lethal chondrodysplasia punctata, X-linked dominant
Greenberg dysplasia
Dappled diaphysis dysplasia

Achondrogenesis and similar disorders
Achondrogenesis IA (Houston–Harris)
Achondrogenesis IB (Fraccaro)
New lethal osteochondrodysplasia
Achondrogenesis II (Langer–Saldino)
Hypochondrogenesis

Thanatophoric dysplasia and similar disorders
Thanatophoric dysplasia, type I
Thanatophoric dysplasia, type II
Homozygous achondroplasia
Lethal achondrodysplasia
Glasgow variant

Platyspondylic lethal chondrodysplasias
Platyspondylic chondrodysplasia, Torrance type
Platyspondylic chondrodysplasia, San Diego type
Platyspondylic chondrodysplasia, Luton type
Platyspondylic chondrodysplasia, Shiraz type
Opsismodysplasia
Sixth form of platyspondylic chondrodysplasia
Seventh form of platyspondylic chondrodysplasia

Short rib–polydactyly syndromes
Short rib–polydactyly syndrome, type I (Saldino–Noonan)
Short rib–polydactyly syndrome, type II (Verma–Naumoff)
Short rib–polydactyly syndrome, type III (Le Marec)

Short rib–polydactyly syndrome, type IV (Yang)
Short rib–polydactyly syndromes
Short rib–polydactyly syndrome, type VI (Majewski)
Short rib–polydactyly syndrome, type VII (Beemer)

Lethal metatropic dysplasia and similar disorders
Lethal metatropic dysplasia (hyperchondrogenesis)
Fibrochondrogenesis
Schneckenbecken dysplasia

Kniest-like disorders
Dyssegmental dysplasia, Silverman type
Dyssegmental dysplasia, Rolland–Desbuquois
Lethal Kniest disease
Chondrodysplasia resembling Kniest dysplasia
Blomstrand chondrodysplasia

Lethal osteochondrodysplasias with pronounced diaphyseal
abnormalities
Campomelic syndrome
Stuve–Wiedemann syndrome
Boomerang dysplasia
Atelosteogenesis
Disorder resembling atelosteogenesis
de la Chappelle dysplasia
McAlister dysplasia
Pseudodystrophic dysplasia

Osteogenesis imperfecta and similar disorders
Osteogenesis imperfecta type IIA
Osteogenesis imperfecta type IIB
Osteogenesis imperfecta type IIC
Astley–Kendall dysplasia

Lethal disorders with gracile bones
Fetal hypokinesia phenotype
Lethal osteochondrodysplasia with gracile bones
Lethal osteochondrodysplasia with intrauterine overtubulation

Reproduced with permission from ref. 25.
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Table 26.4 Molecular–pathogenetic classification of genetic disorders of the skeleton.

Gene or protein Inheritance Clinical phenotype References

Group 1: Defects in extracellular structural proteins
COL1A1, COL1A2 (collagen 1 AD Family: Osteogenesis imperfecta Byers 1990;834 Prockop and 

α1, α2 chains) colleagues, 1994835

COL2A1 (collagen 2 α1 chain) AD Family: achondrogenesis 2, Spranger and colleagues, 1994836

hypochondrogenesis, congenital
spondyloepiphyseal dysplasia 
(SEDC), Kniest dysplasia, Stickler 
artho-ophthalmopathy, familial 
osteoarthritis, other variants

COL9A1, COL9A2, COL9A3 AD Multiple epiphyseal dysplasia (MED, Lohiniva and colleagues, 2000;837

(collagen 9 α1, α2, α3 chains) two or more variants) Spayde and colleagues, 2000838

COL10A1 (collagen 10 α chain) AD Metaphyseal dysplasia Schmid Wallis and colleagues, 1996839

Col11A1, Col11A2 (collagen AR, AD Otospondylomegaepiphyseal dysplasia Melkoniemi and colleagues, 
11 α1, α2 chains) (OSMED), Stickler (variant), Marshall 2000;840 Spranger, 1998841

syndrome
COMP (cartilage oligomeric AD Pseudoachondroplasia, multiple Briggs and colleagues, 1998842

matrix protein) epiphyseal dysplasia (MED, one
form)

MATN3 (matrilin-3) AD Multiple epiphyseal dysplasia (MED, Chapman and colleagues, 2001843

one variant)
Perlecan AR Schwartz–Jampel type 1, dyssegmental Arikawa-Hirasawa and colleagues, 

dysplasia 2001441

Group 2: Defects in metabolic pathways (including enzymes, ion channels, and transporters)
TNSALP (tissue nonspecific AR, AD Hypophosphatasia (several forms) Mornet and colleagues, 1998407

alkaline phosphatase)
ANKH (pyrophosphate AD Craniometaphyseal dysplasia Nurnberg and colleagues, 2001;844

transporter) Reichenberger and colleagues, 
2001845

DTDST/SLC26A2 (diastrophic AR Family: achondrogenesis 1B,  Rossi and Superti-Furga, 2001;414

dysplasia sulfate transporter) atelosteogenesis 2, diastrophic Superti-Furga and colleagues, 
dysplasia, recessive multiple 1996a, b846,847

epiphyseal dysplasia (rMED)
PAPSS2, phosphoadenosine- AR Spondyloepimetaphyseal dysplasia ul Haque and colleagues, 1998848

phosphosulfate-synthase 2 Pakistani type
TCIRGI, osteoblast proton AR Severe infantile osteopetrosis Frattini and colleagues, 2000849

pump subunit
CIC-7 (chloride channel 7) AR Severe osteopetrosis Kornak and colleagues, 2001850

Carboanhydrase II AR Osteopetrosis with intracranial Venta and colleagues, 1991851

calcifications and renal tubular
acidosis

Vitamin K–epoxide reductase AR Chondrodysplasia punctata with Oldenburg and colleagues, 2000;852

complex vitamin K-dependent coagulation Pauli, 1988;853 Pauli and 
defects colleagues, 1987854

MGP (matrix Gla protein) AR Keutel syndrome (pulmonary stenosis, Munroe and colleagues, 1999855

brachytelephalangism, cartilage 
calcifications and short stature)

ARSE (arylsulfatase E) XLR X-linked chondrodysplasia punctata Franco and colleagues, 1995856

(CDPX1)
3-β-hydroxysteroid- XLD CHILD syndrome Konig and colleagues, 2000583

dehydrogenase
3-β-hydroxysteroid ∆(8)∆(7) XLD X-linked chondrodysplasia punctata, Braverman and colleagues, 1999;857

isomerase Conradi–Hünermann type (CDPX2), Grange and colleagues, 2000858

CHILD syndrome
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Table 26.4 Continued

Gene or protein Inheritance Clinical phenotype References

PEX7 (peroxisomal receptor/ AR Rhizomelic chondrodysplasia Motley and colleagues, 1997859

importer) punctata 1
DHAPAT AR Rhizomelic chondrodysplasia Ofman and colleagues, 1998860

(dihydroxyacetonphosphate- punctata 2
acyltransferase, peroxisomal
enzyme)

Alkyldihydroxydiacetonphosphate AR Rhizomelic chondrodysplasia de Vet and colleagues, 1998861

synthase (AGPS; peroxisomal punctata 3
enzyme)

Group 3: Defects in folding and degradation of macromolecules
Sedlin (endoplasmic reticulum XR X-linked spondyloepiphyseal Gedeon and colleagues, 1999862

protein with unknown function) dysplasia (SED-XL)
Cathepsin K (lysosomal AR Pycnodysostosis Hou and colleagues, 1999863

proteinase)
Lysosomal acid hydrolases and AR, XLR Lysosomal storage diseases: Leroy and Wiesmann, 1993864

transporters (sulfatase, mucopolysaccharidoses, 
glycosidase, translocase, etc.) oligosaccharidoses,

glycoproteinoses (several forms)
Targeting system of lysosomal AR Mucolipidosis II (I cell disease), Leroy and Wiesmann, 1993864

enzymes (GlcNAc-1- mucolipidosis III
phosphotransferase)

MMP2 (matrix AR Torg-type osteolysis (nodulosis Martignetti and colleagues, 2001865

metalloproteinase 2) arthropathy and osteolysis
syndrome)

Group 4: Defects in hormones and signal transduction mechanisms
25-α-Hydroxycholecalciferol-1- AR Vitamin D-dependent rickets type 1 Kitanaka and colleagues, 1998866

hydroxylase (VDDR1)
1,25-α-Dihydroxy-vitamin D3 AR Vitamin D-resistant rickets with end- Hughes and colleagues, 1988867

receptor organ unresponsiveness to vitamin 
D3 (VDDR2)

CASR (calcium “sensor”/receptor) AD Neonatal severe Bai and colleagues, 1997868

hyperparathyroidism with bone 
disease (if affected fetus in 
unaffected mother); familial 
hypocalciuric hypercalcemia

PTH/PTHrP receptor AD Metaphyseal dysplasia Jansen, lethal Schipani and colleagues, 1996;869

(activating dysplasia Blomstrand Zhang and colleagues, 1998870

mutations),
AR
(inactivating
mutation)

GNAS1 (stimulatory Gs alpha AD Pseudohypoparathyroidism (Albright Patten and colleagues, 1990871

protein of hereditary osteodystrophy and  
adenylate cyclase) several variants) with constitutional

haploinsufficiency mutations, 
McCune–Albright syndrome with 

somatic mosaicism for activating
mutations

PEX proteinase XL Hypophosphatemic rickets, X-linked The HYP Consortium, 1995;872

semidominant type (impaired Sabbagh and colleagues, 2000873

cleavage of FGF23)
FGF23, fibroblasts growth factor AD Hypophosphatemic rickets, autosomal The ADHR Consortium, 2000874

23 dominant type (resistance to PEX
cleavage)
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Table 26.4 Continued

Gene or protein Inheritance Clinical phenotype References

FGFR1 (fibroblast growth factor AD Craniosynostosis syndromes (Pfeiffer, Wilkie, 1997875

receptor 1) other variants)
FGFR2 AD Craniosynostosis syndromes (Apert, Wilkie, 1997875

Crouzon, Pfeiffer, several variants)
FGFR3 AD Thanatophoric dysplasia, Passos–Bueno and colleagues, 

achondroplasia, hypochondroplasia, 1999;228 Wilkie, 1997875

SADDAN; craniosynostosis
syndromes (Crouzon with
acanthosis nigricans, Muenke 
nonsyndromic craniosynostosis)

ROR-2 (“orphan receptor AR Robinow syndrome Afzal and colleagues, 2000;876 Van 
tyrosine kinase”) Bokhoven and colleagues, 2000877

AD Brachydactyly type B Oldridge and colleagues, 2000878

TNFRSF11A (receptor activator AD Familial expansile osteolysis Hughes and colleagues, 2000879

of nuclear  factor κB; RANK)
TGFβ1 AD Diaphyseal dysplasia (Camurati– Janssens and colleagues, 2000880

Engelmann)
CDMP1 (cartilage-derived AR Acromesomelic dysplasia Grebe/ Thomas and colleagues, 1997;630

morphogenetic protein 1) Hunter–Thompson
Thomas and colleagues, 1996881

AD Brachydactyly type C Polinkovsky and colleagues, 1997882

Noggin (“growth factor,” TGF AD Multiple synostosis syndrome, Gong and colleagues, 1999883

antagonist) synphalangism and hypoacusis
syndrome

DLL3 (delta-like 3, intercellular AR Spondylocostal dysostosis (one form) Bulman and colleagues, 2000884

signaling)
IHH (Indian hedgehog signal AD Brachydactyly A1 Gao and colleagues, 2001885

molecule)
C7orf2 (orphan receptor) AR Acheiropodia Ianakiev and colleagues, 2001886

SOST (sclerostin; cystine knot AR Sclerosteosis, van Buchem disease Balemans and colleagues, 2001887

secreted protein)
LRP5 (LDL receptor- related AR Osteoporosis–pseudoglioma syndrome Gong and colleagues, 2001888

protein 5)
WISP3 (growth regulator/growth AR Progressive pseudorheumatoid Hurvitz and colleagues, 1999889

factor) dysplasia

Group 5: Defects in nuclear proteins and transcription factors
SOX9 (HMG-type DNA binding AD Campomelic dysplasia Wagner and colleagues, 1994890

protein/ transcription factor)
GlI3 (zinc finger gene) AD Greig cephalopolysyndactyly, Kalff–Suske and colleagues, 1999;891

polydactyly type A and others, Radhakrishna and colleagues,
Pallister–Hall syndrome 1999892

TRPS1 (zinc finger gene) AD Trichorhinophalangeal syndrome Momeni and colleagues, 2000893

(types 1–3)
EVC (leucine zipper gene) AR Chondroectodermal dysplasia Ruiz-Perez and colleagues, 2000548

(Ellis–van Creveld)
TWIST (helix–loop–helix AD Craniosynostosis Saethre–Chotzen el Ghouzzi and colleagues, 1997894

transcription factor)
P63 (p53-related transcription AD EEC syndrome, Hay–Wells syndrome, Celli and colleagues, 1999;895

factor) limb–mammary syndrome, split McGrath and colleagues, 2001;896

hand–split foot malformation Van Bokhoven and colleagues,
(some forms) 2001897

CBFA-1 (core binding factor A-1; AD Cleidocranial dysplasia Mundlos and colleagues, 1997898

runt-type transcription factor)
LXM1B (LIM homeodomain AD Nail–patella syndrome Dreyer and colleagues, 1998899

protein)
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Table 26.4 Continued

Gene or protein Inheritance Clinical phenotype References

DLX3 (distal-less 3 homeobox AD Trichodento-osseous syndrome Price and colleagues, 1998900

gene)
HOXD13 (homeobox gene) AD Synpolydactyly Akarsu and colleagues, 1996901

MSX2 (homeobox gene) AD (gain of Craniosynostosis, Boston-type parietal Jabs and colleagues, 1993;902 Wilkie 
function) foramina and colleagues, 2001903

AD (loss of
function)

ALX4 (homeobox gene) AD Parietal foramina (cranium bifidum) Mavrogiannis and colleagues,
2001904

SHOX (short stature-homeobox) Pseudoautosomal Léri–Weill dyschondrosteosis, Shears and colleagues, 1998905

idiopathic short stature?
TBX3 (T-box 3, transcription  AD Ulnar–mammary syndrome Bamshad and colleagues, 1997906

factor)
TBX5 (T-box 5, transcription AD Holt–Oram syndrome Li and colleagues, 1997733

factor)
EIF2AK3 (transcription initiation AR Wolcott–Rallison syndrome (neonatal Delepine and colleagues, 2000907

factor kinase) diabetes mellitus and 
spondyloepiphyseal dysplasia)

NEMO (NFκB essential XL Osteopetrosis, lymphedema, Doffinger and colleagues, 2001;908

modulator; kinase activity) ectodermal dysplasia and Smahi and colleagues, 2000909

immunodeficiency (OLEDAID)

Group 6: Defects in oncogenes and tumor suppressor genes
EXT1, EXT2 (exostosin-1, AD Multiple exostoses syndrome types 1 Cheung and colleagues, 2001;910

exostosin-2; heparan sulfate and 2 Duncan and colleagues, 2001;911

polymerases) Lind and colleagues, 1998912

SH3BP2 (c-Abl-binding protein) AD Cherubism Ueki and colleagues, 2001913

Group 7: Defects in RNA and DNA processing and metabolism
RNAse MRP–RNA component AR Cartilage–hair–hypoplasia Ridanpaa and colleagues, 2001;914 

Bonafé and colleagues, 2002915

ADA (adenosine deaminase) AR Severe combined immunodeficiency  Hirschhorn, 1995916

(SCID) with (facultative)
metaphyseal changes

Reproduced with permission from ref. 2.

proteins, (2) defects in metabolic pathways (including
enzymes, ion channels, and transporters), (3) defects in folding
and degradation of macromolecules, (4) defects in hormones
and signal transduction mechanisms, (5) defects in nuclear
proteins and transcription factors, (6) defects in oncogenes
and tumor-suppressor genes, and (7) defects in RNA and DNA
processing and metabolism.

Table 26.4 presents a comprehensive list of mutations asso-
ciated with skeletal dysplasias and the clinical phenotypes
associated with them.2 The reader is reminded that approxi-
mately only one-third of bone dysplasias have had their
molecular basis elucidated, and that new genes involved in
skeletal dysplasias are continually being discovered.3 We will
review the significant mutations associated with each pheno-
type in subsequent sections of this chapter.

Terminology frequently used in the
description of bone dysplasias

Shortening of the extremities can involve the entire limb
(micromelia), the proximal segment (rhizomelia), the inter-
mediatesegment (mesomelia),or the distal segment (acromelia).
The diagnosis of rhizomelia or mesomelia requires the compar-
ison of the dimensions of the bones of the legs and forearm with
those of the thigh and arm. Figures 26.1 and 26.2 display the
relationship between the humerus and ulna, and the femur and
tibia, and can be used in the assessment of rhizomelia and
mesomelia. Table 26.5 presents the skeletal dysplasias charac-
terized by rhizomelia, mesomelia, and micromelia.

Several skeletal dysplasias feature alterations of the hands
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and feet. The term “polydactyly” refers to the presence of
more than five digits. It is classified as postaxial if the extra
digits are on the ulnar or fibular side, and preaxial if they are
located on the radial or tibial side. Syndactyly refers to soft-
tissue or bony fusion of adjacent digits. Clinodactyly consists
of deviation of a finger (or fingers).

The most common spinal abnormality seen in skeletal dys-
plasias is platyspondyly, which consists of flattening of the ver-
tebrae (Fig. 26.3).33–39 Kyphosis and scoliosis can also be
identified in utero (Fig. 26.4).40–44 Prenatal diagnosis of

hemivertebra (Fig. 26.5)40,45,46 and coronal clefting of vertebral
bodies has been made.43,47

Biometry of the fetal skeleton in 
the diagnosis of bone dysplasias

Long-bone biometry has been used extensively for the predic-
tion of gestational age. Nomograms for this purpose use the
long bone as the independent variable and the estimated fetal
age as the dependent variable. However, the type of nomo-
gram required to assess the normality of bone dimensions uses
gestational age as the independent variable and the long bone
as the dependent variable. For the proper use of these nomo-
grams, the clinician must accurately know the gestational age
of the fetus. Therefore, patients at risk for skeletal dysplasias
should be advised to seek prenatal care at an early gestational
age to assess all clinical estimators of gestational age. Tables
26.6 and 26.7 present nomograms for the assessment of limb
biometry for the upper and lower extremities, respectively.
Comparisons between limb dimensions and the head perime-
ter can be used for patients presenting with uncertain gesta-
tional age (Figs 26.6 and 26.7). Although some investigators
have employed the biparietal diameter for this purpose, the
head perimeter has the advantage of being shape independent.
A limitation of this approach is that it assumes that the
cranium is not involved in the dysplastic process, and this may
not be the case in some skeletal dysplasias.

The nomograms and figures in this chapter provide the
mean and the 5th and the 95th percentiles of limb biometric
parameters. The reader should be aware that 5% of the
general population would fall outside these boundaries.
Ideally, a more stringent criterion, such as the 1st percentile
of limb growth for gestational age, should be used for diag-
nosis. Unfortunately, none of the currently available nomo-
grams has been based on enough patients to provide an
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Figure 26.1 Relationship between the lengths of the ulna and the
humerus.

Figure 26.2 Relationship between the lengths of the tibia and
femur.

Table 26.5 Skeletal dysplasias characterized by rhizomelia,
mesomelia, and micromelia.

Rhizomelia
Thanatophoric dysplasia
Atelosteogenesis
Chondrodysplasia puntacta (rhizomelic type)
Congenital short femur
Achondroplasia

Mesomelia
Mesomelic dysplasia (Langer, Reinhardt, and Robinow types)
Acromelia
Ellis–van Creveld syndrome (chondroectodermal dysplasia)

Micromelia
Achondrogenesis
Atelosteogenesis
Short rib–polydactyly syndrome
Diastrophic dysplasia
Fibrochondrogenesis
Osteogenesis imperfecta (type II)
Kniest dysplasia
Dyssegmental dysplasia
Roberts syndrome
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Figure 26.3 Sagittal scan of the lumbar
spine in a fetus with platyspondyly.

A B

Figure 26.4 (A) Coronal scan of
the fetal spine by two-dimensional
ultrasound, showing scoliosis. (B)
Three-dimensional rendered images
of the fetal spine, showing
scoliosis.

Figure 26.5 Coronal scan of the fetal spine
showing lateral hemivertebra in the thoracic
segment.
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accurate discrimination between the 5th and the 1st per-
centiles. However, most skeletal dysplasias diagnosed in utero
or at birth are associated with dramatic long bone shortening,
and, under these circumstances, the precise boundary used (1st
or 5th percentile) is not critical. An exception to this is achon-
droplasia, in which limb biometry is mildly affected until the
third trimester, when abnormal growth can be detected by
examining the slope of growth of femur length.48 In a study
including 127 cases of 17 skeletal dysplasias, Gonçalves and
Jeanty49 conducted discriminant analysis and showed that the
femur length is the best biometric parameter to distinguish
among the five most common disorders: thanatophoric dys-
plasia, osteogenesis imperfecta type II, achondrogenesis,
achondroplasia, and hypochondroplasia. Gabrielli and col-
leagues50 evaluated the possibility of an early diagnosis of
skeletal dysplasias in high-risk patients. A total of 149 con-
secutive, uncomplicated singleton pregnancies at 9–13 weeks
after amenorrhea were included in the study. Transvaginal
ultrasound was used to establish the relationship between
biparietal diameter and crown–rump length using polynomial
regression. Eight patients with previous skeletal dysplasias
were evaluated with serial examinations every 2 weeks
between 10 and 11 weeks, and femur length correlated sig-
nificantly with both biparietal diameter and crown–rump
length. Of the five cases with skeletal dysplasias, only two (one
with recurrent osteogenesis imperfecta and one with recurrent
achondrogenesis) were diagnosed in the first trimester. This
study suggests that an early evaluation of the fetus and the
correlation of femur length with crown–rump length and of
femur length with biparietal diameter may be useful for early
diagnosis of severe skeletal dysplasias. In less severe cases, bio-
metric evaluation appears to be of limited value. Nomograms
have recently been published for long bone measurements
according to crown–rump length in a large population of
normal fetuses that were examined between 11 and 14 weeks
of gestation, and they may help in the early assessment of preg-
nancies at risk for skeletal dysplasias.51

Clinical presentation

The challenge of antenatal diagnosis of skeletal dysplasias gen-
erally presents itself in one of two ways: (1) a patient who has
delivered an infant with a skeletal dysplasia and desires ante-
natal assessment of a subsequent pregnancy or (2) the inci-
dental finding of a shortened, bowed, or anomalous extremity
during a routine sonographic examination. In patients at risk,
the examination is easier when the particular phenotype is
known. The inability to obtain reliable information about
skeletal mineralization and the involvement of other systems
(e.g., skin) using sonography is a limiting factor in the estab-
lishment of an accurate diagnosis after the identification of an
incidental finding. Another limitation is the paucity of infor-
mation about the in utero natural history of these disorders.

Despite these difficulties and limitations, there are good
medical reasons for attempting an accurate prenatal diagno-
sis of skeletal dysplasias. A number of these disorders are uni-
formly lethal (Table 26.3), whereas others are associated with
mental retardation.52 In addition, there is a group of disorders
associated with thrombocytopenia in which vaginal delivery
may expose these infants to the risk of intracranial hemor-
rhage. Therefore, accurate diagnosis of skeletal dysplasias is
important for prenatal counseling.

Diagnostic imaging and the prenatal
diagnosis of skeletal dysplasias

Despite the increasing availability of molecular testing, a 
comprehensive molecular diagnostic search for all skeletal
dysplasias is not possible at this time. Indeed, only about 
one-third of skeletal dysplasias have had their molecular basis
defined.3 Therefore, the roles of diagnostic imaging in the pre-
natal investigation of skeletal dysplasias are: (1) to narrow the
differential diagnosis of skeletal dysplasias so that appropri-
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Figure 26.6 Relationship between the head perimeter and the length
of the humerus.

Figure 26.7 Relationship between the head perimeter and the length
of the femur.
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ate confirmatory molecular tests can be selected; (2) to predict
lethality; and (3) to identify the fetus with a skeletal dyspla-
sia early enough in pregnancy so that the diagnostic workup
can be completed before the limit of fetal viability.53–57

Ultrasound is the primary imaging modality used for the
initial diagnostic evaluation of an affected fetus, and several
studies have explored the role of ultrasound in the detection
of skeletal dysplasias.33,48,58–68 A prospective analysis of a high-
risk population (15 women, 16 cases) carrying a genetic risk
for skeletal dysplasias was conducted by Kurtz and Wapner.48

Based on ultrasonographic findings in the second trimester,
they were able to diagnose five abnormal fetuses among the
16 fetuses at risk. Weldner et al.9 screened 12453 patients in
the second and third trimesters and estimated the prevalence
of skeletal dysplasias as 7.5 per 10000. Sharony and col-
leagues64 studied fetuses and stillbirths referred from other
centers for suspected skeletal dysplasia. Most of the cases 
were sporadic, and the most common final diagnoses were
osteogenesis imperfecta (16%) and thanatophoric dysplasia
(14%). Table 26.8 summarizes the diagnostic accuracy of 
two-dimensional ultrasound for prenatal diagnosis of skeletal
dysplasias.4,16,68–71 An accurate diagnosis was made in 31–73%
of cases.

The introduction of three-dimensional ultrasound and ren-
dering algorithms to reconstruct the fetal skeleton may
improve diagnostic accuracy as additional phenotypic features
not detectable by two-dimensional ultrasound may be identi-
fied.72–84 For example, Garjian and colleagues75 and Krakow
and colleagues82 reported the diagnosis of additional facial75,82

and scapular anomalies,75 as well as abnormal calcification
patterns82 in fetuses with skeletal dysplasias, whereas Moeglin
and Benoit78 used the multiplanar visualization method to

demonstrate the “pointed appearance” of the upper femoral
diaphysis in a case of achondroplasia. Three-dimensional
reconstruction of the fetal bones is best performed using the
“maximum intensity projection” mode, a rendering algorithm
that prioritizes the display of voxels with the highest gray
levels contained within a region of interest selected by the
user.75,78 If the fetus is examined early enough during preg-
nancy, the entire skeleton can be included within the region of
interest of the three-dimensional volume dataset and, there-
fore, panoramic visualization can be achieved.75 However, the
diagnosis may be missed as the phenotypic characteristics of
some skeletal dysplasias do not manifest until later in preg-
nancy. Case reports and small series of several skeletal 
dysplasias have been published describing phenotypic charac-
teristics or skeletal features (Table 26.9).73,75–78,80–83,85

Three-dimensional helical computed tomography (3DHCT)
has recently been proposed as an adjunctive imaging 

413

Table 26.8 Accuracy of prenatal ultrasound for diagnosis of skeletal
dysplasias.

Author Year No. of Correct
cases diagnosis*

Gordienko and colleagues16 1996 26 73% (9)
Gaffney and colleagues68 1998 35 31% (11)
Tretter and colleagues70 1998 27 48% (13)
Hersh and colleagues71 1998 23 48% (11)
Doray and colleagues69 2000 47 60% (28)
Parilla and colleagues4 2003 31 65% (20)

*Numbers in parentheses indicate the number of fetuses with the
correct diagnosis.

Table 26.9 Additional phenotypic findings and improved visualization in cases of skeletal dysplasias by prenatal three-dimensional ultrasound
compared with two-dimensional ultrasound in published reports.

Skeletal dysplasia Phenotypic characteristics identified better by three- rather than two-dimensional ultrasound

Platylospondylic lethal chondrodysplasia73 Enhanced visualization of femoral and tibial bowing, better characterization of the facial soft
tissues with surface rendering

Campomelic dysplasia75,83 Micrognathia, flat face, hypoplastic scapulae, bifid foot
Thanatophoric dysplasia75–77,82 Improved characterization of frontal bossing and depressed nasal bridge, demonstration of

redundant skinfolds, low-set dysmorphic ears
Achondroplasia78,82 Improved characterization of frontal bossing and depressed nasal bridge; superior evaluation of

the epiphyses and metaphyses of the long bones, with demonstration of a vertical 
metaphyseal slope; caudal narrowing of the interpedicular distance; clear visualization of
trident hand; better visualization of disproportion between limb segments

Chondrodysplasia puntacta, Improved characterization of the Binder facies (depressed nasal bridge, midface hypoplasia,
rhizomelic form82 small nose with upturned alae); identification of laryngeal stippling

Achondrogenesis82 Panoramic demonstration of short neck and severe shortening of all segments of the limbs
Jarcho–Levin syndrome81 Vertebral defects with absence of ribs and transverse process
Larsen syndrome85 Genu recurvatum, midface hypoplasia, low-set ears

Phenotypic characteristics of osteogenesis imperfecta,75 short rib–polydactyly syndrome,80 and Apert syndrome82 have also been described using
three-dimensional ultrasound, although no additional findings with two-dimensional ultrasound were observed.
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modality for the prenatal diagnosis of skeletal dysplasias (Fig.
26.8).86 Similar to three-dimensional ultrasound, postprocess-
ing techniques such as “maximum intensity projection,”
“surface rendering,” and “volume rendering” can be used for
three-dimensional reconstruction.87–89 Long bone measure-
ments obtained by postmortem helical computed tomography
studies have been compared with those obtained within 24h
of delivery by ultrasound, and a significant correlation
between the two methods was observed.90 Excellent
panoramic images of the fetal skeleton can be obtained by
3DHCT without superimposition of the maternal skeleton
(which occurs with radiography). Ruano and colleagues86

compared the phenotypic characteristics of three skeletal 
dysplasias [achondroplasia (n = 3), osteogenesis imperfecta
(n = 2), and chondrodysplasia puntacta (n = 1)] visualized by
prenatal 3DHCT, and three-/two-dimensional ultrasound.
Deformation of the fetal pelvis and an increase in the inter-
vertebral space of the lumbar vertebrae were diagnosed 
more often using 3DHCT than two-and three-dimensional
ultrasound. In contrast, some phenotypic characteristics 
of fetuses with skeletal dysplasias were demonstrated only 
by ultrasound: phalangeal hypoplasia (by both two- and 
three-dimensional ultrasound), facial dysmorphism (by 
three-dimensional ultrasound only), and point-calcified 
epiphysis (by both two- and three-dimensional ultrasound).
Although the overall count of correct phenotypic characteris-
tics detected prenatally favored 3DHCT over three-
dimensional ultrasound [94.3% (33 out of 35) vs. 77.1% (27
out of 35), P = 0.03, McNemar’s test for correlated samples],
the diagnostic performance of 3DHCT was not superior to
that of three-dimensional ultrasound, as the correct prenatal

diagnosis was established by both modalities in all cases. Pro-
vided that the two diagnostic methods have similar diagnos-
tic accuracy, three-dimensional ultrasound has two important
advantages over 3DHCT, namely lack of radiation exposure
and wider availability in the clinical setting. It is also note-
worthy that the overall experience with three-dimensional
ultrasound for the diagnosis of skeletal dysplasias is still
limited.72–85 Nevertheless, even in this study, three-dimensional
ultrasound performed better than two-dimensional ultra-
sound, both in the identification of phenotypic characteristics
[77.1% (27 out of 35) vs. 51.4% (18 out of 35), P = 0.004,
McNemar’s test] as well as in establishing an accurate 
diagnosis.

Approach to the diagnosis of 
skeletal dysplasias

Our proposed systematic approach to the prenatal diagnosis
of skeletal dysplasias is summarized in Table 26.10.

Evaluation of long bones

Measurements
All long bones should be measured in all extremities. Com-
parisons with other segments should be performed to estab-
lish whether the limb shortening is predominantly rhizomelic,
mesomelic, or acromelic, or whether it involves all segments
(Fig. 26.9). A detailed examination of each bone is necessary
to exclude the absence or hypoplasia of individual bones
(fibula, tibia, scapula, radius).65,91–94
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Figure 26.8 Comparison of phenotypic
features of osteogenesis imperfecta by
3DHCT, three- and two-dimensional
ultrasound, and postmortem radiographs.
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Degree of mineralization
An attempt should be made to characterize the degree of min-
eralization. This can be assessed by examining the acoustic
shadow behind the bone and the echogenicity of the bone
itself. Signs of demineralization include the visualization of 
an unusually prominent falx and the absence of or decreased
echogenicity of the spine. It should be stressed that there are
limitations in the sonographic evaluation of mineralization of
long bones and that other structures, such as the skull, may
be better suited for this assessment (Fig. 26.10).

Degree of long bone curvature
At present, there is no objective means of assessing long 
bone curvature, and experience is the only tool to assist the

operator to discern the boundary between normality and
abnormality. Campomelia (excessive bowing) (Fig. 26.11) 
is a characteristic of certain disorders (e.g., campomelic 
dysplasia).

415

Table 26.10 Steps for examination of the fetus with a suspected
skeletal dysplasia by two- and three-dimensional ultrasound.

1. Measure all long bones

2. Compare with other segments and classify the limb shortening
as:
Rhizomelia
Mesomelia
Acromelia
Severe micromelia

3. Qualitative assessment of long bones:
Demineralization
Fractures
Bowing
Metaphyseal flaring
Absence of bones

4. Measure chest dimensions to determine risk of pulmonary
hypoplasia

5. Evaluate hands and feet:
Digits (polydactyly/syndactyly)
Positional deformities

6. Evaluate the cranium:
Macrocrania
Frontal bossing
Cloverleaf skull
Hypertelorism/hypotelorism

7. Evaluate for facial clefts

8. Examine the spine:
Platyspondyly
Demineralization
Hemivertebrae
Coronal clefts
Vertebral disorganization

9. Evaluate internal organs, including echocardiography

10. Evaluate fetal motion

11. Evaluate amniotic fluid volume

Figure 26.9 Varieties of short limb dysplasia according to the
segment involved.

Figure 26.10 Demineralization of the skull in a case of osteogenesis
imperfecta.
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Metaphyseal flaring
Metaphyseal flaring denotes widening at the level of the meta-
physeal growth plate. It can be observed in many conditions,
including achondroplasia, hypochondroplasia, hypochondro-
genesis, asphyxiating thoracic dysplasia, chondrodysplasia
puntacta, diastrophic dysplasia, hypophosphatasia, Kniest
dysplasia, kyphomelic dysplasia, metatropic dysplasia, and
osteogenesis imperfecta.95

Fractures
The possibility of fractures should be considered, as they can
be present in some conditions (e.g., osteogenesis imperfecta)
(Fig. 26.12). The fractures may be extremely subtle or may

lead to angulation and separation of the segments of the
affected bone (Fig. 26.13).

Prediction of pulmonary hypoplasia

Several skeletal dysplasias are associated with a hypoplastic
thorax. This finding is extremely important because chest

416

Figure 26.11 Femur bowing (arrow) in a case of proximal focal
femoral deficiency syndrome.

H

F

Figure 26.12 Three-dimensional ultrasonography in a case of
osteogenesis imperfecta type II. The volume dataset was rendered
using the maximum intensity (skeletal) mode. Multiple fractures in
the ribs are present. Note the severe bowing and shortening of the
left femur (F) and humerus (H).

Figure 26.13 In utero fracture in a case of
osteogenesis imperfecta. The arrows indicate
the hypoechogenic fracture line.
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Table 26.11 Skeletal dysplasias associated with altered thoracic
dimensions.

Long, narrow thorax
Asphyxiating thoracic dysplasia (Jeune)
Chondroectodermal dysplasia (Ellis–van Creveld)
Metatropic dysplasia
Fibrochondrogenesis
Atelosteogenesis
Campomelic dysplasia
Jarcho–Levin syndrome
Achondrogenesis
Osteogenesis imperfecta congenita
Hypophosphatasia
Dyssegmental dysplasia
Cleidocranial dysplasia

Short thorax
Osteogenesis imperfecta (type II)
Kniest dysplasia (metatropic dysplasia type II)
Pena–Shokeir syndrome

Hypoplastic thorax
Short rib–polydactyly syndrome (type I and type II)
Thanatophoric dysplasia
Cerebrocostomandibular syndrome
Cleidocranial dysostosis syndrome
Homozygous achondroplasia
Melnick–Needles syndrome (osteodysplasty)
Fibrochondrogenesis
Otopalatodigital syndrome type II

restriction leads to pulmonary hypoplasia, a frequent cause of
death in these conditions (Table 26.3). A number of ultra-
sonographic parameters have been investigated for the pre-
diction of pulmonary hypoplasia. These include measurements
of the thorax and lungs, a series of ratios between thoracic
measurements and other biometric parameters, Doppler
velocimetry of the pulmonary arteries, Doppler evaluation of
tracheal fluid flow, and, more recently, three-dimensional vol-
umetric measurements of the fetal lungs by either ultrasound
or MRI. Below we briefly review studies that have attempted
to use ultrasonographic or MRI parameters for prenatal 
prediction of lung hypoplasia.

Evaluation of thoracic and lung dimensions by 
two-dimensional ultrasound
Thoracic and lung biometry have been extensively studied to
identify fetuses at high risk for pulmonary hypoplasia.96–107

Table 26.11 lists skeletal dysplasias associated with altered
thoracic dimensions, and Figs 26.14 and 26.15 illustrate fea-
tures associated with a hypoplastic thorax.

The methods used to measure the bony thorax, chest, lungs,
and heart by two-dimensional ultrasound are illustrated in
Fig. 26.16. Thoracic dimensions in fetuses with known gesta-
tional age can be evaluated by the nomograms in Tables 26.12
and 26.13. When gestational age is uncertain, age-
independent ratios, such as the thoracic–abdominal circum-
ference ratio (normal value 0.77:1.01) and the thoracic–head
circumference ratio (normal value 0.56:1.04), can be used.97

Figure 26.14 Longitudinal section of a fetus
with thanatophoric dysplasia. Note the
significant disproportion between the chest and
abdomen.
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Figure 26.15 Extremely short ribs in a fetus
with short rib–polydactyly syndrome.

Table 26.12 Fetal thoracic circumference measurements (cm).

Gestational age (weeks) No. Predictive percentiles

2.5 5 10 25 50 75 90 95 97.5

16 6 5.9 6.4 7.0 8.0 9.1 10.3 11.3 11.9 12.4
17 22 6.8 7.3 7.9 8.9 10.0 11.2 12.2 12.8 13.3
18 31 7.7 8.2 8.8 9.8 11.0 12.1 13.1 13.7 14.2
19 21 8.6 9.1 9.7 10.7 11.9 13.0 14.0 14.6 15.1
20 20 9.5 10.0 10.6 11.7 12.8 13.9 15.0 15.5 16.0
21 30 10.4 11.0 11.6 12.6 13.7 14.8 15.8 16.4 16.9
22 18 11.3 11.9 12.5 13.5 14.6 15.7 16.7 17.3 17.8
23 21 12.2 12.8 13.4 14.4 15.5 16.6 17.6 18.2 18.8
24 27 13.2 13.7 14.3 15.3 16.4 17.5 18.5 19.1 19.7
25 20 14.1 14.6 15.2 16.2 17.3 18.4 19.4 20.0 20.6
26 25 15.0 15.5 16.1 17.1 18.2 19.3 20.3 21.0 21.5
27 24 15.9 16.4 17.0 18.0 19.1 20.2 21.3 21.9 22.4
28 24 16.8 17.3 17.9 18.9 20.0 21.2 22.2 22.8 23.3
29 24 17.7 18.2 18.8 19.8 21.0 22.1 23.1 23.7 24.2
30 27 18.6 19.1 19.7 20.7 21.9 23.0 24.0 24.6 25.1
31 24 19.5 20.0 20.6 21.6 22.8 23.9 24.9 25.5 26.0
32 28 20.4 20.9 21.5 22.6 23.7 24.8 25.8 26.4 26.9
33 27 21.3 21.8 22.5 23.5 24.6 25.7 26.7 27.3 27.8
34 25 22.2 22.8 23.4 24.4 25.5 26.6 27.6 28.2 28.7
35 20 23.1 23.7 24.3 25.3 26.4 27.5 28.5 29.1 29.6
36 23 24.0 24.6 25.2 26.2 27.3 28.4 29.4 30.0 30.6
37 22 24.9 25.5 26.1 27.1 28.2 29.3 30.3 30.9 31.5
38 21 25.9 26.4 27.0 28.0 29.1 30.2 31.2 31.9 32.4
39 7 26.8 27.3 27.9 28.9 30.0 31.1 32.2 32.8 33.3
40 6 27.7 28.2 28.8 29.8 20.9 32.1 33.1 33.7 34.2

Reproduced with permission from ref. 97.
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A summary of the diagnostic accuracy of biometric param-
eters for the diagnosis of pulmonary hypoplasia is presented
in Table 26.14.98–104,107–113 Of particular interest are the meas-
urements of the right lung diameter or the ratio between right
lung diameter and bony thoracic circumference proposed by
Merz and colleagues.105 In a study of 32 fetuses with a post-
natal diagnosis of pulmonary hypoplasia (skeletal dysplasias,
n = 7; renal agenesis, n = 11; diaphragmatic hernia, n = 7; and
hydrothorax, n = 2), all had a right lung diameter below the
5th percentile for age, regardless of the primary disorder.110 In
a subsequent study of 19 fetuses with congenital diaphrag-
matic hernia, Bahlmann and colleagues111 demonstrated that
the right lung diameter–bony thoracic circumference ratio
detected all fetuses with pulmonary hypoplasia with 100%

sensitivity and 100% specificity. Whether the same degree of
accuracy for this test can be replicated in a uniform popula-
tion of fetuses with osteochondrodysplasias remains to be
determined.

Short femur length and the prediction of lethality in 
skeletal dysplasias
Rahemtullah and colleagues114 studied 18 cases of skeletal
dysplasias and all lethal cases were associated with a femur
length–abdominal circumference ratio ≤ 0.16. Although the
test detected lethal cases with 100% sensitivity, two cases of
achondroplasia were erroneously identified as lethal with this
method. A less pragmatic approach has been proposed by
Hersh and colleagues,71 who correctly predicted lethality in 23

419

Figure 26.16 The various methods to measure thoracic, lung, and heart dimensions.
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out of 25 cases of skeletal dysplasias with a femur length
below the 1st percentile for age by combining this informa-
tion with other sonographic findings (i.e., bell-shaped thorax,
decreased bone echogenicity, or both).

Doppler velocimetry of the pulmonary arteries for the
prediction of pulmonary hypoplasia
Underdevelopment and structural changes of the pulmonary
vascular bed in cases of pulmonary hypoplasia may result in
increased pulmonary vascular resistance and reduced pul-
monary arterial compliance.115 Therefore, several investigators
have attempted to use Doppler measurements of the pul-
monary arteries and/or its branches as a test to identify fetuses
at risk for pulmonary hypoplasia.113,116–120 Mitchell and col-
leagues116 evaluated the resistance index of the peripheral pul-
monary arteries for the prediction of pulmonary hypoplasia in
10 fetuses with bilateral multicystic dysplastic kidneys. The
resistance index of the peripheral pulmonary arteries was
above the 95th percentile for gestational age in 80% of the
cases with pulmonary hypoplasia.

Subsequent studies have yielded contradictory results. For
example, Achiron and colleagues117 found that the pulsatility

index of the peripheral pulmonary arteries was within normal
limits in four fetuses with proven pulmonary hypoplasia, sug-
gesting that the pulsatility index of the lung circulation is a
poor test to predict lung hypoplasia. Chaoui and colleagues118

reported that only six out of nine fetuses with lung hypopla-
sia had an elevated pulsatility index in the main branches of
the left and right pulmonary arteries. Similarly, Laudy and col-
leagues113 studied 40 fetuses at risk for pulmonary hypoplasia
and found that Doppler velocimetry indices of the proximal
and middle pulmonary branches were not better than chest
biometry to predict pulmonary hypoplasia.

In contrast, Yoshimura and colleagues119 reported low 
peak systolic velocities in four out of five fetuses and an
increased pulsatility index in five out of five fetuses with con-
firmed pulmonary hypoplasia (thanatophoric dysplasia, n = 2;
nonimmune hydrops, n = 2; and bilateral renal agenesis,
n = 1). Rizzo and colleagues,120 in a population of 20 fetuses
with prolonged preterm premature rupture of the membranes,
found that an elevated pulsatility index in a peripheral pul-
monary artery observed 2 weeks after membrane rupture
detected the subsequent development of pulmonary hypopla-
sia with a sensitivity of 62.5%, a specificity of 94.6%, a 

420

Table 26.13 Fetal thoracic length measurements (cm).

Gestational age (weeks) No. Predictive percentiles

2.5 5 10 25 50 75 90 95 97.5

16 6 0.9 1.1 1.3 1.6 2.0 2.4 2.8 3.1 3.2
17 22 1.1 1.3 1.5 1.8 2.2 2.6 3.0 3.2 3.4
18 31 1.3 1.4 1.7 2.0 2.4 2.8 3.2 3.4 3.6
19 21 1.4 1.6 1.8 2.2 2.7 3.0 3.4 3.6 3.8
20 20 1.6 1.8 2.0 2.4 2.8 3.2 3.6 3.8 4.0
21 30 1.8 2.0 2.2 2.6 3.0 3.4 3.7 4.0 4.1
22 18 2.0 2.2 2.4 2.8 3.2 3.6 3.9 4.1 4.3
23 21 2.2 2.4 2.6 3.0 3.4 3.8 4.1 4.3 4.5
24 27 2.4 2.6 2.8 3.1 3.5 3.9 4.3 4.5 4.7
25 20 2.6 2.8 3.0 3.3 3.7 4.1 4.5 4.7 4.9
26 25 2.8 2.9 3.2 3.5 3.9 4.3 4.7 4.9 5.1
27 24 2.9 3.1 3.3 3.7 4.1 4.5 4.9 5.1 5.3
28 24 3.1 3.3 3.5 3.9 4.3 4.7 5.0 5.4 5.4
29 24 3.3 3.5 3.7 4.1 4.5 4.9 5.2 5.5 5.6
30 27 3.5 3.7 3.9 4.3 4.7 5.1 5.4 5.6 5.8
31 24 3.7 3.9 4.1 4.5 4.9 5.3 5.6 5.8 6.0
32 28 3.9 4.1 4.3 4.6 5.0 5.4 5.8 6.0 6.2
33 27 4.1 4.3 4.5 4.8 5.2 5.6 6.0 6.2 6.4
34 25 4.2 4.4 4.7 5.0 5.4 5.8 6.2 6.4 6.6
35 20 4.4 4.6 4.8 5.2 5.6 6.0 6.4 6.6 6.8
36 23 4.6 4.8 5.0 5.4 5.8 6.2 6.5 6.8 7.0
37 22 4.8 5.0 5.2 5.6 6.0 6.4 6.7 7.0 7.1
38 21 5.0 5.2 5.4 5.8 6.2 6.5 6.9 7.1 7.3
39 7 5.2 5.4 5.6 6.0 6.4 6.7 7.1 7.3 7.5
40 6 5.4 5.6 5.8 6.1 6.5 6.9 7.3 7.5 7.7

Reproduced with permission from ref. 97.
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positive predictive value of 83.3%, and a negative predictive
value of 78.5%. Finally, Fuke and colleagues121 proposed the
use of acceleration time/ejection time at the main branches of
the pulmonary arteries to identify fetuses at risk for pul-
monary hypoplasia. The normal ratio is 0.17 ± 0.04 for the
right and 0.15 ± 0.04 for the left pulmonary arteries, and this
ratio did not change with gestational age. Five out of six
fetuses with pulmonary hypoplasia among 17 fetuses at risk
were correctly identified by the test. All 11 normal fetuses had
a normal acceleration time/ejection time of the pulmonary
arteries.

Evaluation of lung volume by three-dimensional ultrasound
Fetal lung volumetry by three-dimensional ultrasonography
has been performed using two techniques: multiplanar122–126

(Fig. 26.17) and VOCAL (Virtual Organ Computer-aided
AnaLysis, General Electric Medical Systems, Kretztechnik,
Zipf, Austria) techniques (Fig. 26.18).127–132

Kalache and colleagues127 demonstrated that both the 
three-dimensional multiplanar and three-dimensional VOCAL
modes can be used to measure pulmonary volumes in fetuses,
an observation that has been subsequently confirmed by

Moeglin and colleagues132 A potential advantage of the
VOCAL technique is the possibility of obtaining fine contours
of the lungs, which may be particularly valuable when the
outline of the lung is irregular, such as in cases of congenital
diaphragmatic hernia. In contrast, lung volume measurements
obtained by the three-dimensional multiplanar technique are
faster, usually taking less than 5min to perform.132 Volumes
are best estimated when datasets are acquired using a trans-
verse view of the fetal thorax.124

Nomograms for lung volume by three-dimensional ultra-
sound have been proposed by several investiga-
tors.122–124,129,132–134 A brief description of the studies with the
largest number of cases is described herein. Ruano and col-
leagues129 determined nomograms for lung volume calculated
using the VOCAL technique in 109 normal fetuses. The
observed/expected fetal lung volume ratio was significantly
lower in fetuses with congenital diaphragmatic hernia than in
control subjects (median 0.34, range 0.15–0.66, vs. median
1.02, range 0.62–1.97, P < 0.001). Moeglin and colleagues132

proposed an alternative approach to calculate lung 
volumes using two-dimensional ultrasound. The method 
uses the assumption that the lung is a geometrical 
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Figure 26.17 Measurement of fetal lung volume using three-dimensional multiplanar ultrasonography.
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pyramid and the total pulmonary volume is calculated as:
[surface area of right lung base (cm2) + surface area of left lung
base (cm2)] × (height of right lung/3) (cm). Surface area of 
lung bases is measured on the transverse thoracic view con-
taining the four chambers of the heart, and the height of the
right lung is measured on a right sagittal paramedical view.
Although lung volumes calculated by this method are 
significantly smaller than volumes calculated using the
VOCAL technique, Moeglin and colleagues132 have proposed
an equation to extrapolate three-dimensional volumes from
two-dimensional measurements using the formula RPVE
(mL) = 4.24 + (1.53 × 2DGPV), where RPVE is the re-
evaluated pulmonary volume equation. Preliminary results in
nine fetuses with pulmonary hypoplasia are encouraging, with

all of them having lung volume estimates below the 1st per-
centile for gestational age.132

Evaluation of lung volume or signal intensity by MRI
Parameters proposed to evaluate lung volume by MRI include
the relative lung volume (observed lung volume–expected 
lung volume ratio), lung volume–estimated fetal weight 
ratio (LV/EFW), and the lung–spinal fluid signal intensity 
ratio (L/SF).135–142

Rypens and colleagues135 determined normal lung volume
biometry across gestational age in 336 fetuses with normal
lungs. Normal fetal lung volume increased with gestational
age. However, there was a constant ratio between the volume
of the left and right volumes, with right lung volume account-
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Figure 26.18 Fetal lung volume measurement
using the VOCAL technique.
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ing for 56% of the total fetal lung volume. MRI volumes cor-
responded to 90% of the volumes measured by pathologic
examination.

Williams and colleagues138 calculated relative lung volume in
a group of 91 fetuses with sonographically normal lungs and
compared the measurements with 28 fetuses at risk for pul-
monary hypoplasia. The mean relative lung volume was signif-
icantly smaller in the group of fetuses at risk for pulmonary
hypoplasia (34% ± 15% vs. 102% ± 17%, P < 0.0.01). Tani-
gaki and colleagues139 compared the diagnostic performance of
LV/EFW determined by MRI with three ultrasonographic
parameters commonly used to assess the risk of pulmonary
hypoplasia at birth. In a population of 17 fetuses at risk for pul-
monary hypoplasia, a fetal LV/EFW below the 5th percentile for
age was the most accurate diagnostic parameter.

Signal intensity ratios to predict lung hypoplasia have also
been evaluated.140–142 Kuwashima and colleagues140 proposed
that the lungs of fetuses with pulmonary hypoplasia would
have low-intensity signals compared with fetuses with normal
lung development. Osada and colleagues141 compared
LV/EFW between 58 normal fetuses and 29 fetuses at risk for
pulmonary hypoplasia. In addition to LV/EFW, the authors
also evaluated lung signal intensities expressed as a propor-
tion of the spinal fluid signal intensity (L/SF). Although 
diagnostic indices were not reported in this study, receiver–
operator characteristic (ROC) curve analysis showed that
simultaneous measurement of fetal lung volume and signal
intensity by MRI had an area under the curve of 0.990 to
predict lung hypoplasia, compared with 0.930 and 0.955 for
lung volume or L/SF ratio alone. Keller and colleagues142 eval-
uated signal intensities of lung/liver, lung/amniotic fluid,
lung/muscle, liver/fluid, and liver/muscle for the prediction of
lung hypoplasia. In contrast with the study of Osada and col-
leagues,141 these signal intensity ratios did not differ signifi-
cantly from those in the normal population.

Doppler assessment of tracheal fluid flow
Kalache and colleagues143 have proposed that the volume of
lung fluid displaced in the trachea could be useful for the
analysis of fetal lung function. The investigators tested this
hypothesis in a case–control study that included six cases of
congenital diaphragmatic hernia diagnosed prenatally and a
control group of five healthy fetuses matched for gestational
age to each case. Parameters analyzed included: (1) the length
of the inspiratory phase, (2) the length of the expiratory phase,
(3) the peak velocities during inspiration and expiration, and
(4) the volume estimation of the displaced fluid in the trachea
during breathing [calculated as volume = velocity time inte-
gral (VTI) × π × (d × 0.5)2]. The estimated breathing-related
tracheal volume flow in uncomplicated pregnancies increased
with gestational age (from 0.21 ± 0.10mL/breath at 26 weeks
to 1.37 ± 0.48mL/breath at 36 weeks of gestation), and was
significantly lower in fetuses with diaphragmatic hernia who
died of pulmonary hypoplasia. Tracheal volume flow in sur-
vivors was similar to that in control subjects.

Evaluation of hands and feet

Hands and feet should be examined to exclude polydactyly
(Fig. 26.19), brachydactyly, and extreme postural deformities
such as those seen in diastrophic dysplasia. Table 26.15 shows
a nomogram of the fetal foot size throughout gestation. Table
26.16 displays disorders associated with hand and foot defor-
mities. Disproportion between hands and feet and the other
parts of the extremity may also be a sign of a skeletal dys-
plasia. Figure 26.20 illustrates the relationship between femur
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Figure 26.19 Three-dimensional rendered volume using the
maximum intensity (skeletal) mode showing postaxial polydactyly.
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Figure 26.20 Relationship between femur and foot length.
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the fetal face is easily performed in a high percentage of
patients from 16 to 20 weeks of gestation onward. The single
most reliable view in detecting facial abnormalities is the 
sagittal view. This view permits determination of midface
hypoplasia, which occurs in several skeletal dysplasias, such
as thanatophoric dysplasia, achondroplasia, campomelic dys-
plasia, osteogenesis imperfecta type I, and spondyloepiphyseal
dysplasia congenita.61,147

In median clefting, the central portion of the upper lip is
absent, and on the midline sagittal view no upper lip will 
be demonstrated. In bilateral cleft lip, the midline view 
will show a variable appearance, depending on the amount 
of residual premaxillary tissue present in the midline. In 
unilateral cleft lip, the midline sagittal scan may be rel-
atively normal; the parasagittal view will reveal the cleft. 
This should subsequently be confirmed by scanning the
coronal plane.

Cleft palate occurs in 66% of patients with cleft lip. Iso-
lated cleft palate is more difficult to diagnose with ultrasound
because of shadowing of facial bones. Three-dimensional
ultrasonography has been shown to be superior to two-dimen-
sional ultrasonography for the prenatal diagnosis of cleft lip
and palate.148–150 Potential advantages of three- over two-
dimensional ultrasound include: (1) a true coronal view of 
the lips can be displayed, even when the original scanning
plane was obtained from a different orientation; (2) three-
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Table 26.15 Nomogram of fetal foot size throughout gestation (cm).

Gestational age (weeks) No. 5th percentile 10th percentile 50th percentile 90th percentile 95th percentile

15 18 1.4 1.5 1.8 2.2 2.3
16 146 1.6 1.7 2.1 2.5 2.6
17 375 1.9 2.0 2.4 2.8 2.9
18 613 2.2 2.3 2.7 3.1 3.2
19 1160 2.5 2.6 3.0 3.3 3.4
20 929 2.8 2.9 3.2 3.6 3.7
21 552 3.1 3.2 3.5 3.9 4.0
22 360 3.4 3.5 3.9 4.2 4.3
23 222 3.7 3.8 4.2 4.6 4.7
24 177 4.0 4.1 4.5 4.9 5.0
25 125 4.3 4.4 4.8 5.1 5.2
26 123 4.6 4.7 5.1 5.4 5.5
27 108 4.8 4.9 5.3 5.7 5.8
28 74 5.1 5.2 5.6 5.9 6.0
29 66 5.3 5.4 5.8 6.2 6.3
30 65 5.6 5.7 6.1 6.4 6.5
31 62 5.8 5.9 6.3 6.7 6.8
32 65 6.0 6.1 6.5 6.9 7.0
33 39 6.3 6.4 6.8 7.1 7.2
34 37 6.5 6.6 7.0 7.4 7.5
35 24 6.8 6.9 7.3 7.6 7.7
36 15 7.0 7.1 7.5 7.9 8.0
37 17 7.3 7.4 7.7 8.1 8.2

Reproduced with permission from ref. 917.

length and foot length. The femur–foot length ratio is nearly
constant from 14 to 40 weeks of gestation, with a mean value
of 0.99 ± 0.06 (SD). A ratio below 0.87 is considered abnor-
mal.144 Although fetuses with skeletal dysplasias have been
reported to have abnormally low ratios, more experience is
required to test the diagnostic value of this method.145 It is
expected that a small proportion of normal fetuses may have
an abnormal ratio. As in the case of other limb biometric
parameters, large deviations from the lower limit of normal
are likely to be significant.

Evaluation of the fetal cranium

Several skeletal dysplasias are associated with defects of 
membranous ossification and, therefore, affect skull bones.
Examination of the skull bones may reveal poor ossification
(see Fig. 26.10), frontal bossing (Fig. 26.21), or cloverleaf
deformity (Fig. 26.22). Table 26.17 presents abnormalities of
the skull and face in the different skeletal dysplasias.

Evaluation of the fetal face

Sonographic examination of fetal facial features is of major
importance in the assessment and diagnosis of fetuses with
skeletal dysplasias as many of these disorders are associated
with typical facial abnormalities.146 Sonographic evaluation of
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dimensional standardized multiplanar imaging makes it easier
to successfully demonstrate the maxillary tooth-bearing 
alveolar ridge in suspected cases; and (3) the maxillary 
tooth-bearing alveolar ridge can be more accurately localized
by the multiplanar technique because this region can be easily
mistaken for the mandibular ridge.151,152 Rendered views of the
cleft lip/palate have been described as being particularly useful 
for patient counseling.151,153,154 A novel technique for visuali-
zation of the fetal palate, the “three-dimensional reverse face
view,” has been proposed recently for the antenatal charac-
terization of facial clefting, in particular for clefting of the
hard palate.155 This technique entails rotating the volume
dataset 180° around the vertical axis in order to examine the
secondary palate. Campbell and colleagues156 reported pre-
liminary results of this technique in eight cases of suspected
orofacial clefting. A cleft in the soft palate was missed in only
one case.

Micrognathia is also frequent in cases of skeletal dys-
plasia (Table 26.18).157–159 The jaw index [(anteroposterior
mandibular diameter/BPD) × 100] has been proposed as 
an objective and accurate parameter to diagnose micro-
gnathia in utero. In a population of 198 malformed fetuses, 
11 of which had micrognathia at necropsy or birth, a jaw
index below 23 detected 100% of the cases with micrognathia
with 98.1% specificity. In comparison, only 72.7% of the
cases were detected by subjective evaluation of the fetal
profile.

Intraorbital and interorbital diameters should be measured
as hypertelorism may occur in cases of skeletal dysplasia
(Table 26.19).
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Table 26.16 Skeletal dysplasias associated with polydactyly and
syndactyly.

Postaxial polydacytly
Chondroectodermal dysplasia
Short rib–polydactyly syndrome (type I, type II)
Asphyxiating thoracic dysplasia
Otopalatodigital syndrome
Mesomelic dysplasia, Werner type (associated with absence of

thumbs)

Preaxial polydactyly
Chondroectodermal dysplasia
Short rib–polydactyly syndrome type II
Carpenter syndrome

Syndactyly
Poland syndrome
Acrocephalosyndactylies (Carpenter syndrome, Apert syndrome)
Otopalatodigital syndrome type II
Mesomelic dysplasia, Werner type
TAR syndrome
Jarcho–Levin syndrome

Brachydactyly
Mesomelic dysplasia, Robinow type
Otopalatodigital syndrome

Hitchhiker thumb
Diastrophic dysplasia

Clubfoot deformity
Diastrophic dysplasia
Osteogenesis imperfecta
Kniest dysplasia
Spondyloepiphyseal dysplasia

Figure 26.21 Frontal bossing in a sagittal
scan in a fetus with achondroplasia.

TCO26  9/13/06  5:11 PM  Page 427



CHAPTER 26

Evaluation of the fetal spine

Sonographic assessment of the fetal spine is a component in
the examination of a fetus with suspected skeletal dysplasia.
The following parameters should be assessed.

Vertebral bodies
Fetal vertebral bodies are composed of three ossification
centers representing the vertebral body and two laminae.160–163

Abnormalities of the ossification center of the fetal vertebral

body may result in bony defects, such as hemivertebrae (see
Fig. 26.5), butterfly vertebrae, or block vertebrae causing con-
genital scoliosis (see Fig. 26.4). A study of the associated
anomalies of 27 cases in which prenatal ultrasound detected
hemivertebrae noted that, although 11 fetuses had no other
abnormal findings, 16 fetuses had associated anomalies.160

These anomalies included cardiac, gastrointestinal, renal,
facial, extremity, and cranial malformations. Seven fetuses had
bilateral renal agenesis (Potter sequence). Only five of the
fetuses with additional anomalies survived. Usually these
anomalies are not a risk factor for aneuploidy.
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Table 26.17 Skeletal dysplasias associated with skull and face
deformities.

Large head
Achondroplasia
Achondrogenesis
Thanatophoric dysplasia
Osteogenesis imperfecta
Cleidocranial dysplasia
Hypophosphatasia
Campomelic dysplasia
Short rib–polydactyly syndrome, type III
Robinow mesomelic dysplasia
Otopalatodigital syndrome

Cloverleaf skull
Thanatophoric dysplasia
Campomelic dysplasia

Other craniostenosis
Apert syndrome
Carpenter syndrome

Congenital cataracts
Chondrodysplasia punctata

Cleft palate
Asphyxiating thoracic dysplasia
Kniest dysplasia
Dystrophic dysplasia
Spondyloepiphyseal dysplasia
Campomelic dysplasia
Jarcho–Levin syndrome
Ellis–van Creveld syndrome
Short rib–polydactyly syndrome, type II
Metatropic dysplasia
Otopalatodigital syndrome, type II
Dyssegmental dysplasia
Roberts syndrome

Short upper lip
Chondroectodermal dysplasia

Micrognathia
Campomelic dysplasia
Distrophic dysplasia
Weissenbacher–Zweymuller syndrome
Otopalatodigital syndrome
Pena–Shokeir syndrome
Thrombocytopenia with absent radii (TAR) syndrome
Langer syndrome

Figure 26.22 Coronal scan of the head of a fetus with
thanatophoric dysplasia with a cloverleaf skull.

Table 26.18 Skeletal dysplasias associated with micrognathia.

Campomelic dysplasia
Diastrophic dysplasia
Otopalatodigital syndrome
Achondrogenesis
Mesomelic dysplasia
Pena–Shokeir syndrome 
Treacher–Collins syndrome
Nager acrofacial dysostosis
Oromandibular limb hypogenesis
Goldenhar syndrome
Atelosteogenesis
Hydrolethalus syndrome
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Platyspondyly may be diagnosed with current high-
resolution sonography (Fig. 26.3).164 Objective evaluation
may be performed by computing a ratio between measure-
ments of the vertebral interspace to vertebral body height.33

Rib defects are often associated with thoracic vertebral body
anomalies.

Clefting of the vertebrae may be complete or incomplete,
coronal, or sagittal.43 Coronal vertebral clefts are a result of
missed fusion between the anterior and posterior primary ossi-
fication centers beyond 16 weeks of gestation. It can be
observed by sonography in utero.165,166 Sagittal clefts in the
vertebral bodies are believed to represent a localized splitting
of the notochord due to adhesions between the ectoderm and
endoderm during the embryonic period. These clefts range
from a single cleft to multiple clefts as part of a malformation
syndrome. The role of vertebral clefting in the diagnosis of
skeletal dysplasias was assessed by searching the database at
the International Skeletal Dysplasia Registry in a study con-
ducted by Westvik and Lachman.166 Coronal and sagittal clefts
were present in 40 different conditions. Coronal clefts were
more common than sagittal clefts and were mainly located in
the thoracolumbar region. Clefts were most frequently
observed in atelosteogenesis (88%), followed by chondrodys-
plasia punctata (79%), dyssegmental dysplasia (73%), Kniest
dysplasia (63%), and short rib–polydactyly syndrome
(53%).166 The authors concluded that vertebral clefts are of
major diagnostic value in these groups of skeletal dysplasia.

Spinal curvature
The most common osseous anomaly causing scoliosis is uni-
lateral unsegmented bar with contralateral hemiverte-
brae.160,167–170 Spinal dysraphism may occur with congenital
scoliosis and this possibility should be examined carefully. An
apparent etiologic relationship exists between neural tube
defects and other vertebral anomalies. Siblings of infants with
congenital scoliosis have a 4% risk of neural tube defects.171

This increased risk is present in siblings of children with a
single hemivertebra as well as multiple vertebral anomalies

(with or without neural arch defects). The differential diag-
nosis of fetal scoliosis includes neural tube defects, large
abdominal wall defects, amniotic band syndrome, caudal
regression, and hemivertebrae. Nonossification of the lumbar
vertebral bodies has been detected in achondrogenesis and
other diseases.172–174

Evaluation of the internal organs

A detailed examination of the cardiovascular, genitourinary,
gastrointestinal, and central nervous system organs should be
performed in all fetuses with skeletal anomalies. Some syn-
dromes present with specific abnormalities of the internal
organs, thus helping in the differential diagnoses of these enti-
ties. For example, congenital heart disease is a prominent
feature of Ellis–van Creveld and Holt–Oram syndromes.

Newborn evaluation

Despite all efforts to establish an accurate prenatal diagnosis,
a careful study of the newborn is always required.67 The eval-
uation should include a detailed physical examination per-
formed by a geneticist or an individual with experience in the
field of skeletal dysplasias and radiographs of the skeleton.
The latter should include anterior, posterior, lateral, and
Towne views of the skull and anteroposterior views of the
spine, extremities, and scapula,175 with separate films of the
hands and feet. Examination of the skeletal radiographs will
permit precise diagnoses in a large proportion of cases, since
the classification of skeletal dysplasias is largely based on 
radiographic findings. In lethal skeletal dysplasias, histologic
examination of the chondro-osseous tissue should be per-
formed, as this information may help reach a specific diagno-
sis. Chromosomal studies should be included, as there is a
specific group of constitutional bone disorders associated with
cytogenetic abnormalities. Biochemical studies are helpful in
rare instances (e.g., hypophosphatasia). DNA restriction and
enzymatic activity assays should be considered in cases in
which the phenotype suggests a metabolic disorder, such as a
mucopolysaccharidosis. The recent significant advance in
identifying several mutations responsible for dysplasias is
useful for prenatal diagnosis by amniocentesis or chorionic
villus sampling (CVS) in patients at risk.2,3,176 DNA should be
saved in all cases.

Increased nuchal translucency and
skeletal dysplasia

In chromosomally normal pregnancies, increased nuchal
translucency thickness is associated with increased risk of
major anomalies.177–180 Skeletal dysplasias have been associ-
ated with increased nuchal translucency thickness in fetuses
with a normal karyotype.180–184 In the multicenter screening
project for trisomy 21 using the combination of maternal age
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Table 26.19 Skeletal dysplasias associated with hypertelorism.

Otopalatodigital syndrome
Arthrogryposis multiplex congenital
Larsen syndrome
Roberts syndrome
Cleidocranial dysostosis
Achondroplasia
Campomelic dysplasia
Coffin syndrome
Klippel–Feil syndrome
Apert syndrome
Sprengel’s deformity
Mesomelic dysplasia
Holt–Oram syndrome

TCO26  9/13/06  5:11 PM  Page 429



CHAPTER 26

and nuchal translucency, 100000 pregnancies were
included.177 An association between nuchal translucency and
a wide range of skeletal dysplasias was found among these
patients. Several case reports and small series have also sug-
gested that in chromosomally normal fetuses there may be an
association between increased nuchal translucency thickness
and skeletal anomalies. Table 26.20 summarizes these data.

Osteochondrodysplasias

A growing number of skeletal dysplasias have been recognized
in utero. A complete account of each disorder is beyond the
scope of this chapter. The following discussion presents 
only a few of the most common disorders relevant to prena-
tal diagnosis.

Achondroplasia, thanatophoric dysplasia,
and hypochondroplasia

These three chondrodysplasias are discussed in the same
section since they are caused by different mutations in the
FGFR3 gene.185–192 Mutations in FGFR3 are gain-of-function
mutations that produce a constitutively active protein capable
of initiating intracellular signal pathways in the absence of
ligand binding.193,194 This activation leads to premature matu-
ration of the bone.194

Achondroplasia
The most common nonlethal skeletal dysplasia is achon-
droplasia, an autosomal dominant condition with a prevalence
of 1 per 66000. It is characterized by rhizomelic shortening,
limb bowing, lordotic spine, and enlarged head.195 This disease
is the result of anomalous growth of cartilage, followed by
abnormal endochondral ossification, which is responsible for
the shortness of long bones. The bones of the hands and feet
are short (brachydactyly). The head is large; a flattened nasal
bridge, frontal bossing, and broad mandible are frequent fea-
tures. The problems in the prenatal diagnosis of this condition
have been discussed in detail by Kurtz and colleagues.196

Moreover, Modaff and colleagues197 provided data about the
frequency of prenatal misdiagnosis of achondroplasia and
illustrated the difficulty of making this specific prenatal diag-
nosis. They collected data retrospectively from 37 consecutive
referrals of infants with achondroplasia in whom ultrasound
was performed prenatally: 9 out of 37 (24%) had a positive
family history of achondroplasia; all nine were correctly diag-
nosed prenatally. Out of the 28 with no family history of
achondroplasia, 16 (57%) were recognized to have abnor-
malities on ultrasound but none was diagnosed with certainty.
Five received an appropriate diagnosis of “most likely” achon-
droplasia and four others were given a nonspecific (but appro-
priate) diagnosis of some skeletal dysplasia, not otherwise
specified. In seven instances (25%), an incorrect diagnosis of
a lethal or very severe disorder was assigned.
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Table 26.20 Skeletal dysplasias associated with increased thickness of nuchal translucency.

Skeletal dysplasia Author (year)

Achondrogenesis Hewitt, 1993;918 Soothill and Kyle, 1997;919 Fisk and colleagues, 1991327

Achondroplasia Fukada and colleagues, 1997;920 Hernadi and Torocsik, 1997921

Asphyxiating thoracic dysplasia Ben Ami and colleagues, 1997;486 Hsieh and colleagues, 1999477

Blomstrand osteochondrodysplasia den Hollander and colleagues, 1997922

Campomelic acamptomelic dysplasia Michel-Calemard and colleagues, 2004184

Campomelic dysplasia Hafner and colleagues, 1998923

Cleidocranial dysplasia Hiippala and colleagues, 2001924

Chondroectodermal dysplasia (Ellis–van Creveld) Venkat-Raman and colleagues, 2005925

Ectrodactyly ectodermal dysplasia Leung and colleagues, 1995926

Fanconi anemia Tercanli and colleagues, 2001688

Fetal akinesia deformation sequence Souka and colleagues, 1998;180 Hyett and colleagues, 1997;927 Madazli and colleagues,
2002;829 Makrydimas and colleagues, 2004831

Hypophosphatasia Souka and colleagues, 2002182

Jarcho–Levin syndrome Eliyahu, 1997;928 Souka, 1998180

Osteogenesis imperfecta II Makridymas and colleagues, 2001181

Short rib–polydactyly syndrome Hill and Leary, 1998512

Sirenomelia Hewitt, 1993918

Smith–Lemli–Opitz syndrome Souka, 1998;180 Hyett and colleagues, 1995;929 Maymon and colleagues, 1999;930 Sharp
and colleagues, 1997;931 Hobbins and colleagues, 1994932

Thanatophoric dysplasia Souka, 1998;180 Ferreira and colleagues, 2004933

VACTREL association Souka, 1998180
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The major difficulty in the antenatal diagnosis is that the
long bone growth in this disease is not recognized in most
cases until the third trimester of pregnancy.49,198 Therefore, it
is usually not possible to detect this disorder in time to allow
for pregnancy termination.199 However, prenatal diagnosis of
achondroplasia is possible and has been reported.200–202 The
trident hand is a specific finding for achondroplasia.203,204 A
distinct difference in the femoral length growth curves of
homozygous, heterozygous, and unaffected children of achon-
droplastic parents has been described by Patel and Filly.205

More than 99% of individuals with achondroplasia have
one of two mutations in the FGFR3 gene. The more common
mutation, found in approximately 98% of patients, is a G →
A point mutation at nucleotide 1138. About 1% of affected
individuals have a G → C point mutation at the same
nucleotide. The G380R mutation has been shown to result in
constitutive activation of the fibroblast growth factor recep-
tor. Prenatal diagnosis in pregnancies in which one or both
parents has achondroplasia is possible by molecular diagno-
sis, using CVS or amniocentesis.206–208 Molecular analysis can
also be used to identify mutations in fetuses suspected to have
achondroplasia based on ultrasound findings. As discussed,
achondroplasia would typically present in the late second or
third trimester of pregnancy, limiting available methods of
prenatal diagnosis to amniocentesis.

Heterozygous achondroplasia is compatible with a normal
life and intellectual development. However, cervicomedullary
junction abnormalities, which may lead to compression, put
the infant with achondroplasia at risk for lethal sequelae.209

Although the disease is lethal in the homozygous state, a case
of a 37-month survivor has been reported.210 The radiologic
characteristics of homozygous achondroplasia lie between
those of thanatophoric dysplasia and heterozygous achon-
droplasia. Administration of growth hormone has been pro-
posed for the treatment of achondroplasia.211

SADDAN (severe achondroplasia with
developmental delay and acanthosis nigricans)

Tavormina and colleagues212 identified a FGFR3 missense
mutation in four unrelated individuals with skeletal dys-
plasias, which approaches the severity observed in
thanatophoric dysplasia type I. Three out of the four individ-
uals developed extensive areas of acanthosis nigricans (begin-
ning in early childhood), suffered from severe neurological
impairments, and have survived past infancy without pro-
longed life-support measures. The FGFR3 mutation
(A1949T:Lys650Met) occurs at the nucleotide adjacent 
to the thanatophoric dysplasia type II mutation
(A1948G:Lys650Glu) and results in a different amino acid
substitution. They referred to the phenotype caused by the
Lys650Met mutation as “severe achondroplasia with devel-
opmental delay and acanthosis nigricans” (SADDAN) because
it differs significantly from the phenotypes of other known
FGFR3 mutations. It is also associated with unusual bone

deformities, such as femoral bowing with reverse (i.e., poste-
rior apex), tibial and fibular bowing, and “ram’s horn”
bowing of the clavicle. This condition has not been associated
with cloverleaf skull or craniosynostosis.213

Thanatophoric dysplasia

Thanatophoric dysplasia is the most common lethal skeletal
dysplasia in fetuses and neonates.7 It is characterized by
extreme rhizomelia, a normal trunk length with a narrow
thorax, and a large head featuring a prominent forehead. It
occurs in 0.24–0.69 of 10000 births.8,15,187,214 Two subtypes
have been identified: type I, with typical bowed “telephone
receiver” femurs215 (Fig. 26.23) and without cloverleaf skull;
and type II, with severe cloverleaf skull (Fig. 26.22) and short,
straight long bones.21,216 However, mild cloverleaf skull has
been described in type I.217–219 Cloverleaf skull may result from
premature closure of the coronal and lambdoid sutures, defec-
tive development of the cranial base with secondary synosto-
sis, or a primary developmental disorder of the brain with
secondary deformation of the skull. The differential diagnosis
between the two types depends on the radiographic findings
and histology. Both types of thanatophoric dysplasia are inher-
ited in an autosomal dominant manner.220 The majority of
cases of thanatophoric dysplasia (all type I and most cases of
type II) are sporadic. Some familial cases of type II have been
reported.220–225

Distinct mutations in FGFR3 cause each one of the two
types of thanatophoric dysplasia.221,222,226,227 Three common
mutations (R248C, Y373C, and S249C) are found in approx-
imately 90% of the patients with thanatophoric dysplasia type
I.193,228 One mutation, K650E, is found in almost all cases of
thanatophoric dysplasia type II.229–231 Camera and col-
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Figure 26.23 Bowed and short femurs in thanatophoric dysplasia.
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leagues232 reported an individual with the common
thanatophoric dysplasia type I mutation and the clinical phe-
notype of achondroplasia. Mosaicism was thought to be a
possible explanation for the milder phenotype. However,
mosaicism was not found in buccal mucosal cells or blood.

The prenatal sonographic findings depend on the specific
type of thanatophoric dysplasia.165 The association of clover-
leaf skull and micromelia is specific for thanatophoric dyspla-
sia. Campomelic syndrome is also associated with cloverleaf
skull. Micromelia, however, is not a feature of that condition.
Ventriculomegaly, macrocranium, and polyhydramnios are
frequently seen. There is a relatively large calvarium with a
prominent forehead (Fig. 26.21), a saddle nose, and hyper-
telorism. Additional findings are short ribs, platyspondyly (see
Fig. 26.3), and short and broad tubular bones in the hands
and feet. The differential diagnoses include short rib–
polydactyly syndrome, homozygous achondroplasia (in which
both parents are typically affected), and asphyxiating thoracic
dysplasia (differentiated by slight shortening of long bones
and normal vertebrae). On review of the radiologic findings
of several cases of thanatophoric dysplasia, Horton and col-
leagues233 were able to discern a group of distinct entities char-
acterized by severe platyspondyly. These disorders include 
the Torrance, San Diego, Lutton, and Shiraz types of
platyspondylic lethal osteochondrodysplasias. Differential
diagnosis among these entities is based on histologic and 
radiologic characteristics. Individuals with platyspondylic
lethal skeletal dysplasia – San Diego type – have been reported
to have FGFR3 mutations that were previously reported in
association with thanatophoric dysplasia type I.234

Thanatophoric dysplasia is a uniformly lethal disorder,
although survival of several months has been reported in some
isolated cases.225,233,235–238 Prenatal sonographic diagnosis has
been documented on several occasions,77,173,239–256 and in one
case of a triplet pregnancy.192 Prenatal diagnosis by CVS or
amniocentesis is available.76,257–259

Hypochondroplasia
Hypochondroplasia is an autosomal dominant disorder that
resembles achondroplasia.260 It can result from a mutation in
the FGFR3 gene,261,262 although genetic heterogeneity is sus-
pected.263 The incidence and prevalence have not been deter-
mined, at least in part because of lack of agreement on a
definitive set of diagnostic criteria, which makes it difficult to
review data from many studies reported in the literature. Most
cases occur sporadically as a result of a new mutation.264

Two FGFR3 mutations (C1620A and C1620G) result in a
lysine for asparagine substitution at codon 540 (N5400K0)
and have been shown to cause hypochondroplasia.186,265

Several other FGFR3 mutations have been proposed to cause
a small number of cases of hypochondroplasia. In addition,
the insulin-like growth factor-1 (IGF-1) gene has been pro-
posed to be linked to hypochondroplasia in a subset of cases,
although no pathogenetic mutations have been reported.263

The differential diagnosis between this condition and
achondroplasia is based on the sparing of the head and the
lack of tibial bowing in hypochondroplasia.260,266–270 Although
this condition is generally first detected during childhood, pre-
natal diagnosis has been reported in fetuses at risk for the con-
dition.267,271 DNA-based diagnosis via CVS or amniocentesis
may be possible.

Fibrochondrogenesis and atelosteogenesis

Fibrochondrogenesis and atelosteogenesis have a clinical pres-
entation similar to that of thanatophoric dysplasia. The 
differential diagnosis between these disorders in utero is
extremely difficult. Fibrochondrogenesis and atelosteogenesis
are extremely rare, and only a few cases of each have been
reported.

Fibrochondrogenesis

Fibrochondrogenesis is a very rare lethal chondrodysplasia
inherited with an autosomal recessive pattern and character-
ized by micromelia with significant metaphyseal flaring,
normal head size, undermineralized skull, platyspondyly, 
clefting of the vertebral bodies, and narrow, bell-shaped
thorax.272,273 Metaphyseal flaring is not a feature of
thanatophoric dysplasia.274–277 This condition has been
described in a consanguineous family.278 Other conditions to
be considered in the differential diagnosis include metatropic
dysplasia and Kniest dysplasia. Prenatal diagnosis of fibro-
chondrogenesis by ultrasound has been reported as early as
17 weeks of gestation.279–281 The molecular defect involved in
fibrochondrogenesis is not known.282

Atelosteogenesis

Atelosteogenesis is also a lethal chondrodysplasia character-
ized by severe micromelia (with hypoplasia of the distal 
segments of the humerus and femur), bowing of long 
bones, narrow chest with short ribs, coronal and sagittal 
vertebral clefts,43 and dislocations at the level of the elbow 
and knee. Clubfoot deformities may also be present.283 Three
subtypes of atelosteogenesis have been described based on
radiologic and pathologic findings.284–287 Atelosteogenesis
types I and III are sporadic and caused by mutations in the
gene encoding filamin B.288 Atelosteogenesis type II is inher-
ited with an autosomal recessive pattern and is caused by
mutation in DTDST.289–292 It overlaps phenotypically and
genetically with diastrophic dysplasia and achondrogenesis
type IB.287,293,294

Differential diagnosis includes diastrophic dysplasia and de
la Chapelle dysplasia.295,296 Three cases of a lethal dysplasia
termed boomerang syndrome (“boomerang-like tibia”) may
actually represent the same disorder as atelosteogenesis type
I.297 There are now more than three reported cases.43,298–302
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Achondrogenesis

Achondrogenesis, or anosteogenesis, is a lethal chondrodys-
trophy that is characterized by extreme micromelia, short
trunk, and macrocrania. The birth prevalence is 0.09–0.23 in
10000 births.8,15,64,68,70 Traditionally, this disorder has been
classified into two types: the more severe form, which is type
I achondrogenesis (Parenti–Fraccaro), and type II achondro-
genesis (Langer–Saldino). In 1998, type I was subdivided 
into two subtypes: type IA (Houston–Harris) and type IB
(Fraccaro).303,304 Hypochondrogenesis had been considered a
separate disorder from achondrogenesis. However, evidence
now suggests that hypochondrogenesis and achondrogenesis
type II are phenotypic variants of the same disorder.305–307

Indeed, clinically and radiologically, achondrogenesis type II,
hypochondrogenesis, and neonatal spondyloepiphyseal dys-
plasia congenita form a continuous spectrum of disease.308 The
fundamental biochemical disorder seems to be allelic muta-
tions of the gene coding for type II procollagen.309 A different
classification dividing achondrogenesis into four types has
been proposed by Whitley and Gorlin,309 but this proposal has
not gained wide acceptance.

Type IA achondrogenesis (Houston–Harris) is characterized
by micromelia, lack of ossification of vertebral bodies but ossi-
fication of the pedicles in the cervical and upper thoracic
region, and short ribs with multiple fractures. The calvarium
is demineralized. Type IB (Fraccaro), which is a recessively
inherited chondrodysplasia, is caused by mutation in the
DTDS gene310–312 and is similar to type IA, but the calvarium
is ossified, and fractured ribs are not seen. Although the ver-

tebral bodies are minimally or not at all ossified, the pedicles
show some ossification. Type II achondrogenesis is character-
ized by micromelia, lack of mineralization of all or many of
the vertebral bodies, sacrum, and ischium, enlarged calvarium
with normal ossification, variable shortening of the ribs, 
and absence of fractures (Fig. 26.24).313 Table 26.21 
illustrates the characteristics of the different types of 
achondrogenesis.305,314,315

Prenatal diagnosis should be suspected on the basis of
micromelia, lack of vertebral ossification, and a large head
with various degrees of ossification of calvarium.172,313–326

Polyhydramnios and hydrops have been associated with
achondrogenesis. However, sonographic examinations of
affected fetuses do not demonstrate fluid accumulation in
body cavities. The hydropic appearance of these fetuses and
neonates is probably attributable to redundancy of soft-tissue
mass over a limited skeletal frame. An association between
cystic hygromas and achondrogenesis has been reported in a
fetus with normal chromosomal constitution.313,314,327

Achondrogenesis type IA and IB are inherited in an auto-
somal recessive pattern, whereas most cases of achondrogen-
esis type II and hypochondrogenesis have been sporadic (new
autosomal dominant mutations). Some severe cases of type II
achondrogenesis follow an autosomal recessive pattern.328

The primary defect in achondrogenesis type IA has not been
identified. The only gene known to be associated with achon-
drogenesis type IB is SLC26A2 (DTDST), which encodes a
sulfate transporter protein.329 As the basic defect in achon-
drogenesis type IB is known, molecular diagnosis is possible.
The distinction between achondrogenesis type IB (which 
has a risk of 25% for recurrence) and the more frequent 
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Figure 26.24 Frontal and lateral views in a case of
achondrogenesis type II. There is no mineralization of the
spine and ischial bones. The thorax is bell shaped, with
short and straight ribs and no fractures. Long bones are
short, with metaphyseal flaring and cupping.

TCO26  9/13/06  5:11 PM  Page 433



CHAPTER 26

autosomal dominant achondrogenesis type II, which has a
lower recurrence risk, is important for genetic counseling. A
couple at risk of having a child with achondrogenesis type IB
may take the advantage of molecular prenatal diagnosis by
CVS or amniocentesis.289,293,310Achondrogenesis type II and
hypochondrogenesis result from mutations in the COL2A1
gene.330 Prenatal diagnosis by molecular analysis of the
COL2A1 gene is available.

Osteogenesis imperfecta 
and hypophosphatasia

Osteogenesis imperfecta and hypophosphatasia are dis-
cussed together because they are characterized by skeletal
demineralization.

Osteogenesis imperfecta

The term “osteogenesis imperfecta” was introduced over a
century ago to describe a newborn with extremely brittle
bones (see Figs 26.12 and 26.13). At present, the term refers
to a heterogeneous group of disorders caused in most cases by
mutations in one or two structural genes for type I procolla-
gen.331–337 Extraskeletal malformations are variably associated

with the disorder and include blue sclera, dentinogenesis
imperfecta, hyperlaxity of ligaments and skin, hearing impair-
ment, and presence of wormian bones on skull radiographs.337

Advanced paternal age is a risk factor for osteogenesis imper-
fecta,338 and its prevalence is 0.18 per 10000 births.8,15

The most popular classification is that proposed by Sillence
and colleagues.339 A modification of this classification has been
recently reported by Rauch and Glorieux337 and includes three
additional types (V, VI, and VII; Table 26.22). Clinically, the
most relevant characteristic of osteogenesis imperfecta is bone
fragility, with severity increasing in the following order: (1)
type I; (2) types IV, V, VI, and VII; (3) type III; and (4) 
type II.337

In type I (autosomal dominant), patients have bone fragility,
blue sclerae (all ages), and hearing loss. There is osteoporosis,
a normal calvarium, and no dentinogenesis imperfecta; 
fractures range from none to multiple. Mutations that cause
type I osteogenesis imperfecta result in premature termination
codons that lead to decreased production of type I 
procollagen.333

Type II is an autosomal dominant condition.340 It is also
known as the perinatal variety and is uniformly lethal. There
is almost no ossification of the skull, beaded ribs, shortened,
crumpled long bones, and multiple fractures in utero (see Figs
26.12 and 26.13). The thorax is short but not narrow. Type
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Table 26.21 Radiologic differences of achondrogenesis types IA/IB, type II, and hypochondrogenesis.

Site Type IA (Houston–Harris) Type IB (Fraccaro) Type II (Langer–Saldino) Hypochondrogenesis

Skull Membranous calvarium All parts of ossified skull Normal ossification Normal ossification
well seen

Long bones Extremely shortened with Short and bowed with Less bowed and shortened 
metaphyseal cupping and Arms and legs shorter metaphyseal flaring and with irregular or smooth
spurs, “rectangular bones” than with type IA with cupping, “mushroom metaphyses

minimal ossification; stem bones”
abundant metaphyseal
spiking or spurring in
lower leg bones,
“square or stellate bones”

Spine Vertebral bodies unossified, Vertebral bodies minimally Variable pattern of ossified Thoracic and upper 
with partly ossified pedicles or not ossified, pedicles or unossified vertebral lumbar vertebral bodies 

ossified bodies and pedicles ossified but still
platyspondylic

Cervical and lower lumbar
bodies unossified

Pelvis Poorly formed and ossified, Iliac bones same aspect as Halberd-like iliac bones Near normally developed 
with crenated iliac bones, in type IA, ischial and with unossified ischial iliac bones with partial 
ischial bones poorly ossified, pubic bones unossified and pubic bones ossification of ischial 
pubic bones unossified bones and unossified

pubic bones
Thorax Short and barrel shaped, short Same as in type IA with Short and barrel/bell Near normal but shallow 

ribs with cupped metaphyses unfractured ribs shaped with short cage with short
and multiple fractures unfractured ribs unfractured ribs

TCO26  9/13/06  5:11 PM  Page 434



FETAL SKELETAL ANOMALIES

II is subclassified into three subtypes (IIA, IIB, and IIC) accord-
ing to radiologic criteria: group A – short, broad, ‘crumpled’
long bones, angulation of tibias, and continuously beaded
ribs; group B – short, broad, crumpled femurs, angulation of
tibias but normal ribs or ribs with incomplete beading; and
group C – long, thin, inadequately modeled long bones with
multiple fractures and thin beaded ribs.341

Type III (autosomal recessive, rare) is a nonlethal variety
characterized by blue sclerae and multiple fractures present at
birth. The sclerae become white with time. The membranous
skull is severely deossified and the long bones are mildly short-
ened but with marked angulations. Type IIB and type III 
osteogenesis imperfecta are difficult to distinguish and may
represent different degrees of severity of the same disorder.342

In type IV (autosomal dominant) the long bones and sclerae
are normal. There is mild to moderate osseous fragility, 
and 25% of the newborns have fractures. There is significant
heterogeneity in the expression of the disease even within 
the same family.343 From this heterogeneous group, Rauch 
and Glorieux and colleagues337,344–346 have recently identified
three separate clinical entities based on distinct clinical 
and bone histological features. These disorders have been 
classified as osteogenesis imperfecta types V, VI, and VII 
(Table 26.22).

Osteogenesis imperfecta type I is caused by a premature stop
codon in COL1A1.332 Types II, III, and IV typically result from
mutations that lead to substitutions for glycine within the
triple-helical domain of the pro-alpha chain, disrupting the

normal folding of the molecule and leading to the production
of abnormal collagen.347,348 Approximately 90% of patients
with a clinical diagnosis of osteogenesis imperfecta have a
mutation in either the COL1A1 or COL1A2 gene, resulting
in abnormal molecular constitution of procollagen type
I.337,349–351 Gene mutations associated with types V, VI, and VII
have not been identified.337

Collagen biosynthesis in cell culture from chorionic villi has
been demonstrated and may serve as a way for prenatal diag-
nosis.352 In a large study, Pepin and colleagues353 completed
prenatal diagnosis of collagen synthesized by cells cultured
from CVS in 107 cases, and in 22 cases they used direct muta-
tion identification or analysis of polymorphic restriction sites
in the COL1A1 gene of type 1 collagen. There were neither
false-negative nor false-positive results. The time needed for
diagnosis was 20–30 days when the biopsy was taken using
biochemical techniques and 10–14 days when molecular
strategies were used.

The natural history of osteogenesis imperfecta in utero is
quite variable. Prenatal diagnosis of type II osteogenesis
imperfecta has been reported several times,75,354–375 even as
early as 12 weeks of gestation by either two- or three-dimen-
sional ultrasonography.376–379 It is important, however, to note
that in some cases fractures and limb shortening may not be
observed until the second or even the third trimester.380–382 Pre-
natal diagnosis of osteogenesis imperfecta types I, III, and IV
has also been reported using either ultrasound, biochemistry,
or molecular techniques.353,383–386
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Table 26.22 Expanded Sillence classification of osteogenesis imperfecta.

Type Clinical severity Typical features Typically associated mutations

I Mild non-deforming Normal height or mild short stature, blue sclerae, Premature stop codon in COLIAI
osteogenesis imperfecta no dentinogenesis imperfecta

II Perinatal lethal Multiple rib and long bone fractures at birth, Glycine substitutions in COLIAI or COLIA2
pronounced deformities, broad long bones, low 
density of skull bones on radiographs, dark sclerae

III Severely deforming Very short, triangular face, severe scoliosis, Glycine substitutions in COLIAI or COLIA2
grayish sclerae, dentinogenesis imperfecta

IV Moderately deforming Moderately short, mild to moderate scoliosis, Glycine substitutions in COLIAI or COLIA2
grayish or white sclerae, dentinogenesis 
imperfecta

V Moderately deforming Mild to moderate short stature, dislocation of Unknown
radial head, mineralized interosseous membrane, 
hyperplastic callus, white sclerae, no 
dentinogenesis imperfecta

VI Moderately to severely Moderately short, scoliosis, accumulation of Unknown
deforming osteoid in bone tissue, fish-scale pattern of bone

lamellation, white sclerae, no dentinogenesis 
imperfecta

VII Moderately deforming Mild short stature, short humeri and femora, coxa Unknown
vara, white sclerae, no dentinogenesis imperfecta

Reproduced with permission from ref. 337.
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Hypophosphatasia

Hypophosphatasia is a rare autosomal recessive inherited dis-
order characterized by demineralization of bones and low
alkaline phosphatase in serum and other tissues.387 Alkaline
phosphatase acts on pyrophosphate and other phosphate
esters, leading to the accumulation of inorganic phosphates
that are critical for the formation of bone crystals. Bone
fragility is thought to be the result of deficient generation of
bone crystals.388

Hypophosphatasia is a condition that has been subdivided
into three clinical types according to the age of onset: con-
genital/infantile, childhood, and adult.389,390 The congenital/
infantile and childhood varieties have an autosomal recessive
pattern of inheritance, whereas the adult form can be trans-
mitted as either an autosomal dominant or autosomal reces-
sive trait.387 The congenital (neonatal) form is associated with
early neonatal death or stillbirth.391

Fetuses with congenital hypophosphatasia have generalized
demineralization of the skeleton, with shortening and bowing
of tubular bones. Multiple fractures are present. The marked
demineralization of the cranial vault results in deformation of
the skull after external compression. This sonographic sign is
also present in some cases of type II osteogenesis imperfecta
and type IA achondrogenesis. Prenatal diagnosis of this con-
dition has been reported with ultrasound390,392–401 and by
assaying alkaline phosphatase in tissue obtained by CVS402 or
amniotic fluid culture. Alkaline phosphatase measurement in
amniotic fluid is not a reliable means of making a diagnosis
of hypophosphatasia because most of the alkaline phosphatase
in amniotic fluid is of intestinal origin.403,404 The involved
enzymes in hypophosphatasia are bone and liver alkaline
phosphatases. These isoenzymes contribute only 16% of the
total amniotic fluid enzymatic activity.405

Hypophosphatasia has been shown to be caused by muta-
tions in the alkaline phosphatase liver gene [ALPL, also called
the tissue non-specific alkaline phosphatase (TNSALP) gene]
on chromosome 1.406 There is a large spectrum of mutations
in the Caucasion population.407,408 Therefore, although prena-
tal diagnosis by DNA analysis is possible,409 this requires
sequencing the entire gene, which increases the complexity of
the process. Missense mutations in the gene lead to variable
residual enzymatic activity and the extremely high phenotypic
heterogeneity observed in hypophosphatasia.188,410

Diastrophic dysplasia

Diastrophic dysplasia is characterized by micromelia, club-
foot, hand deformities, multiple joint flexion contractures, and
scoliosis.411 Because of phenotypic variability, the diagnosis
may be difficult at birth, and milder cases are diagnosed
later.412 The clinical features include rhizomelic-type
micromelia, contractures, hand deformities with abducted
position of the thumbs (“hitchhiker thumb”: Figs 26.25 and

26.26), and severe talipes equinovarus. The shape of the head
is normal, but micrognathia and cleft palate may be present.
This dysplasia is a generalized disorder of cartilage, involving
destruction of the cartilage matrix with formation of fibrous
scar tissue and subsequent ossification. The ossification is
responsible for the contractures. Mutation in the diastrophic 
dysplasia sulfate transporter gene (SLC26A2/DTDST) is asso-
ciated with impaired sulfation of proteoglycan and causes this
disorder.413–416 Five common SLC26A2 mutations (R279W,
IVS1+2T→C, DELV340, R178X, and C653S) account for
approximately 65% of disease alleles.414 Sequence analysis of
the coding region can detect mutations in greater than 90%
of alleles in individuals with typical clinical, radiologic, and
histologic features.414

The prenatal diagnosis of diastrophic dysplasia has been
made in patients at risk,42,44,412,417–420 based on severe shorten-
ing and bowing of all long bones. Sepulveda and colleagues421

reported clearer visualization of the limbs and face deformi-
ties using three-dimensional ultrasound. Prenatal diagnosis in
at-risk pregnancies in which the familial mutations have been
identified can be accomplished by DNA analysis of fetal cells
obtained by CVS or amniocentesis.422 Biochemical studies of
fibroblasts and/or chondrocytes are available and may be
useful for cases in which molecular genetic tests fail to iden-
tify SLC26A2 mutations.423 This disorder has a wide spec-
trum, and some cases may not be diagnosable in utero.

Diastrophic dysplasia is not universally lethal. Intelligence
and sexual development are unaffected. However, death in the
neonatal period due to respiratory/spinal abnormalities and
mental retardation has been reported in some patients.

Differential diagnoses include arthrogryposis multiplex con-
genita, type II atelosteogenesis, and pseudodiastrophic dys-
plasia. Pseudodiastrophic dysplasia has a similar presentation
as diastrophic dysplasia424 and is inherited in an autosomal
recessive pattern.15 Histologic examination is required for a
differential diagnosis. The distinctive morphologic abnormal-
ities of the growth plate noted in diastrophic dysplasia have
not been observed in pseudodiastrophic dysplasia. Cetta and
colleagues425 demonstrated that a patient with pseudodias-
trophic dysplasia had no defect in the DTDST gene. Sulfate
uptake by skin fibroblasts was normal, indicating normal
sulfate transport. Sulfation of proteoglycans was also normal.

Kniest-like disorders

The term “Kniest-like disorders” is used to refer to a group
of conditions that share histologic and radiologic characteris-
tics with Kniest syndrome but differ in terms of clinical pres-
entation and inheritance.426

Kniest syndrome

In 1952, Dr. Wilhelm Kniest427 published a case of a 3.5-year-
old girl with “skeletal changes showing a certain relationship
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to classical chondrodystrophy but differing in many of its
manifestations.” His publication clarified the confusion of 
this disorder with other chondrodystrophies and it is known
today as one of the type II collagenopathies.428–431 Kniest dys-
plasia is characterized by involvement of the spine
(platyspondyly and coronal clefts) and the tubular bones
(shortened and metaphyseal flaring), with a broad and short
thorax. There is a wide spectrum of disease.432 The patient
described by Dr. Kniest is still alive, although severely handi-
capped with short stature and blindness.432 Molecular analy-
sis of the patient’s DNA showed a single base (G) deletion of
the COL2A1 gene. Most commonly, the disorder is compati-
ble with life. However, lethality in the neonatal period has
been reported.433

Abnormalities of type II collagen are involved in the patho-
genesis of the disease.434 The disorder is inherited in an auto-
somal dominant pattern.220

Dyssegmental dysplasia

Dyssegmental dysplasia is another entity related to Kniest dys-
plasia. Two distinct types of dyssegmental dysplasia have been
recognized: the mild, Rolland–Desbuquois form and the lethal

Silverman–Handmaker.435–438 The latter is characterized by
anarchic ossification of the vertebral bodies, metaphyseal
flaring, and severe bowing of the long bones. The
Rolland–Desbuquois type has essentially the same features,
but the defects are much milder. Prenatal identification has
been made in patients at risk.439,440 Other conditions associ-
ated with vertebral disorganization are Jarcho–Levin syn-
drome and mesomelic dysplasia. A cephalocele is present in
50% of cases of Silverman–Handmaker type and has been
attributed to defective segmentation at the level of the occiput.
The disease is autosomal recessive.220 The Silverman–Hand-
maker type of dyssegmental dysplasia is caused by a functional
null mutation in the gene encoding perlecan (HSPG2).441

Campomelic dysplasia

Campomelic dysplasia is a rare lethal disorder first described
by Maroteaux in 1971.442 The prevalence varies between 0.05
and 1.6 per 10000.443,444 A unique aspect of campomelic 
dysplasia is that 75% of affected infants with a male karyo-
type present sex reversal syndrome and have female or
ambiguous genitalia.445,446 The histology of the gonads 
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Figure 26.25 Three-dimensional rendered volume of a fetus with
diastrophic dysplasia showing a hitchhiker thumb.
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varies from gonads with testicular differentiation to dysgenetic
gonads with primary follicles. Mutations in the SOX9 gene
have been reported in several patients with this disorder.445–449

Campomelic dysplasia arises by mutations that interfere with
DNA binding by SOX9 or truncate the C-terminal transacti-
vation domain, and thereby impede the ability of SOX9 to
activate target genes during organ development.449

Campomelic syndrome is characterized by a bowing of the
long bones of the lower extremities, an enlarged and elongated
skull with a peculiar small facies, hypoplastic scapulae, and
several associated anomalies such as micrognathia, cleft
palate, talipes equinovarus, congenital dislocation of the 
hip, macrocephaly, hydrocephalus, hydronephrosis, and 
congenital heart defects.340 The most significant features 
are bowing of the femur and tibia; other tubular bones are
normal in length. The thorax is narrow and can be “bell
shaped.” Cervical vertebrae are hypoplastic and poorly 
ossified.450 In the largest clinical and genetic study, which
included 36 patients with this disorder, Mansour and col-
leagues443 concluded that campomelic dysplasia is an autoso-
mal condition, as females and males are both affected, and
their data suggested a sporadic autosomal dominant mode of
heritance.

There are two “short-bone varieties” of campomelic dys-
plasia, representing distinct syndromes: the normocephalic
form is known as kyphomelic dysplasia, and the craniostenotic
type appears to be identical to the Antley–Bixler syndrome.
Differential diagnoses include osteogenesis imperfecta,

thanatophoric dysplasia, and hypophosphatasia. Antenatal
diagnosis of campomelic dysplasia has been reported many
times in the literature, mainly in patients at risk.70,451–459 At the
time of this writing, only one laboratory offers prenatal molec-
ular diagnosis for campomelic dysplasia.460 The test is avail-
able for families in which a mutation has previously been
identified. The difficulties in the diagnosis are discussed by
Norgard461 and by Sanders and colleagues.458 The condition is
frequently lethal in infancy, but some survivors have been
reported.451,462–466 The cause of death is respiratory distress 
due to tracheomalacia. However, cleft palate, micrognathia,
hypotonia, and small chest are also associated with this 
condition.451

Skeletal dysplasias characterized by 
a hypoplastic thorax

The dysplastic process involves the ribs and other bones of the
rib cages in many skeletal dysplasias. A reduction in thoracic
dimensions leads to restriction of lung growth and, conse-
quently, pulmonary hypoplasia. Lung hypoplasia is the main
cause of death in lethal skeletal dysplasias. There are specific
groups of dysplasias in which thoracic hypoplasia is a cardi-
nal feature. These include asphyxiating thoracic dysplasia,
Ellis–van Creveld syndrome, short rib–polydactyly syndrome,
and campomelic syndrome. Table 26.23 illustrates the criteria
for the differential diagnoses of the first three of these condi-
tions. Other disorders presenting with altered thoracic 
dimensions are thanatophoric dysplasia, atelosteogenesis,
fibrochondrogenesis, achondrogenesis, and Jarcho–Levin syn-
drome (Fig. 26.27).467

Asphyxiating thoracic dysplasia

Asphyxiating thoracic dysplasia, originally described by Jeune
and Carron468 and known as Jeune syndrome, is a rare auto-
somal recessive skeletal disorder. Its prevalence is 0.14 in
10000 births.469–471 It is characterized by a narrow and “bell-
shaped” thorax, with short, horizontal ribs. Long bones are
normal or mildly shortened. Polydactyly and cleft lip and/or
palate can occur in association and the presence of a proxi-
mal femoral ossification center at birth is a characteristic
finding.472 Asphyxiating thoracic dysplasia has a wide spec-
trum of clinical manifestations, varying from lethal to mild
forms; long-term survivors have been reported.470,473,474 The
clinical course of individuals surviving the neonatal period is
complicated by respiratory distress of varying severity,
nephropathy, and hepatic and pancreatic problems.475–477 Pre-
natal diagnosis has been reported.478–490 A locus for asphyxi-
ating thoracic dystrophy maps to chromosome 15q13.
However, mutation analysis of two candidate genes
(GREMLIN and FORMIN) did not reveal pathogenic muta-
tions.491 Molecular diagnosis for this condition was not avail-
able clinically at the time of this writing.460
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Figure 26.26 Hitchhiker thumb in diastrophic dysplasia.
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Short rib–polydactyly syndromes

Short rib–polydactyly syndromes are a group of disorders
characterized by micromelia, constricted thorax, and post-
axial polydactyly (Fig. 26.28).492–495 Traditionally, three dif-
ferent types have been recognized (Saldino–Noonan,
Majewski, and Naumoff). These conditions have been identi-
fied prenatally by two-496–517 and three-dimensional80 ultra-
sonography, as well as by fetoscopy.518 Table 26.23 illustrates

the differential diagnosis and features of these conditions.
Recently, some authorities have expanded the definition 
of short rib–polydactyly syndrome to encompass at least 
seven disorders, including the three previously mentioned 
entities along with the Yang, Le Marec, and Beemer varieties,
as well as asphyxiating thoracic dysplasia.519–522 Spranger and
Maroteaux25 and colleagues507,510,523 have indicated that the
absence of polydactyly does not exclude the diagnosis of this
entity.
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Table 26.23 Disorders with thoracic dysplasia and polydactyly.

Asphyxiating Chondroectodermal Short rib– Short rib– Short rib Short rib 
thoracic dysplasia (Ellis–van polydactyly polydactyly syndrome syndrome type 
dysplasia Creveld) syndrome type I syndrome type III IV (Beemer–
(Jeune) (Saldino– type II (Naumoff) Langer)

Noonan) (Majewski)

Relative Common Uncommon Common Extremely Rare Rare
prevalence rare

Clinical features
Thoracic + + + + + + + + + + + + + + +

constriction
Polydactyly + + + + + + + + + + +
Limb + + + + + + + + + +

shortening
Congenital – + + + + + + – –

heart disease
Other Renal Ectodermal Genitourinary Cleft lip and Renal Cleft lip and 

abnormalities disease dysplasia and palate abnormality palate and 
gastrointestinal genitourinary
anomalies and 

gastrointestinal
anomalies

Radiographic features
Tubular bone + + + + + + + + + + + +

shortening
Distinctive – – Pointed ends – Marginal 

features in spurs
femora

Short, + + + + + + + + + + + + + + + +
horizontal 
ribs

Vertical + + + + + + – + +
shortening of 
ilia and flat 
acetabula

Defective – – + + – + + +
ossification of 
vertebral 
bodies

Shortening of – – – – + –
skull base

+, Not common; + +, common; + + +, most common; –, absent.
Reproduced with permission from Cremim BJ. Bone dysplasias of infancy. A radiological atlas. Berlin: Springer–Verlag; 1978.
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Chondroectodermal dysplasia

Chondroectodermal dysplasia, also known as Ellis–van
Creveld syndrome, is inherited with an autosomal recessive
pattern.524–529 It is characterized by acromesomelia, with
normal spine and skull, postaxial polydactyly (Fig. 26.29),
long and narrow thorax with short ribs, and congenital heart
disease (60% of cases).530–536 Polydactyly is a consistent
finding. The supernumerary digit usually has well-formed
metacarpal and phalangeal bones. Survivors who reach adult-
hood present with short stature but normal intelligence. Pre-
natal diagnosis has been reported.535,537–547 One-third of
affected individuals die in the postnatal period as a result of
cardiopulmonary disease.531–536,539–541,544–546

Ellis–van Creveld syndrome is caused by mutations in the
Ellis–van Creveld syndrome gene (EVC gene), which maps to
the short arm of chromosome 4 in humans (4p16).527,548

Ellis–van Creveld syndrome can also be caused by mutation
in a nonhomologous gene, EVC2, located close to the EVC
gene in a head-to-head configuration.549,550

Limb deficiency or 
congenital amputations

On occasion, the only identifiable anomaly is the absence of
an extremity (limb deficiency) or a segment of an extremity
(congenital amputation) (Table 26.24).551 These constitute a
group of disorders different from osteochondrodysplasias. The
overall incidence of congenital limb reduction deformities is
approximately 0.49 in 10000 births (Table 26.25).552 It has
been estimated that 51% of these limb reduction defects are
simple transverse reduction deficiencies of one forearm or
hand without associated anomalies. The remainder consists of
multiple reduction deficiencies, with an approximate 23%
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Figure 26.27 Jarcho–Levin syndrome. There is dramatic spinal
shortening with disorganization of the vertebral bodies, a
characteristic chest deformity (“crab-like appearance”, with
posterior fusion and anterior flaring of the ribs), and unaffected
long bones.

Figure 26.28 Short rib–polydactyly syndrome. There is severe
shortening of all long bones, very short and horizontal ribs, and
postaxial polydactyly in all four extremities. Note the angulation of
the bones in the forearm.
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incidence of additional anomalies of the internal organs or
craniofacial structures.551

Limb deficiencies can present alone or as part of a specific
syndrome. An isolated limb deficiency of the upper extremity
(e.g., distal segment of an arm) is generally an isolated
anomaly. In contrast, congenital amputation of the leg gener-
ally occurs within the context of a syndrome, as do bilateral
amputations or reduction of all limbs.553

Isolated amputation of an extremity can be due to amniotic
band syndrome, exposure to a teratogen, or a vascular acci-
dent. In most cases, the anomaly is sporadic, and the risk 
of recurrence is negligible. The sonographic findings were
reviewed recently.554

The following section reviews syndromes in which a limb
amputation or deficiency is associated with other anomalies.
We will follow the classification proposed by Goldberg.551

Syndromes with absent limbs and 
facial anomalies

The aglossia–adactylia syndrome consists of transverse ampu-
tations of the limbs and malformations of the mouth, includ-
ing micrognathia, vestigial tongue (hypoglossia), dental
abnormalities, as well as ankylosis of the tongue to the hard
palate, the floor of the mouth, or the lips (glossopalatine anky-
losis). The spectrum of anomalies of the extremities is vari-
able, ranging from absent digits to severe deficiencies of all
four extremities. Intelligence is generally normal. The condi-
tion is sporadic and has been attributed to a vascular 
accident.555,556 It includes the Möbius sequence, Hanhart 
syndrome, glossopalatine ankylosis syndrome, limb defi-
ciency–splenogonadal fusion syndrome, and Charlie M syn-
drome.557–562 There is confusion in the classification of these
patients because of the associated anomalies and the frequency
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Table 26.24 Congenital amputations.

Absent limbs only
Single absent limb
Multiple absent limbs

Absent limbs with rings
Congenital ring constriction syndrome

Absent limbs and face anomaly
Aglossia–adactylia syndromes
Möbius syndrome

Absent limbs with other anomalies
Ichthyosiform skin (CHILD syndrome)
Fibula agenesis complex brachydactyly (Du Pan syndrome)
Splenogonadal fusion
Skull and scalp defects (Adams–Oliver syndrome)

Phocomelia
Thalidomide syndrome
Thrombocytopenia with absent radii syndrome
Roberts pseudothalidomide-SC syndrome
Grebe syndrome

Proximal femoral focal deficiency
Femoral hypoplasia–unusual facies syndrome
Femur–fibula–ulna complex
Femur–tibia–radius complex

Split hand–split foot (SH/SF) syndromes
Only SH/SF
SH/SF and absent long bones
Ectrodactyly, ectodermal dysplasia, cleft lip and palate syndrome

Others
Split foot and triphalangeal thumb, autosomal dominant
Split foot, or split hand and central polydactyly (see central

polydactyly)
SH/SF and congenital nystagmus (Karsch–Neugebauer syndrome)
SH/SF and renal malformations (acrorenal syndrome)
Split foot and mandibulofacial dysostosis (Fontaine syndrome),

autosomal dominant

Reproduced with permission from ref. 551.

Table 26.25 Prevalence of different types of limb reduction
malformations in Hungary, 1975–1977.

Type Total Population prevalence
(per 1000 births)

Terminal transverse 79 0.14
Radial 13 0.09
Ulnar 41 0.11
Split hand and/or foot 20 0.04
Ring constriction 62 0.49
Total 274 0.49

Adapted from ref. 552.

Figure 26.29 Postaxial polydactyly in a fetus with Ellis–van Creveld
syndrome.
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of overlapping features. Although some authors have consid-
ered Hanhart syndrome and glossopalatine ankylosis syn-
drome as distinct entities, differential diagnosis is extremely
difficult.563

The Möbius sequence consists of a number of facial anom-
alies attributed to paralysis of the sixth and seventh cranial
nerves.564 Limited jaw mobility and micrognathia are
present.565,566 Ptosis is also a common feature. The Möbius
sequence is generally sporadic, but autosomal dominant, auto-
somal recessive, and X-linked recessive forms have been
described.567–569 The associated limb reduction anomalies
(25% of cases) are generally present in the upper extremities
and range from transverse deficiencies to absent digits. Mental
retardation occurs in 10% of the cases.567 The Möbius,
Poland, and Klippel–Feil syndromes have been considered to
occur as a result of subclavian artery supply disruption, based
on the hypothesis that interruption of the early embryonic
blood supply to the subclavian artery, vertebral artery, and/or
their branches may lead to these conditions.568,570–575

Limb reduction defects associated with
other anomalies

Congenital hemidysplasia with ichthyosiform erythroderma
and limb defects (CHILD syndrome) is a defect characterized
by strict demarcation of the skin lesions to one side of the
midline.576–578 The presence of unilateral defects of long bones
is an important feature of the syndrome.579 Limb deficiencies
may vary from hypoplasia of phalanges or metacarpals to
complete absence of an extremity. The calvarium, scapulae, or
ribs may also be involved. Zellweger syndrome, chondrodys-
plasia punctata, and warfarin embryopathy may present with
similar findings. Visceral anomalies include congenital heart
disease,579,580 unilateral hydronephrosis, hydroureter, and uni-
lateral absence of the kidney, fallopian tube, ovaries, adrenal
gland, and thyroid. CHILD syndrome predominantly affects
females (by a ratio of 19:1)581,582 and is caused by mutations
in the gene NSDHL (NAD[P]H steroid dehydrogenase-like
protein), located at Xq28 and encoding a β-hydroxysteroid
dehydrogenase that is involved in the cholesterol biosynthetic
pathway.583–585

Fibula aplasia complex brachydactyly (Du Pan syndrome)
is an extremely rare condition characterized by bilateral age-
nesis of the fibula with abnormalities of the metacarpals and
proximal phalanges. Limb reduction defects can involve the
lower extremities.586 An autosomal recessive pattern of inher-
itance has been suggested.587 Faiyaz-Ul-Haque and col-
leagues588 have recently examined genomic DNA from a
family with Du Pan syndrome for mutations in the CDMP1
gene. Affected individuals were homozygous for a missense
mutation, T1322C, in the coding region of the CDMP1 gene.

The splenogonadal fusion syndrome is characterized 
by limb reduction defects and splenogonadal fusion.589,590

Most reported cases have occurred in males.591 Typically, a

mass is detectable in the scrotum, and an ectopic spleen is
identified during surgery.592 There is a continuous type in
which the normally located spleen is connected to the gonad
by bands or cords of splenic tissue.593 A review of 14 reported
cases indicates some overlap between this syndrome and the
aglossia–adactylia syndrome or Hanhart syndrome.594

The Adams–Oliver syndrome is a group of disorders char-
acterized by the association of limb reduction defects and scalp
anomalies (aplasia cutis and deficiency of bony calvarium).595

Sporadic and familial cases have been reported.596 Other organ
systems may be involved and there are reports of associated
cardiovascular, brain, pulmonary, and renal anomalies.597–603

Becker and colleagues604 reported prenatal diagnosis, using
ultrasound, of two cases of Adams–Oliver syndrome in the
same family, the first at 13 weeks and the second at 23 weeks
of gestation. Both cases showed limb reduction defects and, in
the second case, the scalp defect was diagnosed as an echo-
free space between the scalp and bone.

Phocomelia

In phocomelia the extremities resemble those of a seal. Typi-
cally, although the hands and feet are present, the intervening
arms and legs are absent. Hands and feet may be normal or
abnormal. Three syndromes must be considered in the differ-
ential diagnosis of phocomelia: Roberts syndrome, some 
varieties of the thrombocytopenia with absent radius (TAR)
syndrome, and Grebe syndrome. Phocomelia also can be
caused by exposure to thalidomide, but this is only of histor-
ical interest.605 Prenatal diagnosis of phocomelia has been
reported by three-dimensional ultrasound.606

Roberts syndrome

Roberts syndrome is an autosomal recessive disorder charac-
terized by the association of tetraphocomelia and facial dys-
morphisms (hypertelorism, facial clefting defects, hypoplastic
nasal alae).607–609 The upper extremities are generally more
severely affected than the lower extremities. The spine is not
involved. Polyhydramnios has been noted, and other anom-
alies associated with the syndrome include horseshoe kidney,
hydrocephaly, cephalocele, and spina bifida.610 Prenatal diag-
nosis has been reported.4,610–619

Grebe syndrome

Grebe syndrome (Grebe–Quelce–Salgado chondrodystrophy)
is an autosomal recessive nonlethal disorder of limb develop-
ment. It was first described in two girls by Grebe,620 and in 47
Brazilian individuals by Quelce–Salgado.621 The prevalence at
birth has been estimated as 5 in 1000000.622 Affected indi-
viduals have normal head, neck, and trunk skeleton, relatively
normal humeri and femora, short and deformed radii, ulnae,
tibiae, and fibulae, and severe abnormalities of hands and feet.
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Polydactyly is frequent. Digits are very small and have been
variously described as “bulbous,”623 “bud-like,”624 “mere
knobs,”625 “globular appendages,”626 or “stubby toe-like
fingers.”627 The proximal and middle phalanges of the fingers
and toes are invariably absent, whereas the distal phalanges
are present.626 Radiographic documentation has provided
information on subtle clinical characteristics for obligate het-
erozygotes: polydactyly, brachydactyly, hallux valgus, and
metatarsus adductus.626,628,629 The disease is caused by a mis-
sense mutation in the gene encoding cartilage-derived mor-
phogenetic protein-1 (CDMP-1).630 Most patients reported to
date are from Brazil. Survivors have normal intelligence and
develop normal secondary sexual characteristics. Prenatal
diagnosis of Grebe syndrome by ultrasound has been
reported.623,631

TAR syndrome is discussed in detail in the section on radial
clubhand deformities.

Congenital short femur

Proximal femoral focal deficiency, or congenital short femur,
refers to a group of disorders encompassing a wide range 
of congenital developmental anomalies of the femur. The 
disorder has been classified into five groups: type I, 
simple hypoplasia of the femur; type II, short femur with angu-
lated shaft; type III, short femur with coxa vara (the most
common); type IV, absent or defective proximal femur; 
and type V, absent or rudimentary femur.632,633 One or both
femurs may be affected. The right femur is more frequently
involved. Anomalies of the upper limbs can also be present
and do not exclude the diagnosis.8 The proximal femoral focal
deficiency syndrome may be associated with umbilical or
inguinal hernias. If both femurs are affected, it is important
to examine the face carefully, as the disorder may be bilateral
femoral hypoplasia and unusual face syndrome,634,635 which
consists of bilateral femoral hypoplasia and facial defects,
including short nose with broad tip, long philtrum, micro-
gnathia, and cleft palate. Long bone abnormalities can extend
to other segments of the lower extremities (absent fibula) and
to the upper extremities. The syndrome is sporadic and has
been associated with maternal diabetes mellitus. A familial
form has been described. The diagnosis has been made in
utero.635–639

If the defect is unilateral, it may correspond to the
femur–fibula–ulna or femur–tibia–radius complex. These two
syndromes have different implications for genetic counseling:
the former is nonfamilial, whereas the latter has a strong
genetic component.640

Split hand and foot deformities

The term “split hand and foot syndrome” is used to refer to
a group of disorders characterized by splitting of the hand and

foot into two parts. Other terms include “lobster claw defor-
mity,” “ectrodactyly,” and “aborted fingers.”582,641 The condi-
tions are classified into typical and atypical varieties.642 The
typical form consists of absence of both the finger and
metacarpal bone, resulting in a deep, V-shaped central defect
that clearly divides the hand into ulnar and radial parts. It
occurs in 1 per 90000 live births and has a familial tendency
(usually inherited with an autosomal dominant pattern).643

The atypical variety is characterized by a much wider cleft
formed by a defect of the metacarpals and the middle fingers.
As a consequence, the cleft is U-shaped and wide, with only
thumb and small finger remaining. This occurs in 1 per
150000 live births.644

A complex system for the classification of these disorders,
based on the distribution of remaining fingers, has been pro-
posed.645 However, this system is not helpful in differential
diagnosis and syndrome classification. Split hand and foot
deformities can occur as isolated anomalies or as part of a
more complex syndrome. The syndromic types are more fre-
quently encountered.

The split hand and foot and absent long bones syndromes
include two conditions in which there is split hand and aplasia
of the tibia or split foot with aplasia of the ulna. However,
skeletal anomalies are not limited to these bones; the clavicle,
femur, and fibula can also be affected. The pattern of inheri-
tance of these disorders has not been clearly determined. Auto-
somal dominant, recessive, and X-linked recessive patterns
have been proposed.646

The ectrodactyly–ectodermal dysplasia–cleft lip/palate syn-
drome is an autosomal dominant condition which generally
involves the four extremities, with more severe deformities of
the hands.647,648 The spectrum of ectodermal defects is wide,
and includes hypopigmentation, dry skin, sparse hair, and
dental defects.649–652 Tear duct anomalies and decreased
lacrimal secretions lead to chronic keratoconjunctivitis and
severe loss of visual acuity.653,654 The cleft lip is generally bilat-
eral. Obstructive uropathy often occurs in this condition.655

Intelligence is generally normal.656

A different group of syndromes involves associations of the
split hand and foot deformity with other anomalies. These
entities include split foot and triphalangeal thumb, split foot
and hand and central polydactyly, Karsch–Neugebauer syn-
drome (split hand and foot with congenital nystagmus),
acrorenal syndrome, and mandibulofacial dysostosis
(Fontaine syndrome).657

Clubhands

Clubhand deformities are classified into two main categories:
radial and ulnar. Radial clubhand includes a wide spectrum of
disorders that encompass absent thumb, thumb hypoplasia,
thin first metacarpal, and absent radius (Table 26.26). Ulnar
clubhand is much less frequent than radial clubhand and
ranges from mild deviations of the hand on the ulnar side of
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the forearm to complete absence of the ulna. Although radial
clubhand is frequently syndromic, ulnar clubhand is usually
an isolated anomaly. Table 26.27 shows conditions that
present with ulnar ray defects.

Whenever a clubhand is identified, it is important to
conduct a thorough examination of the fetus and newborn 
to delineate associated anomalies that may suggest a syn-
drome. Fetal blood sampling procedures and fetal echocar-
diography are recommended. A complete blood cell count,
including platelets, is important to establish the diagnoses of
Fanconi’s pancytopenia, TAR syndrome, and Aase syndrome.
A fetal karyotype is indicated because several chromosomal

abnormalities (e.g., trisomy 18, trisomy 21, and other struc-
tural aberrations) have been reported in association with club-
hand deformities. Congenital heart disease is an important
feature of the Holt–Oram syndrome, of the Lewis upper
limb–cardiovascular syndrome, and of some cases of TAR 
syndrome.

Radial clubhand

The term “isolated radial clubhand” indicates that the club-
hand is not part of a recognized syndrome.658,659 However, this
does not exclude the possibility that other anomalies may be
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Table 26.26 Radial ray defects: a differential diagnosis of congenital deficiency of the radius and radial ray.

Isolated: nonsydromatic

Syndromes with blood dyscrasias
Fanconi’s anemia

Thrombocytopenia with absent radii syndrome

Aase syndrome: congenital anemia, nonopposable triphalangeal thumb, scaphoid and distal radius hypoplasia, radioulnar synostosis, short
stature with narrow shoulders, autosomal recessive (see Diamond–Blackfan syndrome for a similar, perhaps identical, syndrome)

Syndromes with congenital heart disease
Holt–Oram syndrome

Lewis upper limb–cardiovascular syndrome: more extensive arm malformations and more complex heart anomalies than with Holt–Oram, but
probably not a separate syndrome, autosomal dominant

Syndromes with craniofacial abnormalities
Nager acrofacial dysostosis

Radial clubhand and cleft lip and/or cleft palate: sporadic

Juberg–Hayward syndrome: cleft lip and palate, hypoplastic thumbs, short radius, radial head subluxation, autosomal recessive

Baller–Gerold syndrome: craniosynostosis, bilateral radial clubhand, absent/hypoplastic thumb, autosomal recessive

Rothmund–Thomson syndrome: prematurely aged skin changes, juvenile cataract, sparse gray hair, absent thumbs, radial clubhands, occasional
knee dysplasia (see progeria syndromes)

Duane radial dysplasia syndrome: abnormal ocular movements, inability to abduct and eyeball retraction with adduction, radius and radial ray
hypoplasia, vertebral anomalies, renal malformation, autosomal dominant (see Klippel–Feil variants)

IVIC syndrome (Instituto Venezolano de Investigaciones Cientificas): radial ray deficiency, hypoplastic or absent thumbs and radial clubhands,
impaired hearing, abnormal movements of extraocular muscles with strabismus, autosomal dominant

LARD syndrome (lacrimo-auriculo-radial-dental; Levy–Hollister): absent lacrimal structures, protuberant ears, thumb and radial ray
hypoplasia, abnormal teeth, autosomal dominant

Radial defects with ear anomalies and cranial nerve VII dysfunction

Radial hypoplasia, triphalangeal thumb, hypospadias, diastema of maxillary central incisors, autosomal dominant

Syndromes with congenital scoliosis
The VATER association
Goldenhar syndrome (oculoauriculovertebral dysplasia)
Kippel–Feil syndrome

Radial aplasia and chromosome aberrations 

Syndromes with mental retardation
Seckel syndrome (bird-headed dwarfism): microcephaly, beak-like protrusion of nose, mental retardation, absent/hypoplastic thumbs, bilateral

dislocated hips

Thalidomide embryopathy (of historical interest, but some 60% had radial clubhand)

Reproduced with permission from ref. 551.
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present (e.g., scoliosis, congenital heart disease). Isolated 
nonsyndromic radial clubhand is generally a sporadic 
disorder.659–662

Radial clubhand may be part of the three syndromes char-
acterized by hematologic abnormalities: Fanconi’s pancytope-
nia, TAR syndrome, and Aase syndrome.

Fanconi’s anemia
Fanconi’s anemia (pancytopenia) is an autosomal recessive
disease characterized by the association of bone marrow
failure (anemia, leukopenia, and thrombocytopenia)663 and
skeletal anomalies, including a radial clubhand with absent
thumbs, radial hypoplasia, and a high frequency of chromo-
somal instability (demonstrated in amniotic fluid cells or fetal
lymphocytes as a high frequency of chromosomal breakage
after incubation with diepoxybutane).664–667 Approximately
25% of affected individuals do not have limb reduction anom-
alies. Associated findings include microcephaly, congenital 

dislocation of the hip, scoliosis, and cardiac/pulmonary/
gastrointestinal anomalies.668–670 Intrauterine growth restric-
tion is common. Up to 25% of patients with this condition
will show some degree of mental deficiency. It is assumed that
the basic defect is related to the ability to repair DNA damage,
in particular that of so-called DNA crosslinks. At present, at
least 11 complementation groups have been defined in
Fanconi’s anemia (A, B, C, D1/BRCA2, D2, E, F, G, I, J, and
L)671 and eight associated genes have been identified: FANCA,
FANCC, FANCD2, FANCE, FANCF, FANCG/XRCC9,
FANCL, and FANCD1 (BRCA2).672–679 About 200 mutations
have been described and, among these, mutations in the gene
for complementation group FA-A (FANCA) account for
approximately 65% of the cases.671 Prenatal diagnosis has
been reported many times.639,680–688 Molecular genetic testing
is currently available for mutation analysis of the common
Ashkenazi Jewish FANCC mutation and sequence analysis for
FANCA, FANCC, FANCF, and FANCG.689

Thrombocytopenia with absent radius (TAR syndrome)
TAR syndrome is an autosomal recessive disorder character-
ized by thrombocytopenia (platelet count of less than
100000/mm3) and bilateral absence of the radius.690–694 The
thumb and metacarpals are always present. The ulna and
humerus may be absent, and clubfoot deformities may be
present. Congenital heart disease is present in 33% of the cases
(e.g., tetralogy of Fallot and septal defects). Delivery by
Cesarean section is recommended, as these fetuses are at risk
for intracranial hemorrhage.695,696 TAR has been successfully
diagnosed in utero many times.695–708

Aase syndrome
Aase syndrome is an autosomal recessive condition character-
ized by congenital hypoplastic anemia and a radial clubhand
with bilateral triphalangeal thumb and a hypoplastic distal
radius.709–712 Cardiac defects (ventricular septal defects, coarc-
tation of the aorta) may be present.713 Triphalangeal thumbs
are a feature of several bone dysostoses and malformation syn-
dromes. They may also occur in random association with
other defects, and as isolated, often familial, anomalies.714 The
differential diagnoses of this condition include Holt–Oram
syndrome, Diamond–Blackfan syndrome,715,716 chromosomal
abnormalities, and the fetal hydantoin syndrome.

Holt–Oram syndrome
Holt–Oram syndrome is an autosomal dominant disorder
characterized by congenital heart disease (mainly atrial 
septal defects, secundum type, and ventricular septal
defects),715,717–720 aplasia or hypoplasia of the radius, and
triphalangeal or absent thumbs.721,722 Limb defects are often
asymmetric, with the left side being more affected than the
right side. There is no correlation between the severity of the
limb defects and the cardiac anomaly.723,724 Indeed, some indi-
viduals only have a skeletal anomaly.724 Other findings include
hypertelorism, chest wall, and vertebral anomalies.725–728 This
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Table 26.27 Ulnar ray defects: a differential diagnosis of congenital
deficiency of the ulna and ulnar ray.

Isolated: nonsyndromatic absent ulna

Ulna hypoplasia and skeletal deficiency elsewhere
Ulna aplasia with lobster claw deformity of hand and/or foot,

autosomal dominant
Femur–fibula–ulna complex

Syndromes with ulna deficiency
Cornelia de Lange syndrome

Miller syndrome (postaxial acrofacial dysostosis): absent ulna and
ulnar rays and absent fourth and fifth toes; Treacher–Collins
mandibulofacial hypoplasia, autosomal recessive, distinguish from
Nagar preaxial acrofacial dysostosis

Pallister ulnar–mammary syndrome: hypoplasia of ulna and ulnar
rays, hypoplasia of the breast and absence of apocrine sweat
glands, autosomal dominant

Pillay syndrome (ophthalmomandibulomelic dysplasia): absent distal
third of ulna, absent olecranon, hypoplastic trochlea and
proximal radius, fusion of interphalangeal joints in ulnar fingers,
knee dysplasia, corneal opacities, fusion of temporomandibular
joint, autosomal dominant

Weyers’ oligodactyly syndrome: deficiency of ulna and ulnar rays,
antecubital webbing, short sternum, malformed kidney and
spleen, cleft lip and palate, sporadic

Schnizel syndrome: absent/hypoplastic fourth, fifth metacarpals and
phalanges, hypogenitalism, anal atresia, autosomal dominant

Mesometic dwarfism, Reinhardt–Pfeiffer type (ulno-fibula
dysplasia): a generalized bone dysplasia but with a
disproportionate hypoplasia of the ulna and fibula, autosomal
dominant

Mesomelic dwarfism, Langer’s type: a generalized bone dysplasia,
but with aplasia of the distal ulna and proximal fibula and
hypoplasia of the mandible

Reproduced with permission from ref. 551.
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condition has been diagnosed prenatally by two- and three-
dimensional ultrasonography.725,729–732 Holt–Oram syndrome
is caused by mutations in the TBX5 gene,733,734 and pre-
implantation diagnosis of this condition has been reported
recently.735 The upper limb–cardiovascular syndrome
described by Lewis and colleagues736 is probably not a sepa-
rate entity from the Holt–Oram syndrome.

Radial clubhand and scoliosis

Radial clubhand is also associated with congenital scoliosis.
The three syndromes that should be considered part of the dif-
ferential diagnosis include VATER association, some cases of
Goldenhar syndrome, and Klippel–Feil syndrome.737

VATER association
The VATER association is the result of defective mesodermal
development during embryogenesis before the 35th day of ges-
tation.738–741 The typical findings are vertebral segmentation
defects (70%), anal atresia (80%), tracheoesophageal fistula
(70%), esophageal atresia, and radial and renal defects (65%
and 53% respectively).742,743 Other anomalies include a single
umbilical artery (35%) and congenital heart disease, occurring
in nearly 50% of the patients.744–749 The VATER association
occurs sporadically, although recurrence within a sibship has
been reported.747 Prenatal diagnosis using sonography has
been reported.46,749–759

Goldenhar syndrome
Goldenhar syndrome is characterized by hemifacial micro-
somia, vertebral anomalies, and radial defects.760–764 Alter-
ations in the morphogenesis of the first and second brachial
arches result in hypoplasia of the malar/maxillary/mandibular
regions, microtia, and ocular/oropharyngeal anomalies.764–769

Prenatal diagnosis has been reported.765,770–773

Klippel–Feil syndrome
The Klippel–Feil syndrome is characterized by fusion of any
two of the cervical vertebrae, resulting in a short neck, a low
posterior hairline, and restricted mobility of the upper spine.
Several associated anomalies may be present, including spina
bifida, cleft palate, rib abnormalities, lung disorders, congen-
ital heart disease, and limb anomalies.774 Prenatal diagnosis of
this condition has not been reported.

Other conditions associated with radial clubhand
Radial clubhand has been reported in association with several
chromosomal anomalies, including trisomies 18 and 21, dele-
tion of the long arm of 13, and ring formation of chromo-
some 4.667,775,776

Some disorders present with craniofacial abnormalities and
radial clubhand deformities. These conditions are sporadic
and have common features that make a prenatal differential
diagnosis difficult. The most common craniofacial anomaly is
cleft lip and palate. Uuspaa’s study777 of 3225 cases with oro-

facial cleft showed a 2.8% association with upper extremity
deformities.

Ulnar clubhand occurs as an isolated, nonsyndromic
anomaly in most cases. It can also be associated with a variety
of syndromes (e.g., Poland complex) (Table 26.27).778

Polydactyly

Polydactyly is the presence of an additional digit (Fig.
26.19).779,780 The extra digit may range from a fleshy nubbin
to a complete digit with controlled flexion and extension (Figs
26.29 and 26.30). Polydactyly can be classified as postaxial
(the most common form), preaxial, or central (Table 26.16).
Postaxial polydactyly occurs on the ulnar side of the hand and
fibular side of the foot.781–783 Preaxial polydactyly is present
on the radial side of the hand and the tibial side of the foot
(Fig. 26.31).784 Central polydactyly consists of an extra digit
that is usually hidden between the long and the ring
finger.785–787

The majority of cases of polydactyly are isolated and inher-
ited as an autosomal dominant trait. The preaxial type, espe-
cially a triphalangeal thumb, is most likely to be part of a
syndrome. Central polydactyly is often bilateral and may be
associated with other hand and foot malformations.785–787

Arthrogryposis

The term “arthrogryposis multiplex congenita” (AMC) refers
to multiple joint contractures present at birth in an intact skele-
ton.788–790 Normal fetal movement between 7 and 8 weeks of
gestation onward is important for the development of the
joints; limitation of the fetal joint motion leads to the devel-
opment of contractures and AMC.791,792 This has been con-
firmed in animal models,793 for example chick and rat 
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Figure 26.30 Sonographic image of the hand shown in Fig. 26.29.
Note the abnormal angulation of the extra digit on the ulnar side of
the forearm.
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embryos, using tubocurarine and botulism toxins,794,795 induc-
ing viral myopathy by coxsackie A viruses796 and cross-section
of the spinal cord.797 Therefore, AMC is a syndrome, not a spe-
cific disorder. The incidences of the different underlying causes
of AMC are variable in the literature. Neurological, muscular,
connective tissue, or skeletal abnormalities or intrauterine
crowding can lead to impaired fetal motion and AMC.791,792

Table 26.28 shows motor systems that can lead to AMC. In a
series of 74 children, Banker798 found that the most common
cause of AMC was a neurogenic disorder, followed by myo-
pathic disorders. Swinyard and Bleck799 reported CNS disor-
ders as a cause in 75% and muscle disorders in 10–15%, based
on autopsies of 75 cases of fetuses and newborns. Quinn and
colleagues800 reported that only 5 out of 21 cases of lethal
AMC were of neurogenic cause, 11 were myogenic, and five
were of uncertain pathology. The condition is present in 0.03%
of live births.801,802 The etiology of AMC may derive from
hereditary conditions,803–810 infectious agents, drugs, toxins,
and fetal alcohol syndrome.791,792,811 Maternal hyperthermia
has also been associated with AMC.812 Maternal antibodies
specific for a fetal acetylcholine receptor have been reported to

cause fetal AMC without evidence of maternal myasthenia
gravis.813,814 In addition, plasma from human mothers of
fetuses with AMC, when injected into pregnant mice, causes
deformities in the offspring.815 The pattern of inheritance
depends on the specific cause of AMC.816 In a series of 350
cases, Hall817 found that 46% of cases corresponded to a syn-
drome with no recurrence risk, 23% corresponded to disorders
inherited with a mendelian pattern (autosomal dominant,
recessive, or X linked), 20% were unknown conditions, 6%
were associated with environmental disorders, 3% were chro-
mosomal, and 2% were multifactorial in origin.

The recurrence risk varies depending on the underlying
cause. Hall and Reed811 found that in 20% of 350 patients no
diagnosis was made. They concluded that, in this situation,
the risk for recurrence is 4.7% if the limbs only were affected,
7% if the CNS was involved, and 1.4% if the limbs and
another area were involved.

The deformities are usually symmetric. In most cases of
AMC, all four limbs are involved (Fig. 26.32), followed by
deformities of the lower extremities only, or bimelic involve-
ment. The severity of the deformities increases distally in the
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Figure 26.31 Unusual facies–femoral hypoplasia syndrome. Note
the absence of the left femur and only a tiny portion of ossified
bone on the right side. There is partial fusion of the tibia and
fibula. Of interest is the presence of preaxial polydactyly in both
feet.

Figure 26.32 Arthrogryposis multiplex congenita. There is flexion
of the upper limbs with hyperextension of the lower limbs.
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involved limb, with the hands and feet typically being the most
deformed.

Many congenital anomalies are associated with AMC. The
most frequent are cleft palate, Klippel–Feil syndrome,
meningomyelocele, and congenital heart disease. In total, 10%
of patients with AMC have associated anomalies of the central
nervous system.789

The prenatal diagnosis of AMC with ultrasound has been
reported.818–831 The cardinal findings are absent fetal move-
ment on real-time examination and severe flexion deformi-
ties.821 Four-dimensional ultrasonography may help in better
characterization of the phenotype prenatally.832

The prognosis of AMC depends on the specific cause.
Although some cases are uniformly lethal, others are associ-
ated with mild to moderate handicap. Fahy and Hall,833 in a
retrospective study, included 828 cases of AMC and found
that polyhydramnios is a poor prognostic sign.
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Table 26.28 Disorders of the developing motor system on all levels,
leading to immobilization.

Disorders of the developing neuromuscular system
Loss of anterior horn cells
Radicular disease with collagen proliferation
Peripheral neuropathy with neurofibromatosis
Congenital myasthenia
Neonatal myasthenia (maternal myasthenia gravis)
Amyoplasia congenita
Congenital muscular dystrophy
Central core disease
Congenital myotonic dystrophy
Glycogen accumulation myopathy
Disorders of developing connective tissue or connective tissue

disease
Muscular and articular connective tissue dystrophy
Articular defects by mesenchymal dysplasia
Increased collagen synthesis
Disorders of developing medulla or medullary disease
Congenital spinal epidural hemorrhage
Congenital duplication of the spinal canal
Disorders of brain development (e.g., porencephaly or brain disease)
Congenital encephalopathy

Key points

1 Skeletal dysplasias are a heterogeneous group of
disorders with an estimated prevalence of 1.1 to 9.5
per 10000 births; the highest prevalence was reported
in a greatly inbred population.

2 The most common skeletal dysplasias are
achondroplasia, thanatophoric dysplasia, osteogenesis
imperfecta type II, and achondrogenesis.

3 Despite the tremendous advances in the understanding
of genetic causes and molecular mechanisms involved
in skeletal dysplasias, approximately only one-third
have had the molecular basis elucidated.

4 The role of diagnostic imaging in the prenatal
investigation of skeletal dysplasias is (1) to narrow the
differential diagnosis so that appropriate confirmatory
molecular tests can be offered, (2) to predict lethality,
and (3) to identify the fetus with a skeletal dysplasia
early enough in pregnancy so that the diagnostic
workup can be completed before the limit of fetal
viability.

5 Three-dimensional reconstruction of the fetal bones is
best performed using the maximum intensity mode
(skeletal mode).

6 Panoramic images of the fetal skeleton without
superimposition of maternal structures can be obtained
by three-dimensional helical computed tomography.

7 No parameter has yet been identified to detect
pulmonary hypoplasia with 100% sensitivity and

specificity. Measurements of the right lung diameter
and the ratio between the right lung diameter and the
circumference of the bony thorax are easy to perform
and have demonstrated good accuracy in the detection
of pulmonary hypoplasia in preliminary studies. The
role of three-dimensional ultrasound and MRI for the
prediction of pulmonary hypoplasia remains to be
determined.

8 Achondroplasia may not be diagnosed until the third
trimester, as long bone shortening may not manifest
until later in pregnancy.

9 Achondroplasia, hypochondroplasia, and thanatophoric
dysplasia are caused by mutations in the FGFR3 gene.
Molecular diagnosis is possible.

10 The main differential findings between thanatophoric
dysplasia types I and II are as follows: type I has
typical bowed “telephone receiver” femur and no
cloverleaf skull, whereas in type II cloverleaf skull is
present and the long bones are straight.

11 The three most common mutations in the FGFR3 gene
in thanatophoric dysplasia type I are R248C, Y373C,
and S249C.

12 The most common mutation in the FGFR3 gene in
thanatophoric dysplasia type II is K650E.

13 A peer-reviewed source with continuously updated
information regarding availability of molecular
diagnosis for skeletal dysplasias and contact
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The recent emphasis on noninvasive prenatal diagnosis has
evolved over a time when the average age of pregnant patients
has crept upward. For example, in 1985, 5.6% of pregnant
patients were 35 years of age or older in the United States.1

This group of advanced maternal age (AMA) patients com-
prised 12.5% of the overall pregnant population in 2002 and,
today, it is estimated that those aged 35 years or older com-
prise 20% of the pregnant population.

The older pregnant patient today is different from 
yesterday’s AMA woman. She is often a nullipara with a career
who, while postponing pregnancy well into her thirties, is
inclined to want as much diagnostic information as possible
before deciding upon whether or not to have an invasive pro-
cedure. In fact, at the University of Connecticut, the percent-
age of AMA patients having invasive testing decreased by 68%
between 1991 and 2002. Interestingly, the number of invasive
procedures per diagnosis of Down syndrome (DS; trisomy 21)
dropped from 1:43 to 1:14 over a time when the number of
detected cases of DS rose by 33%.2

With the trend toward fewer invasive procedures, Egan 
et al.3 postulated that, if every patient over 34 years of age
with a reassuring second-trimester biochemical screen were to
forego amniocentesis, 1971 fetuses in the United States would
be saved from procedure-related loss.

In this chapter, the rapidly changing panoply of noninvasive
first- and second-trimester techniques will be summarized,
along with a description of how these tests can be used in com-
bination to provide a reasonably accurate adjusted risk of
trisomy 18 and trisomy 21 for every patient. In addition, the
latest information on invasive diagnostic procedures will be
discussed.

Invasive procedures

Amniocentesis – second trimester

The labeling of a woman of 35 years of age as being AMA
stemmed from the concept that her age-related risk for DS of
1:270 was about the same as the procedure-related risk of

amniocentesis. It is interesting that this very arbitrary alloca-
tion has been so well ingrained that an individual of 34 years
11 months at the time of delivery would be considered “low
risk” and a woman 2 months older would be designated as
“high risk.”

The risk of amniocentesis most often quoted is 1:200, and
this seems to have come from a vintage National Institutes of
Child Health and Human Development (NICHD) study4 pub-
lished in 1976, in which some of the amniocenteses were 
performed without ultrasound. Nevertheless, from the data
presented below, this has become a very reasonable estimate
of the procedure-related risk.

In order to arrive at a procedure-related risk, one has to
determine what the chances are of a spontaneous fetal loss up
until at least 24 weeks, when an ultrasound evaluation at the
time of the amniocentesis shows a normal appearing fetus. In
a study from Denmark,5 4066 women who were 34 years of
age or younger were recruited. After an ultrasound examina-
tion suggested that their fetuses were normal, half were ran-
domly allocated to have amniocenteses, and the other half
were designated as control subjects. The patients were com-
pulsively followed until 26 weeks. The loss rate in the control
group was 7 per 1000 and in the amniocentesis group was 17
per 1000. The derived 1% procedure-related loss rate took
some by surprise, but the study has stood up to heavy scrutiny
because the numbers were reasonable, the operators were very
experienced, and the procedures were all performed under
ultrasound direction.

Several uncontrolled early studies (prior to 1992) have
yielded loss rates after second-trimester amniocentesis that
range from 1.9% to 4.9%. To evaluate the procedure-related
loss rate from contemporary midtrimester amniocenteses,
Seeds6 analyzed data from 29 studies, each including more
than 1000 patients having midtrimester amniocenteses. In this
sampling, there were five controlled studies (two matched and
three unmatched), totaling 8607 patients having amniocente-
ses and 6457 control patients. The difference in loss rate until
28 weeks between the amniocentesis group and the control
group was 0.6%. In the entire sample of 33 795 patients
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having a second-trimester ultrasound-guided amniocentesis,
the loss rate was 2.1% until 28 weeks, and the loss rate in the
above 6457 control subjects was 1.4%, giving a procedure-
related risk of 0.7%.

Given the lack of randomized data, it is difficult to precisely
quote a risk for amniocentesis, but it is clear that:
• Experience plays a role in procedure-related losses.7

• With the exception of data from one large nonrandomized
study8 suggesting a lower amniocentesis risk, available pub-
lished information points toward a procedure-related risk of
about 1 in 200.
• There is a fixed spontaneous second-trimester loss rate of
about 0.5%.

Early amniocentesis

When chorionic villus sampling (CVS) emerged as an option
for early prenatal diagnosis, only a few operators were trained
in this invasive technique. However, many were trained in
amniocentesis. In order to comply with their patients’ requests
for earlier diagnostic information, some clinicians began offer-
ing amniocentesis between 11 and 14 weeks.

Many studies have shown that early amniocentesis is not a
safe option. In a Canadian randomized trial, the Canadian
Early and Mid-trimester Amniotic Fluid Trial (CEMAT),9 the
postprocedure loss rate for early amniocentesis was 2.9%
versus 1.0% for the standard amniocentesis group. The most
recent multicenter study, the Early Amniocentesis versus
Transabdominal CVS (EATA) study,10 showed a loss rate up
to 20 weeks of 1.5% in the early amniocentesis group versus
0.8% after CVS. Also, Sundberg et al.11 showed an unaccept-
able rate of clubfoot with early amniocentesis versus CVS
(1.7% versus 0%), and the Canadian (CEMAT) study had a
rate of clubbing of 1.3% compared with traditional second-
trimester amniocentesis, which yielded a rate of 0.1%.

As the amnion and chorion are often not apposed between
12 and 14 weeks, the separated needle holes will allow fluid
to track extramembranously to and through the cervix, as
noted in 3.5% and 4% of cases in the Canadian and Sund-
berg studies respectively.

Because of a higher loss rate with early amniocentesis com-
pared with standard amniocentesis or CVS, and as there is a
higher rate of amniotic fluid leakage, respiratory distress syn-
drome (RDS), and clubbing of the extremities, this technique
has been virtually abandoned.

Chorionic villus sampling (CVS)

Investigators in China and Russia first reported on the concept
of sampling placental tissue in the first trimester for diagnos-
tic purposes. Brambati et al.12 were the first to exploit this 
idea by threading a catheter through the cervix and directing
the tip under ultrasound guidance into the placenta. This
extramembranous technique allowed small samples of chori-
onic villi to be obtained for karyotyping with seemingly
modest risk.

The transabdominal method of CVS emerged to allow easier
access to predominantly anterior placentas. Some investiga-
tors, however, have now chosen to use the transabdominal
approach exclusively, while others select the approach that
gains easiest access to the placenta.

Spontaneous loss rates in apparently normal pregnancies are
about 15% at 5–6 menstrual weeks, about 2% at 11 weeks,
and slightly less than 1% at 16 weeks. Raw loss rates after
CVS have varied between 1.6% and 3.4% in five experienced
centers in the United States (R. J. Wapner, personal commu-
nication) (Table 27.1).

There is no doubt that the more insertions, the greater the
risk of the procedure, and the greater the experience of the
operator, the less the need for multiple needle insertions. For
example, Saura et al.14 showed that the spontaneous loss rate
was 6.6% in the first 200 cases carried out. This rate dropped
to 3.4% in the next 300 cases and leveled off at 1.2% after
1000 cases.

CVS, which became a very popular option for AMA
patients in the 1980s, was dealt a blow when a study15

emerged citing an intolerably high rate of limb reduction
defects with CVS (about 2%). When it was clear that this
study had a heavy sampling of patients having very early CVS
(≤ 9 weeks), an international registry of CVS (WHO CVS Reg-
istry)16 involving 208 682 patients was accessed. This showed
the rate of limb reduction defects to be 5.9 per 10000, close
to the incidence in the overall population of 6 per 10000
(British Columbia birth statistics). Brambati et al.12 reviewed
their own data and found that, at 6–7 weeks, CVS was asso-
ciated with a 1.6% incidence of limb reduction defects and,
at 9–12 weeks, the incidence was 0.6%. From this, it is clear
that CVS prior to 10 weeks should be avoided.

We have been quoting to our patients a procedure-related
loss rate of CVS, performed at 10–13 weeks, of about 1%,
and, realizing that the paucity of randomized data does not
allow us to provide more precise information, we have 
indicated that this risk is slightly higher than that of amnio-
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Table 27.1 Pregnancy loss rate in experienced US centers.

Continued Spontaneous Spontaneous
pregnancy abortion abortion (%)

Carolinas Medical Center 3545 117 2.4
Genetics and IVF 14116 232 1.6
Illinois Masonic Medical 6580 195 3.0

Center
Thomas Jefferson 13629 346 2.5

University
University of California, 10386 354 3.4

San Francisco
Wayne State University 6995 143 2.0
Total 55251 1387 2.5

From ref. 13.
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centesis, as concluded by the authors of a review of the
Cochrane Database.18

Fetal blood sampling

Attempts to sample the fetal circulation emerged when it
became clear that many fetal conditions could not be diag-
nosed by amniotic fluid analysis. The condition that catalyzed
the first attempts at fetal blood sampling was beta-
thalassemia, a devastating problem that could be identified by
globin chain synthesis analysis.

In 1974, Hobbins et al.19 reported their ability to obtain
fetal blood endoscopically from the surface vessels coursing
along the chorionic plate of the placenta. In 1979, Rodeck and
Campbell20 moved their endoscopic focus to the umbilical
cord, which enabled them to sample blood directly from the
umbilical vein.

The fetoscopic approach to blood sampling became
instantly obsolete when, in 1983, Daffos et al.21 demonstrated
the capability to enter the umbilical vein percutaneously under
ultrasound direction with less maternal and fetal morbidity.

However, through the 1990s, the need for blood sampling
procedures diminished because more diagnoses could be made
through new methods in the investigation of amniotic fluid,
such as polymerase chain reaction (PCR) in cases of infection
and fluorescent in situ hybridization (FISH) for rapid kary-
otyping, at less risk.

The risk of fetal blood sampling has varied widely between
investigators. For example, in 1993, Ghidini et al.22 pulled
together data from the literature from various centers. The
fetal loss rate was inversely proportional to the size of the
series and was as high as 12% in studies with small numbers.
With pooled data from centers with the greatest experience,
the risk of fetal loss was 1.4% prior to 28 weeks and 1.4%
after 28 weeks. This seemed like a very reasonable risk for
some high-risk patients. However, one author who had an
extremely low loss rate contributed almost half the cases. If
these cases were removed, then data from the remaining
centers indicated a 7.2% fetal loss rate for all patients and 3%
for low-risk patients.23

Now, fetal blood sampling has been relegated to only a few
indications, such as alloimmune thrombocytopenia (AIT) and
fetal anemia. Even in rhesus (Rh) disease, fetal blood sampling
has been largely supplanted by Doppler waveform analysis of
the middle cerebral arteries, with cordocentesis being saved
for those needing intrauterine transfusions.

Noninvasive prenatal diagnosis

AMA patients entering the first or second trimester come in
three types:
1 Those who want to know with 100% accuracy whether
their fetuses have a chromosomal abnormality or a major con-
genital anomaly.

2 Those who do not want invasive testing because termina-
tion of pregnancy would not be an option for them and the
risk of the test would not be worth the reassurance it might
provide.
3 Those who want the most accurate noninvasive informa-
tion available regarding their risk of fetal aneuploidy, before
deciding whether or not to undergo invasive testing.

As noted above, as more noninvasive diagnostic combina-
tions have become available, the number of patients in the
third category has increased substantially over the last 5 years,
while the numbers of those in the first category have
decreased.

This portion of the chapter will deal with noninvasive diag-
nostic options, most of which have only become available over
the last few years, and basically involve two modalities: ultra-
sound and maternal serum biochemistry.

First trimester

In 1992, Nicolaides et al.24 reported on the association
between an enlarged nuchal translucency (NT) and fetal chro-
mosome abnormalities. The measurement represented the dis-
tance between the inner portion of the nuchal membrane and
the underlying tissue (Fig. 27.1). After compulsively organiz-
ing a multicenter screening program, which involved careful
standardization of the methods and regimented operator train-
ing, the group reported their results in a prospective study
involving 96 127 patients (Table 27.2).25 The calculation of
fetal DS risk was based on the patient’s age, the fetal
crown–rump length, and the NT measurement. At a false-pos-
itive rate of 5%, the detection rate for trisomy 21 was 77%,
a sensitivity that exceeded that of the then widely used second-
trimester triple screen.

Although the sensitivity figure was questioned initially
because spontaneously aborting screen-negative trisomy 21
fetuses were not accounted for in the calculated results,26 the
detection rates from other centers, also involving large
numbers of patients, have validated the results of Nicolaides
and Snijders. The data from the First Trimester Maternal
Serum Biochemistry and Fetal Nuchal Translucency Screening
(BUN) study27 involving 8514 patients and showing a 69% 
sensitivity at a 5% false-positive rate, and the results from the
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Table 27.2 Down syndrome detection using nuchal translucency
(NT) with age.

Year Detection rate (%) Screen-positive rate (%)

1996 84 6
1997 79 5
1998 77 5
1999 73 5
2002 79 5

Data from Fetal Medicine Foundation, London, UK.
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First And Second Trimester Evaluation for Risk (FASTER)
trial28 involving 35000 patients, bear out the concept that the
screening test can be used in a US population.

It has been demonstrated that the accuracy of NT screen-
ing drops to nonefficacious levels when less experienced 
sonographers and sonologists are involved in the process.
Therefore, properly trained individuals and carefully stan-
dardized protocols for performing the ultrasound examination
are necessary for any NT screening program to be effective.

First-trimester biochemistry

As second-trimester biochemical combinations were the first
to be used in screening for aneuploidy with obvious success,
investigators began testing various analytes in the first
trimester and, at the time of writing, the two that have seemed
most effective are pregnancy-associated plasma protein A
(PAPP-A), a product of the placenta that is a protease for
insulin-like growth factor (IGF) binding protein, and the beta
subunit of human chorionic gonadotropin (βhCG), another
placental product.

In DS, the average PAPP-A is 0.39 multiples of the median
(MoM) and βhCG is 1.83 MoM.29 If these two analytes are
used together, a risk for a given patient can be fashioned by
adding the variables of the patient’s age and the estimated ges-
tational age. Based on this model, PAPP-A, by itself, has a sen-
sitivity for trisomy 21 of 42% at a 5% screen-positive rate,
and βhCG has a sensitivity of 24% at a screen-positive rate
of 5%. However, together, they have a sensitivity of 62% at
a 5% screen-positive rate.27

NT and biochemistry in combination

As adding a new testing variable to any of the screening pro-
tocols seems to enhance the testing sensitivity, it was a natural
next step to combine NT with first-trimester biochemistry in
a diagnostic algorithm (“combined test”). This combination

has yielded sensitivities of between 62% and 90% with
varying screen-positive rates. Malone and D’Alton30 combined
data from seven studies involving 85482 patients in which 
the sensitivity of this combined approach was 82% at a screen-
positive rate of 5% (Table 27.3).

Nasal bone

In 1866, Langdon Down noted that infants with a particular
syndrome, ultimately named after him, had noses that were
quite small. This stimulated Cicero et al.31 to investigate the
possibility that this observation could be used as an adjunctive
diagnostic tool in the first trimester. The endpoint was quite
simple – the presence or absence of a nasal bone. In their first
publication,31 they found that 73% of fetuses with DS had
absent nasal bones, compared with only 0.5% of the normal
fetal population. The updated experience of this group32 was
published in 2003 and involved 3788 patients. They found that:
1 They could adequately evaluate the nasal bones in 98.9%
of cases.
2 Some 67% of DS fetuses had absent nasal bones.
3 There were ethnic variations in the results.
4 The nasal bone findings were independent of NT. In fact,
the addition of nasal bone evaluation increased the sensitivity
of the combined test from 89% to 97% with a screen-positive
rate of 5%.

Recent data from Malone et al.33 do not concur with the
excellent results from Cicero and other authors,34,35 although
this could represent a difference in technique.

Second-trimester biochemistry

In 1984, Merkatz et al.36 serendipitously noticed that preg-
nancies complicated with fetal DS were sometimes associated
with low levels of maternal serum alpha-fetoprotein (MSAFP).
Since then, it was found that adding total hCG, which tends
to be elevated, and unconjugated estriol, which is generally
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Table 27.3 First-trimester screening for trisomy 21 using nuchal translucency (NT), pregnancy-associated plasma protein A (PAPP-A), and free
beta-human chorionic gonadotropin (βhCG) at 10–13 weeks’ gestation.

n Trisomy 21

Prevalence per 1000 Sensitivity (n) (%) FPR (%) PPV (%) LR (+) LR (−)

1. 1467 8.9 11/13 (85) 3.3 18.6 26 0.2
2. 5809 5.7 30/33 (91) 5.0 9.4 18 0.1
3. 1602 3.1 4/5 (80) 8.3 2.9 10 0.2
4. 4939 2.8 12/14 (86) 5.0 4.7 17 0.2
5. 17299 2.6 28/45 (62) 5.0 3.1 12 0.4
6. 14383 5.7 75/82 (92) 7.1 6.8 13 0.1
7. 39983 2.1 68/85 (80) 3.4 4.8 24 0.2
Total 85482 3.1 228/277 (82.3) 4.7 5.4 17.5 0.18
(Pooled 95% CI) (77, 87) (4.6, 4.8) (5.1, 5.7) (16.6, 18.7) (0.14, 0.24)

From ref. 30.
FPR, false-positive rate; PPV, positive predictive value; LR, likelihood ratio.
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low, to MSAFP improved the screening sensitivity for DS from
about 33% to 65%. Although many other analytes have been
investigated, the additional analyte most commonly used to
take the above “triple” screen to a “quad” screen is inhibin
A, contributed by the placenta.

If one were to plot the individual analytes against 
gestational age and incorporate the patient’s age into the cal-
culation, the newest data from the BUN study27 indicate a
triple-screen sensitivity for DS of 67.2% at a screen-positive
rate of 5%. This represents a substantial increase in diagnos-
tic yield from using the patient’s age and second-trimester
MSAFP alone. In patients above 35 years of age, the triple-
screen sensitivity can exceed 85% (but at a 14% screen-posi-
tive rate). Unpublished FASTER trial results show an even
higher sensitivity with the quad screen than expected.

Prenatal diagnostic combination options

From the above-mentioned trials, sufficient data have emerged
to fashion three different approaches to prenatal diagnosis
using first-trimester ultrasound and first- and second-trimester
biochemical information. As the titles for these programs
below are descriptive and concepts are just now evolving,
these names may well change.

Integrated (basic) screen

This represents the protocol pursued in the FASTER trial. It
consists of a first-trimester NT and PAPP-A screen and a
second-trimester quad screen. The controversial part of this
scheme is that the patient is not informed of the first-trimester
results until all the information is in; she gets one answer a
few days after the second-trimester blood is drawn. Through
analysis of existing data, this method gives a 96% sensitivity
at a 5% screen-positive rate.

Independent sequential screen

This consists of a combined screen of NT, PAPP-A, and βhCG,
which is performed in the first trimester with the patient being
apprised of the results immediately. The result of second-
trimester biochemistry is then given to the patient, which is
independent of the first-trimester result and based on a pretest
risk of age alone. The reported sensitivity of this technique in
the BUN study37 using a triple screen was 98% at an overall
screen-positive rate of 17%. However, when using extrapo-
lated data to give parallel results, this technique would have
resulted in a sensitivity of 87% at a screen-positive rate of 5%.
With a quad screen, the sensitivity figure would be higher.

Dependent sequential

In this case, risk is derived from the combined first-trimester
test (NT and PAPP-A, with or without hCG), which is given

to the patient. She then goes into her second-trimester quad
screen with a new pretest risk that is not based on her age but
on the result of the first-trimester test. The second result would
then yield a lower false-positive rate than the independent
screen described above. With modeling from FASTER data,
this would yield a sensitivity of 95% at a total screen-positive
rate of 5%.

A variation on the above dependent sequential theme is a
“contingency” approach, in which a preset first-trimester
numerical risk would be used as a threshold below which no
further testing would be required.38 This would make sense
from a cost standpoint and could diminish patient angst.

Increased nuchal translucency in euploid fetuses

Fetuses with NT measurements that are above the 95th per-
centile need further diagnostic attention even if invasive 
procedures indicate a normal karyotype. A number of fetal
abnormalities that are too long to list have been reported to
be associated with an increased NT. Basic anomaly categories
are noted in Table 27.4 along with the prevalence of each in
the face of a normal fetal karyotype.39

The common denominator in many of these generally rare
anomaly syndromes is a cardiac abnormality. One of the the-
ories for increased NT is that nuchal fluid accumulates sec-
ondary to cardiac dysfunction, which is then accompanied by
tricuspid regurgitation and an increase in ductus venosus
backflow during atrial contraction, often noted in first-
trimester fetuses with DS. In 1999, Hyett et al.40 quantified
the risk of a structural cardiac abnormality based on the size
of the NT. The highest prevalence has been noted in abnor-
malities of the left heart, such as aortic stenosis, hypoplastic
left heart syndrome, and coarctation of the aorta. Souka 
et al.39 have put together data that will help in counsel-
ing patients whose euploid fetuses have increased NTs 
(Table 27.5).

The anomalies most commonly associated with this combi-
nation of NT and euploidy are diaphragmatic hernia, exom-
phalos, body stalk abnormality, skeletal dysplasia, and various
syndromes such as fetal akinesia, Noonan syndrome, Smith–
Lemli–Opitz syndrome, and spinal muscular atrophy. Those
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Table 27.4 Increased nuchal translucency (NT) in euploid fetuses.

Abnormality Prevalence

Fetal demise 1:19
Major cardiac defect 1:23
Limb: body wall 1:90
Omphalocele 1:120
Fetal akinesia 1:120
Skeletal dysplasia 1:190
Diaphragmatic hernia 1:220

From ref. 39.
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not seemingly associated with increased NT and euploidy are
neural tube defects, holoprosencephaly, gastroschisis, and renal
anomalies.

Our approach to fetuses with large NTs and normal kary-
otypes is to do a very detailed ultrasound in the second
trimester (after ruling out any obvious first-trimester structural
abnormalities by transvaginal ultrasound) and to add a
detailed fetal echocardiogram at about 20 weeks. If these
examinations are negative, then the risk of fetal anomalies
drops to almost baseline levels.

The genetic sonogram

In 1985, Benacerraf et al.41 reported that about 40% of fetuses
with DS had increased nuchal skinfold thickness (NSFT) in the
second trimester and, around that time, she and others pub-
lished an observed tendency toward shorter femurs in these
fetuses when compared with the biparietal diameter42 or the
expected femur length.43 This started a search for many other
ultrasound-derived “soft” markers for DS that is still continu-
ing. To date, at least 12 different soft markers have been inves-
tigated alone, in combination with other markers, or
incorporated into a scoring system to adjust the risk of fetal DS
for a given patient. Some markers are clearly superior perform-
ers, while others are not or are so new that their efficacy has not
been adequately tested with large enough numbers. The most
commonly used markers are summarized in Table 27.6.

Interestingly, the heart, which is a source of potent infor-
mation about aneuploidy, has not been adequately investi-
gated. For example, about 30% of DS infants have structural
abnormalities at birth, but undoubtedly more have ventricu-
lar septal defects in the second trimester that close over later.
Also, many more will have at least a transient functional right
heart predominance that results in a larger right atrium with
a deviated interatrial septum along with tricuspid regurgita-
tion. By thoroughly scrutinizing the fetal heart, DeVore44 has
increased the sensitivity of the genetic sonogram to over 90%.

The concept with this noninvasive form of testing is to cal-
culate a likelihood ratio based on an ultrasound examination
that would allow a far more accurate adjusted risk for DS

from an individual patient than with age alone. The idea is
very workable but is dependent upon the predictive accuracy
of the providers offering the genetic sonogram, which consists
of: (1) ruling out major structural abnormalities by perform-
ing a standard fetal survey according to guidelines published
by the American Institute of Ultrasound in Medicine and the
American College of Radiology; (2) measuring femur and
humerus length; and (3) looking for soft markers for DS.
Although there are standards in place for the investigations of
(1) and (2), there is no consensus regarding which soft markers
to evaluate, with the exception of the NSFT, the best per-
former to date.

The most commonly investigated markers, in addition to the
NSFT, are:
1 An echogenic intracardiac focus in the heart (EIF), which is
noted in about 18% of fetuses with DS.45

2 An echogenic bowel, seen in about 13% of fetuses with DS.46

3 Modest pyelectasis, noted in about 20% of fetuses with DS.47

Other less commonly utilized markers are:
1 Fetal ear length43 (sometimes small in DS).
2 Iliac angle49 (often widened in DS).
3 Indirect measurements of the frontal lobe50 (most often
small in DS).
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Table 27.5 Relation between nuchal translucency thickness and prevalence of chromosomal defects, miscarriage, or fetal death and major fetal
abnormalities.

Nuchal translucency Chromosomal defects (%) Fetal death (%) Major fetal abnormalities (%) Alive and well (%)

< 95th percentile 0.2 1.3 1.6 97
95th–99th percentile 3.7 1.3 2.5 93
3.5–4.4mm 21.1 2.7 10.0 70
4.5–5.4mm 33.3 3.4 18.5 50
5.5–6.4mm 50.5 10.1 24.2 30
> 6.5mm 64.5 19.0 46.2 15

From Souka AP, Von Kaisenberg CS, Hyett JA, et al. Increased nuchal translucency with normal karyotype. Am J Obstet Gynecol
2005;192:1005–1021.

Table 27.6 Soft markers.

Nuchal skinfold thickness
Ear length
Frontal lobe length
Nasal bone length
Echogenic focus in the heart
Echogenic bowel
Iliac angle
Iliac bone length
“Sandal gap” feet
Absent or small middle phalanx of the fifth digit
Pyelectasis
Mild ventriculomegaly

Biometry: femur length (vs. biparietal diameter or against expected
femur length for gestational age)
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4 The middle phalanx of the fifth digit51 (sometimes absent or
very small in DS).

The newest marker on the scene is fetal nasal bone length,
which represents an extension of the observation noted in the
first trimester mentioned above. Early investigation suggests
that this marker may well be the best performer in the second
trimester if measured compulsively and compared against a
commonly used standard, the biparietal diameter. Bromley 
et al.52 have demonstrated that, if using a nasal bone/
biparietal cutoff of 10, 81% of fetuses with DS would be
detected with a screen-positive rate of 11%. The addition of
this marker to the genetic sonogram, although not yet tested
prospectively, should enhance the sensitivity of the genetic
sonogram well above the figures in the literature, which are
summarized in Table 27.7.

The finding of a marker for DS can raise the risk, but much
depends upon which marker is found and whether or not it is
in isolation. For example, an enlarged NSFT increases the risk
at least 11 times,53 even in isolation, while minor markers,
such as the fetal ear, middle bone of the fifth digit, and femur
length, have a very modest effect on the adjustment of risk
when isolated.

Choroid plexus cysts are clearly markers for trisomy 18, but
it is unclear whether they are markers for DS. Bromley et al.52

and unpublished FASTER data show no greater association
with DS, whereas some smaller studies suggest a higher preva-
lence of this finding in DS than in the control populations
studied.

At the time of writing, it seems reasonable not to change a
pre-ultrasound risk for an isolated marker that most studies
have shown to have likelihood ratios of ≤ 2.0, and to adjust
the risk upward only when likelihood ratios are high, such as
for NSFT, short humerus, and small nasal bone. However,
once more than one marker is found, this catapults the risk
upward. For example, Nyberg et al.53 have shown that, with
each additional “minor” marker found, the likelihood of DS
goes up exponentially (Table 27.8).

The beauty of the genetic sonogram is that, if the carefully
performed examination fails to reveal any fetal anomalies,

short limbs, or markers for DS, the risk can be adjusted down-
ward. An eight-center study54 pooling data from experienced
diagnostic centers in the United States had an average sensi-
tivity of 71.6% with a range of 63.6–80%. Also, this study,
along with others,55–57 showed that the genetic sonogram per-
formed as well in those with an elevated biochemical risk for
DS as in those of AMA, suggesting that the genetic sonogram
and second-trimester biochemistry had independent diagnos-
tic values.

At present, current results in the literature suggest that
centers with large patient numbers and accurate outcome data
can calculate their own likelihood ratios. Then, using Bayes’
theorem, an adjusted risk can be estimated for a given patient
after a negative genetic sonogram. For example, a 35-year-old
woman with a pretest value of 1:280 having a reassuring
sonogram in a center generating a likelihood ratio of 0.3
would be adjusted downward to a risk of 1:840 (0.3 × 280).

Programs yet to establish their own sensitivity and speci-
ficity values but following a carefully standardized protocol
for a genetic sonogram could add a conservative “cushion” by
simply adjusting the pretest risk downward by half after a neg-
ative genetic sonogram. The FASTER trial58 has shown that
the few trisomy 21 fetuses not screened in with the integrated
test were picked up in over 8000 patients in the study having
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Table 27.7 The genetic sonogram experience.

Study No. of patients Sensitivity (%) FPR (%) LR (+) LR (–)

Bromley 175 82 14.4 5.7 0.20
Vintzileos 34 82 9.0 9.1 0.20
Bromley 54 75 5.7 13.1 0.27
Benacerraf 45 73 4.4 16.5 0.28
Nyberg 142 74 14.7 5.0 0.30
Bahado-Singh 31 74 15.0 5.0 0.31
Nyberg 186 70 13.3 5.3 0.36
Sohl 55 67 19.4 3.5 0.41
Vergagni 22 59 5.3 11.1 0.43

Table 27.8 Comparison of the number of markers in fetuses with
Down syndrome (DS) and control fetuses.

Markers (%) DS (%) Normal (%) LR
Nyberg Nyberg Nyberg
n = 186 n = 8728

0 31.2 86.7 0.36
1 22.6 11.3 2.0
2 15.1 1.6 9.7
3+ 14.5 0.1 115.2
Majority 16.7 0.6 27.5
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a genetic sonogram, giving a 100% sensitivity for DS when
the ultrasound was added to the integrated testing scheme.

Trisomy 18

While the thrust of prenatal diagnosis has been directed
toward DS because of its frequency, especially in AMA
patients, progress in the noninvasive investigation of trisomy
18 has quietly moved forward to a point where the diagnosis
can be made with ultrasound and biochemistry in the first and
second trimesters in virtually every affected fetus. For
example, the BUN study27 showed a sensitivity for trisomy 18
of 91% at a 2% screen-positive rate using the “combined”
first-trimester screen approach. One hundred percent of
trisomy 18 fetuses were identified in those patients over
35 years old with a screen-positive rate of 2.6%.

With second-trimester biochemistry alone, the sensitivity
quoted by most laboratories is around 65%. However, for
some reason, this figure has been calculated for a screen-
positive rate of 0.5%. If the screen-positive rate is raised to
5%, sensitivity would far exceed 90%.

As fetuses with trisomy 18, an ultimately lethal perinatal
abnormality, are almost always phenotypically abnormal and
usually have a cardiac defect (90%), very few fetuses with this
condition will slip through a genetic sonogram unnoticed.
Table 27.9 outlines the various markers known to be associ-
ated with trisomy 18.

Controversy still exists about whether or not to employ
invasive sampling when common markers of trisomy 18,
choroid plexus cysts, are found in isolation. First, it is impor-
tant to be assured that the finding is truly in isolation by com-
pulsively excluding every one of the markers in Table 27.9. If
this is the case, and the biochemistry is reassuring, the chance
of a fetus having trisomy 18 is close to zero and certainly far
less than the risk of amniocentesis.

Screening for fetal anomalies with
ultrasound

About 28 per 1000 fetuses will have a major congenital
anomaly, and many of these fetuses will have findings that can
be identified with ultrasound. In the literature, there is a huge
variation in the identification rates for fetal anomalies. As a
standard (basic) fetal ultrasound survey is designed to screen
for most anomalies, it is surprising how low the overall iden-
tification rate has generally been.

The RADIUS study,59 published in 1994, was launched to
assess the value of routine screening with ultrasound in the
second and third trimesters. After excluding about half the
patients who were enrolled in the study to concentrate on
purely low-risk patients, 7685 patients were randomly
assigned to have two ultrasound evaluations, and 7596
control subjects were designated not to have an ultrasound
unless a clinical indication arose.

The study had virtually complete ascertainment; 6.5% of
anomalies were diagnosed in the control group, and 15% were
diagnosed in the ultrasound group before 24 weeks. Although
it was heartening that three times more anomalies were iden-
tified when ultrasound was used routinely, the fact that 85%
of major anomalies were missed was not. A similar random-
ized control trial (RCT) originating in Helsinki60 showed an
identification rate of 40%.

When simply evaluating the sensitivity of ultrasound in the
identification of fetal anomalies, an RCT is not required. The
largest of the observational studies is the multicenter 
Eurofetus study.61 In pooled data from > 200000 patients, the
sensitivity for major anomalies was 73.7% and for minor
anomalies was 45.7%. Prior to 24 weeks, the sensitivity was
55% for major anomalies, more than three times that of the
RADIUS trial.

There are many variables that affect the efficacy of a fetal
anatomic survey. For example, operator experience plays an
important role. The RADIUS trial showed a sensitivity in iden-
tifying fetal anomalies at all gestational ages of 38% in terti-
ary centers, compared with 16% in the hands of local
practitioners. The Helsinki study generated a sensitivity of
77% and 36% for the above categories respectively.

Results also vary according to the degree of risk assigned to
patients being evaluated. If the risk is high, the practitioner
might be more alert to subtle findings than when there is a
lessened pre-examination chance of an anomaly.

Fetal cells in the maternal circulation

The placenta is an almost perfect gatekeeper with regard to
restricting components of the fetal circulation from traversing
into the maternal circulation. However, about one cell per 10
million maternal cells is fetal in origin but, in some patients,
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Table 27.9 Ultrasound signs for trisomy 18.

Symmetrical intrauterine growth retardation (IUGR)
Polyhydramnios
Cardiac anomaly (over 90%)
Other major anomalies
“Strawberry”-shaped calvarium
Small frontal lobe
Small and deformed ears
Small transcerebellar diameter
Large cisterna magna
Small mandible
Single umbilical artery
Overlapping fingers
“Rocker bottom” foot
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such as those destined to have preeclampsia, more fetal cells
seem to get across the placenta. The concept of capturing these
fetal cells is compelling as it would represent the ideal form
of noninvasive diagnosis, requiring a simple blood draw.
However, scientists have struggled for more than 10 years to
isolate these cells of fetal origin.

In 1969, Walknowska et al.62 first found lymphocytes 
carrying the Y chromosome in maternal blood. In 1990,
Bianchi et al.63 identified fetal nucleated red cells in the mater-
nal circulation. Since then, many techniques have been
employed for cell separation including magnetic-activated cell
separation (MACS) and fluorescence-activated cell sorting
(FACS). The chromosome analysis has been largely accom-
plished through FISH methodology.

Since 1990, such investigations have been in full swing but,
to date, the largest study published is the NICHD Fetal Cell
Isolation Study (NIFTY),64 involving almost 3000 patients. In
this study, the accuracy of predicting a male karyotype was
41% and, in the 60 samples from aneuploidy pregnancies,
79% were identified at a false-positive rate of 4.1%.

Until now, the process suffers from technical difficulties
inherent in the job of finding the one cell per 10 million that
contains the key to the fetal karyotype and from the cost of
employing a very expensive, labor-intensive process with, thus
far, disappointing results.

The investigation has turned up some ancillary, potentially
useful information.

1 More fetal cells and fetal DNA are noted in the blood of
mothers who later develop preeclampsia.
2 More fetal cells and DNA are found in patients with aneu-
ploid fetuses.
3 Fetal free cell DNA has a short half-life compared with 
fetal cells that can remain in the maternal circulation into 
the next pregnancy (with obvious negative diagnostic 
implications).

At the time of writing, the ability to isolate free DNA from
maternal serum has exciting potential. It can be found in the
maternal plasma by 7 weeks of gestation, and levels increase
as pregnancy progresses. It has a 16-min half-life.

In 1998, Lo et al.65 published their ability to diagnose fetal
RhD status by molecular analysis of maternal plasma and, in
2000, Lo et al.66 and Zhang et al.67 reported being able to
determine fetal sex by DNA analysis using PCR. Then, these
groups published their success in determining fetal Rh status
with a sensitivity and specificity of 94% and 100%, respec-
tively, in the first trimester, and 92% and 100%, respectively,
in the second trimester.

At the moment, this approach to fetal diagnosis is passing
through an embryonic stage in investigation. However, there
is reason to believe that, with technical breakthroughs and
expanded clinical investigation, coupled with strategies to cut
costs, these methods could contribute hugely to large-scale
screening for aneuploidy, X-linked conditions, and blood
group disorders.
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Figure 27.1 Nuchal translucency (NT) measurements. Notice separate amnion in (A).
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Conclusions

Progress in prenatal diagnosis has been exponential over the
last decade, and there is reason to believe that the “dots” of
progress will continue to be connected along the same
pathway in the next decade. Ultrasound technology is explod-
ing, as evidenced by the recent advent of three- and four-
dimensional methods, investigators are better trained, and
“bench” science is becoming more automated. Soon, invasive

techniques will be needed for patients who are only at the very
highest risk for severe fetal abnormalities.
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Key points

1 There is now a major emphasis on noninvasive
prenatal diagnosis stimulated by patient desire for the
best information with which to make decisions
regarding invasive testing.

2 Standard second-trimester amniocentesis has a
procedure-related risk that is difficult to pinpoint
precisely but, according to the literature, is about 1 in
200.

3 The risk of CVS varies among investigators, but seems
to be slightly higher than if a patient waits until the
second trimester for an amniocentesis. However, with
the emergence of first-trimester noninvasive testing, the
need for CVS will increase in patients at high risk for
fetal aneuploidy.

4 The risks of early amniocentesis (11–14 weeks) are
generally not acceptable.

5 First-trimester nuchal translucency assessment, along
with biochemistry, has a reasonable sensitivity in the
adjustment of risk of trisomy 21 and trisomy 18.

6 The emergence of second-trimester biochemistry (triple
screen and quad screen) has significant diagnostic
benefit by itself but, when used adjunctively with first-
trimester tests, has a very high predictive value.

7 Various combinations of first- and second-trimester
ultrasound methods and biochemistry have sensitivities
for Down syndrome that exceed 95% at a 5% screen-
positive rate.

8 The genetic sonogram has an average sensitivity for
trisomy 21 of about 75% in major centers and, when
negative, can be used to adjust the risk of Down
syndrome downward by at least 50%.

9 The accuracy of a second-trimester ultrasound
examination for the identification of fetal anomalies
had initially been a disappointment, but it now has the
capability of diagnosing over 50% of major
abnormalities.

10 During the last decade, little major progress has been
made in the isolation of fetal cells in the maternal
circulation. However, very recent inroads into the
separation and analysis of fetal DNA in the maternal

circulation have tremendous diagnostic potential in
fetal aneuploidy, X-linked conditions, and blood group
disorders.

11 The number of pregnant patients who are of advanced
maternal age has soared steadily over the last decade to
a point where it exceeds 20%.

12 Loss rates from second-trimester amniocentesis and
CVS seem to be dependent upon the experience of the
investigator.

13 Fetuses with increased nuchal translucency but with a
normal karyotype have increased risks for various
anomaly syndromes.

14 Once ultrasound rules out a major structural anomaly
and a fetal echocardiogram has ruled out the presence
of a major cardiac abnormality, fetuses with increased
nuchal translucency and normal karyotypes do not
have an increased risk for an adverse pregnancy
outcome.

15 A genetic sonogram consists of a search for major
anomalies and markers for DS in addition to assessing
femur and humeral lengths.

16 With the exception of an increase in nuchal skinfold
thickness, small nasal bone, or short humerus, it is
unclear how to precisely adjust the risk for DS in a
given patient who has other ultrasound markers in
isolation.

17 Initial studies from the United States have shown a low
sensitivity for ultrasound in the diagnosis of major
congenital anomalies in the second trimester. However,
European studies have shown a marked improvement
in detection rates over the last 10 years.

18 The identification of anomalies is now dependent upon
an enhanced ability to diagnose cardiac anomalies
(perhaps through three- and four-dimensional
technologies).

19 With more investigation in prenatal diagnosis
techniques, patients will be able to make better
informed decisions, which in turn should translate into
fewer unnecessary invasive procedures.
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Biochemical testing for fetal disorders dates from the discov-
ery that amniotic fluid alpha-fetoprotein (AFP) levels are 
elevated in the presence of open neural tube defects (NTDs;
open spina bifida and anencephaly) during the early 
second trimester.1 This finding led to diagnostic testing for
open NTDs in pregnant women with a previous affected 
pregnancy. An important limitation of the public health
impact of such testing was that fewer than 5% of the 
annual births affected by open NTDs occurred among 
women known to be at high risk. Subsequently, maternal
serum AFP (MSAFP) levels were also documented to be 
elevated in the presence of open NTDs, and such measure-
ments were offered to all pregnant women for screening 
purposes. Women with elevated serum AFP levels were 
offered diagnostic amniotic fluid AFP (AFAFP) testing. Ini-
tially, the presence of open spina bifida could be confirmed
only by ultrasound examination of the fetal spine; however,
this was technically difficult. This has now been supplemented
by more reliable and technically easier ultrasound observa-
tions of the fetal cranium and brain (the “lemon” and
“banana” signs).2,3

Data accumulated during the early years of screening for
open NTDs set the stage for the discovery that MSAFP levels
were lower in the presence of Down syndrome. A combina-
tion of maternal age and AFP levels resulted in an improved
prediction of Down syndrome risk, with amniotic fluid chro-
mosome analysis offered to high-risk women. The subsequent
discovery of other biochemical markers for Down syndrome
greatly improved the efficiency of second-trimester screening.
A further important breakthrough occurred with the identifi-
cation of both biochemical [pregnancy-associated plasma
protein A (PAPP-A); free beta subunit of human chorionic
gonadotropin (βhCG)] and ultrasound (nuchal translucency,
NT) markers for Down syndrome in the first trimester. When
used together, these markers perform better than second-
trimester screening and have the added advantage of early
detection. At present, several strategies that combine first- and
second-trimester biochemical measurements (with and
without NT measurements) are being evaluated as a way of

maximizing the rate of detection and minimizing the rate of
false-positives.

Diagnostic testing for open NTDs in
amniotic fluid

In 1956, Bergstrand and Czar4 described a protein in fetal
serum, located in the α1 region on electrophoresis [subse-
quently labeled α1-fetoprotein (AFP)], that was not present in
adult serum. It is this unique fetal protein that serves as a
marker for leakage of fetal serum into the amniotic fluid and
which is therefore helpful in diagnosing open fetal lesions. The
molecular weight and structure of AFP is similar to that of
albumin (about 69kDa),5 but antibodies raised against AFP
have virtually no cross-reactivity. This characteristic was crit-
ical in allowing the development of a variety of antibody-
based assays for reliably measuring AFP in amniotic fluid and
maternal serum. The bulk of amniotic fluid protein is now
known to be maternally derived,6,7 and AFP is the only marker
that has been found to be helpful in identifying open NTDs.

Figure 28.1 illustrates the relationship between AFAFP values
in unaffected pregnancies and AFAFP values in pregnancies
affected with open spina bifida; there is a small degree of overlap.
Most of that overlap, leading to false-positives in amniotic fluid,
can be traced to procedure-related fetal blood contamination.
Sometimes, before samples are sent for AFP analysis, they are
centrifuged and the red cells are removed. In such cases, hemo-
globin F can often be detected in the supernatant, leading to a
heightened suspicion of a false-positive result. Once fetal blood
contamination has been excluded, the likelihood of obtaining a
false-positive result is considerably reduced.

Acetylcholinesterase (AChE) is a neuronally derived
protein. Measurements of AChE in amniotic fluid8 are also
used to significantly improve the ability to distinguish between
affected and unaffected pregnancies. This gel-electrophoretic
approach has not only proved to be highly sensitive at detect-
ing open NTDs (99% of anencephaly cases and 98% of open
spina bifida cases with positive AFP results), but also yielded
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negative results in 9 out of 10 cases when the AFAFP meas-
urement was falsely elevated.9

Other fetal disorders are also associated with elevated
AFAFP levels, including open ventral wall defects (omphalo-
cele and gastroschisis), congenital nephrosis, and the presence
of a severely distressed or recently dead fetus.10 In the USA,
open ventral wall defects are the second most common open
fetal malformations identified by elevated AFAFP levels during
the second trimester, occurring at a rate of three per 10 000
pregnancies.11 These lesions may also be associated with the
presence of AChE in amniotic fluid, probably secondary to
leakage from intestinal nerve plexuses. Congenital nephrosis,
an autosomal recessive disorder, is rare in most of the world
but occurs frequently in Finland.12

Experienced laboratories can utilize the band densities of
AChE to help distinguish between open ventral wall defects
and open NTDs.13 This distinction has previously been helpful
in guiding follow-up sonographic studies in cases when a
lesion is difficult to visualize. Presently, however, ultrasound
imaging can almost always differentiate between these defects.
Fetal death is frequently associated with both elevated AFP
levels and the presence of AChE in amniotic fluid.14 Gel elec-
trophoresis of AChE in such cases often shows a characteris-
tic smeared pattern. Small amounts of fetal calf serum, when
accidentally introduced into an amniotic fluid sample prior to
analysis, can produce a visible AChE band.14 When this is sus-
pected, testing for bovine serum albumin can identify the cause
of the false-positive result.

Maternal serum screening for open
NTDs in the second trimester

In 1974, it was discovered that, during the second trimester,
AFP levels in maternal serum were, on average, higher when
anencephaly or open spina bifida was present in the fetus.15,16

A multicenter study in the UK17 tested the feasibility of using
MSAFP measurements for second-trimester screening pur-
poses; pregnancies identified as high risk would then become
candidates for diagnostic procedures, including amniocentesis
and high-resolution ultrasound.

MSAFP concentrations rise by approximately 15% per
week during the second trimester in unaffected singleton preg-
nancies, and it was therefore necessary to take this into
account when establishing normative data. In addition, it was
important to take into account any potential differences in
assay standards among centers. For example, an MSAFP level
measured as 40ng/mL in one center might be measured as
75ng/mL in a second center. Both of these measurements
would be correct in relation to other measurements within the
respective population, but it would be impossible to compare
them without establishing a common currency. In analyzing
data from the UK collaborative study, Wald and colleagues17

began by converting data from each of the centers into mul-
tiples of the unaffected population’s median. The median is
the most stable and reliable measure of any given population’s
midpoint, and serves as the point of reference against which
all other measurements can be expressed as multiples of the
median (MoM). This conversion of the data allowed the dif-
ferent within-laboratory mass unit values for each gestational
week to be taken into account, and made it possible to
compare the median MSAFP values for pregnancies affected
with open spina bifida (3.8 MoM) or anencephaly (7.7 MoM)
with values from unaffected singleton pregnancies (1.0 MoM).
Figure 28.2 demonstrates the distributions of MSAFP values
in unaffected singleton pregnancies and in pregnancies
affected by open spina bifida. Defining the distributions of
MSAFP values in MoM also allowed the extent of overlap
between unaffected and affected populations to be analyzed.
With this information, both the individual and the collective
odds that a pregnancy would be affected with a given fetal
disorder could be estimated (Fig. 28.3).

The ability to estimate the individual and collective odds for
open spina bifida provided a rational basis for deciding on 
a reasonable cut-off level for high-risk classification. For
example, 3.4% of screened pregnancies from the general pop-
ulation and 75% of open spina bifida pregnancies were asso-
ciated with MSAFP values of 2.5 MoM or above. At that time,
the prevalence of open spina bifida in the UK was approxi-
mately two cases per 1000 births. Therefore, for every 10000
pregnancies screened, 340 would initially be placed in the
high-risk category and 17 of those (1 out of 20) would be
affected with open spina bifida. In the USA, where the preva-
lence of open spina bifida was lower (one case per 1000
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Figure 28.1 Amniotic fluid AFP distributions in singleton,
unaffected pregnancies (solid line) and pregnancies affected by open
spina bifida (dashed line) during the second trimester. AFP
measurements are expressed as multiples of the unaffected
population median (MoM) on a logarithmic scale. Distributions of
AFP values are logarithmic Gaussian for both of the populations
and a small degree of overlap is present. This forms the basis for
defining detection and false-positive rates at various amniotic fluid
AFP cut-off levels. The odds of being affected, given a positive AFP
measurement, can also be estimated using these distributions and
the population prevalence of open spina bifida.
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births), 1 out of 40 of the pregnancies in the high-risk cate-
gory would be affected by open spina bifida. It also became
possible to assign individual risk estimates for open spina
bifida based on the initial MSAFP value. If pregnancies are
dated by ultrasound measurement before screening, the overall
screening performance is improved in that the rate of detec-
tion is increased and the false-positive rate is reduced.
Improved MSAFP assay performance also influences the odds
estimates. In contrast to the mid-1970s when coefficients of
variation ranged from 8% to 25%, assays now have figures
that are below 5%. This improvement substantially lowers the
false-positive rate. Some believe that faulty assay performance
is largely responsible for the less than complete detection of
open lesions and that improvement in the assay will lead to
better detection rates. This perception is incorrect as com-
mercially available assays now perform very satisfactorily.18

Detection is limited because the distribution of MSAFP levels
in various open fetal lesions overlaps to varying degrees with
that of the unaffected population. This characteristic needs to
be understood by physicians, office personnel, and patients, 
so that expectations do not exceed the capacity of the 
screening test.

The original estimates for both detection rates and false-
positive rates of MSAFP screening for open NTDs were based
upon the date of the last menstrual period (LMP).17 Even when
LMP dates are carefully obtained, they are incorrect by more
than 2 weeks in about 20% of cases.19 Furthermore, there is
a tendency to think that a pregnancy is further advanced than
it really is, and this diminishes detection because normative
data are based on a known rise in MSAFP measurements of
about 15% per week during the second trimester. In 1980, the
average biparietal diameter (BPD) of fetuses with spina bifida
was found to be smaller than that of unaffected fetuses at any
given gestational week in the second trimester.20 Other ultra-
sound measurements did not differ. If BPD measurements were
to be used routinely for dating in MSAFP screening, the
MSAFP measurements would appear to be higher for preg-
nancies with open spina bifida, and sensitivity for detecting
the lesion would be increased, possibly to above 90%. An
abbreviated ultrasound study involving fetal biometry would
correct the dates of pregnancies that are further advanced than
predicted by LMP and would also identify twins, thereby
reducing false-positive screening results. Cases of anencephaly
would also be identified at this point. Systematically carrying
out fetal biometry and dating pregnancies by BPD measure-
ments would reduce screening program costs and increase
screening performance, thereby avoiding unnecessary anxiety
for many women.

As AFP screening became more widely used, factors were
identified that influence the analyte level, the risks of open
NTDs, or both. One of these factors is maternal weight.
Heavier women tend to have lower concentrations of serum
markers because of their increased blood volume. This factor
has added significance in that very heavy women are reported
to have a higher risk of having a fetus affected with open spina

487

Unaffected

Open spina bifida

Maternal serum AFP (MoM)

0.3 0.5 0.7 1 2 3 5 7 10 20 30

Figure 28.2 Maternal serum AFP distributions in singleton,
unaffected pregnancies (solid line) and in pregnancies affected by
open spina bifida (dashed line) during the second trimester. AFP
measurements are expressed as multiples of the unaffected
population median (MoM) on a logarithmic scale. Distributions of
AFP values are logarithmic Gaussian for both of the populations
and a moderate degree of overlap is present. These distributions
form the basis for estimating both collective and individual odds for
being affected with open spina bifida, once the maternal serum AFP
value and the population prevalence are known.
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Figure 28.3 Estimation, during the second trimester, of a pregnant
woman’s individual odds of carrying a fetus affected by open spina
bifida once her maternal serum AFP value has been determined. In
this example, the woman’s AFP level is 2.0 MoM, and the
measurements from that point on the baseline to the intersection
with the unaffected (HUA) and affected (HOSB) curves are
approximately 4 units (solid vertical line) and 8 units (dashed
vertical line) respectively, producing a likelihood ratio of 2. Based
on her AFP level, the woman’s individual odds of having a
pregnancy affected by open spina bifida are now two times higher
than those of the general population.
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bifida.21–28 Adjusting for a woman’s weight has the overall
effect of increasing detection while decreasing false-positives;
the false-positive rate becomes similar for both lighter and
heavier women. A second influencing factor is maternal race.29

Among black women, MSAFP levels are about 10–15% higher
than among white women.30 If this is not taken into account,
an inappropriately high proportion of black women will be
identified as having positive screening results and will be sent
for further diagnostic procedures. The inappropriateness of
this action is compounded by the fact that black women have
a lower risk (by about one-half) of open NTDs. A 16-center
US collaborative study31 confirmed the feasibility of adjusting
the MSAFP values to reflect a more appropriate proportion of
black women with positive screening results. A third influ-
encing factor is maternal insulin-dependent diabetes, which is
associated with a 20% lower MSAFP value than unaffected
singleton pregnancies.32,33 Women with insulin-dependent dia-
betes also have a higher risk of having a pregnancy affected
by open NTDs. At present, a re-evaluation is in progress to
determine whether the level of diabetic control, as measured
by hemoglobin A1c, influences the MSAFP concentration34,35

but this issue is not yet completely resolved.

Use of ultrasound in the identification
of open NTDs

Ultrasound is an invaluable complement to AFP measurements
in the evaluation of NTDs. Advances in imaging now allow
the diagnosis of all cases of anencephaly as early as 12 weeks’
gestation, and the diagnosis of over 95% of fetuses with spina
bifida in the second trimester. In addition, many other causes
of elevated MSAFP levels are discernable by ultrasound.
Accordingly, ultrasound can be used both in the definitive
diagnosis of open NTDs in high-risk patients and as part of
an AFP screening program.

Use of ultrasound as a component of
open NTD screening

The efficacy of using MSAFP levels in screening for open
NTDs is well documented36,37 and has stood as a routine
obstetrical test for almost 30 years. As physicians have become
more skilled in the identification of fetal structural anomalies
using ultrasound, and the resolution of the equipment has
improved, experts have questioned whether AFP screening
could be replaced by ultrasound. In expert centers this may be
feasible. Wald and colleagues,38,39 as well as others, have
demonstrated that ultrasound evaluation of the fetal spine and
head rivals MSAFP screening when performed in a high-risk
population by experienced perinatal sonographers. However,
there is little to suggest that ultrasound will perform as well
in a general low-risk pregnant population, when the avail-
ability of sonographers with extensive experience of identify-

ing open NTDs is limited. Detection rates in this population
are approximately 60–80%. Therefore, MSAFP screening
between 15 and 20 weeks’ gestation (ideally between 16 
and 18 weeks) remains the primary approach to open NTD
screening.

Because only about 2% of women with an initially elevated
MSAFP screen have a fetus with an open NTD, the initial step
in the subsequent evaluation is the performance of a fetal
ultrasound to rapidly identify other causes of the elevated
screen. These include incorrect dating (see section on mater-
nal serum screening for open NTDs in the second trimester,
above), the presence of twins, oligohydramnios, fetal demise,
and other more easily identifiable fetal anomalies such as
omphalocele and gastroschisis. In up to 50% of cases, incor-
rect dating will be identified and subsequent adjustment of 
the MSAFP value will resolve the issue. If the cause of the 
elevation remains unknown after the initial scan, genetic 
counseling and additional testing by either ultrasound or
amniocentesis will be required.

Until recently, the standard diagnostic test for high-risk
patients (i.e., those with unexplained elevated MSAFP levels,
those having a previously affected child, and those taking med-
ications known to increase the risk of open NTDs) was amnio-
centesis with an evaluation of AFAFP and AChE levels.
Measurement of this combination of amniotic fluid analytes
has a greater than 99% detection rate for anencephaly and an
approximately 95–99% detection rate for spina bifida with a
0.4% false-positive rate.40–42 Recently, advances in high-
resolution ultrasound have led to similar detection rates
without the potential risk of an invasive procedure.43,44 In the
hands of the most experienced sonographers, targeted sono-
graphic evaluation of high-risk cases has a sensitivity of
97–100% with 100% specificity.

Ultrasound detection of a meningomyelocele is frequently
based on the finding of a small cystic mass protruding from
the fetal lumbosacral or thoracic area. On other occasions, the
findings may be more subtle and may only present as a widen-
ing of the posterior processes of the vertebral bodies. Although
many open NTDs will be seen in the coronal or sagittal planes,
others may not. The definitive views to identify or exclude
spina bifida are transverse images of each individual vertebral
body (Fig. 28.4).

The ultrasound diagnosis of open NTDs has been greatly
enhanced by the recognition of associated anomalies of the
fetal skull and brain,2,45 which are present in over 95% of cases
of spina bifida imaged in the second trimester. These findings
include ventriculomegaly, microcephaly, frontal bone scallop-
ing (“lemon” sign), and obliteration of the cisterna magna
with either an absent or abnormal anterior curvature of the
cerebellar hemisphere (“banana” sign). These last two find-
ings are secondary to the presence of an Arnold–Chiari mal-
formation and their appearance is related to gestational age.
The lemon sign appears in approximately 90–98% of preg-
nancies with spina bifida imaged before 24 weeks’ gestation
but in significantly fewer of those imaged at a more advanced
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gestational age. Cerebellar abnormalities are present in 95%
of fetuses irrespective of gestational age; however, they appear
as the banana sign most frequently before 24 weeks and as
cerebellar absence after 24 weeks.3,45

The cranial signs associated with spina bifida are frequently
more easily attainable than the detailed transverse scans
required to identify the specific spinal lesion. It is reassuring
that the sacral lesions that are the most difficult to visualize
appear to be the ones most frequently accompanied by cranial

and cerebellar findings. In the series reported by Van den Hof3

and Nyberg and colleagues,45 all sacral lesions were accom-
panied by abnormalities of the head, whereas only lumbar
lesions were associated with normally shaped heads.

Two schools of thought continue to exist as to whether
ultrasound scanning alone is sufficient for high-risk patients
or whether amniocentesis should continue to be the primary
diagnostic procedure. Recent studies have confirmed that,
with the addition of the cranial signs, centers with specialized
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Figure 28.4 Ultrasound prenatal diagnosis of spina bifida. (A)
Coronal view of lower lumbar spine demonstrating widening of the
posterior processes and disruption of the vertebra; (B) a transverse
view of a meningomyelocele (note that in this case the spinal defect

is seen as an indentation with no sac); (C) head view of a fetus with
spina bifida demonstrating the “lemon” sign secondary to frontal
bone scalloping; and (D) typical “banana” sign, showing downward
displacement of the cerebellum.
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expertise in fetal imaging show excellent specificity and sensi-
tivity for the detection of open NTDs.43,46 In less experienced
hands, however, where both false-positive and false-negative
results are obtained, ultrasound must still be considered a
screening rather than a diagnostic procedure.47–49

Even in centers with expertise in sonography there may be
additional value in performing an amniocentesis. In addition
to the close to 100% detection rate reported with AFAFP 
and AChE measurements,50 invasive testing has the additional
advantage of enabling the fetal karyotype to be evaluated.
Several studies suggest that elevated MSAFP levels inde-
pendently increase the risk of fetal aneuploidy.51 In pregnan-
cies complicated by an elevated MSAFP, the incidence of 
fetal aneuploidy is 0.61% in fetuses with a normal ultrasound
and 16% in those with an abnormal ultrasound.52,53 One 
additional advantage is knowing that the AFAFP level is dif-
ferentiating between cases that have an elevated MSAFP level 
secondary to placental leakage and those that also have an 
elevated AFAFP level. Those with only elevated maternal
serum values have an increased risk of placental pro-
blems, including fetal growth retardation, stillbirth, and
preeclampsia. Those with elevated amniotic fluid levels should
be further evaluated for fetal anomalies. In the evaluation 
of a very high MSAFP level, amniocentesis may be of partic-
ular value because there is a direct relationship between the
degree of MSAFP elevation and the occurrence of anom-
alies.54,55 With an MSAFP of 2.5MoM, there is a 3.4% risk
of anomalies, whereas at 7MoM, the risk increases to
40.3%.55

Although many of the congenital anomalies associated with
elevated AFAFP levels are easily diagnosed with ultrasound
(e.g., omphalocele, gastroschisis, bladder extrophy, and some
cases of sacrococcygeal teratoma), other equally severe fetal
problems may have no ultrasound findings. For example, fetal
skin lesions such as epidermolysis bullosa may leak serum and
be associated with elevated levels of both MSAFP and AFAFP.
Very high levels of both MSAFP and AFAFP are also seen in
congenital nephrosis,56 frequently without any abnormalities
identified on second-trimester ultrasound.

At present, the ideal management of an elevated MSAFP
level should include both ultrasound and amniocentesis. If a
high-quality ultrasound fails to identify a fetal defect, the risks
and benefits of both amniocentesis and a specialized ultra-
sound examination should be discussed with the patient. The
decision can then be based on the degree of AFP elevation, the
patient’s history, the quality and findings of the ultrasound
examination, and the patient’s age.

An elevated MSAFP level in which both the ultrasound scan
and AFAFP and AChE levels are normal retains an increased
risk of adverse pregnancy outcome; there is a 20–58% risk of
poor pregnancy outcome with an unexplained raised MSAFP
level.57–59 Risks include low birthweight, growth restriction,
placental abruption, fetal or neonatal death, and preeclamp-
sia. Crandall and colleagues60 studied 1002 women with
MSAFP values greater than 2.5MoM and stratified them

according to the degree of elevation. In those with a normal
ultrasound and amniocentesis, the risk of an adverse outcome
was 27% overall but varied with the degree of elevation. 
An adverse outcome occurred in 16% of cases when the
MSAFP was 2.5–2.9MoM, 29% when the MSAFP was
3.0–5.0MoM, and 70% when it was greater than 5.0MoM.
Wailer and co-workers61 evaluated the predictive value of a
high MSAFP level compared with a low level in 51 008 women
screened for MSAFP. The risk of delivery before 28 weeks was
0.4% for those with low MSAFP values (< 0.81MoM) and
3.2% for those with high values (> 2.5MoM), an eightfold
difference.61–63 The rates of delivery before 37 weeks were
2.6% for the low MSAFP group and 24.3% for the high
MSAFP group. Notably, women with MSAFP values greater
than 2.5MoM had a 10.5-fold increased risk of preeclampsia
and a 10-fold increased risk of placental complications, sug-
gesting that an elevated value in the absence of an anomaly
may derive from a fetal–maternal hemorrhage of sufficient
volume to have clinical significance. To date, no management
protocol has been demonstrated to improve outcome in these
cases. Despite this, such patients should be followed through-
out the pregnancy, with serial testing of fetal growth and 
well-being.

Maternal serum screening for Down
syndrome in the second trimester using
AFP measurements

A new and unexpected association between low MSAFP levels
and certain autosomal trisomies (Down syndrome, trisomy
18) was reported in 1984.64 This discovery was rapidly con-
firmed and a method was proposed that would enable a
patient-specific risk for Down syndrome to be obtained by
combining a woman’s age-related risk with the increase (or
decrease) in risk as defined by her serum AFP level.65 The addi-
tional information provided by MSAFP measurements had the
potential to identify a subgroup of younger pregnant women
whose individual risk of a Down syndrome-affected pregnancy
was similar to that of women aged 35 and older.

An eight-center collaborative field trial was initiated in 1985
to determine the efficacy of applying MSAFP screening rou-
tinely to the pregnant population.66 A total of 77 273 preg-
nancies were screened; 4.7% were initially classified as being
at high risk for Down syndrome, and 2.7% remained at high
risk after gestational dates had been confirmed. Of these high-
risk women, 66% elected to have amniocentesis, and 18
fetuses with Down syndrome and four fetuses with trisomy 18
were identified. One case of Down syndrome was identified
per 89 amniocenteses performed (among unscreened women
aged 35 and older, the rate is approximately one case per 150
second-trimester pregnancies), and an additional three Down
syndrome births were identified from among the women who
refused amniocentesis. Thus, approximately 25% of the fetal
Down syndrome cases were identified in pregnant women
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under 35, and the study concluded that this type of screening
was feasible. A survey of screening centers carried out in 1988
in the USA reported that more than one million pregnancies
were being screened for Down syndrome by MSAFP testing.67

Maternal serum screening for Down
syndrome in the second trimester using
multiple markers

In the late 1980s, the levels of hCG and unconjugated estriol
(uE3) in a pregnant woman’s blood were found to be useful
screening markers for Down syndrome during the second
trimester.68–71 Levels of uE3 and AFP are lower in the presence
of Down syndrome, whereas hCG levels are higher. These
three markers in combination raised the detection rate for
Down syndrome to approximately 60%, while keeping the
false-positive rate at 5%. In the early 1990s, several success-
ful trials were undertaken in Europe and the USA to deter-
mine the efficacy of multiple-marker screening under everyday
conditions. The first trial, reported from the USA, was carried
out by two centers in New England.72 In this study, a risk
cutoff of 1:190 was selected with the aim of initially identify-
ing about 5% of the screened pregnancies as being at high risk
for Down syndrome (i.e., a positive screening result was
defined as being a risk of at least 1 in 190). Among the 25207
women who were screened, 6.6% were initially classified as
being at high risk. The revised positive rate was 3.8% after
follow-up and reclassification of LMP dates by ultrasound.
These women were offered amniocentesis and chromosome
studies; 79% accepted. In this group of 720 women, 20 fetuses
with Down syndrome (one per 38 amniocenteses) and seven
fetuses with other chromosomal disorders were identified. It
was determined from follow-up information that the Down
syndrome detection rate was 58%, which was close to the
expected rate.71

In the mid-1990s, dimeric inhibin-A (DIA) was discovered
to be a useful second-trimester marker for Down syndrome.73

The median DIA level in maternal serum of affected pregnan-
cies was twice that of unaffected pregnancies. A consensus
estimate of performance data from eight case–control studies
showed a univariate detection rate for Down syndrome of
41%, with a 5% false-positive rate.73 An independent dataset
that was reported in conjunction with this consensus analysis
concluded that adding DIA to the three-marker screening
panel would raise the detection rate for Down syndrome to
78% at a 5% false-positive rate (using ultrasound dating), a
substantial improvement. This performance estimate has been
confirmed in a recent multicenter study, which found 
an 81% detection rate with the same 5% false-positive 
rate.74 DIA is now commonly included with AFP, uE3, and
hCG as part of routine second-trimester screening. Figure 28.5
provides overlapping distributions of these four second-
trimester markers on a common scale to allow for direct 
comparisons.

Adding trisomy 18 interpretations 
to second-trimester maternal 
serum screening

Trisomy 18 (Edwards syndrome) is a lethal chromosome dis-
order.75 The birth prevalence of trisomy 18 increases with
maternal age, similar to Down syndrome. In the general preg-
nant population, the second-trimester prevalence of trisomy
18 is approximately one out of 2400 pregnancies, whereas the
birth prevalence is one out of 8000; this is because of a third-
trimester spontaneous fetal loss rate of 70%.76 More than one-
half of the liveborn infants will die by the age of 10 days and
over 90% by 100 days.75 Prenatal detection can be medically
and economically justified when performed in conjunction
with Down syndrome screening if a high proportion of women
offered amniocentesis have an affected fetus. Fetuses with
trisomy 18 are growth retarded and this, along with a high
rate of fetal loss in the third trimester, leads to a Cesarean
section rate of 50% or higher when the condition is undiag-
nosed.77 Approximately 25% of fetuses with trisomy 18 also
have spina bifida or omphalocele.

Second-trimester maternal serum levels of AFP, uE3, and
hCG are all lower, on average, in the presence of trisomy 18.
This pattern is not associated with incorrect gestational dating
(unlike the pattern for Down syndrome) and, therefore, is
rarely seen in unaffected pregnancies. Optimal screening 
performance requires a risk-based algorithm that treats the
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Figure 28.5 Overlapping distributions of second-trimester maternal
serum AFP, uE3, hCG, and DIA measurements in unaffected (solid
line) and Down syndrome (dashed line) pregnancies. The four
figures are drawn on the same scale. For AFP and uE3

measurements, Down syndrome pregnancies have lower values,
whereas hCG and DIA measurements are higher. These overlapping
distributions show the relative frequencies, so those with less
variability (i.e., smaller standard deviation) are higher. Overall, AFP
is the least effective of the four screening markers for Down
syndrome.
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analyte measurements as continuous variables and includes
maternal age, similar to the approach used for Down syn-
drome screening described earlier in this chapter. This algo-
rithm was developed using data provided by nine prenatal
screening centers in North America and Europe, which retro-
spectively provided maternal serum AFP, uE3, and hCG meas-
urements (expressed as MoM) and relevant pregnancy-related
information on a total of 94 second-trimester trisomy 18 preg-
nancies.78 In the 89 pregnancies without an accompanying
open NTD, the median levels for AFP, uE3, and hCG were
0.65, 0.43, and 0.36 MoM, respectively. Overall, 70% of uE3

MoM values, 54% of hCG values, and 44% of AFP values
from trisomy 18 pregnancies were equal to or less than those
of the 5th percentile of unaffected pregnancies. At a risk cutoff
level of 1:100, a combination of AFP, uE3, and hCG meas-
urements detected 60% of the trisomy 18 pregnancies with a
false-positive rate of about 0.2%; one in every nine amnio-
centeses identified a fetus with trisomy 18. The risk-based
screening protocol is now the preferred approach to screening
for trisomy 18.

Abnormal analyte levels with 
normal karyotype

The association of elevated AFP levels with poor pregnancy
outcome is discussed above. Similarly, there are clinical 
consequences of altered levels of the other analytes used in
aneuploid screening.

Unexplained elevated hCG levels

The risk of an adverse pregnancy outcome with elevated hCG
levels appears to be independent of the risks associated with
elevated AFP levels. Studies have shown that an unexplained
elevated hCG level is associated with an increased risk of
preeclampsia, preterm birth, low birthweight, fetal demise,
and possibly hypertension.79 It appears that the higher the level
of hCG, the greater the risk.

Elevated hCG and AFP levels

The combination of elevated MSAFP and hCG levels occurs
rarely but may have an overall pregnancy complication rate
exceeding 50%. A study of 66 singleton and 33 multiple preg-
nancies with an MSAFP of more than 2MoM and an hCG of
more than 3.0MoM found that 60% of singletons and 81%
of twins had at least one obstetric complication; these included
preeclampsia, preterm birth, growth restriction, placental
abnormalities, and fetal death.80 Confined placental mosaicism
for chromosome 16 has been reported to be associated with
extremely high levels of both analytes and to have a very poor
prognosis.81,82

Low second-trimester maternal serum uE3 levels

Low maternal serum uE3 levels have been linked to adverse
pregnancy outcomes.83,84 Very low or absent uE3 levels of
0.0–0.15MoM suggest biochemical abnormalities of the fetus
or placenta, including placental steroid sulfatase deficiency,
Smith–Lemli–Opitz syndrome, congenital adrenal hypoplasia,
adrenocorticotropin deficiency, hypothalamic corticotropin
deficiency, and anencephaly.

Smith–Lemli–Opitz syndrome is an autosomal recessive 
disorder secondary to a defect in 3-hydroxysteroid-7-
reductase, which alters cholesterol synthesis and results in low
cholesterol levels and the accumulation of the cholesterol 
precursor 7-dehydrocholesterol in blood and amniotic 
fluid. Because cholesterol is a precursor of E3, the defect results
in reduced or undetectable levels of E3 in maternal serum 
and amniotic fluid. Smith–Lemli–Opitz syndrome is charac-
terized by low birthweight, failure to thrive, and moderate 
to severe mental retardation. It is associated with multiple
structural anomalies, including syndactyly of the second and
third toes, microcephaly, ptosis, and typical-appearing
facies.85–87

Bradley and colleagues88 summarized findings in 33 women
who delivered infants with Smith–Lemli–Opitz syndrome. Out
of the 26 women whose second-trimester uE3 values were
determined, 24 had levels that were below the 5th percentile
(< 0.5MoM). The median level in this group was 0.23MoM
(below the 1st percentile). A risk assessment based on mater-
nal serum uE3 levels in combination with AFP and hCG has
been suggested89 and subsequently used prospectively in a
cohort of 1079301 pregnancies.90 Reliable and inexpen-
sive prenatal diagnostic testing for Smith–Lemli–Opitz 
syndrome is available based on amniotic fluid cholesterol or
7-dehydrocholesterol levels.91

Placental steroid sulfatase deficiency is an X-linked reces-
sive disorder resulting from deletion of Xp22.3. This enzyme
deficiency prevents removal of the sulfate molecule from fetal
estrogen precursors, preventing their conversion to E3. The
fetal phenotype depends on the extent of the deletion, with
over 90% of cases presenting as X-linked ichthyosis that can
be treated with topical keratolytic agents. However, in about
5% of cases, there can be a deletion of contiguous genes,
causing mental retardation. The deletion can extend, on occa-
sion, to cause Kallmann syndrome or chondrodysplasia 
punctata. The lack of estrogen biosynthesis may result in
delayed onset of labor, prolonged labor, or stillbirth.

Prenatal diagnosis of the deletion that leads to placental sul-
fatase deficiency and congenital ichthyosis can be performed
by karyotyping or fluorescence in situ hybridization.92–94

Although very low uE3 levels, usually below the level of detec-
tion, can detect males at risk for this disorder, testing in these
cases is not routinely offered because the phenotype is usually
mild. However, the rarer more serious cases of extensive dele-
tions will be missed.95
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Ultrasound in second-trimester
aneuploid screening

Second-trimester ultrasound markers for 
Down syndrome

There are no single physical characteristics that are diagnos-
tic for Down syndrome, rather the diagnosis is suspected when
a combination of associated features (e.g., Simian crease, epi-
canthal folds, increased nuchal skinfold) are present. Similarly,
the in utero probability of Down syndrome is increased when
ultrasound imaging demonstrates anomalies or physical fea-
tures that occur more frequently in Down syndrome fetuses
than in the general population. Some of these are distinct con-
genital anomalies such as atrioventricular canal or duodenal
atresia, which strongly suggest the possibility of Down syn-
drome and are independent indications to offer invasive
testing. None of these occurs frequently enough, however, to
be valuable in routine screening of a low-risk population. For
example, although 40% of fetuses with duodenal atresia have
Down syndrome, it is seen in only 8% of affected fetuses.
More valuable for routine screening are the “soft markers,”
which are variations of normal that occur more commonly in
fetuses with Down syndrome than in unaffected fetuses. By
comparing the prevalence of these markers in Down syndrome
fetuses with their prevalence in the unaffected population, a
likelihood ratio can be calculated that can be used to modify
the a priori age or serum-screen risk.

For a marker to be useful for screening, it should be present
in a high proportion of Down syndrome pregnancies, infre-
quently seen in normal fetuses, easily imaged during routine
sonographic examination, and present early enough in the
second trimester that subsequent diagnostic testing by amnio-
centesis can be performed with results available when preg-
nancy termination remains an option. Markers commonly used
to assess the risk of Down syndrome include the following:
• An increased nuchal fold is the most distinctive second-
trimester marker. To obtain the correct image, the fetal head
is scanned in a transverse plane similar to that used in meas-
uring the BPD. The thalami and upper portion of the cerebel-
lum should be in the plane of the image. The distance between
the external surface of the occipital bone and the external
surface of the skin is measured. About 35% of Down syn-
drome fetuses have a nuchal skinfold measurement that is
greater than 6mm compared with only 0.7% of unaffected
fetuses. When fetuses with more than one marker are included,
a measurement of greater than 6mm yields a likelihood ratio
for Down syndrome of 50. When an increased nuchal fold is
an isolated finding, the likelihood ratio for Down syndrome
is 20. Thus, the presence of an increased nuchal fold alone is
an indication to offer invasive testing.96–101

• In the second trimester, Down syndrome fetuses may have
short proximal extremities. An observed–expected ratio of less
than 0.91 or a BPD–femur ratio of more than 1.5 has a
reported likelihood ratio for Down syndrome of 1.5–2.7 when

present as an isolated finding. A short humerus is more
strongly related to Down syndrome than a short femur, with
reported likelihood ratios ranging from 2.5 to 7.5.102

• Echogenic intracardiac foci are secondary to mineralization
within the papillary muscle and occur in up to 5% of normal
pregnancies and in approximately 13–18% of Down syn-
drome pregnancies.103 When an echogenic focus is present as
an isolated marker, the likelihood ratio for Down syndrome
is approximately 2. The risk does not seem to vary if the focus
is in the right or left ventricle or if it is unilateral or bilateral.
• Increased echogenicity of the fetal bowel, when brighter
than the surrounding bone, has a likelihood ratio for Down
syndrome of 5.5–6.7.104–106 This finding can also be seen with
fetal cystic fibrosis, congenital cytomegalovirus infection,
swallowed bloody amniotic fluid, and severe intrauterine
growth restriction. Therefore, if amniocentesis is performed
for karyotype analysis in these cases, testing for other poten-
tial etiologies should be considered.
• Mild fetal pyelectasis (a renal anterior–posterior diameter
of greater than 4mm) has been suggested as a potential marker
for Down syndrome. As an isolated marker, the likelihood
ratio ranges from 1.5 to 1.9. More recently, Snijders and co-
workers107 did not find a significant increase in mild fetal
pyelectasis in Down syndrome pregnancies compared with
normal pregnancies, and its value in Down syndrome screen-
ing is questionable.
• Other markers that have been described include a hypoplas-
tic fifth middle phalanx of the hand,108 short ears, a sandal gap
between the first and second toes,109,110 an abnormal iliac wing
angle,111 an altered foot–femur ratio,112 and a short or absent
nasal bone.113 These markers are inconsistently used because
of the time and expertise required to obtain them.

Use of ultrasound to estimate the risk of 
Down syndrome

As with other screening modalities, second-trimester ultra-
sound can be used to alter the a priori risk in either direction. A
benign second-trimester scan that finds none of the known
markers and no anomalies has been suggested to have a likeli-
hood ratio for Down syndrome of 0.4, assuming the image
quality is satisfactory.114 Nyberg and colleagues used this
approach to calculate an age-adjusted ultrasound risk assess-
ment for Down syndrome in 8914 pregnancies (186 fetuses with
Down syndrome, 8728 control subjects). Some type of sono-
graphic finding (major abnormality, minor marker, or both) was
observed in 68.8% of fetuses with trisomy 21 compared with
13.6% of control fetuses (P < 0.001); about one-third of fetuses
with Down syndrome have neither a marker nor an anomaly.

A positive finding on ultrasound can also be used to modify
the risk of aneuploidy. The magnitude of the increase depends
on the marker(s) or anomalies seen. Nyberg and col-
leagues114,115 reviewed their own data and the data of others116

to estimate a likelihood ratio for each marker when it is
present as an isolated finding (see Table 28.1).
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Combined ultrasound and multiple marker risk
assessment in the second trimester

Ultrasound markers can be combined with serum markers, but a
relatively small correlation between the two approaches needs to
be taken into consideration if a quantitative approach is used.117

Bahado-Singh and colleagues118 combined ultrasound markers
with maternal analytes, including urinary hyperglycosylated
hCG and urinary β-core fragment of hCG. In a sample of 585
pregnancies, the sensitivity of this combined screening approach
for trisomy 21 was 93.7%, with a false-positive rate of 5%.

Ultrasound screening for other 
chromosomal abnormalities

Fetal aneuploidy other than Down syndrome can be suspected
based on the finding of specific ultrasound abnormalities.
Table 28.2 demonstrates the association of specific ultrasound
findings and chromosomal abnormalities.

Choroid plexus cysts deserve specific mention because they
occur relatively frequently. They are seen in approximately
1% of fetuses between 16 and 24 weeks’ gestation and have
been associated with trisomy 18. About 30–35% of fetuses
with trisomy 18 will have choroid plexus cysts. Alternatively,
among fetuses with a choroid plexus cyst, about 3% will have
trisomy 18, and most (65–90%) will also have other ultra-
sound findings. Early studies suggested that an isolated
choroid plexus cyst might result in a probability of trisomy 18
of as high as 1 in 150. However, many of these series con-
tained a high proportion of older women, resulting in the risk
being overstated. Snijders and co-workers119 more recently cal-
culated that an isolated choroid plexus cyst has a likelihood
ratio for trisomy 18 of 1.5. The size, location, or persistence
of the cyst does not alter the risk.120–124

Maternal serum screening for Down
syndrome in the first trimester

Within a few years of the 1984 report of the association
between reduced AFP levels in the second trimester and Down
syndrome,64 researchers reported measurements of AFP and
other second-trimester markers earlier in pregnancy.125,126 The
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Table 28.1 Likelihood ratios (LR) and 95% confidence intervals
(CI) for isolated markers in three studies.

Sonographic marker LR* LR (95% CI)† LR (95% CI)‡

Nuchal thickening 18.6 11 (5.2–22) 17 (8–38)
Hyperechoic bowel 5.5 6.7 (2.7–16.8) 6.1 (3–12.6)
Short humerus 2.5 5.1 (1.6–16.5) 7.5 (4.7–12)
Short femur 2.2 1.5 (0.8–2.8) 2.7 (1.2–6)
EIF 2 1.8 (1.0–3) 2.8 (1.5–5.5)
Pyelectasis 1.5 1.5 (0.6–3.6) 1.9 (0.7–5.1)

From ref. 115.

EIF, echogenic intracardiac focus.

*LR assumed by the original AAURA model, Nyberg et al.114

(n = 1042).

†LR of  analysis of Nyberg et al.115 (n = 8830).

‡LR of meta-analysis by Smith-Bindman and colleagues116

(n > 131000).

Table 28.2 Association of ultrasound markers with aneuploidy.

US finding Chromosomal Trisomy 13 Trisomy 18 Trisomy 21 Other 45X
abnormalities (%)
when:

Isolated Multiple

Holoprosencephaly (n = 132) 4 39 30 7 – 7 –
Choroid plexus cysts (n = 1806) 1 46 11 121 18 11 –
Facial cleft (n = 118) 0 51 25 16 – 6 –
Cystic hygroma (n = 276) 52 71 – 13 26 11 163
Nuchal skinfold 19 45 – 9 85 19 10
Diaphragmatic hernia (n = 173) 2 34 – 18 – 14 –
Ventriculomegaly (n = 690) 2 17 10 23 13 14 –
Posterior fossa cyst (n = 101) 0 52 10 22 – 8 –
Major heart defects (n = 829) 16 66 30 82 68 31 30
Duodenal atresia (n = 44) 38 64 – – 21 2 –
Hyperechoic bowel (n = 196) 7 42 – – 22 17 –
Omphalocele (n = 475) 13 46 28 108 – 31 –
Renal anomalies (n = 1825)* 3 24 40 52 48 62 –
Mild hydronephrosis (n = 631) 2 33 8 6 27 9 –
IUGR (early) (n = 621) 4 38 11 47 – 18 36 (triploidy)
Talipes (n = 127) 0 33 – – – – –

Adapted from Snijders and Nicolaides.

IUGR, intrauterine growth restriction; “isolated,” isolated findings; “multiple,” multiple findings.

*Renal anomalies defined as mild hydro, moderate hydro, severe hydro, multicystic kidney, obstruction, or renal agenesis
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levels of AFP and uE3 were found to differ only slightly
between affected and unaffected pregnancies in the late first
trimester.71 Measurements of hCG and particularly its free β-
subunit were found to have some utility; however, the serum
marker PAPP-A was found to be the best single marker.127–129

One factor leading to some early confusion in reported studies
is that the strength of association of all of the known first-
trimester markers changes week by week.130 For example,
PAPP-A measurements alone are a much better marker at 10
weeks’ gestation (58% detection with a 5% false-positive rate)
than at 13 weeks’ gestation (27% detection with a 5% false-
positive rate). This has required screening programs to have
the ability to compute week-specific Down syndrome risks.131

According to the SURUSS report,131 the combination of mater-
nal age, PAPP-A, and hCG (or the free β-subunit) at 12 weeks’
gestation has a detection rate of about 63% with a 5% false-
positive rate (less than the 81% found using quadruple
markers in the second trimester). This led to a general agree-
ment that stand-alone first-trimester biochemical screening
should not be made available clinically. At present, few, if any,
laboratories in the USA routinely provide Down syndrome
risks based only on first-trimester biochemistry.

First-trimester ultrasound findings in Down
syndrome pregnancies

In his initial description of the syndrome that bears his name,
Langdon Down described skin which was so deficient in elas-
ticity that it appeared to be too large for the body. This was
particularly evident in the neck area of newborns. Since that
time it has been clearly demonstrated that, as early as 10
weeks’ gestation, the fetal neck area is expanded in Down syn-
drome. Although all fetuses demonstrate a small amount of
fluid in the posterior nuchal area (called nuchal translucency,
NT) at between 10 and 13 weeks’ gestation (Fig. 28.6), fetuses
with Down syndrome will, on average, have a larger amount.
This difference allows measurement of NT to be converted to
a likelihood ratio and used to modify the a priori maternal
age risk of trisomy 21.

NT is defined as the maximum fluid-filled space between the
skin of the posterior fetal neck area and the underlying struc-
tures. This area can be measured by transabdominal ultra-
sound in over 95% of cases and with transvaginal scanning
in the remaining cases. Because the amount of fluid in euploid
pregnancies increases with gestational age, no absolute
“normal” value exists (Fig. 28.7); rather, the measurement is
converted to either multiples of the gestational age median or
the absolute deviation from the median (called delta NT)
before conversion to a likelihood ratio. This manipulation is
similar to that routinely used for gestational age standardiza-
tion of biochemical analytes.

The performance of NT combined with maternal and ges-
tational age in Down syndrome risk assessment has been well
studied. In more than 100000 pregnancies, NT measurements
were greater than the 95th percentile in over 70% of fetuses

with trisomy 21.132 Using a cutoff risk of 1:300, 82% of
trisomy 21 pregnancies were screen positive with a total
screen-positive rate of 8.3%. When a screen-positive rate of
5% was chosen, the sensitivity of screening was 77%. Subse-
quent studies have demonstrated similar rates of between 70%
and 75%.133,134

Although NT appears to be a powerful first-trimester Down
syndrome screening analyte, it will be efficacious only if all
operators measure it in a standard fashion. To encourage this,
the Fetal Medicine Foundation in London, UK, developed
detailed guidelines for taking NT measurements, which
include the following:
1 The crown–rump length should be between 45mm and
84mm.
2 Either transabdominal or transcervical scanning can be
used. Transabdominal is successful in most cases and should
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Figure 28.6 Correct measurement of NT in the first trimester.
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be the primary approach in order to minimize the time and
expense.
3 A true sagittal scan of the fetus is required.
4 The image must be magnified so that the fetus occupies 75%
of the image. This insures that each increment in the distance
between calipers will be approximately 0.1mm. It has been
demonstrated that ultrasound measurements can be accurate
to the nearest 0.1 or 0.2mm.135

5 The fetal skin must be clearly separated from the amnion.
When the fetus is lying directly on the amnion, separation can
be accomplished either by waiting for fetal movement or by
facilitating this (asking the mother to cough or tapping on her
lower abdomen).
6 The maximum thickness of the subcutaneous translucency
between the skin and the soft tissue overlying the cervical spine
should be measured by placing the calipers as in Fig. 28.8. The

measurement should be taken three times, and the maximum
one used for the risk calculation
7 The NT should be measured with the fetal head in the
neutral position. Hyperextension will increase the measure-
ment by as much as 0.6mm, and excessive flexion will
decrease it by 0.4mm.136

Although the above criteria assist in standardizing the tech-
nique used for measuring NT, consistently reliable results
require sonographer training, image review, and ongoing
quality management. In the USA, the Society of Maternal Fetal
Medicine has developed a program of education and image
review which leads to certification and indicates that individ-
uals have mastered the technique (www.ntqr.org). Once sono-
graphers and sonologists have completed this process, their
clinical measurements are monitored and compared with
expected standards. Centers or individuals demonstrating a
deviation from the norm are alerted and remediation pro-
vided. This process is similar to those used by laboratories to
ensure consistent values for biochemical analytes. A similar
program is provided by the Fetal Medicine Foundation in
London. Studies have demonstrated the efficacy of NT moni-
toring programs in assuring accurate results.137

Combining NT and biochemical markers to screen
for Down syndrome in the first trimester

If first-trimester biochemical and NT measurements at 10–13
weeks’ gestation are combined, the performance is at least as
good as or better than the second-trimester quadruple test.
Table 28.3 shows the expected Down syndrome detection rate
at 11–13 weeks’ gestation for a ‘combined’ first-trimester
screening test (maternal age, ultrasound NT measurements,
and maternal serum measurements of PAPP-A and the free β-

496

Correct

Figure 28.8 Appropriate placement of calipers for measuring NT.
The arrow represents correct caliper location.

Table 28.3 Comparing the Down syndrome detection rate (DR) and false-positive rate (FPR) for first-trimester combined testing (by week of
gestation) with second-trimester quadruple marker testing.

Performance First-trimester combined test* at: Second-trimester

11 weeks 12 weeks 13 weeks
quadruple test†

DR of 80%‡
FPR (%) 3.5 3.4 3.2 4.5
FPR of 5%‡
DR (%) 83 83 84 81
Risk cutoff of 35-year-old woman§(1:270)

DR (%) 83 83 83 84‡
FPR (%) 4.7 4.6 4.6 5.7‡
OAPR¶ (1:n) 1:25 1:24 1:24 1:30‡

*Combined test: maternal age in combination with NT, PAPP-A, and free βhCG measurements (hCG can be substituted for free βhCG with
little change in performance).

†Quadruple test: maternal age in combination with second-trimester measurements of AFP, uE3, hCG, and DIA.

‡From SURUSS report.131

§Modeled for first trimester.

¶OAPR: the odds of being affected given a positive result.
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subunit of hCG). For comparison, the quadruple test per-
formance is also provided. Either the free β-subunit of hCG
or total hCG can be used as the fourth marker. Because PAPP-
A and NT are the best discriminators, programs can choose,
with minimal impact on performance, which form of hCG to
use based on other factors, such as availability and cost of
reagents.138 Figure 28.9 provides overlapping distributions for
NT measurements and for the three biochemical markers used
for first-trimester screening.

Other first-trimester ultrasound markers

Individuals with Down syndrome are known to have midfa-
cial flattening and hypoplasia of the nasal bridge, which most
likely results from altered collagen formation. Pathologic
studies of Down syndrome fetuses demonstrate this finding as
early as the end of the first trimester.139 Recently, Cicero and
colleagues113 reported that ultrasound can identify this abnor-
mality in a high proportion of Down syndrome fetuses in the
first trimester. This finding is present in approximately 65%
of Down syndrome fetuses and only 2.5% of the unaffected
population, which results in a Down syndrome likelihood
ratio of approximately 30 when the nasal bone is absent and
0.3 when it is present.140

Although the initial reports on nasal bone imaging suggest
that it may have an important role in Down syndrome risk
assessment, many caveats remain before it can be recom-
mended for routine use. It is difficult to routinely image, the
frequency of absence varies depending on the patient’s ethnic
group (e.g., there is a much higher frequency in patients of
African origin141), visualization is gestational-age dependent,
and measurements of the nasal bone are not independent of
the NT thickness. For these reasons, at the present time, the

use of nasal bone imaging in a Down syndrome risk algorithm
is not recommended as part of primary screening. Nicholaides
and colleagues142 have demonstrated its potential for second-
ary evaluation of patients initially identified as being at risk
by more standard procedures. In his analysis, a first-trimester
screening approach using NT, biochemical analytes, and nasal
bone evaluation had a detection rate of 92% with a false-
positive rate of 2.5%.142

Other first-trimester ultrasound findings have also been
suggested to have a role in Down syndrome risk assessment.
These include altered flow through the ductus venosus and the
presence of tricuspid regurgitation.143,144 At the present time,
reports of these findings come from only a limited number of
centers and their use for screening is still being investigated.

Integrating first- and second-trimester
screening strategies for Down syndrome

Choosing an overall screening strategy for Down syndrome is
complicated by the need to consider not only the performance
of each strategy but also the ancillary issues of program imple-
mentation. This includes the timing and availability of diag-
nostic tests, adherence to risk cutoffs, concern about holding
first-trimester test results until the second trimester, accept-
ability to women and healthcare providers, financial costs,
medical costs, and second-trimester serum testing for open
NTDs. Although there are clinical and programmatic advan-
tages to screening in either the first or the second trimesters,
the concept of combining markers from both trimesters into
a single integrated interpretation provides the most accurate
estimate of Down syndrome risk yet available.145 Integrated
screening calls for the holding of first-trimester information
until the second-trimester results are also available. A single
risk is then provided to the woman, and a single risk cutoff
level is used to define screen-positive results (e.g., ≥ 1:200).
Figure 28.10 demonstrates that integrated screening performs
more effectively than any of the strategies applied in the 
first or second trimesters. However, it requires that 
information is withheld from patients until at least 16 weeks’
gestation.

The potential advantages of a first-trimester diagnosis have
led to the creation of screening strategies that combine the
high performance of integrated screening with a high 
detection rate of Down syndrome pregnancies in the first
trimester.146 Two of these strategies, sequential screening and
contingent screening, are reviewed below; both include NT
measurements.
• Sequential screening147 initially offers counseling and diag-
nostic testing to all women with a first-trimester risk at or
above an initial risk cutoff level (e.g., ≥ 1:50); the remaining
women are given a quadruple test (AFP, uE3, hCG, and DIA)
in the second trimester that is interpreted as an “integrated”
test, using information from both trimesters. Those with a
Down syndrome risk above a final second-trimester risk 
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Figure 28.9 Overlapping distributions of first-trimester Down
syndrome markers, including maternal serum PAPP-A, NT, free β-
subunit of hCG, and hCG. These distributions vary by gestational
week. The distributions correspond to the twelfth completed week,
and the scales are the same as for Fig. 28.5 to allow for direct
comparison. NT and PAPP-A measurements are more effective
screening markers than hCG and free βhCG.
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cut-off level (e.g., ≥ 1:270) are also offered counseling and
second-trimester diagnostic testing.
• Contingent screening148,149 differs from sequential screening
by having not only a high-risk cutoff level defined in the first
trimester but also a low-risk cutoff level (e.g., ≥ 1:50 and
< 1:1500). Women with Down syndrome risks below the low
cutoff level are informed that they do not require further
testing, as they are unlikely to become screen positive.

Given that integrated screening uses all of the informative
markers before assigning a risk and determining who should
be offered diagnostic testing, the other two strategies will, of
necessity, be less efficient, as defined by detection and false-
positive rates. This is because both sequential and contingent
screening strategies assign an interim risk and make the offer

of diagnostic testing in the first trimester based on only a
subset of informative markers. Thus, the early detection of
some affected pregnancies and the reduced need for second-
trimester screening (contingent testing) must logically be “paid
for” by having either a somewhat lower detection rate or more
false-positives. Modeling these strategies shows that sequen-
tial and contingent screening performances can approach that
of integrated screening if the proportion of women offered
diagnostic testing in the first trimester is kept well below 
the proportion offered diagnostic testing in the second
trimester. Both perform more effectively than either the first-
trimester combined strategy or second-trimester stand-alone
screening.150

Speculation

In the near future, Down syndrome screening programs will
increasingly combine information from both trimesters as a
way of reducing false-positives while simultaneously improv-
ing detection. Although NT measurements have been shown
to be reliable in the research setting, it is not yet clear whether
such testing can be reliably offered as a routine screening
test.134 Other improvements, such as repeated measures of bio-
chemical markers,149,151 are being investigated as ways of
increasing performance even further, even when NT measure-
ments are not available. Also, methods using multiple contin-
gent policies are being promulgated.152 Routinely available
screening strategies, including those based on maternal serum
alone, may soon be able to detect over 90% of Down syn-
drome pregnancies with only a 1–2% false-positive rate by
combining information from first- and second-trimester
screening tests. Research is also continuing in the area of col-
lecting and testing individual fetal cells (or fetal DNA) in 
the maternal circulation as either a screening or a 
diagnostic test.153
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Figure 28.10 Comparative performance of several Down syndrome
screening strategies. Numbers in the individual bar graphs indicate
detection rates at a 5% false-positive rate. Maternal age alone
results in a 25% detection rate, and each strategy after that is
associated with successively higher detection rates. The highest
detection rate is achieved with full integrated screening, followed by
serum integrated screening.

Key points

1 In 1956, a fetal-specific protein (alpha-fetoprotein or
AFP) was discovered in fetal serum.

2 Elevated AFP in second-trimester amniotic fluid is a
strong indicator of the presence of a fetal open neural
tube defect (NTD).

3 AFP levels in maternal serum can be used as a
screening (but not diagnostic) test for open NTDs in
the second trimester.

4 AFP measurements in both amniotic fluid and maternal
serum vary with gestation. They are routinely
expressed as a multiple of the median (MoM) AFP
value found in unaffected pregnancies of the same
gestational age.

5 In expert hands, ultrasound markers in the fetal brain 
at 18–21 weeks’ gestation are diagnostic of open
NTDs.

6 Beginning in the 1970s, a woman’s age was used as a
determinant in screening for Down syndrome, with
those aged 35 and older being offered amniocentesis
and karyotyping.

7 In 1984, reduced levels of maternal serum AFP in the
second trimester were reported in Down syndrome
pregnancies.

8 Combining maternal age and serum AFP measurements
allowed diagnostic testing to be offered to younger
women; this combination had a detection rate of 25%
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20 Sequential and contingent screening strategies are
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preserve the high performance of integrated screening,
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syndrome cases in the first trimester.
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Fetal growth is a fundamental characteristic of the continuity
of life and fetal well-being. Cell divisions, cell hyperplasia, and
cell hypertrophy are the cornerstones of fetal growth. Winick1

has suggested that, early in pregnancy, growth of fetal organs
takes place first by cell hyperplasia or cell division, then by
hyperplasia and cell hypertrophy and, finally, by the cessation
of hyperplasia, after which growth continues by cellular
hypertrophy alone. Despite this apparent orderly sequence of
events, fetuses grow at different rates, become different sizes,
and have different shapes. It has been observed in sheep that,
up until 130 days’ gestation, growth seems to be very similar
between fetuses but, after this point, varying patterns of
growth may be recognized.

In this chapter, we discuss the two extreme types of deviant
fetal growth – accelerated (macrosomia) and diminished
[intrauterine growth restriction (IUGR)]. In addition, prenatal
diagnosis of these conditions is discussed.

Intrauterine growth restriction

Etiology and definition

IUGR is an abnormality of fetal growth and development that
affects 3–7% of all deliveries, depending on the diagnostic cri-
teria used.2–4 The growth-restricted fetus is at greater risk for
mortality and morbidity. It is estimated that perinatal mortal-
ity is 5–10 times higher in the growth-restricted neonate than
in the neonate who is sized appropriately for gestational age.5

Several associated morbid conditions of serious concern occur-
ring after different periods of growth failure in utero include
birth asphyxia, neonatal hypoglycemia, hypocalcemia, poly-
cythemia, meconium aspiration, and persistent fetal circula-
tion. Investigators have reported poorer neurodevelopmental
outcome in small-for-gestational-age (SGA) infants, particu-
larly when there is also associated prematurity.6–8 The inci-
dence of major neurologic handicaps in preterm SGA infants
may be 35%.9

There are several causes of IUGR. These may be conceptu-
ally divided into three main categories: maternal, fetal, and

uteroplacental (Table 29.1). It should be stressed, however,
that in almost half the cases of IUGR, the etiology is unknown.
Furthermore, it has been found that the single most important
maternal clinical risk factor is a previous history of IUGR.10

Therefore, suspicion of IUGR should not be based only on the
existence of clinical risk factors during the index pregnancy.

One point of confusion and disagreement is the criteria that
are used to define IUGR. IUGR has been defined variously as
an infant whose birthweight is below the 3rd,11 5th,12 and
10th13 percentiles for gestational age or whose birthweight 
is more than two standard deviations below the mean for 
gestational age.14,15 The ponderal index is determined in the
neonate by the following formula:

Ponderal index = [birthweight (g) × 100]/[crown–heel
length (cm)]3

The ponderal index may identify a neonate who has a small
amount of soft tissue clinically evident by loss of subcutaneous
tissue and muscle mass, even though the birthweight is normal
for gestational age. Neonates with a ponderal index below the
10th percentile for gestational age are probably suffering from
malnutrition in utero. For example, a fetus of 2900g born at
38 weeks’ gestation would have been larger (e.g., 3500g)
under normal nutritional conditions. Such an infant may be
identified as having IUGR only when using the ponderal index
definition for this condition.

In an interesting study by Weiner and Robinson,16 the
results of sonographic diagnoses of IUGR were compared with
the postnatal ponderal indices. The study showed that 40%
of SGA infants identified by birthweight percentiles were not
growth restricted according to their ponderal index. In con-
trast, 53% of the neonates diagnosed as IUGR by postnatal
ponderal index were average for gestational age according to
their birthweight percentile. Because the importance of ante-
natal diagnosis of IUGR is to identify those infants at high risk
for intrapartum and neonatal complications, the ponderal
index is more closely related to perinatal morbidity and mor-
tality than the birthweight percentile.17 Therefore, it would be
useful to be able to employ the ponderal index in attempting

507

29 Prenatal diagnosis of deviant 
fetal growth
E. Albert Reece and Zion J. Hagay

TCO29  9/13/06  5:14 PM  Page 507



CHAPTER 29

to diagnose IUGR in utero. Unfortunately, there is presently
no practical method to evaluate ponderal index in utero.
Hence, the most commonly used definition of IUGR is a fetal
weight below the 10th percentile for gestational age.

Another index, the crown–heel length, has been used to
evaluate neonatal size. Prediction from the femur length (FL)
measurement, however, has been found to be too imprecise to
be useful.18

One unresolved problem concerns which growth curve to
use. Goldenberg and colleagues19 have shown that the 10th
percentile birthweights at each gestational age differ substan-
tially among published charts, occasionally by more than
500 g. One of the most widely used birthweight curves is that
of Battaglia and Lubchenco,2 which was derived from 5635
liveborn white and Hispanic people living at approximately
8000 feet above sea level in Denver, CO, USA. Obviously, this
growth curve cannot be applied to a different ethnic and 
geographic population.

It has been suggested that much of the confusion that
presently surrounds IUGR would be eliminated, at least in the
United States, if we used a clearly defined American population
to derive the percentiles for defining IUGR.19 In fact, discrep-
ancies between different birthweight charts from different geo-
graphic areas underscore the need for generating birthweight
curves from the population to which they will be applied.

Classification of intrauterine 
growth restriction

Clinically, three categories of IUGR may be recognized. Each
reflects the time of onset of the pathologic process 
(Fig. 29.1).20–23
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Table 29.1 Risk factors of intrauterine growth restriction.

Maternal risk factors
Alcohol
Smoking
Drugs

Corticosteroids
Propranolol
Dilantin
Coumadin
Heroin

Anemia
Malnutrition
Prepregnancy weight of < 50kg
Cyanotic heart disease
Chronic hypertension
Pregnancy-induced hypertension
Diabetes mellitus (with vasculopathy)
Connective tissue disease

Fetal risk factors
Genetic disorders (e.g., dwarf syndromes)
Chromosomal abnormalities (e.g., trisomies 13, 18, and 21)
Congenital anomalies (e.g., gastroschisis)
Fetal infection (e.g., viral, protozoan)

Uterine and placental risk factors
Müllerian anomalies (e.g., septate uterus)
Placental insufficiency due to

Infarctions
Infection
Chorioangioma
Multifetal pregnancy
Circumvallate placenta
Previa
Focal abruption
Marginal insertion of the cord

Figure 29.1 A schematic illustration
of possible insults during the three
stages of embryonic–fetal
development and the corresponding
intrauterine growth restriction
(IUGR) that may develop.
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Type 1, or symmetric, IUGR

Type 1 IUGR refers to the infant with decreased growth poten-
tial. This type of IUGR begins early in gestation, and the entire
fetus is proportionally SGA.

Head and abdominal circumferences, length, and weight are
all below the 10th percentile for gestational age. However,
those infants have a normal ponderal index.

Type 1 IUGR is a result of growth inhibition early in ges-
tation. This early stage of embryonic–fetal development is
characterized by active mitosis from 4 to 20 weeks’ gestation
and is called the hyperplastic stage.24–26 Any pathologic
process during this stage may lead to a reduced number of
cells in the fetus.

Symmetric IUGR accounts for 20–30% of growth-restricted
fetuses.22,27 This condition may result from the inhibition of
mitosis, as is seen in intrauterine infection (e.g., herpes
simplex, rubella, cytomegalovirus, toxoplasmosis), chromoso-
mal disorders, and congenital malformations. It should be
remembered, however, that symmetrically small fetuses may
be constitutionally small and suffer from no abnormality at
all.20

In general, type 1 IUGR is associated with a poor progno-
sis: this is in direct relation to the pathologic condition that
causes it. Weiner and Williamson28 showed that, in the absence
of an identifiable maternal factor and sonographically detected
abnormality, approximately 25% of fetuses evaluated for
severe, early-onset growth restriction have aneuploidy. There-
fore, the performance of percutaneous umbilical blood sam-
pling is strongly recommended to search for karyotypic
abnormality.

Type 2, or asymmetric, IUGR

Type 2, or asymmetric, IUGR refers to the neonate with
restricted growth and is most frequently due to uteroplacen-
tal insufficiency.21,29

Type 2 IUGR is a result of a later growth insult than type
1 and usually occurs after 28 weeks’ gestation. As has been
shown by Vorherr,26 in the late second trimester, normal fetal
growth is characterized by a process of hypertrophy. In this
hypertrophic stage, there is a rapid increase in cell size and the
formation of fat, muscle, bone, and other tissues. In this phase,
the process of hyperplasia is decreased (Fig. 29.2).

Symmetrically growth-restricted fetuses have a near normal
total number of cells, but these cells are decreased in size.
Asymmetric IUGR fetuses have low ponderal indices with
below average infant weight but normal head circumference
(HC) and fetal length. In these cases of asymmetric IUGR, fetal
growth is normal until late in the second trimester or early in
the third, when head growth remains normal, whereas abdom-
inal growth slows (“brain-sparing effect”). This asymmetry is
a result of a fetal compensatory mechanism that responds to
a state of poor placental perfusion. Redistribution of fetal
cardiac output occurs with increased flow to the brain, heart,

and adrenals and decreased glycogen storage and liver mass.30

However, if placental insufficiency is aggravated during late
pregnancy, the head growth may be flattened, and its size may
drop below the normal growth curve.

It is estimated that 70–80% of growth-restricted fetuses are
type 2 IUGR.31 This form of IUGR is frequently associated
with maternal diseases such as chronic hypertension, renal
disease, diabetes mellitus with vasculopathy, and others (see
Table 29.1).

Intermediate IUGR

Intermediate IUGR refers to growth restriction that is a 
combination of types 1 and 2 IUGR. The insult to fetal 
growth in intermediate IUGR most probably occurs during the
middle phase of fetal growth – that of hyperplasia and 
hypertrophy (see Figs 29.1 and 29.2) – which corresponds to
20–28 weeks’ gestation. At this stage, there is a decrease 
in mitotic rate and a progressive overall increase in cell 
size.

This form of IUGR is less common than types 1 and 2; it 
is estimated as being responsible for 5–10% of all growth-
restricted fetuses. Chronic hypertension, lupus nephritis, or
other maternal vascular diseases that are severe and begin
early in the second trimester may result in an intermediate
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Figure 29.2 Cell number and rate of mitosis in relation to
embryonic–fetal growth. Embryonic weight gain is slow (small
initial cell number) even though the rate of mitosis is very high. At
approximately weeks 16 to 20 of gestation, a substantial fetal cell
mass is reached. Thereafter, however, mitosis is slowed (organ
differentiation and function). Even though slowed, division of a
large number of fetal cells produces a rapid fetal weight gain.
(Redrawn from ref. 26.)
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IUGR with symmetric growth and no significant brain-sparing
effect.

Ultrasonic measurements used in 
the diagnosis of IUGR

The intrauterine detection of restricted fetal growth by clini-
cal means is possible in approximately 30% of affected preg-
nancies.32 Ultrasonography offers an objective, reliable, and
effective means of identifying restricted intrauterine fetal
growth. However, to make a proper diagnosis and appropri-
ately manage the growth-restricted fetus, it is crucial to deter-
mine the gestational age as accurately as possible.

Pregnancy dating has traditionally been based on historical
and clinical clues. The certain date of a patient’s last menstrual
period had been regarded as the most reliable method of 
estimating a fetus’ gestational age.33 However, it has been
reported that 20–40% of pregnant women fail to recall the
exact date of their last menstrual period.34

Therefore, ultrasonography may be of help in dating a preg-
nancy. In the first trimester, crown–rump length measurement
allows for an estimation of gestational age with a range of
4.7 days at the 95% confidence level. Between 12 and
24 weeks’ gestation, the biparietal diameter (BPD) measure-
ment provides reliable estimates comparable with that of the
crown–rump measurement performed in the first trimester of
pregnancy. Beyond 28–30 weeks’ gestation, there is a pro-
gressive increase in BPD variations, and the establishment of
accurate gestational age is less satisfactory.

The FL correlates with gestational age, particularly during
14–22 weeks’ gestation, with a range of 6–7 days at the 95%
confidence level.35

Accurate antenatal diagnosis of IUGR may prevent the high
perinatal morbidity and mortality associated with this condi-
tion and permit appropriate management and obstetric inter-
vention when fetal compromise is evident. Most authorities
believe that, whenever IUGR is diagnosed after 37 weeks’ ges-
tation, delivery is indicated to decrease the risk of fetal death.36

Several sonographic parameters may be used in the diagno-
sis of IUGR. These parameters are critically reviewed in the
following sections.

Biparietal diameter

Nomograms of BPD or HC are available to provide calculated
estimates of weekly increments for the size of the fetal head
(Tables 29.2–29.4).37 Hence, when comparing the observed
increase in BPD with the expected rate of growth, the physi-
cian should be able to identify growth-restricted fetuses when
the head is affected in the growth curtailment. In fact, the BPD
was the first ultrasonic parameter used for detection of
IUGR.23,38 The detection rates of IUGR with single and serial
BPD measurements alone have been reported to be of poor
value by most authors.39,40–42 Reported accuracy rates have
ranged from 43% to 82%.40,43–47 Rosendahl and Kivinen48

studied the efficiency of a single BPD measurement at
34 weeks’ gestation to identify infants with birthweights
below the 10th percentile. Single BPD measurements at
34 weeks’ gestation detected only 26.9% of the SGA infants,
with a positive predictive value of 30.9%, which means that
69% of the fetuses with restricted BPD actually proved to be
normally grown. The study by Warsof and colleagues49 indi-
cates that a single BPD measurement in the third trimester is
a poor predictor of IUGR.

Others studies used serial BPD determinations in the hope
of improving accuracy; however, their results were equally dis-
appointing. Kurjak and colleagues43 have shown that only
48% of fetuses with a small BPD (below the 10th percentile)
had birthweights below the 10th percentile and actually
resulted in delivery of SGA infants.

From the previously mentioned data, it is clear that BPD
alone cannot be used as a good predictor of IUGR. This is not
surprising, because almost two-thirds of IUGR cases are of the
asymmetric or late-flattening type, which have normal growth
of the head until late in pregnancy as a consequence of the
brain-sparing process. Therefore, BPD in asymmetric IUGR
may be normal until late in gestation. Another reason for the
low sensitivity of BPD measurements in detecting IUGR is the
distortion of the fetal head shape that may occur, for example
in dolichocephaly, or may be seen in cases of breech presen-
tation when the BPD may be falsely small.

BPD determinations, when used singly, fail to identify
approximately 20–50% of IUGR infants and, therefore,
cannot be used as the only parameter in screening for IUGR.39

Transverse cerebellar diameter

The cerebellum can be easily visualized as early as the first
trimester as a butterfly-shaped figure in the posterior fossa of
the fetal head, behind the thalami and in front of the echolu-
cent area (cisterna magna) (Fig. 29.3). The transverse cerebel-
lar diameter (TCD) in millimeters has been shown to correlate
with gestational age in weeks up to 24 weeks. After 24 weeks’
gestation, the growth curves turn upward, and this uniform
correlation no longer exists. Goldstein and colleagues50 have
constructed a nomogram of the TCD throughout pregnancy
(Table 29.5).

Reece and colleagues51 subsequently evaluated the TCD
measurement in IUGR fetuses. They reported that the TCD
measurement was not significantly affected by restricted fetal
growth and, therefore, the TCD could be used as a reliable
predictor of gestational age even in cases of IUGR. This
parameter is particularly useful because it is a standard against
which other parameters can be compared. Duchatel and col-
leagues52 have corroborated these findings in their report of
12 cases of IUGR below the 3rd percentile in which the TCD
remained unaltered. Other investigators have provided addi-
tional support for the usefulness of the TCD by constructing
a nomogram of the ratio between TCD and abdominal cir-
cumference (AC).53 In a small series, these investigators have
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Table 29.2 Gestational age from the biparietal diameter.

BPD (mm) 5th 50th 95th BPD (mm) 5th 50th 95th
percentile percentile percentile percentile percentile percentile

10 7 + 0 10 + 1 13 + 1 39 14 + 0 17 + 1 20 + 1
11 7 + 2 10 + 2 13 + 3 40 14 + 2 17 + 3 20 + 3
12 7 + 3 10 + 4 13 + 4 41 14 + 4 17 + 5 20 + 5
13 7 + 5 10 + 5 13 + 5 42 14 + 6 18 + 0 21 + 0
14 7 + 6 10 + 6 14 + 0 43 15 + 1 18 + 2 21 + 2
15 8 + 1 11 + 1 14 + 1 44 15 + 3 18 + 4 21 + 4
16 8 + 2 11 + 2 14 + 3 45 15 + 6 18 + 6 21 + 6
17 8 + 4 11 + 4 14 + 4 46 16 + 1 19 + 1 22 + 1
18 8 + 5 11 + 5 14 + 6 47 16 + 3 19 + 3 22 + 4
19 9 + 0 12 + 0 15 + 0 48 16 + 5 19 + 5 22 + 6
20 9 + 1 12 + 2 15 + 2 49 17 + 0 20 + 1 23 + 1
21 9 + 3 12 + 3 15 + 3 50 17 + 3 20 + 3 23 + 3
22 9 + 4 12 + 5 15 + 5 51 17 + 5 20 + 5 23 + 6
23 9 + 6 12 + 6 16 + 0 52 18 + 0 21 + 0 24 + 1
24 10 + 1 13 + 1 16 + 1 53 18 + 2 21 + 3 24 + 3
25 10 + 2 13 + 3 16 + 3 54 18 + 5 21 + 5 24 + 5
26 10 + 4 13 + 4 16 + 5 55 19 + 0 22 + 0 25 + 1
27 10 + 6 13 + 6 17 + 0 56 19 + 2 22 + 3 25 + 3
28 11 + 0 14 + 1 17 + 1 57 19 + 5 22 + 5 25 + 6
29 11 + 2 14 + 3 17 + 3 58 20 + 0 23 + 1 26 + 1
30 11 + 4 14 + 4 17 + 5 59 20 + 3 23 + 3 26 + 3
31 11 + 6 14 + 6 18 + 0 60 20 + 5 23 + 6 26 + 6
32 12 + 1 15 + 1 18 + 1 61 21 + 1 24 + 1 27 + 1
33 12 + 3 15 + 3 18 + 3 62 21 + 3 24 + 4 27 + 4
34 12 + 4 15 + 5 18 + 5 63 21 + 6 24 + 6 27 + 6
35 12 + 6 16 + 0 19 + 0 64 22 + 1 25 + 2 28 + 2
36 13 + 1 16 + 2 19 + 2 65 22 + 4 25 + 4 28 + 5
37 13 + 3 16 + 4 19 + 4 66 22 + 6 26 + 0 29 + 0
38 13 + 5 16 + 6 19 + 6 67 23 + 2 26 + 2 29 + 3

Reprinted from Jeanty P, Remero R. Obstetrical ultrasound. New York: McGraw-Hill, 1984, with permission.

BPD, biparietal diameter.

Table 29.3 Estimated variability associated with determining menstrual age from biparietal diameter values.

Group (menstrual age) Hadlock et al.* Days Kurtz et al.† Days

1 (12–18 weeks) ± 0.85weeks (r2 = 90.4%) 5.9 ± 0.80weeks 5.6
2 (18–24 weeks) ± 1.29weeks (r2 = 87.6%) 9.03 ± 1.70weeks 11.9
3 (24–30 weeks) ± 1.40weeks (r2 = 89.1%) 9.8 ± 1.34weeks 9.38
4 (30–36 weeks) ± 1.96weeks (r2 = 76.5%) 13.7 ± 1.42weeks 9.94
5 (36–42 weeks) ± 2.06weeks (r2 = 25.6%) 14.42 ± 1.23weeks 8.61

Modified from Hadlock FP, Deter R, Harrist R, et al. Fetal biparietal diameter: a critical re-evaluation of the relation to menstrual age by
means of real-time ultrasound. J Ultrasound Med 1982;1:91; and Kurtz AB, Wapher RJ, Kurtz RJ, et al. Analysis of biparietal diameter as an
accurate indicator of gestational age. J Clin Ultrasound 1980;8:319.

*Ninety-five percent confidence interval.

†Ninety percent confidence interval (of mean values).

TCO29  9/13/06  5:14 PM  Page 511



CHAPTER 29

shown that this ratio permits the identification of IUGR by
demonstrating the fairly consistent growth of the TCD rela-
tive to the decrease in AC in cases of IUGR. In yet another
study by Hill and colleagues,54 the TCD was found to be
within two standard deviations in only 40% of IUGR cases
and, in 60% of cases, the TCD was more than two standard
deviations below the mean. The results of this paper are at
variance with the three reports discussed earlier. Nevertheless,
the majority of data available would suggest that the use of
the TCD when gestational age is unknown or IUGR is sus-
pected is extremely valuable. The accuracy of the TCD can be
enhanced by using biometric ratios, especially FL:AC, as well
as amniotic fluid volume and the presence or absence of fetal
ossification centers.

Abdominal circumference

The AC has been reported to be the best fetal biometric
parameter that correlates with fetal weight and is the most

sensitive parameter for detecting IUGR.55 Warsof and col-
leagues49 studied the effectiveness of three ultrasonic growth
parameters – BPD, HC, and AC – in detecting IUGR in a large
group of obstetric patients. They demonstrated that AC meas-
urements are more predictive of IUGR than BPD or HC, singly
or in combination. In this study, it was shown that screening
at 34 weeks’ gestation for IUGR results in a sensitivity of
approximately 70% and a positive predictive value of 50%.
However, the authors used the 25th rather than the 10th per-
centile measurement to determine a positive result to maxi-
mize sensitivity of the screening test.

It is noteworthy that the sensitivity and true positive 
rates are influenced by the incidence of IUGR in the popula-
tion studied. This is demonstrated in the studies by Geirsson
and colleagues,56,57 who have shown that measuring the
abdominal area at 36 weeks’ gestation to detect fetuses below
the 10th percentile for weight resulted in a sensitivity of 72%
in a high-risk group, but only 56% when the entire obstetric
population was screened. The positive predictive values were
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Table 29.4 Gestational age from the head circumference.

HC (mm) 5th 50th 95th HC (mm) 5th 50th 95th
percentile percentile percentile percentile percentile percentile

60 8 + 6 10 + 5 12 + 3
65 9 + 1 11 + 0 12 + 5
70 9 + 3 11 + 2 13 + 0
75 9 + 6 11 + 4 13 + 2
80 10 + 1 11 + 6 13 + 4
85 10 + 3 12 + 1 14 + 0
90 10 + 5 12 + 4 14 + 2
95 11 + 1 12 + 6 14 + 4

100 11 + 3 13 + 1 14 + 6
105 11 + 5 13 + 4 15 + 2
110 12 + 1 13 + 6 15 + 4
115 12 + 3 14 + 1 16 + 0
120 12 + 6 14 + 4 16 + 2
125 13 + 1 14 + 6 16 + 5
130 13 + 4 15 + 2 17 + 0
135 13 + 6 15 + 5 17 + 3
140 14 + 2 16 + 0 17 + 6
145 14 + 5 16 + 3 18 + 1
150 15 + 0 16 + 6 18 + 4
155 15 + 3 17 + 2 19 + 0
160 15 + 6 17 + 4 19 + 3
165 16 + 2 18 + 0 19 + 6
170 16 + 5 18 + 3 20 + 1
175 17 + 1 18 + 6 20 + 4
180 17 + 4 19 + 2 21 + 0
185 18 + 0 19 + 5 21 + 3
190 18 + 3 20 + 1 21 + 6
195 18 + 6 20 + 4 22 + 3
200 19 + 0 21 + 0 22 + 6

205 19 + 5 21 + 4 23 + 2
210 20 + 2 22 + 0 23 + 5
215 20 + 5 22 + 3 24 + 1
220 21 + 1 22 + 6 24 + 5
225 21 + 4 23 + 3 25 + 1
230 22 + 1 23 + 6 25 + 4
235 22 + 4 24 + 3 26 + 1
240 23 + 1 24 + 6 26 + 4
245 23 + 4 25 + 3 27 + 1
250 24 + 1 25 + 6 27 + 4
255 24 + 4 26 + 3 28 + 1
260 25 + 1 26 + 6 28 + 5
265 25 + 5 27 + 3 29 + 1
270 26 + 1 28 + 0 29 + 5
275 26 + 5 28 + 4 30 + 2
280 27 + 2 29 + 0 30 + 6
285 27 + 6 29 + 4 31 + 2
290 28 + 3 30 + 1 31 + 6
295 29 + 0 30 + 5 32 + 3
300 29 + 4 31 + 2 33 + 0
305 30 + 1 31 + 6 33 + 4
310 30 + 5 32 + 3 34 + 1
315 31 + 2 33 + 0 34 + 5
320 31 + 6 33 + 4 35 + 2
325 32 + 3 34 + 1 36 + 0
330 33 + 0 34 + 6 36 + 4
335 33 + 5 35 + 4 37 + 1
340 34 + 2 36 + 0 37 + 5

Reprinted from Jeanty P, Remero R. Obstetrical ultrasound. New York: McGraw-Hill, 1984, with permission.

HC, head circumference.
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68% in the high-risk group and 50% in the unselected 
group.

Others have found results that further demonstrate that AC
is the single best predictor of IUGR, with an accuracy that
may reach 96% of cases.43,58 In fact, in contrast to the BPD
measurement, AC is smaller in both symmetric and asymmet-
ric types of IUGR, and therefore its measurement has a higher
sensitivity. Animal studies have shown that the liver is the
most affected organ in IUGR. Because the liver is the largest
intra-abdominal organ, assessment of the AC at the level of
the liver is actually an indirect indication of the nutritional
status of the fetus.

Unfortunately, AC has more intraobserver and interob-
server variation than either BPD or FL.36 Furthermore, AC
variability may result from fetal breathing movements, com-
pression, or position of the fetus. To obtain the proper AC,
the section should be round and at the level of the fetal
stomach and the portal umbilical vein (or the bifurcation of
the main portal vein into the right and left branches). Normal
values of AC are presented in Table 29.6.59

Long bones

The FL is another important parameter in evaluating fetal
growth (Table 29.7). Long bones other than the femur can be

equally useful in the assessment of gestational age (Tables 
29.8 and 29.9). It has been demonstrated by several authors
that there is a linear relationship between FL specifically 
and long bones in general and crown–heel length of a
newborn.18,60 These long bones are generally decreased in
symmetrically growth-restricted fetuses, but may be of normal
length in asymmetric IUGR. In fact, the fetal head and long-
bone length in asymmetric IUGR tend to be affected late in
gestation.60 Because the measurement of most long bones is
relatively simple, they become a useful means of estimating
gestational age on a routine basis. Like most other biometric
parameters, the standard deviation tends to expand with
increasing gestational age. Hence, accuracy is greatest in early
gestation.

Total intrauterine volume

The rationale for measuring total intrauterine volume derives
from the fact that, in IUGR, intrauterine content is reduced
(fetal, placental mass, and the amount of amniotic fluid).
Gohari and colleagues61 calculated total intrauterine volume
using the formula of an ellipsoid volume. Although these
results were encouraging because 75% of IUGR were correctly
diagnosed, this method has been abandoned by most centers
because of the widespread use of real-time ultrasonography
and the fact that a static scanner is needed to measure total
intrauterine volume.

Amniotic fluid volume assessment

In the growth-restricted fetus, decreased amounts of 
amniotic fluids may be observed. This is a direct result of
decreased renal perfusion and reduced urine production.
Manning and colleagues62 have shown that oligohydramnios,
determined by ultrasound as the absence of a pocket of amni-
otic fluid greater than 1cm in its largest diameter, may predict
with high accuracy that the fetus is growth restricted. Their
study group included patients at high risk for IUGR. In this
group, oligohydramnios was found to be highly sensitive
(84% and 97%), with a predictive value approaching 90%.
Unfortunately, progressive growth curtailment usually occurs
without evidence of significant amniotic fluid reduction.
Hence, this parameter is not very sensitive to evolving IUGR.
As shown previously, its utility is greatest in diagnosing frank
IUGR.

When amniotic fluid volume evaluation was tested as a
screening method in the detection of IUGR in the general
obstetric population, the results were quite disappointing.
Philipson and colleagues63 studied 2453 pregnant patients and
found the oligohydramnios test to be poorly sensitive (16%);
in other words, in 84% of IUGR infants, there was no evi-
dence of oligohydramnios and therefore the problem would
have been missed by this test. In summary, it seems that this
ultrasonic method of detecting fetal growth restriction is
unsatisfactory because of low accuracy.
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Figure 29.3 Intracranial anatomy of the fetal head. AS, aqueduct 
of Sylvius; Ch, cerebellar hemispheres; CM, cisterna magna; Fc,
midline falx cerebri; Fh, frontal horn; In, insula; P, peduncle; 3v,
third ventricle; Scv, superior cerebellar vermis; T, thalami; TC,
cerebellar tonsils.
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Table 29.5 Nomogram of the transverse cerebellar diameter, biparietal diameter, and head circumference according to percentile distribution.

Gestational Cerebellum (mm) Biparietal diameter (mm) Head circumference (mm)
age (weeks)

10 25 50 75 90 10 25 50 75 90 10 25 50 75 90

15 10 12 14 15 16 30 31 33 34 35 12 12 126 128 128
16 14 16 16 16 17 34 34 35 36 38 123 125 130 136 141
17 16 17 17 18 18 36 37 38 40 43 134 136 138 149 160
18 17 18 18 19 19 38 40 42 43 44 142 147 154 158 160
19 18 18 19 19 22 42 43 45 46 48 147 154 159 170 178
20 18 19 20 20 22 45 46 47 48 53 146 164 173 190 190
21 19 20 22 23 24 48 49 50 52 57 185 185 191 208 211
22 21 23 23 24 24 50 51 53 54 55 193 193 193 200 203
23 22 23 24 25 26 53 54 56 58 60 203 203 206 222 222
24 22 24 25 27 28 56 59 60 61 64 219 220 224 228 230
25 23 21 28 28 29 61 61 63 66 68 219 224 234 248 251
26 25 28 29 30 32 63 64 65 66 67 235 237 241 246 246
27 26 28 30 31 32 64 67 68 69 70 237 237 243 246 246
28 27 30 31 32 34 68 69 70 71 72 246 247 253 261 264
29 29 32 34 36 38 71 72 74 76 79 254 264 274 288 301
30 31 32 35 37 40 72 74 75 75 79 253 261 277 288 298
31 32 35 38 39 43 75 78 76 81 84 274 277 291 301 303
32 33 36 38 40 42 75 78 80 81 83 275 280 298 307 308
33 32 36 40 43 44 80 80 81 82 87 292 292 297 316 322
34 33 38 40 41 44 81 82 84 86 91 326 326 326 327 327
35 31 37 40 43 47 78 83 87 89 93 300 300 301 303 303
36 36 29 43 52 55 84 85 88 89 91 309 309 313 318 318
37 37 37 45 52 55 87 87 89 92 92 303 303 313 324 324
38 40 40 48 52 55 87 87 90 93 94 – – – – –
39 52 52 52 55 55 92 92 92 92 92 – – – – –

Table 29.6 Normal values for the abdominal circumference.

Week Jeanty Deter Week Jeanty Deter
number

5th 50th 95th 50th
number

5th 50th 95th 50th
percentile percentile percentile percentile percentile percentile percentile percentile

12 35 57 80 63
13 45 67 90 74
14 55 77 100 84
15 65 88 110 95
16 76 98 120 106
17 86 109 131 117
18 97 119 142 128
19 108 130 152 139
20 119 141 163 150
21 129 152 174 161
22 140 163 185 172
23 151 173 196 183
24 162 184 206 194
25 172 195 217 205
26 183 205 227 216

27 193 215 238 227
28 206 225 248 238
29 213 235 257 249
30 222 244 267 260
31 231 254 276 271
32 240 262 285 282
33 248 271 293 293
34 256 279 301 304
35 264 286 309 315
36 271 293 316 326
37 278 300 322 337
38 283 306 328 348
39 289 311 333 359
40 294 316 338 370

Reprinted from ref. 56.
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Table 29.7 Gestational age estimated from the femur length.

Femur 5th 50th 95th Femur 5th 50th 95th
length (mm) percentile percentile length (mm) percentile percentile percentile percentile

10 10 + 3 12 + 4 14 + 6 46 23 + 1 25 + 3 27 + 4
11 10 + 5 12 + 6 15 + 1 47 23 + 4 25 + 6 28 + 0
12 11 + 1 13 + 2 15 + 4 48 24 + 0 26 + 1 28 + 3
13 11 + 3 13 + 4 15 + 6 49 24 + 3 26 + 4 28 + 6
14 11 + 5 13 + 6 16 + 1 50 24 + 6 27 + 0 29 + 1
15 12 + 0 14 + 1 16 + 3 51 25 + 1 27 + 3 29 + 4
16 12 + 3 14 + 4 16 + 6 52 25 + 4 27 + 6 30 + 0
17 12 + 5 14 + 6 17 + 1 53 26 + 0 28 + 1 30 + 3
18 13 + 0 15 + 1 17 + 3 54 26 + 3 28 + 4 30 + 6
19 13 + 3 15 + 4 17 + 6 55 26 + 6 29 + 1 31 + 2
20 13 + 5 15 + 6 18 + 1 56 27 + 2 29 + 4 31 + 5
21 14 + 1 16 + 2 18 + 4 57 27 + 5 29 + 6 32 + 1
22 14 + 3 16 + 4 18 + 6 58 28 + 1 30 + 2 32 + 4
23 14 + 5 16 + 6 19 + 1 59 28 + 4 30 + 5 32 + 6
24 15 + 1 17 + 2 19 + 4 60 28 + 6 31 + 1 33 + 2
25 15 + 3 17 + 4 19 + 6 61 29 + 3 31 + 4 33 + 6
26 15 + 6 18 + 0 20 + 1 62 29 + 6 32 + 0 34 + 1
27 16 + 1 18 + 2 20 + 4 63 30 + 1 32 + 3 34 + 4
28 16 + 4 18 + 5 20 + 6 64 30 + 5 32 + 6 35 + 1
29 16 + 6 19 + 0 21 + 1 65 31 + 1 33 + 2 35 + 4
30 17 + 1 19 + 3 21 + 4 66 31 + 4 33 + 5 35 + 6
31 17 + 4 19 + 6 22 + 0 67 32 + 0 34 + 1 36 + 3
32 17 + 6 20 + 1 22 + 2 68 32 + 3 34 + 4 36 + 6
33 18 + 2 20 + 4 22 + 5 69 32 + 6 35 + 0 37 + 1
34 18 + 5 20 + 6 23 + 1 70 33 + 2 35 + 4 37 + 5
35 19 + 0 21 + 1 23 + 3 71 33 + 5 35 + 6 38 + 1
36 19 + 3 21 + 4 23 + 6 72 34 + 1 36 + 3 38 + 4
37 19 + 6 22 + 0 24 + 1 73 34 + 3 36 + 6 39 + 0
38 20 + 1 22 + 3 24 + 4 74 35 + 1 37 + 2 39 + 4
39 20 + 4 22 + 5 24 + 6 75 35 + 4 37 + 5 39 + 6
40 20 + 6 23 + 1 25 + 2 76 36 + 0 38 + 1 40 + 3
41 21 + 2 23 + 4 25 + 5 77 36 + 3 38 + 4 40 + 6
42 21 + 5 23 + 6 26 + 1 78 36 + 6 39 + 1 41 + 2
43 22 + 1 24 + 2 26 + 4 79 37 + 2 39 + 4 41 + 5
44 22 + 4 24 + 5 26 + 6 80 37 + 6 40 + 0 42 + 1
45 22 + 6 25 + 0 27 + 1 – – – –

Reprinted from Jeanty P, Romero R. Obstetrical ultrasound. New York: McGraw-Hill, 1984, with permission.

Placental growth

Grannum and colleagues64 were the first to present an ultra-
sonic classification of placental maturity. This classification
grades placentas from 0 to 3 according to specific ultrasonic
findings at the basal and chronic plates, as well as within sub-
stances of the organ itself (Table 29.10). It is noteworthy that
placentas do not all necessarily go through the full maturation
process during pregnancy. This is demonstrated by the fact
that, in normal pregnancies at term, only 20% of placentas
are classified as grade 3.65 Furthermore, ultrasound examina-
tion of placental maturation, or examination after 42 weeks’

gestation, shows that 45% of placentas are of grade 3 and all
the others are grade 2.66 Therefore, it has been assumed that
the appearance of a grade 3 placenta before 35 weeks’ gesta-
tion should alert the physician to the possibility of the pres-
ence or subsequent development of IUGR. However, there are
still no substantial data to support this assumption. Kazzi and
colleagues67 studied the value of placental grading in the diag-
nosis of IUGR in a high-risk group of patients. They have
shown that grade 3 placentas accurately diagnose IUGR in
62% of cases, with a positive predictive value of 59%. There-
fore, the prenatal diagnosis of IUGR using placental grading
is rather limited.
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Table 29.8 Gestational age in weeks and days as obtained from the long bones.

Bone length (mm) Humerus percentile Ulna percentile Tibia percentile

5th 50th 95th 5th 50th 95th 5th 50th 95th

10 9 + 6 12 + 4 15 + 2 10 + 1 13 + 1 16 + 1 10 + 4 13 + 3 16 + 2
11 10 + 1 12 + 6 15 + 4 10 + 4 13 + 4 16 + 4 10 + 6 13 + 5 16 + 4
12 10 + 3 13 + 1 15 + 6 10 + 6 13 + 6 16 + 6 11 + 1 14 + 1 17 + 0
13 10 + 6 13 + 4 16 + 1 11 + 1 14 + 1 17 + 2 11 + 4 14 + 3 17 + 2
14 11 + 1 13 + 6 16 + 4 11 + 4 14 + 4 17 + 5 11 + 6 14 + 6 17 + 5
15 11 + 3 14 + 1 16 + 6 11 + 6 15 + 0 18 + 0 12 + 1 15 + 1 18 + 0
16 11 + 6 14 + 4 17 + 2 12 + 2 15 + 3 18 + 3 12 + 4 15 + 4 18 + 3
17 12 + 1 14 + 6 17 + 4 12 + 5 15 + 5 18 + 6 13 + 0 15 + 6 18 + 6
18 12 + 4 15 + 1 18 + 0 13 + 1 16 + 1 19 + 1 13 + 2 16 + 1 19 + 1
19 12 + 6 15 + 4 18 + 2 13 + 4 16 + 4 19 + 4 13 + 5 16 + 4 19 + 4
20 13 + 1 15 + 6 18 + 5 13 + 6 16 + 6 20 + 0 14 + 1 17 + 0 19 + 6
21 13 + 4 16 + 2 19 + 1 14 + 2 17 + 2 20 + 3 14 + 4 17 + 3 20 + 2
22 13 + 6 16 + 5 19 + 3 14 + 5 17 + 5 20 + 6 14 + 6 17 + 6 20 + 5
23 14 + 2 17 + 1 19 + 6 15 + 1 18 + 1 21 + 1 15 + 1 18 + 1 21 + 1
24 14 + 5 17 + 3 20 + 1 15 + 4 18 + 4 21 + 4 15 + 4 18 + 4 21 + 3
25 15 + 1 17 + 6 20 + 4 16 + 0 19 + 0 22 + 1 16 + 0 18 + 6 21 + 6
26 15 + 4 18 + 1 21 + 0 16 + 3 19 + 3 22 + 4 16 + 3 19 + 2 22 + 1
27 15 + 6 18 + 4 21 + 3 16 + 6 19 + 6 22 + 6 16 + 6 19 + 5 22 + 4
28 16 + 2 19 + 0 21 + 6 17 + 2 20 + 2 23 + 3 17 + 1 20 + 1 23 + 0
29 16 + 5 19 + 3 22 + 1 17 + 5 20 + 6 23 + 6 17 + 4 20 + 4 23 + 4
30 17 + 1 19 + 6 22 + 4 18 + 1 21 + 1 24 + 2 18 + 1 21 + 0 23 + 6
31 17 + 4 20 + 2 23 + 0 18 + 4 21 + 5 24 + 6 18 + 4 21 + 3 24 + 2
32 18 + 0 20 + 5 23 + 4 19 + 1 22 + 1 25 + 1 18 + 6 21 + 6 24 + 5
33 18 + 3 21 + 1 23 + 6 19 + 4 22 + 5 25 + 5 19 + 2 22 + 1 25 + 1
34 18 + 6 21 + 4 24 + 2 20 + 1 23 + 1 26 + 1 19 + 5 22 + 4 25 + 4
35 19 + 2 22 + 0 24 + 6 20 + 4 24 + 4 26 + 5 20 + 1 23 + 1 26 + 0
36 19 + 5 22 + 4 25 + 1 21 + 1 24 + 1 27 + 1 20 + 4 23 + 4 26 + 3
37 20 + 1 22 + 6 25 + 5 21 + 4 24 + 4 27 + 5 21 + 0 23 + 6 26 + 6
38 20 + 4 23 + 3 26 + 1 22 + 1 25 + 1 28 + 1 21 + 4 24 + 3 27 + 2
39 21 + 1 23 + 6 26 + 4 22 + 4 25 + 4 28 + 5 21 + 6 24 + 6 27 + 5
40 21 + 4 24 + 2 27 + 1 23 + 1 26 + 1 29 + 1 22 + 3 25 + 2 28 + 1
41 22 + 0 24 + 6 27 + 4 23 + 4 26 + 5 29 + 5 22 + 6 25 + 5 28 + 4
42 22 + 4 25 + 2 28 + 0 24 + 1 27 + 1 30 + 2 23 + 2 26 + 1 29 + 1
43 23 + 0 25 + 5 28 + 4 24 + 5 27 + 5 30 + 6 23 + 5 26 + 4 29 + 4
44 23 + 4 26 + 1 29 + 0 25 + 1 28 + 2 31 + 2 24 + 1 27 + 1 30 + 0
45 24 + 0 26 + 5 29 + 4 25 + 6 28 + 6 31 + 6 24 + 4 27 + 4 30 + 4
46 24 + 4 27 + 1 30 + 0 26 + 2 29 + 3 32 + 3 25 + 1 28 + 0 30 + 6
47 25 + 0 27 + 5 30 + 4 26 + 9 29 + 6 33 + 0 25 + 4 28 + 4 31 + 3
48 25 + 4 28 + 1 31 + 0 27 + 3 30 + 4 33 + 4 26 + 1 29 + 0 31 + 6
49 26 + 0 28 + 6 31 + 4 28 + 0 31 + 1 34 + 1 26 + 4 29 + 3 32 + 2
50 26 + 4 29 + 2 32 + 0 28 + 4 31 + 4 34 + 5 27 + 0 29 + 6 32 + 6
51 27 + 1 29 + 6 32 + 4 29 + 1 32 + 1 35 + 2 27 + 4 30 + 3 33 + 2
52 27 + 4 30 + 2 33 + 1 29 + 5 32 + 6 35 + 6 28 + 0 30 + 6 33 + 6
53 28 + 1 30 + 6 33 + 4 30 + 2 33 + 3 36 + 3 28 + 4 31 + 3 34 + 2
54 28 + 5 31 + 3 34 + 1 30 + 6 34 + 0 37 + 0 29 + 0 31 + 6 34 + 6
55 29 + 1 32 + 0 34 + 5 31 + 4 34 + 4 37 + 5 29 + 4 32 + 3 35 + 2
56 29 + 6 32 + 4 35 + 2 32 + 1 35 + 1 38 + 2 30 + 0 32 + 6 35 + 6
57 30 + 2 33 + 1 35 + 6 32 + 6 35 + 6 38 + 6 30 + 4 33 + 3 36 + 2
58 30 + 6 33 + 4 36 + 3 33 + 3 36 + 3 39 + 4 31 + 0 33 + 6 36 + 6
59 31 + 1 34 + 1 36 + 6 34 + 0 37 + 1 40 + 1 31 + 4 34 + 3 37 + 2
60 32 + 0 34 + 6 37 + 4 34 + 4 37 + 5 40 + 6 32 + 0 34 + 6 37 + 6
61 32 + 4 35 + 2 38 + 1 35 + 2 38 + 2 41 + 3 32 + 4 35 + 4 38 + 2
62 33 + 1 35 + 6 38 + 5 35 + 6 39 + 0 42 + 0 33 + 0 35 + 6 38 + 6
63 33 + 6 36 + 4 39 + 2 36 + 4 39 + 4 42 + 5 33 + 4 36 + 4 39 + 3
64 34 + 3 37 + 1 39 + 6 37 + 1 40 + 2 43 + 2 34 + 1 37 + 0 39 + 6
65 35 + 0 37 + 5 40 + 4 – – – 34 + 4 37 + 4 40 + 3
66 35 + 4 38 + 2 41 + 1 – – – 35 + 1 38 + 0 41 + 0
67 36 + 1 38 + 6 41 + 5 – – – 35 + 5 38 + 4 41 + 4
68 36 + 6 39 + 4 42 + 4 – – – 36 + 1 39 + 1 42 + 0
69 37 + 3 40 + 1 42 + 6 – – – 36 + 6 39 + 5 42 + 4

Reprinted from Jeanty P, Rodesch F, Delbeke D, et al. Estimation of gestational age from measurements of fetal long bones. 
J Ultrasound Med 1984;3:75, with permission.
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In fact, placental grading in general has been supplanted by
more sensitive tests that are consequently used in clinical 
practice.

Body proportionality

Investigators examined the possibility that the use of fetal
body proportionality might improve ultrasonic accuracy in the
diagnosis of IUGR. Indices of body proportionality that have
been studied and found clinically useful include the HC/AC
ratio (Table 29.11) and the FL/AC ratio.

Head circumference (HC)–abdominal circumference 
(AC) ratio
The use of the ratio of HC to AC in determining IUGR was
proposed by Campbell and Thoms in 1977.37 The rationale
for this was based on the observation that type 2 IUGR may
have a disturbed HC/AC ratio as a result of the brain-sparing
effect. Although this method has been shown to have a sensi-
tivity of approximately 70% in detecting asymmetric IUGR,
its use is limited by its high false-positive rate in screening a
general population.37,68

Further limitations of this technique are its inability to
detect asymmetric growth restriction and the need for accu-
rate knowledge of gestational age to make the diagnosis of
IUGR. It is therefore believed that the value of the HC/AC
ratio lies in the assessment of proportionality, and thus it may
assist the clinician in classifying IUGR as symmetric or asym-
metric. Obviously, an elevated ratio suggests symmetric IUGR
(see Table 29.11).

Femur length (FL)–abdominal circumference (AC) ratio
The ratio of FL to AC is the equivalent of the postnatal pon-
deral index and has been proposed as a useful method of
detecting asymmetric IUGR.69 This ratio has the advantage of
being age independent and thus may help in the diagnosis of
IUGR when gestational age is unknown. In fact, FL/AC ratios
have a constant value of 22 ± 2% after 21 weeks’ gestation.
Hadlock and colleagues69 evaluated this method in the diag-
nosis of IUGR and reported that 63% of growth-restricted
fetuses were accurately diagnosed when a ratio of more than
23.5% was considered abnormal. However, these authors and
others have indicated the poor predictive value of less than
25% of a positive test result.70 In spite of this, the FL/AC ratio
still has its merits, because it is the only ultrasonic technique
that enables the physician to identify IUGR when gestational
age is unknown.

Estimated fetal weight

Several formulas that use multiple ultrasonic parameters 
are used to estimate fetal weight.71–73 The most widely used
formula is that of Shepard and colleagues,74 in which esti-
mated fetal weight (EFW) is derived from the BPD and AC.
This equation predicts fetal weight with an accuracy of
15–20%.75 Hadlock and colleagues76 and Warsof and col-
leagues77 have also introduced equations to estimate fetal
weight using combinations of BPD, AC, and FL.

Ott and Doyle78 reported accurate predictions of IUGR in
90% of cases in a high-risk population when EFW was deter-
mined by BPD and AC. The use of this formula may intro-
duce errors that are related to the variations in BPD that
usually occur as a result of changes in head shape in the last
weeks of pregnancy, in malpresentation, and in pregnancies
complicated by spontaneous rupture of membranes.79,80 BPD
may be inaccurate if there is dolichocephaly or brachycephaly.
We therefore strongly recommend that the physician calculates
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Table 29.9 Gestational age as obtained from clavicle length.

Clavicle Gestational age (weeks and days) percentile
length (mm)

5th 50th 95th

11 8 + 3 13 + 6 17 + 2
12 9 + 1 14 + 4 18 + 1
13 10 + 0 14 + 3 19 + 6
14 11 + 6 15 + 2 20 + 5
15 12 + 5 16 + 1 21 + 4
16 12 + 3 18 + 0 21 + 3
17 13 + 2 18 + 5 22 + 2
18 14 + 1 19 + 4 23 + 0
19 16 + 0 19 + 3 24 + 6
20 16 + 6 10 + 2 25 + 5
21 17 + 4 21 + 1 26 + 4
22 17 + 3 22 + 6 26 + 2
23 18 + 2 23 + 5 27 + 1
24 19 + 1 24 + 4 28 + 0
25 21 + 0 24 + 3 29 + 6
26 21 + 5 25 + 1 30 + 5
27 22 + 4 26 + 0 30 + 3
28 22 + 3 27 + 5 31 + 2
29 23 + 2 28 + 5 32 + 1
30 24 + 0 29 + 4 34 + 0
31 25 + 6 29 + 2 34 + 6
32 26 + 5 30 + 1 35 + 4
33 27 + 4 31 + 0 35 + 3
34 27 + 3 32 + 6 36 + 2
35 28 + 1 33 + 5 37 + 1
36 29 + 0 33 + 3 39 + 0
37 30 + 6 34 + 2 39 + 5
38 31 + 5 35 + 1 40 + 4
39 32 + 4 37 + 0 40 + 3
40 32 + 2 37 + 6 41 + 2
41 33 + 1 38 + 4 41 + 0
42 35 + 0 38 + 3 43 + 6
43 35 + 6 39 + 2 44 + 5
44 36 + 5 40 + 1 45 + 4
45 36 + 3 41 + 6 45 + 3

Reprinted from Yarkoni S, Schmidt W, Reece EA, et al. Clavicular
measurement: a new biometric parameter for fetal evaluation. 
J Ultrasound Med 1985;4:467, with permission.
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the cephalic index in each case. If the cephalic index is abnor-
mal (< 75% or > 80%), one should not rely on estimated
weight formulas that include the BPD.

Weiner and colleagues81 have proposed the use of another
formula for the prediction of fetal birthweight that incorpo-
rates HC and FL to avoid errors related to changes in head
shape. The authors suggest that the prediction of IUGR fetuses
may be more accurate using this formula.

In an effort to further increase the accuracy of ultrasonic
estimation of fetal weight, Hadlock and colleagues76 advocate
the use of HC, AC, and FL measurements in combination.
They have shown that the prediction of fetal weight has a
standard deviation of ± 15% (two standard deviations).
However, the accuracy in predicting fetal weight decreases in
small fetuses (< 1500g), and the error may approach ± 20%.

Various ultrasound methods are used to estimate fetal
weight with essentially equal accuracy when low-risk obstet-
ric populations are studied. It is thought that as many as 80%
of IUGR fetuses can be detected; however, there is still a rel-
atively low positive predictive value that approaches only
40%. Therefore, 60% of fetuses suspected of IUGR because
of low EFW will actually be normally grown.

Doppler in IUGR

Maternal arterial uterine blood flow increases from 
50mL/min early in pregnancy to about 700mL/min at term.
The increase is secondary to a gradual decrease in vessel resist-
ance to blood flow throughout the pregnancy. Doppler ultra-
sound gives us information on the vascular resistance and,
indirectly, on the blood flow. Three indices are considered to
be related to the vascular resistance: S/D ratio (systolic/dias-
tolic ratio), resistance index (RI = systolic velocity–diastolic
velocity/systolic velocity), and pulsatility index (systolic 
velocity–diastolic velocity/mean velocity). Doppler velocime-
try uses ultrasound to measure peak-systolic and end-diastolic
blood flow through the umbilical artery. As the pregnancy pro-
gresses, diastolic flow increases, and the systolic/diastolic ratio
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Table 29.10 Summary of placental grading.

Grade 0 Grade 1 Grade 2 Grade 3

Chorionic plate Straight and Subtle undulations Indentations extending to, but Indentations communicating
well-defined not into, the basal layer with the basal layer

Placental substance Homogeneous Few scattered echogenic Linear echogenic densities Circular densities with echospared
areas (comma-like densities) areas in center, large irregular

densities that cast acoustic 
shadowing

Basal layer No densities No densities Lineal arrangement of small Large and somewhat confluent
echogenic areas (basal basal echogenic areas can
stippling) create acoustic shadows

Reprinted from ref. 66, with permission.

Table 29.11 Head circumference to abdominal circumference ratio
compared with gestational age.

Gestational Head circumference
age (weeks)

−2 Standard Mean +2 Standard
deviations deviations

14 1.085 1.230 1.375
15 1.080 1.225 1.365
16 1.075 1.215 1.350
17 1.070 1.205 1.340
18 1.065 1.195 1.330
19 1.060 1.185 1.320
20 1.055 1.178 1.305
21 1.050 1.177 1.295
22 1.045 1.165 1.285
23 1.040 1.155 1.275
24 1.030 1.145 1.265
25 1.025 1.135 1.255
26 1.050 1.125 1.245
27 1.010 1.120 1.235
28 1.000 1.110 1.225
29 0.999 1.095 1.215
30 0.975 1.085 1.200
31 0.965 1.075 1.190
32 0.945 1.060 1.175
33 0.935 1.045 1.163
34 0.925 1.030 1.150
35 0.915 1.020 1.135
36 0.910 1.005 1.120
37 0.905 0.995 1.100
38 0.900 0.980 1.085
39 0.896 0.970 1.065
40 0.895 0.965 1.046
41 0.894 0.960 1.025

Reprinted from Campbell S, Metreweli C, eds. Practical abdominal
ultrasound. Chicago, IL: Year Book, 1978.
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should gradually decrease. In a large number of IUGR preg-
nancies, an alteration in placental blood flow occurs. As a
result, researchers have correlated an increased systolic/dias-
tolic ratio with IUGR. The ratio is increased in about 80% of
cases of IUGR diagnosed by ultrasound examination.82 An
average systolic/diastolic ratio of greater than three at 30 or
more weeks of gestation has a sensitivity of 78% and a speci-
ficity of 85% in predicting IUGR.83

Doppler velocimetry, previously argued as a diagnostic tech-
nique for IUGR, has not found a place in routine antenatal
surveillance. Nowadays, Doppler ultrasound has been shown
to be useful in the assessment of growth-restricted fetuses.84 It
has helped physicians to understand the pathophysiology of
IUGR with regard to diminished blood flow. The results of
this procedure correlate with increased fetal morbidity and
mortality: an absent or reversed end-diastolic umbilical flow
is an ominous finding and may need intervention.85–87 As a
screening test, however, the procedure appears to be lacking
in benefit; some studies88 have shown that 40–60% of infants
with IUGR had normal Doppler velocimetry results just before
birth. However, normal umbilical flow is rarely associated
with significant morbidity.89

Doppler velocimetry has been shown to reduce interven-
tions and improve fetal outcome in pregnancies at risk for
IUGR.90 Randomized controlled trials have demonstrated that
monitoring with Doppler velocimetry reduces the risk of peri-
natal morbidity.90 Moreover, the IUGR fetuses seem to be at
even greater risk of impending demise when Doppler abnor-
malities are observed in the venous circulation.91

Uterine circulation

The main uterine artery is the most commonly analyzed vessel.
In normal pregnancy, the S/D ratio or RI values decrease 
significantly with advancing gestation until 24–26 weeks. In
the absence of this physiologic decrease, a higher incidence of
hypertensive diseases and/or IUGR has been widely docu-
mented. Chien and colleagues92 published an overview of the

efficacy of uterine artery Doppler as a predictor of preeclamp-
sia, IUGR, and perinatal death. In low-risk women, an abnor-
mal uterine artery Doppler result gave a likelihood ratio (LR)
of developing IUGR of 3.6 (95% confidence interval (CI)
3.2–4.0), while a normal test reduced the risk to below back-
ground, with a LR of 0.8 (95% CI 0.08–0.09). For high-risk
women, an abnormal test gave a LR of 2.7 (95% CI 2.1–3.4),
while a normal result reduced the risk of LR to 0.7 (95% CI
0.6–0.9) (Fig. 29.4).

Umbilical artery

In the normal fetus, the pulsatility index decreases with
advancing gestation. This reflects a decrease in the placental
vascular resistance. In fetuses with IUGR, there is an increase
in the pulsatility index secondary to the decrease, absence, or
reversal of end-diastolic flow. The changes in these waveforms
are thought to be indicative of increased placental resistance.
The absent or reversed end-diastolic flows are strongly asso-
ciated with an abnormal course of pregnancy and a higher
incidence of perinatal complications, when compared with
fetuses with IUGR but characterized by the presence of end-
diastolic flow (Fig. 29.5).93,94

Fetal cerebral circulation

The middle cerebral artery is the vessel of choice to assess the
fetal cerebral circulation because it is easy to identify, has a
high reproducibility, and provides information on the brain-
sparing effect. The circulation in the brain is normally high
impedance. The middle cerebral artery (MCA) in the fetal
brain carries more than 80% of cerebral flow.95 When a fetus
does not acquire enough oxygen, central redistribution of
blood flow occurs, resulting in a preferentially increased blood
flow to protect the brain, heart, and adrenals. This increase in
blood flow can be evidenced by Doppler ultrasound of the
MCA. This effect has been called the brain-sparing effect and
is demonstrated by a lower value of the pulsatility index (Fig.
29.6).95 In IUGR fetuses with a pulsatility index below the
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Figure 29.4 Uterine artery Doppler waveform showing normal (left) and abnormal (right) flow.
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normal range, there is a greater incidence of adverse perinatal
outcome.90 The brain-sparing effect may be transient, as
reported during prolonged hypoxemia. The disappearance of
the brain-sparing effect is a very critical event for the fetus,
and appears to precede fetal death.97,98

Fetal venous Doppler

Doppler flow of the fetal inferior vena cava (IVC) and ductus
venosus is practical and provides information about right ven-
trical preload, myocardial compliance, and right ventricular
end-diastolic pressure.99,100 Chronic fetal hypoxemia leads to
decreased preload, decreased cardiac compliance, and elevated
end-diastolic pressure in the right ventricle.100 These changes
raise central venous pressure in the chronically hypoxemic
fetus, which shows up as an increased reverse flow in Doppler
waveforms of the IVC and the ductus venosus during late dias-
tole (Fig. 29.7). Changes in the fetal central venous circula-
tion are associated with an advanced stage of fetal hypoxemia.

At this late stage of fetal adaptation to hypoxemia, cardiac
decompensation is often noted with myocardial dysfunc-
tion.101 The presence of reversed flow in the ductus venosus is
an ominous sign. Indeed, fetal metabolic acidemia is often
present in association with Doppler waveform abnormalities
of the IVC and ductus venosus.102

Macrosomia

The etiology of fetal macrosomia is believed to be multifacto-
rial. Although this condition is often associated with diabetes
mellitus in pregnancy, especially in women without vascu-
lopathy, macrosomia may also occur in nondiabetics. Fetal
macrosomia is defined as either an EFW of > 4000g at term
or an EFW of more than that of the 90th percentile for ges-
tational age.

Macrosomic infants and their mothers are at increased risk
for intrapartum injury, and perinatal mortality is more 
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Figure 29.5 Abnormal umbilical artery Doppler waveform showing absent (left) and reversed (right) end-diastolic flow.

Figure 29.6 Doppler waveform of middle cerebral artery showing normal (left) and abnormal (right) flow.
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common among these fetuses. The principal causes of injury
include shoulder dystocia, fractures, and neurologic
damage.103–106

Accurate prenatal diagnosis of fetal macrosomia would
permit fetuses to be delivered by Cesarean section, thus obvi-
ating these complications. On the other hand, liberal Cesarean
section may expose the mother to unnecessary operative risks.

Prenatal diagnosis of macrosomic fetuses is often difficult
because less than 40% of such infants are born to mothers
with identifiable risk factors for macrosomia.107 A number of
sonographic parameters have been used in an attempt to diag-
nose altered fetal growth, including the BPD, HC, HC/AC, or
HC to thoracic circumference ratio, the macrosomic index,
and the EFW. Miller and colleagues108 conducted a study of
382 patients with singleton pregnancies whose infants were
born outside 1 week of the ultrasound examination. Of the
382 pregnancies, 58 delivered macrosomic infants (> 4500g).
Ultrasonically determined BPD, FL, AC, and EFW were ana-
lyzed for their ability to predict the macrosomic newborn.
EFW was found to be superior to BPD or FL in the prenatal
diagnosis of fetal macrosomia. Elliott and colleagues109 calcu-
lated a macrosomic index for 70 diabetic pregnancies by sub-
tracting the BPD from the chest diameter. Thirty-three
macrosomic infants (weighing more than 4500g) were deliv-
ered. In this study, 20 of 23 (87%) infants weighing more than
4500g had a chest BPD of more than 0.4cm. The authors
reported four cases of shoulder dystocia among 15 infants
with macrosomic indices of more than 0.4cm. They recom-
mended Cesarean section for all fetuses with a chest BPD of
more than 0.4cm because this approach would decrease the
incidence of traumatic morbidity from 27% to 9%.

In yet another study, Tamura and colleagues110 showed that
the EFW determined by Shepard and colleagues,74 when
greater than the 90th percentile, correctly predicted macroso-

mia at birth in 74% of cases. When both the AC and the EFW
exceeded the 90th percentiles, macrosomia was correctly diag-
nosed in 88.8% of pregnant women with diabetes mellitus.
The BPD and HC percentiles were significantly less predictive
of macrosomia.

Summary

Although the etiology of IUGR is variable, prenatal diagnosis
is possible using a variety of biometric parameters. When the
gestational age is certain, IUGR is diagnosed if sonographic
predictors of gestational age reflect an age significantly
reduced from the expected, or an EFW less than the 10th 
percentile. Adjunctive indices that can enhance the prenatal
diagnosis include reduced amniotic fluid volume, early third
trimester grade 3 placenta, abnormal Doppler waveform
analysis, and abnormal biometric ratios.

When the gestational age is unknown or uncertain, it is nec-
essary to differentiate between the IUGR fetus and the nor-
mally grown fetus identified at an inaccurate gestational age.
The TCD is a useful parameter for estimating gestational age
even in IUGR fetuses and can be a parameter against which
other biometric indices are compared. Biometric ratios, espe-
cially FL/AC, may also be useful adjuncts in the prenatal diag-
nosis of IUGR.

The prenatal diagnosis of macrosomia is best accomplished
by the use of EFW. However, a certain amount of caution
should be exercised in light of the fact that a margin of error
exists with this method of weight estimation. EFW is reported
to be accurate to within 10% of the actual birthweight 85%
of the time. In the remaining 15% of cases, EFW is less accu-
rate, and the error can range from 15% to 20% of the actual 
birthweight.
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Figure 29.7 Adaptation for progressive fetal hypoxia.
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Key points

1 Definition: IUGR is defined as a fetus that weighs less
than the 10th percentile for its gestational age.

2 Symmetric IUGR (intrinsic): normal head
circumference/abdominal circumference ratio caused by
genetic disease or fetal infection; poor prognosis.

3 Asymmetric IUGR (extrinsic): increased head
circumference/abdominal circumference ratio caused by
placental insufficiency; good prognosis with
appropriate treatment.

4 Risk factors are multiple and include: chronic maternal
disease including chronic maternal hypertension,
pregnancy-induced hypertension, diabetes, cyanotic
heart disease, collagen vascular disease, severe maternal
anemia, renal disease, multifetal pregnancy, etc.; fetal
genetic disorders or fetal malformations; intrauterine
infections such as rubella, herpes, toxoplasmosis,
syphilis, cytomegalovirus; previous history of small-for-
gestational-age baby, smoking, drug, or alcohol abuse;
and abnormalities of the placenta or placental blood
flow.

5 Diagnosis: One should be suspicious when the fundal
height does not exhibit the predicted 1cm/week growth
between 20 and 36 weeks of gestation. A lag in fundal
height by 4cm mandates ultrasonographic evaluation;
otherwise, consider ultrasound on a clinical basis.
Serial ultrasonic scanning may confirm the diagnosis.

6 Evaluation: Clinical indicators of IUGR are poor
maternal weight gain (most sensitive indicator for
IUGR) and fundal height less than expected for
gestational age. Consider environmental and comorbid
factors such as tobacco abuse (most significant
individual risk), poor nutrition, illicit drug use, alcohol
abuse, minimal to no prenatal care, traumatic stress.

7 Fetal assessment consists of following fetal movement
counts, nonstress test, serial obstetric ultrasounds for
growth, and biophysical profile.

8 Monitoring. Nonstress testing every week. Biophysical
profile every week. This test uses ultrasound and a
series of measurements to determine the health status

of the developing fetus. Pregnancy ultrasound every
10–14 days.

9 Peripartum risks of IUGR include meconium
aspiration, intrauterine asphyxia, polycythemia,
hypoglycemia.

10 Long-term effects in the fetus before or during delivery
include the following: premature delivery, poor
tolerance of labor, increased rates of Cesarean section,
increased risk of birth defects, asphyxia at birth,
temperature instability, hypoglycemia, infections, death.

11 Management. The development of IUGR makes the
pregnancy high risk. Stillbirth, oligohydramnios, and
intrapartum fetal acidosis are common antepartum
complications. Close antepartum surveillance is
required, and the decision about when to deliver the
infant is complex. Neonatal complications include
persistent fetal circulation, meconium aspiration
syndrome, hypoxic ischemic encephalopathy,
hypoglycemia, hypocalcemia, hyperviscosity, and
defective temperature regulation.

12 A perinatologist should manage these pregnancies.

13 Address risk factors: tobacco cessation, eliminate other
negative habits, ensure adequate maternal weight gain,
maximize prenatal care, reduce environmental stressors.

14 Perinatology consultation indications: poor nonstress
test, decreasing biparietal diameter, oligohydramnios,
abdominal circumference 4 weeks less than biparietal
diameter.

15 Prognosis. Babies who suffer from IUGR are at an
increased risk for death, hypoglycemia, hypothermia,
and abnormal development of the nervous system.
These risks increase with the severity of the growth
restriction.

16 The growth that occurs after birth cannot be predicted
with certainty based on the size of the baby when it is
born. Infants with asymmetrical IUGR are more likely
to catch up in growth after birth than infants who
suffer from prolonged symmetrical IUGR.
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Tremendous innovations in technology have propelled the
field of medicine into a new dimension not imaginable
20 years ago. Ultrasound remains the mainstay of prenatal
imaging, and the refinement in both hardware and software
has led to the demonstration of fetal anatomy in exquisite
detail beyond the imagination of ultrasound pioneers many
years ago. Yet, in spite of the vast improvements in our ability
to visualize the fetus, technology has not stopped evolving
with regard to fetal imaging. Of all the new developments 
in technology applicable to obstetric imaging, three-
dimensional/four-dimensional (3D/4D) ultrasound and mag-
netic resonance imaging (MRI) have benefited the most from
the computer revolution. New horizons have been opened by
the 3D/4D capabilities of ultrasound, and MRI is fast becom-
ing an acceptable method in fetal diagnosis.1–4 In most medical
centers, ultrasound is performed as the initial examination,
and MRI is performed as a complementary problem-solving
tool. When both are performed to delineate a fetal anomaly,
the MRI examination is often interpreted in conjunction with
an ultrasound examination done just prior to the MRI study.
As this practice becomes more and more widely accepted, it
is becoming imperative that those who deal in prenatal diag-
nosis become familiar with these tools, as they increasingly
gain acceptance as part of the routine armamentarium in fetal
imaging.

Three-dimensional (3D) and 
four-dimensional (4D) ultrasound

Technique

Three-dimensional ultrasound provides a method of storing
complete sets of volume data in a computer memory so that
they can be accessed to reconstruct any desired image plane.
To accomplish this, four steps have to be taken: data acquisi-
tion, 3D visualization, volume/image processing, and storage
of images.5 The acquisition of images in state-of-the-art
machines uses internal integrated systems that are built into

the ultrasound system. This calls for specialized 3D transduc-
ers that perform high-precision automated volume acquisition
with the touch of a button. The transducer element is auto-
matically swept in a fan-shaped pattern at a specified angle.
After signal processing and quantification, the acquired planes
are stored digitally at correlative sites in an electronic volume
memory. Once stored, the acquisition planes are retrieved
from the volume memory and displayed as multiplanar sec-
tions. This is usually accomplished by simultaneous display on
the monitor of the three standard orthogonal planes (coronal,
axial, and sagittal) (Fig. 30.1). As one plane is rotated or
shifted, the changes are simultaneously displayed in the other
two planes. This simultaneous display has the distinct advan-
tage of allowing the anatomy in question to be viewed in
several planes, thus making the diagnosis of an anomaly more
certain. It is a well-known phenomenon in ultrasound that
artifacts of scanning can produce suspicious images that can
suggest anomalies where there are none (Fig. 30.2). When pro-
cessing the images in three planes, the distinction between real
findings and artifacts becomes obvious. In instances when vol-
umetric determinations become necessary, the ability to deter-
mine the largest dimension of an object in all three planes
results in more accurate volume calculations.

Four-dimensional imaging is a relatively recent addition to
the tools of fetal imaging. It is 3D ultrasound with a dynamic
display of rendered images rapidly updated over time (real-
time 3D). Because of rapid acquisition rates, it is possible to
capture all the acquired volumes sequentially. This results in
the ability to document entire sequences of fetal movement,
which can be stored with digital image quality. These volumes
can then be retrieved sequentially from memory similar to cine
loops in 2D ultrasound. With this technique, it is possible to
view specific 3D movement phases and obtain remarkable
“snapshot movements” (Fig. 30.3). These 3D surface images
can therefore be demonstrated as separate images on the
monitor or as animated displays on cine loops. Thus, digital
video clips of fetal movements can be stored and shown
repeatedly as isolated “images” without the need for video
tapes, which used to be the mainstay of data storage.

30 Three- and four-dimensional ultrasound
and magnetic resonance imaging 
in pregnancy
Teresita L. Angtuaco
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Clinical impact

The advent of 3D ultrasound has taken away some of the
“mystique” held by ultrasound over the years. For a very long
time, only the sonologists and sonographers could recognize
structures on the screen, leaving the patient and other nonex-
perts in ultrasound to wonder how anyone could make “head
or tail” out of “weather maps” and come up with a determi-
nation regarding the presence or absence of fetal anomalies.
Now, both the patient and the accompanying family and
friends can actually relate to what the sonographer is seeing6

(Fig. 30.4). This sudden familiarity is partly the reason behind
the explosion of businesses offering ultrasound examinations
for entertainment. Although an argument can be made for 3D
ultrasound facilitating the “bonding experience,” the Food
and Drug Administration and the American Institute of Ultra-
sound in Medicine have jointly issued a statement discourag-

ing the practice of performing 3D ultrasound solely for enter-
tainment purposes.

Detection of fetal anomalies

When 3D ultrasound was first introduced, there was much
anticipation of perceived improvements in the delineation 
of complex anomalies such as facial and limb deformities 
(Fig. 30.5). There have been several reports in the literature
showing the feasibility and benefit of 3D ultrasound in demon-
strating anomalies of the face and extremities7–11 (Fig. 30.6).
In addition, its use in the skull and brain has been explored,
but with limited success12,13 (Fig. 30.7). The fetal spine is
among those structures more frequently imaged on 3D ultra-
sound because the three orthogonal planes of imaging can
often follow the curvature of the spine even when the fetus 
is in a suboptimal lie14,15 (Fig. 30.8). In the face, there is

Figure 30.1 The fetal spine is shown in three orthogonal planes as well as a 3D-rendered coronal view. Upper left image, sagittal; lower left,
coronal; upper right, axial.
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Figure 30.2 Electronic artifacts produced by adjacent 
structures interfering with the 3D rendering technique show
“pseudoanomalies” in normal fetuses. (A) The elbow appears to have a
soft tissue defect. (B, sagittal) and (C, coronal): The fetus appears to
have a mass on the left chin, which extends anteriorly.
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A B

Figure 30.3 Serial 3D images obtained from a 4D volume slab of a fetus who appeared to be scratching its nose.

A B

Figure 30.4 Facial cysts. Cystic masses (arrow) suspected to be in the fetal neck on a 2D image (A) are well localized on the 3D-rendered
image (B) as cysts in the cheek (arrow), highly suggestive of lymphangiomas.
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Figure 30.5 Unilateral cleft lip. 3D rendering (B) of the defect in the upper
lip was guided by precise localization of the abnormality in three orthogonal
planes (A).
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Figure 30.6 2D-image (A) and 3D-rendered images (B and C) of a
fetus with trisomy 18 and micrognathia.

undoubtedly a distinct advantage in being able to see the
extent of a complex midline anomaly, which may have a
limited view on regular 2D images (Fig. 30.9). In a rotated
and contorted limb, the confusing orientation of the whole
extremity can be easier to appreciate on 3D ultrasound16–20

(Fig. 30.10). In the past, this could only be appreciated on
direct scanning as the mind processes the hundreds of real-
time frames generated during the actual examination. With 3D

surface rendering, the finding becomes obvious and easily doc-
umented by the sonographer when the sonologist is not physi-
cally present during the examination, as is often the case.
However, as in any new advancement in imaging, many prob-
lems remain to be solved before 3D imaging of can fulfill 
its potential in producing these results in a constant, 
reproducible manner. Among these are oligohydramnios, 
shadowing from adjacent fetal parts, deep position of the head
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Figure 30.7 Thanathophoric dwarf. Coronal (A) and sagittal (B) 2D
images show cloverleaf skull deformity and anterior bulging of the
frontal bones due to severe associated hydrocephalus. Motion
compromised 3D imaging, which showed the same findings (C).
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Figure 30.8 The fetal spine. Volume data are acquired and 3D-rendered as a surface image or
reconstructed to display a series of 2D images.

Figure 30.9 2D images in the sagittal (A) and coronal plane (B) with 3D images (C and D) showing bilateral cleft lip and palate (arrows) in a
fetus with trisomy 18.

A

C D

B

TCO30  9/13/06  5:18 PM  Page 533



CHAPTER 30

534

A

C D

B

Figure 30.10 Extremities. 2D and 3D rendering of persistent clenched fists (A and B, respectively) and malpositioned lower leg (C and D,
respectively) (arrows).
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in the pelvis, very early gestation, and maternal body habitus.
In oligohydramnios, the anatomy of interest could very easily
be obscured by the adjacent placenta or uterine wall owing to
the inability of the images to demonstrate a true plane of sep-
aration between these structures. Although it is possible to
electronically “cut away” certain structures with an “elec-
tronic scalpel” and still obtain a 3D image on these occasions,
it often leaves a suboptimal image (Fig. 30.11). This empha-
sizes the fact that the quality of 3D rendering is critically
dependent upon the quality of the 2D image.21 Similarly, an
early gestational age tends to provide less prominent features
for fetal imaging. The earlier the gestational age, the higher
the chances of fetal motion, which can create motion artifacts.
This can lead to images that simulate fetal defects. Also, the
low resolution of the features of an embryo or fetus in the first
trimester makes the rendered image suboptimal. In spite of
these setbacks, a number of publications have documented the
feasibility of performing 3D ultrasound in the first trimester,
not only to demonstrate known embryologic events but also
to diagnose anomalies resulting from faulty fetal develop-
ment22–26 (Fig. 30.12). As the fetus ages, surface rendering

Figure 30.11 A close-up of a fetal profile using the “electronic
scalpel” to eliminate other parts of the image.

A B

Figure 30.12 First-trimester 3D ultrasound. At 8 weeks (A), physiologic
bowel herniation is seen at the cord insertion (arrow), which disappears
by 12 weeks (B).
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becomes less and less of a problem, and 3D ultrasound images
obtained late in the third trimester become more impressive.
It is in this scenario that 3D ultrasound has been employed in
the chest27–29 and the abdomen30–32 (Figs 30.13 and 30.14).
Although the results have been promising, these applications
need to be validated by future studies that can convincingly
show an improvement in visualization of the abnormalities on
3D ultrasound.

Detection of fetal cardiac anomalies has become possible
with the development of the STIC technique (spatiotemporal
image correlation) (Fig. 30.15). This allows the performance
of 4D fetal echocardiography in B-mode without the use of
external triggering devices.33,34 Data acquired in one cardiac
cycle are rearranged by correlation of their temporal and
spatial domain. This can then be processed offline in a cine
loop. This triplanar demonstration of the heart has allowed
the assessment of both the cardiac chambers and the great
vessels (Fig. 30.16). The possibility of reslicing the heart in 
all three dimensions and viewing these in different degrees 
of rotation has made possible the diagnosis of previously 
difficult anomalies.35,36 The latest experience of cardiac 4D
imaging has shown the detection of anomalies such as ven-
tricular septal defects, tricuspid atresia, transposition of the
great vessels, pulmonary atresia, and interruption of the infe-
rior vena cava with azygous venous return. Although this
experience is currently limited to a few referral centers, it is
promising in that it provides another dimension in diagnosing
complex cardiac defects that are typically difficult to see on
conventional 2D ultrasound.37–39 Faster computer processing
has allowed this innovation to happen, but any further sig-
nificant advances in 4D ultrasound depend upon the imple-
mentation of faster computer processing for imaging and the
development of active matrix array transducers with further
enhanced capabilities over those of the current machines.

Comparison of 3D/4D ultrasound over 
2D ultrasound

The advantages of 3D ultrasound over conventional 2D ultra-
sound lie in its ability to store and retrieve complete volumes
of data, its multiplanar display, surface rendering, and 4D
display of fetal movements.5 Because of its ability to store and
retrieve volumes of data, the examiner can navigate precisely
through fetal anatomy in three orthogonal planes simultane-
ously. Digital storage of complete sets of volumes allows us to
manipulate the data even in the absence of the patient. This
is a distinct advantage for sonologists and sonographers as it
enables them to scrutinize equivocal findings in an unhurried
fashion. This has tremendous implications in terms of time
saved in actual scanning time, thus increasing patient turnover
in a busy service. Consultations with peers and referring physi-
cians can be conducted at mutually convenient times, and the
need for additional images does not necessarily require return
clinic visits. Retrospective analysis of the stored volume data
is possible years later as the digital volume is stored without

data loss. The same data can be copied and viewed by many
examiners independently or used for training purposes. The
multiplanar display allows for visualization of the anatomy in
planes not possible during conventional 2D imaging, identifi-
cation of the precise location of the imaged anatomic plane,
and collection of more accurate volumetric measurements.
Surface rendering allows the examiner a more vivid depiction
of the fetal structures from various angles, increased confi-
dence in the diagnosis of complex malformations, and the
exclusion of anomalies in otherwise equivocal studies. For 
the parents, it is claimed to enhance the parental bonding ex-
perience owing to a more photorealistic depiction of fetal
structures, better appreciation of any anomaly, and more reas-
surance in excluding fetal anomalies. In the acute clinical
setting where an anomaly is discovered for the first time, the
ability to display images that are easily recognized by the
patient and her relatives becomes invaluable for counseling
purposes.

Among the disadvantages of 3D ultrasound are: larger
probes, motion artifacts (Fig. 30.17), production of iatrogenic
structural defects by faulty electronic settings, the possibility
of orientation problems in the stored volume, and the inabil-
ity to perform surface rendering in the presence of oligohy-
dramnios. Among these, only the problems related to
oligohydramnios remain difficult to resolve (Fig. 30.18). The
others should improve with experience and rapidly advancing
technology. Another challenge facing any attempts at making
3D/4D ultrasound routine in obstetric imaging is the need for
tremendous storage capacity for the acquired data. Each
volume set can require 3–18 MB of memory depending upon
the area of interest, and this could tax an overburdened
common archiving device. With the widespread use of picture
archiving and communication systems (PACS) workstations,
this problem can only escalate with time as more and more
people learn how to manipulate stored data. However, it is
hoped that, as media storage becomes less and less expensive,
this will not prove to be an impediment to a very promising
diagnostic tool.

Magnetic resonance imaging (MRI)

General considerations

The applications of MRI in clinical medicine have spanned the
whole human anatomy from head to foot. Over the past
10 years, there has been an increasing number of medical
centers around the world embracing MRI as a primary diag-
nostic test. In obstetrics however, its applications are predomi-
nantly complementary to ultrasound and mainly as a
problem-solving tool when ultrasound is inadequate for 
diagnosis.40–42 Its use has been limited to the late second and
third trimesters of pregnancy, mainly because of the uncertainty
that bioeffects may eventually be proven in the fetus.43 To date,
no untoward incidents or fetal sequelae have been reported.44,45

However, it is customary to obtain informed consent prior to
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B

Figure 30.13 Liver calcifications. 2D image (A) shows multiple
intrahepatic calcifications in a fetus suspected to have cytomegalovirus
(CMV) infection. The 3D attempt at imaging the calcifications (B) did
not add any further information.
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Figure 30.14 Omphalocele. The classic appearance of the herniated liver
outside the abdomen is seen on a 2D axial images (A) and 3D rendering in the
coronal (B) and sagittal (C) planes.
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Figure 30.15 Normal heart. Color Doppler with 3D imaging of the heart shows an intact interventricular septum.

Figure 30.16 3D image of the heart showing the left ventricular outflow tract in three orthogonal planes.
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Figure 30.17 Serial images (A and B) from a 4D volume acquisition are rendered suboptimal by motion artifacts.

BA

Figure 30.18 Oligohydramnios. The combination of decreased fluid in front of the fetal face and the resulting crowding of the upper
extremities resulted in the inability to obtain a good image of the fetal profile. (A) Three-dimensional image; (B) two-dimensional image.
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the examination so that the patient is aware of the nonroutine
nature of the examination and its potential for causing unfore-
seen bioeffects in the future. It is best to reassure the patient that
there is no conclusive evidence supporting the direct relation-
ship between short-tem exposure to electromagnetic fields and
any hazard to the developing fetus and that there are no docu-
mented ill-effects to either the mother or the fetus. In instances
where MRI is indicated, it is always important to emphasize
that the potential benefits obtained from the scan may outweigh
any potential risks that exist.

MRI technique

It is suggested that patients be placed feet first into the magnet
to minimize any possibility of claustrophobia. A pillow is
placed under the knees for comfort, and the patient is scanned
in the supine position. However, those who cannot tolerate
this position for prolonged periods are scanned on their side.46

It is important to monitor the examination as changes in fetal
position can lead to alterations in any preplanned protocol.47

It is routine to use the set of images from one sequence to
decide on the next series of images. It is also best to correlate
the images obtained on MRI with an ultrasound study prefer-
ably done immediately before the MRI or within a few days
of the examination. This will tremendously facilitate the inter-
pretation of the MRI examination and direct the conduct of
the remainder of the study. The imaging sequences used in
MRI vary depending upon the manufacturer-specific recom-
mendations. The most popular is the half-Fourier single-shot
turbo spin echo sequence that gives T2-weighted images of
sufficient anatomic detail for both maternal and fetal struc-
tures48,49 (Figs 30.19 and 30.20). This sequence comes under

two proprietary technical names, HASTE (Half-Fourier
Acquisition Single Shot Turbo Spin Echo) and SSFSE (Single
Shot Fast Spin Echo). Another technique is the T1-weighted
imaging sequence usually using gradient echo techniques 
(Fig. 30.21). This technique results in superb anatomic images
that can be obtained in short periods of time that even allow
for breath-holding sequences.50 This becomes valuable espe-
cially in cases where there is suspected hemorrhage or fatty
masses.

Excessive motion artifacts generated by the fetus early in
pregnancy have likewise limited the early acceptance of MRI
in fetal diagnosis (Fig. 30.22). In the early days of fetal MRI
imaging, it was necessary to immobilize the fetus with an
intramuscular dose of pancuronium because of the long
imaging times.51 This required percutaneous introduction of
the drug into the fetal muscle (usually the thigh). The associ-
ated complications were similar to those of amniocentesis,
compounded by the danger of inadvertently administering the
drug partially to the mother, thus causing some respiratory
problems. With current technological advances, whole
imaging sequences can now be performed in seconds instead
of the minutes that it used to take. This has eliminated the
need for pancuronium and its potential complications. In
occasional circumstances in which fetal motion compromises
the study, diazepam or meperidine may be given to the mother
to help lessen fetal motion artifacts. Another question raised
about MRI was the possibility of using contrast agents such
as gadolinium to enhance visualization of fetal organs. This
has not been advocated in pregnancy, not only because
gadolinium is known to cross the placental barrier, but also
because it has not been needed in making the diagnosis of fetal
abnormalities.

Figure 30.19 Sagittal MRI showing the fetal head and chest using
the HASTE sequence of MRI data acquisition.

Figure 30.20 SSFSE sequence. A sagittal view of the maternal
abdomen shows a normal axial image of the fetal brain surrounded
by high-signal amniotic fluid.
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Figure 30.21 T1-weighted sagittal image of the fetus is
distinguished by the low signal in the surrounding amniotic fluid
and the high-intensity signal in the fetal and maternal subcutaneous
fat.

Figure 30.22 Fetal motion artifact has produced low-signal bands
(arrow) in the middle of the fetal face, making the image
uninterpretable.

Fetal anomalies

There is a potential for misdiagnosis on ultrasound in spite of
experienced specialists (Figs 30.23 and 30.24). This is espe-
cially true when technical problems exist owing to maternal
body habitus, suboptimal fetal lie, or oligohydramnios. What
may seem like a simple diagnosis may actually be more
complex and therefore need to be delineated prenatally for
counseling purposes.52,53 It is in circumstances such as these
that the majority of fetal MRI studies are done, as a comple-
ment to a complete obstetric ultrasound that has already been
performed. Often, an abnormality seen on ultrasound needs 
to be confirmed with certainty prior to the more invasive pro-
cedures necessary to correct the defect. This is especially 
true when specialists have been consulted prenatally to
perform immediate neonatal intervention.54 Examples are 
fetal abnormalities that may necessitate immediate invasive
procedures at delivery because of airway obstruction. Entities
such as lung masses or epignathus may benefit from an ex
utero intrapartum treatment (EXIT) procedure in which the
fetus is partially delivered and the airway is secured prior to
clamping of the cord (Fig. 30.25). In these instances, it is crit-
ical to know the precise location and extent of the tumor so
that management planning can be facilitated at the time of 
delivery.

The strength of MRI has been proven in the diagnoses of
central nervous system (CNS) abnormalities where ultrasound

may be inadequate55–69. However, there are instances when the
etiology of the abnormality cannot be determined, even with
better definition of anatomic structures on the MRI images.
(Fig. 30.26). In brain anomalies associated with ventricu-
lomegaly, the decision to shunt sometimes hinges on very
subtle findings such as the presence or absence of a cerebral
mantle in the high convexities (Fig. 30.27). This becomes
crucial in the differentiation of hydrocephaly from hydranen-
cephaly when the cerebral mantle is so compressed as to be
almost invisible on ultrasound (Fig. 30.28). Similarly, the level
of obstruction can be clearly defined on MRI, whereas it may
only be determined on ultrasound by the process of exclusion
(Fig. 30.29). Another example would be unilateral hydro-
cephalus due to an obstructing suprasellar arachnoid cyst. On
ultrasound, the wall separating the body of the lateral ventri-
cle from the cyst may not be obvious, and rare entities such
as unilateral obstruction of the foramen of Monro may be
entertained. MRI can clearly show the delineation between the
dilated lateral ventricle and the large arachnoid cyst (Fig.
30.30). Other associated anomalies (such as agenesis of the
corpus callosum) become clear on MRI. Future trends in diag-
nosis are geared toward earlier diagnosis of intracranial
processes before they can produce detectable changes on 
ultrasound. One such possibility is the demonstration of
subependymal tubers in tuberous sclerosis, which have been
demonstrated as early as 21 weeks by MRI but not on 
ultrasound.70
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Figure 30.23 Cystic hygroma. 2D image of the fetal brain (A) suggested a mass arising from the occiput (arrow), perhaps a cephalocele. MRI
(B) clearly shows that the cystic mass is in the neck (arrow), with no connection to the intracranial structure.

The utility of MRI in other areas of the body has not been
as successful as in the head or spine.71–74 To a large extent, this
is because of the many potential artifacts that can compromise
imaging of the remainder of the fetus. Maternal bulk motion
can be minimized by breath-holding techniques (Fig. 30.31).
Fluid motion secondary to fetal respiration, urination, or
swallowing can mimic masses, which can only be seen on a
few images. This is usually not consistently imaged on multi-
ple sequences. Many other technical artifacts are known to
compromise the image such as aliasing, radiofrequency inter-
ference, susceptibility artifacts, and partial volume artifacts
(Fig. 30.32). However, in spite of these, the indications for
MRI of the fetal chest and abdomen are increasing.75–81 These
range from genitourinary abnormalities to unusual gastroin-
testinal abnormalities and a range of case reports in which
MRI contributed significantly in making a diagnosis.82–87

Nonfetal complications of pregnancy

Nonfetal abnormalities can also be diagnosed with confidence
on MRI whereas ultrasound can be doubtful.88–90 At times, this
could be crucial if an invasive procedure becomes indicated
prior to term. A case in point would be the diagnosis of an
abdominal pregnancy (Fig. 30.33). As this hinges on the
demonstration of an empty uterus separate from the fetus, it
is imperative that this be documented on prenatal ultrasound.
A uterine leiomyoma can easily mimic the empty uterus, and
MRI easily differentiates between the two entities (Fig. 30.34).

A large adnexal mass may be difficult to demonstrate and
characterize on ultrasound, not only because of its size but
also because of its position. A large teratoma, for instance, can
mimic a demised twin on account of its heterogeneous con-
tents (Fig. 30.35). MRI can be definitive in characterizing these
masses from their typical features and tissue content. Specifi-
cally, the identification of fat within the mass clinches the diag-
nosis (Fig. 30.36). In the case of uterine anomalies, the
ultrasound picture can be very confusing. A uterus didelphys
with a normal pregnancy in one of the uterine cavities can be
associated with hematometra when the other cavity is
obstructed (Fig. 30.37). A unicornuate uterus can be a diffi-
cult diagnosis even with MRI. In these cases, the abnormal
orientation of the pregnancy can be a clue to the uterine
anomaly (Fig. 30.38).

Clinical considerations

A significant factor driving the need for prenatal MRI is the
level of comfort that the specialist has regarding ultrasound.
Most neurosurgeons, who use MRI on almost every adult
patient prior to intervention, sometimes require prenatal MRI
before the initial consultation. This is increasingly true in spite
of some excellent anatomical delineation that may already
have been provided by the ultrasound examination. Similarly,
with patients becoming more involved in management deci-
sions regarding their pregnancy, the Internet has become their
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Figure 30.24 Suprasellar arachnoid cyst. A septated fluid collection (arrow) was seen on ultrasound (A and B) that extended to the parietal
convexity. MRI (C–E) showed this to be a huge suprasellar cyst (arrow) that replaced part of the parietal cerebral cortex.

A B

DC
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Figure 30.24 Continued

B
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Figure 30.25 Epignathus. A large teratoma is seen protruding outside
the oral cavity on ultrasound (A). MRI image (B) shows no intracranial
extension. An EXIT procedure allowed maintenance of the airway
during delivery (C).
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Figure 30.26 Moderate hydrocephalus. Both ultrasound (A) and MRI (B–D) failed to demonstrate an anatomical reason for the symmetric
ventriculomegaly.
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Figure 30.27 Asymmetric hydrocephalus. The ultrasound examination (A) did not find an etiology. MRI showed absence of cerebral cortex in
the occipital region especially on the left. This is well demonstrated on coronal (B), sagittal (C), and axial (D) views.
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Figure 30.28 Hydranencephaly. (A and C) Ultrasound and MRI showed
preservation of the midbrain and posterior fossa (arrow). (B and C) These
images show nonvisualization of the cerebral cortex superiorly.
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Figure 30.29 Aqueductal stenosis. Both ultrasound (A) and MRI (B and C) images show massive hydrocephalus with enlargement of the third
ventricle (arrow). The cerebral mantle is very thin but preserved in all of the images.
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Figure 30.30 Agenesis of the corpus
callosum with an interhemispheric cyst. The
ultrasound image (A) suggested unilateral
hydrocephalus. MRI (B–E) showed that the
lateral ventricle (long arrow) is separate
from the large interhemispheric cyst that
has occupied the majority of the left side of
the brain. There is no corpus callosum
identified on MRI. The parallel orientation
of the frontal horn (short arrow) and its
wide separation from the midline is
consistent with this diagnosis on both
ultrasound and MRI.
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most powerful resource. The numerous publications regard-
ing the merits of prenatal MRI have often been brought up 
by patients during consultation. The obstetrician therefore
becomes a gatekeeper in the determination of the need for
MRI under a variety of instances.

In complicated cases, the MRI examination should be inter-
preted in consultation with a multispecialty team. The per-
spectives of a maternal–fetal medicine specialist, radiologist,
or pediatrician can complement one another in a complex case
and provide the best set of differential diagnoses. In CNS
anomalies, for instance, neuroradiologists can provide a wider
range of possible diagnoses than those who do not deal with
these cases on an everyday basis. As always, the ultrasound
findings need to come into play in the performance and inter-
pretation of any MRI examination. In many instances, the

Figure 30.31 Maternal breathing motion has degraded MRI
resolution of fetal anatomy.

Figure 30.32 Inappropriate field of view settings can create wrap
artifacts that superimpose on the region of interest.

findings on ultrasound determine the best planes to start an
MRI examination. Frequent references to the ultrasound study
can clarify any confusion brought about by fetal change in
position or artifacts of scanning. In most instances, the MRI
study is tailored to the area of concern on ultrasound. If the
abnormality is within the brain, MRI of the fetal chest and
abdomen are de-emphasized, and the planes of imaging are
centered on those that will best demonstrate the brain abnor-
mality. This focus will not only decrease the time required to
keep the mother in the magnet, but will also simplify an exam-
ination that could otherwise not only take time but also
produce hundreds of images for interpretation. When these
factors are taken into consideration, the power of ultrasound
and MRI together can increase the accuracy of diagnosis by
several degrees of magnitude.
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Figure 30.33 Abdominal pregnancy. Ultrasound images show the empty uterus (long arrow) anterior to the fetus (A). There is no myometrium
posterior to the fetus separating the body from the common iliac artery (short arrow) (B). MRI confirmation images (C) and (D) show the
uterus (long arrow) separate from the fetus on the coronal T1-weighted image (C). T2-weighted axial image (D) shows the typical high signal
arising from the endometrium.
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Figure 30.34 Uterine leiomyoma. An anterior myoma (arrow) raised the suspicion of an empty uterus in an abdominal pregnancy in
ultrasound (A). MRI showed the normal gestational sac and the anterior myoma (B).

A B

Figure 30.35 Teratoma. A large teratoma was mistaken for a demised twin on ultrasound (A and B). MRI shows a typical fat signal on 
T1-weighted image (C) and high-signal fluid component on T2-weighted image (D).
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Figure 30.35 Continued
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Figure 30.36 Teratoma. A mass associated with a first-trimester
gestation showed typical MRI characteristics: on fat suppression, the
fat-containing elements (arrow) decrease in signal relative to the fluid
component (C). (A) The normal first-trimester fetus with a
crown–rump length measurement corresponding to 11 weeks’
gestation. (B) An endovaginal image of the dermoid showing better the
cystic and solid components. Note the non-layering debris in the mass
corresponding to a mixture of liquid and fat.
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Figure 30.37 MRI images of uterus didelphys with normal pregnancy in the left uterine cavity and hematometra in the obstructed right uterine
cavity (arrow) (B–D). This presented on ultrasound as a vaginal mass with heterogeneous echoes (A).
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Figure 30.38 Unicornuate uterus. Severe oligohydramnios was seen on
ultrasound (A and B) limiting fetal evaluation. MRI (C) shows the
pregnancy in the unicornuate uterus, which was only diagnosed at
Cesarean section.
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Key points

1 Prenatal diagnosis expertise requires familiarity with
3D/4D ultrasound and MRI to remain at the cutting
edge of technology.

2 3D ultrasound provides data storage that can be
accessed to reconstruct any desired image plane.

3 Stored volumetric data can be reviewed by multiple
examiners long after the examination has ended.

4 Digital storage of data allows for consultation among
specialists at different locations.

5 4D ultrasound is 3D ultrasound with dynamic display
of rendered images in real time.

6 The use of 3D/4D ultrasound solely for entertainment
purposes is not a prudent use of medical technology
and is discouraged.

7 3D/4D ultrasound has been promoted as a technique
that enhances bonding between the fetus and its
parents.

8 Detection of fetal anomalies with the use of 3D
ultrasound has been proven useful in the demonstration
of complex facial anomalies.

9 Complicated limb abnormalities are clearly shown on
3D imaging.

10 The application of 3D/4D ultrasound in the abdomen
has seen limited use at this time.

11 Electronic artifacts can be generated by motion,
oligohydramnios, and faulty electronic settings.

12 MRI applications in obstetrics have been proven in the
second half of pregnancy, but have limited use in the
first trimester.

13 Rapid scanning sequences available in modern MRI
equipment have obviated the use of paralyzing agents
for the fetus.

14 Artifacts can be generated on MRI images by both
fetal motion and maternal motion.

15 The use of MRI should always be correlated with a
recently performed ultrasound examination to facilitate
the performance of the examination and the diagnosis
of fetal abnormalities.

16 The greatest application of MRI in the fetus to date
has been in the CNS, with increasing applications in
the chest and abdomen.

17 Abnormalities detected but not conclusive on
ultrasound should be pursued with an MRI
examination.

18 Nonfetal complications of pregnancy such as adnexal
masses and uterine anomalies are best evaluated with
MRI.

19 The diagnosis of complicated fetal anomalies should be
approached by a multidisciplinary team to maximize
the diagnostic power of the examination.

20 The combination of ultrasound and MRI increases the
accuracy of fetal diagnosis more than either modality
alone.
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Doppler ultrasound has provided a noninvasive clinical tool
to assess blood flow in pregnancy in the circulations, previ-
ously precluded from direct study because of risk to the fetus
from invasive procedures. The desire of obstetricians to
measure blood flow, particularly to the placenta, has been
achieved. Diagnoses such as “placental insufficiency” were
created to express a hypothetical reduction in blood flow
almost without any actual basis. The scope of Doppler studies
has now extended from the placenta to many fetal vascular
beds and a great variety of disorders of pregnancy. The infor-
mation obtained from such studies has expanded our knowl-
edge of the physiology of pregnancy and the pathophysiology
of a variety of disorders, and provided a diagnostic tool for
evaluation of the welfare of the fetus.

Doppler instrumentation

Doppler equipment used in obstetric practice ranges from the
simplest fetal heart detectors through the fetal heart rate
(FHR) monitors to the most sophisticated high-level ultra-
sound imaging systems. Common to all is the incorporation
of the Doppler effect. When there is movement between a
wave source and a reflecting target, there is a change in fre-
quency of the reflected wave relative to the transmitted wave,
and that change in frequency is proportional to movement
velocity. The Doppler equation is:

FD = F1 – F0 = (–2vcos θ × F0)/c

where F0 is the transmitted frequency, F1 the received fre-
quency, c the velocity of sound in tissue, v the velocity of
movement, and θ the angle between the ultrasound beam and
the direction of flow. When an ultrasound beam strikes a
blood vessel, the moving column of red blood cells scatters
and reflects the ultrasound beam with a new frequency. The
change in frequency or Doppler frequency shift (incident fre-
quency minus reflected frequency) is proportional to the veloc-
ity of the red blood cell scatterers or blood flow velocity

because the other terms are constants in the Doppler equation.
This change in frequency may be displayed and used to cal-
culate blood flow.

The ultrasound transducer of the Doppler used for flow
studies can act as both the emitting source of the ultrasound
beam and the receiver of the reflected signal. In continuous
wave systems, there are separate crystals for each role, usually
mounted side by side, whereas in a pulsed system, the single
crystal emits an ultrasound pulse and then functions as a
receiver. Activation of the crystal causes the conversion of elec-
trical energy to an ultrasound beam during emission, and the
returning ultrasound signal reverses this process. The weak
returning signals are amplified and fed to the Doppler shift
detector, which filters out unwanted frequencies (including the
original ultrasound frequency) so that the Doppler frequency
shift remains. This information is nondirectional. To separate
the Doppler signals produced by flow toward and away from
the transducer (forward and reverse flow), phase domain pro-
cessing is commonly used. This requires two detectors with
their reference inputs differing in phase by 90°. The filtered
output signals are referred to as quadrature Doppler shift
signals. Two types of Doppler systems are in use – continuous
wave and pulsed. They differ in a number of ways. Continu-
ous wave systems are continuously emitting from one crystal
and receiving through another. They are relatively simple,
cheap, and portable. The reflected echoes from any moving
structure within the ultrasound beam are detected, so that
there is no spatial resolution. Positioning the transducer and
line of sight of the ultrasound beam is readily done. This
system is used in simple fetal heart detectors. In the pulsed
system, a short burst of the ultrasound wave is transmitted,
and the crystal then acts as a receiver. A range gate circuit
allows recording only at a specified time after the pulse emis-
sion, so the Doppler shift detected originates from a fixed
depth. This type of processing may be referred to as setting
the sample volume to a known depth. These Doppler
velocimeters may exist as stand-alone items, but are now com-
monly built into ultrasound imaging systems. Integration with
an imaging facility provides the ability to steer the ultrasound

31 Doppler ultrasonography and 
fetal well-being
Brian J. Trudinger
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beam and, for pulsed Doppler systems, to locate the sample
volume precisely over the vessel to be studied. In addition, the
dimensions of the vessel under study may be measured.

The chosen frequency of the ultrasound beam is a compro-
mise based on a number of considerations.1 In general, the
highest frequency producing a reliable signal is used. The
depth of penetration (tissue attenuation) is inversely propor-
tional to the square of the frequency. The degree of scattering
is proportional to the fourth power of the frequency. The
higher the transmitting frequency, the greater the Doppler fre-
quency shift. With pulsed Doppler systems, there must be suf-
ficient time to characterize the Doppler shift frequency before
the next pulse is emitted. The laws of signal processing state
that any Doppler signal with a frequency greater than the
“Nyquist limit” (equal to half the pulse repetition rate) will
be grossly distorted, suffering “frequency aliasing” and so
appearing with quite different frequencies.

With medical equipment and vascular studies, the Doppler
shift frequency usually falls in the audible range; therefore, the
simplest display of the Doppler frequency shift is an audio
signal. The method of choice is spectral analysis. If the vessel is
totally insonated, the frequency spectrum represents all the dif-
ferent velocities across its lumen. The process of spectral analy-
sis is carried out by a spectrum analyzer and is therefore also
subject to the possibility of frequency aliasing if too fast a 
sampling rate is required. Equipment usually carries out 
the spectral analysis sufficiently quickly (less than 10ms/
spectrum) so that it is available in real time. It is also possible
to display the frequency and direction of blood flow by color
coding superimposed on the real-time ultrasound two-
dimensional image (“color flow mapping”). This facility is par-
ticularly useful for locating vessels containing blood flow and
determining the direction of flow of blood within a vessel. If
the power of the frequency-shifted signals is displayed (rather
than the frequency), then a power flow image is obtained. This
facility is also a feature of ultrasound imaging systems now.
Power imaging does not provide directional information.

Because blood flow velocity is directly proportional to the
Doppler frequency shift, the information made available to the
clinician by the Doppler instrumentation is a blood flow veloc-
ity waveform (FVW). The envelope of this wave is the
maximum flow velocity. Beneath this is a frequency distribu-
tion, representing the various velocities of blood flow in the
vessel under study. Both instantaneous and temporal mean
flow velocities can be determined from this. If the angle
between the ultrasound beam and the vessel is known, then
the absolute velocity can be calculated. This requires the use
of pulsed Doppler systems. Volume blood flow may be deter-
mined as the product of mean velocity and vessel area.

The blood flow velocity waveform

Blood flow is pulsatile. With each contraction of the heart, a
pressure pulse or wave propagates down the aorta and its

branches with an initial wave speed of 5m/s. This creates a
time-varying pressure gradient between neighboring points
along the arterial tree. Blood flows ahead of this pressure 
gradient from high to low pressure. The blood flow is also 
pulsatile – the FVW. Doppler ultrasound systems record this
FVW. Early in systole, the pressure and flow waveforms are
in phase, but this breaks down later in systole because of the
arrival of waves reflected from points of branching along the
arterial tree and the periphery. The FVW travels more slowly
than the pressure wave, and its amplitude decreases as it
moves away from the heart. In the ascending aorta, following
the opening of the aortic valve, blood flow velocity increases
to a peak and then falls. After closure of the aortic valve, the
blood is close to stationary for the remainder of the cardiac
cycle.

The pressure and flow waveforms are influenced by cardiac
contraction, the physical properties of the arterial walls and
the blood within, and outflow impedance from the arterial
tree. Traditionally, blood flow is described in terms of pres-
sure and flow. Resistance has been defined as the ratio of mean
pressure difference (or pressure head) across a vascular bed to
mean flow through it. Resistance may also be conceptualized
as how difficult it is to force blood through the circulation or
the energy dissipation required for blood flow.2 It is an artifi-
cial concept insofar as blood flow is not steady but pulsatile.
Changes in resistance in clinical physiology are more often
than not due to changes in the caliber of small blood vessels,
but resistance is not necessarily only an index of arteriolar
caliber. It also depends on the dispensability of the arterial
walls (and transmural pressure) and blood viscosity.3 The term
impedance is introduced to take into consideration the pul-
satile nature of blood flow, being the ratio of pulsatile pres-
sure to pulsatile flow.4 A consequence of pulsatile blood flow
in comparison with steady flow is the requirement for more
energy to move a given volume of blood, and much of this
extra energy is used to distend the large arteries. The mean
term resistance depends much more on arteriolar caliber than
on large artery distention. Various indices derived from the
FVW pattern have been defined to assess “resistance.” They
would appear to depend most on the size of the peripheral
vascular bed.

When a blood vessel is interrogated with an ultrasound
beam, not one but a spectrum of Doppler frequencies is found.
This corresponds to all the different velocities across the
flowing stream of blood. Each point across the vessel may be
represented by a velocity vector, and a line through the tips of
these vectors creates the velocity profile (Fig. 31.1). The vari-
ations in velocity result from the nonviscous and inhomoge-
neous nature of blood. The velocity profile also varies through
the cardiac cycle and, in some circumstances, flow may not
always be forward or in the same direction. Color flow
mapping may demonstrate this.

If the lumen of the blood vessel has been totally insonated,
all this information is available in the Doppler FVW. In order
to recreate the exact velocity profile, it would be necessary to
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use a pulsed Doppler system and sample from each point
across the vessel. If the vessel is uniformly insonated, the mean
Doppler frequency shift is proportional to the mean velocity,
and this fact is used in the calculation of volume flow.5 In a
blood vessel with an established flow, the “boundary layer” is
the region of flow in which velocity is increasing with distance
from the wall. Here, viscosity is important, because there is
shear between adjacent flow lamina. In the central stream, the
movement is “en masse” and inertia is more important. If the
disturbances of local geometry are ignored, then in large arte-
rial vessels, inertial forces dominate blood flow, whereas in
small vessels, viscous forces are more important. Reynold’s
number expresses the relative importance of these two forces.3

The Doppler FVW has been analyzed in a variety of differ-
ent ways. In clinical applications, inferences about the car-
diovascular system are made using empirical indices. The
connection between an empirical index and a physiological
variable may be based on a statistical association or evidence
from an experimental model. In many situations, only the
maximum velocity waveform (or the waveform envelope) is
used. This is the easiest waveform to locate and is relatively
error free. It does ignore all the information about the veloc-
ity profile contained within the frequency spectrum. The prob-
lems of analysis of the maximum mean and first moment of
the velocity waveform in the fetal circulation have been
reviewed.6,7 The shape of the waveform envelope can be 
considered a characteristic of the vascular site. Waveforms
recorded from arteries supplying low-impedance vascular beds
(e.g., internal carotid, umbilical, and uterine artery in preg-
nancy) exhibit relatively high forward velocities throughout
diastole. A triphasic waveform shape, where there is a period
of reverse flow in diastole, is characteristic of sites with high
distal impedance. The peripheral impedance, vessel wall elas-
ticity, the degree and geometry of any proximal stenoses, and
the condition of the upstream pump all affect the waveform.
All these factors are important, all can be affected in the
disease state being investigated, and none can be independ-
ently eliminated or controlled in clinical practice. Even in
normal, presumably healthy subjects, blood flow patterns at a
site with complicated geometry such as the carotid bifurcation
are very complex.

The fetal circulation is uniquely suited to Doppler waveform

analysis by simple empirical indices. This is because of the
absence of degenerative arterial disease. The umbilical circu-
lation was the first to be studied, and the indices used for this
fetal circulation have been directed toward assessing down-
stream resistance. Three are in common usage (Fig. 31.2). All
of these are highly correlated. Coefficients in excess of 0.9
have been demonstrated when the indices are compared.6,8

This means that the indices are all providing the same infor-
mation about the same physiological variables. Choice of
index, then, is a matter of convenience relative to the investi-
gational task. The systolic:diastolic ratio is easiest to calculate.
Abnormally high values, when there is little or no diastolic
value, tend to infinity and become meaningless. The pulsatil-
ity index has a precise mathematical definition. It requires
determination of the mean velocity, and this is usually an inac-
curate estimate. The resistance index (Pourcelot ratio) is the
only one normally distributed and has the advantage that the
maximum value attainable is one. It has an extra arithmetic
step in comparison with the systolic–diastolic ratio. All these
indices, when used to interpret the maximum velocity wave-
form, should be seen as simple descriptors of the waveform
pattern. They are not precisely estimatable quantities. There
is an inherent systematic error of 10–20% in their calculation.8

The same indices have been used to assess vasodilation in the

r r
Uo

u

Figure 31.1 The blood flow velocity profile
across a vessel. U0, center line velocity; u,
velocity at radial position r (modified from
ref. 3, p. 47).
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Figure 31.2 The three indices of downstream resistance in common
clinical use for the analysis of arterial flow velocity waveforms.
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cerebral circulation (brain-sparing effect) in fetal compromise.
The peak velocity of the FVW envelope has been correlated
with volume flow9 in animal studies, and this parameter has
been used as an index in the cerebral circulation. In fetal
anemia (e.g., rhesus alloimmunization), cerebral blood flow is
increased. It has also been used in the aorta. In the central
fetal veins (inferior vena cava and ductus venosus), the FVW
pattern reflects the central venous pressure waveform, and dif-
ferent indices have been used (see below). In studying the
maternal uterine artery FVW, the presence of a dicrotic notch
at the end of systole, which is created by reflected waves, is
noted. In summary, there are a variety of empirical indices that
have been developed to reflect changes in the pattern of blood
flow, which are the result of the pathophysiology of the dis-
order under study.

The umbilical circulation

The umbilical cord, linking the fetus and placenta, is long and
suspended in amniotic fluid, and so is ideal for Doppler
studies. The two umbilical arteries travel along this without
branching or changes in lumen diameter. The radius of cur-
vature of the loops of cord is large in comparison with the
diameter of the umbilical arteries, and so is unlikely to signif-
icantly influence flow patterns. However, this spiraling course
means that it is not possible to image a sufficient length of
artery or vein to permit determination of the angle between
the ultrasound beam and vessel, and so it is not possible to
make Doppler volume flow measurements. Studies of the
umbilical artery FVW using the indices of resistance have been
carried out to assess the downstream vascular bed – the fetal
placenta. The umbilical arteries can be readily studied with
simple continuous wave Doppler ultrasound systems. They
have been studied extensively, and these studies have been sub-
jected to much critical appraisal.

Normal pregnancy

Blood flow through the umbilical circulation increases
throughout pregnancy and represents some 40% of the com-
bined ventricular output of the fetus.10 The actual flow in the
fetal lamb has been measured at 180–200mL/min/kg fetus;11

in human pregnancy, it is less, 100–110mL/min/kg fetus.12,13

The umbilical placental vascular bed is not innervated, and
indeed is refractory to such circulating vasoconstrictors as epi-
nephrine and norepinephrine.11 Blood flow to the placenta
appears to be the result of the balance between resistance to
other fetal vascular beds and the placenta.10 Almost certainly,
there are local controls of placental blood flow that regulate
the perfusion to keep a balance between the fetal and mater-
nal placental flows.14 It has been pointed out that the fetus
does not need to regulate umbilical blood flow finely, because
it has the capacity to vary tissue oxygen extraction ratios and,
consequently, oxygen uptake.15 The fetus requires oxygenated

blood from the placenta for distribution to the fetal tissues,
where uptake and delivery may be regulated.

The umbilical circulation is a low-resistance vascular bed,
which is reflected in the pattern of the umbilical artery FVW
(Fig. 31.3). Throughout pregnancy, the increase in umbilical
blood flow is achieved by a decrease in resistance rather than
an increase in driving pressure, although this also occurs in
the last part of pregnancy.11

Gestational age is an important influence in determining the
normality of the umbilical FVW (Fig. 31.3). The indices of
resistance decrease as the placenta grows and expands its vas-
cular bed. In early pregnancy, diastolic flow velocities may be
absent. The range of variation in waveform pattern is much
greater in early pregnancy. This is clearly apparent in the
normal ranges of the various indices of resistance used to
describe the umbilical waveform pattern (Fig. 31.4).

There has been debate about the influence of fetal heart rate
(FHR) on the umbilical FVW. Two careful studies observed a
weak relationship between FHR and waveform index over the
physiological range of heart rates.6,16 Others have reported
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Figure 31.3 The changing form of the umbilical artery FVW
recorded from one patient at varying periods of gestation.
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strong associations, but included values outside the normal
range, especially below 100 beats per minute (b.p.m.). Over the
normal range of FHR, the correction suggested is less than the
systematic error present in calculation of the various indices
and very small in comparison with the difference between
normal and abnormal waveform patterns. The suggestion that
a correction factor is necessary is based in part on the assump-
tion that the decay in the diastolic component of the maximum
velocity is passive. This assumption is unfounded.

Fetal breathing movements do alter the FVW. During
“inspiration,” both peak systolic and least diastolic values are
decreased, so that the systolic:diastolic ratio is increased 
(Fig. 31.5). It is interesting to speculate on the reason for this
change. During inspiration, more of the right ventricular
output has been directed through the pulmonary circulation
and less bypasses this through the ductus arteriosus to 
the aorta and umbilical circulation. This implies that fetal
breathing is associated with opening of the fetal pulmonary
circulation.

Behavioral states do not influence the FVW pattern or
indices of resistance in the umbilical circulation. This is in con-
trast to the aortic waveform.17 Such an observation is not
unexpected, because the aortic waveform is influenced by flow
to various fetal organs under autonomic control, whereas the
placenta is not so regulated.

There has been debate about variations in the umbilical
FVW along the length of the cord. Close to the fetus, a higher
value may be obtained for the systolic:diastolic ratio.18 There
is a transition from the typical aortic to umbilical waveform.
At the placental end, the resistance indices have been reported

to be lower than the values recorded from free-floating loops
of cord. This difference is very small in comparison with dif-
ferences between normal and abnormal pregnancy.

In recording the umbilical FVW, it is necessary to review a
sequence of 10–20 cycles to confirm that variations due to
fetal activity are absent. Ideally, at least five waveforms should
be measured and averaged. To minimize errors, the measured
waveforms should be those displaying the maximum obtain-
able peak systolic and least diastolic flow velocities. This
requires that the angle between the ultrasound beam and the
vessel is small, and an ideal image can be sought by small
movements of the transducer. Simultaneous display of flow in
the umbilical artery and vein allows confirmation of the origin
of the signal from the umbilical cord by the characteristic
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Figure 31.5 The influence of fetal breathing movements on the
FVW of the umbilical artery (upper trace) and umbilical vein (lower
trace).
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pattern, and eliminates the possibility of superimposition of
signals from the vein and artery, giving a false value for the
diastolic velocity.

Experimental studies of the umbilical circulation
relevant to FVW interpretation

The placental vasculature has been modeled as a lumped elec-
trical circuit equivalent,19,20 an approach widely used in other
circulations. Thompson and Stevens19 developed a computer-
based model recreating the branching structure of the villus
tree with each arterial vessel represented by a resistor and 
a capacitor in parallel. The validity of this approach was 
confirmed by substituting physiologically realistic values 
for vessel size, resistance, capacitance, and pressure, 
and demonstrating that calculated and clinically mea-
sured umbilical flow were similar. Using this model, it 
can be shown that the pulsatility index (PI) of the FVW 
is proportional to the pulsatility of the pressure waveform 

and the resistance of the umbilical placental villus vascular
tree.21

Assuming a diffuse vascular pathology, it can be shown that
the FVW index of resistance increases as the fraction (q) of
terminal arterial vessels obliterated increases. This increase is
not linear (Fig. 31.6). It is not until some 50–60% of the
vessels have been obliterated that the PI is increased beyond
the “normal range.” Thereafter, it rises rapidly. It highlights
the presence of extensive disease before Doppler detection is
possible, and emphasizes the reserve capacity of the placenta.
The model also showed a difference between the response of
a large and a small placental vascular bed to superimposed
vascular obliteration. The same fraction of obliteration (q)
produced a much greater increase in PI when the placenta was
small. It follows from this prediction that a large, late third-
trimester placental vascular bed can accommodate a consid-
erably greater degree of obliteration with minimal change in
resistance index in comparison with a smaller, second-
trimester placenta. This parallels clinical reports indicating
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Figure 31.6 Using a mathematical model of the
umbilical circulation, based on a lumped
electrical circuit equivalent (A) [r = resistance, c
= capacitance, of individual proximal branches
(n) or distal branches (m)], the change in the
umbilical artery pulsatility index was calculated
in the presence of an increasing fraction (q) of
the umbilical placental vascular bed (B). N is
the total number of large (n) branches each
having M small (m) branches chosen to be
representative of a placenta at 30 weeks (from
ref. 21, with permission).
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that Doppler studies have a low sensitivity in predicting fetal
compromise in postdate pregnancies.22,23 Doppler umbilical
studies are a far more sensitive test for the detection of pla-
cental vascular pathology earlier in pregnancy.

This model also demonstrated that variations in blood pres-
sure will alter the PI, but this variation is small.21 Over the
physiological range of blood pressures, the very high values of
PI seen in fetal compromise could not be obtained by varia-
tions in blood pressure. The PI was demonstrated independ-
ent of heart rate over the range 100–180b.p.m. The effect of
a fetal response (by increase in blood pressure) following pla-
cental vascular bed obliteration was examined using this
mathematical model. If terminal vessels in the placenta were
obliterated, the placental resistance increased, as did the PI,
while umbilical volume flow decreased. However, a small,
physiologically realistic increase in systolic pressure was suffi-
cient to maintain umbilical flow until approximately 80% of
the terminal arterial vessels were obliterated. Beyond this
point, the pressure increase required was unrealistic (outside
the physiological range).

The umbilical circulation in the fetal lamb has been studied
with Doppler ultrasound. In ovine pregnancy, it is possible to
demonstrate the same decrease in the FVW indices of resist-
ance seen in human pregnancy.24 The Doppler indices have
been demonstrated to be a measure of resistance in the umbil-
ical circulation in the fetal lamb. Embolization of the umbili-
cal cotyledon circulation with microspheres was carried out
to increase the resistance of the peripheral vascular bed.25,26

This caused a rise in the umbilical systolic:diastolic ratio and
a rise in calculated vascular resistance.

Pathophysiology of abnormal 
umbilical Doppler FVW

In normal pregnancy, placental growth continues throughout,
as demonstrated by the progressive increase in the weight of
the placenta. The overall increase in placental size is associ-
ated with an increase in the number of tertiary stem villi and,
therefore, total small arterial channels. The continuing expan-
sion of the umbilical placental vascular tree matches the
decreasing vascular resistance measured directly in fetal
lambs.11 The decrease in the umbilical artery FVW indices of
resistance seen in normal pregnancy is consistent with this.
The abnormal umbilical Doppler FVW is characterized by a
change in the opposite direction, with decreasing diastolic flow
velocities relative to the systolic peak and, in extreme cases,
by absence or even reversal of blood flow in diastole. This is
a high resistance pattern and contrasts with the normal FVW
discussed and illustrated above.

A histological study to correlate the umbilical artery FVW
pattern with the “resistance” vessels in the umbilical placen-
tal vascular tree has been carried out.27 Because the major 
drop in arterial pressure across the umbilical placental vascu-
lar bed occurs in the small arteries and arterioles of the terti-

ary villi, these are the “resistance” vessels. When these pla-
cental vessels were examined after delivery in pregnancies clas-
sified according to whether the antenatal umbilical Doppler
studies were normal or abnormal, significant differences were
found. The modal tertiary villus small arterial vessel count was
significantly less in the group with the abnormal umbilical
artery FVW (1–2 arteries/high-power field) in comparison
with the normal group (7–8 arteries/field). This work has been
confirmed by others.28,29 Change in the walls of these resist-
ance vessels was also recognized.30 This placental lesion of vas-
cular sclerosis, with obliteration of the small muscular arteries
of the tertiary stem villi, could be expected to cause an increase
in flow resistance in the umbilical placenta. This lesion in the
fetal placenta could best be described as “umbilical placental
insufficiency.”

Placental pathologists have recently focused attention on
vascular changes in the umbilical placental circulation. It 
is noteworthy that this has followed the Doppler definition 
of a changing vascular resistance in the fetal placenta. A 
large group of severe placental fetal vascular lesions (fetal
thrombotic vasculopathy, chronic villitis with obliterative 
fetal vasculopathy, chorioamnionitis with severe vasculitis,
and meconium-associated fetal vascular necrosis) have been
identified and associated with neurological impairment.31,32

Avascular villi are a common feature. However, it does not
appear that the chronic inflammatory or vaso-occlusive histo-
logical patterns are specific.33

Studies of the fetal circulation and endothelium of the
vessels of the placental villi have shed light on the pathogenic
pathway. The umbilical artery Doppler high-resistance FVW
pattern is associated with fetal platelet activation34 and con-
sumption.35 The endothelium is activated,36 and this is a likely
cause. There is proinflammatory cytokine [interleukin (IL)-6
and IL-8] production by the endothelium.37 These findings link
the inflammatory change and thrombosis. The cause of this
remains uncertain. The similarity of this to atherosclerosis in
later life has been noted.36 Fetuses with these findings also have
an atherogenic lipoprotein profile.38

Clinical correlates of abnormal umbilical
Doppler FVW in high-risk pregnancy

The abnormal umbilical artery Doppler FVW is characterized
by a pattern of reduced, absent, or even reversed diastolic flow
velocities relative to the systolic peak velocity (Fig. 31.7). In
this situation, the indices of resistance are increased. A review
of the normal ranges for these measures (see Fig. 31.4) illus-
trates the importance of knowledge of gestational age before
an index is called abnormal. Before 18 weeks, absent diastolic
flow may be seen in normal pregnancies. Particularly in early
pregnancy, serial studies are necessary to determine whether
the normal growth of the placental vascular tree is occurring,
because the normal range is wide.

Before considering the clinical correlates of the abnormal
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umbilical FVW, it is worth restating that analyzing the 
umbilical artery FVW with the various indices of resistance
does not indicate a fetal condition, but rather the presence of
a vascular lesion in the placenta – umbilical placental insuffi-
ciency. It is believed that this Doppler-defined umbilical pla-
cental insufficiency precedes the fetal deprivation. The fetal
effects consequent upon this vascular lesion are the clinical
correlates. Poor fetal outcome, particularly in terms of the
birth of an infant small for gestational age (SGA), is the major
clinical association reported. This has been the consistent
finding in many reports of the results of Doppler studies in
high-risk pregnancy.39–41 However, what matters most to the
obstetrician is not the recognition of the small fetus, but rather
the fetus at risk of death in utero, distress in labor, and neona-
tal morbidity. Evidence that umbilical artery Doppler gives
this information is provided by reviewing the results of a large
study from a single laboratory42 and collected studies from
several centers.43 The most abnormal studies (highest sys-
tolic:diastolic ratio group) had the greatest incidence of fetal

growth failure, as indexed by the percentile birthweight. Both
fetal and neonatal deaths were highest in this group.

There has been considerable discussion about the group of
patients that show an umbilical FVW pattern with absent dias-
tolic flow velocities. Statements about the poor pregnancy
outcome of this group and the need for delivery appear in the
literature. It has been suggested that this constitutes a water-
shed for fetal risk. The outcome of patients with this finding
has been reviewed in published reports.44 In a collected review
of 785 cases, there was an 84% incidence of birthweight less
than the 10th percentile. Morbidity and mortality were high
in this group. Careful anatomical ultrasound study is war-
ranted as there is a 5–10% incidence of major anomalies
including aneuploidy.44 Absent diastolic flow is a part of the
spectrum of FVW change from normal to extremely abnor-
mal. It is not a level at which fetal morbidity starts to appear.
It is the opinion of the author that absent end-diastolic flow
velocities should not be the reason for delivery. Rather, it rec-
ognizes a severe vascular lesion in the placenta. Specific evi-
dence of fetal effect should be sought as delivery may be
warranted. Absent diastolic flow may be a feature of normal
pregnancy before 18 weeks. This finding may occasionally
result from error of technique. The greater incidence of hypox-
emia in this group of fetuses is not surprising, but a number
have normal gas tensions.45 Caesarean delivery is usual.

Among a group of SGA fetuses, an abnormal Doppler
umbilical study predicted those who were more likely to
require early delivery and neonatal intensive care and those
with the highest mortality (Table 31.1).46

The trend of umbilical Doppler results proved a very useful
measure of neonatal morbidity in those patients with serial
studies. This was analyzed among 794 high-risk pregnancies
with three or more umbilical Doppler studies available.42 A
decreasing systolic:diastolic ratio was associated with a good
outcome, even if the values were outside the normal range
(Table 31.2). Such a result suggests continuing placental
growth. This trend in serial studies will identify the single
false-positive result. Serial studies are also helpful in deter-
mining the response to therapy.

A

B

C

NORMAL SYSTOLIC–DIASTOLIC RATIO

HIGH SYSTOLIC–DIASTOLIC RATIO

EXTREME SYSTOLIC–DIASTOLIC RATIO

Figure 31.7 Examples of (A) a normal umbilical artery waveform,
(B) a waveform in which the systolic:diastolic ratio is high, and (C)
an extremely abnormal waveform, in which the diastolic flow
velocities are reversed.

Table 31.1 Results of the last study before delivery in the group of
53 SGA fetuses.

Umbilical artery
waveforms

Normal Abnormal

Number of fetuses 19 34
Mean gestational age at delivery (weeks) 37.6 34.6
Admission to neonatal intensive care 3 23
Neonatal deaths 0 7

Data from ref. 46.
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Umbilical Doppler FVW and specific 
pregnancy complications

Hypertensive disease of pregnancy
A high resistance pattern in the umbilical artery Doppler FVW
is not present in all cases of pregnancy hypertension. It does
appear that it predicts fetal mortality and morbidity.47,48 It is
not related to the severity or duration of the hypertension.

Diabetes mellitus
Umbilical artery FVWs have also been used in the manage-
ment of diabetic pregnancies.49,50 Umbilical artery resistance
indices are not different from those found in nondiabetic 
pregnancy. Glycemic control does not appear to affect these
indices. The expected relationship between abnormal umbili-
cal artery FVWs and both antenatal fetal compromise and
birthweight has been noted.50 However, in diabetic pregnancy,
abnormal nonstress FHR monitoring and biophysical profile
have been noted in the presence of a normal umbilical artery
FVW. Fetal death has also been reported. Two cases drawn
from the author’s experience provide further understanding 
of this problem. Illustrated in Fig. 31.8 is the development of
a high-resistance pattern in the umbilical artery FVW in a
macrosomic fetus. Diabetic control had been poor and, earlier
in pregnancy, fetal growth was excessive. Late in pregnancy,
growth was restricted as vascular pathology developed in 
the placenta. In Fig. 31.9 is the FHR tracing of a mother
admitted with hyperglycemia and ketoacidosis in whom the
umbilical Doppler result was normal. Good control was re-
established, and the FHR tracing became normal. It is likely
that many of the cases of unexpected fetal deterioration or
demise in diabetes relate to swings in glycemic control, and
this is not predicted by the umbilical artery FVW.

Multiple pregnancy
Premature labor, preeclampsia, and fetal growth restriction all
contribute to high perinatal mortality and morbidity rates in
twin pregnancies. Doppler umbilical studies are especially
useful. Care with assignment of umbilical cord recording to
the correct fetus is necessary.51

The great value of Doppler studies in twin pregnancy man-
agement lies in the early recognition of the fetus at risk. Two
groups of twin pregnancy problems should be distinguished.
In dizygotic twins, discordancy of fetal growth may occur, and
this is typically associated with a high-resistance pattern in the
umbilical artery Doppler in the small fetus. Such a finding then
warrants close fetal surveillance. A recent randomized con-
trolled trial showed no benefit from the use of Doppler52 when
all other fetal surveillance tests were available. Unexplained
fetal deaths were reduced however. In contrast to this, an old
study of historical data collected soon after the introduction
of Doppler53 into obstetrics showed benefits. Perinatal mor-
tality and, in particular, fetal deaths were significantly reduced.
The perinatal mortality was reduced from 58/1000 to 18/1000
(P < 0.05). This suggested that a program of intensive fetal
surveillance improves outcome.

A consistent Doppler picture in the case of twin–twin 
transfusion syndrome has been disputed. Discordance in ultra-
sound measures of fetal size, cord diameter, amniotic fluid
volume, and the urinary bladder between the members of the
twin pair form the basis of grading.54 The finding of absent or
reversed end-diastolic flow velocities in the umbilical artery
FVW indicates a poor prognosis, and this is a consistent obser-
vation in several published studies.55 Interestingly, this finding
may be intermittent. This is a subject of much controversy. 
Recent research has also focused on the possibility that it is
pressure rather than volume overload that is the key factor in
pathogenesis.56

Table 31.2 Pregnancy outcome in relation to trend in serial umbilical artery flow studies.

Outcome parameter Pattern of serial Doppler studies

Normal Abnormal/improving Abnormal/deteriorating

Total number of cases 567 117 110
Gestational age at delivery 38.5 37.5* 34.5†
Birthweight (mean g) 3164 2708† 1906†
Percentile birthweight (mean) 43.8 26.5† 12.4†
Small for gestational age (< 10th percentile): number (%) 97 (17%) 47 (40%)† 78 (71%)†
Admission to NICU: number (%) 101 (18%) 27 (23%)† 65 (59%)†
Duration of stay in NICU (mean days) 6.1 11.1 34†
Perinatal mortality:
Number 7 2 7
Rate per 1000 12.3 17.1 63.6†

Data from ref. 42.

NICU, neonatal intensive care unit.

Results shown are the number of patients in each grouping unless otherwise stated. The level of significance of results different from the
normal Doppler study group is shown: *P < 0.001; †P < 0.0001.
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Doppler studies have also been reported to be useful in fetal
assessment of triplet pregnancies.57 In triplet pregnancy,
umbilical artery FVW studies may also be used to delineate
those pregnancies requiring more intensive fetal surveillance.

Maternal thrombophilia
A high incidence of both early and late pregnancy fetal wastage
and maternal hypertension and placental hemorrhage is seen in
a variety of prothrombotic states collectively referred to as
maternal thrombophilia. The antiphospholipid syndrome with
or without systemic lupus erythematosus (SLE) or other
autoimmune phenomena is the best known of these. However,
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Figure 31.8 Sequential studies of the umbilical artery FVW in one
patient with poorly controlled diabetes mellitus. Although the fetus
was large, there was evidence of ultrasound fetal growth failure at
the end of the pregnancy (from ref. 39).
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Figure 31.9 In one diabetic mother, with an episode of
hyperglycemia and acidosis, the FHR monitoring trace was
abnormal (A), although the umbilical artery Doppler FVW appeared
normal (C). After correction for the metabolic problem, the FHR
monitoring was normal (B).
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also included are mothers with Factor V Leiden, hyperhomo-
cysteinemia, protein S, protein C, or antithrombin (AT) III defi-
ciency, or prothrombin mutations. Fetal deterioration is
predicted by the development of an abnormal umbilical artery
waveform, and these studies have aided the management of
such pregnancies as this is a common sequelae. Frequent
studies, at least weekly in the third trimester, are recommended
because fetal demise may occur over a short time. Many of these
are hereditary conditions, and there has been recent attention
paid to the presence of the prothrombotic state of the fetus. This
could be expected because thrombosis is a component of the
umbilical placental pathology. Adverse long-term neurological
outcome has also been related to fetal thrombophilia.

Major fetal anomaly
Major fetal anomaly is not consistently associated with an
abnormal umbilical artery waveform, although such a finding
is more common in this group.58 The systolic–diastolic ratio has
been reported to be high in fetuses with trisomy 13, 18, and
21.58,59 Care should be taken before extrapolating these findings
to a total population, because the reported cases studied by
Doppler had come to the attention of the clinician before the
Doppler study, and the reported findings may be the result of
this selection bias. An incidence of abnormal karyotype of 16%
has been reported in a series of profoundly growth-restricted
fetuses confirmed by ultrasound scan (abdominal circumfer-
ence less than the third percentile). Most of these fetuses had an
abnormal Doppler study.60

Postdate pregnancy
It appears that the Doppler studies of the umbilical artery
FVW do not predict fetal compromise in postdate preg-
nancy.22,23 This may be due to the fact that the mechanism of
fetal demise in this group differs from that operating before
term. However, as noted above, mathematical modeling of the
placental vascular tree has shown that the larger the placen-
tal size, the greater the fraction of the vascular tree that needs
to be obliterated to cause a detectable increase in the sys-
tolic:diastolic ratio.21 This, combined with a greater suscepti-
bility of the mature fetus to the effects of hypoxemia, could
account for the poor predictive value of the Doppler study.
Doppler umbilical study as a method of surveillance is not 
recommended for postdate pregnancies.

The relationship of umbilical Doppler to
fetal welfare tests

Tests of fetal welfare exist to identify the potentially compro-
mised fetus (sometimes termed the “at-risk” fetus) and to
quantitate fetal condition. The recognition of imminent fetal
demise (i.e., the fetus in a terminal state) may be too late to
prevent damage or loss of potential. It has been stated above
that the umbilical Doppler study recognizes a vascular pathol-
ogy in the fetal placenta that may lead to a fetal effect. Eval-

uation of umbilical Doppler studies against other fetal tests
supports the fact that the umbilical studies better predict the
potentially compromised pregnancy.

Antenatal nonstressed FHR monitoring is widely used in
fetal surveillance protocols for high-risk pregnancy. Several
comparative studies have demonstrated a greater sensitivity
(the proportion of abnormal outcomes identified by the test)
of umbilical Doppler in comparison with nonstressed FHR
monitoring in recognizing the SGA fetus and a similar sensi-
tivity in predicting adverse outcome.61,62 The association of an
abnormal nonstress FHR test with an abnormal Doppler study
selects a group with a very high risk of morbidity. In a ran-
domized trial, the umbilical Doppler was shown to allow ante-
natal monitoring and obstetric intervention to be aimed more
precisely.63

The relationship between umbilical Doppler and ultrasonic
estimation of fetal size has been examined.64,65 Sonographic
biometry is a more sensitive technique for identifying the small
fetus. In a study of 179 fetuses identified by ultrasound meas-
urements of having a small abdominal circumference, an
abnormal umbilical Doppler result was shown to predict the
need for preterm delivery and the risk of fetal distress in labor.66

The authors of that study raised the question “is intrauterine
growth retardation with normal umbilical artery blood flow a
benign condition?” A Swedish study of all small fetuses identi-
fied from a total obstetric population, screened for ultrasound
weight estimation at 32 weeks, reported operative delivery for
fetal distress to be more likely in the group also exhibiting an
abnormal Doppler study.67,68 Serial umbilical Doppler studies
in the genetically small, low growth potential fetus which is
growing should reveal the normal decrease in systolic:diastolic
ratio as the placenta grows even if the placenta is small and the
initial Doppler index of resistance is high.

Because fetal compromise is not confined to the SGA 
fetus, larger fetuses in whom growth has stopped may also be
identified by umbilical Doppler, although the ultrasonic meas-
urements of fetal size are not small. Serial ultrasound meas-
urements could be expected to reveal the growth failure in
these fetuses, but this requires a delay of at least 2 weeks.65

The biophysical profile has not been widely compared with
umbilical Doppler studies.

Screening of all pregnancies 
byumbilical Doppler studies

The possible use of umbilical Doppler studies to screen all
pregnancies or low-risk pregnancy has been investigated by
several groups. Results have been disappointing. The largest
patient group examined was 2097, and these patients were
seen at 28, 34, and 38 weeks.69 There was a significant asso-
ciation between abnormal Doppler results and low percentile
birthweight, but the authors suggested from receiver operat-
ing curves that this lacked sufficient sensitivity for clinical
usage. The most important result was the presence of an
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abnormal waveform in all three of the unexplained stillbirths
and one of two fetal deaths associated with placental abrup-
tion. This was emphasized in correspondence subsequent to
the original report.70 Other studies of smaller numbers from
unselected low-risk pregnancy groups reported poor 
prediction of SGA infants and adverse perinatal outcomes.71

The statistical power of these reports was low, because 
adverse outcome is infrequent in an unselected pregnancy 
population.

Fetal umbilical vein studies

The umbilical vein in the cord is readily imaged and a FVW
recorded. Pulsations in the umbilical vein (Fig. 31.10) have
been described in association with fetal compromise and fetal
growth restriction.72 They have been associated with the most
profound fetal compromise. Two possible mechanisms have
been advanced to explain the occurrence of this phenomenon.
In fetal compromise with placental insufficiency, there is oblit-
eration and so reduction in small arterial channels in the pla-
centa. This results in a decrease in capacitance in the umbilical
placental vascular bed so that compliance (its inverse) is
changed. In this circumstance, arterial pulsation can be trans-
mitted through to the venous circulation. This is predicted by
placental model studies.20 The alternative explanation is the
retrograde transmission of the giant A waves backwards along
the venous system. The validity of this observation has been
challenged as pulsations may be seen in normal pregnancy.73

Doppler ultrasound measurement of volume flow in the
umbilical circulation is possible by recording from the umbil-
ical vein as it traverses the fetal liver.5 The dimensions of the
vessel need to be measured at the same time, and flow calcu-
lated as the product of average velocity and of vessel lumen.
In normal pregnancy, flow in the umbilical vein increases with
gestation. Flow per unit of fetal weight is relatively constant
at 110 mL/min/kg fetus.12

Studies in high-risk pregnancy suggested that a reduced
umbilical vein volume flow was associated with growth
restriction, but only 40% of fetuses with a low flow had a

birthweight below the 10th percentile.74 The relationship
between umbilical artery FVW and umbilical vein volume flow
measurements has been examined.75 The FVW was more sen-
sitive and recognized more SGA fetuses. It had a higher pre-
dictive value and similar specificity. The ratio of umbilical vein
flow to aortic flow was also measured in this series. In the
normal fetuses, this was 39%; in those fetuses with an abnor-
mal umbilical artery FVW systolic:diastolic ratio, it was 25%.
This result suggests that the fetus is able to maintain umbili-
cal placental circulation at least initially by an increase in
cardiac output. The same observation has been made in exper-
imental growth restriction in fetal lambs.76 Thus, there is
experimental and clinical evidence to suggest that the umbili-
cal artery FVW will detect the compromised fetus earlier than
volume flow measurements. A high umbilical vein volume flow
has been seen in association with fetal hydrops associated with
fetal anemia.77

The high umbilical vein volume flow has been reduced in
rhesus isoimmunization by fetal transfusion.

The application of measures of umbilical vein volume flow
to obstetric practice has been limited by the need for a detailed
technique, measurement errors, and complex equipment.

Fetal arterial Doppler studies

Within the fetal body, arterial flow in the aortic and cerebral
circulations has been most studied in the vascular trees,
although reports of FVW in the renal, splanchnic, and exter-
nal iliac arteries have been made.78 Blood flow has been
recorded from the fetal coronary arteries.79

Fetal aorta

Recordings from the fetal aorta (Fig. 31.11) are readily
achieved using the duplex of a Doppler system integrated with
real-time imaging.80,81 The shape of the flow waveform varies
along the aorta and, for reproducibility, most studies have
concentrated on the midthoracic aorta, which is free of large
branches. The fetal aortic blood FVW has been analyzed using

Figure 31.10 The FVW recorded from the
umbilical vein to show venous pulsations. This
may be seen normally in early pregnancy. In
late pregnancy, it is a feature associated with
high umbilical placental flow resistance.
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the same indices of downstream resistance as used for the
umbilical circulation. Volume blood flow has been calculated
from mean blood flow velocity and vessel area, but the pul-
satile nature of the flow means that measuring diameter from
a single frozen image has an error estimated to be 6%.

Normal pregnancy
The PI of the maximum velocity waveform in the thoracic
aorta (1.68 ± 0.28) does not change with gestation82 in the
second half of pregnancy. Forward flow velocities are present
throughout diastole. This index is significantly affected by
changes in FHR. Within the normal FHR range, there is a
small negative correlation with the PI. This index is also
affected by behavioral state.17 These observations are not sur-
prising, because 60% of aortic blood is distributed to non-
placental fetal vascular beds in which the vasomotor tone will
be regulated according to fetal behavioral and metabolic
states. However, the variation due to FHR is small in com-
parison with the differences between normal and compro-
mised pregnancy. The same influence of FHR and behavioral
state has been reported in the growth-restricted fetus.83 Fetal
breathing movements affect the aortic flow waveform, and
studies should be carried out during fetal apnea to ensure
reproducible results.

Volume blood flow measurement in the fetal descending
thoracic aorta increases with gestation up to 36–37 weeks,
when a plateau is attained, whereas flow per unit fetal weight
decreases during the third trimester.84

High-risk pregnancy
Studies of aortic FVW have been used to assess fetal condi-
tion in the presence of growth restriction and/or an abnormal
fetal heart rate monitoring. Two approaches have been taken
to analysis in this situation. Downstream resistance has been
assessed by measuring the PI,74,75,85 and the waveform pattern

classified by the presence or absence of forward flow veloci-
ties in diastole.76 Both methods predict perinatal morbidity
and fetal growth restriction. Two factors are likely explana-
tions for this. As so much of the blood flow down the aorta
is directed to the placenta, the increase in downstream flow
resistance in the placenta will dominate. In addition, an
increase in resistance as part of the redistribution of blood
flow away from the viscera and carcass to vital cerebral, coro-
nary, and adrenal circulations will effect the aortic resistance.
It has been reported that the ratio of the PI of the descending
thoracic aorta and the middle cerebral artery (MCA) is the
best Doppler predictor of fetal acidosis.77 Fetuses that display
absence of diastolic flow velocities in the fetal aorta have been
shown to have more developmental disability at age 7 years
in comparison with normal.86

A second approach to analysis of the aortic FVW has
focused on the measurement of the peak mean velocity of the
aortic waveform. Correlation with hypoxemia, hypercarbia,
hyperlactemia, and acidemia, as determined from fetal blood
obtained at cordocentesis,87 has been demonstrated. These
endpoints were used to compare the various methods of analy-
sis of the FVW from aortic, cerebral, and umbilical fetal cir-
culations. Again, the peak mean velocity of the aortic
waveform was the most sensitive.77 In fetal lamb studies, direct
measurements of volume flow and the FVW from the fetal
aorta have shown a strong correlation between peak and 
mean velocity of the aortic FVW and volume flow.9 The cor-
relation between the aortic FVW and blood gas analysis can
therefore be explained by appreciating that those fetuses with
abnormal blood gas results had depressed myocardial func-
tion and ventricular output. Many growth-restricted infants
do not show these changes in blood gas analysis. They are
present when the fetus is severely compromised. This high-
lights the different information that is provided by different
Doppler studies. There is a distinction between the prediction
of risk of fetal compromise and the identification of severe
compromise.

Fetal cerebral circulation

The fetal intracranial arteries are readily visualized using a
combined B-mode imaging ultrasound system and pulsed
Doppler. The recording of FVWs from the fetal internal
carotid artery and the individual arteries of the human fetal
cerebral circulation spreading out from the circle of Willis is
easily achieved. The internal carotid artery is best located at
the level of its bifurcation into the middle and anterior cere-
bral artery.88 This particular point can be readily identified on
a transverse cross-section of the fetal cerebrum. The standard
plane for measuring the biparietal diameter, which includes the
thalamus and the cavum of the septum pellucidum, is visual-
ized. The MCA can be seen pulsating at the level of the insula.
If the transducer is now moved in a parallel fashion toward
the base of the skull, a plane is reached that demonstrates a
heart-shaped cross-section of the brain stem with the anterior

0

IVC

Aorta

1 second

Time

Figure 31.11 The normal FVW recorded from the aorta and
inferior vena cava (IVC) in the lower thorax in the third trimester.
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lobes representing the cerebral peduncles. Anterior to this
heart-shaped structure, on either side of the midline, is an
oblique cross-section of the internal carotid artery as it divides
into its middle and anterior cerebral branches. The MCA has
become the standard vessel to image for recording cerebral
FVWs. It sweeps out laterally from the internal carotid bifur-
cation, and a good straight length is usually seen in the trans-
verse plane. It is usually possible to place the transducer so
that the line of sight and sampling box is along this length of
the vessel. The cosine θ term in the Doppler equation is then
1, and the maximum and peak velocity of the FVW do not
need angle correction. Studies from right and left arteries 
yield similar FVWs, and only one needs to be recorded. 
Color Doppler imaging facilitates vessel identification 
(Fig. 31.12).

Normal pregnancy
The waveform of the fetal internal carotid and MCA is not
unlike the umbilical artery in shape with forward flow through
diastole. The indices of resistance have a higher value than
those of the umbilical artery in normal pregnancy. With
advancing gestation through the third trimester, this waveform
reveals a small decrease in resistance. A normal range for the
PI of the fetal internal carotid and MCA FVW has been
reported.89 In the third trimester, a value below 1.1 for the PI
at 34 weeks (systolic–diastolic ratio below 2.5, resistance
index above 0.67) is regarded as low – less than the fifth per-
centile value. Fetal breathing movements can cause fluctua-
tions in the FVW which can be seen. Behavioral state also

effects the FVW.15 For clinical studies, the fetus should be inac-
tive and apneic. Monitoring of the cerebral artery FVW wave-
form during labor90 has not developed.

High-risk pregnancy
Intrauterine fetal growth restriction may be associated with 
a fetal cerebral artery FVW PI that is lower than normal.91–93

Only some growth-restricted fetuses with a high-resistance
pattern on umbilical artery Doppler show this low MCA PI.
When a normal fetal MCA FVW was associated with a high-
resistance umbilical FVW, it was suggested that normal cere-
bral blood flow was continuing. Later, when fetal condition
deteriorates, cerebral vasodilation occurs, and there is an
increase in flow. The cerebral FVW shows a lower PI. Whether
this effect is adaptive to maintain cerebral oxygen supply or
consequent to the occurrence of fetal hypoxia and hypercar-
bia is not known at present. Studies of the MCA indices of
resistance have been related to the results of fetal blood sam-
pling in SGA fetuses.94 It was shown that the maximum reduc-
tion in PI was associated with a fetal PO2 two to four standard
deviations below the mean. In the most extreme cases with an
oxygen deficit greater than this, the PI has been observed to
rise, and it was suggested that this indicated developing brain
edema.95 The term “centralization of flow” was introduced to
describe the situation with a low cerebral flow resistance. The
suggested explanation was the redistribution of cardiac output
to maintain blood flow to vital organs by the profoundly com-
promised fetus. Others have used the term “brain sparing” to
describe this preservation of brain blood flow. The finding in
the cerebral circulation is in contrast to the aorta.

Although the MCA indices of resistance are low in associ-
ation with fetal compromise, the values overlap with the lower
part of the normal range in many small fetuses. To improve
discrimination and recognize a deteriorating situation, it has
been suggested that the ratio of cerebral to umbilical index of
resistance be used to identify the fetuses in whom the placen-
tal insufficiency is associated with altered cerebral blood flow.
This ratio has been evaluated.96 A group of fetuses with severe
neonatal morbidity can be identified by a ratio of less 
than 1.0.

Fetal anemia, rhesus alloimmunization
The measurement of maximum velocity in the MCA FVW has
become the standard method for assessment of fetal anemia
in rhesus alloimmunization. It has obvious advantages over
invasive testing. It can, of course, be used in any circumstance
in which fetal anemia may occur, e.g., parvovirus infection,
hemoglobinopathy. A detailed account is provided in 
Chapter 49.

Other fetal arterial circulations

In the fetal external iliac and femoral arteries, the resistance
index was found to increase with gestation.97 In fetal growth
restriction, there was a small increase in the resistance index.

Figure 31.12 Color flow imaging of the circle of Willis of the fetal
cerebral circulation. The FVW from the MCA is shown at the
bottom.
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In the fetal brachial artery, the PI in the right and left arms
was seen to be similar in normal pregnancy. In association
with severe growth retardation and abnormal umbilical
Doppler, the PI in the left arm was higher.98

Blood flow in the arteries of the fetal abdomen has been
studied in normal and compromised fetuses. SGA fetuses have
been identified as having decreased resistance in the splenic
artery.99

Renal artery PI is reportedly increased in growth-restricted
fetuses.100

In the coronary circulation, vasodilation has been reported
in association with profound fetal compromise.79 This has
been referred to as the “heart-sparing effect.” The coronary
arteries can be imaged at an earlier gestation in profound fetal
growth restriction, and this is a likely sign of dilation as a
result of the circulatory redistribution to maintain this vital
vascular bed. The FVW pattern is of low resistance in com-
parison with normal.

These studies in other vascular beds are not part of current
clinical management protocols, but provide insight into patho-
physiology and are an investigational tool.

Fetal venous Doppler studies

The studies of FVWs in fetal vessels have extended from the
arterial circulation to the great veins. The ductus venosus, the
inferior vena cava, and the umbilical vein have been 
the subject of most studies. The FVWs in the central fetal veins
are influenced in form by the central venous pressure, and this
in turn is a reflection of cardiac function. The form of the flow
velocity wave is best understood by reviewing the shape of the
central venous pressure waveform (Fig. 31.13). Four waves
are identified on this. The A crest is associated with atrial con-
traction. The X trough occurs with atrial relaxation in early

systole. The V crest is the result of rising central venous and
atrial pressure as forward blood flow is obstructed while the
atrioventricular valves are closed during ventricular systole.
The Y trough begins as soon as the atrioventricular valves
open at the end of isovolumetric ventricular relaxation. The
pulsatile changes in the inferior vena cava reflect the same
events of the cardiac cycle and are illustrated (Fig. 31.14). To
understand the origin and interpretation of the changes in
venous FVW pattern seen with fetal compromise, it is impor-
tant to remember the differences in blood flow through the
heart before and after birth. In the fetus, the pulmonary cir-
culation is small, and systemic venous return passes to the left
heart through the foremen ovale as well as through the right
heart. Blood returning from the placenta is predominantly
directed to the left heart. Ventricular outflow from the right
heart enters the systemic circulation through the ductus arte-
riosus. Conceptually, there exists a combined ventricular
output directed into the systemic circulation so that the after-
load for both ventricles is systemic vascular resistance.
However, blood from the left ventricle is directed to the head
and upper body, whereas from the right, it is directed to the
lower body and placenta. As 40% of the combined ventricu-
lar output is directed to the placenta, this is a major determi-
nant of right ventricular afterload. Already in this chapter,
changes in the arterial circulation in fetal growth restriction
have been discussed. These have a profound effect on after-
load, preload, and cardiac contractility. Umbilical placental
resistance is high, so that a high right ventricular afterload is
present. Resistance in the cerebral circulation is low, reducing
the left ventricle afterload in the most compromised fetus. As
the fetus becomes significantly hypoxemic, contractility and
output from the heart fall. These are major changes in fetal
cardiovascular hemodynamics and explain why venous
Doppler has become widely incorporated in management pro-
tocols to define fetal condition.
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Figure 31.13 A fetal central venous pressure
waveform with the “A”, “X”, “V”, and “Y”
components marked (see text) to show the
associated events of the cardiac cycle (reprinted
from ref. 107, with permission). ECG,
electrocardiogram; IVC, inferior vena cava.
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Fetal ductus venosus and inferior vena cava

The umbilical vein returns blood from the placenta. After
entering the fetal abdomen, it is directed to the porta hepatis
and into the liver. It is directed initially upwards and back-
wards and, at the point where it joins the portal vein to the
right, it divides so that a thicker walled ductus venosus con-
tinues upwards to the sinus venosus entry to the right atrium.
Although here the ductus venosus and inferior vena cava are
a single sinus in open fetal lamb surgery, it is fascinating to
see the two streams separately distinguished by differing color
consequent upon the different degrees of oxygenation. This
anatomy is relevant to the imaging of these vessels. The ductus
venosus can be identified in a transverse plane directed
upwards and backwards to include the region at which the
umbilical vein joins the portal sinus. The inferior vena cava is
best seen in a sagittal plane, which includes the region where
it enters the right atrium. The ductus venosus may also be seen
in this plane, but hepatic veins can confuse. The FVW patterns
are, however, quite distinct, and the color Doppler imaging
demonstrates the higher flow velocities101 in the ductus
venosus. A peak systolic velocity of 80cm/s may be seen in the
ductus venosus waveform in the third trimester of pregnancy
in contrast to the inferior vena cava peak of 40cm/s. Fetal
breathing movements especially and fetal state affect these
waveform patterns, and recordings should be made during
quiet sleep.102

A large number of parameters have been calculated from
the Doppler flow waveform of the inferior vena cava (Fig.

31.14) and ductus venous (Fig. 31.15). These figures should
be contrasted with the central venous pressure wave (Fig.
31.13) as a different set of symbols has been used in fetal med-
icine. The “A” wave of atrial contraction is identified as the
trough “A” because pressure and flow are inversely related.
However, the “S” and “D” peaks in the FVW correspond to
the “X” and “Y” troughs on the central venous pressure wave.
This allows the events of the cardiac cycle to be timed. In two
recent comprehensive studies,103,104 these parameters (Fig.
31.16) have been related to fetal blood gas status and espe-
cially fetal hypoxemia. Normal ranges were reported for all
parameters.103 Among a group of growth-restricted fetuses
(ultrasound estimate of weight less than the 5th percentile), 
all indices were abnormal. Fetal hypoxemia was associated
with an increase in the percentage time of the cardiac period
when there was reverse flow present and an increase in the
preload index of the inferior vena cava.105 For the ductus
venosus, the systolic to atrial contraction peak velocity ratio
and preload index were increased.101 The dominant feature in
growth-restricted fetuses was a reduction in the velocities
during atrial contraction. Some workers have found better
associations between fetal condition and parameters derived
from the ductus venosus. Others prefer inferior vena cava
parameters. The ductus venosus is the most widely used
because of its unique pattern. The inferior vena cava FVW is
very similar to the hepatic vein FVW, and this makes vessel
identification more problematic. The underlying hemody-
namic disturbance affecting both great veins is likely to be 
an increase in right ventricular end-diastolic pressure conse-
quent to an increase in right ventricular afterload and reduc-
tion in cardiac contractility. Both of these are a consequence
of the placental lesion (defined by the umbilical Doppler
study).

In fetal anemia attributable to rhesus alloimmunization, 
a change in the waveform with an increase in the “S” peak
and a decrease in the “A” trough has been noted. This is 
consistent with an increase in cardiac output and end-venous
return.106

Recently, a technique to record the fetal central venous pres-
sure waveform has been described.107 Studies in normal and
growth-restricted pregnancy demonstrate changes consistent
with high right ventricular afterload (giant A waves) and, at
a later stage, depressed myocardial function. Doppler FVWs
of the central fetal vein are used as a surrogate for the central

Figure 31.14 The FVW recorded from the fetal inferior vena
cava in normal pregnancy at 34 weeks. The component A, X,
V, and Y waves (see text) are shown.

Figure 31.15 The FVW recorded from the fetal ductus venosus in
normal pregnancy at 35 weeks. The component A, X, V, and Y
waves (see text) are shown.
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venous pressure wave to reflect changes in cardiac function,
and these studies confirm such changes.

Fetal pulmonary veins

The pulmonary veins entering the left atrium are readily
imaged with power Doppler or color flow mapping. The FVW
is similar to the ductus venosus.108 The hope that an alteration
in pattern would identify pulmonary hypoplasia has not been
achieved.109

Clinical strategies in Doppler and 
fetal compromise

The approach of the obstetrician to fetal compromise pro-
gresses through a sequence of steps, which can be summarized
as:
1 Recognition of high-risk pregnancy on the basis of clinical
history and examination, supported by the ancillary aids of
maternal–fetal movement counting and fundal height meas-
urement. (Is it a high-risk pregnancy?)
2 Confirmation of fetal risk by identifying the placental vas-
cular lesion with Doppler ultrasound studies of the umbilical
artery FVW. (Is there a placental pathology threatening the
fetus?)
3 Determination of the extent to which the fetus is affected
using the direct fetal assessments of biophysical profile, ultra-
sound growth, and FHR monitoring and direct fetal Doppler
studies. This is relevant to the timing of delivery. (How sick is
the fetus?)
4 Therapy aimed at improving the intrauterine environment
by treating mother or fetus, and delivery if the risks to the
fetus of intrauterine death or damage exceed that of delivery.

Included in this approach is the use of Doppler studies at
two points. Umbilical Doppler studies are interposed between
the clinical identification of the high-risk pregnancy and full
fetal surveillance testing to quantitate the degree to which the
fetus is affected. Umbilical Doppler is a doorway test con-
firming the potential for fetal compromise and so leading to
intensive fetal testing. Direct fetal Doppler assessments are
then used to quantify how sick the fetus is. These will be 
discussed.

The use of umbilical artery Doppler assumes that the pla-
cental vascular lesion identified by umbilical Doppler under-
lies all fetal compromise. Although this is common in the
“chronic” situation, it is not always the case. Acute fetal dete-
rioration (e.g., abruption) is not recognized. Fetal anemia,
whether due to isoimmunization or other causes such as feto-
maternal hemorrhage, is also not identified. However, chronic
“placental insufficiency” is operating in the majority of cases,
and these are identified. The one-quarter to one-third of SGA
infants with normal umbilical Doppler studies have a good
outcome (see above) and include cases of low growth poten-
tial where the growth velocity of the small fetus is normal 
and there is no placental constraint.42 The concept of identifi-
cation of umbilical placental insufficiency by umbilical
Doppler studies also implies that the various clinical situations
in which this is present operate through a final, common
pathological pathway. This is recognized by the abnormal
umbilical FVW.

The above scheme involves the use of the Doppler umbili-
cal waveform study as a discriminator or doorway test to
determine which fetuses are truly at risk and in need of inten-
sive fetal surveillance. The relationship of the various direct
fetal assessments to the umbilical FVW has been described
above.

It cannot be stated too frequently that the Doppler umbilical

Inferior vena cava

% reverse flow = TVI reverse flow/TVI forward flow × 1006

Preload index (PLI) = PV A/PV S9

S/D = PV S/PV D10

S/D TVI = TVI S/TVI D10

PVIV = (PV S – PV A)/PV D11

PIV = (PV S – PV A)/mean velocity11

S

D

A

A

D

S

S/A = PV S/PV A12

Preload index (PLI) = (PV S – PV A)/PV S13

PVIV = (PV S – PV A)/PV D11

PIV = (PV S – PV A)/mean maximum velocity11

Ductus venosus

Figure 31.16 Various indices have been used to
assess the FVWs from the fetal inferior vena cava
and ductus venosus. This diagram shows these
indices. The S and D peaks correspond to the X and
Y troughs on the central venous pressure waveform
(from ref. 103).
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artery waveform provides a guide to the presence of a placen-
tal pathology that is important in terms of the equation:

placental lesion → fetal effect

It is not a direct fetal test and should not in itself be used
as a measure of fetal condition, but rather as an indication of
the need for detailed assessment of fetal welfare.

The use of umbilical Doppler in clinical practice has been
evaluated by several randomized controlled trials. Indeed,
umbilical Doppler studies have been subjected to more rigor-
ous and extensive assessment than any previous test of fetal
health or fetoplacental function. Meta-analysis109 has estab-
lished that women with high-fetal-risk pregnancies should
have access to Doppler studies of the umbilical artery FVW.
Meta-analysis of the umbilical Doppler trials demonstrated a
reduction in the odds of a perinatal death by 38% (odds ratio
0.62, 95% confidence interval 0.45–0.85) (Fig. 31.17). This
result was significant at the 1% level when umbilical studies
were available to influence management. In the Doppler
group, there was a significant reduction in the number of 
antenatal admissions, inductions of labor, and Cesarean
section for fetal distress. The reviewers110 noted that the 
results were consistent across all trials. The author111 in the
first published trial claimed that monitoring with umbilical
Doppler led to more selective and appropriate elective 
delivery.

Direct fetal Doppler is increasingly used to quantify fetal
condition and so determine the time of delivery. In the cir-
cumstance of fetal compromise, delivery is the definitive treat-
ment. This is effected when the prospects for survival are
better than the risk of remaining in utero. In late pregnancy,
this is not so critical as delivery usually results in good fetal

outcome. The clinical challenge at this gestational age lies in
the identification of the potential for adverse outcome. At
earlier gestations, this problem is not so simple. There are risks
to the fetus from both prematurity and from continuing in the
uterus in a situation of inadequate supply of oxygen and nutri-
ents. It is the aim of management to prolong the pregnancy
for as long as possible and deliver when there is a belief that
fetal damage is occurring. Testing to define fetal condition is
necessary. Of the nonDoppler flow tests, FHR monitoring
relates to higher central nervous system (CNS) control of car-
dioregulation and biophysical profile to CNS behavior deter-
mination. Both therefore imply a CNS effect. Fetal Doppler
adds new dimensions to testing. Cerebral Doppler defines the
redistribution of cardiac output. Central venous Doppler
defines changes in cardiac loading and contractility. There has
been a search for evidence that they better predict the risk of
fetal damage and, in particular, long-term neurological hand-
icaps. There have been several recent studies aimed at defin-
ing longitudinally the sequence of change in these tests.112–114

Unfortunately, a uniform pattern has not been documented,
and it remains uncertain whether changes in cerebral or
venous Doppler, FHR, or biophysical profile should guide the
timing of delivery.115 One randomized trial questioned the
benefit of this precise definition using such testing and out-
comes were comparable among early and late delivery
groups.116 More evaluation is needed, particularly with long-
term neurological performance as an endpoint.

Doppler umbilical studies have also been used to guide spe-
cific therapies aimed at reversing the placental lesion. The
demonstrated placental vascular obliteration27 and fetal
platelet consumption35 suggested a role for thromboxane
activity in the fetal placenta. It was the rationale for the 
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Figure 31.17 Meta-analysis of 12 randomized controlled trials demonstrated a significant benefit in reducing the number of fetal and neonatal
deaths associated with the use of umbilical Doppler (from ref. 110).
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evaluation of low-dose aspirin as a therapy.117 In a random-
ized clinical trial, soluble aspirin (150mg/day) was adminis-
tered to mothers with pregnancies identified by an umbilical
artery waveform systolic:diastolic ratio above the 95th per-
centile. The treated pregnancies yielded infants with a 25%
greater birthweight. There was an increase in head circumfer-
ence. The placentas from the treated pregnancies showed the
same proportional increase in size. This improvement was not
seen in pregnancies in which the umbilical Doppler study was
extremely abnormal, with absent diastolic flow velocities.
Low-dose aspirin may provide a means of treatment of pla-
cental insufficiency if the Doppler diagnosis can be made early
and before marked fetal effect. This study has not been
repeated. The disappointing results obtained in using aspirin
to prevent preeclampsia in large unselected groups have been
allowed to overshadow the benefits demonstrated in small,
highly selected studies.

Maternal uterine circulation

Both pulsed118 and continuous wave119 ultrasound have been
used to record FVWs from the uterine circulation. The early
problems of vessel identification in the study of uteroplacen-
tal circulation with continuous wave Doppler systems were
overcome by the introduction of color Doppler and power
Doppler imaging, which permit more precise localization of
the uterine artery and its radial, arcuate, and spiral
branches.120 Color Doppler systems enable the main uterine
artery to be studied121 and identified, usually in the supracer-
vical region after it is seen to cross the iliac veins (Fig. 31.18).
The signal recorded from the side of placental implantation
may have a lower resistance pattern in comparison with the
nonplacental side.122

The same indices of downstream resistance that are
described in the assessment of umbilical artery FVWs are used
to assess FVWs of uteroplacental arteries. High diastolic flow
velocities indicate low downstream resistance. Attention has

also been focused on the presence or absence of an early dias-
tolic “notch,” which has been attributed to an increased
downstream resistance.47 The explanation for this is specula-
tive. The distance between the main uterine artery and the vas-
cular bed it feeds is short in comparison with the umbilical
artery in the long umbilical cord. Reflected waves have little
influence on the shape of the umbilical waveform, and no
dicrotic notch is seen. In the uterine circulation, reflected
waves from a high-resistance periphery can be expected (Fig.
31.19). The subjective yes–no present–absent use of a notch
to identify a high-resistance pattern has been shown to be
reproducible.123

Normal pregnancy

The process of trophoblast invasion of the spiral arteries 
of the decidual and inner third of the myometrium occurs
during the first 20 weeks of gestation. Endovascular tro-
phoblasts replace the endothelium of the spiral arteries in the
placental bed, and the trophoblasts infiltrate into the muscu-
loelastic coat. It is widely believed that this lowers the resist-
ance to blood flow in the uterine artery branches opening into
the intervillous space. A decrease in resistance in uterine artery
branches causes higher end-diastolic flow velocities, and this
can be detected in early pregnancy. This invasion extends from
the decidua to the intramyometrial portion of the spiral arter-
ies during the first half of pregnancy. After 20 weeks of ges-
tation, there is little change in the waveform of the
uteroplacental arteries throughout the remainder of the preg-
nancy. A pattern of low pulsatility and high end-diastolic
velocity relative to peak systolic velocity is seen (Fig. 31.19).119

After 20 weeks, the uterine artery S/D ratio is less than 2.0,119

and the PI less than 1.5121 in normal pregnancy. The early dias-
tolic “notch” of the uteroplacental FVW has been reported in
normal pregnancy until approximately 26 weeks’ gestation.
However, on the side of the uterus of the placental bed, it has
been reported to be rarely found after 20 weeks’ gestation.121

The evidence linking the trophoblast invasion to the changing

A B

Figure 31.18 The uterine artery can be seen appearing to cross the external iliac vessels in this color Doppler mapping superimposed on a 
B-mode ultrasound image (A). The FVW in (B) is a normal uterine artery pattern with high diastolic flow velocities.
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FVW pattern is the temporal relationship of these two
processes. There has been much debate about the occurrence
of intervillous blood flow in the first trimester as a result of
Doppler studies. The inability to image intervillous flow until
10–12 weeks124 is in conflict with the observation of a low-
resistance flow pattern in the spiral arteries from very early in
pregnancy,125,126 and is probably attributable to limitations of
the equipment.

High-risk pregnancy

Both severe fetal growth restriction and maternal hypertension
may be associated with uteroplacental waveforms demonstrat-
ing a high systolic–diastolic ratio (Fig. 31.19). Among patients
with pregnancies complicated by hypertension or intrauterine
growth restriction, there were two patterns of results: those
with FVWs similar to the normal population and those who
had evidence of a high impedance to flow.118 In this second
group, there was a higher incidence of proteinuric hyperten-
sion, the time of delivery was significantly shorter, and the
birthweight ratio of the infants (actual birthweight/mean birth-
weight for gestational age corrected for sex and parity) was
lower. In women with hypertensive disorders of pregnancy of
varying degrees, patients with an abnormal uterine waveform
may be identified. This group has a significantly higher mater-
nal uric acid level, shorter gestational period, higher Cesarean
section rate for fetal distress, and lower infant birthweight than
the patients with normal waveforms. Furthermore, in the
pathologic group, there was a significantly higher incidence of
SGA babies and a significant increase in stillbirths.47 Whether
the reduction in uteroplacental circulation is the cause or effect
of pregnancy hypertension remains an open question. Others
have not been able to demonstrate consistently abnormal
studies in hypertension of pregnancy.127

Screening normal pregnancy

Based on the hypothesis that trophoblast invasion of the spiral
arteries causes the change in the uterine waveforms during the
first half of pregnancy, and that this invasion is less developed
in pregnancy hypertension, uterine waveform studies have also
been evaluated for screening in early pregnancy.128 The test
demonstrated a high sensitivity for prediction of preeclampsia

and fetal growth restriction, but there was a high false-
positive rate. The results of one study from a well-regarded
center are illustrative of this.129 From 1326 pregnancies, 214
women were identified at 19–21 weeks. Abnormal Doppler
findings were still present in 110 of these women at 24 weeks.
Three-quarters (77%) of the cases of preeclampsia and one-
third of the SGA babies (32%) were found in this group of
110. The predictive value of 31% and 38% from the 24-week
result appears good, but the denominator for this calculation
should be the number identified at 19–21 weeks. This would
halve the positive predictive value. Comment has been made
that an incidence of 44 cases of proteinuric pregnancy hyper-
tension out of 1326 pregnancies is high, suggesting that this
was a high-risk population of low socioeconomic status. The
performance of uterine Doppler in a truly low-risk population
is debated. No adequate randomized controlled trials are
available to settle this issue at the present time. A recent
authoritative review130 concluded that screening was not effec-
tive. This assessment was based on a collective total of 13000
pregnancies screened. The authors noted a sixfold greater risk
of preeclampsia if the Doppler findings were abnormal;
however, the sensitivity in the reported studies was 20–60%,
and the positive predictive value was 6-40%.

Relationship of umbilical and uterine flow studies

Study of umbilical and uterine waveforms allows classification
into four groups, depending on whether these waveforms are
normal or abnormal.46,131,132 The two subgroups characterized
by normal umbilical waveforms exhibit little fetal morbidity,
irrespective of whether the uterine waveforms are normal or
not. If the umbilical waveforms are abnormal, fetal morbidity
is present. In patients with a normal uterine artery pattern, it
has been suggested that the primary defect is on the fetal side
of the placenta. Although the uterine waveform is normal,
indicating normal resistance in that branch of the uterine
artery, the total uterine flow may be low if the size of the 
uteroplacental bed (and number of branches of the uterine
artery feeding it) is not extensive. In patients with both abnor-
mal umbilical and uterine waveforms, disease may exist in the
maternal uteroplacental vascular bed, and it is this that pro-
duces the constraint of the fetal–placental circulation. This
result has been confirmed by others.127,128

Figure 31.19 A uterine artery FVW from a
pregnancy with preeclampsia. A dicrotic
notch is present. Diastolic flow velocities are
low. This is a high-resistance uterine artery
pattern.
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Early pregnancy uterine flow studies

The advent of color Doppler ultrasound leading to precise
vessel identification has permitted studies of the early first-
trimester changes in the uterine artery FVWs. The waveform
pattern and the various indices of resistance decrease between

6 and 16 weeks of gestation.124 In early pregnancy failure
(missed abortion, anembryonic pregnancy), there was no dif-
ference in these indices of resistance.133 This finding is inter-
esting as it suggests that early pregnancy failure does not result
from failure of visualization.

Key points

1 The difference in frequency between incident and
reflected waves produced when an ultrasound beam
strikes a moving column of blood is proportional to
the velocity of the blood flow. This is the Doppler
principle.

2 The flow velocity waveform (FVW) is the collection of
frequency differences produced by insonnating a vessel
over a time base. The maximum velocity or envelope is
the most widely used feature of this waveform in
Doppler clinical studies, and a variety of empirical
indices have been used to describe the waveform
pattern; some reflect physiological hemodynamic
quantities such as resistance and volume flow.

3 Blood flow in the umbilical artery in the umbilical cord
can be recorded using Doppler ultrasound equipment.

4 Throughout pregnancy, there is a progressive decrease
in resistance to blood flow to the placenta in the
umbilical arteries as the placenta grows, and this is
reflected by the changing pattern of the umbilical artery
FVW.

5 Mathematical modeling studies confirm that in excess
of 50% of small arteries and arterioles (resistance
vessels) need to be obliterated before the umbilical
artery Doppler FVW shows an abnormal (high-
resistance) pattern.

6 Correlation studies of umbilical artery FVW pattern
and placental villous histology confirm vascular disease
with loss of small arterial channels in fetal villi when a
high-resistance pattern is present.

7 The high-resistance pattern of the umbilical artery
FVW is characterized by reduced, absent, or reversed
diastolic flow relative to the systolic peak velocity.

8 The presence of a high-resistance pattern in the
umbilical artery FVW is associated with an increased
risk of intrauterine growth restriction, fetal distress in
utero, fetal distress in labor, and need for early delivery.

9 Some 60–70% of small-for-gestional-age (SGA) fetuses
have a high-resistance umbilical FVW.

10 In dizygotic twin pregnancy with discordant growth, a
high-resistance pattern FVW is seen with a small fetus.

11 The use of umbilical artery Doppler FVWs to study
high-risk pregnancy has been shown by meta-analysis

of randomized controlled trials to be associated with a
32% reduction in perinatal mortality.

12 Volume flow in the umbilical circulation may remain
normal when the FVW pattern is one of high
resistance, presumably because there is an increase in
fetal blood pressure, at least in the early phases.

13 FVW patterns can be recorded from the fetal aorta.
The peak velocity of maximum or mean aortic FVW
correlates with the degree of fetal hypoxemia and
reflects depressed ventricular output.

14 FVW patterns can be recorded from the cerebral
arteries. In the middle cerebral artery FVW, a pattern
of low resistance predicts fetal hypoxemia.

15 In fetal anemia, the peak velocity of the middle
cerebral artery FVW can be used as an index of the
degree of anemia and requirement for fetal
intravascular transfusion.

16 Changes in the FVWs from the central fetal veins
(ductus venous, inferior vena cava) are produced in
fetal compromise by a high central venous pressure, in
turn reflecting changes in afterload, cardiac outflow,
and ventricular end-diastolic pressure.

17 Retardation of flow velocity in the ductus venous
waveform at the time of atrial systole indicates
developing fetal hypoxemia. A variety of indices
measure this.

18 The uterine artery FVW shows a low-resistance 
pattern in normal pregnancy from 8 weeks 
onwards.

19 A high-resistance pattern in the uterine artery FVW is
signaled by low diastolic flow velocities and the
appearance of an early diastolic notch. This predicts
pregnancy at risk of preeclampsia and fetal growth
restriction.

20 Abnormality in the umbilical artery FVW signals
developing placental vascular pathology, which may
lead to fetal hypoxemia and acidosis. Changes in the
fetal aortic, middle cerebral artery, and ductus venous
waveforms correlate with the degree of fetal 
hypoxemia and fetal condition. The information 
from Doppler studies of different fetal vessels is
complementary.
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Introduction

The challenge of assessing the intrauterine fetus as a patient
lies in the inability to perform a truly direct examination.
Instead, one must rely on current indirect modalities such as
dynamic, high-resolution ultrasonography, fetal heart rate
(FHR) monitoring via the nonstress test (NST) and contrac-
tion stress test (CST), and vibroacoustic stimulation (VAS), to
name some examples. Fortunately, technological and scientific
advances over the years have permitted more specific exami-
nations of the fetus and its behavior. It is clear that one of the
most important goals of perinatal medicine is to recognize
fetal disease states, optimize fetal outcome, and prevent peri-
natal mortality. Therefore, surveillance of the fetus during the
antepartum and intrapartum periods is an important compo-
nent of this process, which has the intent of detecting fetal
asphyxia so that appropriate and timely interventions can be
made. It is also clear that, because fetal compromise has a
diverse etiology, forms of testing must be able to survey both
acute fetal asphyxia and more chronic disease states. In the
past, both the method and the frequency of antepartum testing
have been arbitrary and generalized. However, it is apparent
that tailoring testing to each disease-specific state is not only
practical, but also more appropriate. Surveillance of the amni-
otic fluid volume (AFV) is also crucial, as fluid disorders may
not only represent but also lead to fetal disease states. By uti-
lizing the information from fetal surveillance, conservative
management may be possible and may allow continued mat-
uration in utero, while reducing the potential of neonatal pre-
maturity complications. This chapter will discuss the current
techniques available to survey the fetus and amniotic fluid
during both antepartum and intrapartum periods.

Antepartum surveillance techniques
(fetus and amniotic fluid)

Currently, there are multiple maternal and fetal indications 
to perform antepartum surveillance (Table 32.1), although

these are not absolute. The common basis for selecting these
patients are those who are at increased risk of perinatal mor-
tality, uteroplacental insufficiency, and fetal asphyxia. Many
surveillance methods rely on natural fetal behavior. While the
mechanisms controlling sleep and activity cycles in the fetus
are not well understood, it is imperative that knowledge of
this behavior is available to appropriately interpret FHR mon-
itoring and fetal biophysical profile (BPP) activities. In the
near-term fetus, there are four behavioral states (occurring
repeatedly and stable over time) that have been described:
quiet sleep, active sleep, quiet awake, and active awake.1 Quiet
sleep is characterized by absent eye or breathing movements,
infrequent startle-type body movements, reduced FHR vari-
ability, and no accelerations. Active sleep is characterized by
frequent gross body movements, rapid eye movements, breath-
ing, normal FHR variability, and accelerations. The fetus 
predominantly spends its time in either a quiet or an active
sleep state.2

Fetal movement monitoring

This method of surveillance (also known as “fetal kick
counts”) by the mother is advantageous because it lacks con-
traindications, is simple, inexpensive, noninvasive, and under-
standable to patients. In general, because the presence of good
fetal movement is a sign of fetal well-being and an indirect
measure of normal fetal acid–base status, it is a viable modal-
ity. However, a decrease in fetal movements often (but not
invariably) precedes fetal death, in some cases by several days.3

Around 16–18 weeks’ gestation, most women become cog-
nizant of fetal activity, and this perception appears to be at its
maximum by 28–32 weeks.4 However, awareness of fetal
movements will vary from patient to patient, and is also
affected by other maternal, fetal, and uterine factors (Table
32.2). In general, patients perceive about 80% of ultrasono-
graphically visualized fetal movements.5

While several protocols have been utilized, neither the ideal
duration for counting movements nor the optimal number of
movements has been defined. Accordingly, there are many
reported techniques that are acceptable, all of which rely on

32 Antepartum and intrapartum
surveillance of the fetus and 
the amniotic fluid
Lami Yeo, Michael G. Ross, and Anthony M. Vintzileos
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maternal compliance. A popular approach is to have the
patient lie on her left side and count distinct fetal movements.6

Counting 10 movements in a period of up to 2h is felt to be
reassuring. If the count is nonreassuring or decreased, further
assessment is recommended (such as NST with AFV assess-
ment or BPP), and the physician should be contacted 
immediately.

The relationship between decreased fetal activity and poor
perinatal outcome has been well established.7,8 Leader et al.8

found that, among high-risk pregnancies, 15% perceived 
an inactive fetus; among these, 46% had a poor perinatal
outcome (stillbirths or poor neonatal condition at birth).
Rayburn7 examined high-risk patients and found that patients
with inactive fetuses were more likely to have a stillborn or
do poorly during labor and the immediate neonatal period
(abnormal labor FHR patterns, Cesarean for fetal distress, 
5-min Apgar scores ≤ 6). In addition, in the inactive group,
the incidence of severe fetal growth restriction was almost 
10 times higher than that of the active group, and the overall
risk of stillbirth was 35% (versus 0.6% in the active group).

While fetal movement monitoring is beneficial in high-risk
pregnancies, it may also be useful in low-risk populations in
reducing fetal mortality. In one large prospective study, during
a 7-month control period (patients were not advised in formal
fetal movement assessment), the fetal mortality rate was
8.7/1000 births.6 However, in a subsequent study period,
when a fetal movement screening program was instituted, this
rate dropped to 2.1/1000 births. It should be noted that there
was a 13% increase in the number of NSTs performed for
“decreased fetal movement,” and the intervention rate for
fetal distress was 2.6 times higher (versus control subjects).

Contraction stress test (CST)

Designed to detect uteroplacental insufficiency before fetal
compromise, this test is based on the response of the FHR to
uterine contractions. It relies on the premise that fetal oxy-
genation will be transiently worsened by contractions. In the
suboptimally oxygenated fetus, the resultant intermittent
worsening in oxygenation will, in turn, lead to the FHR
pattern of late decelerations.9

Lying in a lateral recumbent position, the patient has an
external fetal monitor record both the FHR and uterine con-
tractions simultaneously for a 20- to 30-min interval. If the
patient is spontaneously contracting, and the frequency is
≥ 3 contractions/10min, and the duration of each contraction
is ≥ 45s, then uterine stimulation is not required. However, if
these criteria are not met, then either nipple stimulation or
exogenous oxytocin can be used to elicit contractions. Once
adequate contractions are achieved, the oxytocin infusion is
discontinued. The CST should be avoided when there is a con-
traindication to labor. Examples include prior myomectomy
or classical Cesarean section scar, placenta previa or placental
abruption, premature rupture of membranes (PROM), current
preterm labor, multiple gestations, and incompetent cervix.

Freeman’s criteria (Table 32.3) are used by most to inter-
pret CST results.10 The most common result is a negative CST,
which indicates adequate fetal oxygenation in the presence of
contractions.10–12 It has also been consistently associated with
a good fetal outcome. One group reviewed data from their
institution along with the literature, and found that the inci-
dence of antepartum fetal death (within 1 week of a negative
CST) was 0.2–0.7%.11 Lagrew and colleagues13 evaluated
antepartum test results in 614 diabetic women. Only one

Table 32.1 Selected indications for antepartum surveillance (fetus
and amniotic fluid).

Indications

Diabetes mellitus
Hypertensive disorders (chronic hypertension, preeclampsia)
Renal disease
Collagen vascular disorders
Maternal thyrotoxicosis
Severe anemia or maternal hemoglobinopathies
Isoimmunization
Prior unexplained fetal demise
Third-trimester vaginal bleeding
Premature rupture of membranes
Maternal perception of decreased fetal movements
Postdate pregnancy (>41 weeks)
Elevated maternal serum AFP (normal amniotic fluid AFP)
Abnormal or irregular fetal heart rate on auscultation
Selected fetal anomalies (e.g., gastroschisis)
Multiple gestation
Intrauterine growth restriction
Amniotic fluid abnormalities (oligohydramnios or polyhydramnios)

AFP, alpha-fetoprotein.

Table 32.2 Fetal movement monitoring.

Factors influencing maternally perceived fetal movements

Maternal
Activity
Obesity
Ingestion of medications or drugs that depress (e.g., methadone) or

increase (e.g., cocaine) fetal movements

Fetal
Behavioral states
Gestational age
Congenital anomalies (e.g., neuromuscular disorders, fetal akinesia

syndrome)
Duration of fetal movements

Uterine
Placental location
Amniotic fluid volume
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patient had an intrauterine demise within 1 week of a nega-
tive CST. Thus, the literature suggests that there is a low inci-
dence (< 1%) of antepartum fetal death within 1 week of
testing. However, this test will not predict acute fetal com-
promise unrelated to placental insufficiency, such as cord pro-
lapse. In addition, the fetal deaths that have been reported
after a negative CST are often attributed to abruption, con-
genital malformations, and poor glucose control in diabetic
women.11 Fetal outcome is controversial when a negative,
nonreactive CST is seen. Druzin et al.14 have reported an
increased likelihood of fetal death. Others have not found an
increase in perinatal mortality or in low Apgar scores in this
group; however, 12% of these fetuses had congenital anom-
alies.15 Also, 18% of the mothers were on sedatives and 45%
were hypertensive. Thus, it has been recommended that inves-
tigation into possible causes of nonreactivity (prematurity,
medications, congenital anomalies) should be done, along
with repeat testing within 24h.12

In general, a positive CST implies uteroplacental insuffi-
ciency and has been associated with adverse perinatal outcome
and an increased incidence of intrauterine demise.10 However,
an important drawback is the high incidence of false-positive
CSTs. In fact, the false-positive rate has been reported to be
> 50%, depending on which perinatal outcome is defined.16

This may lead to intervention, which can be significant for the
preterm fetus. The most ominous FHR pattern seen in this
testing is when the CST is positive and nonreactive. In fact,
the corrected perinatal mortality rate has been found to be as
high as 17% in this group; nonreassuring FHR patterns have
been found to occur during labor, and up to 25% of the cases
demonstrate fetal growth restriction.10,17 Thus, this type of
CST result usually necessitates delivery, and Cesarean section

should be considered. Another possible occurrence is the pos-
itive, reactive CST. Devoe18 found that, in those with positive
CSTs but accelerations, there were lower rates of perinatal
mortality, intrapartum fetal distress, low 5-min Apgar scores,
primary Cesarean sections, and neonatal morbidity (versus
positive, nonreactive CSTs). Another group found that 70%
of patients with a positive CST (and accelerations) could tol-
erate labor without distress.17 Having this finding does not
require abdominal delivery, and labor induction is acceptable.
In addition, if the fetus is preterm, further alternative testing
is a reasonable option.12

Varying results have been reported with the suspicious
CST.19,20 A retrospective evaluation of CST results found that
2.3% were suspicious; 26% of these went on to have a posi-
tive CST or subsequent perinatal death.19 Conversely, Staisch
and colleagues20 performed 435 CSTs on 217 high-risk
patients. A suspicious CST occurred in 24% of patients, and
they found no association between this finding and neonatal
morbidity or mortality. Thus, it is recommended that patients
with a suspicious CST should have a repeat CST within 24h
or be evaluated with another form of antepartum testing.
Equivocal tests resulting from uterine hyperstimulation or an
inability to obtain a satisfactory FHR tracing should also be
followed up similarly. Various causes of unsatisfactory CSTs
include obesity, excessive fetal activity, and polyhydramnios.

Nonstress test (NST)

This testing modality is based on the premise that the heart
rate of the fetus that is not acidemic or neurologically
depressed will temporarily accelerate with fetal movement.
FHR reactivity is felt to be a good indicator of normal fetal
autonomic function and well-being; it depends on normal neu-
rological development and normal integration of the central
nervous system (CNS) control of FHR. In contrast, loss of
reactivity is most commonly associated with a sleep cycle (an
important point to remember), but can result from any cause
of CNS depression (including fetal acidemia). The purpose of
the NST is to identify both normal fetuses (who can remain
in utero) and those with asphyxia/hypoxia (so that timely
intervention can improve outcome). Fortunately, the NST
(compared with the CST) has the advantages of time, easier
interpretability, and lack of contraindications.21

The FHR is monitored with a Doppler ultrasound trans-
ducer, while a tocodynamometer may be used to record uterine
contractions, if any. Fetal activity is also recorded with the
results displayed on the strip; however, the patient does not
need to document fetal movement for the test to be inter-
preted. Less than 1% of NSTs provide unsatisfactory results
owing to inadequate recording of the FHR tracing.22 Techni-
cal difficulties that may be encountered include obesity, fetal
hiccups, excessive fetal activity, and polyhydramnios.16

The tracing is categorized as reactive (normal) or nonreac-
tive. While various definitions of reactivity have been used, the
most common is ≥ 2 FHR accelerations [which peak, but 

Table 32.3 Interpretation of the contraction stress test.

Interpretation Criteria

Nonreactive No acceleration of at least 15b.p.m. in 
amplitude or of 15-s duration during test

Reactive Any acceleration ≥ 15b.p.m. for ≥ 15s 
during test

Negative No late deceleration, with at least three 
contractions/10min

Positive Consistent, persistent late decelerations, 
regardless of contraction frequency, in 
the absence of uterine hyperstimulation

Equivocal:
Suspicious Nonpersistent (< 50% of the contractions) 

late decelerations
Hyperstimulation FHR deceleration in the presence of uterine 

contractions exceeding five/10min or 
lasting ≥ 90s

Unsatisfactory Insufficient FHR tracing or inability to 
achieve appropriate uterine contractions

FHR, fetal heart rate; b.p.m., beats per minute.
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do not necessarily remain, at least 15 beats per minute (b.p.m.)
in amplitude above the baseline, and last 15s from baseline 
to baseline] within a 10- or 20-min period, with or without
fetal movement.23 It may be necessary to continue the tracing
for 40 min to account for variations in the fetal sleep–wake
cycle, because it may take this long for a healthy term fetus
to display two FHR accelerations.24 If, after 40min (from the
start of testing), the criteria are still not met, the test is con-
sidered nonreactive. On initial testing, almost 85% of high-
risk patients show a reactive NST, and the remaining 15% are
nonreactive.22 Other factors (besides fetal hypoxia, asphyxia,
behavioral states, gestational age) can lead to a nonreactive
NST, such as depressants (narcotics, phenobarbital), beta-
blockers (propranolol), and smoking (decreased NST re-
activity).25–27 It is also important to realize that variable
decelerations can be observed in up to 50% of NSTs.28 If they
are not repetitive and brief (< 30s), they likely indicate neither
fetal compromise nor the need for obstetric intervention.
However, repetitive variable decelerations (at least three in
20min) even if mild, have been associated with an increased
risk of Cesarean section for a nonreassuring intrapartum FHR
pattern.29

Routine NST interpretation does not take gestational age
into account; however, this is an important consideration, as
preterm fetuses are less likely to have FHR accelerations in
association with fetal movements. Navot et al.30 found a linear
increase in the incidence of FHR accelerations in association
with fetal movements, from 20% (25 weeks) to 65%
(40 weeks). The amplitude of accelerations also appears to be
related to gestational age, as accelerations of > 15 b.p.m. are
responsible for only 20% of the total number of accelerations
at early gestations (24–26 weeks).31 Gagnon et al.32 described
the normal maturation of the FHR pattern from 26 weeks to
term: decrease in basal FHR, increase in amplitude of accel-
erations, and increase in long-term variability. All these
changes evolved by 30 weeks, and no further significant
changes developed later until term. As the gestational age
increases, a higher percentage of reactive NSTs is found.33 For
instance, the percentage of reactive NSTs was 16.7%, 65.6%,
90.5%, and 94.4% at 23–27, 28–32, 33–37, and 38–42 weeks
respectively.33 This also implies that the lower the gestational
age, the higher the percentage of nonreactive NSTs. This
concept should be kept in mind, as fetuses may undergo
antepartum surveillance at < 32 weeks. Preterm fetuses 
may also normally exhibit decelerations between 20 and
30 weeks.34 They become less common as the gestation
advances, and are more frequent at < 30 weeks. However,
while it is clear that gestational age should always be consid-
ered when interpreting NSTs, nonreassuring FHR patterns in
the preterm fetus should not be automatically and improperly
attributed to prematurity.

Lavery35 reviewed perinatal mortality among patients in
whom the NST was the main method of fetal assessment. In
nine separate studies (7759 patients), a gross perinatal mortal-
ity of 12.5/1000 was found. The predictive value of a negative

NST (normal outcome associated with a reactive NST) is very
high. The reactive NST predicts good perinatal outcome in
about 95% of cases.36 Accordingly, false-negative NSTs are
infrequent. Within 1 week of a reactive NST, the perinatal mor-
tality rate is about 3–5/1000.10,22 In addition, Devoe37 found
that, compared with nonreactive tests, patients with reactive
NSTs were less likely (5% versus 22%) to experience perinatal
morbidity (intrapartum fetal distress, low Apgar scores, neona-
tal complications, intrauterine growth restriction). Barss et
al.38 found the antepartum stillbirth rate (within 7 days of a
reactive test) was 2.7/1000 and 2.8/1000 for the general high-
risk population and postdate pregnancies respectively. For the
two groups, the mean interval between a reactive test and still-
birth was 3.8 and 3.5 days. Accordingly, some have recom-
mended that increasing the testing frequency to twice per week
could prevent some of these fetal deaths. Boehm et al.39 found
a reduction in the stillbirth rate in a high-risk population
(6.1/1000 to 1.9/1000) when the NST frequency was increased
from weekly to twice a week. In a review of 1000 patients with
diabetes or fetal growth restriction, one group suggested that
weekly testing was not effective, and that twice-weekly testing
should be established.40 However, the American College of
Obstetricians and Gynecologists (ACOG) states that NSTs are
typically repeated at weekly intervals (although certain high-
risk conditions may warrant twice-weekly testing).9

While there is excellent specificity with a reactive NST, the
predictive value of a positive test is low (in most large studies,
it is < 40%).41 The false-positive rate of a nonreactive NST is
also very high. A literature review found false-positive rates
of 57–100% for perinatal mortality, and 44–92% with softer
outcome measures of perinatal morbidity.16 Therefore, given
this fact, when a nonreactive NST is seen, one can either
extend the time of the NST or proceed with other forms of
testing (such as the BPP). Studies have shown that a reactive
FHR (even after a prolonged NST) may still be consistent with
good fetal outcome. However, persistent absence of reactivity
(without an obvious cause such as medication, prematurity,
congenital anomalies) may be associated with fetal compro-
mise in most cases. Devoe et al.42 found that all tracings that
became reactive did so by the end of 70min. Those fetuses
that remained nonreactive (after 90min) had 67% and 93.3%
perinatal mortality and morbidity rates respectively.

In summary, while a reactive NST is usually associated with
good outcomes, most fetuses who do not show accelerations
during an NST are also not compromised. We believe that, if
the NST is used for fetal surveillance, once per week testing
may not offer the most optimal outcome; one may consider
the use of biweekly testing. As will be discussed later, indica-
tion-specific testing with a more individualized approach may
be more appropriate.

Vibroacoustic stimulation (VAS)

Because the majority of nonreactive NSTs occur in healthy
fetuses in a physiologically normal sleep state, some have tried
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to improve NST efficacy by “stimulating” the fetus, in the
hope of distinguishing normal fetal sleep from asphyxia. This
method may elicit FHR accelerations by utilizing an artificial
larynx (positioned on the maternal abdomen over the fetal
vertex) with a stimulus of 1–2 s being applied. This may be
repeated up to three times (at 1-min intervals) for progres-
sively longer durations (of up to 3 s) to elicit accelerations.
The normal fetal response to VAS includes not only FHR
accelerations, but also increases in long-term FHR variability
and gross body movements. VAS has been conclusively
demonstrated to be effective in achieving fetal arousal, is rea-
sonably safe, and improves the efficiency of antepartum FHR
testing. Utilizing this on the nonacidemic fetus may elicit accel-
erations that appear to be valid in predicting fetal well-being.
It offers the advantage of safely reducing testing time, without
compromising detection of the acidemic fetus.43 While VAS
produces increases in intrauterine sound, and although these
sound pressure levels are elevated, they are thought to be safe
and harmless to the fetus.

Trudinger and Boylan44 found that using VAS with NST
(versus NST alone) had a higher sensitivity in detecting abnor-
mal outcomes (66% versus 39%). Those fetuses with an
abnormal response (who remained nonreactive after VAS)
demonstrated increased rates of intrapartum fetal distress,
fetal growth restriction, and low Apgar scores.44 Gestational
age appears to affect the FHR response to VAS, with a matu-
rational response as gestation advances. Gagnon et al.45 found
that in 26- to 28-week fetuses, the maximum amplitude of the
first acceleration was lower, and in 75% of these fetuses, was
< 15 b.p.m. In contrast, after 36 weeks, all the initial acceler-
ations were > 15 b.p.m. Another study evaluated FHR
responses to VAS in fetuses < 36 weeks and ≥ 36 weeks.46 Base-
line changes in FHR, as well as tachycardia in response to
VAS, were common findings in both groups. Baseline changes
in FHRs of ≥ 10 b.p.m. were observed in 46% and 70% of
preterm and term fetuses respectively. Unusual FHR patterns
(including prolonged tachycardia) were seen after VAS in some

preterm fetuses. The authors cautioned that these unusual
FHR patterns must be properly recognized to adequately inter-
pret the FHR tracings in response to VAS.

In summary, VAS is an effective technique to improve the
efficiency of antepartum FHR testing. It may decrease the time
needed to perform NSTs, as well as the number of false-
positive results. This is accomplished without changing the
predictive reliability of a reactive NST.

Biophysical profile (BPP)

The BPP is performed using real-time ultrasonography to
assess multiple fetal biophysical activities, as well as AFV. The
observation is continued until either normal activity is seen or
30 consecutive minutes of scanning have elapsed. The BPP is
unique in that it assesses both acute (FHR reactivity, fetal
breathing movements, fetal movements, fetal tone) and
chronic markers (AFV) of fetal condition. An understanding
of the fetal biophysical response to hypoxemia and acidemia
is essential to interpret the BPP score. The fetus will respond
to central hypoxemia/acidemia by altering its movement, 
tone, breathing, and heart rate pattern. The corollary is 
also true that, in the presence of normal biophysical 
activities, CNS tissue is functional and is not significantly
hypoxic.

Manning et al.47 introduced the BPP score in 1980. It pro-
vides an estimate of the risk of fetal death in the immediate
future, with the risk being low when a normal score is present.
Scoring systems assign a numeric value (usually 0 or 2) to each
of the biophysical components (Table 32.4). An advantage of
the BPP is that observations of fetal movement and breathing
(or their absence) are unequivocal, and there are no interob-
server discrepancies in interpretation which, in contrast, exist
with the NST. Fetal hiccups are interpreted as a variant 
of normal fetal breathing. Presently, the rate and pattern 
of the breathing movements are not considered clinically 
significant, except in extreme cases. Notably, each BPP 

Table 32.4 Biophysical profile scoring: technique and interpretation.

Biophysical variable Normal (score = 2) Abnormal (score = 0)

Fetal breathing movements ≥ 1 episode of ≥ 30s in 30min Absent or no episode of ≥ 30s in 30min

Gross body movements ≥ 3 discrete body limb movements in 30min ≤ 2 episodes of body limb movements in
(episodes of active continuous movement considered) 30min as single movement

Fetal tone ≥ 1 episode of active extension with return to flexion Either slow extension with return to partial
of fetal limb(s) or trunk flexion movement of limb in full extension

Opening and closing of hand considered normal tone or absent fetal movement

Reactive fetal heart rate ≥ 2 episodes of acceleration of ≥ 15b.p.m. and of < 2 episodes of acceleration of fetal heart rate
≥ 15s associated with fetal movement in 20min or acceleration of < 15b.p.m. in 20min

Qualitative amniotic fluid volume ≥ 1 pocket of fluid measuring 2cm in vertical axis Either no pockets or largest pocket < 2cm in
vertical axis

b.p.m., beats per minute.
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parameter reflects a normally functioning area of the CNS,
evolves in utero at predictable gestational ages, and is based
on fetal neurophysiology. Vintzileos et al.48 proposed the
gradual hypoxia concept, which states that the biophysical
activities developed last in utero are also the first to become
abnormal in the presence of fetal acidemia or infection. At
about 7.5 weeks, the CNS center controlling fetal tone is the
first to develop, followed by development of body movement
at 8.5–9.5 weeks. The center controlling regular breathing
movements develops after 20–21 weeks, and the center con-
trolling FHR reactivity functions by the end of the
second/beginning of the third trimester. Therefore, in accor-
dance with the gradual hypoxia concept, early stages of com-
promise are revealed by abnormalities in FHR reactivity and
breathing, while movement and tone are not abolished until
much later stages of compromise.

Absence of a particular activity may be due to diurnal vari-
ation, maternal drugs, short-term periodicity, acute fetal
asphyxia, or fetal infection. The sequential loss of BPP vari-
ables serves as a marker of the degree of placental dysfunc-
tion. A BPP score of 8 or more is considered reassuring. In
fact, if all four sonographic components are normal, the NST
may be omitted without compromising the validity of the test
results.49 When the score is < 8, however, analyzing which 
individual components of the BPP are abnormal can assist in
determining true fetal status and minimize false-positive exam-
inations. The BPP score should also be interpreted within the
overall clinical context. In general, a score of 6 is considered
equivocal, and a score of ≤ 4 is abnormal. In the mature fetus,
a BPP of 6/10 may indicate compromise and may be an indi-
cation for delivery; however, in the immature fetus, repeat
testing or use of Doppler velocimetry may be in order before
intervention is recommended. Also, regardless of the total
score, in the presence of oligohydramnios (largest vertical
pocket of AFV ≤ 2cm), further evaluation is warranted.50

Manning believes that oligohydramnios (in the presence of a
normal fetus, functioning renal tissue, intact membranes) is
always considered an indication for induction, despite the
presence of normal FHR reactivity, breathing, movement, and
tone. He bases this approach on an extensive review of the
relationship between ultrasound-defined oligohydramnios 
and perinatal mortality,51 and a subsequent prospective study
indicating that intervention for oligohydramnios can improve
perinatal outcome.52 However, more recent data would advo-
cate the use of Doppler velocimetry (umbilical artery, middle
cerebral artery, ductus venosus) to assist in management.

The data strongly suggest that the application of BPP to the
high-risk pregnant population results in a dramatic improve-
ment in perinatal mortality rates. The corrected perinatal 
mortality rate for two large series (16804 high-risk referred
patients) was 2.2/1000.53,54 Manning et al.53 contrasted peri-
natal mortality among 12620 high-risk tested patients with
65979 nontested historical control subjects. The control pop-
ulation (the majority were low risk) yielded a gross perinatal
mortality rate of 14.3/1000 (versus 7.37/1000 in the tested

population) for a decrease in mortality of 48.5%. In this study,
the corrected stillbirth rate among tested patients was
1.18/1000 (versus 6.35/1000 among historical control sub-
jects), a decrease of 81%. A normal BPP conveys a low risk
of stillbirth; the false-negative rate of the BPP (fetal death
within 1 week of a last normal test result) ranges from 0.645
to 7.000 per 1000.53,55 Figure 32.1 shows an inverse and expo-
nential relationship (highly significant correlation) between
last BPP score and perinatal mortality. There is also a strong
relationship between the last BPP score and perinatal mor-
bidity variables.54,56 Figure 32.2 shows a highly significant
inverse linear correlation between last BPP score and perina-
tal morbidity (fetal distress, admission to neonatal intensive
care unit, intrauterine growth restriction, 5-min Apgar score
≤ 7, and cord pH < 7.20). Combinations of these variables
also showed the same highly significant inverse linear correla-
tion with BPP score. The interval of BPP testing frequency
(1–2/week) is arbitrary, however, and is often a matter of indi-
vidual judgment, training, preferences, and experience.

Vintzileos et al.57 examined the relationship between BPP
components and cord pH in 124 patients undergoing
Cesarean birth (prior to labor onset). An umbilical arterial pH
of < 7.20 was used to define fetal acidemia. At pH < 7.20,
inhibition of fetal breathing and FHR nonreactivity occurred;
however, a pH < 7.10 was needed before movements and tone
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Figure 32.1 The relationship between perinatal mortality (either
total or corrected for major anomaly) and the last biophysical
profile scoring result. This relationship is exponential, yielding a
highly significant inverse correlation using log 10 conversion. PNM,
perinatal mortality.
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were abolished. Importantly, none of the fetuses with a reac-
tive NST, or breathing, or both, had a pH < 7.20. By analyz-
ing the individual components of the BPP (versus score), the
sensitivity, specificity, positive and negative predictive values
in predicting fetal acidemia were 100%, 92%, 71%, and
100% respectively. Vintzileos and colleagues58 later examined
the relationship between the absence of fetal biophysical activ-
ities and umbilical artery blood gas values (pH, PO2, PCO2,
HCO3, and base excess levels), thus confirming the gradual
hypoxia concept.

The modified BPP is composed of the NST (an acute indi-
cator of fetal acid–base status) and AFV (indicator of chronic
uteroplacental function). It is used by many centers as a
primary mode of surveillance. The amniotic fluid index (AFI)
is the sum of measurements (cm) of the deepest cord-free
amniotic fluid pocket in each of the maternal abdominal quad-
rants. Because an AFI > 5cm is generally considered to be an
adequate volume,59 a normal modified BPP exists when the
NST is reactive and the AFI is > 5cm.9 An abnormal test

occurs if either the NST is nonreactive or the AFI is 5cm or
less. The advantage of using this modality is that the perina-
tal morbidity/mortality using this scheme compares favorably
with previous studies (which use the entire BPP). Figure 32.3
shows our suggested protocol for the modified BPP. By using
this protocol in 17211 tests, we had only four deaths of
normal fetuses, for a false-negative rate of 0.02%.60 Another
study compared the outcomes of high-risk patients whose last
antepartum assessment was a negative CST or negative 
modified BPP.61 The incidence of adverse perinatal outcome 
(after reassuring testing) was significantly less in those
managed by the modified BPP than in the CST group (5.1%
versus 7.0%).

The BPP has also been useful as a method of assessing fetal
well-being and predicting the development of infectious com-
plications in patients with PROM. Vintzileos et al.62 examined
the effect of PROM on the biophysical components. They
found that, in PROM patients (without intrauterine infection),
there is an increased likelihood of FHR reactivity and oligo-
hydramnios throughout gestation, adequate fetal breathing is
decreased, and the other BPP components are not affected. A
review of the literature found that, in most studies, a strong
correlation was found between abnormal BPP assessment and
the development of infectious outcome (maternal or neonatal)
in patients with PROM.63 The authors concluded that corre-
lation between an abnormal BPP and infectious outcome is
dependent on time. For instance, the relationship between an
abnormal BPP and infection (neonatal, as well as intra-
amniotic, as diagnosed by amniocentesis) exists only if the BPP
is performed within 24h of delivery. In contrast, no correla-
tion exists between an abnormal BPP and infectious outcome
if the test is performed > 24h before delivery. It is also vital
to remember that the development of maternal clinical
chorioamnionitis alone (without neonatal infection) or inva-
sion of the intra-amniotic cavity with Mycoplasma species are
two conditions that are not necessarily associated with an
abnormal BPP. Frequent NSTs or BPPs in patients with
preterm PROM are helpful in distinguishing the healthy
fetuses that can safely remain in utero from those that are
either already infected or at high risk of developing neonatal
infection.

Amniotic fluid volume (AFV) assessment

Amniotic fluid (AF) is essential to pregnancy, providing a com-
partment for normal development, growth, and movement of
the fetus. AFV is a chronic marker of fetal well-being, and a
normal AFV also protects the fetus from cord compression
during fetal activity or uterine contractions. This volume
changes during pregnancy (Fig. 32.4); at 22 weeks, the average
AFV is 630mL, and this increases to 770mL at 28 weeks.64

Between 29 and 37 weeks, there is little change in volume,
which averages 800mL. Beyond 39 weeks, AFV decreases
sharply (averaging 515mL at 41 weeks). Once a patient
becomes postdate, there is a 33% decline in AFV per week,
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consistent with clinical observations of an increased incidence
of oligohydramnios in post-term gestations.65

During embryogenesis, little is known about AF dynamics.
With advancing gestational age, the AF composition changes.
In the second half of pregnancy, the main sources of AF
include fetal urine excretion (especially) and fluid secreted by
the fetal lung. However, unlike the role of the kidneys, the fetal
lung does not play a role in regulating fetal body fluid home-
ostasis. Fetal urine production rates appear to be in the range
of nearly 1 L/day near term. The primary pathways for fluid
removal are fetal swallowing (mainly) and intramembranous
absorption into fetal blood perfusing the fetal surface of the
placenta. Thus, under pathologic conditions, fetal modulation
of sites of fluid secretion (urine and lung liquid) and resorp-
tion (swallowing and intramembranous flow) contributes to

the marked AFV changes seen. For example, increases in fetal
blood volume (twin–twin transfusion) likely increase urine
flow and induce polyhydramnios in the recipient twin. Alter-
natively, absent fetal swallowing due to gastrointestinal
obstruction (e.g., esophageal atresia) or neurological deficits
may also cause polyhydramnios. Placental dysfunction 
may result in decreased fetal renal perfusion, leading to 
oligohydramnios.

While a variety of techniques have been developed in the
past to assess AFV, one of the initial methods involved verti-
cally measuring a single (largest) AF pocket. Chamberlain 
et al.51 developed the “2-cm rule”. By using a 2-cm vertical
pocket, they could reliably predict which fetuses were at risk
of intrauterine growth restriction, oligohydramnios, and peri-
natal mortality; patients having pockets of > 2cm were con-
sidered to have a normal AFV and were at low risk of these
complications. One of the most common methods utilized
today is the AFI, which was first described in 1987.66 With the
uterus “divided” into four quadrants (linea nigra and umbili-
cus divide the uterus into right/left halves and upper/lower
halves respectively), the vertical diameter of the largest pocket
in each quadrant (umbilical cord free) is measured. The sum-
mation of all four quadrant numbers equals the AFI (in cm)
(Fig. 32.5). In low-risk pregnancies, the mean AFI was
16.2 ± 5.3cm. Notably, the mean AFI is relatively stable from
24 weeks through term. Phelan et al.66,67 also established def-
initions for oligohydramnios (AFI ≤ 5cm) and polyhydram-
nios (AFI > 25cm). In comparing the various techniques that
have been described, some believe the AFI appears to be 
superior to the determinations of single vertical pockets.51,59

It has been demonstrated that the AFI is not only simple 
and easy to perform, but is also reproducible and 

NST and AFV

FBM
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All biophysical
activities absent

Manage according
to AFV
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Repeat FBP

OR
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Delivery if > 36 weeks
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Real-time
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Reactive NST
and normal AFV

Reactive NST
and oligohydramnlos

Figure 32.3 Suggested protocol for the modified fetal biophysical profile. AFV, amniotic fluid volume; FBM, fetal breathing movements; FBP,
fetal biophysical profile; FM, fetal movements; FT, fetal tone; NST, nonstress test. 
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without substantial interobserver and intraobserver differ-
ences, which is important.68 In addition, the AFI definitions of
oligohydramnios and polyhydramnios are highly correlated
with fetal outcome. Several limitations exist, however, with the
AFI technique. First, prior to 20 weeks, a four-quadrant
assessment may not be feasible. Second, a composite AFI does
not provide quantitative information relative to each fetus in
a twin pregnancy. Finally, the AFI does not correlate with
actual AFV throughout gestation.

A recent study found that, during antepartum surveillance,
measurement of the single deepest pocket (versus AFI) was
associated with a significantly lower rate of suspected oligo-
hydramnios (10% versus 17% respectively).69 Another study
found that the AFI offered no advantage in detecting adverse
outcomes (compared with the single deepest pocket) when per-
formed with the BPP.70 In fact, they found that the AFI may
cause more interventions by labeling twice as many at-risk
pregnancies as having oligohydramnios (than with the single
deepest pocket technique).

Preterm PROM affects 6% of all patients and is responsi-
ble for 30% of preterm deliveries. Early sonographic evalua-
tion of AFV in patients admitted with preterm PROM is useful
in counseling patients as to the chances of early delivery. While
not absolute, patients with a normal AFV are four times more
likely to be undelivered (after 1 week) than those with reduced
fluid.71 Vintzileos et al.71 also showed that a normal AFV is
associated with a significantly lower rate of Cesarean section,
Apgar scores < 7 (1 and 5min), and perinatal mortality.
Assessment of AF either on admission or later can also serve
as a predictor of amnionitis.72,73 In patients with preterm

PROM, Vintzileos et al.72,73 showed that a low AFV or non-
reactive FHR pattern is associated with a 67% probability of
intrauterine infection, which is six or seven times higher than
in patients with normal test results.

The frequency at which AFI evaluations should be repeated
in the antepartum period is not well established. Most rec-
ommend that follow-up examinations should be tailored indi-
vidually and, in general, if the AFI is normal, fluid checks can
be repeated weekly. However, with marginal or decreased
fluid, or in a postdate pregnancy, a shorter test interval should
be considered.

Polyhydramnios (pathologic accumulation of AF), which is
defined as an AFI > 25cm, occurs in 0.2–1.6% of the general
population.74 It is associated with increased maternal and peri-
natal morbidity and mortality (Table 32.5).67–75 The causes of
polyhydramnios depend on its severity. For instance, Hill et
al.74 found the cause to be apparent in only 17% of patients
with mild polyhydramnios (idiopathic in the remaining 83%),
but in 91% of those with moderate or severe polyhydramnios.

Figure 32.5 Prenatal ultrasound of
30-week fetus depicting vertical
measurements (cm) of the amniotic
fluid in all four quadrants (Q1–Q4)
of the maternal abdomen, comprising
the amniotic fluid index (14.86cm in
this case).

Table 32.5 Potential complications associated with polyhydramnios.

Complications

Premature labor
Placental abruption
Puerperal hemorrhage
Perinatal mortality
Maternal respiratory difficulties
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When the cause of polyhydramnios can be found, the diag-
nosis usually falls into the following categories:67 fetal 
malformations and genetic disorders, diabetes, rhesus (Rh)
sensitization, and congenital infections. Fetal swallowing
impairment may also result in excess AFV. Once polyhy-
dramnios is diagnosed, a targeted and detailed ultrasound
should be performed to examine for fetal abnormalities and
movement disorders (e.g., gastroschisis, duodenal atresia,
anencephaly). In the absence of a sonographic abnormality,
the patient evaluation may include (but not require) screening
tests for maternal diabetes, Rh sensitization, and hemoglo-
binopathies. If a cause is diagnosed, when possible, it should
be treated.

In some cases, it may be beneficial to attempt to reduce 
the risk of obstetric complications with AFV reduction. 
Techniques that have been used are amniocentesis and 
maternal administration of prostaglandin synthetase
inhibitors (indomethacin), which reduce fetal urine flow.76

However, because of continuous production of AF, repeated
amniocenteses may be required, which is associated with both
maternal and fetal risks. In addition, indomethacin must be
administered carefully, as it is associated with potential fetal
side-effects (oligohydramnios, premature closure of the ductus
arteriosus, and increased incidence of neonatal necrotizing
enterocolitis and renal compromise). While patients are on
indomethacin, the AFV and, perhaps, fetal ductal flow should
be monitored frequently.

Oligohydramnios (reduced AFV) occurs in 5.5–37.8% of
pregnancies,59,77 and is significant because of its known asso-
ciation with adverse pregnancy outcome (Table 32.6), such as
umbilical cord occlusion, fetal distress in labor, meconium
aspiration, operative deliveries, and stillbirth.77 Some clinical
conditions commonly associated with oligohydramnios
include intrauterine growth restriction, urinary tract malfor-
mations, postdate pregnancies, and ruptured membranes.
Decreased fluid may also be a sign of placental insufficiency.
Evaluation of oligohydramnios should include a targeted
sonogram, which may be difficult owing to the reduced AFV.
Generally, second-trimester oligohydramnios is associated
with a poor fetal prognosis. For instance, it may impair lung
development with resulting neonatal morbidity/mortality.78

Mercer and Brown79 found that, of 34 pregnancies with
second-trimester oligohydramnios (without PROM), 27% had

fetal congenital malformations, 32% of fetuses died in utero,
and 18% had an entirely normal outcome. However, second-
trimester oligohydramnios should not be considered hopeless
for patients with either intact or ruptured membranes. As
third-trimester oligohydramnios has an increased risk of FHR
decelerations and nonreactivity, ultrasound must often be
complemented by FHR monitoring. It is important to remem-
ber, however, that, regardless of NST results, oligohydramnios
in the third trimester (unrelated to PROM) should alert one
to the potential for fetal compromise, and these patients
should be considered for delivery.

Condition-specific antepartum fetal testing

Evidence-based observations have shown that there are dif-
ferent pathophysiologic processes that can place the fetus at
risk; thus, the efficacy of the various fetal tests depends on the
underlying pathophysiologic condition.80 It also follows that
no one test is ideal for all high-risk fetuses. Therefore, multi-
ple parameter assessment or combinations of different tests
may often be the optimal fetal strategy, depending on the
testing indication. The most recent information in fetal testing
reveals that, in order to improve accuracy, condition-specific
fetal testing should be utilized. By using this method (at Robert
Wood Johnson Medical School) in 12766 high-risk fetuses,
the number of fetal deaths was reduced to 1/3191 (four fetal
deaths), which is three times lower than the number of fetal
deaths that are seen when the same biophysical assessment
tests are applied regardless of the underlying pathophysiolo-
gic process (1/1300).61,80–82 The pathophysiologic processes
that can lead to fetal death/damage include decreased utero-
placental blood flow, decreased gas exchange at the tro-
phoblastic membrane level, metabolic processes, fetal sepsis,
fetal anemia, fetal heart failure, and umbilical cord accidents.80

Table 32.7 shows the various pathophysiologic processes,
examples of maternal/fetal conditions, and the specific sur-
veillance tests that may be the most appropriate.

Intrapartum fetal 
surveillance techniques

Fetal heart rate (FHR) monitoring

The main surveillance technique for intrapartum fetal evalua-
tion is FHR monitoring, which can be performed either inter-
mittently or continuously. Intermittent FHR monitoring can
be performed by either manual counting of the FHR (using a
hand-held Doppler ultrasound on the abdomen or DeLee
stethoscope) or using a continuous electronic FHR monitor
intermittently (recorded on a tracing). In low-risk patients, it
is recommended that the FHR should be determined at least
every hour, every 30 min, and every 15 min in the latent phase,
active phase, and second stages of labor respectively.83 The
FHR is generally monitored and recorded during a con-
traction, and for 30 s afterward. However, there are no studies

Table 32.6 Potential consequences of oligohydramnios.

Consequences

Umbilical cord compression
Meconium-stained amniotic fluid
Fetal demise
Deformation syndrome
Pulmonary hypoplasia
Maternal or neonatal infection
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providing data on the optimal intervals for monitoring low-
risk patients. In high-risk patients, it is recommended that the
FHR be determined every 30min, 15min, and 5min during
the latent phase, active phase, and second stages of labor 
respectively.

Continuous electronic FHR monitoring (EFM) determines
the FHR on a beat-to-beat basis and displays data continu-
ously. It can be performed either externally or internally.
External monitoring is noninvasive, and can be used in every
patient by placing a Doppler transducer on the abdomen
(overlying the fetal heart); however, signal loss can be a sig-
nificant problem. In addition, the true beat-to-beat variability
of the FHR can be assessed only from a fetal electrocardio-
gram by determining the R–R interval. This is accomplished
via internal monitoring and direct FHR evaluation. Internal
FHR monitoring requires ruptured membranes, and the cervix
to be dilated ≥ 1–2cm. A spiral electrode is applied to the pre-
senting fetal part (either vertex or breech). Signal loss is
reduced, and maternal obesity, fetal, and maternal movements
should not alter the signal quality. An essential adjuvant com-
ponent to FHR monitoring is uterine contraction monitoring,
which can be accomplished via an external tocodynamometer

(most commonly) on the maternal abdomen. While uterine
frequency and duration of contractions are measured with rea-
sonable accuracy, the strength/amplitude of the contractions
cannot be determined using this modality. In contrast, another
method involves insertion of an intrauterine pressure catheter,
which requires cervical dilation and ruptured membranes.
With this internal technique, the strength, amplitude, dura-
tion, and frequency of contractions can be assessed.

The interpretation of FHR patterns should incorporate
knowledge of gestational age, maternal condition, medica-
tions, and other factors that could influence FHR components.
In 1997, the National Institute of Child Health and Human
Development (NICHHD) Research Planning Workshop
developed standardized definitions for electronic FHR pat-
terns and recommendations for interpreting them.84 These def-
initions are found in Table 32.8. The workshop did not make
a distinction between short-term variability (or beat-to-beat
variability or R–R wave period differences in the electrocar-
diogram) and long-term variability, because they felt that, in
actual practice, they are visually determined as a unit. Thus,
the definition of variability was based visually on the ampli-
tude of the complexes, with exclusion of the regular, smooth

Table 32.7 Condition-specific antepartum fetal testing.

Pathophysiologic condition Maternal/fetal condition *Appropriate test(s)

Metabolic abnormalities Type 1 diabetes NST, CST, BPP, Doppler in class F–R diabetes, maternal
blood glucose (goal is normal)

Decreased uteroplacental Hypertensive disorders NST, CST, BPP, AF assessment, Doppler, EFW by US
blood flow Collagen, renal, vascular disease (growth rate)

Most cases IUGR (< 32–34 weeks)

Decreased gas exchange Postdate pregnancy NST, CST, BPP, AF assessment, first-trimester US
Some cases IUGR (> 32–34 weeks) (accurate dating), EFW by US

Fetal sepsis PROM NST, BPP, AF assessment, amniocentesis (rule out
Intra-amniotic infection infection)
Maternal fever, primary subclinical 

intra-amniotic infection

Fetal anemia Fetomaternal hemorrhage NST (if hydrops present), CST (if hydrops present), BPP
Erythroblastosis fetalis (if hydrops present), MCA peak systolic velocity, US to rule 
Parvovirus B19 infection out hydrops, fetal liver length, cordocentesis, amniocentesis 

(> 28 weeks)

Fetal heart failure Cardiac arrhythmia NST or CST (if hydrops present/arrhythmia absent), BPP,
Nonimmune hydrops Doppler (venous circulation), US to rule out hydrops,
Chorioangioma placenta continuous FHR monitoring (determine time spent in
Aneurysm of the vein of Galen sinus rhythm), M-mode echo (rule out arrhythmias)

Umbilical cord accident Umbilical cord entanglement Frequent NST, umbilical artery Doppler, color Doppler on
(monoamniotic twins) US (verify diagnosis)

Velamentous cord insertion/funic presentation
Noncoiled umbilical cord
Oligohydramnios

AF, amniotic fluid; BPP, biophysical profile; CST, contraction stress test; EFW, estimated fetal weight; FHR, fetal heart rate; IUGR, intrauterine
growth restriction; MCA, middle cerebral artery; NST, nonstress test; PROM, premature rupture of membranes; US, ultrasound.

*Specific surveillance tests that may be the most appropriate and are suggested guidelines.
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sinusoidal pattern. The workshop also stated that the indi-
vidual components of the FHR patterns that were defined do
not occur alone and generally evolve over time. Therefore,
they felt that a full description of a FHR tracing requires a
qualitative and quantitative description of: baseline rate, base-
line FHR variability, presence of accelerations, periodic or
episodic decelerations, and changes or trends in FHR patterns
over time.84

While the baseline FHR normally ranges from 110 to
160b.p.m. across all gestational ages, rates as low as 90b.p.m.
or as high as 180b.p.m. are common in healthy fetuses. Such
rates are not necessarily abnormal if they are transient and the
other FHR parameters are normal. As gestation advances,

there is a gradual slowing of the mean baseline FHR, from
160b.p.m. (15 weeks) to 140b.p.m. (term).85 Fetal tachycar-
dia has been associated with maternal fever, maternal thyro-
toxicosis, atropine, excessive fetal movement, fetal infection,
and tachyarrhythmias. Although fetal tachycardia can be asso-
ciated with compromise, it is not usually associated with
acidemia in the setting of normal FHR variability and absence
of decelerations.86 Fetal bradycardia can be seen with mater-
nal hypotension or hypothermia, MgSO4 toxicity,35 and con-
genital heart block. Periodic FHR patterns are those associated
with uterine contractions, while episodic patterns are those
not associated with uterine contractions. Normal FHR vari-
ability is generally described as the most reliable indicator of

Table 32.8 Fetal heart rate patterns.

Fetal heart rate pattern Definition Comments

Baseline FHR Approximate mean FHR rounded to increments In any 10-min window, the minimum baseline duration
of 5b.p.m. during a 10-min segment (excluding must be ≥ 2min, or the baseline for that period is 
periodic/episodic changes, periods of marked indeterminate [one may then need to refer to the 
FHR variability, segments of the baseline that previous 10-min segment(s) for determination of the
differ by > 25b.p.m.) baseline]

Bradycardia Baseline FHR < 110b.p.m.
Tachycardia Baseline FHR > 160b.p.m.
Baseline FHR variability Fluctuations in the baseline FHR of ≥ 2 cycles/min Fluctuations are irregular in amplitude and frequency; 

visually quantitated as the amplitude of the peak-to-
trough (b.p.m.)

Absent FHR variability Amplitude range undetectable
Minimal FHR variability Amplitude range > undetectable and ≤ 5b.p.m.
Moderate FHR variability Amplitude range 6–25b.p.m.
Marked FHR variability Amplitude range > 25b.p.m.
Acceleration Visually apparent abrupt increase (onset of Acme is ≥ 15b.p.m. above baseline, and acceleration

acceleration to peak in < 30s) in FHR above lasts ≥ 15s and < 2min from onset to return to 
baseline. Increase is calculated from most baseline. Before 32 weeks, defined as acme ≥ 10b.p.m. 
recently determined portion of the baseline above baseline and duration ≥ 10s

Prolonged acceleration Duration ≥ 2min and < 10min Acceleration of ≥ 10min is a baseline change
Early deceleration Visually apparent gradual (onset of deceleration Decrease is calculated from most recently determined

to nadir ≥ 30s) decrease and return to baseline portion of baseline. Deceleration is coincident in 
FHR associated with UC timing, with nadir occurring at the same time as peak 

of contraction
Variable deceleration Visually apparent abrupt decrease (onset of Decrease is calculated from most recently determined

deceleration to beginning of nadir < 30s) in portion of baseline. Decrease in FHR below baseline 
FHR below baseline is ≥ 15b.p.m., lasting ≥ 15s and < 2min from onset to

return to baseline
Late deceleration Visually apparent gradual (onset of deceleration Decrease is calculated from most recently determined

to nadir ≥ 30s) decrease and return to baseline portion of baseline. Deceleration is delayed in timing,
FHR associated with UC with nadir occurring after peak of contraction

Prolonged deceleration Visually apparent decrease in FHR below baseline Decrease is calculated from most recently determined
portion of baseline. Decrease from baseline is 
≥ 15b.p.m., lasting ≥ 2min, but < 10min from onset
to return to baseline. Prolonged deceleration of 
≥ 10min is a baseline change

Sinusoidal pattern Smooth, sine wave-like pattern of regular Excluded in the definition of FHR variability
frequency and amplitude

Adapted from ref. 84.

b.p.m., beats per minute; FHR, fetal heart rate; UC, uterine contractions.
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fetal well-being, as it reflects intact integration of the CNS and
cardiovascular systems. It is associated with fetal well-being
despite the concomitant presence of FHR decelerations.86–88

Various causes of decreased variability include fetal asphyxia,
fetal behavioral states, gestational age, narcotics, and fetal
anomalies.35 During labor, extended periods of decreased FHR
variability (up to 45 min) can normally be seen.89 A clinical
rule of thumb is that FHR decelerations reflect the nature 
of the insult to the fetus, while FHR variability reflects the
fetal ability to tolerate the insult. If decreased variability 
is associated with baseline FHR changes, or is seen with 
recurrent decelerations, the likelihood of fetal compromise
increases.86–88

The presence of FHR accelerations during labor is a sign of
fetal well-being and indicates a well-oxygenated fetus.90 Four
types of decelerations are seen intrapartum, and they are clas-
sified as early, variable, late, or prolonged, based on their 
temporal relationship with contractions, as well as their con-
figuration. The workshop stated that any deceleration is quan-
titated by the depth of the nadir in b.p.m. below the baseline
(excluding transient spikes or electronic artifacts), and the
duration is quantitated in minutes and seconds from the begin-
ning to the end of the deceleration.84 Accelerations are 
quantitated similarly. Decelerations are defined as recurrent 
if they occur with ≥ 50% of uterine contractions in any 20-
min segment. Early decelerations are thought to be secondary
to an increase in vagal tone due to fetal head compression
during the contraction. These decelerations are innocuous, are
not associated with fetal hypoxemia or acidemia,86,91 can be
observed throughout labor (but are seen most often at cervi-
cal dilations of 4–8cm),92 and no corrective measures are 
indicated. Variable decelerations are the most common decel-
erations seen in labor, are most often seen during the second
stage, and indicate umbilical cord compression. Variable
decelerations have been graded by some as mild, moderate,
and severe based on the duration of the deceleration and the
level to which the FHR drops.91 Mild variable decelerations
(in the presence of a normal FHR and variability) are usually
of minimal clinical significance. However, prolonged and deep
variable decelerations may result in a transient respiratory
acidemia. If decelerations are severe, repetitive, and accompa-
nied by decreased variability or changes in FHR baseline, fetal
acidemia may be developing.86,88 Late decelerations are caused
by fetal hypoxia, which is often due to decreased intervillous
exchange between mother and fetus (decreased placental per-
fusion). In advanced stages of fetal acidemia, late decelerations
can also be a result of direct myocardial depression. For this
pattern to become significant clinically, they must be repeti-
tive. Although decelerations with larger amplitudes may be
associated with lower fetal pH, shallow, repetitive, late decel-
erations with diminished FHR variability are nonreassuring,
and there is a high likelihood of fetal acidemia.88,92 Clinical
situations in which late decelerations are seen include exces-
sive uterine activity, placental abruption, and maternal
hypotension. Prolonged decelerations may occur sponta-

neously, or be related to prolapsed cord, excessive uterine
activity, maternal hypotension, or fetal manipulation. A 
sinusoidal FHR differs from variability in that it has a 
smooth, sine wave-like pattern of regular frequency and
amplitude, and is excluded in the definition of FHR variabil-
ity.84 It may be nonreassuring in that it has been associated
with severe fetal anemia. A transient “sinusoid-like” pattern
may also be seen after maternal administration of some nar-
cotic analgesics.93 However, in this setting, it does not indicate
fetal compromise.

Figure 32.6 shows a suggested protocol for managing non-
reassuring FHR tracings or fetal heart decelerations in labor.
The use of this should aid in detecting the acidemic fetus
requiring delivery, and should limit the number of unneces-
sary interventions for suspected (but not proven) fetal distress.
Conservative measures for resuscitation include discontinua-
tion of oxytocin (if used), altering maternal position (left or
right lateral, knee–chest), administering O2, correcting mater-
nal hypotension if present, amnioinfusion (if variable deceler-
ations), tocolysis (if no contraindications), and performing a
vaginal examination to rule out cord prolapse.

Introduced in the 1960s with the aim of detecting intra-
partum fetal asphyxia and improving neonatal outcomes,
EFM is now the main screening method for intrapartum fetal
assessment in most developed countries, but has been disap-
pointing on account of its subjective nature, frequency of
falsely nonreassuring patterns, and persistent questions
regarding efficacy.94 Also, the widespread use of EFM does not
appear to have reduced cerebral palsy.95 Nonreassuring pat-
terns occur in about 15% of labors.96 Its diagnostic accuracy
in predicting fetal compromise (positive predictive value) is
not as good as its accuracy in confirming fetal well-being.
Early randomized controlled trials (RCTs) in the 1970s and
1980s comparing intermittent auscultation with continuous
monitoring failed to show a consistent improvement in neona-
tal outcome, despite the associated increase in operative deliv-
eries with continuous EFM.97–100 However, many of these early
trials suffered from limitations, such as small sample sizes and
low overall perinatal mortality rates in the studied popula-
tions. The Dublin trial had more than 6000 patients enrolled
in each study arm.98 The only significant difference found was
a twofold higher rate of neonatal seizures and abnormal neu-
rologic examinations in the intermittent auscultation group.
However, crossover from one group to the other and the exclu-
sion of many high-risk patients may have obscured any advan-
tages of EFM over auscultation. In 1993, Vintzileos et al.101

conducted a RCT that evaluated intermittent auscultation
versus continuous EFM as the primary (and only) surveillance
method, and included both low-risk and high-risk patients.
No crossover was allowed from one group to the other. This
study found a significant reduction in perinatal mortality sec-
ondary to hypoxia in those patients managed with continuous
EFM. In addition, they found that EFM was superior to inter-
mittent auscultation in detecting fetal acidemia at birth.102 Our
group performed a meta-analysis on the RCTs of monitoring 
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techniques.103 Although perinatal mortality was no different
with the two techniques (continuous versus intermittent),
there was a significant reduction (about 40%) in perinatal
deaths due to hypoxia in the continuous EFM group. Patients
monitored electronically had overall higher rates of Cesarean
and operative vaginal deliveries, as well as operative inter-
ventions for fetal distress. A recent Cochrane review104 of nine
RCTs concluded that the only clinically significant benefit
from the use of routine continuous EFM (versus intermittent
auscultation) was the reduction in neonatal seizures [relative
risk (RR) 0.51, 95% confidence interval (CI) 0.32–0.82], with
an increase in Cesarean and operative vaginal deliveries. There
were no significant differences in 1-min Apgar scores below 4
or 7, and the rates of neonatal intensive care unit admissions,
perinatal deaths, or cerebral palsy. Thus, although it appears
that EFM is associated with reductions in neonatal seizures
and perinatal deaths due to hypoxia, the price is a small (but
significant) increase in operative deliveries.

Fetal acid–base evaluation

While EFM is mostly satisfactory, there is a clear need for an
adjunctive method of intrapartum fetal surveillance when con-
cerns arise about the EFM pattern. Fetal scalp capillary blood
sampling was developed in the 1960s and is complementary
to the FHR, by evaluating fetal acid–base status during labor.
It has been used to improve the positive predictive value of
FHR tracings. Figure 32.6 depicts a suggested protocol for
managing nonreassuring FHR tracings or fetal heart deceler-
ations in labor, incorporating scalp pH, fetal pulse oximetry,
or fetal stimulation techniques. During labor, fetal acidemia
may be secondary to impaired maternal–fetal exchange in the
intervillous space. In acute umbilical cord compression, rapid
CO2 accumulation leads to a respiratory acidemia. Metabolic
acidemia can occur secondary to lactic acid accumulation
when the anaerobic pathway of energy production is used. 
If sufficient hypoxemia and acidemia develop and persist, 

Fetal bradycardia
>5 min

Nonreassuring fetal heart tracing
(absence/loss of variability for > 40 min)

OR
recurrent late decelerations

WITH
stable baseline at 110–160 bpm

Deliver

VAS/scalp
stimulation

Reassuring fetal
response

Nonreassuring
fetal response

Observe closely

Fetal scalp pH
OR

fetal pulse oximetry
OR

delivery

Observe
closely

Resuscitative measures Resuscitative measures

Observe

Fetal scalp pH
7.20–7.25

Fetal scalp
pH <7.20

Fetal SpO2<30

Deliver
Repeat in 15–20
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(if NRFHR persists)

Observe

Amnioinfusion
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No recovery
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reassuring FHR
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OR

fetal pulse oximetry
OR
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decelerations

Reduced
variability

Good
variability

Observe
closely

Scalp pH >7.25
Fetal SpO2>30%

Recurrent
variable

decelerations

Figure 32.6 Management of nonreassuring fetal heart tracing or fetal heart decelerations in labor. FHR, fetal heart rate; NRFHR,
nonreassuring fetal heart rate; SpO2, arterial oxygen saturation; VAS, vibroacoustic stimulation (from Apuzzio JJ, Vintzileos AM, Iffy L, eds.
Operative obstetrics, 3rd edn. Abingdon, United Kingdom: Taylor & Francis, 2005, with permission).
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significant fetal morbidity/mortality may result. A scalp 
pH ≥ 7.25 has been considered normal for a fetus during the
intrapartum period.105 A range of 7.20–7.24 indicates pre-
acidemia, while values ≤ 7.19 indicate fetal acidemia.
However, it is understood that pH values associated with
pathologic fetal acidemia may be significantly lower than this.
It is not common to find significant neonatal morbidity until
the umbilical artery pH is < 7.10, and this cutoff may be as
low as 7.00.106,107 RCTs have shown that Cesarean delivery
rates for fetal distress are lower in patients managed with EFM
and intermittent scalp sampling.98,108 Thacker et al. reported
recently that the addition of fetal scalp blood sampling to stan-
dard EFM reduced the odds for Cesarean section, although
the odds were still increased compared with intermittent aus-
cultation of the fetal heart.104 Intermittent fetal scalp blood
sampling is now rarely utilized in the United States.109

Umbilical cord acid–base values are often obtained at the
time of delivery, and are used to establish an objective measure
of fetal status at the time of birth. Normal values for arterial
and venous blood samples have been described.110 Although
umbilical artery blood gases are preferable to venous blood,
sampling of both provides information on the fetal and utero-
placental circulations respectively. It is also important to
remember that, as fetal pH values normally fall during labor,
abnormal cutoff values for defining acidemia at delivery are
influenced by the presence or absence of labor. Values for
defining the various types of acidemia at birth (labor versus
no labor) have been described.110 Nearly 80% of infants clas-
sified as depressed (1- or 5-min Apgar score < 7) have normal
umbilical cord pH values.111

Recently, Ross and Gala112 described how base excess values
(versus umbilical cord pH values) have a significantly greater
usefulness, because base excess does not change significantly
with respiratory acidosis and demonstrates a linear correla-
tion with the degree of metabolic acidosis. Umbilical artery
base excess is the most direct measure of fetal metabolic aci-
dosis, and threshold levels of base excess (–12mmol/L) have
been associated with an increased risk of neonatal neurologi-
cal injury.112 Through an interpolation of fetal base excess
values throughout the course of labor, this approach can
provide a framework for the assessment of FHR tracings
during labor and, potentially, the timing of hypoxic/ischemic
injury.112

Fetal stimulation techniques

Fetal scalp sampling has limitations and cannot be used in all
patients. Equipment for pH analysis and skilled personnel to
perform this technique may not be available. For these
reasons, other methods of evaluating a nonreassuring FHR
pattern have been proposed, such as fetal scalp stimulation
and VAS. Clark et al.113,114 evaluated FHR responses to scalp
sampling, and correlated these FHR responses with fetal scalp
blood pH. Evoked FHR accelerations of 15 b.p.m. (lasting
15s) were associated with a scalp pH of ≥ 7.20 in all cases;

there were no cases of a FHR acceleration response to the
scalp puncture when the pH was < 7.20.113 However, although
acceleration presence indicated fetal well-being, a lack of
response occurred in several normal, nonacidemic fetuses. A
subsequent study showed that the need for scalp blood sam-
pling could be reduced by 50% in the setting of an evoked
FHR acceleration secondary to scalp stimulation.114 Concern-
ing, however, was that there was a false-negative rate of 60%.
Thus, while evoked accelerations (15b.p.m. for 15s) indicate
fetal well-being and imply a normal acid–base status, a lack
of accelerations does not always predict fetal compromise.
Others have used less stringent criteria (acceleration of 10
b.p.m. for at least 10s) to define fetal response to scalp stim-
ulation to try to decrease the need for scalp blood sampling.115

VAS has been used intrapartum to evoke FHR accelerations
and thus identify the well fetus. Many studies have compared
VAS responses with fetal acid–base determinations.116–120 In
evaluating 64 patients with abnormal intrapartum FHR pat-
terns, all fetuses demonstrating a reactive response to VAS had
a pH ≥ 7.25.116 Of 34 fetuses not showing a response, half had
a scalp pH of < 7.25. Another study evaluated 188 patients
with scalp stimulation and VAS.117 No patients demonstrated
accelerations when scalp pH values were < 7.20. Bartelsmeyer
et al.118 suggested that VAS could predict fetal acidemia and
differentiate between respiratory and metabolic acidemia.
Patients with fetal scalp blood base deficits of > 10mEq/L did
not show a response of FHR accelerations after VAS; although
five fetuses did show an acceleration with a scalp pH of < 7.20,
all had base deficits of < 10mEq/L. A meta-analysis evaluat-
ing the intrapartum assessment of fetal well-being with VAS
found a fivefold increase in the risk of acidemia (scalp pH
< 7.20) in laboring patients who did not respond with accel-
erations of 15b.p.m. for 15s after VAS.121 Table 32.9 shows
that, when data from studies using VAS117–120 and studies eval-
uating scalp stimulation113,114,117 are pooled and compared, the
overall efficacy for predicting a scalp pH < 7.20 is similar,
regardless of the method of stimulation. Although scalp and
acoustic stimulation techniques are simple to perform, they are
limited by falsely nonreassuring results.122 Interestingly, one
study has shown that the fetal response to VAS decreased as

Table 32.9 Efficacy of intrapartum fetal stimulation for prediction
of a scalp pH of < 7.20.

VAS Scalp stimulation*
(n = 405) (n = 488)

Sensitivity 83% (29/35) 98% (43/44)
Specificity 65% (241/370) 67% (298/444)
Positive predictive value 18% (29/158) 23% (43/189)
Negative predictive value 98% (241/247) 99% (298/299)

VAS, vibroacoustic stimulation.
*Scalp stimulation includes scalp puncture, digital pressure, and
scalp pinch.

TCO32  9/13/06  5:22 PM  Page 600



ANTEPARTUM AND INTRAPARTUM SURVEILLANCE OF THE FETUS AND THE AMNIOTIC FLUID

601

cervical dilation advanced.123 Analgesia with low doses of nal-
buphine has not been found to alter the fetal response to VAS
in normal laboring patients.124

In summary, FHR acceleration as a response to fetal stim-
ulation indicates a nonacidemic fetus, and thus scalp blood
sampling may be omitted. In our opinion, using VAS or scalp
stimulation may reduce the need for scalp pH analysis when
FHR tracings are equivocal/nonreassuring. These fetal stimu-
lation techniques are noninvasive, are not technically difficult,
can be performed earlier in labor, and can be done when scalp
pH sampling is not feasible. If the fetus responds normally 
to either VAS or scalp stimulation, significant acute fetal
acidemia has been ruled out, and thus a scalp pH may be
unnecessary.

Fetal pulse oximetry (FPO)

Recently, a new technology with practical potential has
emerged, namely FPO. This emerged in the late 1980s, and is
a tool that continuously and directly measures the fetal arte-
rial O2 saturation during the labor process, with the intent of
improving the accuracy of evaluating fetal well-being in labor.
It is generally reserved for use when a nonreassuring FHR has
been recorded, to assist in identifying those hypoxemic fetuses
who may benefit from further intervention, and as an adjunct
to (not a replacement for) FHR monitoring. The hope is to
decrease the Cesarean rate for fetal distress when fetal O2 sat-
uration is normal. A variety of sensors have been studied;
some are placed during a vaginal examination to attach to the
top of the fetal head by suction,125 and others lie against the
fetal temple or cheek.126 The sensor remains in situ, and FPO
values are recorded for approximately 81% of the monitoring
time. Fetal acidemia is rare when the fetal arterial O2 satura-
tion is continually > 30% (critical threshold). Thus, FPO
values ≥ 30% are considered reassuring (even when the EFM
is nonreassuring), whereas values < 30% warrant considera-
tion of interventions, such as maternal position change or
urgent Cesarean delivery.127 FHR abnormalities associated
with normal scalp blood analysis and normal Apgar scores at
delivery have been demonstrated in association with stable
arterial O2 saturation patterns.128 It is currently recommended
for singleton pregnancies only. An ominous EFM pattern has
been defined as prolonged deceleration below 70 b.p.m. for at
least 7min. In 2003, the US Food and Drug Administration
guidelines expanded the EFM patterns considered to be
ominous, requiring prompt delivery despite reassuring FPO
readings. They re-emphasized that FPO is meant as an adjunct
to (not a replacement for) EFM, and that no technology is
100% predictive of the fetal acid–base condition.

In the 1990s, a large volume of data regarding the feasibility,
physiology, and clinical application of FPO were pub-
lished.128–131 The only RCT published to date is an American
multicenter study, which specifically defined mild to moderately
nonreassuring EFM tracings.132 They compared a group moni-
tored using EFM alone with one monitored using both EFM

and FPO. While the Cesarean rate for nonreassuring EFM was
reduced by more than 50% in the EFM FPO group (without
adversely affecting maternal or fetal/neonatal outcome), the
overall Cesarean rate was unchanged between both control and
test groups, because of an unanticipated increased incidence of
Cesarean sections for dystocia (19%) in the EFM FPO group
(versus 9% in control group). A higher proportion of those 
with nonreassuring variable decelerations were delivered by
Cesarean section for dystocia in the oximetry group. The
authors suggested that the nonreassuring EFM may indicate an
underlying risk of dystocia.132 Thus, the failure to reduce the
overall Cesarean rate led many to question whether there was
any clear benefit to FPO, despite the improved prediction of
fetal condition/outcome using FPO. A follow-up prospective
cohort study in 2004133 was done to further elucidate the
increased Cesarean rate for dystocia seen in the American RCT.
Women whose fetuses demonstrated persistent, progressive,
and moderately–severely nonreassuring EFM were more likely
to have a Cesarean for dystocia, and had a significantly higher
rate of persistent occipitoposterior position of the fetus, than
those with intermittent, mildly nonreassuring EFM, despite
adequate fetal oxygenation status, as measured by FPO. They
concluded that nonreassuring EFM patterns predict Cesarean
delivery for dystocia among nulliparous patients with normally
oxygenated fetuses. In 2001, the American College of Obstetri-
cians and Gynecologists (ACOG) released an opinion on FPO,
with concerns about signal registration time, possible false-
negative readings, and lack of proven cost–benefit.134 They could
not endorse the adoption of the FPO into clinical practice, and
there has since been a reversal in enthusiasm for the FPO tech-
nology.135 The NICHHD MFM Units Network is currently con-
ducting a RCT involving 10000 nulliparous women in labor.135

Subjects will be randomized to FPO with information available
to the clinician (open device arm) or FPO with information
masked to the clinician (blinded device arm). The primary
outcome will be the impact of FPO as an adjunct to EFM on the
Cesarean delivery rate. It is thought that future research should:
(1) determine whether other mechanisms of intrapartum fetal
brain injury besides hypoxemia (e.g., infection, ischemia) could
escape surveillance by FPO; (2) establish the long-term out-
comes of children monitored with FPO (compared with stan-
dard methods); and (3) establish whether there is a way to use
FPO effectively in the setting of labor dystocia and a nonreas-
suring FHR pattern, to allow safe vaginal delivery.135

Fetal electrocardiogram (ECG) ST segment
automated analysis (STAN)

Because animal and human studies have shown that fetal
hypoxemia during labor can alter the shape of the fetal ECG
waveform (notably the elevation or depression of the ST
segment), technical systems have been developed to monitor
the fetal ECG during labor, as an adjunct to continuous EFM
with the aim of improving fetal outcome and minimizing
unnecessary obstetric interference.136 The fetal ECG ST
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segment automated analysis (STAN) analyzes the repolariza-
tion segment of the ECG (ST) waveform, which is altered by
intramyocardial potassium release, resulting from metabolic
acidemia.137 A recent Cochrane review136 of two RCTs assess-
ing the use of fetal ECG as an adjunct to continuous EFM
during labor found that using ST waveform analysis was asso-
ciated with fewer babies with severe metabolic acidosis 
at birth (cord pH < 7.05 and base deficit > 12mmol/L). This
was achieved along with fewer fetal scalp samples during labor
and fewer operative deliveries. Their conclusion was to restrict
fetal ST waveform analysis to those fetuses demonstrating dis-
quieting features on cardiotocography. However, in a study
looking at the ability of EFM plus fetal ECG STAN monitor-
ing to predict metabolic acidemia (umbilical cord artery pH
< 7.15 and base deficit ≥ 12mmol/L) at birth, they found a

poor positive predictive value (8%) and a sensitivity of
43%.138 Another Cochrane review139 of the addition of fetal
ECG monitoring reported a nonsignificant trend toward
reducing the overall Cesarean rate, when compared with EFM
only. Ross et al.140 found that adding fetal ECG STAN to stan-
dard FHR monitoring improved FHR tracing interpretation
and improved observer consistency in both the decision for
and the timing of obstetric interventions, and that it may
reduce the number of unneeded obstetric interventions when
fetal compromise is absent.

In conclusion, there are currently a wide variety of tech-
niques to survey the fetus and amniotic fluid during the
antepartum and intrapartum periods. By utilizing the infor-
mation from surveillance, fetal outcomes can hopefully be
optimized and perinatal mortality prevented.

Key points

1 Both antepartum and intrapartum surveillance of the
fetus have the intent of detecting fetal compromise
(acidemia and/or infection), so that appropriate and
timely interventions can be made. As fetal compromise
has a diverse etiology, forms of testing must be able to
survey both acute fetal status and more chronic disease
states.

2 Fetal movement monitoring (“fetal kick counts”) by
the mother is an advantageous form of surveillance
because it lacks contraindications, is simple,
inexpensive, noninvasive, and understandable to
patients. The relationship between decreased fetal
activity and poor perinatal outcome has been well
established.

3 A negative contraction stress test indicates fetal ability
to tolerate uterine contractions. In general, however, a
positive test implies potential uteroplacental
insufficiency and has been associated with adverse
perinatal outcome and an increased incidence of
intrauterine demise.

4 Fetal heart rate (FHR) reactivity is a good indicator 
of normal fetal autonomic function and well-being; it
depends on normal neurologic development and
normal integration of the central nervous system
control of FHR.

5 Preterm fetuses are less likely to have FHR
accelerations in association with fetal movements.

6 The predictive value of a negative nonstress test (NST)
(normal outcome associated with a reactive NST) is
very high. The reactive NST predicts good perinatal
outcome in about 95% of cases. The false-positive rate
of a nonreactive NST is also very high.

7 The normal fetal response to vibroacoustic stimulation
(VAS) includes not only FHR accelerations, but also
increases in long-term FHR variability and gross body
movements.

8 VAS has been conclusively demonstrated to be effective
in achieving fetal arousal, is reasonably safe, and
improves the efficiency of antepartum FHR testing.
Utilizing VAS on the nonacidemic fetus may elicit
accelerations that appear to be valid in predicting fetal
well-being. It also offers the advantage of safely
reducing testing time, without compromising detection
of the acidemic fetus.

9 The biophysical profile (BPP) is unique in that it
assesses both acute (FHR reactivity, fetal breathing
movements, fetal movements, fetal tone) and chronic
(amniotic fluid volume) markers of fetal condition.

10 The “gradual hypoxia concept” implies that the
biophysical activities developed last in utero are also
the first to become abnormal in the presence of fetal
acidemia or infection. In accordance with this concept,
early stages of fetal compromise are manifested by
abnormalities in FHR reactivity and breathing, while
movement and tone are generally not abolished until
much later stages of compromise.

11 In the second half of pregnancy, the main sources of
amniotic fluid include fetal urine excretion (especially)
and fluid secreted by the fetal lung. However, unlike
the role of the kidneys, the fetal lung does not play a
role in regulating fetal body fluid homeostasis.

12 Polyhydramnios (pathologic accumulation of amniotic
fluid), which is defined as an amniotic fluid index
> 25cm, occurs in 0.2–1.6% of the general population.
When the cause of polyhydramnios can be found, the
diagnosis usually falls into the following categories:
fetal malformations and genetic disorders, diabetes, Rh
sensitization, and congenital infections. Fetal
swallowing impairment may also result in excess
amniotic fluid volume.

13 Oligohydramnios (reduced amniotic fluid volume)
occurs in 5.5–37.8% of pregnancies and is significant
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The indications for fetal surgical interventions have expanded
since the field was founded over two decades ago. Similarly,
the total number of procedures performed, the centers at
which they are performed, and the number of physicians 
performing them have increased. Nevertheless, overall, these
procedures remain very limited when compared with the
number of pregnancies and even the number of fetuses with
malformations.

Over the last decade, technological advances have allowed a
transition toward less invasive procedures. Initial fetal surgical
procedures pioneered by one of the authors (MRH), at the Uni-
versity College of San Francisco, depended on maternal laparo-
tomy and hysterotomy. This approach evolved into laparotomy
and uterine endoscopy and, most recently, into percutaneous
procedures using devices with diameters of 3mm or less. Our
experience suggests that the less invasive approaches are asso-
ciated with a less complicated postoperative recovery for the
mothers, but do not entirely eliminate morbidity.1

Open fetal surgery (hysterotomy)

The human experience with open fetal surgery is now quite
extensive, both from our own center and others,1–3 and is pri-
marily associated with the large numbers of fetal spina bifida
repairs (Fig. 33.1). We currently reserve maternal laparo-
tomy/hysterotomy procedures for repair of spina bifida, resec-
tion of sacrococcygeal teratoma and other tumors, and
lobectomy for cystic adenomatoid malformation (CCAM).

We have recently reviewed our experience at UCSF with
maternal hysterotomy1 (Table 33.1). Eighty-seven hystero-
tomies were performed between 1989 and 2003. There were
significant immediate postoperative complications. In the early
experience, pulmonary edema related to multiple tocolytic use,
particularly nitroglycerin, and aggressive fluid management
was a significant problem.4 Thirteen percent of women
required transfusion for intraoperative blood loss. Pregnancy
outcomes were also significantly affected with a premature
rupture of membrane (PROM) rate of 52%, 33% having

preterm labor refractory to maximal tocolytic management
leading to delivery. The mean time from hysterotomy to deliv-
ery was 4.9 weeks (range 0–16 weeks). The mean gestational
age at the time of delivery was 30.1 weeks (range 21.6–
36.7 weeks). Others5,6 have had similar experiences with
respect to an increased risk of preterm delivery following hys-
terotomy. Most of the morbidity associated with hysterotomy
has decreased with experience. Significant pulmonary edema
or blood loss is rare, and the mean gestational age at the time
of delivery for repair of myelomeningocele (MMC) is now
around 34 weeks.

The practical aspects of hysterotomy and postoperative
management have evolved since the initial years of experience.
Lengthy discussions regarding the risks, benefits, and alterna-
tives of the procedure are important, including the experi-
mental nature of the surgery. The risks to the mother are
similar to any major abdominal surgery, although in this case
there is no direct physical benefit to her. In addition, there are
the risks associated with aggressive tocolytic therapy and
bedrest in a hypercoagulable state. The risks to the fetus are
primarily vascular instability and hypoperfusion intraopera-
tively, leading to injury or death, and prematurity due to post-
operative complications. The risks to the pregnancy are
primarily preterm labor and PROM and preterm delivery.
Infectious complications are rare, except when premature
rupture leads to prolonged latency. An important additional
discussion point is that all subsequent deliveries, including the
index pregnancy, must be by Cesarean section. Data regard-
ing future fertility are reassuring, with no increased incidence
of infertility in the UCSF experience in those patients attempt-
ing pregnancy.7 Experience from the Children’s Hospital of
Pennsylvania suggests a concerning risk of uterine rupture in
subsequent pregnancies that may be as high as 18%, which
would be considerably higher than the risk after previous low
transverse Cesarean section (1% or less) or classical Cesarean
section (5–10%). Another potential risk in subsequent preg-
nancies is placenta accreta. The reason for this is that the site
of a hysterotomy performed in the second trimester is never
in the same area as a Cesarean section entry. There is an
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Figure 33.1 Summary of open fetal surgery
techniques. (A) The uterus is exposed
through a low, transverse abdominal
incision. Ultrasonography is used to localize
the placenta, inject the fetus with narcotic
and muscle relaxant, and aspirate amniotic
fluid. (B) The uterus is opened with staples
that provide hemostasis and seal the
membranes. Warm saline solution is
continuously infused around the fetus.
Maternal anesthesia, tocolysis, and
monitoring are shown. BP, blood pressure;
CVP, central venous pressure; ECG,
electrocardiogram. (C) Absorbable staples
and back-biting clamps facilitate
hysterotomy exposure of the pertinent fetal
part. A miniaturized pulse oximeter records
pulse rate and oxygen saturation
intraoperatively. A radiotelemeter monitors
fetal electrocardiogram and amniotic
pressure during and after the operation. (D)
After fetal repair, the uterine incision is
closed with absorbable sutures and fibrin
glue. Amniotic fluid is restored with warm
lactated Ringer’s solution.

Table 33.1 Maternal morbidity and mortality for 178 interventions at UCSF with postoperative continuing pregnancy and divided into
operative subgroups.

Postoperative result Open hysterotomy Endoscopy Percutaneous All interventions
FETENDO/ FIGS/
Lap-FETENDO Lap-FIGS

Patients with postoperative continuing 79 68 31 178
pregnancy

Gestational age at surgery (weeks) 25.1 24.5 21.1 24.2
Range (weeks) 17.6–30.4 17.9–32.1 17.0–26.6 17.0–32.1

Gestational age at delivery (weeks) 30.1 30.4 32.7 30.7
Range (weeks) 21.6–36.7 19.6–39.3 21.7–40.4 19.6–40.4

Interval surgery to delivery (weeks) 4.9 6.0 11.6 6.5
Range (weeks) 0–16 0–19 0.3–21.4 0–21.4

Pulmonary edema 22/79 (27.8%) 17/68 (25.0%) 0/31 (0.0%) 39/178 (21.9%)

Bleeding requiring blood transfusion 11/87 (12.6%) 2/69 (2.9%) 0/31 (0.0%) 13/187 (7.0%)

Preterm labor leading to delivery 26/79 (32.9%) 18/68 (26.5%) 4/31 (12.9%) 48/178 (27.0%)

Premature rupture of membranes 41/79 (51.9%) 30/68 (44.1%) 8/31 (25.8%) 79/178 (44.4%)
(PROM)

Chorioamnionitis 7/79 (8.9%) 1/68 (1.5%) 0/31 (0.0%) 8/178 (4.5%)

FIGS, fetal intervention guided by sonography.
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increased risk of placenta accreta in any case in which implan-
tation is in an area of uterine scarring. Multiple incisions will
increase the likelihood of implantation in such an area. To our
knowledge, there has not been a case of accreta in a fetal sur-
gical patient of ours in a subsequent pregnancy.

Indications for open fetal surgery (Table 33.2)

Myelomeningocele (MMC)

Currently, the most common indication for hysterotomy-
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Table 33.2 Fetal conditions that may benefit from treatment before birth.

Fetal condition Effect on development Result without treatment Recommended treatment
(rationale for treatment)

Life-threatening defects
Urinary obstruction Hydronephrosis →Renal failure Percutaneous vesicoamniotic shunt

(urethral valves) Lung hypoplasia →Pulmonary failure Fetoscopic ablation of valves
Open vesicostomy

Cystic adenomatoid Lung hypoplasia–hydrops →Hydrops, death Open pulmonary lobectomy
malformation Ablation (laser/RFA)

Steroids
Open complete repair

Congenital diaphragmatic Lung hypoplasia →Pulmonary failure Temporary tracheal occlusion
hernia Tracheal clip (open and fetoscopic)

Fetoscopic balloon (percutaneous/reversible)
Sacrococcygeal teratoma High-output failure →Hydrops, death Open resection of tumor

Vascular occlusion (alcohol/RFA)
RFA

Twin–twin transfusion Donor–recipient steal →Fetal hydrops, death, Fetoscopic laser ablation of placental vessels
syndrome through placenta neurologic damage to (NIH trial)

survivor Amnioreduction (NIH trial)
Selective reduction (NIH trial)

Acardiac/anomalous twin Vascular steal →Death/damage to Selective reduction
(TRAP) Embolization surviving twin Cord occlusion/division

RFA
Aqueductal stenosis Hydrocephalus →Brain damage Ventriculoamniotic shunt
Valvular obstruction Hypoplastic heart →Heart failure Balloon valvuloplasty
Congenital high airway Overdistention by lung Fetoscopic tracheostomy

obstruction (CHAOS) fluid →Hydrops, death Ex utero intrapartum treatment (EXIT)
Cervical teratoma Airway obstruction →Hydrops, death Open resection

High-output failure EXIT
Vascular occlusion (alcohol/RFA)

Nonlife-threatening defects
Myelomeningocle Spinal cord damage →Paralysis, neurogenic Open repair (NIH trial)

bladder/bowel, Fetoscopic coverage
hydrocephalus

Gastroschisis Bowel damage →Malnutrition/ Serial amnio-exchange
short bowel

Cleft lip and palate Facial defect →Persistent deformity Fetoscopic repair*
Open repair

Metabolic and cellular defects
Stem cell–enzyme defects Hemoglobinopathy →Anemia, hydrops Fetal stem cell transplant

Immunodeficiency →Infection/death Fetal gene therapy*
Storage diseases →Retardation/death

Predictable organ Agenesis/hypoplasia →Neonatal heart/lung/ Induce tolerance for postnatal organ
heart/lung/kidney kidney failure transplant*

Tissue engineering*

NIH, National Institutes of Health; RFA, radiofrequency ablation.

*Not yet attempted in human fetuses.
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based fetal intervention in our center is for MMCs. This is a
devastating birth defect with sequelae that affect both the
central and peripheral nervous systems. A change in cere-
brospinal fluid (CSF) dynamics results in the Chiari II mal-
formation and hydrocephalus. The abnormally exposed spinal
cord results in lifelong lower extremity neurologic deficiency,
fecal and urinary incontinence, sexual dysfunction, and skele-
tal deformities. This defect carries enormous personal, famil-
ial, and societal costs, as the near normal lifespan of the
affected child is characterized by hospitalization, multiple
operations, disability, and institutionalization. Although it has
been assumed that the spinal cord itself is intrinsically mal-
formed in children with this defect, recent work suggests that
the neurologic impairment after birth may be due to exposure
and trauma to the spinal cord in utero, and that covering 
the exposed cord may prevent the development of the Chiari
malformation.8

Since 1997, more than 200 fetuses have had in utero closure
of MMC by open fetal surgery. Preliminary clinical evidence
suggests that this procedure reduces the incidence of shunt-
dependent hydrocephalus and restores the cerebellum and
brainstem to a more normal configuration. However, clinical
results of fetal surgery for MMC are based on comparisons
with historical control subjects, examine only efficacy and not
safety, and lack long-term follow-up.

Cystic adenomatoid malformation (CCAM)
CCAM leading to hydrops is another indication for hystero-
tomy. Although CCAM often presents as a benign pulmonary
mass in infants and children, some fetuses with large lesions
die in utero or at birth from hydrops and pulmonary hypopla-
sia.9 The pathophysiology of hydrops and the feasibility of
resecting the fetal lung have been studied in animals.9,10 Expe-
rience in managing more than 200 cases suggests that most
lesions can be successfully treated after birth, and that some
lesions resolve before birth.11 Although only a few fetuses with
very large lesions develop hydrops before 26 weeks of gesta-
tion, these lesions may progress rapidly, and the fetuses may
die in utero. Careful sonographic surveillance of large lesions
is necessary to detect the first signs of hydrops, because fetuses
who develop hydrops can be treated successfully by emergency
resection of the abnormal lobe in utero. Fetal pulmonary
lobectomy has proved to be surprisingly simple and quite suc-
cessful at two large fetal surgery centers. For lesions with
single, large cysts, thoracoamniotic shunting has also been
successful.12 Percutaneous ablation techniques are being inves-
tigated. We have seen regression of very large lesions with
hydrops after maternal steroid treatment.

Sacrococcygeal teratoma (SCT)
Hysterotomy is the most common fetal surgical approach to
treat fetuses in a critical condition with large SCTs. Most
neonates with SCT survive, and malignant invasion is unusual.
However, the prognosis of patients with SCT diagnosed pre-
natally (by sonogram or elevated alpha-fetoprotein levels) is
less favorable. There is a subset of fetuses (fewer than 20%)

with large tumors who develop hydrops from high-output
failure secondary to extremely high blood flow through the
tumor. Because hydrops progresses very rapidly to fetal death,
frequent sonographic follow-up is mandatory. Attempts to
interrupt the vascular steal by sonographically guided or feto-
scopic techniques have not yet been successful. Excision of the
tumor reverses the pathophysiology if it is performed before
the mirror syndrome (maternal preeclampsia) develops in the
mother. Attempts to interrupt the vascular steal by ablating
blood flow to the tumor by alcohol injection or embolization
have not generally been successful. Hysterotomies in these
cases may involve quite large incisions due to the large size of
the masses.

Fetoscopic surgery (FETENDO)

With advances in technology and familiarity with endoscopic
techniques, application of this technique to fetal surgery was
natural. Common sense would suggest that the smaller the
incision in the uterus, the lower the risk of subsequent preg-
nancy complications. At UCSF, endoscopic approaches were
first applied to pregnancies complicated by diaphragmatic
hernia, urinary tract obstruction, and twin-to-twin transfusion
(Lap-FETENDO).

The initial pioneering approach involved maternal mini-
laparotomies, with direct exposure of the uterus. Ultrasound
is used to determine the point of entry and the laparotomy
site, depending on placental location and fetal lie. Once the
uterus has been exposed, stay sutures are placed, and a 3- to
5-mm step trocar is advanced into the amniotic cavity under
direct ultrasound visualization. Initially, several trocars were
required for in utero dissections, placement of staples, etc.
Later, many procedures could be performed through a single
trocar using an endoscope with an operating channel. Initial
caution regarding this approach led to similar perioperative
management as in hysterotomy cases. This included general
anesthesia, use of multiple tocolytics, and prolonged hospital-
ization. One important difference, even initially, was that
patients could labor following FETENDO procedures. Since
that time, endoscopic procedures have become less invasive
with very small instruments passed through 3-mm ports.

Percutaneous FETENDO

Currently, we rarely use the more invasive Lap-FETENDO
and have since progressed toward a completely percutaneous
approach using a smaller 2mm endoscope with an operating
channel (Micro-FETENDO). We have used this technique for
balloon tracheal occlusions, fetal cystoscopies, and for laser
ablation in monochorionic twin gestations complicated by
severe twin-to-twin transfusion. We anticipate that, based 
on our early experience and that of others12 with per-
cutaneous microendoscopy, the risk profile will be similar to
that of percutaneous sonoguided procedures (see Fetal 
intervention guided by sonography). The perioperative 
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management is very different. Patients are treated with pro-
phylactic indomethacin and antibiotics. As uterine relaxation
from inhalational agents is not required, we generally use
spinal anesthesia. Ultrasound is again critical for safe uterine
access to determine the best entry point. This is based on fetal
position, placental location, membrane position in multiple
gestations, and uterine vascularity. Postoperative tocolytic
therapy is usually based on contraction activity. A 24–48h, a
course of indomethacin or nifedipine is often all that is
required. In cases in which there are significant postoperative
changes in uterine size, such as with interventions for
twin–twin transfusion syndrome (TTTS), prophylactic intra-
venous magnesium sulfate may be helpful.

Indications for fetoscopic surgery (FETENDO) 
(Table 33.2)

Congenital diaphragmatic hernia (CDH)
The fundamental problem in babies born with a CDH is pul-
monary hypoplasia. Research in experimental animal models
and later in human patients over two decades has aimed to
improve growth of the hypoplastic lungs before they are
needed for gas exchange at birth. Anatomic repair of the
hernia by open hysterotomy proved feasible, but did not
decrease mortality and was abandoned. Fetal tracheal occlu-
sion was developed as an alternative strategy to promote fetal
lung growth by preventing normal egress of lung fluid. Occlu-
sion of the fetal trachea was shown to stimulate fetal lung
growth in a variety of animal models. Techniques to achieve
reversible fetal tracheal occlusion were explored in animal
models and then applied clinically, evolving from external
metal clips placed on the trachea by open hysterotomy or feto-
scopic neck dissection, to internal tracheal occlusion with a
detachable silicone balloon placed by fetal bronchoscopy
through a single 5-mm uterine port, as described above.

Our initial experience suggested that fetal endoscopic tra-
cheal occlusion improved survival in human fetuses with
severe CDH13,14. To evaluate this novel therapy, we conducted
a randomized, controlled trial comparing tracheal occlusion
with standard care. Survival with fetal endoscopic tracheal
occlusion (73%) met expectations (predicted 75%) and
appeared to be better than that of historic control subjects
(37%), but proved no better than that of concurrent ran-
domized control subjects. The higher than expected survival
in the standard care group may be because the study design
mandated that patients in both treatment groups be delivered,
resuscitated, and intensively managed in a unit experienced in
caring for critically ill newborns with pulmonary hypoplasia.
Attempts to improve outcome for severe CDH by treatments
either before or after birth have proved to be  double-edged
swords. Intensive care after birth has improved survival, 
but has increased long-term sequelae in survivors, and is
expensive.

Our ability to accurately diagnose and assess the severity of
CDH before birth has improved dramatically. Fetuses with

CDH who have associated anomalies do poorly, whereas
fetuses with isolated CDH, no liver herniation, and a
lung:head ratio (LHR) above 1.4 have an excellent prognosis
(100% in our experience). In this study, fetuses with a LHR
between 0.9 and 1.4 had a chance of survival of > 80% when
delivered at a tertiary care center. The small number of fetuses
with a LHR below 0.9 had a poor prognosis in both treat-
ment groups, and should be the focus of further studies.15

Twin–twin transfusion syndrome (TTTS)
TTTS was one of the first entities to be treated endoscopically
at UCSF. It is a complication of monochorionic multiple ges-
tations resulting from an imbalance in blood flow through 
vascular communications. It is the most common serious com-
plication of monochorionic twin gestations, affecting between
4% and 35% of monochorionic twin pregnancies, or approx-
imately 0.1–0.9/1000 births each year in the USA. Yet, despite
the relatively low incidence, TTTS disproportionately
accounts for 17% of all perinatal mortality associated with
twin gestations.16 Standard therapy has been limited to serial
amnioreduction, which appears to improve the overall
outcome, but has little impact on the more severe end of the
spectrum in TTTS. In addition, survivors of TTTS treated by
serial amnioreduction have an 18–26% incidence of signifi-
cant neurologic and cardiac morbidity. Selective fetoscopic
laser photocoagulation of chorioangiopagus has emerged as
an alternative treatment strategy with at least comparable, if
not superior, survival to serial amnioreduction, as demon-
strated in a randomized trial in Europe.17

Urinary tract obstruction
As a group at UCSF, we are particularly enthusiastic about the
potential of fetal intervention in bladder outlet obstruction by
percutaneous fetal cystoscopy. Fetal urethral obstruction pro-
duces pulmonary hypoplasia and renal dysplasia, and these
often fatal consequences can be ameliorated by urinary tract
decompression before birth. The natural history of untreated
fetal urinary tract obstruction is well documented, and selec-
tion criteria based on fetal urine electrolyte and β2-microglob-
ulin levels and the sonographic appearance of fetal kidneys
have proved reliable.17–21 Of all fetuses with urinary tract dila-
tion, as many as 90% do not require intervention. However,
fetuses with bilateral hydronephrosis and bladder distention
due to urethral obstruction who subsequently develop oligo-
hydramnios require treatment. Depending on the gestational
age, the fetus can be delivered early for postnatal decompres-
sion. Alternatively, the bladder can be decompressed in 
utero by a catheter Harrison vesicoamniotic shunt placed 
percutaneously under sonographic guidance,22 by fetoscopic
vesicostomy23,24 or, more recently, by fetocystoscopic ablation
of urethral valves.25 Treatment with shunting has been rela-
tively disappointing, as shunts often migrate or do not remain
patent. Even when adequately decompressed, the obstructed
bladder may not cycle correctly, resulting in a severe bladder
dysfunction requiring surgery after birth. We have now devel-
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oped a percutaneous fetal cystoscopic technique to disrupt
posterior urethral valves through a single 3-mm port.

Fetal intervention guided by sonography
(FIGS)

The first fetal procedure, developed in the early 1980s, was
percutaneous sonographically guided placement of the Harri-
son fetal bladder catheter shunt. Many other catheter shunt
procedures have been developed and described.26 More
recently, we have developed percutaneous sonographically
guided radiofrequency ablation (RFA) procedures for man-
agement of anomalous multiple gestations. All these proce-
dures we now group as “fetal intervention guided by
sonography” or “FIGS”. Very complicated procedures may
still require laparotomy (Lap-FIGS).

Percutaneous or Micro-FIGS is used to sample or drain fetal

blood, urine, and fluid collection, to sample fetal tissue, to
place catheter shunts in the fetal bladder, chest, abdomen, or
ventricles, and to do RFA. The most common indication at
UCSF is RFA for acardiac twins/TRAP sequence or mono-
chorionic twins for selective reduction. Other operators have
used bipolar coagulation or umbilical cord ligation for similar
indications. Compared with the 17-gauge RFA needles that we
use, these techniques are more invasive, using at least 3-mm
trocars. Additionally, the length of the cord or its position may
preclude use of these instruments. The perioperative manage-
ment of these patients is similar to that of the current 
Micro-FETENDO patients. The procedures are performed
under spinal anesthesia, with prophylactic antibiotics and
indomethacin. Postoperative tocolysis is rarely necessary, and
patients are frequently discharged within hours of the proce-
dure. Ultrasound is critical for both the planning and the exe-
cution of the procedure (Fig. 33.2).

There are a few complicated FIGS procedures that may
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require maternal laparotomy to allow fetal positioning and
sonography directly on the uterus (Lap-FIGS). A few simple
structural cardiac defects that interfere with development may
benefit from prenatal correction. For example, if obstruction
of blood flow across the pulmonary or aortic valve interferes
with development of the ventricles or pulmonary or systemic
vasculature, relief of the anatomic obstruction may allow
normal development with an improved outcome. Similarly,
congenital aortic stenosis may lead to hypoplastic left heart
syndrome. Stenotic aortic valves have been dilated by a
balloon catheter placed using both FIGS and Lap-FIGS with

some promising results.26 The procedure is technically diffi-
cult. Several centers are developing experimental techniques
to correct fetal heart defects.27

In summary, fetal surgery has evolved considerably since its
birth at UCSF two decades ago. The indications remain quite
limited, but have the potential to expand numerically as
patients and providers become increasingly informed. Recent
advances in the development of less invasive fetal endoscopic
(FETENDO) and sonography-guided techniques (FIGS) have
extended the indications for fetal intervention.
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Key points

1 The field of open fetal surgery was created at UCSF in
the early 1980s.

2 Only a tiny fraction of fetal malformations are
considered candidates for fetal surgery.

3 Generally, candidate malformations are ones that would
be progressive and lethal in utero and which, if
successfully treated, would lead to a near-normal outcome.

4 Fetal surgery is obviously maternal–fetal surgery, as the
access to the fetus is through the mother.

5 There are three approaches to access for the procedures:
open hysterotomy, FETENDO and FIGS.

6 Open hysterotomy involves maternal laparotomy under
general anesthesia, and at least a 5- to 10-cm uterine
incision.

7 Postoperative management includes maximal multiple
tocolytic management and decreased activity for the
remainder of the pregnancy.

8 Following open hysterotomy, delivery in the index as
well as all subsequent pregnancies must be by Cesarean
section.

9 FETENDO involves the use of small endoscopes, either
percutaneously or at minilaparotomy.

10 Postoperative management is less challenging because
suppression of contractions is less critical.

11 FIGS-IT involves even smaller diameter instruments,
and patients often require prophylactic preoperative
tocolytics only.

12 All fetal surgical procedures significantly increase the
risk of premature rupture of membranes and premature
delivery.

13 Currently, the most common procedure performed 
at open hysterotomy is fetal meningomyelocele 
repair.

14 There is some evidence that fetal repair reduces the
rate of shunt placement. This is currently being studied
in an NIH-funded randomized trial.

15 Hysterotomy is used to access the fetus for resection of
chest masses and congenital tumors that have led to
hydrops.

16 FETENDO is used for placement of intratracheal
balloons to create lung growth in cases of congenital
diaphragmatic hernia, treatment of the placental
surface vessels leading to twin–twin transfusion
syndrome, for releasing amniotic bands, and to
perform fetal cystoscopy and anterograde disruption of
posterior urethral valves.

17 FIGS-IT is used for ablation of vascular
communications in acardiac twins (TRAP sequence),
shunt placements, and fetal blood sampling and
intrauterine transfusions.

18 All fetal surgical procedures depend on ultrasound and
fetal magnetic resonance imaging for identification of
the fetal malformation and determining the need for
surgical intervention.

19 Fetal surgery of any sort requires a multidisciplinary
team of experts, as it is as important to know 
when not to do a procedure as it is to know when to
do it.

20 Maternal safety always has to be of paramount
importance.
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Over the past three decades, numerous methods for the diag-
nosis of structural and physiologic fetal abnormalities have
been devoloped.1,2 When severe or lethal, pregnancy termina-
tion is viewed by many as reasonable. In countries that permit
its availability and in cultures in which the fetus does not have
more rights than the mother, a variable portion of patients
chose this option.3,4 With more moderate fetal anomalies,
obstetric care can sometimes be modified to optimize out-
comes and prevent secondary complications. In some
instances, prenatal therapy of the underlying problem has
emerged. In general, structural malformations are more logi-
cally approached with surgery, while metabolic disorders may
benefit from pharmacologic or genetic therapies.2

The role of fetal therapy is still misunderstood, even four
decades since the first transfusions by Lilley. If something can
be treated safely postnatally, then there is generally no justifi-
cation for prenatal intervention. However, profound and
irreparable damage occurs for many conditions before birth,
making fetal intervention the best or sometimes the only way
to ameliorate the damage (Table 34.1). Fetal therapy has
evolved using three major approaches: surgery, pharmacologic
therapy, and stem cell/gene therapy. Other chapters will
discuss the surgical approaches.

Pharmocologic therapies

Neural tube defects

Neural tube defects (NTDs) result from abnormal closure of
the neural tube, which normally occurs between the third and
fourth week of gestation. The etiology is complex and includes
genetic and environmental factors. Historical data in humans
suggest increased NTD frequencies in populations with poor
dietary histories or with intestinal bypasses. Analysis of recur-
rence patterns within families and of twin–twin concordance
data provides evidence of a genetic influence in nonsyndromal
cases. However, factors such as socioeconomic status, geo-
graphic area, occupational exposure, and maternal use of
antiepileptic drugs are also associated with variations in the

incidence of NTDs.5 Smithells et al.6 suggested that vitamin
supplementation containing 0.36mg of folate could reduce the
frequency of NTD recurrence by sevenfold.5–7 In 1991, a ran-
domized, double-blinded trial designed by the MRC Vitamin
Study Research Group demonstrated that preconceptual folate
reduces the risk of recurrence in high-risk patients.8 Subse-
quently, it was shown that preparations containing folate and
other vitamins also reduce the occurrence of first-time NTDs.8

In response to these findings, guidelines were issued calling for
the consumption of 4.0mg/day folic acid by women with a
previous child affected with a NTD, for at least 1 month prior
to conception through the first 3 months of pregnancy. In
addition, 0.4mg/day folic acid is recommended to all women
planning a pregnancy, to be taken preconceptually. The data
on NTD recurrence prevention are now very well established,
and have become routine for high-risk cases. Since January
1998, the United States Food and Drug Administration man-
dated the supplementation of breads and grains with folic
acid. NTD birth prevalence during the years 1990–1999, eval-
uated by assessing birth certificate reports before and after
mandatory fortification, decreased by 19%.9 Recently, Evans
et al.10 have shown a nearly 30% drop in high maternal serum
alpha-fetoprotein (MSAFP) values in the United States when
comparing 2000 values with 1997 values, before the intro-
duction of folic acid supplementation.

Folate plays a central part in embryonic and fetal develop-
ment because of its role in nucleic acid synthesis, which is
mandatory for the widespread cell division that takes place
during embryogenesis. Folate deficiency can occur because of
low dietary folate intake or because of increased metabolic
requirements, as seen in particular genetic alternations such as
polymorphism of the thermolabile enzyme methyltetrahydro-
folate reductase (MTHFR). However, evidence regarding its
role in NTDs is unsupported, except in certain populations,
suggesting that these variants are not large contributors to the
etiology of NTDs.11,12 Additional candidate genes other than
MTHFR may be responsible for an increased risk of NTDs.13

Methionine synthase (MTR) polymorphism is associated with
an increased risk of NTDs that is not influenced by maternal
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preconception folic acid intake at doses of 0.4mg/day.14 Other
candidate genes include the mitochondrial membrane trans-
porter gene UCP2.52 Despite previous studies suggesting that
zinc deficiency plays a role in the etiology of NTDs,16,17 further
studies found that this observation was inconclusive.18,19

Because methionine deficiency may be involved in NTDs, it
may be beneficial in NTD risk reduction.20 In conclusion, pre-
conception folic acid intake, either as a sole vitamin or as part
of multivitamin supplementation, reduces the risk of recur-
rence and first-time NTDs.

The traditional dogma that the pathogenesis of
meningomyelocele was secondary to an abnormally developed
spinal cord, which did not, in turn, engender the proper devel-
opment of the bony spinal column, may not be the whole
story. It is possible that the primary defect is in the bony spinal
column, which exposes a presumptively undamaged spinal
cord. The cord is then damaged by the toxic affects of amni-
otic fluid, trauma from the uterine environment, and repeated
contact with the uterine wall. Thus came the rationale for
attempts to cover and protect the spinal cord in utero, to min-
imize the sequelae.21

Endocrine disorders

Adrenal disorders: congenital adrenal hyperplasia
Congenital adrenal hyperplasia (CAH) is actually a group of
autosomal recessive metabolic disorders, characterized by
enzymatic defects in the steroidogenetic pathway.22 A com-
pensatory increase in adrenocorticotrophic hormone (ACTH)
secretion leads to overproduction of the steroid precursors in
the adrenal cortex, resulting in adrenal hyperplasia. Excess
precursors are often converted to androgens, which may result
in virilization of female fetuses. The phenotype is determined
by the severity of the cortisol deficiency and the nature of the
steroid precursors, which accumulate proximal to the enzy-
matic block. The most common abnormality, responsible for
> 90% of patients with CAH, is caused by a deficiency in the
21-hydroxylase (21-OH) enzyme. Other, less common causes
of CAH include deficiencies in 11β-hydroxylase and 17α-
hydroxylase. Reduced 21-OH activity results in the accumu-
lation of 17-hydroxyprogesterone (17-OHP) because of its
decreased conversion to 11-deoxycorticosterone. Excess 17-
OHP is then converted via androstenedione to androgens, the
levels of which can increase by as much as several hundred-
fold (Fig. 34.1). Excess androgens produce virilization of the
undifferentiated female external genitalia, which may vary
from mild clitoral hypertrophy to the complete formation of
a phallus and scrotum. In contrast, genital development in
male fetuses is normal. The excess androgens cause postnatal
virilization in both genders and may manifest in precocious
puberty.22 A severe enzyme deficiency or even a complete block
of enzymatic activity produces the “classical” form of CAH.
Two-thirds to three-quarters of cases have salt loss that may
be life-threatening.

618

Table 34.1 Upper threshold values for selecting fetuses that might
benefit from prenatal intervention.

Sodium < 100 mg/dL
Chloride < 90 mg/dL
Osmolality < 190 mOsm/L
Calcium < 8 mg/dL
β2-microglobulin < 6 mg/L
Total protein < 40 mg/dL

Androgen production in 21-hydroxylase deficiency (congenital adrenal 
hyperplasia)
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Figure 34.1 Steroidogenic pathway. Pathway
of conversion from cholesterol to cortisol is
vulnerable to enzymatic errors. Blockage at
21-hydroxylase (21-OH) leads to
overproduction of 17-hydroxyprogesterone,
which ultimately leads to excess androgens
that produce masculinization of the external
genitalia.
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The classical form is easy to recognize in female newborns
but may be overlooked in males, who may appear with severe
dehydration and even demise. In the late 1970s and early
1980s, diagnosis of CAH could be made on amniocentesis by
the finding of elevated levels of 17-OHP in the supernatant. 
In the 1980s, with the development of chorionic villus sam-
pling (CVS), linkage-based molecular diagnosis became avail-
able in the first trimester, as the gene for 21-OH was found to
be linked to the human leukocyte antigen (HLA) complex on
chromosome 6.23 The gene for 21-OH (CYP21B) was later
mapped, allowing direct mutation analysis in informative 
families.24

We have known for two decades that the fetal adrenal 
gland can be pharmacologically suppressed by maternal
replacement doses of dexamethasone.25 Suppression can
prevent masculinization of affected female fetuses in couples
who are carriers of classical CAH. Evans et al.25 were the first
to administer dexamethasone to a carrier mother beginning at
10 weeks of gestation in an attempt to prevent masculiniza-
tion. Differentiation of the external genitalia begins at about
7 weeks of gestation. Thus, for a carrier couple, pharmaco-
logic therapy has to be initiated prior to diagnosis. Direct
DNA diagnosis or linkage studies are then performed by CVS
in the first trimester, and therapy is continued only if the 
fetus is found to be an affected female. Detailed inclusion 
criteria for treatment have been issued by the European
Society for Pediatric Endocrinology and Wilkins Pediatric
Endocrine Society.26 Hundreds of fetuses have been success-
fully treated resulting in prevention or amelioration of 
masculinization.26–28

Hyperthyroidism
Neonatal hyperthyroidism is rare with an incidence of 1:4000
to 1:40000 live births.29 Fetal thyrotoxic goiter is usually sec-
ondary to maternal autoimmune disease, most commonly
Graves’ disease or Hashimoto’s thyroiditis. As many as 12%
of infants of mothers with a known history of Graves’ disease
are affected with neonatal thyrotoxicosis, which can occur
even if the mother is euthyroid.30 The underlying mechanism
is the transplacental passage of maternal IgG antibodies. The
antibodies, known as TSAb (or TSI), are predominantly
directed against the thyroid-stimulating hormone (TSH) recep-
tor. Often, fetal goiter is diagnosed on ultrasound in patients
with elevated thyroid-stimulating antibodies. In some cases,
fetal goiters are incidentally detected on routine ultrasonog-
raphy. Others may be discovered in patients referred for a scan
because of polyhydramnios. Untreated fetal hyperthyroidism
may be associated with a mortality rate of 12–25% due to
high-output cardiac failure.30

Once the diagnosis of fetal hyperthyroidism is confirmed,
fetal treatment should be initiated. Authors have attempted to
treat fetal hyperthyroidism with maternally administered
antithyroid drugs. Porreco and Bloch31 have reported mater-
nal treatment of fetal thyrotoxicosis with PTU, which had a

good outcome. The initial dose used was 100mg p.o. three
times a day, which was later decreased to 50mg p.o. three
times a day. A favorable outcome was shown using maternal
methimazole to treat fetal hyperthyroidism in a patient who
could not tolerate PTU.32 Hatjis32 also treated fetal goiterous
hyperthyroidism with a maternal dose of 300mg of PTU. This
patient however, required supplemental synthroid to remain
euthyroid. There was good fetal outcome in this case as well.

Hypothyroidism
Congenital hypothyroidism is relatively rare, affecting about
1:3000 to 1:4000 infants.33 About 85% of cases are the result
of thyroid dysgenesis, a heterogeneous group of developmen-
tal defects characterized by inadequate amounts of thyroid
tissue. Congenital hypothyroidism is only rarely associated
with errors of thyroid hormone synthesis, TSH insensitivity,
or absence of the pituitary gland. Fetal hypothyroidism may
not necessarily manifest in a goiter before birth, as maternal
thyroid hormones may cross the placenta. Congenital
hypothyroidism presenting with a goiter is found in only
about 10–15% of cases.34

Fetal goiterous hypothyroidism usually follows maternal
exposure to thyrostatic agents such as propylthiouracil (PTU),
radioactive 131I or iodide exposure used to treat maternal
hyperthyroidism.35 Maternal ingestion of amiodarone or
lithium may also cause hypothyroidism in the fetus. Finally,
fetal hypothyroidism may follow transplacental passage of
maternal blocking antibodies (known as TBIAb or TBII).
Rarely, it may be due to rare defects in fetal thyroid hormone
biosynthesis.29

An enlarged fetal goiter may cause esophageal obstruction
and polyhydramnios, leading to preterm delivery or prema-
ture rupture of membranes. Rarely, a goiter may even lead to
high-output heart failure.35 A large fetal goiter can also cause
extension of the fetal neck, leading to dystocia. The effects of
the fetal hypothyroidism itself may be devastating. Without
treatment, postnatal growth delay and severe mental retarda-
tion may ensue. Even with immediate diagnosis and treatment 
at birth, long-term follow-up of children with congenital
hypothyroidism has demonstrated that they have lower scores
on perceptual–motor, visuospatial, and language tests.36

Inborn errors of metabolism

Methylmalonic acidemia
The methylmalonic acidemias (MMA) are a group of 
autosomal recessive enzyme deficiency diseases. Some 
cases are caused by mutations in the gene encoding 
methylmalonyl-coenzyme A mutase. Others are secondary 
to a defect that reduces the biosynthesis of adenosylcobalamin
from vitamin B12. The disease has a wide clinical spectrum
ranging from benign to fatal, characterized by severe 
metabolic acidosis, developmental delay, and biochemical
abnormalities that include methylmalonic aciduria, 
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long-chain ketonuria, and intermittent hyperglycinemia. 
Neurologic abnormalities may result from diminution of
myelin content and of ganglioside N-acetylneuraminic 
acid in the cerebrum.37 Patients with defects in adeno-
sylcobalamin biosynthesis may respond to administration 
of large doses of vitamin B12, which may enhance the 
amount of active holoenzyme (mutase apoenzyme plus 
adenosylcobalamin).

Ampola et al.38 first attempted prenatal diagnosis and treat-
ment of a vitamin B12-responsive variant of MMA. Their
patient had previously had a child who died of severe MMA. 
It is not clear whether in utero treatment actually resulted in 
an improved outcome, but it is likely that correction of the 
biochemical abnormality in the fetus had some beneficial effect
on fetal development. Indeed, in a cohort of eight children 
with MMA, Andersson et al.39 described congenital malfor-
mations, probably caused by prenatally abnormal cyanocobal-
amin metabolism. Growth was significantly improved in most
cases after initiation of therapy postnatally and, in one case,
microcephaly resolved. However, developmental delay of vari-
able severity was always present regardless of treatment onset.
These data suggest that prenatal therapy of MMA may be 
effective and may perhaps ameliorate some of the prenatal
effects. Evans et al.40 have documented the changing dose
requirements necessary over the course of pregnancy to main-
tain adequate levels of vitamin B12. They sequentially followed
maternal plasma and urine levels in a prenatally treated 
pregnancy.

Multiple carboxylase deficiency
Biotin-responsive multiple carboxylase deficiency is an inborn
error of metabolism caused by diminished activity of the mito-
chondrial biotin-dependent enzymes (pyruvate carboxylase,
propionyl-coenzyme A carboxylase, and α-methylcrotonyl-
coenzyme A carboxylase). The condition may arise from
mutations in the holocarboxylase synthetase gene or the bio-
tinidase gene.41–45 Affected patients present with dermatitis,
severe metabolic acidosis, and a characteristic pattern of
organic acid excretion. Metabolism can be restored toward
normal levels by biotin supplementation. Prenatal diagnosis is
based on the demonstration of elevated levels of typical
organic acids (3-hydroxyisovalerate, methylcitrate) in the
amniotic fluid or in the chorionic villi. However, the existence
of a mild form of holocarboxylase synthetase gene deficiency
can complicate prenatal diagnosis as organic acid levels in
amniotic fluid might be normal.46 Therefore, prenatal diagno-
sis must be performed by enzyme assay of cultured fetal cells
in biotin-restricted medium.

Roth et al.47 treated a fetus whose two previous siblings 
died of multiple carboxylase deficiency. The mother was first
seen at 34 weeks’ gestation, and prenatal diagnosis was not
performed. Oral administration of biotin was begun at a dose
of 10mg/day. There were no apparent untoward effects.
Maternal urinary biotin excretion increased by 100-fold and
nonidentical twins were delivered at term. Cord blood 

and urinary organic acid profiles were normal, and cord 
blood biotin concentrations were four to seven times greater
than normal. The neonatal course for both twins was unre-
markable. Other cases of such treatment have been
reported.46,48,49

Smith–Lemli–Opitz syndrome
Smith–Lemli–Opitz syndrome (SLOS) is an autosomal reces-
sive disorder characterized by multiple anomalies, dysmorphic
features, growth and mental retardation. Males with SLOS
have ambiguous genitalia.50 The severe form is associated with
a high rate of neonatal mortality.51 The incidence of SLOS is
estimated to be 1:20000 to 1: 40000 live births with an esti-
mated carrier frequency of 1:70.52,53 SLOS is caused by an
inborn error of cholesterol biosynthesis due to a deficiency 
in the enzyme dehydrocholesterol-∆7 reductase, leading to
reduced cholesterol levels and elevated 7- and 8-dehydrocho-
lesterol levels (7-DHC and 8-DHC respectively) in all body
fluids and tissues including amniotic fluid and chorionic
villi.52,54,55 The diagnosis is based on elevated levels of 7-DHC
(100 to 1000 times the normal value). Clinical manifestations
correlate with cholesterol levels. Prenatal diagnosis of SLOS
has been available since 1994 by either amniocentesis or
CVS.56–58

Since the identification of the cholesterol metabolic defect
in SLOS, a treatment protocol to provide exogenous choles-
terol has been attempted. This form of therapy has now been
provided to many patients with SLOS for several years in
many centers in the United States and internationally,56–58 with
the goal of raising cholesterol levels and decreasing the levels
of the precursors, 7-DHC and 8-DHC. Treatment has been
attempted antenatally in several affected fetuses. In cases in
which treatment was started late in pregnancy, the results were
inconclusive. Although few descriptions of fetal therapy for
SLOS exist, the latest report of antenatal treatment comes
from that same group of investigators.62

Galactosemia
Galactosemia is an autosomal recessive disorder caused by
decreased activity of galactose-1-phosphate uridyltransferase
(GALT). Clinical manifestations include cataracts, growth
deficiency, and ovarian failure. Clinical symptoms appear in
the neonatal period and can be largely ameliorated by elimi-
nation of galactose from the diet. Cellular damage in galac-
tosemia is thought to be mediated by the accumulation of
galactose-l-phosphate intracellularly and of galactitol in the
lens. Several disease-causing mutations in the GALT gene have
been reported in classical galactosemia.63 Galactosemia can
also be diagnosed prenatally by biochemical studies of cul-
tured amniocytes and chorionic villi.

Even the early postnatal treatment of galactosemic individ-
uals with a low galactose diet may not be sufficient to ensure
normal development. Some have speculated that prenatal
damage to galactosemic fetuses could contribute to subsequent
abnormal neurologic development and to lens cataract for-
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mation. Furthermore, it has been recognized that female galac-
tosemics, even when treated from birth with galactose depri-
vation, have a high frequency of primary or secondary
amenorrhea because of ovarian failure. Oocytes are probably
irreversibly damaged long before birth.64,65 There may also be
some subtle abnormalities of male gonadal function as well.
Thus, galactose restriction during pregnancy may be benefi-
cial in affected fetuses. In humans, ovarian meiosis begins at
12 weeks, and ovarian damage may occur prior to prenatal
diagnosis. Thus, anticipatory treatment in pregnancies at risk
of having a galactosemic fetus might be best initiated very
early in gestation or even preconceptually. We are unaware of
studies that adequately assess the impact of prenatal adminis-
tration of a low-galactose diet to galactosemic infants. 
Nevertheless, prenatal galactose restriction is probably 
desirable in galactosemia and should be harmless.

In utero cardiac therapy

The ability to diagnose structural or functional heart disease
prenatally has, predictably, led to a growth of interest in the
potential for prenatal therapy. It is, of course, necessary to
identify fetal conditions that, if left untreated, will result in
fetal death, or compromised conditions that will render the
neonate in a condition that will result in a lower likelihood of
cure or functional survival than would be the case if the fetus
were to undergo the proposed therapy. It is essential, of
course, to consider the potential risks to both the mother 
and the fetus, whose states of well-being are inextricably
interwoven.

Fetal antiarrhythmic therapy has evolved in a more invasive
direction over the past decades, including injection of med-
ication directly into the amniotic fluid, intramuscular admin-
istration of medication directly to the fetus, and direct,
repetitive administration of intravenous medication through
the fetal umbilical vein.66–70

Direct instrumentation of the fetal heart was initially
attempted in an effort to institute “transcatheter” pacing of a
moribund fetus with congenital complete heart block and
hydrops fetalis.71 Subsequently, there have been several reports
of attempted catheter treatment of congenital cardiac malfor-
mations, with varied success. Several centers have investigated
techniques for the institution of surface cooling and rewarm-
ing, and for the provision of cardiopulmonary bypass in fetal
animal models.72,73

Fetal antiarrhythmic therapy

The fetus with tachycardia
The administration of antiarrhythmic therapy to the mothers
of fetuses with sustained supraventricular tachycardia repre-
sented the first examples of successful prenatal cardiac therapy
that were reported in the medical literature.

The most commonly encountered sustained fetal tachy-

cardia, supraventricular tachycardia, is most frequently
(90–95%) a result of electrical “re-entry” at the atrioventric-
ular junction, usually by way of an accessory connection
between the atrial and ventricular myocardium, and less fre-
quently via the atrioventricular node itself.66,67,74,75 Supraven-
tricular tachycardia resulting from electrical macro re-entry
circuits typically presents with a monotonous fetal heart rate
of 240–260 beats per minute (b.p.m.), and is usually exquis-
itely sensitive to treatment with antiarrhythmic agents that
alter conduction velocity and/or refractoriness of the atri-
oventricular node or accessory pathways. Such agents include
digoxin, propranolol, flecainide, and sotalol, among others.
Multiple publications have described treatment protocols for
this arrhythmia. Our group has approached these patients in
a conservative fashion, reserving treatment for fetuses that
appear to have no reasonable alternative. The characteristics
that identify such patients are the development of hydrops
fetalis in the face of sustained arrhythmia, at a gestational 
age that is early enough to preclude safe delivery and 
postnatal treatment. In such cases, we begin therapy with 
medications that have a relatively broad therapeutic margin,
with a low risk of proarrhythmia (unwanted precipitation or
exacerbation of arrhythmia) in the fetus or pregnant
woman.76,77

The fetus with bradycardia
The most important sustained bradyarrhythmia is congenital
complete heart block. Such fetuses may develop hydrops
fetalis, which may occur in the subgroup of fetuses with asso-
ciated congenital heart disease. The association of clinical
heart failure with congenital heart block, with or without con-
genital heart disease, represents an absolute indication for
electrical pacemaker therapy in the neonate.78

Hydrops fetalis in the presence of complete heart block 
in utero is a dire finding. The association of hydrops 
fetalis, complete heart block, and complex congenital heart
disease is almost invariably fatal, with or without fetal
therapy.79

The initial report of the application of electrical pacemaker
therapy for fetal congenital heart block involved a fetus pre-
senting with congenital heart block in the absence of congen-
ital heart disease.80 This fetus, with heart block presumably
arising on the basis of immune complex-mediated damage to
fetal conduction tissue and myocardium, presented with severe
bradycardia and hydrops fetalis. In desperation, the treating
physicians placed a pacing catheter within the fetal heart via
percutaneous puncture of the maternal abdomen, uterus, and
fetal thorax and ventricular wall. Fetal ventricular capture was
demonstrated, without clinical improvement in the fetus. Sub-
sequent attempts to utilize similar techniques had similarly 
discouraging outcomes.

Copel et al.81 reported a preliminary experience with 
the administration of absorbable corticosteroid to pregnant
women whose fetuses have developed high-grade, second-
degree or recent-onset, third-degree heart block in the 
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presence of high maternal titers of anti-SS-A and/or anti-SS-B
antibodies. In this small subgroup of patients, there was
demonstrable improvement in atrioventricular conduction
that was attributed to amelioration of the immune-mediated
inflammatory response of the fetal atrioventricular conduction
tissue. This report has spawned a multicenter study designed
to evaluate the impact of maternally administered corticos-
teroid on echocardiographically estimated fetal atrioventricu-
lar conduction intervals in a population of fetuses whose
mothers have high anti-SS-A or anti-SS-B antibodies.82

Medical treatment of congestive heart failure 
in the fetus

The medical literature is replete with anecdotal reports of the
administration of digoxin to pregnant women whose fetuses
have evidence of impaired cardiac pump function. These have
included cases in which structural heart disease (e.g., aortic
stenosis) is associated with ventricular dysfunction and hydrops
fetalis, and in whom the initiation of digoxin therapy is tempo-
rally associated with improved ventricular shortening and res-
olution of hydrops fetalis, with subsequent postnatal salvage of
the child.83,84 We have had similar personal experiences with
two fetuses with similar presentation of hydrops fetalis and
aortic stenosis. In addition, we have witnessed a close temporal
association between the initiation of maternally administered
digoxin and improved ventricular shortening and resolution of
hydrops fetalis in several fetal patients who were presumed to
have viral myocarditis, with viruses such as adenovirus, par-
vovirus, and coxsackievirus. In these cases, fetomaternal infec-
tion with the virus has been confirmed by analysis of maternal
and fetal blood and amniotic fluid using the polymerase chain
reaction (PCR). In two fetuses who showed an initial improve-
ment, with eventual neonatal demise, the adenoviral genome
was detected by PCR analysis of the infant’s myocardial tissue.
We have also recently demonstrated improved myocardial
shortening and improved right ventricular dP/dT (calculated
from the tricuspid regurgitant flow waveform) in two fetuses
with progressively dilating right ventricles,85 progressive tricus-
pid regurgitation and abnormal inferior vena caval flow wave-
forms, in the face of large hemangiomas with significant
arteriovenous shunting. The findings of cardiomegaly, tricuspid
regurgitation, and abnormal venous Doppler in the vena cavae
were quite similar to those described by Tulzer and colleagues86

in justification of the invasive pulmonary balloon valvuloplas-
ties of two fetuses with pulmonary stenosis/atresia. We have
also recently employed digoxin to empirically treat a fetus with
severe dilated cardiomyopathy and marked cardiomegaly,
bilateral atrioventricular valve regurgitation, and abnormal
venous pulsatility, and demonstrated a remarkable improve-
ment in biventricular shortening, partial amelioration of atri-
oventricular valve regurgitation, and improved biventricular
dP/dT. This fetus survived pregnancy and delivery, and ulti-
mately underwent successful cardiac transplantation, only to be

diagnosed with an electron transport defect that was not iden-
tifiable in the studies performed on skeletal muscle biopsy prior
to transplant. The same enthusiasm that we have criticized in
others has led us to prescribe empirical treatment, without
having done our “homework” with regard to ascertaining the
mechanism of action of digoxin in the fetus. On the other hand,
this medication has been in use for over 200 years, and is still
being administered largely on an “empiric” basis. While the
popularity of this agent for the treatment of congestive heart
failure waxes and wanes every few years, recent studies have
suggested some rationale for its inclusion in the therapeutic
arsenal. It is, however, unclear whether the salutary effects are
related to Na+/K+ ATPase inhibition and enhanced calcium
availability to the myofilaments, or whether alterations in cat-
echolamine concentration/effect alter the neuroendocrine man-
ifestations of congestive heart failure. The underlying rationale
for its use remains “it works.” While it is possible that some of
the fetuses that we and others have observed to improve in the
days following digoxin administration spontaneously recov-
ered from the underlying pathology that caused circulatory
failure, and digoxin administration was simply serendipitous,
in the last case we cited above (with an electron transfer defi-
ciency), at least, the underlying nature of the cardiomyopathy
would not logically have undergone spontaneous improvement
after having demonstrated severe biventricular dilated myopa-
thy. In any event, the centuries of use of this medication, in
gravid and nongravid women, convinced us that, if one moni-
tors the mother and fetus carefully for evidence of contraindi-
cations to the administration of digoxin (ventricular
pre-excitation, severe maternal hypokalemia), or for indica-
tions calling for modulation of digoxin dose [e.g., maternal
renal failure or concomitant treatment with medications that
alter digoxin clearance (e.g., quinidine, amiodarone)], at the
very least, you are unlikely to harm either the mother or the
fetus.

Interventional cardiac catheterization of 
the human fetus

Aortic balloon valvuloplasty
Motivated by a dismal postnatal outcome for fetuses 
diagnosed to have critical aortic stenosis prenatally, a 
group from Guy’s Hospital in London embarked upon an
innovative program for percutaneous cardiac catheteri-
zation and aortic balloon valvuloplasty of fetuses with this
condition. The initial experience was unsuccessful, although
the feasibility of percutaneous entry of the maternal 
abdomen, uterus, and fetal chest and left ventricle, with 
subsequent wire entry of the ascending aorta, passage of 
an angioplasty balloon catheter, and subsequent retrieval 
of the system,87 was established. Ultimately, this group 
performed a total of four such procedures, and reported 
the first survivor.88 These initial reports suggested that 
balloon valvuloplasty was feasible, but that the prognosis 
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for the fetus was dependent upon the ability to relieve aortic
stenosis and to prevent or reverse damage to the left ventric-
ular myocardium. Despite the survival of a single patient, this
group declared a moratorium on such procedures until a
clearer appreciation of hemodynamics and improvement in
catheter technology was in place.89

Follow-up studies from that same center, only a few years
later, documented improved survival in neonates who had not
undergone fetal intervention, undermining the rationale for
the introduction of fetal intervention as an alternative
approach to an otherwise “hopeless” condition.90

Almost a decade later, Kohl et al.91 summarized the world
experience with such techniques. This report included 12
fetuses, including the four cases from Guy’s Hospital. At the
time of this review, the child from the Guy’s experience rep-
resented the sole survivor. The conclusion was that the high
failure rate was related to the selection of severe cases for
treatment, technical problems during the procedure, and high
postnatal operative mortality among patients who survived
pregnancy. The conclusion of this paper was: “Improved
patient selection and technical modifications in interventional
methods may hold promise to improve outcome in future
cases.” This, I believe, is problematic. If one reviews this
report at arm’s length, we are presented with a “world expe-
rience” that included eight attempts, at multiple centers,
without a single success. In any other situation, the inability
to duplicate the single success of the initial investigators would
have cast a cloud of doubt over the technique, at least until a
fundamental review of the technique and its indications had
taken place! In this situation, the honest eagerness of the inves-
tigators to provide help for an unfortunate patient population,
and their personal conviction that this technique “should”
work, may have influenced their level of enthusiasm for a
“therapy in search of an indication.”

Pulmonary balloon valvuloplasty
A recent report in The Lancet, from Tulzer and colleagues,86

from Linz, documents the performance of pulmonary balloon
valvuloplasty in two fetuses with severe right ventricular outlet
obstruction (“complete” or “almost complete” pulmonary
atresia), right ventricular compromise, and “imminent”
hydrops fetalis. Both fetuses survived and have biventricular
circulatory systems. It remains to be seen whether such therapy
is justified, and whether these fetuses survived “because of,”
rather than “in spite of” what was done for (to) them.

Prenatal hematopoietic stem cell (HSC)
transplantation

The engraftment and clonal proliferation of a relatively small
number of normal HSCs can sustain normal hematopoiesis for
a lifetime. This observation provides the compelling rationale
for bone marrow transplantation (BMT) and is now supported

by thousands of long-term survivors of BMT who would oth-
erwise have succumbed to lethal hematologic disease.92–94 Real-
ization of the full potential of BMT, however, continues to be
limited by a critical shortage of immunologically compatible
donor cells, the inability to control the recipient or donor
immune response, and the requirement for recipient myeloab-
lation to achieve engraftment. The price of HLA mismatch
remains high: the greater the mismatch, the higher the incidence
of graft failure, graft-versus-host disease (GVHD), and delayed
immunologic reconstitution. Current methods of myeloabla-
tion have high morbidity and mortality rates. In combination,
these problems remain prohibitive for most patients who might
benefit from BMT. A theoretically attractive alternative, which
can potentially address many of the limitations of BMT, is in
utero transplantation of HSCs.95 This approach is potentially
applicable to any congenital hematopoietic disease that can be
diagnosed prenatally and can be cured or improved by engraft-
ment of normal HSCs.

Rationale for in utero transplantation

The rationale for in utero transplantation is to take advantage
of the window of opportunity created by normal hematopoi-
etic and immunologic ontogeny. There is a period, prior to
population of the bone marrow and thymic processing of self-
antigen, when the fetus should theoretically be receptive to
engraftment of foreign HSCs without rejection and without
the need for myeloablation. In the human fetus, the ideal
window would appear to be prior to 14 weeks’ gestation,
before the release of differentiated T lymphocytes into the cir-
culation and while the bone marrow is just beginning to
develop sites for hematopoiesis.95 It may certainly extend
beyond that in immunodeficiency states, particularly when T-
cell development is abnormal. During this time, presentation
of foreign antigen by thymic dendritic cells should theoreti-
cally result in clonal deletion of reactive T cells during the neg-
ative selection phase of thymic processing. Recent advances in
prenatal diagnosis have made possible the diagnosis of a large
number of congenital hematologic diseases during the first
trimester. Technical advances in fetal intervention make trans-
plantation feasible by 12–14 weeks’ gestation. The ontologic
window of opportunity falls well within these diagnostic and
technical constraints, making the application of this approach
a realistic possibility.

Because of the unique fetal environment, prenatal HSC
transplantation could theoretically avoid many of the current
limitations of postnatal BMT. There would be no requirement
for HLA matching, resulting in expansion of the donor 
pool. Transplanted cells would not be rejected, and space
would be available in the bone marrow, eliminating the need
for toxic immunosuppressive and myeloablative drugs. The
mother’s uterus may ultimately prove to be the ultimate 
sterile isolation chamber, eliminating the high risk and 
costly 2–4 months of isolation required after postnatal BMT
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prior to immunologic reconstitution. Finally, prenatal trans-
plantation would pre-empt the clinical manifestations of the
disease, avoiding the recurrent infections, multiple transfu-
sions, growth delay, and other complications that cause
immeasurable suffering for the patient and often compromise
postnatal treatment.

Source of donor cells

Identifying the best source of donor cells may ultimately prove
to be the most critical factor for the success of engraftment.
The most obvious advantage of the use of fetal HSCs is the
minimal number of mature T cells in fetal liver-derived popu-
lations prior to 14 weeks’ gestation. This alleviates any
concern about GVHD and avoids the necessity of T-cell deple-
tion processes, which can negatively impact on potential
engraftment.95,96, The disadvantages of the use of fetal or
embryonic tissue relates to availability and quality control, as
well as the perceived ethical issues of some groups regarding
the use of fetal tissue. Perhaps a more important limitation to
the use of fetal tissues is the limited quantity available, and
the inability to obtain more cells for donor-specific, tolerance-
based, postnatal strategies. At the present time, these issues
remain prohibitive in the United States, limiting the investiga-
tion and use of potentially efficacious donor sources.

Diseases amenable to prenatal treatment

Generally speaking, any disease that can be diagnosed early in
gestation, that is improved by BMT, and for which postnatal
treatment is not entirely satisfactory is a target disease. Some
diseases, however, are far more likely to benefit from prenatal
transplantation than others. The list can be divided into three
general categories: hemoglobinopathies, immunodeficiency
disorders, and inborn errors of metabolism. Each of the dis-
eases has unique considerations for treatment and, in fact,
each disease may respond differently (Table 34.2). Issues such
as availability of engraftment sites within the bone marrow at
time of transplantation, and the capacity of a needed enzyme
to cross the blood–brain barrier at a particular gestational age
must be considered. Of particular relevance to the prenatal
approach, in which experimental levels of engraftment have
been relatively low, is the observation that, in many of the
target diseases, engrafted normal cells would be predicted to
have a significant survival advantage over diseased cells. This
would have the clinical effect of amplification of the specific
lineage with the survival advantage. In addition, even with
minimal levels of engraftment, specific tolerance for donor
antigen should be induced, allowing additional cells from the
same donor to be given to the tolerant recipient after birth.97,98

Hemoglobinopathies
The sickle cell anemia and thalassemia syndromes make up the
largest patient groups potentially treatable by prenatal stem cell
transplantation.99–102 Both groups can be diagnosed within the

first trimester. Both have been cured by postnatal BMT, but
BMT is not recommended routinely because of its prohibitive
morbidity and mortality rates, and the relative success of
modern medical management. In both diseases, the success of
BMT is indirectly related to the morbidity of the disease, that
is, the younger the patient, the fewer transfusions received, and
the less organ compromise from iron overload, the better the
results. In both disorders, there is a survival advantage for
normal erythrocytes, which results in amplification of the level
of bone marrow engraftment in the peripheral red cell com-
partment. Thus, patients with relatively low levels of mixed
chimerism after postnatal BMT have demonstrated high levels
of normal hemoglobin peripherally with partial or complete
amelioration of their disease.92,93 Experimentally, this has 
been shown to be the case after in utero transplantation as well,
with relatively high levels of circulating donor-derived erythro-
cytes despite low levels of mixed chimerism in the bone
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Table 34.2 Potential candidates for in utero stem cell fetal therapy.

Hematopoietic disorders
Disorders affecting lymphocytes

SCID (sex linked)
SCID (adenosine deaminase deficiency)
Ommen syndrome
Agammaglobinemia
Bare lymphocyte syndrome

Disorders affecting granulocytes
Chronic granulomatous disease
Infantile agranulocytosis
Neutrophil membrane GP-180
Lazy leukocyte syndrome

Disorders affecting erythrocytes
Sickle-cell disease
α-Thalassemia
β-Thalassemia
Hereditary spherocytosis
Fanconi anemia

Mannosidosis
α-Mannosidosis
β-Thalassemia

Mucolipidoses
Gaucher’s disease
Metachromatic leukodystrophy
Krabbe disease
Niemann–Pick disease
β-Glucuronidase deficiency
Fabry disease
Adrenal leukodystrophy

Mucopolysaccharidoses
MPS I (Hurler’s disease)
MPS II (Hunter’s disease)
MPS IIIB (Sanfilippo B syndrome)
MPS IV (Morquio syndrome)
MPS VI (Maroteaux–Lamy syndrome)

SCID, severe combined immunodeficiency.
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marrow.103 This observation, in combination with the 
observation that engraftment can be enhanced after birth 
using nonmyeloablative approaches in the tolerant 
recipient,97,98 makes it likely that hemoglobinopathies will 
be successfully treated by in utero transplantation in the 
future.

Immunodeficiency diseases
These represent an extremely heterogeneous group of diseases,
which differ in their likelihood of cure by their capacity to
develop hematopoietic chimerism.104,105 Once again, the most
likely to benefit from even low levels of donor cell engraft-
ment are those diseases in which a survival advantage exists
for normal cells. The best example of this situation is severe
combined immunodeficiency (SCID) syndrome. Several differ-
ent molecular causes of SCID have been identified, with
approximately two-thirds of cases being of X-linked recessive
inheritance (X-SCID). The genetic basis of X-SCID has been
defined106 as a mutation of the gene encoding the common 
-γ chain (-γ c), which is a common component of several
members of the cytokine receptor superfamily. Children
affected with X-SCID have a block in thymic T-cell develop-
ment and diminished T-cell response. B cells, although present
in normal or even increased numbers, are dysfunctional, 
either secondary to the lack of helper T-cell function or an
intrinsic defect in B-cell maturation. Clinical experience with
HLA-matched sibling bone marrow, fetal liver, or thymus
transplantation has generally been successful without mye-
loablative therapy, suggesting that the lymphoid progeny of
relatively few engrafted normal HSCs have a selective growth
advantage in vivo over genetically defective cells.107 The com-
petitive advantage of normal cell populations in X-SCID is
best supported by the discovery of skewed X-inactivation in
female carriers.108 Only T cells containing the normal X chro-
mosome were found to be present in the circulation of carri-
ers. Other characterized mutations in cytokine receptor
signaling pathways (i.e., Jak 3 or ZAP-70), or adenosine
deaminase deficiency, resulting in SCID, should also be favor-
able candidate diseases for in utero HSC transplantation.
Based on the available clinical and experimental evidence, it
is likely that any member of this group of disorders can be
treated effectively by in utero HSC transplantation, using
established protocols, with results comparable to the reported
results for X-SCID. Ideally, clinical trials of in utero treatment
for SCID would be established, and the results compared 
with early postnatal transplantation protocols, to determine
whether there is a biologic advantage favoring in utero
therapy. Unfortunately, such trials may not be possible because
of the rarity of these diseases and the perception that post-
natal therapy is adequate.108 Unfortunately, other diseases
such as chronic granulomatous disease would not be expected
to provide a competitive advantage for donor cells. Neverthe-
less, in all these conditions, even a partial engraftment and
expression of normal cell phenotype might at least partially
ameliorate the clinical manifestations of the disease, and

should result in donor-specific tolerance for later transplanta-
tion. If higher levels of engraftment are needed, further HSC
transplants from the same donor could be performed after
birth without fear of rejection.

Flake et al.109 reported the successful treatment of a fetus
with X-linked SCID in a family in which a previously afflicted
child died at 7 months of age. Diagnosis by CVS at 12 weeks
in the second pregnancy showed another affected male. For
this couple, abortion was not an option. After lengthy
informed consent, paternal bone marrow was harvested, T
cells depleted, and enriched stem-cell populations injected
intraperitoneally into the fetus beginning at about 16 weeks
of gestation. Subsequent injections were performed at 17 and
18 weeks. The child presently shows a split chimerism with
all of his T cells being derived from his father’s and the major-
ity of B cells being his own. He has achieved normal devel-
opmental milestones, and has had no serious infections
through 10 years of age.110 Additional cases have now been
reported by Porta et al.111 and Westgren et al.112 with similarly
favorable results.

Inborn errors of metabolism
An even more heterogeneous group of diseases, inborn errors
of metabolism, can be caused by a deficiency in a specific 
lysosomal hydrolase, which results in the accumulation of 
substrates such as mucopolysaccharide, glycogen, or sphin-
golipid.113 Depending on the specific enzyme abnormality 
and the compounds that accumulate, certain patterns of 
tissue damage and organ failure occur. These include 
central nervous system (CNS) deterioration, growth failure,
dysostosis multiplex and joint abnormalities,
hepatosplenomegaly, myocardial or cardiac disease, upper
airway obstruction, pulmonary infiltration, corneal clouding,
and hearing loss. The potential efficacy of prenatal HSC 
transplantation for the treatment of these diseases must be
considered on an individual disease basis. The purpose of
BMT in these diseases is to provide HSC-derived mononuclear
cells that can repopulate various organs in the body, includ-
ing the liver (Kupffer cells), skin (Langerhans cells), lung 
(alveolar macrophages), spleen (macrophages), lymph 
nodes, tonsils, and the brain (microglia).114 Patients whose
conditions have been corrected by postnatal BMT, such as
Gaucher’s disease or Maroteaux–Lamy syndrome (minimal
CNS involvement), are certainly reasonable candidates for
prenatal treatment. In many cases, postnatal BMT has cor-
rected the peripheral manifestations of the disease and has
arrested the neurologic deterioration. However, postnatal
BMT has not reversed neurologic injury that is present in 
such disorders as metachromatic leukodystrophy and 
Hurler’s disease.115,116 In these cases, the neurologic injury may
begin well before birth. Postnatal maturation of the
blood–brain barrier restricts access to the CNS of transplanted
cells or the deficient enzyme. Thus, a compelling rationale
exists for prenatal therapy of these diseases. The primary
unanswered question is whether donor HSC-derived
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microglial elements would populate the CNS, providing the
necessary metabolic correction inside the blood–brain barrier.
Based on experimental results with in utero HSC transplanta-
tion alone for these disorders, it is likely that a combination
of in utero HSC transplantation and CNS-directed cellular or
gene therapy will be needed to correct CNS manifestations of
these diseases.117

To summarize, the only definitively successful transplants to
date have been for SCID syndrome. All others have either
failed to take or were afflicted with GVHD. Despite only
limited evidence of clinical efficacy, interest in the field con-
tinues to gain momentum. Parallel advances in prenatal
screening, molecular diagnosis, and the Human Genome
Project make it highly likely that opportunities for the appli-
cation of this approach will increase. However, at this point
in the evolution of in utero HSC transplantation, there are
more questions than answers. Widespread clinical application
is premature, based on the extremely limited clinical success
that has been achieved. The biology of each disease is unique,
and expectations of success or failure can only be based on
sound clinical investigation guided by experimental work in

relevant animal models. The barriers to prenatal engraftment
need to be investigated and understood prior to further clini-
cal efforts in diseases in which host cell competition is pro-
hibitive. Clinical centers should be associated with an active
research effort to solve the remaining problems with this
potentially promising clinical approach. In the near future,
advances in our understanding of stem cell biology 
in the context of the prenatal microenvironment may 
allow in utero stem cell transplantation to achieve its full
potential.

Conclusion

There are an increasing number of congenital and genetic
abnormalities for which in utero treatment is possible and, in
some cases, now relatively routine. Advances in therapies have
progressed at different paces for different disorders, but there
is great hope and enthusiasm that progress will continue to
expand the number of disorders for which therapy can be
effective.118
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Key points

1 Prenatal diagnosis of fetal abnormalities has been
developing over the last 30 years.

2 When congenital abnormalities are detected, couples
should have the option of continuing, terminating
(when legal) or, in selected cases, attempting prenatal
therapeutic procedures.

3 Structural abnormalities are best approached 
surgically, and metabolic ones pharmacologically or
genetically.

4 Neural tube defects (NTDs) are a multifactorial genetic
disorder with a wide variation in incidence among
racial and ethnic groups.

5 The neural tube normally closes within 30 days of
conception.

6 The recurrence incidence of NTDs can be reduced from
about 3–5%, depending upon the ethnic group, to
about 1% with the use of 4.0mg of preconceptual folic
acid.

7 Since 1998, the United States FDA has mandated the
supplementation of breads and grains with folic 
acid.

8 The primary incidence of NTDs has been reduced by
about 30% in the United States from about 1 :700 in
the Caucasian population, 1 :1000 in the African
population, and 1 :1200 in the Asian population.

9 Congenital adrenal hyperplasia, an autosomal recessive
condition, is the most common cause of female
hermaphroditism.

10 21-Hydroxylase deficiency produces a salt-losing,
glucocorticoid and mineralocorticoid deficiency, which
can be life-threatening in the nursery if unrecognized.

11 Prenatal therapy by pharmacologic suppression of the
fetal adrenal gland has been performed for over
20 years through the use of maternally administered
dexamethasone, which “turns off” the fetal adrenal
gland and is the model for the first prevention of a
birth defect.

12 Such babies still have the biochemical abnormality,
which requires medication, but are spared from the
anatomic masculinization of the external genitalia.

13 Fetal hyperthyroidism can produce high-output cardiac
failure and can be treated.

14 Fetal hypothyroidism can produce classic “cretinism”
and can be treated with intra-amniotic fluid thyroxine.

15 Methylmalonic aciduria and multiple carboxylase
deficiency are biochemical defects that have neonatal
consequences; they can be treated in utero, but it is
unclear how much prenatal amelioration helps.

16 Smith–Lemli–Opitz syndrome can be treated with
cholesterol, but the data to show any efficacy are still
lacking. Galactosemia can produce rapid depletion of
ovarian follicles in female fetuses. No one has yet tried
to reverse the process.

17 Fetal cardiac arrhythmias can be diagnosed by their
specific type. The implications vary tremendously by
type.
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Pregnancy induces changes in all maternal physiologic systems
to accommodate the developing fetus. A thorough under-
standing of normal adaptations is important in identifying
pathologic changes that may adversely affect both fetus and
mother. In this chapter, we focus on general maternal physio-
logic changes, as well as specific changes within the uterus, in
order to understand how these changes protect the fetoma-
ternal environment and ultimately allow normal delivery.

Cardiovascular system

Profound cardiovascular changes are required throughout ges-
tation to meet fetal oxygen and nutritional requirements as
well as to meet the increased demands of maternal organ
systems (Fig. 35.1). Many of these can be detected in the first
trimester, such as changes in heart rate, cardiac output, vas-
cular tone, and blood pressure.

The maternal heart is displaced by the growing uterus and
increases in mass, which may lead to misinterpretation of both
the electrocardiogram (ECG) and the chest radiograph (as
depicted in Fig. 35.2).1 Left axis deviation due to diaphrag-
matic elevation is approximately 15°, although deviation up
to 28° has been described. ECG changes include low-voltage
QRS complexes, flattened or inverted T waves in anterior
chest leads and lead III, as well as ST segment depression in
chest and limb leads.1 Conduction abnormalities resulting
from pregnancy are uncommon, although extrasystoles of
atrial and ventricular origin are more frequent in pregnancy.

Auscultation of the heart reflects the change in its position
(Fig. 35.3).2,3 Splitting of the first heart sound, due to closure
of the mitral valve prior to the tricuspid valve, is commonly
heard. The second heart sound (closure of the aortic and pul-
monary valves) typically does not change. Between the first
and second heart sounds, it is common to detect systolic ejec-
tion murmurs because of increased cardiac output. The third
heart sound (diastolic filling) can often be heard during mid-
to late pregnancy when end-diastolic volume peaks.

Blood pressure is followed closely during pregnancy and

undergoes a series of changes (Fig. 35.1).4 The mean arterial
pressure decreases gradually over the first half of gestation,
with a nadir at approximately 20 weeks.5 A greater decrease
in diastolic (average 10–20mmHg) versus systolic (average
5–10mmHg) pressure is observed in the first half of gestation,
whereas in the second half of gestation, greater elevations are
seen in systolic versus diastolic pressures. Vascular tone is
altered during pregnancy, leading to the decline in systemic
blood pressure.6 Venous compliance increases as a result of a
number of circulating factors, leading to an increase in venous
capacitance and stasis.7 Blood pressure during pregnancy is
dependent on maternal position; both systolic and diastolic
blood pressures are elevated an average of 10mmHg in the
sitting compared with the lateral recumbent position.8

Pregnancy leads to redistribution and a 30–50% increase in
cardiac output (heart rate × stroke volume) to accommodate
increased demand by all maternal organ systems, particularly
the pregnant uterus, which at term requires a fifth of the total
cardiac output (500–800mL/min) (Fig. 35.1).9–11 The increase
in cardiac output is secondary to changes in both heart rate
and stroke volume, and can be detected as early as the 5th
week of gestation.9 Most investigators have demonstrated that
cardiac output peaks around the 32nd week of gestation,
although some have suggested that it continues to rise to term;
however, this may represent technical differences in measure-
ments.12 During the late second and third trimesters, vena-
caval compression secondary to maternal supine positioning
can decrease venous return, reducing cardiac output by
25–30%.13,14 For this reason, the supine position is not 
recommended.

Respiratory system

The pulmonary system must also adapt to the increased
oxygen and ventilatory demands placed upon it by pregnancy.
Oxygen consumption undergoes a 15–20% increase by the
end of gestation (Fig. 35.4).15,16 This increased requirement for
oxygen is compensated for by an increase in ventilation.17 The 
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Figure 35.1 The body makes a number of physiologic adjustments
throughout pregnancy, which can be detected as early as 5 weeks
from the last menstrual period. Systems with easily measurable
changes include the cardiovascular, hematologic, and renal systems.
To accommodate the increased cardiovascular demands, blood
volume progressively increases with advancing gestation. The blood
volume is determined by both red cell mass and plasma volume.
Plasma volume increases occur during the first trimester and
continue to late in the third trimester. The red cell mass increases at
a slower rate, leading to a dilutional anemia, which usually reaches
its nadir around 28 weeks of gestation. Blood pressure also falls
owing to decreased peripheral vascular resistance, reaching a nadir
around 20 weeks. A decrease in both systolic and diastolic pressure

is observed. From mid-gestation to term, blood pressure rises to
near nonpregnant levels. Cardiac output, which is determined by
both pulse and stroke volume, increases progressively throughout
gestation. Cardiac output is believed to peak around 32 weeks,
although some studies suggest a gradual increase to term. Early
increases in cardiac output are mainly due to increases in heart rate,
but increases in stroke volume contribute a greater proportion later
in pregnancy. Glomerular filtration increases with the increase in
cardiac output. The marked increase in glomerular filtration rate
(GFR) is primarily due to an increase in effective renal plasma flow.
The increase in effective renal plasma flow results from an increase
in perfusion and decreased renal vascular resistance. MAP, mean
arterial pressure; NP, nonpregnant; RBC, red blood cell.
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Figure 35.2 Anatomic changes in the pulmonary and cardiovascular
systems are well demonstrated on chest radiography. The heart is
rotated forward and deviated upward during pregnancy owing to
diaphragmatic elevation, resulting in apical displacement into the
fifth intercostal space. This rotation may falsely suggest right atrial
enlargement on lateral views of the chest. It also causes increased
prominence of the left cardiac border, giving the impression of

cardiac hypertrophy. Together, these changes cause the cardiac
volume to increase by approximately 12%. The chest dimensions
are also altered. The diaphragm is elevated by 4 cm, which leads to
flattening of the subcostal angle from 68° to 103°. This potential
decrease in lung volume is compensated by a 2-cm increase in chest
diameter, which allows maintenance of vital capacity.
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Figure 35.3 Identification of additional heart sounds on
auscultation of the maternal heart is common. These include
splitting of the first heart sound and systolic ejection murmurs.
Splitting of the first heart sound is due to closure of the tricuspid
valve after the mitral valve. Delayed closure results from an increase
in blood volume and extended filling of the left ventricle. Flow
murmurs detected between the first and second heart sounds are
also common owing to increased blood flow. The electrical changes
associated with the cardiac cycle and heart sounds are also depicted.
Atrial and ventricular systole are depicted below the heart sounds as
well as diastolic filling periods.
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Figure 35.4 Oxygen consumption increases progressively by
15–20% over the course of pregnancy. The increase in oxygen
consumption is due mainly to increased cardiac, pulmonary, renal,
and reproductive system demands. The reproductive system
accounts for over half of the required increase. The cardiovascular
and renal systems require a similar increase in oxygen consumption,
although the increase in the renal system is seen early in pregnancy
and remains constant throughout gestation. The increase in oxygen
consumption parallels the increase in cardiac output.

Inspiratory
reserve
volume

In
sp

ira
to

ry
 c

ap
ac

ity

V
ita

l c
ap

ac
ity

F
un

ct
io

na
l r

es
id

ua
l c

ap
ac

ity

Tidal
volume Tidal

volume

Expiratory
reserve
volume

Residual
volume

Nonpregnant Pregnant

Residual
volume

Expiratory
reserve
volume

Inspiratory
reserve
volume

Figure 35.5 The increase in oxygen requirement is accommodated
by an increase in tidal volume without an increase in respiratory
rate. This increase in tidal volume is at the expense of the end-
expiratory reserve volume. The inspiratory reserve volume and the
vital capacity remain constant. The forced expiratory volume in 1 s
(FEV1) and forced vital capacity (FVC) remain unchanged during
pregnancy.

respiratory system, although adaptable, is also remarkably
susceptible to failure in the event of injury to other physio-
logic systems.

The increased ventilatory requirements are met by
anatomic, ventilatory, and biochemical mechanisms (minute
ventilation = tidal volume × respiratory rate). Increased ven-
tilation is due to increased tidal volume (Fig. 35.5);18,19 respi-
ratory rate does not change during pregnancy. Maternal
hyperventilation leads to changes in normal blood gas param-
eters (Table 35.1).20 Beginning early in the first trimester, tidal
volume increases by 40% (500mL to 700mL) due to direct
stimulation of the central respiratory control center by prog-
esterone.18,19 This increase in tidal volume comes at the
expense of functional residual capacity (the volume remaining
in the lungs at forced end expiration) (Fig. 35.5).18,21,22 The
vital capacity does not change, nor do a number of spiromet-
ric parameters.23 Anatomic changes are demonstrated in
Figure 35.2.

Hematologic system

Pregnancy affects all components of the hematologic system,
and includes changes in plasma volume and red blood cell
volume, the immunologic system, and coagulation components.

Both plasma volume and red blood cell volume increase over
the course of gestation, together contributing to a 20–40%
increase in blood volume during pregnancy (Fig. 35.1).24,25

Plasma volume expands as early as 6 weeks and continues

Table 35.1 Arterial blood gas values in pregnancy.

pH PO2 PCO2 HCO2 SaO2

(mmHg) (mmHg) (mEq/L) (%)

Nonpregnant 7.40 98 40 22–26 98
Pregnant 7.44 101 28 18–22 98

Increased ventilation leads to alterations in normal blood gas values
in pregnancy. The PO2 is elevated from the normal nonpregnant
value of 98 to 101mmHg in pregnancy, and PCO2 falls from 40 to
28mmHg. The renal system compensates for the decline in PCO2 by
increasing bicarbonate (HCO2) secretion to 18–22mEq/L. These
changes result in slightly higher average pH values (7.44 vs. 7.40).
This pH alteration also permits increased oxygen delivery by
shifting the oxygen dissociation curve, which allows for enhanced
oxygen release into tissue where oxygen is being consumed.

through 32 weeks of gestation, leading to an increase of
40–50% in singleton pregnancies, and more with multiple ges-
tations.26 Red blood cell volume only increases by 20–30% over
gestation, which leads to a fall in hemoglobin concentration
often referred to as the physiologic anemia of pregnancy.24

Platelet quantity generally remains unchanged throughout
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gestation, although up to 10% of women will have a decrease
in total platelets due to increased turnover.27,28 Although preg-
nancy does not appear to change the platelet’s lifespan, studies
suggest that pregnancy is associated with increased platelet
activation, which may contribute to increased turnover and
gestational thrombocytopenia.28

Altered levels of coagulation components, together with
increased venous stasis, create a hypercoagulable state during
pregnancy. The alterations in coagulation components are
complex with both increases and decreases in specific compo-
nents (Table 35.2).29,30 These alterations make identification of
coagulation disorders difficult, although tests of coagulation
such as prothrombin time (PT), partial thromboplastin time
(PTT), and bleeding time are unchanged by pregnancy. By
6 weeks’ postpartum, most coagulation factors have returned
to prepregnant values, although the timing varies by 
component.

Maternal immunologic adaptation to pregnancy is poorly
understood. Pregnancy requires the recognition and accept-
ance of the fetus, which is considered a semi-allograft because
it expresses antigens of both maternal and paternal origin.
Studies suggest that local immunity within the uterus is altered
to permit the development of the fetoplacental unit. A subset
of T cells (helper T cells) is believed to be important in 
the recognition of the fetal allograft and local immune 
suppression.31–34

Other immune system changes include an increase in the
white blood cell count (WBC) (Table 35.3), even in the
absence of an acute infection.31 This increase is due primarily
to an increase in granulocytes belonging to the innate immune
response that is mediated by neutrophils, macrophages, mono-
cytes, and natural killer cells. These cell types reside locally in

tissues and are recruited in response to local challenges.
Changes in the adaptive immune response can be subdivided
into cellular and humoral responses mediated by T and B lym-
phocytes.32 Total lymphocyte counts remain unchanged during
pregnancy, but alterations in lymphocyte populations do
occur.

Urinary tract system

Pregnancy produces both anatomic and functional changes in
the urinary tract. Renal abnormalities are associated with an
increased risk of preterm delivery.35 The renal system increases
in size during pregnancy. The dimensions of the kidneys
increase with the increase in glomerular filtration rate (GFR).
These changes resolve during the postpartum period. Dilation
of the collecting system can often be seen and is more common
on the right than on the left side. Ureteral dilation is com-
monly seen above the pelvic brim, but can be observed all the
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Table 35.2 Coagulation components and test values in pregnancy.

Component or test Change Nonpregnant Pregnant (relative change compared with nonpregnant values)

PT None 11–12s No change
PTT None 24–36s No change
Bleeding time None 1–5min No change
Platelet count None 150–400 × 103/mm3 No change
Fibrinogen Increase 200 mg/dL 50–100%
Factor IIc Increase 20 mg/dL 10–20%
Factor Vc None 100 U/dL No change
Factor VIIc Increase 100 IU/dL 30–50%
Factor VIIIc Increase 100 IU/dL 100%
Factor IXc None 100 IU/dL No change
Factor Xc Increase 100 IU/dL 20–60%
Factor XIc Decrease 100 U/dL 20–30%
Factor XIIc Increase 100 IU/dL 40%
vW An Increase 100 IU/dL 100–300%
Protein C None 100% No change
Protein S Decrease 100% 50%
Antithrombin III None 100% No change

vW An, von Willebrand antigen.

Table 35.3 Change in WBC populations.

Component Change in pregnancy

WBC Increase
Granulocytes Increase
Lymphocytes No change
Monocytes No change
Total T cells Decrease
B cells No change
T-helper cells Decrease
T-suppressor cells No change
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way down to the level of trigone, thought to be secondary to
hormonal effects on smooth muscle tone. The pregnant uterus
may contribute to intermittent obstruction of the ureters, espe-
cially at the level of the pelvic brim. Standard tests to assess
renal function are often inaccurate in the pregnant state
because of anatomic changes in the renal system.36 Thus,
accepted normal values of renal function outside of pregnancy
may suggest intrinsic renal disease in pregnancy.

The kidney becomes hypertrophied during pregnancy, then
returns to normal in the postpartum period. Hormonal
changes likely contribute to the alterations in renal anatomy
and function,37 as well as to increases in renal parenchyma and
the collecting system.38,39 Dilation of renal calices and ureters
is observed as early as the first trimester, often more on the
right side compared with the left. Mechanical obstruction of
the ureters by the expanding uterus is believed to be respon-
sible for some of the anatomic changes.40 Radiologic studies
indicate that ureteral dilation occurs mainly above the pelvic
brim, suggesting compression against the bony pelvis. This
intermittent obstruction and increased stasis produces inaccu-
rate results of renal function using spot collections and
increases the risk of lower urinary tract infections.

Increases in the GFR (Fig. 35.1) and effective renal plasma
flow (ERPF) occur early in the first trimester;41,42 GFR
increases by 30–50% while ERPF increases by 50–80%. These
increases peak by the end of the first trimester and persist
throughout gestation. Measurements of plasma solutes are
altered by the increased GFR.43 Normal serum creatinine
declines by 0.1–0.2mg/dL and blood urea nitrogen decreases
by more than 10mg/dL. Glycosuria during pregnancy is com-
mon, and may be normal due to increased solute filter load
and decreased tubular resorption.44,45 Decreased uric acid
levels result more from increased filtration load than decreased
tubular resorption.46 The physiologic hyperventilation of preg-
nancy reduces PCO2 and therefore serum bicarbonate levels,
which decreases the body’s buffering capacity, increasing its
susceptibility to acidosis.

Plasma osmolality decreases during pregnancy,47 beginning
after conception and reaching a nadir by the end of the first
trimester. This is due largely to a decrease in serum sodium
and, to a lesser extent, to a fall in blood urea nitrogen. The
change in osmotic threshold is attributed to alterations in
vasopressin metabolism.48 Vasopressin secretion is not sup-
pressed at normal osmotic thresholds, which leads to fluid
retention. The increased secretion is balanced partly by pla-
cental vasopressinase, an enzyme that degrades vasopressin.

The body’s volume sensor response is unaltered during
pregnancy, while the alterations in osmolality and AVP 
metabolism produce a relative state of hypervolemia. Thus,
pregnancy is associated with relative activation of the
renin–angiotensin–aldosterone system.48 This activation is
thought to contribute to the retention of sodium as well as an
increase in total body water. Pregnancy is associated with a 6-
to 8-L increase in total body water, two-thirds of which is
stored extracellularly.

Gastrointestinal system

Gastrointestinal complaints are common in pregnancy. Symp-
tomatic complaints such as nausea and vomiting, while
common, may represent conditions with significant morbidity
and mortality. However, many of the symptoms are pregnancy
limited, resolving spontaneously after delivery.

Anatomic changes occur throughout the alimentary system
and affect physiological function. Gastroesophageal reflux is
a common complaint that is related to decreased pyloric
sphincter tone resulting from smooth muscle relaxation and
increased intra-abdominal pressure from the expanding
uterus.49,50 Gastric emptying times are elevated by 50% with
pregnancy,51,52 and delayed emptying contributes to sympto-
matic complaints.

Biochemical and physiologic parameters in the biliary
system are affected by pregnancy, although no anatomic
changes occur.53 Gallbladder size is unchanged, while motility
is diminished because of decreased smooth muscle activity,
similar to that occurring in the intestine. The liver does not
change in size, although parameters of liver function may be
altered (Table 35.4). Increased alkaline phosphatase occurs
secondary to increased placental production.54 In contrast,
aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) may be elevated in normal pregnancy.55 Albumin
production is unchanged, but plasma levels are often
decreased on account of plasma volume expansion.56 Preg-
nancy has major effects on the lipid profile, with significant
elevations of both triglycerides and cholesterol.57 Increases in
binding globulins alter normal total circulating hormone
levels.

The exocrine pancreas is less well studied than the endocrine
pancreas. Its secretory response does not appear to be altered,
although animal studies suggest that pregnancy increases the
basal secretion of digestive enzymes.58 Amylase and lipase
levels are unaffected by pregnancy.
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Table 35.4 Change in liver function tests during pregnancy.

Change

Total bilirubin None
Alkaline phosphatase Increase
Alanine aminotransferase None
Aspartate aminotransferase None
γ-Glutamyl transferase Increase
Albumin Decrease
Cholesterol Increase
Triglycerides Increase
Binding globulins Increase
Lactate dehydrogenase Increase
Fibrinogen Increase
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Endocrine system

Multiple anatomic and functional changes occur throughout
pregnancy within the endocrine system. A thorough under-
standing of these changes is key to interpreting laboratory
results during pregnancy.

Euglycemia in pregnancy is important. The fetus requires
adequate maternal glucose, but hyperglycemia is associated
with birth defects and fetal macrosomia.59 Pregnancy changes
carbohydrate metabolism, causing fasting hypoglycemia, post-
prandial hyperglycemia, and hyperinsulinemia.60 The normal
response to a carbohydrate challenge in pregnancy is a twofold
or greater increase in stimulated insulin release compared with
the nonpregnant state.60

Basal glucose levels in pregnancy, particularly during the
first trimester, are lowered by approximately 10%.61 Placental
secretion of counter-regulatory hormones causes decreased
peripheral insulin sensitivity. Unlike glucose, insulin and other
protein hormones do not cross the placenta, although insulin
probably does affect nutrient transport and availability to the
fetus.

An increase in anterior pituitary size during pregnancy, pri-
marily because of an increase in the number of prolactin-
secreting cells, has been described.62 In contrast to the
increased number of lactotrophs, growth hormone-secreting
cells decrease in number along with the number of
gonadotropin-secreting cells. No changes in thyrotropic or
adrenocorticotropin-secreting cells have been identified.
Increased pituitary size seems to correlate with increased levels
of circulating hormones. During pregnancy, prolactin levels
are up to 10 times higher than in the nonpregnant state.63 Ele-
vations of both corticotropin-releasing hormone (CRH) and
adrenocorticotrophic hormone (ACTH) occur during deliv-
ery.64 Gonadotropin-releasing hormone (GnRH), follicle-
stimulating hormone (FSH), and luteinizing hormone (LH)
levels are suppressed in pregnancy.

Thyroid hormone metabolism is altered during preg-
nancy.65,66 The thyroid gland does not normally change in size.
Iodine absorption during pregnancy is improved, although
excretion is also increased owing to enhanced GFR. Thyrox-
ine (T4) is bound by thyroid-binding globulin (85%) and 
thyroxine-binding prealbumin (15%). Less than 1% of T4 cir-
culates in the unbound, active form. The increased production
of estrogens during pregnancy stimulates an increase in T4-
binding proteins (over twofold), leading to elevated levels of
total T4. Free T4 levels remain in the normal range, but have
been shown to fluctuate.

T4 production and release is regulated by thyrotropin
(TSH), which in turn is under the direct control of thy-
rotropin-releasing hormone (TRH). TRH is produced in the
hypothalamus, released from the pituitary gland, and inhib-
ited via direct feedback by T4. Elevated levels of human chori-
onic gonadotropin (hCG) during the first and early second
trimesters stimulate the release and production of T4, which

feeds back on the pituitary to decrease the secretion of TSH.
This may cause a transient low TSH level. Triiodothyronine
(T3), produced by both the thyroid and peripheral conversion
of T4, is also metabolically active. Two of the three enzymes
responsible for converting T4 to metabolically active T3 or to
inactive reverse T3 are expressed in the placenta, causing ele-
vated local and peripheral levels of these hormones.

The maternal adrenal cortex plays a significant metabolic
role through the production of mineralocorticoids, glucocor-
ticoids, and sex steroids.64 Aldosterone (mineralocorticoid) is
regulated mainly by the renin–angiotensin system. Cortisol
(glucocorticoid) levels are elevated during pregnancy. Cortical
secretion is normally regulated by hypothalamic CRH and
pituitary ACTH. The latter normally feeds back to inhibit
CRH production, thereby decreasing cortisol release. In preg-
nancy, the placenta and fetal membranes both produce CRH,
particularly in the third trimester, which circumvents the
normal regulatory loop, leading to elevations in circulating
cortisol.

Pregnancy requires enhanced absorption of calcium to meet
fetal demands. This demand is met by increased synthesis 
of vitamin D and by physiological hyperparathyroidism.67,68

Vitamin D is synthesized by the skin and activated by hydrox-
ylation in the kidneys and placenta. Activated vitamin D
increases calcium membrane channel activity, which increases
transplacental transport to the fetus. Physiological hyper-
parathyroidism is due to both parathyroid hormone (PTH)
and parathyroid hormone-related peptide (PTHrp).69 PTH
levels decline over gestation, but this is compensated for by
placental production of PTHrp, which has amino acid homol-
ogy to PTH and is thus able to stimulate PTH receptors.
PTHrp mediates placental calcium transport more than
increased synthesis of activated vitamin D.

Reproductive system

Of all maternal physiologic systems, the reproductive system
undergoes the most dramatic changes during pregnancy. The
uterus can be divided into three functional components, all of
which must adapt to the developing fetus: the cervix, the
endometrium (decidua), and the myometrium.

Cervix

The cervix performs two opposite functions during pregnancy:
it maintains the fetus in utero and then dilates with the onset
of labor. Cervical biomechanics and biochemistry are less well
understood than that of the myometrium, although greater
attention has been paid to the cervix in the past decade, since
the recognition that early cervical shortening often precedes the
increased uterine activity associated with preterm delivery.70

The cervix is composed of a cellular component and an
extracellular matrix.71 The latter is composed of many differ-
ent macromolecules, including collagen (primarily types I and
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III), proteoglycans (decorin and biglycan), glycosaminoglycans
(dermatan sulfate, chondroitin sulfate, and heparin sulfate),
and the nonsulfated, nonprotein-bound glycosaminoglycan
hyaluronate.72 Throughout gestation, but particularly in the
second half of pregnancy, cervical mass increases due to 
the influence of estrogen, progesterone, and relaxin.73 The
increase in mass results from increases in both the cellular 
and the extracellular components. Increases in collagen, 
proteoglycans, glycosaminoglycans, and water have been
measured. Smooth muscle cells undergo both hyperplasia and
hypertrophy.74

Cervical changes during pregnancy can be divided into
remodeling and ripening phases (Fig. 35.6).72 Remodeling is
an anabolic process regulated by the hormonal milieu of preg-
nancy. During this phase, collagen, proteoglycans, and gly-
cosaminoglycans are deposited into the extracellular matrix.
An increased deposition of hyaluronate leads to an influx of
water that is associated with cervical softening. The alterations
in the proportion of collagen, proteoglycans, and gly-
cosaminoglycans are believed to contribute to the progressive
decline in cervical tensile strength, as is a gradual decrease in
collagen fibril length.75

The ripening phase is believed to be a catabolic process in
which the extracellular matrix components are degraded.72

Unlike remodeling, which is affected by steroid hormones,
ripening involves release of proteases that degrade collagen

and other extracellular matrix components. Elevated levels of
prostaglandins, seen with both term and preterm labor, 
can stimulate the release of extracellular proteases. Marked
collagen fragmentation, believed to be important to cervical 
dilation, occurs during the active phase of labor.76 Ripening 
is thought to be an inflammatory process, and is accelerated
by infiltration of leukocytes and release of proinflam-
matory cytokines.77 Leukocytes such as neutrophils are a 
rich source of proteases that may contribute to the degrada-
tive process. Proinflammatory cytokines such as tumor 
necrosis factor (TNF)-alpha or interleukin (IL)-8, which 
induce an inflammatory infiltrate, can induce cervical 
ripening.77,78

Regulation of this process is poorly understood, although a
number of pharmacologic and mechanical methods artificially
reproduce these changes. For instance, administration of
prostaglandin E2 induces structural changes in the cervix
similar to those seen with physiologic ripening.76

Progesterone also plays a role in cervical remodeling, but
has not been well studied. Progesterone receptor antagonists
such as mifepristone (RU-486) also decrease cervical resist-
ance.79 This is used for cervical ripening in the first and second
trimesters. In humans, circulating progesterone levels do 
not decrease prior to or at the onset of labor; however, a shift
in expression of progesterone receptors (from predominantly
the B isoform to the A isoform) occurs within the uterus,80
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1st–3rd Trimester
Remodeling
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Figure 35.6 The cervix remodels during pregnancy in order to
perform its two main functions. The first phase is an anabolic
process, which involves an increased production of both collagen
and proteoglycans. The increase in cervical size is associated with
an increase in water content. The production of hyaluronan is
diminished during this phase of remodeling. Imaging of cervical
collagen demonstrates a packed and organized structure. As term
approaches, the concentration of both collagen and proteoglycans is

diminished, which may be due to either decreased production or
increased degradation, which are catabolic processes. Increased
expression of degradative enzymes has been described including
members of the MMP (matrix metalloproteinase) family. Cervical
ripening is associated with dissociation and fragmentation of
collagen fibers. The degradative enzymes are thought to be
produced from fibroblasts prior to the onset of labor and from
infiltrating neutrophils with the onset of labor.
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possibly simulating progesterone withdrawal, which is seen in
other species.

Endometrium (decidua)

The decidua has been poorly studied during pregnancy. It is
clear that it plays an important role in anchoring the placenta,
is metabolically active, and is critical to the early establish-
ment and continued maintenance of pregnancy. It is infiltrated
by maternal leukocytes, which assist in pregnancy mainte-
nance by regulating immune responses. The decidua produces
a number of different hormones, including prolactin, relaxin,
CRH, and prostaglandin dehydrogenase (prostaglandin-
inactivating enzyme).81

Myometrium

The myometrium, like the cervix, undergoes marked changes
in size during pregnancy, increasing from approximately 60g
in early pregnancy to 1000g at term.82 This is primarily due
to hypertrophy rather than hyperplasia of smooth muscle.
Myometrial cells increase in size from 50–90µm to
500–800µm in length. The increase in size appears to be

dependent on the presence of both estrogen and progesterone.
The uterus remains a pelvic organ until approximately
12 weeks. At this point, the uterus becomes spherical com-
pared with its nonpregnant pear-like shape. The myometrium
becomes soft to palpation, probably due to the increase in
amniotic fluid within the uterine cavity. The uterus continues
to increase in size, reaching the level of the umbilicus at
approximately 20 weeks of gestation. A measurement of
fundal height (distance from the symphisis pubis to the top of
the uterine fundus) in centimeters roughly corresponds to ges-
tational age from this point until term (Fig. 35.7).83 At term,
fundal heights may decline as the fetal head becomes engaged
within the maternal pelvis.

To accommodate the increased uterine size as well as the
developing fetus, blood flow increases throughout gestation to
approximately 500mL/min by term.84,85 It is unclear what
mechanism is responsible for the increase in uterine blood
flow, but it is thought to be secondary to an increase in pro-
duction of placental hormones. The uterine vessels increase in
both diameter and length to accommodate the increase in
blood flow. An increase in vasodilating substances such as
prostaglandins and nitric oxide within the uterine circulation
is believed to contribute to the decrease in vascular tone and
increase in uterine blood flow.86 In addition, the uterine vas-
culature becomes less responsive to vasoactive substances such
as angiotensin.

Although the myometrium readily contracts when stimu-
lated in pregnancy, spontaneous uterine contractions are rela-
tively infrequent, occurring up to two or three times per hour
during normal gestation.87 These uterine contractions are
usually appreciated during the third trimester, if not earlier,
and are referred to as “Braxton–Hicks” contractions. Low-
amplitude irregular bursts of electrical activity can be detected
using electromyography and correlate with uterine 
contractions.88

As term approaches, spontaneous activity increases gradu-
ally, particularly during the late third trimester. In addition,
the uterus becomes significantly more responsive to stimula-
tory agents. This increase in uterine activity is believed to be
due to increased electrical coupling of myometrial cells.89 Cou-
pling occurs because of channels between cells produced by
connexin proteins. These proteins provide low-resistance
channels for the passage of ions such as calcium. Animal
studies have demonstrated a correlation between increased
levels of connexin proteins and increased uterine electrical
activity. An increase in a number of other proteins associated
with contractile activity has been described in parallel with
connexin proteins.90 This group of proteins, which is neces-
sary for force production, is often referred to as contractile-
associated proteins.

In summary, a comprehensive understanding of normal
maternal physiologic adaptations to pregnancy is paramount
to diagnosing pathologic changes associated with disease
states during gestation.
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Figure 35.7 The uterus undergoes marked changes during
pregnancy, from an organ weighing approximately 60g to one
weighing approximately 1000g at term. The uterus progressively
increases in size from the size of a small pear at 6 weeks,
completely filling the pelvis at 12 weeks to reaching the xiphoid at
term. The uterus at 16 weeks is midway between the umbilicus and
the symphisis pubis, and at the umbilicus at 20 weeks. From
20 weeks until term, fundal height in centimeters, as measured from
the symphisis to the top of the uterine fundus, corresponds roughly
to the gestational age from the last menstrual period.
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Nutrition in maternity has experienced a renaissance in recent
years, with increasing evidence linking alterations in both fetal
growth and maternal health with subsequent metabolic and
vascular disease.1–8 For the developing fetus, altered nutrition
in utero may result in developmental adaptations that perma-
nently change structure, physiology, and metabolism, favoring
fetal survival, but with metabolic and vascular disease conse-
quences in adulthood. For the mother, pregnancy complica-
tions such as gestational diabetes, preeclampsia, intrauterine
growth restriction, and preterm delivery, and subsequent
metabolic and vascular disease may share common underly-
ing disease mechanisms. Maternal nutrition, therefore, plays
a central role in the immediate and long-term health of the
mother and her child. This chapter presents an overview of
current knowledge in this area. The Guidelines for perinatal
care (5th edn, 2002)9 acknowledge that nutrition counseling
is an integral component of perinatal care, and that it is most
effectively accomplished by referral to a nutritionist or regis-
tered dietitian. Their recommendations, which are issued
jointly by the American Academy of Pediatrics and the 
American College of Obstetricians and Gynecologists, cover
preconception care, nutrition in pregnancy, postpartum guide-
lines, and neonatal nutrition.

Diet during pregnancy

Both the quality and the quantity of the diet during pregnancy
critically influence the health of the mother and her unborn
child.10 Energy and nutrient requirements increase during
pregnancy to insure appropriate maternal adaptation to preg-
nancy and optimal fetal growth. In singleton pregnancies, the
daily caloric requirement is approximately 27–30kcal/kg
maternal prepregnancy weight during the first trimester, and
30kcal/kg maternal prepregnancy weight plus 200–300kcal
during the second and third trimesters. In underweight
women, these caloric prescriptions would need to be adjusted
upward. The recommended caloric distribution of macronu-
trients during pregnancy is the same as for all healthy adults:

20% of kcal from protein, 30–35% of kcal from fat, and the
remainder (45–50% of kcal) from carbohydrates. A summary
of recommended dietary allowances (RDAs) and dietary ref-
erence intakes from the Food and Nutrition Board, the Insti-
tute of Medicine (IOM), is given in Table 36.1.

Use of vitamin–mineral supplements

Ideally, pregnant women should get the level and range of
required nutrients through a balanced diet. However, in order
to insure the adequate intake of prenatal vitamins, it is rec-
ommended that all pregnant women take prenatal vitamins
daily throughout the course of pregnancy. Recent national
dietary surveys indicate that adult women fail to meet the
RDAs for five nutrients: calcium, magnesium, zinc, and vita-
mins E and B6.11 In addition, prenatal use of vitamin–mineral
supplements among low-income women has been shown to
reduce the risks of preterm delivery and low birthweight, par-
ticularly if initiated during the first trimester.12 Data from
national surveys indicate that the majority of Americans,
including half to two-thirds of women of childbearing 
age, take some form of vitamin–mineral supplements.13–15

Vitamin–mineral supplement use is more common among
women than men, among individuals with one or more health
problems, and among older individuals.13

Supplementation in excess of twice the RDA (see Table
36.1) should be avoided, because of the potential for birth
defects. The fat-soluble vitamins, particularly vitamins A and
D, are the most potentially toxic during pregnancy. The pedi-
atric and obstetric literature includes case reports of kidney
malformations in children whose mothers took between
40000 and 50000IU of vitamin A during pregnancy. Even at
lower doses, excessive amounts of vitamin A may cause subtle
damage to the developing nervous system, resulting in serious
behavioral and learning disabilities in later life. The margin 
of safety for vitamin D is smaller than for any other. Birth
defects of the heart, particularly aortic stenosis, have been
reported in both humans and experimental animals with 
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doses as low as 4000IU, which is 10 times the RDA during
pregnancy.

Maternal iron status

There are no absolute requirements for routine dietary sup-
plementation, with the possible exception of iron. In instances
in which inadequacies cannot be remedied through diet, or if
a woman has unique nutritional requirements, such as multi-
ple gestation, diagnoses of hemoglobinopathies or seizure dis-
orders, or other circumstances, daily supplementation may be
the most reasonable alternative. The IOM 1990 report16 rec-
ommended daily iron supplementation with 30mg/day during
the second and third trimesters, as prophylaxis for iron defi-
ciency. The treatment of iron-deficiency anemia requires daily
doses of 60–120mg of elemental iron, to be taken between
meals or at bedtime to facilitate absorption. Iron should not
be taken as part of a vitamin–mineral supplement, on account
of inhibition by other minerals, as well as poor iron release.17

To minimize their side-effects, iron supplements should be
taken with a nondairy snack.

Iron-deficiency anemia is significantly associated with low
birthweight (LBW), preterm delivery, and inadequate mater-
nal weight gain. In a study of adolescent and young gravidas,
iron-deficiency anemia (based on the Centers for Disease
Control criteria of hemoglobin values < 11.0g/dL for the first
and third trimesters and < 10.5g/dL for the second trimester)

was significantly associated with inadequate maternal weight
gain [adjusted odds ratio (AOR) 2.67, 95% confidence inter-
val (CI) 1.13 to 6.30], preterm delivery (AOR 2.66, 95% CI
1.15 to 6.17), and LBW (AOR 3.10, 95% CI 1.16 to 4.39).18

Iron-deficiency anemia during the second trimester of preg-
nancy has also been significantly associated with preterm
delivery (AOR 4.3, 95% CI 1.2 to 15.5), particularly among
black women (AOR 1.9, 95% CI 1.5 to 2.3).19

Iron-deficiency anemia, as measured at 16–18 weeks
(second trimester) and at 25–32 weeks (third trimester), is sig-
nificantly associated with preterm delivery, with increased
risks with ORs ranging from 2.7 to 4.3 and 1.8 to 3.5, respec-
tively, depending on the age and racial composition of the
study populations.18–21 Serum ferritin levels, which are ele-
vated in the presence of infection and lowered with iron defi-
ciency, have also been linked to prematurity. Extremes of
maternal serum ferritin, measured early in the second trimester
(15–17 weeks), as well as elevated levels at 24, 26, or 28 weeks
have been associated with preterm birth.22–26 Recently, it has
been shown that, when elevated third-trimester serum ferritin
levels show a failure to decline, they are significantly associ-
ated with preterm and very preterm birth (AOR 8.77, 95%
CI 3.9 to 19.7 and AOR 3.81, 95% CI 1.93 to 7.52 respec-
tively), with iron-deficiency anemia and poor maternal nutri-
tional status underlying the relationship.26

Iron status during pregnancy has also been linked to fetal
programming and the development of chronic disease. Low
maternal hemoglobin is strongly related to the development
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Table 36.1 Summary of recommended dietary allowances and dietary reference intakes for nonpregnant, pregnant, and lactating women aged
1–50 years.

Nutrient Nonpregnant Nonpregnant Pregnancy Lactation Food sources
19–30 years 31–50 years (first 6 months)

Folate 400mcg 400mcg 600mcg 500mcg Liver, green leafy vegetables, enriched cereals, oranges
Thiamin 1.1 mg 1.1 mg 1.4 mg 1.5 mg Meats, poultry, pork, beans, enriched cereals and breads
Riboflavin 1.1 mg 1.1 mg 1.4 mg 1.6 mg Dairy products, meats, liver, eggs, enriched cereals 
Niacin 14 mg 14 mg 18 mg 17 mg Meats, poultry, fish, nuts, legumes, enriched cereals
Vitamin A 800 mcg 800 mcg 800 mcg 1300 mcg Dark green, yellow, or orange fruits and vegetables, liver
Vitamin B6 1.3 mg 1.3 mg 1.9 mg 2.0 mg Meats, liver, poultry, fish, nuts, legumes, enriched cereals
Vitamin B12 2.4 mcg 2.4 mcg 2.6 mcg 2.8 mcg Meats, liver, poultry, eggs, fish, dairy products
Vitamin C 60 mg 60 mg 70 mg 95 mg Citrus fruits, tomatoes, green leafy vegetables
Vitamin D* 5 mcg 5 mcg 5 mcg 5 mcg Fortified dairy products
Vitamin E 8 mg α-TE 8 mg α-TE 10 mg α-TE 12 mg α-TE Vegetable oils, seeds, and cereal grains
Calcium 1000 mg 1000 mg 1000 mg 1000 mg Dairy products, salmon
Iron 15 mg 15 mg 30 mg 15 mg Meats, liver, eggs, enriched and whole grains
Magnesium 310 mg 320 mg 350 mg 310 mg Whole grains, legumes, nuts, green vegetables
Phosphorus 700 mg 700 mg 700 mg 700 mg Meats, poultry, eggs, pork, fish, dairy products
Zinc 12 mg 12 mg 15 mg 19 mg Meats, pork, seafood, eggs, legumes
Energy 2200 kcal 2200 kcal 2500 kcal 2700 kcal Proteins, fats, and carbohydrates
Protein 50 g 50 g 60 g 65 g Meats, poultry, eggs, fish, and dairy products

Adapted from the National Academy of Sciences, Food and Nutrition Board. Recommended Dietary Allowances, 10th edn, 1989; and Dietary
Reference Intakes, 1998.

*As cholecalciferol, 1mcg = 40IU of vitamin D.
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of a large placenta and high placental–birthweight ratio,
which is seen as predictive of long-term programming of
hypertension and cardiovascular disease. Severe maternal
iron-deficiency anemia leads to placental adaptive hypertro-
phy, a fall in the cortisol metabolizing system, and increased
susceptibility to hypertension in later life. Because the iron
demands of pregnancy may exceed 1g, with nearly half this
amount in the red cell mass increase in blood volume, the
maternal preconceptional and early pregnancy iron status is
extremely important.

Mineral intake and supplementation

In addition to being the nutrients most often lacking in
women’s diets, calcium, magnesium, and zinc have been iden-
tified as having the most potential for reducing pregnancy
complications and improving outcomes.11,27–29 A recent review
by the World Health Organization concluded that these nutri-
ents “be rigorously evaluated as these . . . substances may 
have effects on both impaired fetal growth and preterm 
delivery.” 27

Calcium

During pregnancy, there is an increased physiologic demand
for calcium such that a full-term infant accretes about 30g,
primarily in the third trimester, when there is active ossifica-
tion of the fetal skeleton. Prenatal diets low in calcium have
been associated with increased blood pressure because of
heightened smooth muscle reactivity, resulting in an increased
risk of pregnancy-induced hypertension and preterm delivery.
Nearly all calcium supplementation trials have been shown to
lower blood pressure levels.30–35

Results of calcium supplementation trials among high-risk
women have been promising, with significant reductions in
preterm deliveries among teenagers (7.4% versus 21.1%,
P < 0.007) and significantly longer mean gestations among
women with very low dietary calcium intakes (37.4 versus
39.2 weeks, P < 0.01).30,31,34 Other studies have shown incon-
sistent results in lowering the rates of pregnancy-induced
hypertension, or no effect on preterm delivery and small for
gestational age births.32,35 Calcium supplementation trials
among high-risk women (teenagers in Baltimore and women
with very low calcium intakes in Quito, Ecuador) were prom-
ising in decreasing the rate of preterm delivery. Among
teenagers (aged 16 years) in Baltimore, with similar overall
dietary calcium intakes, the calcium-supplemented group had
a lower incidence of preterm delivery than the placebo group
(7.4% versus 21.1%, P < 0.007).30 Life-table analysis demon-
strated an overall shift to a higher gestational age in the
calcium-supplemented group. In Ecuador, length of gestation
was increased from 37.4 to 39.2 weeks for the calcium-
supplemented group versus the placebo group.31,34 On the

other hand, a large calcium supplementation trial of over 1000
adult women from Argentina showed a decrease in pregnancy-
induced hypertension, but no effect on preterm delivery,32 and
a recent multicenter trial of calcium supplementation in the
United States with more than 4500 adult women showed no
difference in pregnancy-induced hypertension, preterm deliv-
eries, or small for gestational age births.35 The ability of sup-
plemental calcium to decrease the risk of preterm delivery may
be confined to high-risk populations where there is either a
severe dietary restriction of calcium or, as in the case of ado-
lescents and multiple pregnancy, an increased demand for this
nutrient.

Prenatal calcium supplementation may have more far-
reaching effects, beyond pregnancy. Belizàn et al.36 evaluated
blood pressure in 7-year-old children whose mothers had
received calcium supplementation during pregnancy. They
reported significantly lower systolic blood pressure and lower
risk of high systolic blood pressure [relative risk (RR) 0.59,
95% CI 0.39 to 0.90], particularly among children in the
highest quartile of body mass index [BMI, weight/(height)2],
(RR 0.43, 95% CI 0.26 to 0.71).

Magnesium

Magnesium supplementation trials have also reported incon-
sistent results.37–39 These inconsistencies may have been due to
differences in study design, study populations, and the con-
current use of other medications such as β-sympathomimetic
agents.39 Recent studies have demonstrated that magnesium 
is not only effective as therapy for and prophylaxis against
eclampsia, but is safe and potentially beneficial for the
neonate.40,41 In a case–control study examining the risk of cere-
bral palsy in premature infants exposed to magnesium in
utero, Nelson and Grether42 reported a protective effect (OR
0.14, 95% CI 0.05 to 0.51), regardless of whether the mag-
nesium had been given for preeclampsia or as treatment for
preterm labor. In a population-based cohort study of prenatal
magnesium exposure among children who had very LBW,
Schendel et al.43 also reported a protective effect against cere-
bral palsy (OR 0.11, 95% CI 0.02 to 0.81), and possibly
against mental retardation (OR 0.30, 95% CI 0.07 to 1.29).
Recent analyses indicate that reduced long-term morbidity
with prenatal magnesium exposure is unlikely because of
selective mortality of vulnerable infants.44 Magnesium
therapy, as prenatal supplementation or as therapy for
preeclampsia or preterm labor, may play a neuroprotective
role.

Maternal zinc status

During pregnancy, plasma zinc concentrations decline by
20–30% compared with nonpregnant values, reflecting 
the transfer of zinc from mother to fetus and the normal
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expansion of the maternal plasma volume. Plasma zinc con-
centrations and available zinc intakes are significantly corre-
lated, with zinc supplementation increasing maternal plasma
levels.45 Using plasma zinc as an indicator of zinc status,
Neggers et al.45 found a positive correlation between duration
of gestation and zinc concentration at entry to prenatal care.
A recent randomized trial of zinc supplementation of women
with plasma zinc levels below the median showed that zinc
supplementation resulted in an increase in gestation duration
by approximately 0.5 weeks and an increase in birthweight.46

Plasma zinc levels in the lowest quartiles are associated with
significantly greater frequency of maternal complications,
including infection.47,48 Maternal zinc nutriture, as a compos-
ite index of zinc measured from maternal whole blood, hair,
and colostrum, has been shown to be related to the risk of
premature rupture of membranes (PROM).48 Women with
PROM were found to have significantly lower levels of zinc
compared with women who gave birth at term.

Scholl et al.49 evaluated the association between dietary zinc
intake and pregnancy outcome in a cohort of 818 low-income,
mostly minority women in Camden, NJ, USA. A low zinc
intake during pregnancy (< 6mg/day or < 40% of the RDA
for pregnancy) was associated with an increased incidence of
iron-deficiency anemia at entry to care, a lower use of prena-
tal supplements during pregnancy, and a higher incidence of
inadequate weight gain during pregnancy. Even after adjust-
ing for other confounding variables (e.g., energy intake, mater-
nal age, ethnicity, cigarette smoking), a low dietary intake of
zinc was associated with a twofold increase in the risk of LBW
(AOR 2.10, 95% CI 1.19 to 3.67), a nearly twofold increase
in preterm delivery (AOR 1.86, 95% CI 1.11 to 3.09), and a
threefold increased risk of early preterm birth (< 33 weeks’
gestation) (AOR 3.46, 95% CI 1.04 to 11.47). In addition,
there was a joint effect of iron-deficiency anemia at entry to
care and a low zinc intake during pregnancy. When both were
present, there was a fivefold increased risk of preterm deliv-
ery (AOR 5.44, 95% CI 1.58 to 18.79).

Although maternal zinc nutriture has been significantly
related to length of gestation, infection, and risk of premature
rupture of membranes,45,47,48 clinical trials of zinc supplemen-
tation have yielded equivocal results.50,51 A clinical trial that
randomly supplemented only women with plasma zinc levels
below the median reported an increase in length of gestation
of approximately 0.5 weeks (P = 0.06), and an increase in
birthweight, about half of which was explained by the longer
duration of gestation.46 Consistent with prior results, effects
were increased for nonobese women (pregravid BMI < 26.0).
Studies of prenatal zinc supplementation have reported an
improvement in fetal neurobehavioral development.52

Maternal pregravid weight and
gestational weight gain

The factors most strongly correlated with both length of ges-
tation and birthweight are maternal height, pregravid or early
pregnancy body weight, maternal fat deposition, and gesta-
tional weight gain. Although each factor independently influ-
ences birthweight and length of gestation, their effects are
neither equal nor additive. The landmark studies in this area
are from the Collaborative Perinatal Project, which was con-
ducted between 1959 and 1964.53–56 Based on term singleton
pregnancies, these studies demonstrated that: (1) a progressive
increase in weight gain was paralleled by an increase in mean
birthweight and a decline in the incidence of LBW; (2) increas-
ing pregravid weight diminishes the effect of weight gain on
birthweight; (3) there is an inverse relationship between
weight gain and perinatal mortality, with gains up to 30
pounds (13.6kg); and (4) higher gestational weight gains are
related to higher birthweights and better growth and devel-
opment during the first postnatal year. As a result of these and
subsequent studies, in 1990, the IOM issued pregravid BMI-
specific weight gain guidelines for singleton pregnancies (Table
36.2).16 Many investigators have subsequently confirmed these
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Table 36.2 Institute of Medicine (IOM) categories of pregravid body mass index (BMI)  and suggested weight gain ranges for singleton
pregnancies.

Weight status BMI range (kg/m2) Total gain at Weight gain at Rate of gain
40 weeks trimester 1 at trimesters 2 and 3

Underweight < 19.8kg/m2 12.5–18.0kg 2.3kg 0.49kg/week
(28–40 lb) (5.1 lb) (1 lb/week)

Normal weight 19.8–26.0kg/m2 11.5–16.0kg 1.6kg 0.44kg/week
(25–35 lb) (3.5 lb) (1 lb/week)

Overweight 26.1–29.0kg/m2 7.0–11.5kg 0.9kg 0.30kg/week
(15–25 lb) (2.0 lb) (0.5–0.75 lb/week)

Obese > 29.0kg/m2 ≥ 6.8kg No recommendation
(≥ 15lb)
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associations, including the link between low prepregnancy
weight and both prematurity and intrauterine growth retar-
dation (IUGR), with reported increased risks ranging from 1.7
to 3.0, depending on the study population.57 The population-
attributable risk for early preterm birth (< 32 weeks) with low
prepregnancy weight is as much as 31–43%, depending on
race and ethnicity.58 Low maternal weight gain has also been
significantly associated with both IUGR and preterm birth,
with reported risks with ORs in the range of 2.1–4.3.16,59–63

Significant interaction has also been documented between low
pregravid weight and low weight gain on the risk of preterm
birth (AOR 5.63, 95% CI 2.35 to 13.8).61

Pattern of weight gain

Although cumulative or total weight gain is an important pre-
dictor of birthweight, the pattern of weight gain and rates of
gain also play significant roles in modifying birthweight and
predicting preterm delivery.64,65 Hediger et al.64 demonstrated
that both early gains (before 24 weeks’ gestation) and later
weight gains (after 24 weeks) have independent effects on the
outcome of singleton births. In a multiracial sample of 1790
teenagers from Camden County, NJ, USA, early inadequate
weight gain (< 4.3kg by 24 weeks) was associated with an
increased risk of small for gestational age outcomes (SGA,
< 10th percentile for gestation) (AOR 2.08, 95% CI 1.31 to
3.30).64 Even if there were compensatory gains after 24 weeks,
bringing the cumulative total gain up to levels deemed ade-
quate, the risk of an SGA birth was still increased (AOR 1.88,
95% CI 1.08 to 3.27). This strongly suggests that early weight
gains, which presumably reflect gains in maternal nutrient
stores, are important in enhancing fetal growth, whether by
serving as a nutrient reserve later in pregnancy or as a marker
for adequate placental growth and development. In these
studies, preterm delivery (< 37 weeks) was relatively unaf-
fected by early inadequate weight gain, but was increased with
late inadequate weight gain (< 400g/week). Again, this
occurred even when the total pregnancy weight gain never fell
below the targets set in clinical standards (AOR 1.69, 95% CI
1.12 to 2.55).64

Changes in maternal body fat

A substantial portion of gestational weight gain is maternal
body fat, which, when measured as the triceps skinfold thick-
ness or mid-upper arm circumference (MUAC), increases in
the first two trimesters and decreases in the third, reflecting
the early accretion of maternal body fat and the subsequent
utilization in late gestation to meet increasing energy needs.
The components of maternal weight gain, particularly changes
in body fat, may be more important determinants of preg-
nancy outcome than absolute weight gain. Prior studies of
well-nourished women, based on deuterium oxide and under-

water weighing66–69 as well as anthropometric measures,70–72

have reported a pattern of small gains in maternal body fat
early in pregnancy, rapid accumulation between 20 and
30 weeks’ gestation, and a leveling off between 30 weeks and
delivery. A consistent finding in studies with diverse ethnic and
racial groups is the correlation between triceps skinfold or
MUAC measures during the second trimester and birthweight,
with the loss of upper arm fat or the failure to accrue mater-
nal fat during the second trimester associated with poor fetal
growth and subsequent lower birthweights.70–74

Examining the components of weight gain in pregnancy,
Hediger et al.75 demonstrated that, for teenagers and adults
whose pregravid weights were above the 25th percentile 
for age, the loss of subcutaneous fat (> 6.4cm2) from 28
weeks through 4–6 weeks postpartum (measured at the mid-
upper arm) was associated with a higher birthweight (+ 144 g,
P < 0.01). At the same time, there appeared to be a mobiliza-
tion of fat stores; there was an increase in arm muscle area.
However, when pregravid weight was below the 25th per-
centile for age, a loss of upper arm fat was associated instead
with a lower birthweight (–339g, P < 0.01), suggesting that
the nutrient stores of these women may have been relatively
depleted. Continued weight gain and increases in upper arm
fat area (> 5cm2), accompanied by a loss of upper arm muscle,
was also associated with a lower birthweight (–123g,
P < 0.02). Thus, a change in upper arm fat is a significant pre-
dictor of variation in infant birthweight, and serial monitor-
ing by arm anthropometry, as well as maternal weight, may
help to determine risk for IUGR.

Postpartum weight retention

Gestational weight gain is the single most important factor
influencing postpartum weight retention, a finding consistent
throughout the medical literature. The challenge with preg-
nancy weight gain is to have an optimal balance. That is, suf-
ficient gain for good fetal growth, but low enough to avoid
postpartum weight retention. Li et al.76 have shown that each
kilogram of maternal weight gain in the second and third
trimester was associated with significant increases in birth-
weight of 62g (P < 0.001) and 26g (P < 0.05) respectively.
Each kilogram of maternal weight gain during midpregnancy
(but not late pregnancy) was also associated with significant
increases in birth length of 0.24cm (P < 0.01) and head cir-
cumference of 0.14cm (P < 0.001). Brown et al.77 reported
that each kilogram of maternal weight gain in the first and
second trimesters significantly increased birthweight by 31g
(P < 0.0007) and 26g (P < 0.0007), but maternal gain in the
third trimester had a minimal and nonsignificant effect (7g,
P = 0.40). These researchers also reported that, per kilogram
of maternal weight gain in the first trimester, newborn pon-
deral index (in kg/m3) increased by 0.21 units (P < 0.0003)
and, per kilogram maternal gain in the third trimester,
newborn ponderal index increased by 0.12 units (P < 0.03),
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but not by maternal gain in the second trimester. Newborn
birthweight was 211 g lower (P < 0.006) and ponderal index
1.2 units lower (P < 0.02) with maternal weight loss in the
first trimester.

Likewise, Strauss and Dietz,78 in their analyses of the
National Collaborative Perinatal Project (NCPP) and the
Child Health and Development Study (CHDS), reported that
maternal weight gain < 0.3kg/week in the second or third
trimester was associated with increased risks for IUGR. Low
maternal gain in the second and third trimesters was associ-
ated with relative risks of IUGR of 1.8 (95% CI 1.3 to 2.6)
and 1.7 (95% CI 1.3 to 2.3), respectively, in the NCPP cohort
and 2.6 (95% CI 1.6 to 4.1) and 2.5 (95% CI 1.7 to 3.8),
respectively, in the CHDS cohort. To and Cheung79 have
shown that women who gain weight excessively after mid-
pregnancy retained more weight postpartum, and their weight
gain had less of an effect on the birthweight of their infants
than women who had gained weight earlier in pregnancy but
who did not gain weight excessively in late pregnancy. Kac et
al.,80 in their study of 405 Brazilian women aged 18–45 years,
reported that women with the highest gestational weight gain
and with baseline body fat ≥ 30% had the highest likelihood
of developing maternal obesity. They reported that 35% of
each kilogram of weight gained during pregnancy was retained
at 9 months postpartum, even after adjustment for age,
prepregnancy BMI, body fat at baseline, and years since first
parturition. In their study of healthy, nonsmoking, white
women in Canada, Muscati et al.81 reported that a pregnancy
weight gain of 12kg was associated with 2.5kg postpartum
weight retention, and that total pregnancy weight gain was
more strongly associated with postpartum weight retention
than infant birthweight.

Multiple pregnancy

In 2002, in the United States, there were 132535 infants of
multiple births, the highest number ever recorded in the
history of the vital statistics system.82 The incidence of twin
births has increased by 65% since 1980 and by 38% since

1990, while the triplet and higher order multiple rate increased
an average of 13% per year between 1980 and 1998, and is
currently 5% lower than the 1998 peak.82 An estimated 
one-fourth of this rise is due solely to older maternal age,
which is associated with a higher natural frequency of multi-
ple births.83,84 It is likely that the single most important 
factor in the rising multiple birth rate is fertility-enhancing
therapies: fertility drugs, artificial insemination, and assisted
reproductive technology (ART). Recent analyses by the CDC
estimated that ART has contributed 39–43% of the increase
in triplet and higher order multiple births in the US since 1996,
and about 40% was due to ovulation-inducing drugs.85,86 The
twin and triplet and higher rates for ART patients are esti-
mated to be 14-fold and 54-fold higher, respectively, than for
the United States as a whole.86 It is estimated that ART
accounted for more than 40% of all triplet births in 2000,
double the proportion of triplet and higher order births that
were estimated to have been conceived using ART in 1990.85

By 2000, it is estimated that only about two-thirds of twins
and one-fifth of triplet and other higher order multiples were
conceived spontaneously.87 Infants of multiple births are dis-
proportionately represented among the LBW (< 2500g), very
LBW (< 1500g), preterm (< 37 weeks) and very preterm
(< 32 weeks) infant populations (Table 36.3). Specialized 
prenatal care has been shown to reduce adverse outcomes in
these high-risk pregnancies, including targeted diet therapy
(Table 36.4) and BMI-specific weight gain recommendations
(Table 36.5).88

Conclusions

Technological advances during the twentieth century will con-
tinue to push back the limits of viability. In future decades,
the nutrition–fertility link will be expanded at the opposite end
of the spectrum, and nutrition in utero will emerge as a pow-
erful tool with which to augment growth, development, and
vitality. Careful evaluation and aggressive therapy will help to
ensure the most positive outcomes during gestation as a foun-
dation for childhood health.
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Table 36.3 Birthweight and gestation by plurality, USA, 2002.

Plurality Singletons Twins Triplets Quadruplets Quintuplets

Number 3 889 191 125 134 6898 434 69
Percent very preterm (< 32 weeks) 1.6% 11.9% 36.1% 59.9% 78.3%
Percent preterm (< 37 weeks) 10.4% 58.2% 92.4% 96.8% 91.3%
Mean gestational age (weeks, SD) 38.8 (2.5) 35.3 (3.7) 32.2 (3.8) 29.9 (4.0) 28.5 (4.7)
Percent very low birthweight (< 1500g) 1.1% 10.2% 34.5% 61.1% 83.8%
Percent low birthweight (< 2500g) 6.1% 55.4% 94.4% 98.8% 94.1%
Mean birthweight (g, SD) 3332 (573) 2347 (645) 1687 (561) 1309 (522) 1105 (777)

Adapted from ref. 82.
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Table 36.4 BMI-specific dietary recommendations for twin gestations.

BMI group Underweight Normal Overweight Obese
BMI range < 19.8 19.8–26.0 26.1–29.0 > 29.0

Calories 4000 3500 3250 3000
Protein (20% of calories) 200g 175g 163g 150g
Carbohydrate (40% of calories) 400g 350g 325g 300g
Fat (40% of calories) 178g 156g 144g 133g

Exchanges (servings) per day
Dairy 10 8 8 8
Grains 12 10 8 8
Meat and meat equivalents 10 10 8 6
Eggs 2 2 2 2
Vegetables 5 4 4 4
Fruits 8 7 6 6
Fats and oils 7 6 5 5

Adapted from ref. 29.

Table 36.5 Optimal rates of maternal weight gain and cumulative gain by pregravid BMI status.

Pregravid BMI Rates of weight gain (lbs/week) Cumulative weight gain (lbs)

0–20 weeks 20–28 weeks 28 weeks to delivery to 20 weeks to 28 weeks to 36–38 weeks

Underweight (BMI < 19.8) 1.25–1.75 1.50–1.75 1.25 25–35 37–49 50–62
Normal weight (BMI 19.8–26.0) 1.00–1.50 1.25–1.75 1.00 20–30 30–44 40–54
Overweight(BMI 26.1–29.0) 1.00–1.25 1.00–1.50 1.00 20–25 28–37 38–47
Obese (BMI > 29.0) 0.75–1.0 0.75–1.25 0.75 15–20 21–30 29–38

Adapted from ref. 88.

Results are from models controlling for diabetes and gestational diabetes, preeclampsia, smoking during pregnancy, parity, placental
membranes, and fetal growth before 20 weeks.

BMI, body mass index.

Key points

1 Altered nutrition in utero may result in fetal
developmental adaptations that permanently alter
structure, physiology, and metabolism, and may
manifest as chronic disease in adulthood.

2 Pregnancy complications and subsequent metabolic and
vascular disease may share common underlying disease
mechanisms.

3 Supplementation in excess of twice the recommended
dietary allowance during pregnancy should be avoided,
because of the potential for birth defects.

4 Iron should not be taken as part of a vitamin–mineral
supplement, because of inhibition by other minerals as
well as poor iron release.

5 Low maternal hemoglobin is strongly related to the

development of a large placenta and high
placental–birthweight ratio, which is seen as predictive
of long-term programming of hypertension and
cardiovascular disease.

6 Severe maternal iron-deficiency anemia leads to
placental adaptive hypertrophy, a fall in the cortisol
metabolizing system, and increased susceptibility to
hypertension in later life.

7 Calcium is actively transferred to the fetus during
pregnancy, and diets low in calcium have been
associated with increased maternal blood pressure.

8 The ability of supplemental calcium to decrease the risk
of preterm delivery may be confined to high-risk
populations in which there is either a severe dietary
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restriction of calcium or, as in the case of adolescents
and multiple pregnancy, an increased demand for this
nutrient.

9 Magnesium is neuroprotective and is an effective
therapeutic agent for preterm labor.

10 Zinc is actively transferred to the fetus during
pregnancy, with low maternal intakes and levels
significantly associated with complications, including
infections.

11 Many investigators have confirmed the associations
between low prepregnancy weight and both
prematurity and intrauterine growth retardation.

12 The population-attributable risk for early preterm birth
(< 32 weeks) with low prepregnancy weight is as much
as 31–43%, depending on race and ethnicity.

13 Although cumulative or total weight gain is an
important predictor of birthweight, the pattern of
weight gain and rates of gain also play significant roles
in modifying birthweight and predicting preterm
delivery.

14 The components of maternal weight gain, particularly
changes in body fat, may be more important
determinants of pregnancy outcome than absolute
weight gain.

15 Gestational weight gain is the single most 
important factor influencing postpartum weight
retention.

16 Maternal weight gain in the third trimester has less
effect on fetal growth and more effect on retained
maternal weight postpartum.

17 Maternal weight loss in the first trimester is associated
with significantly lower subsequent birthweights.

18 Multiple births in the United States are at their all-time
high.

19 Infants of multiple births are disproportionately
represented among the low birthweight and premature
infant populations.

20 Targeted diet therapy, BMI-specific weight gain goals,
and specialized prenatal care have all been shown to
improve outcomes in multiple pregnancies.
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Definition of shock

Shock is a condition in which circulation fails to meet the
nutritional needs of the cell and remove metabolic wastes.1

This may result from cardiac dysfunction, hypovolemia (rela-
tive or absolute), maldistribution of flow, or intravascular
obstruction (Table 37.1). When the circulating blood volume
is less than the capacity of its vascular bed, hypotension with
diminished tissue perfusion results, leading to cellular hypoxia
and, ultimately, cell death.2 Depending on the duration and
severity of the insult, irreversible organ damage or even death
may ensue.

Incidence of shock in 
the obstetric population

The actual incidence of shock in obstetric patients is unclear.
However, by extrapolating mortality data, we can obtain an
indication of the relative incidence of shock severe enough to
result in the death of the patient. A steady decline in mater-
nal mortality has been noted since 1915, when national vital
statistics in the United States were first recorded (Fig. 37.1).
Recent statistics for the United States suggest that overall
maternal mortality was 11.5 maternal deaths per 100000 live
births during 1991–97.3 The pregnancy-related maternal mor-
tality ratio was threefold greater among black women than in
white women4 (Table 37.2). The National Health Promotion
and Disease Prevention objectives of the Healthy People 2010
indicators specifies a goal of no more than 3.3 maternal deaths
per 100000 live births in the United States.5 This objective
remains elusive. The chief cause of a pregnancy-related mater-
nal death depends on whether the pregnancy results in a 
liveborn, stillbirth, ectopic pregnancy, abortion, or molar ges-
tation (Table 37.3). For the period 1987–1990, hemorrhage
was recorded in 28.8% of all deaths, leading to an overall
pregnancy-related mortality ratio (PRMR) for hemorrhage of
2.6 per 100000 live births, followed by embolism-related

deaths (1.8), and hypertensive diseases (1.6). Among live
births, hypertensive diseases were the most frequent cause of
death (23.8%). Among stillbirths and ectopic pregnancies, the
chief cause of death was hemorrhage (27.2 and 94.9% respec-
tively). Infections were the leading cause of abortion-related
deaths (49.4%).

Tracking maternal deaths is helpful, but may not give the
best indication of the incidence of shock and critical illness in
the obstetric population as the majority of such cases do not
result in maternal death. Unlike mortality, which is a defin-
able endpoint, shock and critical illness in pregnancy are dif-
ficult to define and, therefore, difficult to measure and study
precisely. Furthermore, maternal mortality data collection is
well established in many places, but specific surveillance
systems that record severe complications of pregnancy not
associated with maternal mortality are rare. An examination
of cases admitted to intensive care units (ICUs) has provided
insight into the incidence and etiology of shock and critical
illness in the obstetric population, although nearly two-thirds
of maternal deaths may occur in women who never reach an
ICU.7 In 2004, Ananth and Smulian8 reviewed 22 studies
involving 1550723 deliveries and found that 0.07–0.88% of
deliveries resulted in admission to an ICU. Reported maternal
mortality for critically ill obstetric patients admitted to an ICU
was 5.0%. Hypertensive diseases and obstetric hemorrhage
were responsible for over 50% of the primary admitting diag-
noses, and specific organ system dysfunction was responsible
for the majority of the remaining admissions.

General supportive measures

Initial treatment

Several important initial steps should be performed when the
diagnosis of shock is made in the obstetric patient. Placement
of two large-bore intravenous lines, preferably 16-gauge, for
rapid expansion of intravascular volume is the first step. One
liter of crystalloid solution should be infused over the first
15min while other measures are taken. An indwelling bladder
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Table 37.1 Classification scheme for shock.

Type Physiologic derangement Examples

Cardiogenic Diminished cardiac function Cardiomyopathy, myocardial infarction
Hypovolemic Decreased intravascular volume Hemorrhage, dehydration
Distributive Inappropriate distribution of perfusion Septic shock, neurogenic shock
Obstructive Intravascular obstruction Pulmonary embolus

Figure 37.1 Maternal mortality ratio, by year, United States,
1967–1996.4

positive pressure ventilation. Initial laboratory investigation
should include blood type and cross-match, complete blood
count, platelets, fibrinogen, electrolytes, blood urea nitrogen,
creatinine, and arterial blood gas. Urine should be sent for
analysis and microscopic evaluation. When the patient is 
stabilized, cultures from blood, urine, sputum, amniotic fluid,
endometrial cavity, and stool are taken, as indicated, if sepsis
is suspected.

Volume replacement

Whether to give crystalloid or colloid solutions for initial
treatment is controversial.9 Rackow and colleagues10 showed
that two to four times as much 0.9% saline was required to
reach the same hemodynamic endpoints as 6% hetastarch and
5% albumin. Colloid osmotic pressure rose when albumin and
hetastarch were administered and fell when saline was given.
Resuscitation with normal saline resulted in a higher incidence
of pulmonary edema, probably related to the fall in colloid
osmotic pressure. Standard dextran, with a molecular weight
averaging 75000, may initiate intravascular coagulation.
Low-molecular-weight dextran, with a molecular weight aver-

catheter is placed for hourly determination of urine output.
An arterial line allows continuous measurement of systemic
blood pressure, as well as easy access for laboratory investi-
gations. Oxygen should be administered via a face mask at
8–10L/min, and the inspired oxygen concentration adjusted
according to arterial blood gas results. Inability to maintain
an adequate tidal volume, poor arterial oxygenation, and
airway obstruction may require endotracheal intubation with

Table 37.2 Number of pregnancy-related deaths and pregnancy-related mortality ratios (PRMRs)* among Hispanic, Asian/Pacific Islander,
American Indian/Alaska Native, non-Hispanic black (black), and non-Hispanic white (white) women, by age group, United States, 
1991–1997.4

Age Asian/ American Indian/
group (years) Hispanic Pacific Islander Alaska Native Black White Total

No. PRMR No. PRMR No. PRMR No. PRMR No. PRMR No. PRMR

< 20 45 5.5 –† –† 160 16.0 96 5.8 306 8.5
20–29 200 7.4 43 8.4 16 11.0‡ 590 25.0 35 6.0 1384 9.3
30–34 125 16.0 28 8.7 –† 260 38.8 330 7.4 749 11.9
35–39 82 26.0 34 22.7 –† 202 70.8 226 12.3 549 21.1
> 39 31 48.2 14 42.4§ –† 80 151.2 79 25.5 205 44.3
Total 483 10.3 121 11.3 31 12.2 1292 29.6 1266 7.3 3193 11.5
RR§ 1.4 1.6 1.7 4.0 (ref)
95% CI** (1.3–1.6) (1.3–1.9) (1.2–2.4) (3.8–4.4)

*Per 100000 live births.

†Fewer than seven pregnancy-related deaths; considered unreliable (relative standard error [RSE] => 38%).

‡Point estimates based on 7–19 deaths are highly variable (RSE = 23–38%).

§Relative ratio of PRMR for each racial/ethnic group divided by PRMR for white women.

**Confidence interval.
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aging 40000, carries a smaller risk of initiating disseminated
intravascular coagulopathy (DIC), but also has less tendency
to pull fluid into the intravascular space.11 A 1984 American
College of Obstetricians and Gynecologists technical bulletin
titled Hemorrhagic Shock recommends avoidance of dextran
because of its anticoagulant effect and risk of anaphylaxis.12

Owing to its expense and tendency to extravasate into the
interstitium, albumin is also probably not a colloid of first
choice. Given these objections, hetastarch may be a better
choice of colloid if initial crystalloid therapy does not result
in the desired clinical improvement. In a meta-analysis of
several randomized controlled trials, there was no evidence
that colloids achieve a superior clinical outcome when 
compared with crystalloid therapy.13 Crystalloids are therefore
reasonable and cost-effective first-line therapy for volume
resuscitation. When severe, correction of metabolic acidosis
may be aided by adding sodium bicarbonate to intravenous
fluids. Lactated solutions should be avoided because aerobic
metabolism is required for the conversion of lactate to 
bicarbonate.2,14

Blood component therapy

In the case of hemorrhagic hypovolemic shock and DIC, blood
component therapy is often indicated. Which components
should be used is determined largely by laboratory para-
meters. An obvious exception is profuse hemorrhagic shock,
for which immediate blood components, specifically packed
red blood cells, are indicated. It must be remembered that the
degree of hemorrhage is often underestimated by as much as
50%.15

Packed red blood cells are administered through an 18-
gauge or larger intravenous line in order to increase blood
volume and oxygen-carrying capacity to the tissues. The term

massive blood replacement is used when the total blood
volume of the patient is replaced over a 24-hour period.15 In
those patients who have been typed and screened for anti-
bodies, the risks of abbreviating the major cross-match in an
urgent transfusion (after the “immediate spin” phase of the
cross-match) are low and are often outweighed by the risk of
hemorrhagic shock.16

The use of fresh frozen plasma (FFP) requires specific indi-
cations: replacement of isolated or combined factor deficien-
cies, reversal of warfarin effect in patients actively bleeding or
requiring emergency surgery, antithrombin III deficiency,
immunodeficiencies, thrombotic thrombocytopenia purpura,
and massive blood transfusion in cases in which factor 
deficiencies are presumed to be the sole or principal derange-
ment.17,18 Besides containing the components of the coagula-
tion, fibrinolytic, and complement systems, FFP also contains
proteins that maintain oncotic pressure and modulate immu-
nity. Because of risks, including disease transmission, anaphy-
lactoid reactions, alloimmunization, and volume overload,
alternative therapy with crystalloids is encouraged for volume
replacement. Pathologic hemorrhage in the patient receiving
massive transfusion is usually due to thrombocytopenia rather
than depletion of coagulation factors. Empiric administration
of FFP should therefore be allowed only in those patients in
whom factor deficiencies are presumed to be the sole or prin-
cipal derangement.17 In massively transfused patients, there is
no evidence to support prophylactic transfusion of FFP after
transfusion of a certain number of units of packed red blood
cells unless coagulation factor defects have been docu-
mented.19 The most useful tests for predicting abnormal bleed-
ing and guiding therapy in massively transfused trauma
patients are the platelet count and fibrinogen level.20 Normal
hemostasis requires no more than 30% of normal values of
clotting factors. Bleeding would therefore not be expected
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Table 37.3 Percentage of pregnancy-related deaths by outcome of pregnancy and cause of death, percentage of all outcomes of pregnancy, and
PRMR,* United States, 1987–1990.6

Outcome of pregnancy (% distribution) All outcomes

Cause of death Live birth Stillbirth Ectopic Abortion† Molar‡ Undelivered Unknown Percentage PRMR

Hemorrhage 21.1 27.2 94.9 18.5 16.7 15.7 20.1 28.8 2.6
Embolism 23.4 10.7 1.3 11.1 0.0 35.2 21.1 19.9 1.8
Pregnancy-induced hypertension 23.8 26.2 0.0 1.2 0.0 4.6 16.3 17.6 1.6
Infection 12.1 19.4 1.3 49.4 0.0 13.0 9.0 13.1 1.2
Cardiomyopathy 6.1 2.9 0.0 0.0 0.0 2.8 13.9 5.7 0.5
Anesthesia complications 2.7 0.0 1.9 8.6 0.0 1.8 1.0 2.5 0.2
Other/unknown 11.1 13.6 0.6 11.1 83.3 27.5 19.3 12.8 1.2

Total§ 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 9.2

*Pregnancy-related deaths per 100000 live births.

† Includes spontaneous and induced abortions.

‡Also known as gestational trophoblastic neoplasia.

§Percentages may not add to 100.0 due to rounding.
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until the prothrombin time (PT) and activated partial throm-
boplastin time (aPTT) have exceeded 1.5 times their reference
values.21

Thrombocytopenia may be secondary to a dilutional effect
or to consumption of platelets. Adults have a limited mobile
platelet pool and a limited ability to increase production
acutely.22 Moreover, platelets in refrigerated blood quickly
become nonviable.23 Platelet transfusion should be considered
when the platelet count falls to less than 10000/µL, or to less
than 35000/µL in preparation for a surgical procedure or in
the face of active bleeding. Minimization of blood product
transfusion can be effected by correcting thrombocytopenia
and specific coagulation factor defects.15 In trauma patients,
platelets are usually required after a patient receives more than
20 units of blood in a 12-hour period.23 However, in obstet-
ric patients who experience thrombocytopenia secondary to
other causes (e.g., preeclampsia), platelet transfusion may be
indicated much earlier in the course of treatment.

Cryoprecipitate should be administered instead of FFP
when the calculated coagulation factor deficit based on blood
fibrinogen levels suggests that FFP will result in inadequate
replacement or in volume overload (Fig. 37.2). Table 37.4
demonstrates the therapeutic contents per volume of each
blood product.24

Pharmacologic agents

If adequate intravascular volume replacement is not success-
ful in supporting blood pressure (i.e., mean arterial pressure
≥65mmHg) and other reversible causes of shock are not found
(e.g., cardiac arrhythmia, tension pneumothorax), an
advanced stage of shock should be suspected. In order to
ensure tissue perfusion in these refractory cases, cardiac per-
formance should be enhanced through the use of inotropic
agents (Table 37.5). Dopamine is considered a first-line
inotropic agent. Dopamine is an endogenous catecholamine,
structurally similar to norepinephrine and epinephrine.
Dopamine increases myocardial contractility and heart rate
via beta-adrenergic receptors and releases norepinephrine
from myocardial storage sites. Its action on blood vessels is
dose dependent, resulting in vasodilation of renal, mesenteric,
coronary, and intracerebral vessels via dopamine receptors,
and vasoconstriction of all vascular beds in higher doses via
alpha-adrenergic receptors.26 Dopamine should be started at
2–5µg/kg/min and titrated to the desired clinical parameters.26

Although there is considerable variance, generally, doses
between 2 and 5µg/kg/min result in vasodilation of renal and
mesenteric vasculature via β2 and dopaminergic receptors,
whereas doses between 5 and 10µg/kg/min tend to result in
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Table 37.4 Summary chart of blood components.

Component Content Indications for use Amount of active Volume (mL)
substance per unit

Red blood cells Red blood cells, some plasma, some Increase red blood cell mass for 200mL packed red 250–350
white blood cells and platelets symptomatic anemia blood cell mass
their degradation products

Leukocyte-poor Red blood cells, some plasma, few Prevent febrile reactions due to 185mL packed red 200–250
red blood cells white blood cells leukocyte antibodies, and blood cell mass

increase red blood cells mass
Frozen–thawed Red blood cells, no plasma, Increase red blood cell mass; 170–190mL packed 300

washed red blood minimal white blood cells and prevent sensitization to HLAs; red blood cells
cells platelets prevent febrile or anaphylactic

reactions to white blood cells,
platelets, and proteins (IgA);
provide rate blood cells

Platelet concentrations Platelets, few white blood cells, Bleeding due to thrombocytopenia At least 5.5 × 1010 30–50
some plasma or thrombocytopathia platelets

Fresh frozen plasma Plasma, all coagulation factors, no Treatment of coagulation disorders 0.7–1.0U factors 220–250
platelets II, V–VI, VIII–XIII,

500mg fibrinogen
Cryoprecipitate Fibrinogen, factor VIII, factor XIII, Factor VIII deficiency (hemophilia A) 80U factor VIII; 20–25

von Willebrand’s factor von Willebrand’s disease; factor 200mg fibrinogen
XIII deficiency; fibrinogen 
deficiency

Albumin
5% Albumin Plasma volume expansion 12.5g 250
25% 12.5g 50

Source: modified from ref. 24.
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Figure 37.2 Calculation of fibrinogen requirements for obstetric hemorrhage. FFP, fresh frozen plasma.

Table 37.5 Inotropic agents.

Inotropic agent Mechanism of action Dosage

Dopamine Dopaminergic (0.5–5.0µg/kg/min) vasodilation of renal and mesenteric 2–5µg/kg/min and titrate to BP and CO
vasculature; β1-adrenergic (5.0–10.0µg/kg/min) increased myocardial 
contractility SV, CO; alpha-adrenergic (15–20µg/kg/min) increased general
vasoconstriction

Dobutamine Myocardial β1-receptor stimulant increased CO, minimal tachycardia 2–10µg/kg/min
Isoproterenol β-adrenergic receptors increased contractility and heart rate, but ventricular 1–20µg/min

ectopy, tachycardia, vasodilation
Digoxin Improved contractility of myocardium 0.5mg IV push and 0.25mg q4h × 2,

then 0.25–0.37mg/day

BP, blood pressure; CO, cardiac output; SV, stroke volume.

Source: modified from ref. 25.
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increased myocardial contractility and cardiac output via β1
receptors.27 Doses of more than 20µg/kg/min result in gener-
alized vasoconstriction via alpha-adrenergic receptors. High-
dose dopamine has been demonstrated to decrease uterine
blood flow in healthy and hypotensive pregnant sheep.28,29

This should be kept in mind when administering dopamine
during pregnancy.

If satisfactory hemodynamic performance is not achieved
and the patient is not profoundly hypotensive, dobutamine
may be added to the dopamine regimen at 2.5–10µg/kg/min
(Fig. 37.3). Dobutamine increases cardiac output with
minimal tachycardia by acting as a myocardial beta-receptor
stimulant. Unfortunately, it may also reduce afterload and
lower systemic blood pressure, and must be used with caution
in severe hypotension. If dobutamine does not provide ade-
quate improvement, isoproterenol, a beta-adrenergic agonist,
may be added. Increased heart rate and contractility are
achieved at the risk of ventricular ectopy, excessive tachycar-
dia, and peripheral vasodilation. Although rarely used in acute
hypotension, other inotropic agents, such as digoxin and
amrinone, may also be used to improve myocardial contrac-
tility.30 Digoxin is usually administered with continuous 
electrocardiographic monitoring by giving an initial bolus 
of 0.5mg by intravenous push, followed by 0.25-mg doses
every 4 hours for a total loading dose of 1.0mg. The main-
tenance dosage in pregnant patients is usually at least

0.25–0.37mg/day, depending on plasma levels.25,31 Amrinone,
an inotropic agent with vasodilatory activity, is indicated for
the short-term management of cardiac failure.30 A bolus of
0.75mg/kg over 2–3min is given, and an infusion of
5–10µg/kg/min should follow. Vasodilation may be undesir-
able, particularly in distributive shock, and agents producing
vasodilation should only be used with caution.

When blood pressure does not respond to inotropic therapy,
a peripheral vasoconstrictor should be considered to maintain
appropriate vascular tone (Table 37.6). Phenylephrine, an
alpha-adrenergic agonist, may be initiated at 1–5µg/kg/min.
Norepinephrine, a mixed alpha- and beta-agonist with 
powerful vasoconstrictive properties, may be added to provide
generalized vasoconstriction and increased systemic vascular
resistance. This agent is used in situations in which blood pres-
sure is dangerously low (mean arterial pressure < 60mmHg)
despite other therapy, because perfusion to vital organs, such
as the kidneys and lungs, may be reduced by the vasocon-
striction. Although vasoconstrictors are commonly used, there
are few data to suggest they improve outcome.31,32

Particular caution must be exercised with the use of these
agents in gravid patients. Only correction of maternal hypov-
olemia will maintain placental perfusion and prevent fetal
compromise. Although vasopressors may temporarily correct
hypotension, they do so at the expense of uteroplacental per-
fusion, as the uterine spiral arterioles are especially sensitive
to these agents. Vasopressors should therefore be used in the
treatment of obstetric hemorrhagic shock only when essential
for maternal survival.

In hypovolemic shock, vasopressors or inotropic agents 
are rarely indicated and should not be given until the intra-
vascular volume has been adequately replaced.

Hemodynamic monitoring

The pulmonary artery catheter was introduced in 1970 for the
determination of pressures in the right side of the heart and
pulmonary capillary wedge pressure.33 The pulmonary artery
catheter provides direct measurement of central venous pres-
sure, pulmonary artery systolic and diastolic pressure, and 
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Volume infusion with

2 L Ringer’s lactate

Insert pulmonary

artery catheter

Continue volume expansion

until PCWP ≥ 14–16 mmHg

Inotropic therapy with dopamine + digoxin

if left ventricular function curve is depressed

If no improvement add:
1) dobutamine

  2) isoproterenol

Start with phenylephrine.
If SVRI does not improve,

add norepinephrine

Peripheral vasoconstrictor if SBP ≤ 80 mmHg

and SVRI ≤ 1500 dynes/s/cm–5M2

Systolic BP < 80mmHg

No response to volume expansion

No response to volume and dopamine

Figure 37.3 Hemodynamic algorithm for obstetric septic shock. 
BP, blood pressure; PCWP, pulmonary catheter wedge pressure; 
SBP, systolic blood pressure; SVRI, systemic vascular resistance
index (reprinted from ref. 25, with permission).

Table 37.6 Vasopressor agents.

Vasopressor agent Mechanism of action Dosage

Phenylephrine (Neo- Alpha-adrenergic 1–5µg/kg/min
synephrine) increased systemic

vascular resistance
Norepinephrine Mixed adrenergic alpha 1–4µg/min

(Levophed) and beta generalized
vasoconstriction
increased systemic
vascular resistance

Source: modified from ref. 25.
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pulmonary capillary wedge pressure, whereas thermodilution
techniques and physiologic equations allow derivation of
cardiac output, systemic vascular resistance, and other hemo-
dynamic parameters. Normal values during pregnancy have
been published34,35 and are summarized in Table 37.7. In select
cases, placement of a pulmonary artery catheter should be
considered to aid in assessing cardiac function and hemody-
namic status. Several prospective trials have demonstrated the
benefits of pulmonary catheterization in selected critically ill
patients. These benefits may include a reduction in morbidity
and mortality in complicated surgical patients and in patients
in shock. This technique, however, is not without its critics.38

A nonrandomized observational study demonstrated increased
mortality and cost associated with pulmonary artery catheter-
ization.39 In contrast, a recent randomized controlled trial
(n = 201) of the pulmonary artery catheter in critically ill
patients by Rhodes et al.40 concluded that its use is not asso-
ciated with increased mortality.

Some pathophysiologic conditions secondary to, or in asso-
ciation with, the pregnant state may be diagnosed and treated
appropriately with the Swan–Ganz catheter. The differentia-
tion between pulmonary edema secondary to high pulmonary
capillary wedge pressure versus low pulmonary capillary
wedge pressure can be determined with the pulmonary artery
catheter. Kirshon and Cotton30 found that the development of
hydrostatic pulmonary edema may occur at lower pulmonary
capillary wedge pressures during pregnancy secondary to a
lower colloid osmotic pressure. Numerous studies have docu-
mented the frequent discrepancy between measurements of
central venous pressure and pulmonary capillary wedge pres-
sure during pregnancy.37,41–43 Central venous pressure would

be misleading in these circumstances, and so central venous
monitoring is seldom indicated in obstetric critical care. Poten-
tial clinical indications for use of the pulmonary artery
catheter in obstetric patients are summarized in Table 37.8.
One simple but clinically helpful use for the Swan–Ganz
catheter is to guide volume resuscitation through use of the
volume challenge (Fig. 37.4).

On insertion of the Swan–Ganz catheter, advancement to

663

Table 37.7 Hemodynamic indices in nonpregnant and normal third-trimester pregnant women measured by pulmonary artery catheter.

Parameter Normal Normal Severe Amniotic fluid
nonpregnant third trimester preeclampsia embolism 
(n = 10)* (n = 10)* (n = 45)† (n = 15)‡
mean ± SD mean ± SD mean ± SD mean ± SD

Cardiac output (L/min) 4.3 ± 0.9 6.2 ± 1.0 7.5 ± 0.2 –
Heart rate (beats per minute) 71 ± 10 83 ± 10 95 ± 2 –
Systemic vascular resistance (dyne/m/s−5) 1,530 ± 520 1.210 ± 266 1,496 ± 64 –
Pulmonary vascular resistance (dyne/cm/s−5) 119 ± 47 78 ± 22 70 ± 5 176 ± 72
Colloid osmotic pressure (mmHg) 20.8 ± 1.0 18.0 ± 1.5 19.0 ± 0.5 –
Mean arterial pressure (mmHg) 86 ± 8 90 ± 6 138 ± 3 –
Pulmonary capillary wedge pressure (mmHg) 6.3 ± 2.1 7.5 ± 1.8 10 ± 1 18.9 ± 9.2
Central venous pressure (mmHg) 3.7 ± 2.6 3.6 ± 2.5 4 ± 1 –
Left ventricular stroke work index (g/m/m−2) 41 ± 8 48 ± 6 81 ± 2 26 ± 19
Mean pulmonary artery pressure (mmHg) 11.9 ± 2.0 12.5 ± 2.0 17 ± 1 26.2 ± 15.7

Source: data from refs 34–36, and unpublished data from the National Amniotic Fluid Embolism Registry.

SD, standard deviation; SEM, standard error of the mean.

Observations in pathophysiologic states (severe preeclampsia and amniotic fluid embolism) are shown for comparison.

*Data from ref. 34.

†Data from ref. 35.

‡Data from ref. 36.

Table 37.8 Indications for pulmonary artery catheterization during
pregnancy.

1. Massive blood loss with large transfusion requirements,
particularly in the face of oliguria or pulmonary edema

2. Septic shock, especially when accompanied by hypotension or
oliguria, required volume resuscitation or vasopressor therapy

3. Cardiac failure or pulmonary edema of uncertain etiology
4. Severe pregnancy-induced hypertension complicated by

pulmonary edema, oliguria unresponsive to initial fluid challenge,
or severe hypertension refractory to conventional therapy
(hydralazine)

5. Labor and delivery in patients with significant cardiovascular
disease (New York Heart Association functional class III and IV
patients)

6. Intraoperative cardiovascular decompensation (e.g., pulmonary
hypertension with shunting secondary to amniotic fluid
embolism)

7. During peripartum period in patients with severe preeclampsia
and structural cardiac defects

8. Thyroid storm with evidence of high output failure
9. Diabetic ketoacidosis with severe hypovolemia and oliguria

Source: Date from refs. 35, 44, 45, 369, and 442.
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the right side of the heart demonstrates characteristic pressure
tracings through the right atrium, right ventricle, pulmonary
artery, and pulmonary capillary wedge positions (Fig. 37.5).
From these waveforms, specific hemodynamic and ventilatory
parameters can be determined (Table 37.9). Cardiac output
may then be used to construct a ventricular function curve
(Fig. 37.6). Hemodynamic subsets of ventricular function can
be evaluated by plotting stroke index against left ventricular
filling pressure (Fig. 37.7). A knowledge of pulmonary 

capillary wedge pressure, pulmonary artery diastolic-wedge
gradient, and the arteriovenous oxygen difference makes it
possible to ascertain the precise etiology of cardiopulmonary
compromise (Fig. 37.8).

After placement of the Swan–Ganz catheter, a chest radi-
ograph should be obtained to rule out pneumothorax and to
confirm the catheter’s position. Most complications encoun-
tered in patients undergoing pulmonary artery catheterization
are a result of obtaining central venous access. These compli-
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Figure 37.4 Swan–Ganz catheter placement.
Swan–Ganz catheter depicting central venous
pressure (CVP) port, pulmonary artery and
balloon port, and attachment for thermistor.
During advancement through the right side
of the heart, characteristic pressure tracings
are recorded from the right atrial, right
ventricular, pulmonary artery, and
pulmonary capillary wedge positions
(reprinted from ref. 46, with permission).

Table 37.9 Hemodynamic and ventilatory parameters.

Nonpregnant Pregnant

Central venous pressure (mmHg) 1–7 Unchanged
Pulmonary capillary wedge pressure (mmHg) 6–12 Unchanged
Mean pulmonary artery pressure (mmHg) 9–16 Unchanged
Systemic vascular resistance (dyne/cm/s−5) 800–1,200 Decreased 25%
Pulmonary vascular resistance (dyne/cm/s−5) 20–120 Decreased 25%
Cardiac output (L/min) 4–7 Increased 30–45%
Arterial Po2 (mmHg) 90–95 104–108
Arterial Pco2 (mmHg) 38–40 27–32
Arterial pH 7.35–7.40 7.40–7.45
Oxygen consumption (mL/min) 173–311 249–331

Source: from ref. 30, with permission.
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cations, which include pneumothorax and insertion site infec-
tion, occur in 1–5% of patients undergoing the procedure.47–49

Potential complications of pulmonary artery catheterization
include air embolism, thromboembolism, pulmonary infarc-
tion, catheter-related sepsis, direct trauma to the heart or
vessels, Horner’s syndrome and catheter intrapment.50–55 These
complications are uncommon and occur in 1% or fewer
patients.

Development of accurate noninvasive methods of central
hemodynamic assessment would help to minimize risks asso-
ciated with invasive techniques. Such methods generally focus
on sonographic or bioimpedance techniques to estimate
cardiac output and have been described in both pregnant and
nonpregnant patients.31,56–59 Techniques to investigate non-
invasive central pressure determination are also continuing.60

For now, invasive techniques remain the standard for ongoing
management of critically ill obstetric patients.

Electronic fetal heart rate monitoring

During the development of shock in the pregnant patient,
redistribution of maternal cardiac output to vital organs such
as the brain and heart may occur at the expense of the utero-
placental fetal unit. In the pregnant patient, fetal hypoxia may
lead to changes in the heart rate pattern before the mother
becomes overtly hypotensive.61 In the absence of abnormal
changes in the fetal heart rate pattern, significant maternal
shock is unlikely.61 Consequently, fetal heart rate is a clinically
useful window to endorgan perfusion, and continuous elec-
tronic fetal heart rate monitoring with appropriate interpre-
tation may be an important adjunct in the care of the critically
ill pregnant patient.
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The appropriate duration of electronic fetal monitoring
after trauma has been the subject of investigation. The occur-
rence of adverse outcomes including abruptio placentae is not
always predictable on the basis of injury severity.62 Williams
et al.63 and Pearlman et al.64 studied pregnant trauma patients
with electronic fetal monitoring. No cases of placental abrup-
tion were seen in the absence of uterine contractions or if con-
tractions occurred at a frequency of less than one every 10 min

after 4 hours of monitoring. In patients with more frequent
contractions, nearly 20% had placental abruptions. If 
complications do not occur after 4 hours of monitoring, 
an outcome similar to uninjured control subjects may be
expected.64 If uterine contractions, uterine tenderness, vaginal
bleeding, rupture of membranes, nonreassuring fetal heart
rate, or serious maternal injury are present, further monitor-
ing and evaluation are indicated. Current evidence suggests
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Figure 37.7 Flow diagram for interpretation of
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Figure 37.8 Pulmonary artery catheter-guided
volume challenge.
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that a period of continuous fetal monitoring is prudent in most
cases of trauma during pregnancy of more than 22–24 weeks’
gestation. In patients without signs or symptoms of abruption,
a period of 2–6 hours of monitoring will suffice.60 Prolonged
monitoring is indicated in clinically unstable patients. In cases
of hemodynamic instability, the maternal condition should be
stabilized before delivery is considered for persistent evidence
of fetal distress. The fetus may recover as maternal hypoxia,
acidosis, and hypotension are corrected. Serial evaluations of
fetal status and in utero resuscitation are generally preferable
to the emergency delivery of a depressed infant from a hemo-
dynamically unstable mother.

Surgical therapy

Surgical therapy may be an integral part of managing obstet-
ric patients in hemorrhagic shock. Uterine bleeding can occur
in the antepartum, intrapartum, and postpartum periods, and
requires prompt evaluation and management. As in the case
of uterine rupture, definitive surgical therapy may need to be
initiated prior to stabilization. With postpartum hemorrhage
resulting from uterine atony, surgical therapy may be required
if the conventional treatments of uterine compression and
pharmacologic therapies have been unsuccessful. Uterine
artery ligation, initially described by Waters,66 is performed by
grasping the uterine wall and broad ligament and passing a
single no. 1 chromic catgut suture anteroposteriorly through
the lower uterine segment. The ascending uterine vessels are
encompassed, and the suture is exited through the avascular
area at the base of the broad ligament.67 The fundus com-
pression suture as described by B-Lynch68 has also been
reported to abate uterine hemorrhage in many cases.

If hemorrhage persists after these measures, the hemody-
namic stability of the patient should determine whether one
proceeds with a hypogastric artery ligation or hysterectomy.
Hypogastric artery ligation should likely be reserved for stable
patients of low parity who strongly desire further childbear-
ing, as hypogastric artery ligation has been associated with a
high complication rate and a low success rate in obtaining
control of uterine hemorrhage. The ligation should be per-
formed distal to the posterior division of the hypogastric
artery. Hysterectomy is clearly indicated for profound
intractable hemorrhage if the patient is unstable or not
desirous of future childbearing.69

Transcatheter arterial embolization

Advances in interventional radiology have produced alterna-
tives to the surgical management of obstetric hemorrhage.
Arterial embolization with gel foam, coils, and glue have been
reported to successfully control massive bleeding.70,71 Vascular
access is usually via the femoral or axillary artery, and diag-
nostic localization is performed with an intra-aortic injection
of radiopaque dye below the renal arteries.72 Once the site of
hemorrhage is identified, selective catheterization is per-

formed, and the vessel embolized. If catheterization of the
bleeding artery is unsuccessful, embolization is attempted at
or near the distal end of the anterior division of the internal
iliac artery.72 In patients with prior hypogastric artery ligation,
collateral arteries may be identified, selectively catheterized,
and embolized. However, embolization appears to be easier if
performed before arterial ligation. Complications due to the
procedure may include tissue ischemia (e.g., buttock claudi-
cation), guidewire perforation of an arterial blood vessel, and
“postembolization syndrome.”73 Gelfoam appears to be the
embolizing agent of choice in most obstetric series.72–75 Pro-
phylactic arterial catheterization for selective embolization has
been proposed in cases at high risk for obstetric hemorrhage
requiring surgical intervention.73,76 Techniques for achieving
medical and surgical hemostasis in patients with postpartum
bleeding have been discussed more comprehensively by
Dildy.77

Military antishock trousers

Military antishock trousers may be useful in controlling intra-
abdominal and pelvic hemorrhage and in stabilizing pelvic and
lower extremity fractures. In the pregnant shock victim, the
abdominal compartment is not inflated, as uterine compres-
sion against the inferior vena cava may decrease venous
return, thus reducing cardiac output and worsening the hemo-
dynamic condition.78 Although widely accepted recommenda-
tions for use during pregnancy have not been delineated,
obstetric and gynecologic applications of the gravity suit have
been proposed.79

Pelvic pressure pack

After hysterectomy for severe obstetric hemorrhage, diffuse
bleeding may persist from pelvic surgical sites due to associ-
ated coagulopathy. The use of a transvaginal pressure 
pack was first reported by Logothetopulos in 192679 to 
tamponade diffuse venous bleeding. Others have since
described a similar approach.80,82 Hallak and colleagues82 used
a mushroom-shaped pack, created from a sterile plastic bag
filled with gauze, placed transabdominally in the pelvis, with
the stalk exiting the vagina. Traction on the stalk 
produces pressure on the pelvic floor, which tamponades 
low-pressure venous bleeding and controls hemorrhage. The
pack is removed either transabdominally or transvaginally
once the patient is hemodynamically and hematologically
stable.

Cardiopulmonary resuscitation

If cardiac or pulmonary arrest occurs in the pregnant woman,
cardiopulmonary resuscitation is initiated in the same fashion
as for nonpregnant victims.83 Technical variations specific for
pregnancy include lateral uterine displacement to improve
venous return and cardiac output, and perimortem Cesarean
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section if resuscitation is not successful within 4min of the
initial event.84

Perimortem Cesarean section

Postmortem Cesarean delivery has been described for cen-
turies as an attempt to save the life of the unborn child.84,85

Katz and colleagues84 stress that the chance of fetal survival
after perimortem Cesarean section is improved if maternal
death is sudden. The timing of the operation is also impor-
tant, and they have suggested that Cesarean delivery should
be initiated within 4min, and the baby delivered within 5min
of maternal cardiac arrest. The longest documented time inter-
val from maternal death to delivery with fetal survival is
25min,86 although this remains disputed. In a series of patients
who underwent cardiac arrest in association with amniotic
fluid embolism, if delivery occurred within 15min, most
fetuses survived neurologically intact. However, even poor
neonatal outcomes have been encountered with delivery
within 5min of maternal cardiac arrest.87 Given the critical
nature of time, perimortem Cesarean section should not be
delayed to obtain an obstetric ultrasound; the physician
should assess fundal height to confirm a potentially viable ges-
tational age before making the abdominal incision.88 In cases
of moribund patients suffering from chronic disease, prepara-
tion for perimortem Cesarean section should be planned well
in advance.

Case reports have indicated an increased success rate of
delivering live infants, which may be related to both changing
causes of maternal death and improved neonatal resuscitation.
Most important, fetal outcome is related to fetal gestational
age and the amount of time that has elapsed between mater-
nal death and delivery.89 However, underreporting of unsuc-
cessful cases may prohibit an establishment of the actual
success rate.

Katz and colleagues84 have concluded that there is minimal
legal risk for the physician in performing a perimortem
section. The benefits include a chance for infant survival and
improved maternal cardiopulmonary resuscitation. Removal
of the placenta at the time of delivery is encouraged, as post-
operative placental expulsion has been known to occur.85–89

Controversial and 
experimental modalities

Corticosteroids

Historically, the most controversial modality in the treatment
of septic shock has been the use of high-dose steroids. Theo-
retic benefits include stabilization of lysosomal membranes,
inhibition of complement-induced inflammatory changes, and
attenuation of the effects of cytokines and other inflammatory
mediators.90 Numerous animal model studies and a few
human studies have produced widely conflicting results.
Human clinical studies have been criticized for flaws in study

design and nonstandardization of regimens.91 In 1984, Sprung
et al.92 demonstrated in a prospective, randomized study of 56
patients that corticosteroids may improve outcome if admin-
istered early in septic shock. Although short-term improve-
ment was noted, mortality rates were not altered, and more
than 25% of patients treated with steroids developed super-
infections. Hoffman et al.93 reported in 1984 that the mortal-
ity of patients with severe typhoid fever could be decreased by
treatment with corticosteroids. In contrast, in 1987, the
Methylprednisolone Severe Sepsis Study Group published data
from a prospective, randomized, double-blind, placebo-
controlled trial of 382 patients, concluding that the use of
high-dose corticosteroids provided no benefit in the treatment
of septic shock. Furthermore, they reported an increased 
mortality secondary to infections.91 Additionally, potential
side-effects from the administration of corticosteroids 
include gastrointestinal bleeding, hyperglycemia, and superin-
fection.90,94 Currently, there is insufficient evidence to recom-
mend the use of corticosteroids for septic shock, and their use
should be reserved for patients with documented adrenal
insufficiency.

Naloxone

Naloxone, an opiate antagonist, has been studied in animals95

and humans96–98 for the reversal of opiate-induced hypoten-
sion in endotoxic shock. The rationale for use of naloxone is
that the endogenous opiate beta-endorphin is stored with
adrenocorticotropic hormone, and both seem to be released
simultaneously under physical stress.98,99 Studies using the rat
endotoxic shock model have suggested that naloxone both
prophylactically blocks and rapidly reverses endotoxin-
induced hypotension, which appears to be partially mediated
by endogenous opiates.100 Naloxone has been shown to inhibit
the production of tumor necrosis factor-alpha induced by
lipopolysaccharide.101 Canine studies demonstrated improved
cardiovascular parameters and survival in animals treated
with naloxone in endotoxic shock.102–104 Data published so far
on humans have been controversial. Roberts and colleagues97

suggest that earlier studies found no positive effects second-
ary to short observation periods.96,105 Their data suggested that
the continuous intravenous infusion of naloxone resulted in
decreased inotrope and vasopressor requirements in patients
with septic shock. Positive hemodynamic effects (decreased
heart rate with increased stroke volume) were observed more
than 4 hours after an initial naloxone bolus, and no side-
effects were identified. A meta-analysis showed naloxone
therapy to be associated with statistically significant hemody-
namic improvement, but the case fatality rate was not
decreased.106 Further controlled clinical studies are required
before the general use of naloxone for endotoxic shock can be
recommended. It should be noted that the treatment of
patients who are receiving opiates for chronic pain relief with
naloxone can precipitate opiate withdrawal and even cardio-
vascular collapse.100
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Nonsteroidal anti-inflammatory drugs

Prostaglandins are suspected to play a central role in septic
shock, particularly in controlling regional blood flow distri-
bution. Nonsteroidal anti-inflammatory drugs (NSAIDs) are
thought to protect against the many deleterious effects of the
prostaglandins on the cardiovascular, pulmonary, and coagu-
lation systems during endotoxic shock. Increased production
and decreased degradation of prostaglandins in severe sepsis
has been demonstrated.107 These alterations may be associated
with endotoxin-induced pulmonary vascular changes.108

Prostaglandin synthetase inhibitors have been used to blunt
this pathophysiologic response in sheep.109 Similar beneficial
effects have been observed in other organ systems when exper-
imental animals were pretreated with prostaglandin synthetase
inhibitors prior to endotoxin exposure.110–112 Current data
regarding the effects of NSAIDs on humans are lacking, and
future clinical investigation in humans appears to be war-
ranted before routine clinical use.

Immunotherapy

Preliminary immunotherapy studies have shown that anti-
bodies specifically directed against endotoxin or inflammatory
mediators reduce mortality in animal models and human
septic shock patients.113 Clinical trials, however, have pro-
duced inconsistent results. Anti-lipopolysaccharide (anti-LPS)
immunoglobulin has been found to bind to LPS from a wide
range of Gram-negative bacteria.114 Anti-LPS IgG has been
administered to obstetric patients in septic shock with reduc-
tions in morbidity and mortality.115 Control patients demon-
strated a mortality of 47.4% (9 of 19), compared with a
mortality of 7.1% (1 of 14) in the treated group. Ziegler and
colleagues116 treated bacteremic patients with human anti-
serum to a mutant Escherichia coli during the onset of the
illness and observed a significant reduction in deaths from
Gram-negative bacteremia and septic shock. Despite some
promising studies, clinical success with antiendotoxin and
anticytokine therapies has been less than hoped for,117–121 and
these agents are still of questionable benefit in the therapy of
septic shock. Circulating natural inhibitors of proinflamma-
tory cytokines have been described and, in animal models,
these inhibitors have been shown to decrease mortality in
endotoxic shock. The effect of these natural inhibitors on the
clinical course of sepsis is being investigated. The presence of
these inhibitors may explain the inconsistent results observed
with the exogenous administration of inflammatory mediators
in clinical trials.122

Anticoagulants

Activation of the coagulation system and depletion of endoge-
nous anticoagulants have been found in patients with severe
sepsis and septic shock. Diffuse microthrombus formation
may induce organ dysfunction and lead to excess mortality in

this situation. It has been hypothesized that antithrombin III
may provide protection from multiorgan failure and improve
survival in critically ill patients. However, studies using
antithrombin III replacement in septic shock have shown no
survival benefit. A double-blind, placebo-controlled, multi-
center phase 3 trial of antithrombin III replacement showed
no survival benefit and was associated with a significant
increase in the risk for hemorrhagic complications in patients
receiving antithrombin III in combination with heparin.123

Recombinant activated protein C has also been studied.
Bernard et al.124 showed a significant reduction in mortality
with the administration of recombinant activated protein C in
septic shock. Unfortunately, an increased risk of bleeding was
also noted, including two fatal intracranial hemorrhages. The
authors calculated a rate of one serious bleeding event for
every 66 patients treated and a 28-day survival benefit for one
patient out of every 16 treated.

Specific etiologies and their
management: hypovolemic shock

Hypovolemia may result from hemorrhage or solely from loss
of intravascular fluids. The causes of hemorrhage in obstetrics
are numerous, with the most common cause of postpartum
hemorrhage being uterine atony followed by obstetric
trauma.15 Hemorrhage is still the leading cause of pregnancy-
related mortality in the United States.4 Pritchard125 showed
that the average amount of blood volume expansion during
pregnancy is approximately 1500mL. The average amount 
of blood lost during a vaginal delivery and elective repeat
Cesarean section is 500mL and 1000mL respectively. No
physiologic compromise should be encountered so long as the
volume of blood lost at delivery does not exceed the amount
added during pregnancy. When this balance is exceeded, 
hypovolemia results in decreased venous return and reduced
cardiac output. The diagnosis of shock is most often made by
the presence of hypotension, oliguria, acidosis, and collapse in
the late stage, when therapy is frequently ineffective. Early in
the course of massive hemorrhage, there are decreases in mean
arterial pressure (MAP), cardiac output (CO), central venous
pressure (CVP), and pulmonary capillary wedge pressure
(PCWP), stroke volume and work, mixed venous oxygen sat-
uration, and oxygen consumption. Increases are seen in sys-
temic vascular resistance (SVR) and arteriovenous oxygen
content differences, which serve to improve tissue oxygena-
tion in the face of reduced blood flow. Catecholamine release
causes a generalized increase in venular tone, resulting in an
autotransfusion effect. These changes are accompanied by
compensatory increases in heart rate, SVR, pulmonary vascu-
lar resistance, and myocardial contractility. Redistribution of
CO and blood volume occurs via selective arteriolar con-
striction mediated by the central nervous system and
adrenomedullary stress response. This results in diminished
perfusion to the skin, kidneys, gut, and uterus and 
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maintenance of blood flow to the heart, brain, and adrenal
glands. In the pregnant patient, this redistribution may result
in fetal hypoxia and distress. This will likely occur before the
mother becomes overtly hypotensive. Regardless of the mater-
nal MAP, significant maternal shock is unlikely in the absence
of fetal distress.61 Three vital organs in addition to the pla-
centa are especially susceptible to damage in the setting of
hypotension due to hemorrhagic shock. These organs are the
anterior pituitary gland, the kidneys, and the lungs. Sheehan
and Murdoch126 first described the syndrome of hypopitu-
itarism secondary to postpartum hemorrhage and subsequent
hypotension. This condition is now a rare obstetric complica-
tion. Hypovolemia leading to reduced renal perfusion can
result in acute tubular necrosis. Severe hemorrhage may also
precipitate ARDS.

Treatment of hemorrhagic shock involves correcting the 
initiating process as well as instituting general supportive
measures, as previously discussed. When hemorrhage is sus-
pected, the clinician should: (1) estimate actual blood loss and
prehemorrhage blood volume as accurately as possible; (2)
consider factors affecting the patient’s ability to tolerate blood
loss; (3) seek clinical evidence of hypovolemia and shock; (4)
identify and correct the source of blood loss; (5) restore blood
volume and oxygen carrying capacity; and (6) attempt to
prevent further blood loss.127 If medical therapy is unsuccess-
ful, surgical procedures such as uterine artery ligation, internal
iliac artery ligation, and emergency hysterectomy may be
required. Other modalities, such as percutaneous transcatheter
hypogastric artery embolization, may have their place in
certain situations, but are not without their own risks.
Response to therapy is reflected by hemodynamic parameters
and laboratory values. Blood products should be administered
after identifying the underlying disorder by laboratory indices.

Uterine atony

Uterine atony is the most common cause of primary post-
partum hemorrhage, accounting for 80% of all cases. Diag-
nosis is made after delivery of the placenta when excessive

bleeding is noted per vagina, and the uterine fundus is boggy.
Examination of the birth canal reveals no lacerations that may
account for bleeding. The uterine cavity should be explored
to rule out retained placenta, retained blood clots, and dis-
ruption of the uterine wall. Initial management includes
bimanual fundal massage and administration of uterotonic
agents (Table 37.10).

Oxytocin (Pitocin, Syntocinon) is administered intra-
venously or via intramyometrial injection. Given intra-
venously, it has an almost immediate onset of action. The usual
dose is 20–40units/L of crystalloid. It has approximately 5%
of the antidiuretic effect of vasopressin and, if given in large
volumes of electrolyte-free solution, can cause water overload.

Methylergonovine maleate (Methergine) acts via stimula-
tion of α-adrenergic myometrial receptors. The dose is 0.2mg
intravenously or via intramyometrial injection and may be
repeated after 2–4 hours if necessary. Vasoconstriction is a
side-effect, and contraindications include patients with heart
disease, hypertension (including preeclampsia/eclampsia), and
peripheral vascular disease.

Prostaglandin derivatives have been shown to be effective
in treating postpartum uterine atony where other modalities
have failed. Prostaglandin F2α results in contraction of
smooth muscle cells.127,129 Carboprost/hemabate (15-methyl
prostaglandin F2α) is an established second-line treatment for
postpartum hemorrhage unresponsive to oxytocic agents. It is
available in single-dose vials of 0.25mg to be given intramus-
cularly. Small case series have reported an efficacy of 85% or
more in refractory postpartum hemorrhage.130,131 The largest
case series to date involved a multicenter surveillance study of
237 patients with postpartum hemorrhage refractory to oxy-
tocin, which found that 15-methyl prostaglandin F2α was
effective in 88% of patients.132 Takagi and associates133

showed that intramyometrial injection of prostaglandin F2α
was superior to intravenous or intramuscular administration.
The intramyometrial route of administration may be preferred
to peripheral intramuscular injection, especially in patients
who are in shock with compromised circulation. Side-effects
include bronchospasm, nausea, vomiting, and diarrhea. There
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Table 37.10 Uterotonic agents for uterine atony.

Agent Administration route Dose Comments

Oxytocin (Pitocin) Intravenous 10–40U in 1000mL of LR or NS Not to exceed 100mU/min
Methylergonovine (Methergine) Intramuscular 0.2mg q6h Avoid in hypertensive patients
15-methyl PGF2α (Hemabate) Intramuscular or 0.25mg q15–60min Side effects include arterial

intramyometrial O2 desaturation, 
bronchospasm, hypertension

Dinoprostone (Prostin E2) Per rectum 20-mg suppository Use with caution in hypotensive
patient because of vasodilation;
if available, PGF2α is preferable

LR, lactated Ringer’s solution; NS, normal saline; PGF2α, prostaglandin F2 alpha.

Source: modified from ref. 128.
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are case reports of hypotension and intrapulmonary shunting
with arterial oxygen desaturation. This medication is there-
fore contraindicated in patients with cyanotic cardiac or 
pulmonary disease.

Misoprostol is a synthetic analog of prostaglandin E1 and
can be given orally, vaginally, or rectally. An international 
multicenter randomized trial reported that oral misoprostol is
less successful than parenteral oxytocin administration as pro-
phylaxis for postpartum hemorrhage.134 However, two small
case series have reported good responses in postpartum hem-
orrhage refractory to oxytocin and syntometrine (oxytocin
and ergometrine) with rectal doses of 600–1000µg.135,136 A
single-blinded randomized trial of misoprostol 800mg rectally
versus syntometrine intramuscularly plus oxytocin by intra-
venous infusion found that misoprostol resulted in cessation
of bleeding within 20min in 30/32 cases (93%) compared
with 21/32 (66%).137 There was no difference in need for
blood transfusion. The advantages of misoprostol include low
cost and ease of administration. If hemorrhage persists despite
medical therapy, surgical intervention is mandated.

Placenta accreta, increta, and percreta

Placenta accreta occurs when Nitabuch’s membrane is defi-
cient and trophoblastic tissue attaches directly to the deciduas
basalis or myometrium. If the trophoblast invades the
myometrium or penetrates adjacent structures, placenta
increta or placenta percreta exist. In a study of 40 cases 
of such placental abnormalities, the relative proportions of
accreta, increta, and percreta were 78%, 17%, and 5% respec-
tively.138 When the placenta detaches, areas of adherence
prevent the normal mechanism of myometrial contraction and
compression of vascular channels from occurring, resulting in
hemorrhage. Clinical studies reveal an increasing trend in inci-
dence, perhaps secondary to better case reporting and increas-
ing rates of Cesarean section. Read and colleagues139 state that
the hallmark of placenta accreta is multiparity. The most
common associated factors were placenta previa and previous
Cesarean sections. A linear increase in risk of placenta accreta
in patients with placenta previa and previous uterine scars has
been demonstrated.140 It has been noted that patients present-
ing with placenta previa and an unscarred uterus have a 5%
risk of having placenta accreta. The risk of placenta accreta
increased to 24% in patients with a placenta previa and one
previous Cesarean section. Those patients with placenta previa
and four previous Cesarean sections experienced a 67% 
incidence of placenta accreta.140

Treatment generally involves hysterectomy; however, con-
servative management may be appropriate in certain cases.
McHattie’s 1972141 review of the literature showed a mater-
nal mortality of 41.9% with conservative management and a
maternal mortality of 6.5% with hysterectomy. In a review of
patients treated between 1977 and 1983, no maternal deaths
were observed in the 28% of those patients treated with con-
servative methods.140 Individualized treatment and conserva-

tive procedures, such as curettage, local repair, and uterine
artery ligation, may be appropriate in selected patients. When
future fertility is desired and the placental site is not bleeding,
conservative management has been advocated leaving the 
placenta in situ.142 Methotrexate chemotherapy has also been
used to enhance destruction of placental tissue;143 however,
cumulative experience is limited, and this approach may not
always be successful.144

Placental invasion into extrauterine structures, such as the
bladder (requiring bladder resection and massive transfusion)
has been reported.145–148 According to Thorp’s142 review of the
English language literature, the maternal mortality of placenta
percreta with bladder involvement is 9.5% (2 in 21). Antena-
tal detection by color Doppler ultrasound or magnetic reso-
nance imaging has afforded predelivery preparation in some
cases.142,148,149

Uterine rupture

Uterine rupture may occur in an unscarred uterus or at the
site of a previous Cesarean section or gynecologic surgery. The
overall rate varies from 2 to 8 per 10000 deliveries.150

The most common clinical sign in labor is the sudden onset
of fetal decelerations, reported in 81% of cases.150 Abdominal
pain, cessation of contractions, and recession of the present-
ing part are less common. Bleeding may be intraperitoneal and
into the broad ligament rather than revealed vaginally, and
profound shock may occur before rupture is suspected.
Uterine rupture should be considered in every obstetric patient
with undiagnosed hemorrhagic shock. Rupture of an un-
scarred uterus is frequently related to obstetric intervention.
This includes the excessive use of uterotonic drugs for induc-
tion or augmentation of labor, mid-forceps delivery, or breech
extraction with internal podalic version.151 Prolonged labor in
the presence of malpresentation or cephalopelvic dispropor-
tion also predisposes to uterine rupture. External trauma and
grand multiparity are also risk factors. The overall risk of
uterine rupture for women attempting a trial of labor follow-
ing low transverse Cesarean section is 0.5–1%, but higher if
the trial of labor is unsuccessful.152 A previous classical
Cesarean section has a risk of rupture of 3–6%; this becomes
12% if a trial of labor takes place. Use of uterotonic drugs
has been associated with an increased risk of rupture in the
presence of a Cesarean section scar. Prostaglandin agents used
for labor induction or cervical ripening have been associated
with an even higher risk.153 Management options include sur-
gical repair and hysterectomy. Many authors consider hys-
terectomy to be the procedure of choice.151,154 Repair may be
considered when technically feasible, especially in cases of
desired fertility. In these cases, planned Cesarean section
should be performed as soon as fetal lung maturity can be 
confirmed. Repair may also be considered in cases where 
successful control of hemorrhage can be attained in hemody-
namically unstable patients in order to avoid risking further
blood loss.
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Nonobstetric trauma

The incidence of accidental injury during pregnancy is esti-
mated to be 6–7%.89 An increased incidence of minor trauma
has been observed as pregnancy progresses.155 In most cases,
injury is minimal and is not associated with a significant
increase in perinatal mortality.151,156 Major trauma, however,
may place the mother and infant at severe risk.

The initial management of a pregnant woman who has sus-
tained severe or major trauma is essentially the same as that
of a nonpregnant person.157 Crosby158 has described in detail
the initial evaluation of the gravid trauma patient. Maternal
stabilization often leads to fetal stabilization, and delivery of
the fetus before stabilization of the mother may worsen the
mother’s condition and result in the delivery of a premature
fetus. Electronic fetal monitoring during maternal evaluation
provides information regarding fetal and maternal well-being
because deteriorating maternal cardiovascular status may be
reflected early via fetal distress.159 Signs of fetal well-being
reflect maternal cardiovascular stability.

Blunt trauma
Causes of blunt abdominal trauma include motor vehicle acci-
dents, pedestrian accidents, falls, and assaults. A recent large
retrospective study revealed motor vehicle accidents to be the
leading cause of fetal death related to maternal trauma.159 In
these accidents, the most common cause of fetal death is
maternal death.160 Among maternal survivors, premature sep-
aration of the placenta was the most frequent cause of fetal
death. Fetal injuries, usually skull fractures and intracranial
hemorrhage, tend to occur later in gestation because of a
reduced amniotic fluid–fetus ratio, fixation of the fetal head
in the bony pelvis, and placement of the fetal body outside the
bony pelvis.161 Expulsion from the vehicle and maternal head
trauma are associated with poor maternal and fetal outcomes.
Automobile passenger restraining systems have been shown to
improve maternal and fetal outcomes. Crosby and Costiloe162

noted a 33% mortality in unrestrained gravid automobile acci-
dent victims compared with a 5% mortality when two-point
restraints (traditional lap belt) were used. In a more recent
study of gravid accident victims using three-point restraint
belts, it was noted that proper use of seat belts was the best
predictor of maternal and fetal outcomes.163

The severity and mechanism of injury may not correlate
directly with the incidence or severity of fetomaternal hemor-
rhage. Relatively minor blunt abdominal trauma may result in
abruption. Up to 40% of severe blunt abdominal trauma is
associated with placental abruption, but a 2.6% rate of abrup-
tion is seen with relatively minor abdominal trauma.62,164–166

Uterine rupture is a relatively infrequent result of blunt trau-
matic injury during pregnancy. The incidence increases with
advancing gestation and severity of force. Most traumatic
uterine ruptures involve the uterine fundus or posterior aspect
of the uterus.161 Patients with a history of prior Cesarean 
delivery may be at increased risk.

Evaluation of the pregnant trauma patient is similar to eval-
uation of the nonpregnant patient with a few exceptions. The
presence of the gravid uterus may alter the patterns of injury
observed. Bowel injury is less frequent,167 but hepatic and
splenic injury appears to be more frequent.168 Abdominal
ultrasound is an important diagnostic tool in the identification
of intraperitoneal fluid collections secondary to hemorrhage
and has been demonstrated to have similar sensitivity and
specificity as in nonpregnant trauma patients. Computed
tomography (CT) scans may add additional diagnostic 
information. Exploratory laparotomy is indicated in pregnant
patients who are hemodynamically unstable, have evidence of
viscus perforation, infection, or fetal distress at a viable 
gestation. Diagnostic peritoneal lavage may be useful in less
severe cases and is as useful in pregnancy as in nonpregnant
abdominal trauma patients.156 An open technique should be
performed (analogous to open laparoscopy) in pregnant
patients to help the catheter to avoid the gravid uterus. It
should be noted that, because of changes in maternal physi-
ology and pregnancy-related anatomic alterations, pregnant
patients with significant abdominal injuries may not have 
significant abdominal signs or symptoms at presentation.
Maternal hypotension (systolic pressure < 90mmHg) and
tachycardia may represent late findings. Diagnosis may be 
significantly delayed and result in a higher risk of pregnancy
loss.169 The presence of rib or pelvic fractures should increase
the suspicion for other abdominal and pelvic injuries. 
Pelvic fractures are usually associated with motor vehicle 
accidents, and serious complications are related to urologic
and vascular damage. Retroperitoneal hemorrhage may be
massive. Less than 10% of patients with pelvic fractures
require subsequent Cesarean section secondary to pelvic 
deformity or instability.170

Providers should have a high index of suspicion for physi-
cal abuse during pregnancy. Blunt abdominal trauma and
other injuries, especially to the face, neck, breasts, and proxi-
mal extremities, may occur as a result of physical abuse.

Penetrating trauma
As the uterus expands during pregnancy, the bowel is compart-
mentalized into the upper abdomen and, therefore, the gravid
uterus becomes the most frequently injured organ in cases of
penetrating abdominal trauma.158 Because of the physical
forces involved, gunshot wounds carry a substantially higher
mortality than stab wounds. Gunshot wounds are the most
common type of penetrating injury during pregnancy.171 A
review by Buchsbaum171 indicated a lower than expected mater-
nal mortality in association with gunshot wounds to the uterus,
as reflected by no reported deaths between 1912 and 1979.
Fetal mortality, however, was high. An 89% incidence of fetal
injury and a 66% perinatal mortality were noted in this series.
Reported data from stab wounds are similar in that fetal mor-
tality was high (42%) and maternal mortality was not seen.172

Prematurity contributes significantly to perinatal mortality.
Traditional management of gunshot wounds to the
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mine the depth of the burn and the percentage of body surface
involved. The more severe the maternal burn, the higher the
maternal and perinatal mortality.182,183 With a burned total
body surface area greater than or equal to 60%, the rate of
maternal and fetal mortality was l00%, whereas a burned
total body surface area of 40–59% was associated with 50%
maternal and fetal mortality.184 Pregnancy alone does not
appear to alter maternal survival; however, with serious 
maternal burns, the fetal death rate is high.

Early complications of burns include severe hypovolemia
secondary to fluid and electrolyte shifts resulting from vascu-
lar damage.185 Hypovolemia, hypotension, and shock are 
prevented by aggressive fluid and electrolyte replacement.183

Electrolytes must be monitored carefully as sodium and potas-
sium values may fluctuate widely.182 Hypoxemia may occur in
conjunction with hypovolemia or secondary to upper and
lower respiratory damage as a result of inhalation of noxious
fumes. Oxygenation warrants close monitoring, and supple-
mental oxygen should be administered as required, occasion-
ally via endotracheal intubation.

Later complications of burns include wound infection and
sepsis. Hospital-acquired resistant organisms may complicate
therapeutic management. Septicemia and pneumonia are
reported to contribute to nearly one-half of all deaths in burn
patients.181 Abdominal scarring can also be problematic. Rai
and Jackson186 reported no increase in difficulties during labor
or Cesarean section from severe abdominal scarring second-
ary to burns. Adverse effects of previous abdominal burn scars
on subsequent pregnancies have been reported to include 
scar pain, occasional scar tissue breakdown, and uterine 
displacement.186,187

Because experience with pregnant burn patients is limited,
few specific treatment guidelines beyond electrolyte and fluid
replacement, adequate ventilatory support, and antibiotic
therapy have been proposed. The route and timing of delivery
should likely be based on obstetric indications, although
assessment of fetal well-being in the burn patient may be dif-
ficult. The ability to determine fetal status with ultrasound or
fetal monitoring will depend on the size and location of the
burn. Because of such monitoring difficulties and the direct
relationship between the size of the burn and perinatal
outcome, some practitioners184,188 have recommended imme-
diate Cesarean delivery in any pregnant burn patient with a
fetus of potentially viable age and a burn that involves 50%
or more of the maternal body surface area. Early delivery of
third-trimester pregnancies is an alternative option.178

Specific etiologies and their
management: distributive shock

Causes of distributive shock include neurogenic, anaphylactic,
and septic shock. Neurogenic shock in obstetrics may accom-
pany conduction anesthesia, central nervous system trauma
and puerperal uterine inversion. Uterorelaxant agents used for
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abdomen has included exploratory laparotomy to determine
the extent of visceral injury.171,173 Patients in whom the pro-
jectile or object enters anteriorly and below the level of the
uterine fundus often do not have maternal visceral involve-
ment.174 Most authors recommend abdominal exploration for
all extrauterine intra-abdominal gunshot wounds and most
intrauterine wounds. Some authors suggest an individualized
approach to intrauterine injures, and that selective laparotomy
may be considered in gravidas with stable vital signs, when
the missile entry site is anterior and subfundal, and when
imaging studies indicate that the missile has not crossed the
posterior uterine wall.175–177 Posterior abdominal wounds,
upper abdominal wounds, uterine location of the projectile,
and fetal or maternal compromise are not optimal for expec-
tant management.176 Surgical exploration of all pregnant 
intra-abdominal gunshot wounds is generally advocated.178

Stab wounds require surgical repair in approximately one-
half of reported cases.179 Small bowel involvement is more fre-
quent with upper abdominal stab wounds in pregnancy.174,180

Because of the propensity of small intestinal injury and the
potentially lethal effect of diaphragmatic rupture with herni-
ation of intra-abdominal organs, exploration of upper
abdominal stab wounds during pregnancy is recommended.
As with gunshot wounds, if the wound is confined to the lower
abdomen, the uterus usually sustains most injuries, whereas
other viscera are spared.

Cesarean section is indicated for fetal distress at a viable
gestational age. Exploratory laparotomy is not a reason to
perform a Cesarean section if another indication does not
exist. If direct uterine perforation is noted in the presence of
a viable pregnancy, abdominal delivery is probably warranted.
Maternal indications for delivery include severely compro-
mised maternal cardiovascular status and obstruction of the
operating field by the gravid uterus that limits surgical expo-
sure of damaged vital structures. Fetal indications for delivery
include fetal hemorrhage and distress and intra-amniotic infec-
tion. Such factors as suspected fetal injury and fetal distress
must be balanced against those of fetal maturity. Even if labor
has begun, some authors believe that vaginal delivery after
exploratory laparotomy is preferable to hysterotomy.159

However, if significant uterine injury involves the active
uterine segment, Cesarean section is the preferred route of
delivery to avoid uterine rupture in labor.

Burns
Approximately 2.2 million people each year in the United
States suffer burns significant enough to present for medical
treatment.181 Most burns are minor, defined as superficial or
partial-thickness injuries covering less than 10% of the total
body surface. Major burns are partial-thickness or full-
thickness injuries covering more than 10% of the total body
surface. Major burns may be further classified as moderate
(10–19% total body burn), severe (20–39% total body burn),
or critical (40% or greater total body burn).182 The first step
in the management of the pregnant burn patient is to deter-
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uterine inversion are listed in Table 37.11. Anaphylactic and
septic shock will be discussed in detail.

Anaphylactic shock

Anaphylactic reactions are rare events, but may be fatal in as
many as 10% of cases (Table 37.12).189 Antibiotics, NSAIDs,

oxytocin, anesthetic agents, blood products, colloid solutions,
and latex exposures are some of the more common causes of
anaphylaxis in pregnancy. Few reports exist in the current
obstetric literature regarding this subject. Anaphylaxis is a
series of events that occur in a sensitized individual on sub-
sequent exposure to a specific antigen. It refers to an IgE-
mediated, type I hypersensitivity response, produced by
antigen-stimulated mast cell mediator release. The result may
range from a localized response to a life-threatening systemic
reaction with subsequent hypotension, cardiovascular col-
lapse, and multiorgan system failure (Table 37.13). An ana-
phylactoid reaction may be clinically indistinguishable, and
involves similar mediators, but does not require IgE antibody
or previous exposure to the inciting substance. Exposure to
the triggering agent results in release of primary mediators,
such as histamine, prostaglandins, leukotrienes, eosinophil
chemotactic factor of anaphylaxis, neutrophil chemotactic
factor, and platelet-activating factor. These initiate release of
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Table 37.12 Clinical spectrum of anaphylactic reactions.

Mild Moderate Severe

Local erythema and itching Dizziness Hypotension, cyanosis
Pruritus and urticaria Generalized skin reactions Angioedema
Coryza Hoarseness Stridor and wheezes
Nausea/vomiting Swelling of lips and tongue Cardiac arrhythmias
Diarrhea Tachypnea Syncope and seizures
Conjunctiva suffusion Tachycardia Altered mental status
Anxiety Increasing respiratory distress Shock, cardiopulmonary arrest

and anxiety

Source: reprinted from ref. 189, with permission.

Table 37.13 Specific organ failure in multisystem organ failure.

Organ Pathophysiology Result

Lung Increased permeability and ventilation-perfusion Decreased compliance and hypoxemia; hemodynamic
mismatch; decreased metabolism of vasoactive instability; nosocomial pneumonia
substances; antimicrobial dysfunction and
impaired lung defenses

Liver synthesis Early increase; late decrease; decreased lgA production; Acute-phase protein synthesis and hypermetabolism;
decreased bile salts jaundice and coagulopathy; increased gastrointestinal

tract bacteria; increased gastrointestinal tract 
endotoxin

Immunologic Kupffer’s cell activation; decreased fibronectin and Hepatocyte depression and peripheral catabolism;
decreased phagocytosis bacteremia, endotoxemia, and microvascular emboli

Kidney Hypovolemia, redistribution of renal blood flow, and Azotemia with or without oliguria
nephrotoxic drugs

Gastrointestinal tract Decreased IgA and use of antibiotics and antacids; Increased luminal bacteria and endotoxin; leaks
mucosal atrophy and increased permeability bacteria and endotoxin, stress bleeding

Heart Circulating myocardial depressant factor Decreased ejection fraction
Central nervous system Circulating false neurotransmitters; endogenous Altered mental status; hemodynamic stability

opioid-mimetics

Source: reprinted from ref. 190, with permission.

Table 37.11 Uterorelaxant agents for uterine inversion.

MgSO4 2g i.v. over 5–10min
Terbutaline 0.125–0.250mg IVP*
Nitroglycerin 100µg IVP*
Halothane ≥ 2% general endotracheal

IVP, intravenous push.

*May exacerbate hypotension.

Source: reprinted from ref. 128, with permission.
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the secondary mediators via the complement, intrinsic coagu-
lation, fibrinolytic, and kallikrein–kinin enzyme systems. Mul-
tiple products, such as leukotrienes, prostaglandins, vasoactive
amines, and oxygen radicals, are then released from white
blood cells, platelets, and eosinophils.189

Early recognition and treatment of anaphylactic reactions 
is essential. Risk factors, including a prior history of 
anaphylaxis, should be noted carefully at admission. The clin-
ical presentation of anaphylactic and anaphylactoid reactions
has been reviewed.191 Hypotension and tachycardia are uni-
versal, and rhythm and conduction disturbances are frequently
seen. The first priority is removal of the offending antigen, if
possible. Further management in severe cases includes venti-
lation, oxygenation, and external cardiac massage, which, in
general, is followed by the subcutaneous administration of epi-
nephrine in 0.2-mg increments every 20 min up to a total dose
of 1.0mg.192 In obstetric patients, ephedrine, 25–50mg by
intravenous push, has been recommended for treatment of
hypotension because other vasoactive agents carry detrimen-
tal uteroplacental effects. However, failure to achieve rapid
clinical response with ephedrine should be followed by the use
of other, more potent agents, such as epinephrine or
dopamine. A trial of terbutaline may also be an acceptable
alternative treatment in cases of mild anaphylaxis or asthma
but, in cases of life-threatening reactions, epinephrine should
be used. Other drugs, such as corticosteroids, aminophylline,
and antihistamines, have been recommended to enhance clin-
ical response.189,193 Hydrocortisone (100mg), or its equivalent,
should be administered every 6 hours. If wheezing is unre-
sponsive to epinephrine, aminophylline (5–6mg/kg) may be
given over 20min, followed by a maintenance dose of
0.9mg/kg/hour. Aggressive fluid replacement is required. In
severe cases of anaphylactic shock, colloid volume expanders
may be required, because crystalloids have been observed to
be ineffective in volume replacement.192,193

Septic shock

Septic shock is characterized by hypotension and inadequate
tissue perfusion resulting from overwhelming sepsis.194 Septic
shock is rare in obstetrics, yet it remains one of the most fre-
quent causes of maternal mortality in the United States.195

Even with optimal care, the mortality rate from septic shock
remains 40–50% in most series.196 Many infections may result
in septic shock in obstetric patients, but endometritis,
chorioamnionitis, and pyelonephritis are the most common
causes. Before legalization of abortion, septic shock resulting
from criminal abortion was common.197,198 Other infections
that may develop in obstetric patients include pneumonia,
appendicitis, septic abortion, toxic shock syndrome, septic
pelvic thrombophlebitis, and endocarditis. Significant risk
factors for septic shock include prolonged rupture of mem-
branes, retained products of conception, and instrumentation
of the genitourinary tract.25

Although genitourinary and other infections are common

among obstetric patients, septic shock is an infrequent event.
The incidence of septic shock in bacteremic obstetric and gyne-
cologic patients is estimated to be 0–12%.199–201 Physiologic
changes in pregnancy may result in higher pulmonary mor-
bidity in septic pregnant patients. Pregnancy decreases the 
gradient between colloid oncotic pressure and PCWP.35

This results in an increased propensity for pulmonary edema
in the setting of infection.

Mortality from septic shock in the general population is
reported to be as high as 40–90%, as opposed to less than 3%
in obstetric and gynecologic patients.2,199,201,202 This may be
explained by the relative good health and youth of obstetric
patients, prompt vigorous treatment, and infrequency of
underlying disease processes.201 Obstetric infections are
usually caused by organisms normally found in the genital
tract and thus are often polymicrobial.203–205 Common organ-
isms include E. coli, Klebsiella–Enterobacter, Pseudomonas,
and Serratia.206 Most cases of bacterial infection complicated
by shock are caused by Gram-negative enteric organisms.207

Lee and colleagues25 found that 80% of cases of septic 
shock during pregnancy developed during the postpartum
period.

Septic shock has classically been described in three phases
that correlate with progressive physiologic derangement: early
(warm) shock, late (cold) shock, and secondary (irreversible)
shock.14,206 Flushed warm skin, fever, chills, diaphoresis, and
tachycardia are manifest in the early phase. Pulse pressure and
urine output remain stable. The late phase is characterized by
cool and clammy skin, a decrease in body temperature, and
diminished mental status. Hypotension, tachycardia, and 
oliguria develop. Myocardial depression becomes a prominent
feature of severe septic shock, with marked reductions in
cardiac output and SVR.208 This phase is reversible with treat-
ment. If medical intervention is not begun and cellular hypoxia
and anaerobic metabolism continue, the irreversible phase of
septic shock develops. Metabolic acidosis, anuria, respiratory
distress, cardiac distress, DIC, and coma are ominous 
signs.

Cultures should be obtained in all patients from the urine,
blood, and, if possible, the amniotic fluid or the endometrium.
Other specific sources (e.g., stool, wound, and sputum) are cul-
tured as indicated, and lumbar puncture should be considered
in patients with altered mental status.94 Chest radiography
should be obtained to rule out infiltrates, evidence of pul-
monary edema, and acute respiratory distress syndrome.
Abdominal radiography should be considered to rule out free
air under the diaphragm or a foreign body in some clinical 
circumstances.14

Treatment of septic shock requires general supportive 
measures, including restoration of intravascular volume and
inotropic support (see section on general supportive meas-
ures). Lee and colleagues194 recommend that acute stabiliza-
tion of obstetric patients with septic shock be performed in
the following sequence: (1) volume repletion and hemostasis;
(2) inotropic therapy with dopamine on the basis of left 
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ventricular function curves; and (3) addition of peripheral
vasoconstrictors (phenylephrine first, then norepinephrine) to
maintain vascular afterload. Considerable fluid resuscitation
is often necessary secondary to profound vasodilation,
increased capillary permeability, and extravasation of fluid
into the extravascular space. Blood pressure, heart rate, urine
output, and hematocrit may be used to initially guide resusci-
tation, but a PA catheter may ultimately be the best means of
guiding optimal fluid and inotrope management in critically
ill patients with septic shock and/or multiorgan system dys-
function.33,209,210 Adequate oxygenation is essential. Antibiotic
therapy for sepsis should be tailored directly to the suspected
source and guided by information obtained by Gram’s stain.
Empiric therapy in the obstetric patient should include broad
coverage for aerobic and anaerobic Gram-negative and Gram-
positive bacteria.

Failure of the patient to respond promptly to simple volume
resuscitation warrants transfer to an intensive care setting.211

If response to treatment is not satisfactory, close examination
for abscessed or necrotic tissue must be carried out and sur-
gical intervention considered.209 Timely drainage of abscesses
and debridement of necrotic tissue, sometimes via hysterec-
tomy, are required for clinical improvement.

Specific etiologies and their
management: cardiogenic shock

Most etiologies of cardiogenic shock are described elsewhere
in the text. In this chapter, cardiac compression and electric
shock will be discussed.

Cardiac compression

Tension pneumothorax, pericardial tamponade, and rupture
of the diaphragm with herniation of the abdominal contents
into the thoracic cavity may cause significant cardiac com-
pression resulting in decreased venous return and decreased
cardiac output.

Placement of a chest tube alleviates compression secondary

to a tension pneumothorax. Pericardiocentesis relieves the
high intrapericardial pressure produced by cardiac tampon-
ade. Diaphragmatic rupture with herniation of abdominal
viscera is a surgical emergency.212 Maternal death secondary
to constrictive pericarditis occurring after thoracic radiother-
apy has been reported.214

Electric shock

Reports of electrical injury during pregnancy are relatively few
in the medical literature. The electric shock threshold for a
mild sensation is 1 mA, for local muscular tetany 10 mA, and
for ventricular fibrillation about 100 mA.214 The fetus appears
to be more susceptible to the adverse effects of electric shock,
as the hyperemic gravid uterus, amniotic fluid, and fetal skin
are all excellent conductors of electricity.215 In a series of 15
cases of electric shock in pregnancy, there were no maternal
deaths, 11 fetal deaths, and only one normal fetal outcome.215

The path of the current appears to be an important factor, as
accidental shocks have a hand-to-foot (including the uterus)
passage of current. Intentional therapeutic shock (electrocon-
vulsive therapy and DC cardioversion) does not include the
uterus in the current path, and published reports would
suggest its safety during pregnancy. Fatovich215 recommends
immediate obstetric evaluation with fetal monitoring and
ultrasound in any pregnant victim of electric shock. Maternal
cardiac monitoring after electric shock with single-phase alter-
nating current at household voltage may not be necessary if
the patient is asymptomatic and has had a normal electro-
cardiographic result on presentation.212

Specific etiologies and their
management: obstructive shock

Obstruction of the pulmonary vessels may result in pulmonary
hypertension, right-sided heart failure, cardiogenic shock, and
death. Pulmonary embolism is one of the leading causes of
maternal death in the United States and is discussed elsewhere
in this text.
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Key points

1 Maternal mortality in the United States is steadily
declining, and recent statistics for the United States
suggest an overall maternal mortality of 11.5 maternal
deaths per 100000 live births.

2 Hemorrhage is the leading cause of pregnancy-related
mortality, followed by embolism-related deaths and
hypertensive diseases.

3 Shock in the obstetric patient includes hypovolemic,
distributive, cardiogenic, and obstructive etiologies.

4 Initial supportive measures in the treatment of shock
include volume resuscitation, blood component
replacement, ensuring adequate oxygenation, and
supporting blood pressure with pharmacologic agents if
indicated.

5 Crystalloids are first-line therapy for volume
resuscitation.

6 Blood component replacement should be guided by
clinical evaluation and by laboratory parameters. FFP
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Approximately 10% of pregnancies are complicated by hyper-
tension. The incidence varies according to the population
studied and the criteria used for diagnosis. Preeclampsia
accounts for 70% of hypertension in pregnancy, and chronic
hypertension accounts for most of the remaining 30%. The
quoted figures may be underestimated as the incidence of
hypertension is said to have increased by about 40–50% in
the past 10 years.1,2 This increase is probably due to the
increase in obesity in the United States,3 delay of pregnancy
until later in life (advanced maternal age), and increased rate
of multifetal pregnancy.4

Patients with hypertension in pregnancy have higher inci-
dence of eclampsia, abruptio placentae, preterm delivery (very
often iatrogenic preterm delivery due to obstetric intervention
secondary to hypertension or its complications), disseminated
intravascular coagulation (DIC), hemorrhage, pulmonary
edema, renal insufficiency, stroke, and death. Apart from
being the most common medical complication of pregnancy,
hypertensive disorders are associated with significant mater-
nal, fetal, and neonatal morbidity and mortality.5,6 African–
American women have a fourfold increase in mortality.7

Mortality rate is also increased for women over 35 years of
age.8

Blood pressure measurement

The American College of Obstetricians and Gynecologists
(ACOG) defines hypertension in pregnancy as either a systolic
blood pressure of ≥ 140mmHg or a diastolic blood pressure
≥ 90mmHg observed on two occasions at least 6 hours apart.9

Blood pressure is measured with the patient in the sitting posi-
tion with an appropriately sized blood pressure cuff. The
measurement of blood pressure is subject to many inaccura-
cies. Potential sources of error in blood pressure measurement
include faulty equipment, observer bias, improper technique,
cuff size, and position of the arm during blood pressure 
measurement.10,11

Direct intra-arterial blood pressure measurement is the gold
standard for blood pressure monitoring and is the preferred
method for critically ill patients. However, in clinical practice,
the indirect (auscultatory) method is the more convenient and
widely accepted technique in use. Of the indirect methods, the
use of a mercury sphygmomanometer is the gold standard in
clinical practice. An aneroid sphygmomanometer may be used,
but it needs to be validated every 6 months for accuracy.12

There is controversy regarding the use of Korotkoff phase 4
(muffling of sound) versus phase 5 (disappearance of sound) to
measure the diastolic blood pressure. Korotkoff phase 4 meas-
ures approximately 5–10mmHg higher than phase 5 if using
the auscultatory technique, or up to 20mmHg difference if
compared with intra-arterial measurement.13 It has been sug-
gested that both phases should be measured, but that the phase
5 reading should be used for diagnosis and clinical trials.14

Classification of hypertensive 
disorders in pregnancy

Numerous attempts have been made to classify hypertensive
disorders of pregnancy. However, it is often difficult to differ-
entiate between preeclampsia (hypertension with proteinuria
diagnosed after 20 weeks of gestation), gestational hyper-
tension (elevated blood pressures without symptoms or 
proteinuria after 20 weeks of gestation), chronic hypertension
(elevated blood pressure prior to conception or prior to
20 weeks of gestation), and chronic hypertension with super-
imposed preeclampsia. The normal second-trimester fall in
blood pressure may conceal the presence of underlying chronic
hypertension and, unless the patient presents in the first
trimester or has a well-documented history of chronic hyper-
tension, accurate classification is very difficult. It is classified
as:
• preeclampsia (mild preeclampsia, severe preeclampsia,
eclampsia, HELLP syndrome);
• gestational hypertension;

38 Hypertensive diseases in pregnancy
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• chronic hypertension;
• chronic hypertension with superimposed preeclampsia.

Preeclampsia

The preeclampsia group includes mild preeclampsia, severe
preeclampsia, eclampsia, and HELLP syndrome (hemolysis,
elevated liver enzymes, and low platelets). Preeclampsia is the
presence of proteinuria with elevated blood pressure (after
20 weeks’ gestation) measured on two occasions at least
6 hours apart within 7 days. Mild preeclampsia is systolic
blood pressure (BP) > 140mmHg or diastolic BP > 90mmHg
with proteinuria (Table 38.1). Severe preeclampsia is protein-
uria with systolic BP ≥ 160mmHg or diastolic BP ≥ 110mmHg
or the presence of cerebral or visual disturbances (Table 38.2).
Other features of preeclampsia include headache, visual 
disturbance, persistent visual changes, right upper quadrant
pain, epigastric pain, nausea, and vomiting. Some of these 
features are indicative of severe preeclampsia rather than mild
preeclampsia.

Protein excretion in the urine increases in normal pregnancy
from approximately 5mg/100mL in the first and second
trimesters to 15mg/100mL in the third trimester. These low
levels are not detected by the dipstick technique. Significant
proteinuria is defined as > 0.3g in a 24-hour urine collection
or 0.1g/L (> 2+ on the dipstick), in at least two random
samples collected 6 or more hours apart.

There is still confusion in the world literature regarding the
true definition of preeclampsia despite the above diagnostic

criteria.15 This is further complicated by problems with
urinary protein estimation. The concentration of urinary
protein is highly variable, especially if estimated with the dip-
stick technique. It is influenced by several factors, including
contamination with vaginal secretions, blood, or bacteria;
urine specific gravity and pH; exercise; and posture.16

Reported incidence of preeclampsia ranges from 2% to 
7% depending on the diagnostic criteria and the population
studied. It is principally a disease of primigravidas and rarely
presents before 20 weeks’ gestation. Early presentation is more
likely to be associated with unrecognized renal disease.17

Several factors have been identified as predisposing to the
development of preeclampsia. Risk factors for the develop-
ment of preeclampsia include diabetes (particularly poorly
controlled pregestational diabetes mellitus), obesity, nullipar-
ity or primiparity, extremes of age (more common in teenagers
and women with advanced maternal age, i.e., ≥ 35 years old),
renal insufficiency or chronic renal disease, preexisting hyper-
tension, personal history of preeclampsia, family history of
preeclampsia, molar pregnancy, multifetal gestation, throm-
bophilia, and fetal hydrops. The risk factors may be present
prior to conception (Table 38.3) or may appear during preg-
nancy (Table 38.4).18

Eclampsia

Eclampsia is the occurrence of seizures or coma (not attribut-
able to any other cause) in a woman with preeclampsia.
Antepartum eclampsia occurs in approximately 75% of cases,
with the remaining 25% of cases occurring postpartum.
Eclampsia rarely occurs before 20 weeks’ gestation.19 Late
postpartum eclampsia is defined as that beginning more than
48 hours postpartum but less than 4 weeks after delivery.20 In
one study, late postpartum eclampsia constituted 56% of
postpartum eclampsia and 16% of all cases of eclampsia.20

Table 38.1 Criteria for the diagnosis of mild preeclampsia.

Systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg on two
occasions 6 hours apart after 20 weeks of gestation in a woman
known not to have chronic hypertension prior to the pregnancy

Proteinuria ≥ 0.3 g in a 24-hour urine collection or 2+ proteinuria
on qualitative examination or urinalysis

Edema and excessive weight gain may be present in preeclampsia
but are no longer necessary for the diagnosis of preeclampsia

Table 38.2 Criteria for the diagnosis of severe preeclampsia.

• Systolic BP ≥ 160 mmHg on two occasions 6 hours apart
• Diastolic BP ≥ 110 mmHg on two occasions 6 hours apart
• Proteinuria ≥ 5 g in a 24-hour urine collection
• Oliguria of ≤ 500 mL in 24 hours
• Cerebral or visual disturbances
• Epigastric pain/right upper quadrant pain
• Pulmonary edema
• Abnormal liver function tests: aspartate aminotransferase (AST)
or alanine aminotransferase (ALT) more than twice the upper limit
for the laboratory
• Thrombocytopenia (platelet count < 100000/mm3)

Table 38.3 Preconception risk factors for preeclampsia.

Preconception risk factors for preeclampsia Frequency of
occurrence

Previous preeclampsia 20–30%
Previous preeclampsia at ≤ 28 weeks 50%
Chronic hypertension 15–25%
Severe hypertension 40%
Renal disease 25%
Pregestational diabetes mellitus 20%
Class B/C diabetes 10–15%
Class F/R diabetes 35%
Thrombophilia 10–40%
Obesity/insulin resistance 10–15%
Age > 35 years 10–20%
Family history or preeclampsia 10–15%
Nulliparity/primiparity 6–7%

Courtesy of Sibai.18
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The reported incidence of eclampsia varies between 0.5%
and 0.2% of all deliveries. Eclampsia is associated with multi-
organ dysfunction. Factors determining the degree of dys-
function include a delay in the treatment of preeclampsia and
the presence of complicating obstetric and medical factors.
Eclampsia is associated with a wide spectrum of signs and
symptoms, ranging from extreme hypertension, hyperreflexia,
proteinuria, and generalized edema to isolated mild hyperten-
sion. Some cases present without warning signs or symptoms.
A small proportion of cases will occur despite normal blood
pressure, but such cases will show other features of preeclamp-
sia (proteinuria, elevated liver enzymes, etc.).17 Laboratory
findings also vary. Serum uric acid and creatinine are usually
elevated, and creatinine clearance is reduced. Hemoconcen-
tration, reflected by an increased hematocrit and reduced
plasma volume, is common as liver enzymes are found 
in 11–74% of eclamptic patients. HELLP syndrome com-
plicates approximately 10% of eclampsia and usually 
occurs in longstanding disease and in patients with medical
complications.

Why some women with symptoms of preeclampsia develop
convulsions or coma while others do not is unknown. Several
mechanisms have been suggested as predisposing factors to the
development of eclampsia:
• cerebral vasospasm;
• cerebral hemorrhage;
• cerebral ischemia;
• cerebral edema;
• hypertensive encephalopathy;
• metabolic encephalopathy.

Most women with eclamptic seizures have an abnormal
electroencephalogram.21 However, electroencephalographic
changes are almost always transient and resolve completely.
The neurologic and cerebrovascular changes of eclampsia
serve as a model for hypertensive encephalopathy, with the
occipital and parietal zones most vulnerable. The similar

pathogenetic events of forced vasodilation and altered cere-
bral autoregulation seen in hypertensive encephalopathy may
be operative in eclampsia. However, an additional factor, 
such as endothelial cell dysfunction, seems to be present in
eclampsia. Although routine neuroimaging studies are not
advocated for all women with eclampsia, focal neurologic
deficits or prolonged coma (atypical eclampsia) require
prompt investigation.

HELLP syndrome

Hemolysis, elevated liver enzymes, and low platelet counts
have been recognized as complications of preeclampsia or
eclampsia for many years.22–24 The criteria for the diagnosis 
of HELLP syndrome (Table 38.5) include: (1) hemolysis:
abnormal peripheral blood smear, total bilirubin exceeding
1.2mg/dL, lactic dehydrogenase (LDH) > 600U/L; (2) elevated
liver enzymes: serum aspartate aminotransferase (AST)
> 70U/L, elevated alanine aminotransferase (ALT) and LDH
> 600U/L: and (3) low platelet count: < 100000/µL.

The reported incidence of HELLP syndrome in preeclamp-
sia ranges from 2% to 12%, which reflects different diagnos-
tic criteria.25 In the series reported by Sibai,26 women with
HELLP syndrome may present with a variety of signs and
symptoms, none of which is diagnostic and all of which may
be found in women with severe preeclampsia or eclampsia
without HELLP syndrome. Nausea, vomiting, and epigastric
pain are the most common symptoms.25–27 Right upper quad-
rant or epigastric pain is thought to result from obstructed
blood flow in the hepatic sinusoids, which are blocked by
intravascular fibrin deposition and capsular distention.

About 15–50% of cases have mild hypertension, about
12–18% have no hypertension, and 13% of cases have no pro-
teinuria.28 As a result, patients are often misdiagnosed as having
various medical and surgical disorders, including appendicitis,
gastroenteritis, glomerulonephritis, pyelonephritis, viral hepa-
titis, or even acute fatty liver of pregnancy (AFLP).

Table 38.4 Pregnancy-related risk factors for preeclampsia.
(magnitude of risk depends on the number of factors)

Unexplained midtrimester elevations in serum Twice normal
AFP, hCG, inhibin A

Abnormal uterine artery Doppler velocimetry 10–30%
Hydrops/hydropic degeneration of placenta 0–30%
Multifetal gestation (depends on the number of 10–20%

fetuses and maternal age)
Partner who fathered preeclampsia in another 10%

woman
Gestational diabetes mellitus 8–10%
Limited sperm exposure (teenage pregnancy) 8–10%
Nulliparity/primiparity 6–7%
Donor insemination, oocyte donation Limited data
Unexplained persistent proteinuria or hematuria Limited data
Unexplained fetal growth restriction Unknown

Courtesy of Sibai.18

Table 38.5 Criteria for the diagnosis of HELLP syndrome.*

Hemolysis
Abnormal peripheral blood smear (burr cells, schistocytes)
Elevated bilirubin ≥ 1.2 mg/dL
Increased LDH of more than twice the upper limit of normal for

the laboratory
Elevated liver enzymes
Elevated ALT or AST ≥ twice the upper limit of normal for the

laboratory
Increased LDH more than twice the upper limit of normal for the

laboratory
Low platelet count (< 100000/mm3)

*Requires at least two of the abnormalities listed.

LDH, lactate dehydrogenase; ALT, alanine aminotransferase; AST,
aspartate aminotransferase.
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Pathogenesis of preeclampsia

A familial factor has been established in the pathogenesis of
preeclampsia.29 However, the exact mode of inheritance and
the interactions between maternal and fetal genotype have not
been elucidated.30

There is evidence that abnormal placental angiogenesis
occurs in pregnancies complicated by preeclampsia.31 There
are reduced serum levels of vascular endothelial growth factor
(VEGF) and placental growth factor (PIGF) in women with
preeclampsia,32,33 coupled with altered expression of angio-
genesis-related proteins.34 According to Myatt,35 hypoxia may
affect trophoblast invasion and alter villous angiogenesis,
leading to a poorly developed fetoplacental vasculature with
abnormal reactivity.

An imbalance of prostaglandin metabolism has been im-
plicated in the pathophysiology of preeclampsia.36,37 The
renin–angiotensin–aldosterone system (RAAS) plays an
important role in the control of vascular tone and blood pres-
sure. Angiotensin-converting enzyme (ACE) activity, ACE
protein expression, and ACE mRNA expression are higher in
preeclamptic placentas than in placentas from uncomplicated
pregnancies.38

Gestational hypertension

Mild gestational hypertension is defined as systolic BP
≥ 140mmHg or diastolic BP ≥ 90mmHg (without proteinuria)
measured on two occasions at least 6 hours apart and no more
than 7 days apart after 20 weeks of gestation.39 It is usually
mild hypertension, late in onset, often occurs close to term,
and occurs intrapartum or within 24 hours of delivery. It often
resolves within 10 days of the postpartum period without
treatment.

Severe gestational hypertension is defined as sustained sys-
tolic BP ≥ 160mmHg and/or diastolic BP ≥ 110mmHg meas-
ured at least 6 hours apart with no proteinuria.40 Women with
severe gestational hypertension have higher maternal and peri-
natal morbidities than those with mild gestational hyper-
tension.40,41 Women with mild gestational hypertension may
progress to severe gestational hypertension or preeclampsia.
The rate of progression from gestational hypertension to
preeclampsia is dependent on the gestational age at the time
of diagnosis; the rate reaches 50% when gestational hyper-
tension develops before 30 weeks of gestation.42

Latent or transient hypertension was described in the last
edition of this text as hypertension occurring antepartum, in
labor, or in the first 24 hours postpartum without generalized
edema or proteinuria and with a return to normotension
within 10 days of delivery. Latent or transient hypertension 
is gestational hypertension in the intrapartum period but
becomes transient hypertension (a retrospective diagnosis) if
blood pressure returns to a normal value and no proteinuria
is identified 12 weeks postpartum.43 If proteinuria occurs

before 12 weeks’ gestation, then the diagnosis will be 
gestational hypertension with progression to postpartum
preeclampsia. If high blood pressure alone persists beyond
12 weeks of the postpartum period, then the patient has
chronic hypertension.

Chronic hypertension

Chronic hypertension (CHTN) is diagnosed if there is persist-
ent elevation of blood pressure to at least 140/90mmHg on
two occasions more than 24 hours apart prior to conception,
prior to 20 weeks of gestation, or beyond 12 weeks postpar-
tum. Other factors that may suggest the presence of chronic
hypertension include the following:
• retinal changes on fundoscopic examination;
• radiologic and electrocardiographic evidence of cardiac
enlargement;
• compromised renal function or associated renal disease;
• multiparity with a previous history of hypertensive preg-
nancies.

It may be difficult to be certain of a diagnosis of chronic
hypertension because of significant changes in blood pressure
that occur during midpregnancy. Women with mild chronic
hypertension show greater decreases in their blood pressure
during pregnancy than do normotensive women.44

Chronic hypertension occurs in 1–5% of pregnancies. The
most common etiology of chronic hypertension is essential 
or primary hypertension, contributing 90% of CHTN cases,
while secondary hypertension accounts for the rest.17 Causes
of chronic hypertension (Table 38.6) include renal diseases
(glomerulonephritis, polycystic kidneys, renal artery stenosis,
or renovascular disease), systemic lupus erythematosus, poly-
arteritis nodosa, endocrine disorders (hyperaldosteronism,
pheochromocytoma, diabetes mellitus), and coarctation of the
aorta.45 Most of the secondary causes require specific treat-
ment in addition to antihypertensive therapy. Early diagnosis
is important because, if untreated, many of these disorders 

Table 38.6 Etiology of chronic hypertension.

Renal factors Acute and chronic glomerulonephritis
Acute and chronic pyelonephritis
Polycystic renal disease
Renovascular disease

Collagen disease with Lupus erythematosus
renal involvement Periarteritis nodosa

Scleroderma

Endocrine factors Diabetes with vascular involvement
Thyrotoxicosis
Aldosterone-producing tumors
Pheochromocytoma

Vascular system Coarctation of the aorta
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are associated with significant maternal/fetal morbidity and 
mortality.

In pheochromocytoma, there is increased production of epi-
nephrine and norepinephrine by adrenal tumors or extra-
adrenal catecholamine-producing tumors. There is excessive
stimulation of adrenergic receptors causing peripheral vaso-
constriction and a rise in blood pressure. Diagnosis is based
on clinical presentation (high blood pressure not responding
to conventional antihypertensives; hypertensive crisis with
paroxysmal features and palpitation) and the presence of
excess urinary catecholamines or products of catecholamine
breakdown [vanylmandelic acid (VMA), etc.].

Maternal renal artery duplex sonography may be used for
initial screening in renovascular disease.45 Definitive diagnosis
requires more invasive procedures (isotopic renography and
plasma renin levels after administration of oral captopril chal-
lenge), which are reserved for nonpregnant patients as such
tests may have adverse effects on the fetus.

Chronic hypertension in pregnancy may be subclassified
into mild hypertension (diastolic BP ≥ 90 to < 110mmHg or
systolic BP ≥ 140 to < 180mmHg) or severe hypertension
(diastolic BP ≥ 110mmHg or systolic BP ≥ 180mmHg). For
the purpose of clinical management, chronic hypertension in
pregnancy may also be divided into a low-risk group (hyper-
tension with no endorgan damage or associated significant
comorbidities) or a high-risk CHTN group (hypertension with
endorgan damage or associated morbidities). These subdivi-
sions are discussed in detail under the management of chronic
hypertension in pregnancy.

Chronic hypertension with
superimposed preeclampsia

Chronic hypertension may be complicated by superimposed
preeclampsia (or eclampsia), which is diagnosed when there is
an exacerbation of hypertension and development of protein-
uria that was not present earlier in the pregnancy. Approxi-
mately 15–30% of chronic hypertensive women develop
superimposed preeclampsia. Conditions for the diagnosis of
superimposed preeclampsia on pre-existing chronic hyperten-
sion include:
• sudden exacerbation of blood pressure in a woman with
previously well-controlled hypertension on antihypertensives;
• new-onset proteinuria (≥ 0.5g protein in 24-hour urine 
collection) in a woman with chronic hypertension but no 
proteinuria prior to 20 weeks’ gestation;
• worsening proteinuria in a woman with chronic hyperten-
sion and proteinuria prior to 20 weeks’ gestation;
• new-onset elevated AST or ALT;
• new-onset thrombocytopenia with a platelet count less than
100 000/mm3;
• new-onset symptoms of severe preeclampsia (persistent
headache, right upper quadrant pain, epigastric pain, sco-
tomata, nausea, and vomiting).

Management of hypertension 
in pregnancy

Management of preeclampsia

The most effective therapy for preeclampsia is delivery of the
fetus and placenta. In pregnancies at or near term in which
the cervix is favorable, labor should be induced. There is no
need for antihypertensive medication unless the blood pres-
sure is in the severe preeclampsia range. Mild preeclampsia
prior to term may be monitored in the hospital or at home
with daily fetal kick/movement counts, twice-weekly nonstress
tests, and amniotic fluid assessment.

Indications for hospitalization and/or delivery of a patient
with mild preeclampsia include:
• worsening maternal or fetal parameters;
• a favorable cervix at term;
• spontaneous rupture of membranes.

Conservative management of mild or severe preeclampsia
beyond term is not beneficial to the fetus because uteropla-
cental blood flow may be suboptimal. After 37 weeks’ gesta-
tion, labor should be induced as soon as the cervix is
favorable.

Severe preeclampsia warrants hospitalization, administra-
tion of magnesium sulfate for seizure prophylaxis while anti-
hypertensive medication is instituted for diastolic BP
≥ 110mmHg or systolic BP ≥ 160mmHg, and delivery of the
fetus (except where conservative management is indicated as
discussed below). The therapeutic objective for treatment of
severe hypertension is to prevent maternal cerebrovascular
accidents and congestive heart failure without compromising
cerebral perfusion or jeopardizing uteroplacental blood flow.
Profound and rapid reduction in blood pressure may com-
promise the uteroplacental circulation; therefore, continuous
fetal monitoring should be employed. Therapeutic goals
include reduction of blood pressure to a level compatible with
a decreased risk of cerebrovascular accidents and maintenance
of cerebral autoregulation. Accordingly, the goal of initial
antihypertensive therapy is to limit the reduction in mean arte-
rial pressure to 20–25% or to a diastolic blood pressure of
100mmHg.46

Parenteral or oral antihypertensive agents (labetalol, hydra-
lazine, nifedipine, sodium nitroprusside, etc.) are used for
acute reduction of blood pressure in women with severe
preeclampsia or eclampsia. Oral medications are also used for
maintenance or chronic therapy (Table 38.7). The choice of
agents is dependent on the stage in pregnancy (antepartum,
intrapartum, or postpartum), the side-effect profile of the
agent in question, the presence of other medical problems
(renal insufficiency, diabetes mellitus, pulmonary edema,
myocardial ischemia, etc.), and, if postpartum, whether the
woman is breastfeeding or not. The different agents used are
discussed later under antihypertensive agents.
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Conservative or expectant management of 
severe preeclampsia

Severe preeclampsia or superimposed preeclampsia developing
early in pregnancy presents an obstetric dilemma. Delivery is
the ultimate cure for maternal disease. However, delivery of
infants before 34 weeks of gestation with immature lungs is
associated with significant neonatal morbidity and mortality.
Therefore, expectant or conservative management of the preg-
nant woman with severe preeclampsia remote from term
(Table 38.8) is a feasible alternative to immediate delivery.47

After admission, all women are observed in the labor and
delivery unit for 12–24 hours to determine their eligibility for
conservative management. Intravenous magnesium sulfate
therapy is administered for seizure prophylaxis, glucocorticoid
therapy is given for fetal lung maturation, antihypertensive

drug therapy is administered as indicated, and baseline labo-
ratory studies (complete blood count with platelets, serum
levels of creatinine, uric acid, total bilirubin, AST, and LDH,
and 24-hour urine collection for total protein and creatinine
clearance) are obtained. Fetal testing includes a baseline ultra-
sound examination and biophysical profile.

Once the woman and the fetus are judged to be suitable can-
didates for expectant management, the magnesium sulfate
therapy is discontinued, and the patient is managed on the
antepartum ward/floor. Blood pressure is measured every
4–6 hours, platelets every day, and serum AST and ALT every
other day. Oral antihypertensive therapy is administered 
as needed to maintain blood pressure in the range
130–150mmHg over 80–100mmHg. Fetal biophysical pro-
files are obtained daily and ultrasound estimates of fetal
weight biweekly. Hospitalization is continued until delivery.

Table 38.7 Antihypertensive medication in pregnancy.

Class Medication Dose

Starting dose Maximum dose

Common drugs for chronic therapy of hypertension
Central alpha-2 agonist Methyldopa 250 mg p.o. tid 2 g/day
Calcium channel blocker Nifedipine 10 mg p.o. qid 120 mg p.o. qid
Alpha- and beta-blocker Labetalol 100 mg p.o. tid 1200 mg/day

Common drugs for acute therapy of severe hypertension
Arteriolar dilator Hydralazine 5–10 mg i.v. every 15–30 min
Calcium channel blocker Nifedipine 10–20 mg p.o. every 30 min
Alpha- and beta-blocker Labetalol 5–10 mg i.v. per dose, cumulative to 40–80 mg over 

20 min (maximum dose is 300 mg)
Arterial and venous dilator Nitroprusside 0.2–0.5 µg/kg/min

Table 38.8 Guidelines for expectant management of severe preeclampsia remote from term.

Management plan Clinical findings

Expedited delivery (within 72h) One or more of the following:
Uncontrolled severe hypertension*
Eclampsia
Platelet count of < 100000 cells/mL
AST or ALT more than twice upper limit of normal with epigastric pain or right upper quadrant tenderness
Pulmonary edema
Compromised renal function†
Persistent severe headache or visual changes

Expectant management One or more of the following:
Controlled hypertension
Urinary protein > 5000 mg/24h
Oliguria (< 0.5 mL/kg/h) that resolves with routine fluid and food intake
AST or ALT more than twice upper limit of normal epigastric pain or right upper quadrant tenderness

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

*Blood pressure persistently ≥ 160 mmHg systolic or ≥ 110 mmHg diastolic despite maximum recommended doses of two antihypertensive
medications.

†Persistent oliguria (< 0.5 mL/kg/h) or rise in serum creatinine of 1 mg/dL over baseline values.

Reproduced from ref. 47.
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Conservative management in severe preeclampsia at
28–32 weeks of gestation has been shown to prolong preg-
nancy by an average of 15.4 days (range 4–36 days), to reduce
the incidence of admission to the neonatal intensive care unit,
and to reduce length of stay in the unit.48 Expectant manage-
ment of severe preeclampsia is beneficial in a select group of
women and should be practiced at tertiary care centers or at
facilities that have the services of a specialist obstetrician with
experience in managing such high-risk patients. Prompt deliv-
ery is indicated for the presence of imminent eclampsia, 
multiorgan dysfunction, fetal distress, or severe preeclampsia
developing after 34 weeks of gestation. Mode of delivery is
based on obstetric indications.

Management of HELLP syndrome

Delivery is the definitive therapy for HELLP syndrome beyond
34 weeks’ gestation or with evidence of fetal lung maturity or
fetal or maternal jeopardy. Without laboratory evidence of
DIC, steroid therapy may be given to promote fetal lung matu-
rity at gestational age under 34 weeks. During this period of
conservative management, maternal and fetal conditions must
be continuously assessed.

HELLP syndrome is not an indication for immediate
Cesarean delivery. Guidelines similar to those described above
for women with severe preeclampsia should be followed. The
use of pudendal block or epidural anesthesia is contra-
indicated because of the bleeding risk. General anesthesia is
the method of choice for Cesarean delivery.

Platelet transfusion is indicated either before or after vaginal
delivery if the woman is bleeding and the platelet count is less
than 20000/mL. Repeated platelet transfusions are not neces-
sary because consumption is rapid and the effect is transient.
Platelet transfusion should be considered before Cesarean
delivery if the platelet count is less than 40000/mL. Six to ten
units of platelets can be administered just before tracheal intu-
bation. Generalized oozing from the operative site is common.
The bladder flap should be left open, and a subfascial drain
should be used for 24–48 hours postpartum to minimize the
risk of hematoma formation. The wound may be left open
from the level of the fascia, or a subcutaneous drain may be
placed and the skin closed. Open wounds are usually closed
within 48–72 hours.

After delivery, the woman with HELLP syndrome should be
monitored closely in an intensive care facility (labor and deliv-
ery recovery unit or medical/surgical intensive care unit) for
at least 48 hours. Most women show evidence of resolution
of the disease process within 48 hours postpartum. Some
(especially those with DIC) may demonstrate delayed resolu-
tion or even deterioration. These women are at risk for the
development of pulmonary edema from transfusion of blood
products, fluid mobilization, and compromised renal function.

HELLP syndrome may also develop in the postpartum
period. The time of onset in the postpartum group ranges from
a few hours to 6 days, with the majority developing HELLP

syndrome within 48 hours postpartum. Postpartum manage-
ment is similar to that in the antepartum woman with HELLP
syndrome, including the need for antiseizure prophylaxis.
Steroids (dexamethasone or betamethasone) have been 
suggested in a few studies to improve the hematological
parameters and, possibly, the clinical outcome of HELLP syn-
drome.49,50 However, the use of steroids in HELLP syndrome
is considered experimental.

Women with delayed resolution of HELLP syndrome
(including persistent severe thrombocytopenia) represent a
management dilemma. Exchange plasmapheresis with fresh-
frozen plasma (FFP) has been advocated.51,52 Early initiation
of plasmapheresis may result in unnecessary treatment because
the majority of these women have spontaneous resolution of
their disease.

Women presenting with shoulder pain, shock, or evidence
of massive ascites or pleural effusions should have imaging
studies of the liver to rule out the presence of subcapsular
hematoma of the liver. A ruptured subcapsular liver hematoma
resulting in shock is a surgical emergency requiring an acute
multidisciplinary approach. Resuscitation should consist of
massive transfusion of blood products, correction of coagu-
lopathy with FFP and platelets, and immediate laparotomy.
Options at laparotomy include any combination of the fol-
lowing: packing, drainage, surgical ligation of the hepatic
artery, embolization of the hepatic artery to the involved liver
segment, resection of the involved hepatic segment, and liver
transplantation, if indicated.53

Management of eclampsia

The protocol used to manage eclampsia is outlined in Table
38.9. Magnesium sulfate therapy is discussed in detail under
antiseizure medications. Once convulsions have been abol-
ished, arterial blood gas measurements and a chest radiograph
should be obtained to insure adequate maternal oxygenation
and exclude aspiration. Hypoxemia and acidemia should be
corrected and maternal hypertension treated.

The fetal heart rate and uterine activity must be closely
monitored. Fetal bradycardia is a common finding during an

Table 38.9 Sibai’s protocol for the management of eclampsia.

Convulsions are controlled or prevented with a loading dose of 6g
magnesium sulfate in 100mL of 5% dextrose in Ringer’s lactated
solution, given over 15min, followed by a maintenance dose of
2g/h. The dose is adjusted according to patellar reflexes and urine
output in the previous 4-h period

Induction or delivery is initiated within 4h after maternal
stabilization

Magnesium sulfate is continued for 24h after delivery or, if
postpartum, 24h after the last convulsion. In some cases, the
infusion may be continued for a longer period

Diuretics, plasma volume expanders, and invasive hemodynamic
monitoring used only if clinically indicated
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eclamptic seizure,54 but the rate usually returns to normal once
convulsions cease. If bradycardia persists or the uterus is
hypertonic, placental abruption should be suspected and eval-
uated as appropriate. After stabilization of the maternal con-
dition, steps should be taken to deliver the fetus, which is the
definitive treatment for eclampsia. The mode of delivery is
dependent on the usual obstetric indications. Hemodynamic
monitoring with Swan–Ganz catheters is rarely necessary and
should be based on the usual indications.55

Management of gestational hypertension

Mild gestational hypertension is managed essentially as mild
preeclampsia as detailed above, whereas women with severe 
gestational hypertension are managed as if they had severe
preeclampsia. Women with severe gestational hypertension
have a higher rate of maternal and perinatal morbidities 
than those who have mild gestational hypertension or nor-
motensive women.40,56,57 The rates of abruptio placentae, small
for gestational age (SGA) babies, and iatrogenic pre-
term deliveries are similar to those in women with severe
preeclampsia. Women with gestational hypertension have
higher birthweight at delivery, higher rates of induction of
labor for maternal reasons, and higher rates of Cesarean deliv-
ery than normotensive women.58 To all intents and purposes,
severe gestational hypertension should be managed just like
severe preeclampsia.

Management of CHTN and CHTN with
superimposed preeclampsia

Management of secondary hypertension is that of the under-
lying disease. However, most patients with chronic hyper-
tension have essential hypertension, and the discussion that
follows is directed toward this group of patients. The presence
of chronic hypertension in pregnancy increases maternal and
perinatal morbidity and mortality.59 Most of the morbidity
and mortality is related to the development of superimposed
preeclampsia and abruptio placentae. Maternal and fetal 
risks can be reduced by proper antepartum surveillance 
(Table 38.10).

Preconception counseling in women with chronic hyperten-
sion provides an opportunity to:
• determine the severity of hypertension and identify any
endorgan damage;
• implement prepregnancy lifestyle changes (exercise, weight
loss, reduction in sodium intake, etc.) necessary for adequate
blood pressure control;
• establish baseline laboratory data that will help in the future
diagnosis of superimposed preeclampsia;
• discuss the potential side-effects of antihypertensive drugs.

Laboratory investigation should include the following:
• electrocardiogram (ECG);
• urinalysis, culture, and sensitivity;

• 24-hour urine collection for total protein and creatinine
clearance;
• biochemistry: renal panel (in particular creatinine level),
uric acid, lactate dehydrogenase, liver function test;
• hematology: full or complete blood count, prothrombin
time (PT), partial thromboplastin time (PTT);
• optional tests (depending on the clinical evaluation/
judgment): antinuclear antibody (ANA), VMA and cate-
cholamines, anticardiolipin antibodies (ACA), etc.

Uncomplicated CHTN in pregnancy is labeled low-risk
CHTN, whereas the high-risk group (Table 38.11) includes
patients with renal disease, diabetes mellitus, etc. The discus-
sion of management focuses on the control of blood pressure
and the assessment of fetal and maternal well-being. Most
women are seen by a nutritionist and given dietary advice.
Daily sodium intake should be restricted to 2g. The harmful
effects of smoking, stress, and caffeine on maternal blood pres-
sure and fetal well-being are emphasized, and frequent rest
periods are encouraged.

Table 38.10 Evaluation of pregnancy complicated by chronic
hypertension.

Name: Date of birth:
Parity: G . . . P . . . : LMP:
Gestational age: EDD or EDC:

Ultrasound:
First trimester ultrasound [for correct dating and nuchal

translucence (NT) measurement]:
Fetal biometry/anatomy ultrasound (at 18–20 weeks):
Follow-up growth ultrasound at 4-weekly intervals starting in late

second trimester

Fetal testing starting in late second or early third trimester (for
patients with renal insufficiency):
Twice-weekly testing or BPP
Nonstress test (NST) if there is poor growth
NST and Doppler studies if IUGR (< 10%)

Renal evaluation: 24-h urine protein and creatinine clearance,
electrolytes, urea, and creatinine levels

ECG: (cardiology consultation if ECG is abnormal)

Cardiac echocardiography:

Comments/comorbid conditions:

Table 38.11 High-risk chronic hypertension in pregnancy.

Maternal age greater than 40 years (may consider age ≥ 35 years)
Duration of hypertension more than 15 years
Blood pressure exceeding 160 over 110 mmHg early in pregnancy
Diabetes mellitus (classes B–F)
Cardiomyopathy
Renal disease
Connective tissue disorders
Consider morbid obesity (weight ≥ 300lb)
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Women are seen every 2–3 weeks until 34 weeks and then
weekly until delivery. At each visit, systolic and diastolic blood
pressure should be recorded and the urine tested for the pres-
ence of glucose and protein. Evaluation of maternal status
includes serial measurements of hematocrit, serum creatinine,
and 24-hour urinary excretion of protein. Prompt hospital-
ization is indicated if there is an exacerbation of hypertension,
development of pyelonephritis, or significant proteinuria. An
elevation of uric acid > 6mg/dL may be an early warning sign
of superimposed preeclampsia.

Fetal evaluation includes serial growth scans and antepar-
tum fetal heart rate testing from the early third trimester. For
those considered high risk, nonstress testing (NST) may com-
mence as early as 28 weeks. Daily fetal movement counts and
weekly or biweekly biophysical profiles (BPP) or NSTs are gen-
erally employed.

Antihypertensive therapy is restricted to women with severe
hypertension. Low-risk pregnancy is allowed to continue to
40–41 weeks’ gestation with close monitoring. High-risk 
pregnancies and women receiving antihypertensive drugs 
are delivered at or before 40 weeks’ gestation.

The outcome in women with chronic hypertension is closely
related to the development of superimposed preeclampsia.
Sibai and Anderson60 studied 44 pregnant women with severe
hypertension in the first trimester. Fifty-two percent developed
superimposed preeclampsia.

Women with severe chronic hypertension in early pregnancy
or underlying renal disease require early referral for antenatal
care, intensive fetal and maternal monitoring as described
earlier, and delivery in a tertiary care center. Antihypertensive
therapy is indicated and should maintain systolic blood pres-
sure between 140 and 150mmHg and diastolic pressure
between 90 and 100mmHg. Persistent blood pressure levels
below these ranges in women who have previously been very
hypertensive may jeopardize placental perfusion.

Antiseizure medications 
in preeclampsia

Parenteral magnesium sulfate (MgSO4) has become the drug
of choice for therapy and prophylaxis of eclampsia (Magpie
trial61). Magnesium causes relaxation of smooth muscle by
competing with calcium for entry into cells at the time of cel-
lular depolarization, but its exact mechanism of action in the
control of eclamptic seizures is unknown. Central nervous
system depression and suppression of neuronal activity are
postulated as mechanisms. Additional theories about the effi-
cacy of magnesium sulfate therapy for seizure prophylaxis
include its role as a cerebral vasodilator (particularly acting
on the smaller diameter vessels). The potential for magnesium
to relieve cerebral ischemia through its antagonism of calcium-
dependent arterial constriction may explain its antiseizure
activity. Conversely, once widespread cerebral vasoconstric-
tion has occurred in severe preeclampsia, the resultant cere-

bral ischemia could lower the threshold for seizure activity in
those affected areas.62

Most eclamptic convulsions resolve in 60–90 seconds. After
the convulsion has ended, an initial intravenous 6-g loading
dose of magnesium sulfate should be given over 15–20min. If
another convulsion occurs after the initial loading dose, an
additional intravenous bolus of 2g may be given over 3–5 min.
Approximately 10–15% of women have a second convulsion
after receiving the loading dose of magnesium sulfate; most
women remain free of seizures after the additional 2-g bolus.
Maintenance infusion of 2g/h magnesium sulfate is then
begun. Serum magnesium levels may be followed to guide
maintenance infusion therapy of magnesium sulfate if there is
renal dysfunction. The initial level may be obtained 4h after
the loading dose.

Clinical findings associated with elevated serum magnesium
levels will help in monitoring therapy (Table 38.12). The 
first sign of magnesium toxicity is loss of patellar reflexes
(10–12mg/dL). Other early signs and symptoms of magne-
sium toxicity include nausea, feeling of warmth, flushing,
slurred speech, and somnolence (9–12mg/dL). Magnesium
toxicity should also be considered in women who do not
regain consciousness after an eclamptic seizure.

Serum magnesium levels may also be used for monitoring
evidence of drug toxicity. Magnesium is excreted by the
kidneys; renal dysfunction may result in toxicity. The follow-
ing guidelines may help to prevent magnesium toxicity:
• monitor hourly urine output;
• evaluate deep tendon reflexes hourly;
• monitor respiratory rate;
• monitor serum magnesium levels regularly.

If magnesium toxicity is suspected, the magnesium infusion
should be discontinued, supplemental oxygen administered,
and a serum magnesium level obtained. Pharmacologic treat-
ment of magnesium toxicity includes administration of 10mL
of 10% calcium gluconate (1g in total) as a slow intravenous
push. Calcium competitively and briefly inhibits magnesium
at the neuromuscular junction. Symptoms of magnesium 
toxicity may recur if the magnesium level remains elevated.
Respiratory arrest secondary to magnesium toxicity requires
intubation and assisted ventilation.63

Table 38.12 Clinical findings associated with increasing maternal
serum levels of magnesium.

Serum magnesium Clinical findings
level (mg/dL)

1.5–2.5 Normal level
4–8 Therapeutic range for seizure prophylaxis
9–12 Loss of patellar reflex

15–17 Muscular paralysis, respiratory arrest
30–35 Cardiac arrest
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Magnesium sulfate may inhibit uterine contraction, causing
uterine atony. Magnesium sulfate therapy appears to prolong
bleeding time,64,65 to increase blood loss at delivery,66 and to
be associated with increased postpartum hemorrhage.67

Magnesium sulfate may also decrease beat-to-beat variabil-
ity of the fetal heart rate,68 and signs of neonatal hypermag-
nesemia have been reported after only 24 hours of intravenous
therapy.69

Women who have recurrent convulsions while receiving
therapeutic maintenance magnesium sulfate may be given a
short-acting barbiturate, such as sodium amobarbital, in a
dose up to 250mg intravenously over 3–5min.

Antihypertensive therapy

Treatment of severe hypertension is associated with a reduc-
tion in maternal morbidity and mortality.70 Antihypertensive
therapy does not prevent preeclampsia or abruptio placentae,
neither does it improve perinatal outcome.71,72

Central-acting agents 
(methyldopa, clonidine)

Methyldopa acts by stimulating central alpha-2 receptors. It
may also be an alpha-2 blocker acting by a false neurotrans-
mitter effect. The drug is given orally in a loading dose of 1g
followed by maintenance therapy of 1–2g daily in four divided
doses. Peak plasma levels occur within 2h of an oral dose, and
the fall in blood pressure is maximal 4h after tablet ingestion.
Side-effects include drowsiness and a dry mouth. Hepatitis,
hemolytic anemia, and a positive Coombs’ test have been
reported in association with long-term use. Differentiating
cholestatic jaundice or abnormal LFT due to methyldopa from
elevated liver enzymes resulting from severe preeclampsia
might be difficult.

Until recently, methyldopa was the most frequently used
antihypertensive agent in pregnancy, probably because of its
safety profile. It is no longer the first-line agent because it has
a slow onset of action and is not as efficacious as other avail-
able antihypertensive agents. In breastfeeding mothers with
hypertension requiring medication, when there is difficulty
with the choice of antihypertensive agents, methyldopa may
be an option.

Clonidine is a powerful alpha-2 adrenergic central stimu-
lant. The usual oral dose in pregnancy is 0.1 (morning) and
0.3mg/day (bedtime), increasing incrementally to a maximum
of 1.2mg daily. Rebound hypertension has been reported after
abrupt cessation of the drug. The safety of clonidine in preg-
nancy appears to be well established;73 however, it is more
likely to be used as a second- or third-line agent. Also, it is a
useful alternative in breastfeeding mothers.

Alpha- and beta-blocking agents

Labetalol is a combined alpha- and beta-adrenoceptor 
blocker. It is probably the most commonly used antihyperten-
sive agent in pregnancy. Parenteral labetalol has a rapid onset
of action. The initial intravenous dose is 20mg with subse-
quent escalating doses every 20min (40, 80, 80, and 80mg)
until either a desired effect or a maximum dose of 300mg 
is reached. Oral labetalol may also be used for long-term
therapy: an initial oral dose of 300mg daily may be increased
to a maximum daily dose of 1200mg. Side-effects of labetalol
therapy include scalp tingling, tremulousness, and headache.
Avoid the use of labetalol in women with second-degree heart
block.

Other beta blockers (metoprolol, atenolol, oxprenolol) have
been studied in pregnancy. Exercise caution with the use of
these drugs because of reports of intrauterine growth restric-
tion with the use of atenolol in the first trimester, but not later
in pregnancy.74 Metoprolol is sometimes used as a last resort
in the management of hypertension not responding to other
common antihypertensive agents.

Doxazosin, an alpha-blocker, has no role in the manage-
ment of hypertension in pregnancy. Its role in the nonpregnant
population seems to be under scrutiny.75

Diuretics

Thiazide diuretics are commonly used to treat hypertension 
in the nonpregnant population, but their role in pregnancy is
highly controversial. Although preeclampsia and eclampsia
patients may have edema and appear to be fluid overloaded,
they are very frequently intravascularly depleted. Sibai et al.76

observed a marked reduction in volume in pregnant women
treated with diuretics compared with a control group receiv-
ing no medication. Although this effect was reversed after dis-
continuing the diuretic therapy, plasma volume depletion is
associated with a poor perinatal outcome. Consequently, most
doctors avoid diuretics in pregnant preeclampsia patients for
fear of depleting the intravascular volume. Whereas that may
be a concern in the intrapartum period, there is no reason not
to use it in the postpartum period, especially if there is pul-
monary edema or evidence of fluid overload.

In the postpartum period, there is pooling of fluid from the
periphery and the uterus into the circulation, thus increasing
the intravascular fluid volume; therefore, the use of diuretics
is acceptable. Hopefully, more people will start using diuret-
ics as first-line antihypertensive agents in the postpartum
period.

Thiazide diuretics may cause hyperglycemia, thus adversely
affecting the control of hyperglycemia in diabetic patients, but
this side-effect is unlikely to have a huge impact on outcome
when diuretics are used for only a short period. Other side-
effects include hyponatremia, hyperuricemia, acute pancreati-
tis, and fetal thrombocytopenia.

TCO38  9/13/06  5:28 PM  Page 692



HYPERTENSIVE DISEASES IN PREGNANCY

693

Loop diuretics are useful in patients with signs of fluid over-
load or pulmonary edema. Prolonged use of loop diuretics
may lead to hypokalemia. Therefore, the serum potassium
level should be checked if the woman is receiving a loop
diuretic for more than a couple of days.

Hydralazine

Hydralazine is a potent vasodilator that acts directly on
smooth muscle. It is administered as an intravenous bolus
injection. After intravenous administration, the hypotensive
effects develop gradually over 15–30min. The usual bolus
dose is 5–10mg to be repeated every 20–30min as needed.
Maternal side-effects include headache, facial flushing, tachy-
cardia, palpitations, nausea, and vomiting. Mabie et al.77

reported fetal distress secondary to hypotension from
overtreatment in two of six cases. Chronic administration may
be associated with a maternal lupus syndrome and neonatal
thrombocytopenia. Oral hydralazine is a weak antihyperten-
sive when used alone and is usually combined with methyl-
dopa or a diuretic.

Sodium nitroprusside

Sodium nitroprusside is a potent arterial and venous dilator
used for emergent therapy of patients with hypertensive crisis.
It is given as a continuous intravenous infusion because of its
immediate onset of action and short duration of action
(1–10min). It is metabolized by the liver and excreted by the
kidneys. The initial infusion dose in gravid women should be
0.2µg/kg/min rather than the usual dose of 0.5µg/kg/minute,
as is standard in nonpregnant patients. This drug should be
reserved for hypertensive emergencies because of concerns
about thiocyanate toxicity in the neonate.

Calcium channel blockers (CCB)

Calcium channel blockers (CCB) have a very good safety
profile in pregnancy and have been used successfully to
manage hypertension in pregnancy. They may have a reno-
protective effect that might be useful in patients with renal
insufficiency. Nifedipine is used extensively in obstetric prac-
tice for both blood pressure control and preterm labor with
no obvious teratogenic effects documented.78,79

Nifedipine is available orally in both short-acting and
extended-release forms. It may improve uteroplacental blood
flow and has a tocolytic effect on the uterus. In addition to
oral therapy for chronic hypertension in pregnancy, nifedipine
may be used for emergent reduction of severe hypertension.
The use of sublingual nifedipine in the past for rapid reduc-
tion in blood pressure posed significant risks to the mother
and fetus; hence, the sublingual route is contraindicated. 
Exercise caution when using nifedipine in patients on magne-
sium sulfate as they may have a synergistic action leading to
severe hypotension. The maximum daily dose for nifedipine is

120mg. Common side-effects include headache, flushing,
tachycardia, and fatigue.

Although less often used, other CCBs (verapamil and dilti-
azem) may be used for blood pressure control in patients with
cardiac disease. Additional experience with verapamil use in
pregnancy is available because of its use in treating arrhyth-
mias in pregnancy.

Angiotensin-converting enzyme (ACE) inhibitors

The chronic use of ACE inhibitors in pregnancy is associated
with fetal renal insufficiency/renal failure, fetal growth 
retardation, oligohydramnios, cranial anomalies, severe fetal
hypotension, and death, especially in the second and third
trimesters.80,81 Postpartum use of ACE inhibitors is indicated
for women with diabetic nephropathy and peripartum car-
diomyopathy. Women are advised to stop ACE inhibitors prior
to conception; however, if exposed to ACE inhibitors in the
first trimester, the medication may be stopped without sig-
nificant damage to the fetus.82,83 In summary, ACE inhibitors
are contraindicated in pregnancy but may be useful in the
postpartum period.

Anesthesia and hypertensive disorders
of pregnancy

Exaggerated hemodynamic response

Sudden increase in blood pressure may occur in general 
anesthesia during either intubation or extubation, leading to
a cerebrovascular event. An increase in arterial blood pressure
accompanies laryngoscopy performed with or without tra-
cheal intubation. Therefore, blood pressure should be reduced
prior to intubation or extubation. This hypertensive response
is prevented with a short-acting antihypertensive agent, such
as nitroglycerin, sodium nitroprusside, or labetalol.84,85

Esmolol, a pure β-receptor antagonist with a rapid onset of
action, is a popular agent for blunting the hypertensive
response to tracheal intubation in nonpregnant patients.
Unfortunately, it crosses the placenta and causes severe fetal
bradycardia; hence, it is not recommended in pregnant
patients but may be used in postpartum preeclampsia.86

Decreased sympathetic activity due to regional anesthesia
leads to dilatation of the capacitance vessels that cause
hypotension. Adequate intravascular volume repletion 
(fluid preloading) performed before initiating regional 
anesthesia avoids this relative hypovolemia. Management of
volume status varies according to the severity of the pa-
tient’s disease. Hypotension can also occur with intravenous
administration of antihypertensive medication. This effect is
more pronounced if the mother has been in a supine position
for a long period; hence, the need to have the patient in a
“tilted” position to avoid compression of the vena cava by the
uterus.
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Difficulty with intubation

Preeclamptic women may have pharyngeal and laryngeal
edema rendering intubation and ventilation difficult. A laryn-
geal mask airway (LMA) may be a useful alternative in cases
of difficult airway management and should be anticipated in
severe preeclampsia.87

Magnesium sulfate interaction with neuromuscular
blocking agents

Magnesium decreases the release of acetylcholine from the
presynaptic portion of the myometrial junction as well as
decreasing the sensitivity of the motor endplate to the effects
of acetylcholine. Women receiving magnesium sulfate are
more sensitive to the depolarizing and nondepolarizing neu-
romuscular blocking agents; therefore, the dose of muscle
relaxant must be adjusted accordingly.84,88 This neuromuscu-
lar transmission defect correlates with increased serum mag-
nesium levels and decreased serum calcium levels.

Bleeding problems

Decreased platelet count and function occur in up to 18% of
women with preeclampsia.84 Epidural anesthesia is safe for
women with platelet counts ≥ 100000/µL in the peripartum
period.89–91 The rate of fall in platelet count is equally 
important because a rapid fall in platelet count may be 
indicative of severe disease. Estimation of bleeding time is 
no longer deemed necessary as a routine test in severe
preeclampsia. It is, however, important to check other indica-
tors of coagulopathy, including prothrombin time (PT), partial
thromboplastin time (PTT), and international normalized
ratio (INR), especially if there are clinical signs of coagulopa-
thy. If an epidural catheter is already in place, then the platelet
count should be checked before removal of the epidural
catheter.

Postpartum hemorrhage secondary to uterine atony may be
due to magnesium sulfate (a tocolytic agent) and/or anesthetic
agents (especially the inhalational agents) used in general anes-
thesia. Platelet dysfunction or thrombocytopenia, as in HELLP
syndrome, will increase the risk of bleeding. Ramanathan 
et al.92 showed that platelet dysfunction is related to the sever-
ity of preeclampsia.

Regional anesthesia is now established as the preferred
mode of anesthesia for preeclampsia patients as long as there
is no contraindication to regional anesthesia such as coagu-
lopathy. Regional anesthesia is the anesthetic of choice in most
women with preeclampsia or eclampsia, for some of the fol-
lowing reasons. Epidural analgesia reduces maternal plasma
catecholamine levels in laboring women. This may benefit
preeclamptic women who are already exhibiting increased 
vascular reactivity to circulating catecholamines. Compro-
mised intervillous blood flow in preeclamptic women may be
improved by lumbar epidural analgesia. In turn, lumbar

epidural analgesia may improve uteroplacental perfusion by
reversal of uterine arterial vasospasm.84

Prediction and prevention 
of preeclampsia

Preeclampsia discussion often evokes emotions and contro-
versies, whether it is the etiology, diagnosis, pathogenesis, 
prediction, prevention, or treatment. Is magnesium sulfate
indicated in the management of mild preeclampsia? What is
the role of aspirin in the management of preeclampsia? Any
role for antioxidants, placental growth factors, etc. in the 
evaluation of a woman with preeclampsia?

Prediction of preeclampsia

Over 100 clinical, biophysical, and biochemical tests have
been recommended to predict or identify women at risk for
future development of preeclampsia.93–96 The results of the
combined data and lack of agreement between serial tests
suggest that none of these clinical tests is reliable for use as a
screening test.

Numerous biomarkers have been proposed for the predic-
tion of women who are destined to develop preeclampsia. The
markers may indicate placental dysfunction,96,97 endothelial
and coagulation activation,98,99 and systemic inflammation.43,97

Many of these markers suffer from poor specificity and pre-
dictive values and, therefore, are not used in routine clinical
practice.

Doppler ultrasound in the second trimester may show
abnormal uterine artery velocity waveforms characterized by
a high resistance index or by the presence of an early diastolic
notch (unilateral or bilateral notch). The presence of these
Doppler findings in the second trimester increases the rate of
preeclampsia with a 20–60% sensitivity and a 6–40% posi-
tive predictive value.100–102 A review by Chien et al.,103 which
included 27 studies with nearly 13000 patients, claimed that
uterine artery Doppler assessment had limited value as a
screening tool for preeclampsia.

Prevention of preeclampsia

Magnesium sulfate for the prevention of eclampsia
Magnesium sulfate is now established as the drug of choice
for the prevention of eclampsia, having been shown to be
superior to placebo or no treatment in the prevention of con-
vulsions in women with severe preeclampsia.61,67,104–106 These
trials demonstrated that magnesium sulfate prophylaxis, com-
pared with placebo (two trials with a total of 10 795 women),
nimodipine (one trial with 1750 women), and no treatment
(one trial with 228 women) in the management of severe
preeclampsia, is associated with a significantly lower rate of
eclampsia. One of the largest trials to date enrolled 10 141
women with preeclampsia in 33 countries (mainly developing
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countries).61 Most of the enrolled patients had severe disease
by current United States standards; half of them received anti-
hypertensives prior to randomization; 75% had antihyperten-
sives following randomization. Among the enrolled women,
the rate of eclampsia was significantly lower in those assigned
to magnesium sulfate. However, of the 1560 women enrolled
in the Western world, the rate of eclampsia was 0.5% in the
magnesium group versus 0.8% in the placebo group, which
was not significant [relative risk (RR) 0.67 within a 95% con-
fidence interval].61

Two randomized placebo-controlled trials evaluated the
efficacy and safety of magnesium sulfate in the management
of mild preeclampsia. One study had 135 women67 and the
other had 222 women,107 which revealed that magnesium
sulfate does not affect the duration of labor, nor does it affect
the rate of Cesarean section. Both trials lacked sufficient
power to clarify the role of magnesium sulfate in the preven-
tion of convulsions in mild preeclampsia.108

Aspirin
Several studies of aspirin for the prevention of preeclampsia
have been performed. Hauth et al.109 showed that the inci-
dence of preeclampsia was significantly lower in the aspirin-
treated group; however, there were no differences in
gestational age at delivery, neonatal birthweight, or frequency
of fetal growth restriction or preterm delivery. A subsequent
study by Sibai et al.110 showed a reduction in the incidence of
preeclampsia by 26% in the aspirin-treated women. However,
a significantly higher incidence of abruptio placentae was iden-
tified in women receiving aspirin. The CLASP trial,111 a multi-
national, randomized trial involving 9364 women and using
low-dose aspirin (60 mg), failed to identify a difference in the
incidence of preeclampsia, intrauterine growth restriction,
abruptio placentae, or perinatal deaths. The aspirin-treated
group did, however, have a lower incidence of preterm deliv-
ery. A meta-analysis suggested that low-dose aspirin improved
pregnancy outcome in women with persistent elevations in
uterine Doppler resistance index at both 18 and 24 weeks of
gestation.112 Other studies, however, did not show aspirin

administration to prevent subsequent development of
preeclampsia.100,102 It thus appears that our hope for low-dose
aspirin therapy as an effective prophylaxis for preeclampsia
has not materialized, yet.

Oral supplementation with magnesium, zinc, calcium,
vitamin C, vitamin E, etc.
Although the early reports of calcium supplementation for the
prevention of and reduction in the severity of preeclampsia
appeared promising, the results have not been convinc-
ing.113–117 Zinc supplementation118 and oral magnesium sup-
plementation119 studies did not show any change in the rate
of preeclampsia. Fish oil supplementation showed no signifi-
cant change in the incidence of preeclampsia.120 Although
Chappell et al.121 showed improvement in the biochemical
indices of preeclampsia after the administration of antioxi-
dants, recent studies indicate that some antioxidants may not
necessarily improve the clinical outcome in preeclampsia.
Meanwhile, the role of calcium, vitamin E, vitamin C, and
other antioxidants remains unclear.122,123

Prospects for the future

Maternal morbidity and mortality related to preeclampsia 
are principally associated with eclampsia and HELLP syn-
drome. Fetal morbidity and mortality are associated mainly
with second-trimester severe preeclampsia and preterm 
delivery. Greater understanding of the pathophysiology of
preeclampsia is the key to improving both fetal and maternal
outcomes. In the present state of knowledge, women with
severe disease should be referred to a tertiary center with 
the experience and facilities to manage maternal complica-
tions and provide intensive care for a preterm infant. In the
future, it may be possible to identify factors that clearly dis-
tinguish between pregnant women at low risk of developing
hypertensive complications and those at high risk. This would
allow for appropriate antenatal care and maternal–fetal 
monitoring.

Key points

1 Hypertension is the most common medical
complication of pregnancy, being present in 8–10% of
pregnancies.

2 Mild preeclampsia is systolic blood pressure (BP)
≥ 140mmHg or diastolic BP ≥ 90mmHg observed on
two occasions at least 6 hours apart with proteinuria.

3 Severe preeclampsia is proteinuria with systolic BP
≥ 160mmHg or diastolic BP ≥ 110mmHg or the
presence of cerebral or visual disturbances. Other
features of severe preeclampsia include persistent

headache, persistent visual changes (scotomata), right
upper quadrant pain, epigastric pain, nausea, and
vomiting.

4 Preeclampsia accounts for 70% of hypertension in
pregnancy, and chronic hypertension (CHTN) accounts
for most of the remaining 30%.

5 Most women with eclamptic seizures have an 
abnormal electroencephalogram. However,
electroencephalographic changes are almost always
transient and resolve completely.
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Pregnancy causes significant alterations in the maternal car-
diovascular system. The pregnant patient with normal cardiac
function accommodates these physiologic changes without dif-
ficulty. In the presence of cardiac disease, however, pregnancy
may be extremely hazardous, resulting in decompensation and
even death. Despite advances in the diagnosis and treatment
of maternal cardiovascular disease, such conditions continue
to account for 10–25% of maternal deaths.1–3 Given an
observed increasing prevalence of pregnancies among women
with cardiac disease, currently estimated to range between
0.1% and 4%, the need for obstetricians to be well versed in
proper counseling and management of these conditions is
paramount.4 This chapter focuses on the interaction between
structural cardiac disease and pregnancy, with an emphasis 
on the means of achieving optimal maternal and perinatal 
outcomes.

Counseling the pregnant cardiac patient

The Criteria Committee of the New York Heart Association
(NYHA) has recommended a classification of cardiac disease
based on clinical function (classes I–IV). Although such a clas-
sification is useful in discussing the pregnant cardiac patient,
up to 40% of patients developing congestive heart failure and
pulmonary edema during pregnancy are functional class I
before pregnancy. In one review, the majority of maternal
deaths during pregnancy occurred in patients who were ini-
tially class I or II.5 In general, however, women who begin
pregnancy as functional class I or II have a better outcome
than those initially in class III or IV.6,7 Counseling the preg-
nant cardiac patient regarding her prognosis for successful
pregnancy is further complicated by recent advances in
medical and surgical therapy, fetal surveillance, and neonatal
care. Such advances render invalid many older estimates of
maternal mortality and fetal wastage.

Table 39.1 represents a synthesis of maternal risk estimates
for various types of cardiac disease initially developed by
Clark et al.8 in 1987. Counseling of the pregnant cardiac

patient, as well as general management approaches, were
based on this classification. Category I included conditions
that, with proper management, were associated with negligi-
ble maternal mortality (less than 1%). Cardiac lesions in 
category II traditionally carried a 5–15% risk of maternal
mortality. Patients with cardiac lesions in group III were, and
probably remain, subject to a mortality risk exceeding 25%.
In all but exceptional cases, this risk is unacceptable, and it is
our continued belief that prevention or interruption of preg-
nancy is generally recommended.

While our initial classification schema has proven useful in
grossly predicting mortality risk in the past, a review of more
recent data from the United States and Europe suggests the
need to selectively revise these estimates; this is summarized
in Table 39.2. In some of these current studies, it may gener-
ally be said that maternal mortality is almost exclusively seen
in patients with pulmonary hypertension, endocarditis, coro-
nary artery disease, cardiomyopathy, and sudden arrhyth-
mia.1–3,9–33 deSwiet,1 reporting on maternal mortality from
heart disease in the United Kingdom between 1997 and 1999,
found that all deaths could be accounted for from the fol-
lowing entities: puerperal cardiomyopathy (20%), myocardial
infarction (14%), aortic dissection (14%), cardiomyopathy
and myocarditis (14%), primary pulmonary hypertension
(9%), secondary pulmonary hypertension (11%), endocardi-
tis (9%), and dysrhythmia (3%). These authors attribute the
changing pattern of heart disease in recent decades to a dra-
matic reduction in rheumatic heart disease. In support of this
hypothesis, a review of maternal mortality in Utah from 1982
to 1994 revealed 13 cardiac deaths, four from pulmonary
hypertension (31%), four secondary to cardiomyopathy
(31%), two from coronary artery disease (15%), and three
(23%) from sudden arrhythmia.3 This is not to imply that the
relative risk categories outlined in Table 39.1 are not still valid
with respect to the likelihood of maternal complications or
that interruption of pregnancy or cardiac surgery before term
may not be necessary. The possibility of fetal morbidity and
mortality, especially in cases of cyanotic heart disease, also
cannot be overlooked. However, it would appear that, with
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appropriate obstetric care, the presence or absence of the
above secondary complications or cardiomyopathy appears to
play a much more important role in determining ultimate
maternal outcome than the primary structural nature of the
cardiac lesion itself.8 Indeed, the most recent recommenda-
tions from the American Heart Association and the American
College of Cardiology regarding classification of maternal and
fetal risk during pregnancy on the basis of the type of valvu-
lar abnormality and NYHA functional class (Table 39.3) note
that the absolute risk conferred on a given women by preg-
nancy is modified by additional clinical factors.34,35

Congenital cardiac disease

The relative frequency of congenital as opposed to acquired
heart disease is changing.5,36 With the wide introduction of
efficacious penicillin therapy for rheumatic fever, sequelent
valvular stenosis is relatively uncommon in the United States.
Concomitant advances in heart–lung bypass have enabled the
surgical correction of many previously fatal congenital cardiac
lesions. Thus, patients with congenital cardiac disease now
account for the vast majority of pregnant women with heart
disease. In a review in 1954, the ratio of rheumatic to con-
genital heart disease seen during pregnancy was 16:1; the
current ratio approximates 1:1.5.5,34–37 In the following 
discussion of specific cardiac lesions, no attempt is made to
duplicate existing comprehensive texts regarding physical

Table 39.1 Maternal risk associated with pregnancy, by general
categorization.

Group Cardiovascular disorder

Group I: Minimal risk Atrial septal defect
of complications Ventricular septal defect
(< 1%) Patent ductus arteriosus

Pulmonic or tricuspid disease
Corrected tetralogy of Fallot
Bioprosthetic valve
Mitral stenosis, NYHA classes I and II
Marfan syndrome with normal aorta*

Group II: Moderate Mitral stenosis with atrial fibrillation
risk of Artificial valve
complications Mitral stenosis, NYHA classes III and IV
(5–15%) Aortic stenosis

Coarctation of aorta, uncomplicated
Uncorrected tetralogy of Fallot
Previous myocardial infarction

Group III: Major risk Pulmonary hypertension
of complications or Coarctation of the aorta, complicated
death (> 25%) Marfan syndrome with aortic involvement

*Normal aorta, defined as aortic root diameter < 4cm and no
evidence of dissection.

NYHA, New York Heart Association.

Table 39.2 Summary of current revised maternal mortality risks associated with selected cardiovascular disorders.

Group Cardiovascular disorder Maternal mortality (%)

Group I: Minimal risk of complications Atrial septal defect < 1
Ventricular septal defect, without pulmonary hypertension < 1
Patent ductus arteriosus < 1
Pulmonic or tricuspid disease 0–0.5
Corrected tetralogy of Fallot 0.05–1
Bioprosthetic valve 1
Mitral stenosis, NYHA classes I and II 0–1.6
Marfan syndrome with normal aorta* 0–1.1

Group II: Moderate risk of complications Mitral stenosis with atrial fibrillation 12–17
Mechanical valve 1–4
Mitral stenosis, NYHA classes III and IV 5–7
Aortic stenosis 2–18
Coarctation of aorta, uncomplicated 2–5
Uncorrected tetralogy of Fallot 12–15
Previous myocardial infarction, remote 2–15

Group III: Major risk of complications or death Primary pulmonary hypertension 35–50
Coarctation of the aorta, complicated > 25
Marfan syndrome with aortic involvement 50
Previous myocardial infarction, within 2 weeks of delivery 50

The maternal mortality rates represent a compilation from available and identified references.1–4,8–33 As such, they represent varying degrees of
disorder severity, a spectrum of patient ages and ethnic background, and additional associated risk factors. They must thus be regarded as
generalizable approximations.

*Normal aorta, defined as aortic root diameter < 4cm and no evidence of dissection.
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diagnostic, electrocardiographic, and radiographic findings of
specific cardiac lesions. (For a comprehensive discussion of
diagnostic findings, see Braunwald E, ed. Heart disease. A
textbook of cardiovascular medicine, 6th edn. Philadelphia:
W.B. Saunders, 2001.) Instead, the discussion here focuses on
aspects of congenital cardiac disease that are unique to preg-
nancy. We preface our discussion regarding congenital cardiac
lesions with the longstanding acknowledgment that patients
at risk of developing right-to-left shunts with increased pul-
monary hypertension are at highest risk for unacceptably high
maternal and fetal morbidity and mortality; surgical correc-
tion prior to the development of increased pulmonary vascu-
lar resistance and pulmonary hypertension (Eisenmenger’s
syndrome) is the greatest single contributor to improved out-
comes observed over the preceding four decades.

Atrial sepal defect

Atrial septal defect (ASD) is the most common congenital
lesion seen during pregnancy and is generally asympto-
matic.38–42 As a result of the disproportionate number of
women with ostium secundum defects being asymptomatic

until the reproductive years, it is not unheard of to have
women present with a sentinel ASD diagnosis in pregnancy.43

The two significant potential complications seen with ASD are
arrhythmias and ventricular failure.

As a result of pregnancy-associated increases in atrial vo-
lume, biatrial enlargement and resultant supraventricular dys-
rhythmias are occasionally encountered. In general, although
atrial arrhythmias are not uncommon in patients with ASD,
their onset generally occurs after the fourth decade of life.
Thus, such arrhythmias are unlikely to be encountered in the
majority of pregnant woman. That said, in patients with ASD,
atrial fibrillation is the most common arrhythmia encountered;
however, supraventricular tachycardia and atrial flutter also
may occur.44 Initial therapy is with digoxin; less commonly,
propranolol, quinidine, or cardioversion may be necessary.

The hypervolemia and increased cardiac output associated
with pregnancy accentuates the left-to-right shunt through the
ASD, and thus a significant burden is imposed on the right
ventricle. Although this additional burden is tolerated well by
most patients, congestive failure and death have been reported
with ASD.45–47 Thus, peripartum management centers on
avoiding vascular resistance changes that increase the degree

Table 39.3 Valvular heart lesions stratified by maternal and fetal risk derived from ACC/AHA Guidelines.35

Maternal risk Lesion Description

Low maternal and fetal risk Asymptomatic aortic stenosis Low mean outflow gradient (< 50 mmHg)
Normal LV systolic function (EF > 50%)

Aortic regurgitation, NYHA I or II Normal LV systolic function (EF > 50%)

Mild/moderate mitral stenosis Mitral valve area > 1.5cm2

Low gradient (< 5 mmHg)
Absence of severe pulmonary hypertension (severe 

pulmonary hypertension defined as pulmonary pressure 
> 75% of systemic pressures)

Mitral regurgitation, NYHA I or II Normal LV systolic function (EF > 50%)

Mitral valve prolapse Absence of mitral regurgitation OR
Mild/moderate mitral regurgitation with normal LV systolic

function (EF > 50%)

High maternal and fetal risk Severe aortic stenosis Valve area <1.5cm2

Aortic regurgitation, NYHA III or IV Symptomatic per NYHA criteria

Aortic regurgitation in Marfan syndrome 

Mitral stenosis, NYHA II, III, or IV Symptomatic per NYHA criteria

Mitral regurgitation, NYHA III or IV Symptomatic per NYHA criteria

Aortic and/or mitral valve disease, with severe Resultant severe pulmonary hypertension (severe pulmonary
pulmonary hypertension hypertension defined as pulmonary pressure > 75% of 

systemic pressures)

Aortic and/or mitral valve disease, with left Abnormal LV systolic function (EF < 40%)
ventricular systolic dysfunction

Maternal cyanosis

NYHA, New York Heart Association classification. By functional status, NYHA I is asymptomatic; NYHA II is symptoms with greater than
normal activity; NYHA III is symptoms with normal activity; NYHA IV is symptoms at rest.

LV, left ventricular; EF, ejection fraction.
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of the shunt. In contrast to the high-pressure/high-flow 
state seen with ventricular septal defect (VSD) and patent
ductus arteriosus (PDA), ASD is characterized by high pul-
monary blood flow associated with normal pulmonary artery
pressures. Because pulmonary artery pressures are low, pul-
monary hypertension is unusual. The majority of patients with
ASD tolerate pregnancy, labor, and delivery without compli-
cation. Neilson and colleagues45 reported 70 pregnancies in 24
patients with ASD; all patients had an uncomplicated ante-
and intrapartum course. During labor, placement of the
patient in the lateral recumbent position, avoidance of fluid
overload, oxygen administration, and pain relief with epidural
anesthesia, as well judicious use of prophylaxis against bacte-
rial endocarditis, are the most important considerations
(Tables 39.4 and 39.5).

Ventricular septal defect

VSD may occur as an isolated lesion or in conjunction with
other congenital cardiac anomalies, including tetralogy of
Fallot, transposition of the great vessels, and coarctation of the
aorta. The size of the septal defect is the most important deter-
minant of clinical prognosis during pregnancy. Small defects
are tolerated well, whereas larger defects are associated more
frequently with congestive heart failure, arrhythmias, or the

development of pulmonary hypertension. In addition, a large
VSD is often associated with some degree of aortic regurgita-
tion, which then modifies the risk of congestive failure. Preg-
nancy, labor, and delivery are tolerated well by patients with
uncomplicated VSD. Schaefer and colleagues46 compiled a
series of 141 pregnancies in 56 women with VSD. The only two
maternal deaths were in women whose VSD was complicated
by pulmonary hypertension (Eisenmenger’s syndrome).
Although very rarely indicated, successful primary closure of a
large VSD during pregnancy has been reported.47,49 Because of
the significance of unrecognized Eisenmenger’s syndrome,
careful measurements of pulmonary artery pressures are
mandatory in any patient in whom persistent VSD is suspected
or in whom the status of a previous repair is uncertain.50,51 In
general, invasive hemodynamic monitoring is unnecessary.
Management considerations for patients with uncomplicated
VSD are similar to those outlined for ASD.

Patent ductus arteriosus

Although PDA is one of the most common congenital cardiac
anomalies, its almost universal detection and closure in the
newborn period make it uncommon during pregnancy.52,53 As
with uncomplicated ASD and VSD, most patients are asymp-
tomatic, and PDA is generally well tolerated during pregnancy,

Table 39.4 Antibiotic prophylaxis for the prevention of bacterial endocarditis.

Cardiac lesion Prophylaxis for uncomplicated Prophylaxis for suspected bacteremia
delivery (i.e., chorioamnionitis)

Negligible risk category
Functional heart murmurs Not recommended Not recommended
Mitral valve prolapse without regurgitation Not recommended Not recommended
Previous rheumatic fever without valve dysfunction Not recommended Not recommended
Previous Kawasaki disease without valve dysfunction Not recommended Not recommended
Cardiac pacemakers and implanted defibrillators Not recommended Not recommended
Prior coronary bypass graft surgery Not recommended Not recommended

Moderate-risk category
Acquired valve dysfunction (rheumatic fever) Not recommended Recommended
Congenital cardiac malformations EXCEPT: repaired ASD, VSD, Not recommended Recommended

or PDA, or isolated secundum ASD
Hypertrophic cardiomyopathy Not recommended Recommended
Mitral valve prolapse with regurgitation or thickened leaflets Not recommended Recommended

High-risk category
Prosthetic cardiac valves Optional Recommended
Prior bacterial endocarditis Optional Recommended
Complex cyanotic congenital cardiac malformations Optional Recommended
Surgically constructed systemic pulmonary shunts/conduits Optional Recommended

Adapted from ACOG Practice Bulletin No. 47 Prophylactic Antibiotics in Labor and Delivery, October 2003. These recommendations are
based on ACC/AHA guidelines,35 which specifically discourage endocarditis prophylaxis for “routine” vaginal or Cesarean delivery. Given a
possible increased risk of endocarditis with complicated deliveries such as retained placenta,48 alongside recommendations to give antibiotics
before or within 30 min of starting a “complicated” procedure, the decision to hold or administer subacute bacterial endocarditis (SBE)
prophylaxis is not necessarily straightforward.35 Thus, many obstetricians may elect to administer prophylactic antibiotics to cover
unpredictable complicated deliveries.
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labor, and delivery. As with a large VSD, however, the high-
pressure/high-flow, left-to-right shunt associated with a large,
uncorrected PDA can lead to pulmonary hypertension. In such
cases, the prognosis unacceptably worsens. In one study of 18
pregnant women who died of congenital heart disease, three
had PDA; however, all these patients had secondary severe 
pulmonary hypertension.47 Management considerations for
patients with uncomplicated PDA, without pulmonary hyper-
tension, are similar to those outlined under ASD.

Eisenmenger’s syndrome and 
pulmonary hypertension

Eisenmenger’s syndrome develops when, in the presence of
congenital left-to-right shunt, progressive pulmonary hyper-
tension leads to shunt reversal or bidirectional shunting as a
result of chronically increased pulmonary vascular blood flow
with accompanying pulmonary vascular resistance exceeding
systemic vascular resistance. Although this syndrome may
rarely occur with ASD, VSD, or PDA, the low-pressure and
high-flow shunt seen as ASD is far less likely to result in pul-
monary hypertension and shunt reversal than is the condition
of high-pressure and high-flow symptoms seen with VSD and
PDA. Regardless of the etiology, pulmonary hypertension
carries a guarded prognosis during pregnancy, although there
are published reports suggesting that the greatest risk may 
be seen in women with Eisenmenger’s syndrome.54,55 After
Eisenmenger’s pathophysiology is established, the pulmonary
hypertension is permanent, and surgical correction of the
defect is unhelpful and may increase mortality.33,59

During the antepartum period, the decreased systemic vas-
cular resistance associated with pregnancy increases both 
the likelihood as well as the degree of right-to-left shunting.
Pulmonary perfusion decreases, with systemic hypotension
resulting in hypoxemia with subsequent maternal then fetal
deterioration. The peripartum development of systemic
hypotension leads to decreased right ventricular filling pres-
sures; in the concomitant presence of a fixed cardiac output
state (e.g., pulmonary hypertension), such decreased right

heart pressures may be insufficient to perfuse the pulmonary
arterial bed, leading to a sudden and profound hypoxemia and
death. While there may exist any number of inciting events
resulting in systemic hypotension in pregnancy, it most fre-
quently results from hemorrhage or complications of conduc-
tion anesthesia.53–61 Thus, avoidance of systemic hypotension
is the principal clinical concern in the intrapartum manage-
ment of patients with pulmonary hypertension of any etiol-
ogy. This fact is underscored by the longstanding knowledge
that the greatest maternal risk occurs in the peripartum period,
and most deaths occur between 2 and 9 days postpartum. The
precise pathophysiology of such decompensation is unclear,
and it is uncertain what, if any, therapeutic maneuvers prevent
or ameliorate such deterioration.

Maternal mortality in the presence of Eisenmenger’s syn-
drome ranges from 30% to 60%.27,52,59 In their classic review
of the subject, Gleicher and colleagues55 reported a 39% 
mortality associated with vaginal delivery and a 75% mortal-
ity associated with Cesarean section. These authors’ original
observations still stand; a more recent review looking at mor-
tality from 1978 to 1996 fails to demonstrate significant
improvement in maternal mortality.61 Eisenmenger’s syndrome
associated with VSD appears to carry a higher mortality risk
than that associated with PDA or ASD. In addition to the pre-
viously discussed problems associated with hemorrhage and
hypovolemia, thromboembolic phenomena have been associ-
ated with up to 43% of all maternal deaths in Eisenmenger’s
syndrome.55 Pitts and colleagues58 reported increased mortality
associated with prophylactic peripartum heparinization.
However, other authors have reported that the use of heparin
therapy (with bedrest and supplemental oxygen) may modestly
positively influence maternal and fetal outcomes; there are no
large trials supporting these findings to date.59 Sudden delayed
postpartum death, occurring 4–6 weeks after delivery, has also
been reported.55,60 Such deaths may involve a rebound worsen-
ing of pulmonary hypertension associated with the loss of 
pregnancy-associated hormones, or thromboembolic events.

Because of the high mortality associated with continuing
pregnancy,27 pregnancy termination ought to be presented to

Table 39.5 Endocarditis prophylaxis regimens for genitourinary/gastrointestinal procedures.35

Patient group Agent Dosage*

High risk Ampicillin plus gentamicin Load: Ampicillin 2 g i.v./i.m.
Gentamicin 1.5 mg/kg i.v. to a maximum of 120 mg
6h later: Ampicillin 1 g i.v./i.m. or amoxicillin 1 g p.o.

Ampicillin-allergic high risk Vancomycin plus gentamicin Load: Vancomycin 1 g i.v. over 1–2h
Gentamicin 1.5 mg/kg i.v. to a maximum of 120 mg
6 h later: Ampicillin 1 g i.v./i.m. or amoxicillin 1 g p.o.

Moderate risk Amoxicillin or ampicillin Amoxicillin 2 g p.o. 1 h before procedure or ampicillin 2 g i.v./i.m.

Ampicillin-allergic moderate risk Vancomycin plus gentamicin Load: Vancomycin 1 g i.v. over 1–2 h

*With respect to i.v.- or i.m.-administered ampicillin, gentamicin, or vancomycin, complete infusion within 30 min of starting the procedure.35
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the patient as the preferred management of choice for the
woman with pulmonary hypertension of any etiology. Preg-
nancy termination in either the first or the second trimester
has long been considered the safer alternative over allowing
the pregnancy to progress to term.62 Dilation and curettage in
the first trimester or dilation and evacuation in the second
trimester is the method of choice. Hypertonic saline and F-
series prostaglandins (prostaglandin F2α) are contraindicated,
although the careful use of E-series prostaglandins is probably
appropriate as long as systemic hypotension is avoided.

For the patient with a continuing gestation, management
centers on avoiding increases in pulmonary vascular resist-
ance, maintaining right ventricular preload, left ventricular
afterload, and right ventricular contractility. Thus, factors that
increase pulmonary vascular resistance ought to be avoided.
In general terms, sympathetic agonists (epinephrine and nor-
epinephrine) and conditions resulting in hypoxia or hypercar-
bia are associated with a poor outcome. Thus, the mainstays
of therapy and management continue to be inpatient care in
a tertiary care center with experienced providers, with con-
tinuous administration of oxygen, use of pulmonary vasodila-
tors, avoidance of hypotension and anemia, and limited use
of operative deliveries.8,63–68

With respect to pulmonary vasodilators, recent success with
inhaled nitric oxide (iNO) alongside prostacyclin and its
analogs has been observed.63–68 Administration of iNO via
facemask or nasal cannula has been shown to be effective
when estimated final alveolar concentrations of 5–40 p.p.m.
are reached; great care is taken to avoid accumulation of toxic
nitrogen dioxide with the use of continuous monitoring of
tidal iNO concentrations using electrochemical monitors
(similar to those found in neonatal intensive care unit settings).
Given a risk of both maternal and fetal methemoglobinemia,
it is also recommended that concentrations should be meas-
ured hourly during administration with a goal of < 5g/dL; in
the fetus, postnatal monitoring through the first 48 hours of
life is also recommended.66–68 High concentrations of met-
hemoglobin can be treated with methylene blue at 2mg/kg
i.v.63 Prostacylin, a naturally occurring prostaglandin (PGl2),
is a potent vasodilator and inhibitor of platelet aggregation.
Infusions of 1–10ng/kg/min effectively reduce pulmonary vas-
cular resistance, but at the risk of decreasing right ventricular
preload. However, its synthetic analog (iloprost) has a minimal
effect on systemic vascular resistance, and has been used suc-
cessfully to reduce pulmonary artery pressures either alone or
in combination with iNO.64–68 When administered with nebu-
lizers, the systemic effect is minimized; iloprost is administered
diluted in 0.9% NaCl (20µg/2mL up to six times daily), and
prostacylin at 60µg/h.64,65

In cyanotic heart disease of any etiology, fetal outcome cor-
relates well with maternal hematocrit; successful pregnancy 
is unlikely with an initial hemoglobin > 20g/dL.69,70 Thus, 
we recommend judicious iron therapy and packed red blood
cell transfusion to maintain a hematocrit above 24–30g%.8

Maternal PaO2 should be maintained with exogenous oxygen

at a level of 70mmHg or higher.67–69 In addition, third-
trimester fetal surveillance with antepartum testing is necessi-
tated as at least 30% of the fetuses are growth restricted,55,70

and pregnancy interruption due to fetal deterioration is
common.70

The issue of pulmonary artery catheterization is controver-
sial. Among some patients with moderate to severe pulmonary
hypertension from interatrial shunts, a pulmonary artery
catheter will provide useful information.8,60 However, we share
the concern of other authors that, among those with inter-
ventricular shunts, catheter placement is associated with a
high rate of complications, including arrythmias, emboliza-
tion, and pulmonary artery rupture.66 In instances in which
pulmonary artery catheterization may be of benefit, simulta-
neous cardiac imaging with ultrasound may be helpful in
catheter placement. If the possibility of right-to-left shunting
exists, balloon inflation with carbon dioxide is preferable to
that with air in an effort to avoid systemic air embolus asso-
ciated with the rare occurrence of balloon rupture.

In consideration of catheter placement, it is of note that,
during labor, uterine contractions are associated with a
decrease in the ratio of pulmonary to systemic blood flow.71–73

Pulmonary artery catheterization and serial arterial blood gas
determinations thus theoretically allow the clinician to detect
and treat early changes in cardiac output, pulmonary artery
pressure, and shunt fraction. As point of reference, central
hemodynamic assessment references are provided in Table
39.6.6 We have used a fiberoptic pulmonary artery catheter in
conjunction with an oximeter to detect early changes in mixed
venous oxygen saturation during the successful intrapartum
management of patients with pulmonary hypertension.
Because the primary concern in such patients is the avoidance
of hypotension, any attempt at preload reduction (i.e., diure-
sis) must be undertaken with great caution, even in the face
of initial fluid overload. We prefer to manage such patients on

Table 39.6 Reference values with central hemodynamic assessment.

Parameter Nonpregnant Pregnant

Cardiac output (L/min) 4.3 6.2
Heart rate (b.p.m.) 71 83
Pulmonary vascular resistance 119 78

(dyne/cm/s5)
Systemic vascular resistance (dyne/cm/s5) 1530 1210
Colloid oncotic pressure (mmHg) 21 18
Mean arterial pressure (mmHg) 86 90
Pulmonary capillary wedge pressure 6.3 7.5

(mmHg)
Central venous pressure (mmHg) 3.7 3.6

Values are derived from 10 selected patients at 36–38 weeks’
gestation, and again at 11–13 weeks postpartum with arterial lines
and Swan–Ganz catheters to characterize central hemodynamic
values of pregnancy.6
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the “wet” side (wedge pressure range of 16–18mmHg), main-
taining a preload margin of safety against unexpected blood
loss with an a priori acknowledged risk of pulmonary edema.
Because of the increased risk of significant blood loss and
hypotension associated with operative delivery, Cesarean
section should be reserved for standard obstetric indications.
Similarly, midforceps delivery is not warranted to shorten the
second stage, but should be reserved for obstetric indications
only.

If surgery is necessary, meticulous attention to hemostasis
and surgical technique with an experienced surgical team min-
imizes the risk of blood loss, hypotension, and death in these
patients. Despite expert management, a substantial risk of
maternal mortality remains during labor and delivery. Laparo-
scopic tubal ligation under local anesthesia has also been
described in a group of women with various types of cyanotic
cardiac disease.74

Anesthesia for patients with pulmonary hypertension is 
controversial. Theoretically, conduction anesthesia, with 
its accompanying risk of hypotension, should be avoided.
Regional techniques for both vaginal (epidural) and Cesarean
(spinal) delivery have been described, and successfully
used.63–68,72–74 To summarize this expanding volume of 
data, with the concomitant use of systemic vasoconstrictors
(ephedrine) and pulmonary vasodilators (iNO and prostacylin
analogs), the use of epidural or intrathecal morphine sulfate
will be theoretically devoid of any overt effect on systemic
blood pressure and thus represents one reasonable approach
to the anesthetic management of these difficult patients.

Coarctation of the aorta

Coarctation of the aorta accounts for approximately 9% of
all congenital cardiac disease.75 The most common site of
coarctation is the origin of the left subclavian artery. Associ-
ated anomalies of the aorta and left heart, including VSD and
PDA, are common, as are intracranial aneurysms in the circle
of Willis.76 Coarctation is usually asymptomatic. Its presence
is suggested by hypertension confined to the upper extremi-
ties, although Goodwin76 cites data suggesting a generalized
increase in peripheral resistance throughout the body. Resting
cardiac output may be increased, but increased left atrial pres-
sure with exercise suggests occult left ventricular dysfunction.
Aneurysms may also develop below the coarctation, or involve
the intercostal arteries, and may lead to rupture. In addition,
ruptures without prior aneurysm formation have been
reported.75,76

More than 400 patients with coarctation have been reported
during pregnancy, with maternal mortality ranging from none
to 17%.46,75,76 Half the fatalities occur during the first preg-
nancy. In a review of 200 pregnant women with coarctation
of the aorta before 1940, Mendelson77 reported 14 maternal
deaths and recommended routine abortion and sterilization of
these patients.77 Deaths in this series were from aortic dissec-
tion and rupture, congestive heart failure, cerebrovascular

accidents, and bacterial endocarditis. Six of the 14 deaths
occurred in women with associated lesions. In contrast to this
historical dismal prognosis, an initial series by Deal and
Wooley75 in 1973 reported 83 pregnancies in 23 women with
uncomplicated coarctation of the aorta. All were NYHA class
I or II before pregnancy. In these women, there were no mater-
nal deaths or permanent cardiovascular complications. In a
recent series, these findings were confirmed, which suggest that
patients with coarctation of the aorta uncomplicated by
aneurysmal dilation or associated cardiac lesions who enter
pregnancy as class I or II have a good prognosis and a minimal
risk of complications or death.21,22 Even if uncorrected,
uncomplicated coarctation carries with it a risk of maternal
mortality of only 3–4%.22 In the presence of aortic or inter-
vertebral aneurysm, known aneurysm of the circle of Willis,
or associated cardiac lesions, however, the risk of death may
approach 15%; therefore, pregnancy termination must be
strongly considered.8

Tetralogy of Fallot

Tetralogy of Fallot encompasses the cyanotic complex of VSD,
overriding aorta, right ventricular hypertrophy, and pul-
monary stenosis. Most cases of tetralogy of Fallot are cor-
rected during infancy or childhood; the vast majority of
women may be assumed to have undergone repair in order to
survive to reproductive age. Several published reports attest to
the relatively good outcome of pregnancy in patients with cor-
rected tetralogy of Fallot.7,78–81 In a review of 55 pregnancies
in 46 patients, there were no maternal deaths among nine
patients with correction before pregnancy. However, in
patients with an uncorrected lesion, maternal mortality ranges
from 4% to 15%, with a 30% fetal mortality as a result 
of hypoxia.7,80 In patients with uncorrected VSD, the decline
in systematic vascular resistance that accompanies pregnancy
can lead to worsening of the right- to-left shunt.7 This con-
dition can be aggravated further by systemic hypotension as
a result of peripartum blood loss. A poor prognosis has been
related to prepregnancy hematocrit exceeding 65%, history of
syncope or congestive failure, electrocardiographic evidence 
of right ventricular strain, cardiomegaly, right ventricular
pressure in excess of 120mmHg, and peripheral oxygen 
saturation of less than 80%.

Pulmonic stenosis

Pulmonic stenosis is a common congenital defect. Although
obstruction can be valvular, supravalvular, or subvalvular, the
degree of obstruction, rather than its site, is the principal
determinant of clinical performance. A transvalvular pressure
gradient exceeding 80mmHg is considered severe and man-
dates surgical correction.8 A compilation (totaling 106 preg-
nancies) of three series of patients with pulmonic stenosis
revealed no maternal deaths.45–47 With severe stenosis, right
heart failure can occur; fortunately, this is usually less severe
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clinically than the left heart failure associated with mitral or
aortic valve lesions. Pulmonic stenosis in association with
cyanotic congenital lesions has a worse prognosis.

Ebstein’s anomaly

Ebstein’s anomaly accounts for a rare 1% of all congenital
cardiac disease.82–86 This anomaly consists of apical displace-
ment of the tricuspid valve with secondary tricuspid regurgi-
tation and enlargement of both right atrium and ventricle. In
a review of 111 pregnancies in 44 women, no serious mater-
nal complications were noted. Seventy-six percent of preg-
nancies ended in live births, although there was a 6%
incidence of congenital heart disease in the offspring of these
women.86

Acquired cardiac lesions

By way of introduction, it is often helpful to keep a number
of commonly accepted considerations regarding acquired
valvular lesions in mind. First, regurgitant lesions are gener-
ally better tolerated in pregnancy than stenotic lesions due to
pregnancy-associated systemic vascular resistance improving
forward flow, and thus limiting the effects of regurgitation
(assuming an absence of left ventricular dysfunction).
However, in stenotic lesions, increased cardiac output and
tachycardia result in an elevation in left atrial pressure (i.e.,
mitral stenosis) and thus increased incidence of atrial fibrilla-
tion and high-output cardiac failure. Second, maternal and
fetal risks of acquired cardiac lesions in pregnancy generally
vary with the functional classification at pregnancy onset and
term. Thus, the common collective wisdom is that women
with functional class I or II heart disease have a favorable
prognosis in pregnancy (with the notable exception of mitral
stenosis; Table 39.3). Moreover, patients who reach term as
class I or II usually tolerate properly managed labor without
invasive monitoring. Third, because of increasing cardiovas-
cular demand in the high-output state, functional status will
deteriorate during pregnancy among functional class II, III,
and IV patients.5–7 This is evidenced by the fact that nearly
half of all women with acquired valvular lesions will first
develop heart failure and pulmonary edema in their third
trimester of pregnancy.1–3,5

Acquired valvular lesions are commonly rheumatic in
origin, although endocarditis secondary to intravenous drug
use ought to be considered as an underlying etiology of
acquired right heart lesions. During pregnancy, maternal mor-
bidity and mortality with rheumatic lesions results from con-
gestive failure or arrhythmias with a final common sequelae
of pulmonary edema, embolic event, or fatal dysrhythmia.
Indeed, pulmonary edema is the leading cause of death in
rheumatic heart disease patients during pregnancy.1,4–6 Szekely
and colleagues5 found the risk of pulmonary edema in preg-
nant patients with rheumatic heart disease to rise with increas-

ing age and with increasing length of gestation. The onset of
atrial fibrillation during pregnancy carries with it a higher risk
of right and left ventricular failure (63%) than fibrillation with
onset before gestation. In addition, the risk of systemic
embolization after the onset of atrial fibrillation during preg-
nancy may exceed that associated with onset in the nonpreg-
nant state.5 In counseling the patient with severe rheumatic
cardiac disease on the advisability of initiating or continuing
pregnancy, the physician must also consider the long-term
prognosis of the underlying disease. For up to 44 years,
Chesley87 followed 134 women who had functionally severe
rheumatic heart disease and who had completed pregnancy.
He reported a mortality of 6.3% per year but concluded 
that, in patients who survived the gestation, maternal life
expectancy was not shortened by pregnancy. These data
would therefore suggest that, in the absence of an acute
morbid event, pregnancy has no long-term sequelae for
patients who survive the pregnancy.62,87

Pulmonic and tricuspid lesions

Physiologic valvular regurgitation is common during preg-
nancy, especially with right-sided valves, and the degree of
regurgitation progresses as pregnancy advances.88 Isolated
right-sided valvular lesions of rheumatic origin are uncom-
mon; however, such lesions are seen with increased frequency
in intravenous drug abusers, in whom they are secondary to
valvular endocarditis. For the reasons reviewed above, preg-
nancy-associated hypervolemia is far less likely to be sympto-
matic with right-sided lesions than with those involving the
mitral or aortic valves. In a review of 77 maternal cardiac
deaths, Hibbard47 reported none associated with isolated
right-sided lesions. In several recent reviews, congestive heart
failure has been noted to occur in less than 2% of women 
with pulmonic stenosis.87–89 A successful pregnancy has been
reported after Fontan repair of congenital tricuspid atresia.89

Even after complete tricuspid valvectomy for endocarditis,
subsequent pregnancy, labor, and delivery are generally well
tolerated. Given the propensity toward pulmonary edema 
in the puerperium,91 cautious fluid administration is the 
mainstay of labor and delivery management in patients with
right-sided lesions.87–91 In general, invasive hemodynamic
monitoring during labor and delivery is not necessary.

Mitral stenosis

Mitral stenosis is the most common rheumatic valvular lesion
encountered during pregnancy.59 It can occur as an isolated
lesion or in conjunction with aortic or right-sided lesions.
Severe mitral stenosis (valve area < 1.5cm2) carries a mater-
nal mortality approximated at 5%.11 Secondary to a severe
stenosis, ventricular diastolic filling obstruction yields elevated
left atrial pressure with a relatively fixed cardiac output.
Marked increases in cardiac output accompany normal preg-
nancy, labor, and delivery. When the pregnant patient is unable
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to accommodate volume fluctuations, right-sided heart failure
results in pulmonary edema.

The ability to accommodate an increased cardiac output in
patients with mitral stenosis depends largely on two factors.59

First, these patients depend on adequate diastolic filling time.
However, in instances of stenotic mitral lesions, a rapid and
dramatic fall in cardiac output and blood pressure in response
to tachycardia will compromise this tenuous filling time. Given
that an increase in heart rate of approximately 10 b.p.m. is
common in normal pregnancy, labor, and delivery, considera-
tion ought to be given to oral beta-blocker therapy for any
patient with severe mitral stenosis who enters labor with even
a mild tachycardia. Control of acute-onset tachycardia with
an intravenous beta-blocking agent may be employed at the
following dosages: propranolol 1mg i.v. every 2min; meto-
prolol 5mg i.v. over 5min, repeated in 10min; esmolol 
drip at 500µg/kg i.v. over 1 min with an infusion rate of
50–200µg/kg/min; or labetalol 20–40mg i.v. followed by
20–80mg i.v. every 10min to a maximum dose of 180mg.

A second important consideration in patients with mitral
stenosis centers on left ventricular preload. In the presence of
mitral stenosis, pulmonary capillary wedge pressure fails 
to accurately reflect left ventricular filling pressures. Such
patients often require high-normal or elevated pulmonary cap-
illary wedge pressure to maintain adequate ventricular filling
pressure and cardiac output. Any preload manipulation (i.e.,
diuresis) must therefore be undertaken with extreme caution
and careful attention to the maintenance of cardiac output.
However, it has long been recognized that potentially danger-
ous intrapartum fluctuations in cardiac output can be mini-
mized by using epidural anesthesia;92 however, the most
hazardous time for these women appears to be the immediate
postpartum period. Such patients often enter the postpartum
period already operating at maximum cardiac output and
cannot accommodate the volume shifts that follow delivery.
In our series of patients with severe mitral stenosis, we found
that a postpartum rise in wedge pressure of up to 16mmHg
could be expected in the immediate postpartum period.60

Because frank pulmonary edema generally does not occur with
wedge pressures of less than 28–30mmHg,93 it follows that
the optimal predelivery wedge pressure for such patients is
14mmHg or lower, as indicated by pulmonary artery catheter-
ization.60 Such a preload may be approached by cautious intra-
partum diuresis with careful attention to the maintenance of
adequate cardiac output (Table 39.6). Active diuresis is not
always necessary in patients who enter with evidence of only
mild fluid overload. In such patients, simple fluid restriction
alongside sensible and insensible fluid losses endogenous to
labor can result in a significant fall in wedge pressure before
delivery.

In a patient with hemodynamically significant mitral steno-
sis, many of the same management considerations apply 
as those previously discussed under the section dealing 
with Eisenmenger’s syndrome and pulmonary hypertension.
Bedrest with the administration of oxygen and pulmonary

vasodilators to maintain the therapeutic goal of a PO2 of
greater than 70mmHg are essential. As previously discussed,
pulmonary artery catheterization allows the hemodynamic
condition to be optimized before the stress of labor. Because
pulmonary edema is the major concern in these patients, we
recommend incremental diuresis be carried out to approach a
wedge pressure of 12–14mmHg. Such manipulation, however,
must be performed with careful attention to maintaining
cardiac output; patients with mitral stenosis cannot necessar-
ily tolerate a normal wedge pressure. Thus, wedge pressures
of 20mmHg or more may be necessary to maintain cardiac
output and blood pressure.8,60 If the pulse rises to more 
than 100 b.p.m., we recommend the administration of a beta-
blocking agent (note the above discussion regarding dosing)
to avoid tachycardia and subsequent falls in cardiac output.

Previous recommendations for delivery in patients with
cardiac disease have included the liberal use of midforceps to
shorten the second stage of labor. In cases of severe disease,
Cesarean section with general anesthesia has also been advo-
cated as the preferred mode of delivery. With the aggressive
and attentive management scheme presented, we have found
that spontaneous vaginal delivery is generally safe and prefer-
able, even in patients with severe disease and pulmonary
hypertension.

Mitral insufficiency

Hemodynamically significant mitral insufficiency is usually
rheumatic in origin and most commonly occurs in conjunc-
tion with other valvular lesions. Fortunately, this lesion is tol-
erated well during pregnancy, and heart failure is unusual.
However, these patients are at risk for the development 
of atrial enlargement and fibrillation. Given an observed
increased risk of developing atrial fibrillation in pregnancy,4,5–8

some authors have recommended prophylactic digitalization
during pregnancy for patients with significant mitral insuffi-
ciency.94 That said, the current mainstay of therapy among
nonpregnant patients is rate control with anticoagulation;95 by
extrapolation, we would recommend therapeutic interventions
with beta-blocking agents and thromboembolic prophylaxis 
as outlined previously. In Hibbard’s review47 of 28 maternal
deaths associated with rheumatic valvular lesions, no patient
died with complications of mitral insufficiency unless there
was coexisting mitral stenosis.

Congenital mitral valve prolapse is much more common
during pregnancy than rheumatic mitral insufficiency and 
can occur in up to 17% of young healthy women. This con-
dition is generally asymptomatic.4–9 The midsystolic click and
murmur associated with congenital mitral valve prolapse are
characteristic. However, the intensity of this murmur, as well
as that associated with rheumatic mitral insufficiency, may
decrease during pregnancy because of decreased systemic vas-
cular resistance.96 In the largest reported series to date, out-
comes of 42 pregnancies from 25 women demonstrated only
a single instance of heart failure, which occurred in the context
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of severe preeclampsia being managed with intravenous beta-
mimetic therapy and glucocorticoids.97

Aortic stenosis

Aortic stenosis is commonly congenital in origin, secondary to
a bicuspid aortic valve, and thus represents 5% of all con-
genital cardiac anomalies.99,101 In several recent series of preg-
nancies in women with cardiac disease, no maternal deaths
due to aortic stenosis were observed.1–5,99–101 In contrast to
mitral valve stenosis, aortic stenosis generally does not become
hemodynamically significant until the orifice has diminished
to one-third or less of normal. Indeed, severe aortic stenosis
is defined as a peak gradient > 50mmHg with a valve area
< 1cm2.98–102 Given that the major problem experienced by
patients with valvular aortic stenosis is maintenance of cardiac
output, the relative hypervolemia associated with gestation
enables such patients generally to tolerate pregnancy well.
This is evidenced by a series of five patients with congenital
aortic stenosis demonstrating relatively uncomplicated preg-
nancies, albeit balloon valvuloplasty was necessary in one
case.98,99 With severe disease, however, a fixed cardiac output
limits adequate coronary artery or cerebral perfusion under
conditions of physical exertion. Inadequate cardiac perfusion
subsequently results in angina, myocardial infarction,
syncope, or sudden death. Thus, among patients with 
severe aortic stenosis, limitation of physical activity may be
necessary.

Consistent with these recommendations is the longstanding
observation that delivery and pregnancy termination are the
intervals in pregnancy with the greatest risk for inadequate
cardiac perfusion.4,5,7,98–102 The maintenance of cardiac output
is crucial: any factor leading to diminished venous return
results in an increase in the valvular gradient with subsequent
diminished cardiac output. Indeed, patients with shunt gradi-
ents exceeding 100mmHg are at greatest risk of hemodynamic
decompensation. As such, management considerations for the
patient with aortic stenosis are similar to those in women with
pulmonary hypertension. Of note, because hypovolemia is of
greater concern than pulmonary edema, the wedge pressure
should be maintained in the range 14–18mmHg in order to
provide a margin of safety against unexpected peripartum
blood loss. Hypotension resulting from blood loss, ganglionic
blockade from epidural anesthesia, or supine vena caval occlu-
sion by the pregnant uterus may result in sudden death. Preg-
nancy termination in the midtrimester may be especially
hazardous in this regard and has been reported to carry a mor-
tality of up to 40%.98 Thus, women who have severe stenosis
or symptoms are advised to undergo repair prior to attempt-
ing pregnancy in an effort to substantially reduce pregnancy-
associated morbidity and mortality.100–102 That said, there are
reports of women with severe aortic stenosis having under-
gone successful balloon valvoplasty in pregnancy.103 In con-
trast, open valve replacement is associated with a 30% fetal
mortality risk.104

The cardiovascular status of patients with aortic stenosis 
is occasionally complicated by the frequent coexistence of
ischemic heart disease. In these instances, death associated
with aortic stenosis may occur secondary to myocardial infarc-
tion rather than as a direct complication of the valvular lesion
itself.88,99

Aortic insufficiency

Aortic insufficiency is most commonly rheumatic in origin
and, as such, is associated almost invariably with mitral valve
disease. The aortic insufficiency is generally tolerated well
during pregnancy because the increased heart rate seen with
advancing gestation decreases time for regurgitant flow during
diastole. In Hibbard’s series47 of 28 maternal rheumatic
cardiac deaths, only one was associated with aortic insuf-
ficiency in the absence of concurrent mitral stenosis. If 
symptomatic, patients respond favorably to diuretics and
vasodilators; epidural anesthesia is thus appropriate and
reduces the risk of left ventricular failure at delivery.33,34

Peripartum cardiomyopathy

Peripartum cardiomyopathy is defined as cardiomyopathy
developing in the last month of pregnancy or the first 6 months
postpartum in women without previous cardiac disease and
after exclusion of other causes of cardiac failure, as shown in
Table 39.7.32,105–107 It is therefore a diagnosis of exclusion that
should not be made without a concerted effort to identify
valvular, metabolic, infectious, or toxic causes of cardio-
myopathy.108 Much of the current controversy surrounding
this condition is the result of many older reports in which 
these causes of cardiomyopathy were not investigated ade-
quately. Other peripartum complications, such as amniotic
fluid embolism, severe preeclampsia, and corticosteroid- or

Table 39.7 Clinical parameters defining peripartum
cardiomyopathy.

Parameter Echocardiographic parameters

Cardiac failure in last month of 
pregnancy, or within 5 months 
of delivery

No prior history of cardiac disease
Absence of clearly identifiable 

etiology

Echocardiographic findings of left EF < 45% and/or
ventricular dysfunction M-mode fractional shortening 

of < 30%
End-diastolic dimension 

> 2.72cm/m2

Echocardiographic parameters as described by Hibbard et al.32
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sympathomimetic-induced pulmonary edema, must also be 
considered before making the diagnosis of peripartum car-
diomyopathy.108 However, prior to concluding a definitive 
etiologic role for beta-agonists, it must be considered that sym-
pathomimetic agents may unmask rather than induce an
underlying peripartum cardiomyopathy.109 To date, there
remains no definitive proven association between tocolytic
therapy and peripartum cardiomyopathy.

The incidence of peripartum cardiomyopathy is estimated
at between 1 in 1500 and 1 in 4000 deliveries in the United
States.29–31,110 An incidence as high as 1% has been suggested
in women from certain African tribes.110 However, idiopathic
heart failure in these women may be primarily a result of
unusual culturally mandated peripartum customs involving
excessive sodium intake, as such, and may represent 
simple fluid overload.110 In the United States, the peak inci-
dence of peripartum cardiomyopathy occurs in the first post-
partum month and appears most frequently among older,
multiparous, black females.105,108,110 Other suggested risk
factors include twinning and pregnancy-induced hyperten-
sion.28–31,108–111 In some cases, a familial recurrence pattern has
been reported.

The condition is manifest clinically by increasing fatigue,
dyspnea, and peripheral or pulmonary edema. As most women
in the last trimester of pregnancy manifest these conditions,
suspicion for a cardiomyopathy should arise with paroxysmal
nocturnal dyspnea, chest pain, nocturnal cough, new regurgi-
tant murmurs, pulmonary crackles, and hepatomegaly.94 Phys-
ical examination reveals classic evidence of congestive heart
failure, including elevated jugular venous pressure, rales, and
an S3 gallop. Cardiomegaly and pulmonary edema are found
on chest radiograph, and the electrocardiogram often demon-
strates left ventricular and atrial dilation and diminished ven-
tricular performance, with the reported observance of inverted
T waves, Q waves, and nonspecific ST segment changes. In
addition, up to 50% of patients with peripartum cardiomy-
opathy may manifest evidence of pulmonary or systemic
embolic phenomena. The diagnosis rests on the echocardio-
graphic finding of new left ventricular systolic dysfunction
during a limited period around parturition (Table 39.7).32

Overall mortality ranges from 25% to 50%.29–31,108–111

The histologic picture of peripartum cardiomyopathy
involves nonspecific cellular hypertrophy, degeneration, fibro-
sis, and increased lipid deposition. Although some reports
have documented the presence of a diffuse myocarditis, the
common collective wisdom suggests that peripartum car-
diomyopathy may represent a type of myocarditis arising 
from an infectious (viral), autoimmune, or idiopathic
process.106,108,111 Its existence as a distinct entity is supported
primarily by epidemiologic evidence suggesting that 80% of
cases of idiopathic cardiomyopathy in women of childbearing
age occur in the peripartum period.112 Such an epidemiologic
distribution could also be attributed to an exacerbation of
underlying subclinical cardiac disease related to the hemo-
dynamic changes accompanying normal pregnancy.29,31

However, as such changes are maximal in the third trimester
of pregnancy and return to normal within a few weeks 
postpartum, such a pattern does not explain the peak 
incidence of peripartum cardiomyopathy occurring, in 
most reports, during the second month postpartum. Never-
theless, the diagnosis of peripartum cardiomyopathy re-
mains primarily a diagnosis of exclusion and cannot be 
made until underlying conditions, including chronic hyper-
tension, valvular disease, and viral myocarditis, have been
excluded.

Therapy includes digoxin (dosed to achieve a serum level 
of 1–2ng/dL), diuretics (furosemide 20–40mg orally daily),
fluid and sodium restriction (2L/day and 4mg/day, maxi-
mum, respectively), and prolonged bedrest.28–33,105–111 In refrac-
tory cases or with clear evidence of systolic dysfunction, we
employ concomitant afterload reduction with vasodilators
(25–100mg of oral q.i.d. hydralazine being the drug of choice
peripartum, with either long-acting nitroglycerin or 5–10mg
of oral daily amlodipine as second-line agents) or use epidural
regional analgesia approximating delivery. In general, because
of the adverse effects of negative ionotropic agents, other
calcium channel blockers ought to be avoided. In recent years,
angiotensin-converting enzyme inhibitors (enalapril 5–20mg
oral twice daily) have been the mainstay of treatment post-
partum; breastfeeding women should be counseled accord-
ingly. Early endomyocardial biopsy to identify a subgroup of
patients who have a histologic picture of inflammatory
myocarditis and who may be responsive to immunosuppres-
sive therapy has been suggested.113 It is of note that patients
with poor cardiac function (EF < 40%) are at increased risk
of thromboembolism; we recommend anticoagulation with
unfractionated heparin (5000–7500 units s.c.) or low-molec-
ular-weight enoxaparin (40mg s.c. daily) during pregnancy,
and consideration of warfarin in the postpartum interval.

When peripartum cardiomyopathy occurs in the last
trimester of pregnancy, delivery is indicated. The mode of
delivery should be based on obstetric indications. Indeed, 
the advantages of vaginal delivery over Cesarean section are
evident: minimal blood loss, greater hemodynamic stability,
and decreased pulmonary and thromboembolic complications.
In addition, regional epidural analgesia has the distinct advan-
tage of reducing both preload and afterload, as well as mini-
mizing fluctuations in cardiac output associated with labor.94

In instances of obstetrically indicated Cesarean delivery, we
and others94 recommend careful monitoring of fluid balance
with central monitoring in an effort to clearly define and
monitor the central venous pressure.

A notable feature of peripartum cardiomyopathy is its ten-
dency to recur with subsequent pregnancies. Several reports
have suggested that the prognosis for future pregnancies is
related to heart size. Patients whose cardiac size returned to
normal within 6–12 months had an 11–14% mortality in sub-
sequent pregnancies; patients with persistent cardiomegaly
had a 40–80% mortality.28–31 Recently, persistent decreased
contractile reserve has been demonstrated in women who have
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recovered from peripartum cardiomyopathy.30,107 Thus, preg-
nancy is contraindicated in all patients with persistent car-
diomegaly accompanying left ventricular dysfunction; the
11–14% risk of maternal mortality with subsequent preg-
nancy seen in patients with normal heart size would seem, in
most cases, to be unacceptable as well.

Idiopathic hypertrophic 
subaortic stenosis

Idiopathic hypertrophic subaortic stenosis (IHSS) or hyper-
trophic cardiomyopathy (HCM) is an autosomal dominant
condition with variable penetrance, generally characterized by
left ventricular hypertrophy with reduced left ventricular size
and compliance. IHSS manifests clinically in the second or
third decade of life; thus, its sentinel presentation is likely to
occur during pregnancy. Detailed physical and echocardio-
graphic diagnostic criteria have been described elsewhere.113,114

IHSS is unique among the hypertrophies in that the left ven-
tricular hypertrophy involves the septum to a greater extent
than the free wall, resulting in obstruction to left ventricular
outflow and secondary mitral regurgitation, the two principal
hemodynamic concerns of the clinician.113–116 Although the
increased blood volume associated with normal pregnancy
should enhance left ventricular filling and improve hemody-
namic performance, this positive effect of pregnancy is coun-
tereffected by the fall in arterial pressure and vena caval
obstruction common in the last trimester of pregnancy. In
addition, tachycardia resulting from pain in labor and Val-
salva with active maternal efforts in the second stage of labor
diminish left ventricular filling and aggravate the relative
outflow obstruction. Thus, it may be generally surmised that
reduction of preload and afterload in IHSS patients results in
an increase in the outflow gradient with a concomitant reduc-
tion in left ventricular filling. As such, regional analgesia is 
relatively contraindicated, although reports of its use are
observed.115

The keys to successful management of the peripartum
period in patients with IHSS involve avoidance of hypotension
(resulting from conduction anesthesia or blood loss), control
of tachycardia, conduction of labor in the left lateral recum-
bent position, and avoidance of maternal Valsalva with the
use of forceps or vacuum. As with most other cardiac diseases,
Cesarean section of IHSS patients should be reserved for
obstetric indications only.

Despite the potential theoretical risks, maternal and fetal
outcome in IHSS patients is generally good. In a report of 54
pregnancies in 23 patients with IHSS, no maternal or neona-
tal deaths occurred.114 Although beta-blocking agents were
once used routinely in patients with IHSS, they are currently
reserved for patients with angina, recurrent supraventricular
tachycardia, or occasional beta-blocker-responsive arrhyth-
mias. In these patients, we recommend antibiotic prophylaxis
against subacute bacterial endocarditis.

Marfan syndrome

Marfan syndrome is an autosomal dominant disorder result-
ing from multiple lineage-specific mutations in the fibrillin
gene on chromosome 15; the weakness results in skeletal,
ocular, and cardiovascular abnormalities. Among the cardio-
vascular manifestations, mitral valve prolapse, mitral regurgi-
tation, aortic insufficiency, and aortic root dilation with a
marked propensity toward aortic root dissection are common.
The most common cause of death among women under
40 years of age with Marfan syndrome is an aortic complica-
tion, and 50% of aortic aneurysm ruptures in these women
occur during pregnancy.77 Rupture of splenic artery aneurysms
also occurs more frequently during pregnancy.77 In addition,
60% of patients with Marfan syndrome have associated mitral
or aortic regurgitation.117 Thus, patients are followed prior to
and during pregnancy for aortic root diameter, as it may
predict the risk of aortic dissection or rupture. Generally, the
longstanding recommendation for replacement of the ascend-
ing aorta in asymptomatic patients is recommended when the
root diameter exceeds 5.5cm.117

Although some authors believe that pregnancy is con-
traindicated in any woman with documented Marfan syn-
drome, prognosis is best individualized and should be based
on echocardiographic and computed tomography (CT) 
assessment of aortic root diameter and postvalvular dila-
tion.23–25,117 It is important to note that enlargement of the
aortic root is not demonstrable by chest radiograph until 
dilation has become pronounced.117 Women with an abnor-
mal aortic valve or aortic dilation may have up to a 50% 
pregnancy-associated mortality; women without these changes
and with an aortic root diameter of less than 40mm have a
mortality of less than 5%.23–25 Even in patients meeting these
echocardiographic criteria, however, special attention must be
given to signs or symptoms of aortic dissection because even
serial echocardiographic assessment is not invariably predic-
tive of complications.118–120 In counseling women with Marfan
syndrome, the genetics of this condition and the shortened
maternal lifespan must be considered, in addition to the imme-
diate maternal risk.23–25

Gestational management hinges on aggressive control of
hypertension with beta-blocker therapy; utilization of
labetalol (an alpha- and beta-antagonist) has the added advan-
tage of controlling mean arterial blood pressure in a rapid
fashion, alongside its ability to decrease pulsatile pressure on
the aorta.119 In instances of aortic root dilation approximat-
ing 5cm, we and others33,120 would recommend Cesarean
delivery to minimize episodic hypertension that may precipi-
tate aortic root dissection. If Cesarean section is performed,
retention sutures should be used because of generalized con-
nective tissue weakness.

It is worthy of mention that type IV Ehlers–Danlos syn-
drome similarly bears an equivalent risk of aortic root dissec-
tion and should be managed accordingly.120
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Myocardial infarction

Coronary artery disease is uncommon in women of repro-
ductive age; therefore, myocardial infarction in conjunction
with pregnancy is rare and occurs in less that 1:10000 preg-
nancies.121 In a review of 68 reported cases, myocardial infarc-
tion during pregnancy was associated with a 35% mortality
rate.122 Only 13% of patients were known to have had coro-
nary artery disease before pregnancy. Two-thirds of the
women suffered infarction in the third trimester; mortality for
these women was 45%, compared with 23% in those suffer-
ing infarction in the first or second trimesters. Thus, it appears
that the increased hemodynamic burden imposed on the
maternal cardiovascular system in late pregnancy may unmask
latent coronary artery disease in some women and worsen the
prognosis for patients suffering infarction.27 Fetuses from sur-
viving women appear to have an increased risk of spontaneous
abortion and unexplained stillbirth.

Women with class H diabetes mellitus face risks beyond
those imposed by their cardiac disease alone. Although suc-
cessful pregnancy outcome may occur, maternal and fetal risks
are considerable. Such considerations, as well as the antici-
pated shortened lifespan of these patients, make special coun-
seling of such women of major importance.124

In the largest series published to date, Roth and Elkayam123

reviewed 125 cases of myocardial infarction during pregnancy
or within 3 months of delivery; 78 occurred antepartum, 17
peripartum, and 30 postpartum. Among these cases, 43%
were attributed to coronary atherosclerosis, with coronary
thrombus without atherosclerosis in 21%, coronary artery dis-
section in 16%, and acute or coronary aneurysm in 4%.
Maternal mortality in this series was 21%, and fetal mortal-
ity was 13%. Mode of delivery was not associated with mater-
nal mortality.

Antepartum care of women with prior myocardial infarc-
tion centers on efforts to minimize myocardial oxygen
demands. Diagnostic radionuclide cardiac imaging during
pregnancy results in a fetal dose of no more than 0.8 rad and
thus does not carry the potential for teratogenesis.62 If cardiac
catheterization becomes necessary, the simultaneous use of
contrast echocardiography may reduce the need for cinean-
giography and thus reduce radiation exposure to the 
fetus.125 In women with angina, nitrates have been used
without adverse fetal effects. Delivery within 2 weeks of
infarction is associated with increased mortality; therefore, if
possible, attempts should be made to allow adequate conva-
lescence before delivery. If the cervix is favorable, cautious
induction under controlled circumstances after a period of
hemodynamic stabilization is optimal. Labor in the lateral
recumbent position, the administration of oxygen, pain relief
with epidural anesthesia, and shortening of the second stage
to reduce myocardial oxygen demands with assisted vaginal
delivery are important management considerations; Cesarean
delivery is reserved for obstetric indications. Having six or

more pregnancies has been associated with a small but signif-
icant increase in the risk of subsequent coronary artery
disease.126

Anticoagulation

Anticoagulation in the patient with an artificial heart valve 
or atrial fibrillation during pregnancy is controversial and 
has been the focus of many recent and comprehensive
reviews.127–131 The key issue involves the lack of consensus on
an ideal agent for anticoagulation during pregnancy.

Warfarin (coumadin) is relatively contraindicated at all
stages of gestation because of its association with fetal war-
farin syndrome (warfarin embryopathy, characterized by 
nasal hypoplasia and stippled epiphyses) in weeks 6–12, and
because of its theoretical relationship to fetal intracranial hem-
orrhage and secondary brain scarring at later stages. In addi-
tion, there are reports suggesting that central nervous system
and ocular abnormalities may be associated with warfarin
exposure during the second and third trimesters.127–131 Several
studies have suggested that the presumed risk of warfarin
embryopathy beyond the first trimester has been overstated;
one deficiency in these studies is a lack of detailed neonatal
neurologic evaluation and follow-up.132 Thus, although the
risk of embryopathy when warfarin derivatives are taken
between weeks 6 and 9 is historically estimated to be between
8% and 30%, recent reports suggest an anomaly rate of 3.9%
of all pregnancies and 7.4% of live births,128 with prospective
studies supporting a rate of 10.2%;131 the frequency of
intracranial hemorrhage in fetuses whose mothers receive war-
farin after the first trimester is unknown. Several series from
outside the United States have reported on the use of warfarin
in pregnant patients with prosthetic valves, and demonstrated
a 2% incidence of embryopathy.135 Thus, while one can debate
the precise risk of embryopathy based on prospective or ret-
rospective acquired data, this risk unequivocally exists.

Balancing the fetal risks with warfarin therapy are the
maternal risks with heparin and low-molecular-weight heparin
therapy. In sum of a large body of data, there are now multi-
ple series comparing maternal thromboembolic events in
patients receiving unfractionated heparin, which demonstrate
a two- to fourfold increased risk of treatment failure with
maternal mortality from thrombosed valves.127–131 However, as
noted by Nassar et al.,132 the risk of valve thrombosis relies
on many factors, including type, number, and position of the
valve with higher risk in mitral valves, arrythmias, previous
thrombosis, and adequacy of anticoagulation. In addition, it
is suggested that bileaflet valves (St Jude valves) may actually
have a lowered thrombogenic potential, albeit one study did
not support such findings.136

Reported and hypothesized treatment failures with unfrac-
tionated heparin led both cardiologists and obstetricians 
to employ low-molecular-weight heparin (LMWH) for pros-
thetic valve prophylaxis. However, this too is fraught with
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controversy and limitations. Both the Food and Drug Admin-
istration (FDA) and the American College of Obstetricians and
Gynecologists (ACOG) warn against the use of enoxaparin
and other LMWHs during pregnancy, citing risk of throm-
bosis.138 Understandably, many clinicians were thereafter 
frustrated with the elimination of potentially acceptable ther-
apeutic options. This frustration prompted a flurry of reports,
most notably the Report and Recommendations of the Anti-
coagulation in Prosthetic Valves and Pregnancy Consensus
Report (APPCR) Panel and Scientific Roundtable.127 This
panel of experts ultimately came to the consensus opinion that
“There is a substantial body of published, peer-reviewed, trial-
and cohort study-based evidence, institutional data sets, and
expert clinical experience/opinion to support safe and effec-
tive use of enoxaparin for anticoagulation management of
non-pregnant patients with prosthetic mechanical heart
valves. There are insufficient data to reliably predict, compare
clinical outcomes, or to confirm the safety or effectiveness of
enoxaparin, UFH, or warfarin in pregnant patients with
mechanical heart valves. In light of the predicatable, pub-
lished, and problematic aspects encountered with each of 
the aforementioned anticoagulants currently available in the
armamentarium for pregnant patients with mechanical valves,
the Panel felt strongly that while concerns about efficacy and
safety were justified for all agents (i.e., warfarin, heparin, and
LMWH [enoxaparin]), the available literature and index cases
did not support selective, asymmetrical warning language in
the case of enoxaparin.”127

In essence, a choice between fetal and maternal risks must
be made, and neither choice is considered ideal. That said, 
two approaches may be termed “acceptable.”127–131,139 One
involves substitution of heparin or enoxaparin for warfarin
from the time pregnancy is diagnosed until 12 weeks’ gesta-
tion, followed by warfarin until 32 weeks, at which time
heparin or enoxaparin is reinstituted until delivery. The second
approach involves using adjusted-dose subcutaneous heparin
or enoxaparin throughout pregnancy. We recommend dosage
regimens as outlined in Table 39.8, with acknowledgment of
the paucity of data supporting these recommendations. Given

the controversies outlined above, with their ensuing medicole-
gal implications, the patient must be involved in this choice
and thoroughly informed of the risks and benefits of either
approach.

Patients with bioprosthetic or xenograft valves are not
usually treated with anticoagulants during pregnancy. This
fact makes the bioprosthetic valve the ideal choice of pros-
thesis for young women of childbearing age.139 Patients with
a bioprosthetic valve who are in atrial fibrillation or have 
evidence of thromboembolism, however, should be anti-
coagulated and rate controlled accordingly.95

Cardiovascular surgery

There are numerous reports of cardiovascular surgery during
pregnancy, most of which are favorable; they include success-
ful correction of most types of congenital and acquired cardiac
disease (as reviewed above). Early reports of closed mitral
valve commissurotomy during pregnancy were also favorable
and indicated a maternal death rate of 1–2% and perinatal
loss in the region of 10%.4,8 This procedure has been replaced
by open valvuloplasty with equally good results.

Initial reports of cardiopulmonary bypass during pregnancy
were not nearly as favorable, indicating a fetal wastage of up
to 33%.140,141 Initiation of cardiopulmonary bypass is gener-
ally followed by fetal bradycardia, which may be correctable
by high flow rates.142 With the use of continuous electronic
fetal heart rate monitoring, flow rate can be adjusted to avoid
or correct fetal hypoperfusion and bradycardia, thus reducing
fetal mortality to less than 10%. High-flow/high-pressure nor-
mothermic perfusion and continuous electronic fetal heart rate
monitoring appear to be optimal for the fetus.8 Maternal mor-
tality is highly dependent on the specific nature of the proce-
dure being performed and does not appear to be increased
significantly by pregnancy. Successful pregnancy after heart
transplantation has been reported. Principles of counseling
and management for these complex patients have been sum-
marized previously.8

Table 39.8 Treatment approaches for women with mechanical heart valves.

Approach Dosing regimen Therapeutic parameters

Adjusted-dose unfractionated heparin throughout pregnancy Adjusted dosage s.c. every 12h Maintain midinterval aPTT at a 
minimum of twice control OR anti-
factor Xa heparin level of 0.3U/ml

Adjusted-dose LMWH throughout pregnancy Adjusted dosage s.c. every 12h Maintain peak anti-factor Xa heparin 
levels (4h post injection) > 0.8U/mL

Heparin or LMWH in adjusted dose (as above) through As above, with warfarin after 12 Target INR 2.5–3.5 with warfarin therapy
the 12th week of gestation, then warfarin until 36 weeks daily Otherwise as above
weeks, followed by reinitiation of adjusted-dose heparin 
or LMWH (as above)

INR, international normalized ratio; aPTT, activated partial thromboplastin time.
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Pregnant women are afflicted by the same respiratory ailments
as nonpregnant women, but these conditions are complicated
by the physiologic alterations of pregnancy. Certain lung dis-
eases, such as asthma, are common in women of childbearing
age and may often be seen in pregnant women. However,
asthma and other pulmonary diseases may first manifest
during pregnancy or change their course during gestation. In
this chapter, we first review diagnostic techniques for lung
disease, including history and physical examination, pul-
monary function tests, arterial blood gases, and radiographic
tests. We then summarize the physiologic alterations of the
respiratory system during pregnancy. Specific respiratory 
illnesses are discussed, including those found in women with
chronic disease as well as those found in women who were
previously normal.

Diagnostic techniques

History and physical examination

Most common respiratory disorders lead to symptoms such as
shortness of breath, exercise intolerance, cough, sputum pro-
duction, wheezing, chest tightness, fever, chills, night sweats,
or hemoptysis. A careful history should elicit information
about medications, smoking history, and prior respiratory
illness. Physical examination should be carried out with par-
ticular attention to the duration of the expiratory phase, the
use of accessory muscles, and the presence of rales, rhonchi,
wheezes, pleural rubs, signs of pleural effusions, consolida-
tion, and chest wall abnormalities. Taken together, these
aspects of the history and physical examination provide the
necessary database for the care of patients with pulmonary
disease during pregnancy. If the patient has been pregnant in
the past, the presence of respiratory symptoms during the pre-
vious pregnancy should be noted and compared with the
patient’s usual respiratory symptoms when not pregnant.

Dyspnea is the most common respiratory complaint during
pregnancy, with as many as 60–70% of previously normal
women having this symptom at some time during pregnancy.

The complaint usually begins in the first or second trimester
but is most prevalent at term.1 It is not usually due to under-
lying lung disease, but appears to result from the subjective
perception of hyperventilation that normally accompanies
pregnancy. With increased progesterone levels in pregnancy,
the volume of air taken into the lungs with each breath 
(tidal volume) increases, giving a sensation of hyperventila-
tion. This occurs despite a lack of change in breathing 
frequency. As the woman acclimatizes to this new sensation,
her perception of dyspnea is reduced, and dyspnea stabilizes
as the pregnancy progresses. Maximum dyspnea seems to cor-
relate with the time of lowest arterial carbon dioxide tension,
which suggests a potential role for hypocarbia in mediating
this symptom.

Arterial blood gases

Arterial blood sampling provides valuable data about mater-
nal oxygenation and acid–base status. Because of the well-
documented risks of fetal hypoxia with decreasing maternal
oxygenation, arterial blood gas data should be obtained when
any serious acute respiratory complaint is present. Interpreta-
tion of acid–base abnormalities is greatly aided by reference
to base nomograms, such as the one shown in Figure 40.1.2

In a normal pregnant female, arterial blood gas measurements
usually show a compensated respiratory alkalosis due to
maternal hyperventilation.

The pH generally ranges from 7.40 to 7.47, and the partial
pressure of arterial carbon dioxide is 25–32mmHg.3–6 The
partial pressure of arterial oxygen (PaO2) may be as high as
106mmHg in early pregnancy, decreasing during pregnancy
but remaining at 100mmHg, or slightly higher, at term. In
patients at moderate altitude, partial pressure of oxygen (PO2)
values are lower, averaging 88mmHg.6 The measured arterial
O2 tension represents the partial pressure of O2 dissolved in
blood, but is only an indirect reflection of the blood’s O2

content. Calculating the O2 content of blood requires a know-
ledge of the amount of O2 dissolved in the blood, the maximum
amount of O2 able to be carried per gram of hemoglobin, the

40 Maternal pulmonary disorders
complicating pregnancy
Steven L. Clark and Calla Holmgren
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hemoglobin concentration, and the O2 saturation of 
hemoglobin.

O2 content = [(hemoglobin [Hb] (g/dL) × 1.39mL
O2/g Hb) × (O2 saturation)] + [(0.003mL O2/100ml of

blood) × PaO2 (mmHg)]

As the equation shows, 1g of fully saturated Hb can
combine with 1.39mL of O2. Because normal blood has
approximately 15g of Hb per 100mL, the maximal O2-car-
rying capacity is usually approximately 20.8mL of O2 per
100mL of blood. The O2 saturation of Hb is usually taken
from the oxyhemoglobin dissociation curve (Fig. 40.2)7 and is
affected by such variables as pH, partial pressure of carbon
dioxide (PCO2), temperature, and the amount of 2,3-diphos-
phoglycerate (DPG) present. The amount of dissolved O2 is
calculated by applying Henry’s law, which states that the
amount of dissolved gas is proportional to its partial pressure.
For each 1mmHg of partial pressure of O2, 0.003mL of 
O2 is dissolved per 100mL of blood (0.003mL O2 per 100mL
of blood). Thus, the dissolved O2 content of arterial blood
with a PaO2 of 100mmHg is 0.3mL of O2 per 100mL of
blood.

The adequacy of alveolar gas exchange depends on the
matching of ventilation and blood perfusion within various
regions of the lung. Mismatching of ventilation and perfusion

is responsible for most of the defective gas exchange in pul-
monary diseases. The adequacy of alveolar gas exchange can
be assessed by calculating the alveolar–arterial O2 tension gra-
dient and, if the alveolar O2 tension (PAO2) greatly exceeds the
PaO2, then alveolar gas exchange is abnormal. Ideal PaO2 is cal-
culated as follows:

PaO2 = FIO2 × (PB – 47) – PaCO2/0.8

FIO2 = fractional percentage of inspired O2; PB = barometric
pressure; 47 = water vapor pressure; PaCO2 = arterial blood
tension of carbon dioxide; 0.8 = respiratory quotient.

This equation states that a patient’s PaO2 equals the tension
of O2 in inspired air minus the amount of O2 taken up in the
lung in exchange for carbon dioxide. This latter exchange rela-
tionship, the respiratory quotient, is equal to 0.8 of the volume
of carbon dioxide released in exchange for every volume of
O2 delivered. PaO2, obtained from blood gas measurement is
subtracted from PAO2 to obtain a measure of the (A–a) O2

gradient.
In the nonpregnant patient, the (A–a) O2 gradient varies

with age, but a prediction formula for the expected range of
normal is not applicable during pregnancy. In one study, the
mean (A–a) O2 gradient in normal pregnant women in the
supine position during the third trimester was 20mmHg,
whereas in the sitting position it decreased to 14.3mmHg.8 In
another study of normal obstetric patients, PaO2 increased by
13mmHg when changing from a supine to a sitting position,
and arterial PCO2 decreased by 2mmHg, leading to a net
decrease in the (A–a) O2 gradient of 10mmHg.9 The increased
gradient noted in the supine position may be the result of
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decreased cardiac output attributable to decreased venous
return from compression of the inferior vena cava by the
uterus.8,10

On the other hand, a more recent study performed at mod-
erate altitude showed no effect of position or oxygenation in
normal pregnant women.5

Because most acute lung diseases are accompanied by an
increased (A–a) O2 gradient, the gradient should be assessed
with the pregnant patient in the upright position and should
be considered abnormal if it exceeds 25mmHg. Blood gas
analysis should be accompanied by calculation of the gradient
because, given the usual decreased PCO2 of pregnancy, on
casual observation, a “normal” PaCO2 can be seen even with
an abnormally increased (A–a) O2 gradient.

Pulmonary function tests

Normal respiratory physiology is altered in pregnancy, and
these changes must be considered when evaluating tests of
lung function. In the terminology of pulmonary function
testing (Table 40.1), a volume is a single discrete component
of the lung. Four such volumes exist: tidal volume (TV), resid-
ual volume (RV), inspiratory reserve volume (IRV), and expi-
ratory reserve volume (ERV). The term capacity refers to a
sum of volumes. Except for RV, each of the volumes defined
can be recorded and measured by simple spirometry. RV, the
volume of gas remaining in the thorax at the end of a maximal
exhalation, can be measured only by indirect methods (e.g.,
helium dilution, nitrogen washout, or body plethysmogra-
phy). The enlarging fetus and the increased concentration of
circulating hormones during pregnancy account for the
changes in pulmonary function seen with gestation. The
hyperventilation of pregnancy is characterized by an increased
depth of breathing (TV increases from 450 to 600mL) rather
than a higher respiratory rate.11 Minute ventilation is
increased in excess of the rise in O2 consumption associated

with pregnancy and is thought to be due to a progesterone-
mediated increase in sensitivity to carbon dioxide. In one
study, at term, minute ventilation was 48% higher than
normal, whereas oxygen consumption increased by only
21%.12 Vital capacity generally remains unchanged because
there is an increase in inspiratory capacity but a decrease in
ERV. In the second half of pregnancy, a slight reduction in
functional residual capacity (FRC) (18%), RV, and total lung
capacity (TLC) occurs, caused by compression of the resting
lung by the elevated intra-abdominal pressure secondary to
uterine enlargement.13 Typical pulmonary volumes and capac-
ities and the modifications caused by pregnancy are shown
schematically in Figure 40.3. In women with a moderate defi-
ciency of serum protease inhibitor, forced expiratory volume
(FEV), forced vital capacity (FVC), and other tests of 
pulmonary function increase with increasing numbers of 
children.14

Abnormal spirometry is usually classified as fitting a pattern
of either obstruction or restriction. Normal spirometric lung
values are within 20% of a predicted normal, which is based
on a patient’s age, sex, height, and weight. Flow rates are 
preserved in both large and small airways during a normal
pregnancy.

A restrictive pattern is present when TLC is less than 80%
of the predicted normal. With restrictive disease, air flow rate,
expressed by volume of air expired in 1s from maximum
inspiration (FEV) as a percentage of FVC (FEV1 per FVC), can
be increased to more than 85%. Restrictive ventilatory defects
are caused by skeletal, neuromuscular, pleural, interstitial, and
alveolar diseases that lead to a reduction in lung volume or
chest wall expansion. Sarcoidosis and chest wall deformity are
the most common restrictive lung diseases seen in women of
childbearing age.

An obstructive pattern is present when the FEV/FVC ratio
is less than 75% and FEV is less than 80% of the predicted
value, indicating a reduction in air flow rates. Lung volumes

Table 40.1 Pulmonary parameters.

Lung volumes Description

Tidal volume (TV) The volume of air inhaled or exhaled with each normal breath
Residual volume (RV) The volume of air remaining in the lungs after a vital capacity maneuver
Inspiratory reserve volume (IRV) The maximal additional volume of gas that can be inhaled after a tidal breath is inhaled
Expiratory reserve volume (ERV) The maximal volume of gas that can be exhaled after a tidal breath is exhaled
Total lung capacity (TLC) The volume of air in the lungs at maximal inspiration
Vital capacity (VC) The maximum amount of air that can be exhaled after a maximal inspiration to TLC
Inspiratory capacity (IC) The maximal volume of gas that can be inspired from the resting expiratory level
Functional residual capacity (FRC) The volume of air remaining in the lungs after a tidal volume exhalation
Forced vital capacity (FVC) The volume of air exhaled during a rapid forced expiration starting at full inspiration

Other measurements made by spirometry
Forced expiratory volume in 1 s (FEV) The volume of air expelled in 1 s during a forced expiration starting at full inspiration
Minute ventilation (MV) The amount of air exhaled per minute, measured under resting conditions
Peak expiratory flow rate (PEFR) The peak rate (L/min) of a forceful expiration of a vital capacity
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may be normal, or they may be increased if air is trapped as
a result of early airway closure. Asthma is the most common
obstructive airway disease encountered in pregnancy.15 Other
obstructive lung diseases include cystic fibrosis, bronchiecta-
sis, and emphysema. The diffusing capacity of the lung, which
reflects the amount of O2 that can be taken up by the pul-
monary capillary blood, is either unchanged or increased
during pregnancy. Diffusing capacity has been reported to be
most elevated in the first trimester16,17 as a result of the increase
in capillary blood volume that accompanies pregnancy. Dif-
fusing capacity may also be increased in asthmatic patients
because relative pulmonary hypertension, secondary to hypox-
emia, results in redistribution of pulmonary blood flow to the
upper lobes, where alveoli have higher ventilation–perfusion
ratios.18

When a patient with known lung disease seeks advice about
the risks of pregnancy, pulmonary function studies should be
obtained. These studies combined with other clinical data can
be used to make an objective assessment of the patient’s risks
during pregnancy. However, no strict guidelines can be given
as to the level of pulmonary function that will prohibit a safe
pregnancy. A patient with a vital capacity less than 1L gener-
ally has significant difficulties. If the FEV exceeds 1L in a
woman with obstructive disease, she does not ordinarily expe-
rience dyspnea at rest, even at term. Resting ventilation during
pregnancy increases less in patients with lung disease than in
normal subjects.19 Although patients with obstructive lung
disease vary widely in their tolerance of pregnancy, most
women with restrictive disease tolerate pregnancy well.
Studies in patients with lung disease resulting from lung resec-
tion have shown the potential for normal pregnancy and fetal
development. Indeed, even intrapartum lung resection has

been carried out when necessary without adverse outcome.20

In view of these data, women with respiratory disease that is
unlikely to worsen during pregnancy, an FEV of greater than
1L, and no dyspnea at rest can generally undertake pregnancy
safely.

When a pregnant patient must undergo general anesthesia
and serious lung disease is suspected, ideally, pulmonary func-
tion should be assessed. Postoperative respiratory complica-
tions of atelectasis, inadequate secretion clearance, infection,
and respiratory failure are more likely to occur when the FEV
is less than 2L. A higher FEV is required to undergo uncom-
plicated surgery than is needed to tolerate pregnancy alone
because of an expected reduction in lung function in the
immediate postoperative period. Both spinal and epidural
anesthesia impair cough effectiveness as well as most other res-
piratory variables during pregnancy.21

Radiographic testing

Radiologic evaluation is a cornerstone of pulmonary medicine.
Chest radiography performed on a pregnant patient may
expose the fetus to 8–36mrad.22,23 Chest fluoroscopy exposes
the fetus to approximately 70mrad, an estimate that varies
depending on the operator, shielding, and reason for fluo-
roscopy.22 Technetium-99m, a radionuclide frequently used in
lung scanning, has a short half-life (6h), is rapidly excreted,
emits no beta rays, and is attached to macroaggregates of
human albumin with a particle size of approximately 20µm,
which does not cross the placenta. Fetal radiation exposure
has been estimated to range between 500mrad and 1rad,22

and thus poses no hazard to the developing fetus. If at any
time during pregnancy, the health of the mother or fetus would
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be compromised by failure to perform a radiologic examina-
tion, the examination should be performed, and every care
should be taken to shield the fetus from scatter radiation and
from the direct beam when appropriate. Although available
data are not conclusive, both epidemiologic and laboratory
studies indicate that some levels of radiographic exposure can
be harmful to the developing human. Irradiation in utero may
increase the risk of childhood leukemia and other malignan-
cies by 40–50%.22,24 Experimental studies show that doses as
low as 5 rad can kill the early embryo, cause neural and skele-
tal malformations, and impair several aspects of behavior,
including learning ability and emotional response to varied
stimuli.23 Obvious malformations are particularly associated
with irradiation during the period of major organogenesis,
which extends from approximately week 2 through week 9
after conception.25 Taking into account the greatest oncogenic
risk, the overall risk of any adverse effect from exposure to
1 rad is estimated to be 0.1%,26 a risk that is thousands of
times smaller than the risks of spontaneous abortion, malfor-
mation, or genetic disease.22 Fetal exposure to less than 5 rad
is considered insufficient reason to recommend termination of
a desired pregnancy.23,25,26

When chest radiographs are performed in the pregnant
patient, normal findings differ from those seen in nonpregnant
women of childbearing age. The diaphragm may be elevated
4 cm at term, but there is a compensatory increase in antero-
posterior diameter. The subcostal angle increases from 68.5°
to 103.5° from early to late pregnancy.27 Also, lung markings
may be increased, giving a false impression of mild congestive
heart failure. Hughson and colleagues reported that pleural
effusions frequently occurred in the first 24h after delivery28

and that, in the absence of symptoms or signs of illness, no
intervention was necessary. A subsequent prospective ultra-
sound study of 50 women within 1–45h of delivery found
only one patient with a pleural effusion, a patient who 
was also in pulmonary edema.29 The results of this study
suggest that postpartum pleural effusions may not be a normal
occurrence.

Maternal–fetal oxygen exchange

Fetal O2 delivery depends on maternal respiratory function,
hemoglobin concentration, and cardiac output. During preg-
nancy, plasma volume increases by 30mL/kg (from 40 to
70mL/kg), and red cell volume increases from 25mL/kg to
30mL/kg.30 As a result, even though erythrocyte mass is
increased, there is a decrease in hemoglobin concentration to
a value as low as 10.5–11.0g/dL. Maternal cardiac output,
however, is enhanced by 30–40% early in the second trimester
because of an increase in stroke volume, left ventricular com-
pliance, and heart rate, along with a reduced systemic vascu-
lar resistance (Table 40.2).31 The net result of these physiologic
changes is to ensure a high rate of O2 delivery to the gravid
uterus.

In a woman with no pulmonary disease who is breathing
room air, arterial blood typically has a PaO2 of 91mmHg and
a PCO2 of 36mmHg. In the fetal umbilical vein, a simultane-
ous blood gas typically shows a PO2 of 32mmHg and a PCO2

of 50mmHg. The same woman breathing 100% O2 would
raise her PaO2 to 583mmHg, and the PO2 of the umbilical vein
would increase from 32 to 40mmHg, thereby illustrating a
large shunt effect.32 Experimental data in sheep demonstrate
that the O2 tension in the fetal umbilical vein is always less
than that in the uterine arteries at all levels of maternal oxy-
genation.32 Increases in the concentration of inspired O2 result
in the expected rise in O2 tension in the maternal arteries, but
not in large increases in the O2 tension of the fetal umbilical
veins. The fetus is sensitive to large shifts in O2 delivery caused
by a fall in cardiac output. With complete interruption of O2

supply to the umbilical vein, the fetus has only a limited O2

reserve. In the normoxic fetus, the effects of maternal admin-
istration of nasal cannula or standard mask O2 on fetal O2

saturation are negligible.33,34

Blood pH is an important determinant of uterine blood
flow, and the finding of an acute, uncompensated respiratory
alkalosis in a pregnant female signals possible compromise of
fetal oxygenation. In one study of women at term, hyperven-
tilation during inspiration of room air was associated with an
increase in maternal O2 tension from 91 to 100mmHg, but
fetal scalp O2 tension fell from 25 to 19mmHg because of a
reduction in maternal carbon dioxide tension from 25 to
19mmHg. Maternal inhalation of 95% O2 and 5% carbon
dioxide restored the fetal O2 tension to a normal level.35 These
data and studies in sheep have suggested that maternal alka-
losis can result in decreased fetal O2 tension because of
reduced uterine blood flow due to hypocarbia-induced vaso-
constriction of uterine arteries. This effect occurs because of
the mechanical effects of hyperventilation causing decreased
maternal venous return and because of a shift in the maternal
oxyhemoglobin dissociation curve to the left, thereby impair-
ing O2 transfer to the fetus. In the studies by Wulf and col-
leagues, fetal O2 delivery was compromised when maternal pH
exceeded 7.6 and PCO2 was 15mmHg.32

Table 40.2 Hemodynamic alterations in pregnancy.

Plasma volume ++
Red cell volume +
Hemoglobin −
Hematocrit −
Stroke volume +
Left ventricular compliance +
Heart rate +
Systemic vascular resistance –
Cardiac output +++

+++, greatly increased; ++, increased; +, slightly increased; –, slightly
decreased; −, decreased.
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Asthma

Approximately 1–4% of pregnancies are complicated by
bronchial asthma.15 During the past decade, the prevalence,
morbidity, and mortality of asthma have all increased. In
about 0.05–2% of cases, asthma presents as a life-threatening
event. In general, data suggest that the severity of asthma
during pregnancy improves in about one-third of women,
remains stable in one-third and worsens in one-third of
patients. In addition, there appears to be a tendency for the
course of asthma to be similar in subsequent pregnancies.35

The working group on Asthma and Pregnancy of the National
Institutes of Health concluded that undertreatment, princi-
pally because of unfounded fears of fetal effects of medication,
is the major problem in asthma management during pregnancy
in the United States.36,37

Traditionally, asthma treatment relied on symptomatic
therapy with bronchodilators. This reflected the view of
asthma as an intermittent illness that is primarily a bron-
chospastic event. However, recent pathophysiologic insights
have defined more clearly the dominant role of chronic airway
inflammation in bronchial hyperreactivity and exacerbations
of reversible airway obstruction. Thus, asthma is now viewed
as a chronic process characterized by acute exacerbations.
Control of inflammation should minimize or eliminate the
acute exacerbations and dramatically decrease morbidity and
mortality from the illness.

Pathogenesis

Asthma is a lung disease involving airway obstruction that is
partially or completely reversible and involves both airway
inflammation and airway hyperresponsiveness to a variety of
stimuli, including environmental irritants, viral respiratory
infections, cold air, and exercise.15 Several mechanisms have
been proposed to explain airway hyperresponsiveness in
asthma, including airway inflammation, abnormalities in
bronchial epithelial integrity, alterations in autonomic neural
control of airways, changes in intrinsic bronchial smooth
muscle function, alterations in the volume and composition of
the airway liquid lining layer, defects in control of bronchial
blood flow, and abnormal airway geometry.15 Airway inflam-
mation is thought to be a key factor in airway hyperrespon-
siveness, even in individuals with mild asthma. Cellular
infiltrates of eosinophils, neutrophils, lymphocytes, mast cells,
and macrophages are present. During an asthmatic attack, the
release of inflammatory mediators leads to migration and acti-
vation of more inflammatory cells, destruction of the epithe-
lial cell layer integrity, abnormalities of autonomic neural
control of airway tone, changes in mucociliary function, and
increased airway smooth muscle responsiveness.15 Desquama-
tion of epithelial cells and alteration in their barrier function
as a consequence of the airway inflammatory process can lead
to increased permeability to inhaled allergens and other pro-

voking agents, impaired mucociliary clearance, impaired
metabolism of peptide hormones, impaired regulation of the
bronchial fluid lining layer, and increased response to cholin-
ergic stimulation.15 Although airway smooth muscle is clearly
hypertrophic in asthma, it does not show increased constric-
tion to pharmacologic stimulation. However, there may be
impaired relaxation characteristics of the airway smooth
muscle in vivo. Narrowing of the airway lumen may also occur
through the development of bronchial mucosal edema, inflam-
matory cellular infiltrates, excess mucus and fluid, and smooth
muscle hypertrophy or constriction. This narrowing may con-
tribute to airway hyperresponsiveness.15

Exacerbations of asthma manifest as acute or subacute
episodes of progressively worsening shortness of breath,
cough, wheezing, or chest tightness. Exacerbations are char-
acterized by decreases in expiratory air flow and an increase
in FRC, leading to increased work in breathing, use of acces-
sory muscles of respiration, hypoxemia because of mismatch-
ing of ventilation and perfusion, hypercapnia due to
respiratory muscle failure, increases in pulmonary vascular
resistance, and the development of negative pleural pressures
associated with lung hyperinflation manifested by pulsus para-
doxus.15 In an acute asthma exacerbation, maternal PaO2 falls.
Because the fetus operates on the steep portion of the O2 dis-
sociation curve (normal fetal venous PaO2 is close to
33mmHg), decreases in maternal PaO2 below 60–70mmHg
result in a rapid and profound decrease in fetal O2 saturation
and fetal hypoxia. Careful monitoring of the fetal heart rate
is essential in the late second or third trimester in a clinically
unstable or marginally hypoxic mother.15

Effects on pregnancy

Two large epidemiologic studies have clearly defined the
potential adverse effects of maternal asthma on pregnancy and
the infant. One study described pregnancy outcomes in 381
women with asthma compared with a control population of
112530 pregnant women with no medical illness.38 There was
a statistically significant increase in preterm births and low
birthweights, decreased mean birthweight, and increased
neonatal mortality in the pregnancies of women with asthma
compared with control pregnancies. These investigators also
found a statistically significant increase in hyperemesis gravi-
darum, vaginal hemorrhage, preeclampsia, and induced and
complicated labors in the women with asthma compared with
normal control subjects. No increased incidence of congenital
malformations was found. Another study compared preg-
nancy outcomes between 277 women with asthma and the
entire cohort population of 30861 women.39 A statistically
significant increase in perinatal mortality was found in the
pregnancies of women with asthma compared with the control
women. Subsequent studies have reported increases in low
birthweight infants, chronic hypertension, and preeclampsia
in the pregnancies of women with asthma compared with
those of women without asthma.40–42
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The mechanism(s) of the potential adverse effects of asthma
on pregnancy and the infant have not been fully defined.
However, good asthma control is perhaps the most important
factor in improving maternal and fetal outcomes.37 Acute
exacerbations of asthma are associated with maternal hypoxia
as well as hypocapnia and alkalosis, factors that may further
impair fetal oxygenation.37 Relative hypoxia in high-altitude
pregnancies is associated with lower infant birthweight, and
chronic hypoxia seen in women with cyanotic heart disease is
associated with both fetal growth restriction and prematu-
rity.15 Lower mean birthweights occur in infants whose
mothers are hospitalized for asthma during pregnancy com-
pared with infants whose mothers did not require emergency
therapy for asthma.15 In addition, diminished pulmonary func-
tion is associated with decreased birthweight and asymmetric
growth restriction in infants of asthmatic mothers.15

Another recent study suggests that asthma morbidity during
pregnancy is related to the original severity classification of
mild, moderate, or severe based on the 1993 National Asthma
Education Program Working Group on Asthma recom-
mendations.42 In this investigation, 1793 patients with asthma
were evaluated throughout pregnancy. Exacerbations during
pregnancy occurred in 12.6% of patients initially classified as
mild, in 25.7% of patients classified as moderate, and in 51.9%
of patients classified as severe. Although the course of asthma
may change during pregnancy, with up to 30% of patients man-
ifesting an increasing severity classification during pregnancy,42

experience in a previous pregnancy often predicts the course of
asthma in a subsequent gestation. The condition of women with
severe asthma before pregnancy is more likely to deteriorate
during pregnancy. The variable effect of pregnancy on the
course of asthma appears to be more than random fluctuations
in the natural history of the disease because the changes gener-
ally revert to the prepregnancy level of severity within 3 months
postpartum.15,43

Effective management of asthma in pregnant women relies
on four components:
1 patient education;
2 avoidance or control of environmental precipitating factors;
3 objective assessment of maternal lung function and fetal
well-being;
4 pharmacologic therapy.15,37

Patient education is an invaluable component of treating
asthma during pregnancy. The key educational messages are
that none of the drugs commonly prescribed for asthma during
pregnancy is associated with significant teratogenic effects and
that control of maternal symptoms (and thus fetal hypoxia) is
vital to fetal and maternal well-being. This awareness often
improves compliance with therapeutic recommendations and
enhances fetal oxygenation in pregnant women who are jus-
tifiably concerned about the potential adverse effects of drugs
taken during pregnancy. Other educational components are
the nature of the disease, specifically identification of triggers,
and proper utilization of medications prescribed for asthma.
Written guidelines may be necessary for some patients.

Known environmental precipitants of asthma attacks
should be eliminated. Cigarette smoke, either primary or 
secondary, is perhaps the most common of such agents.
Animal dander is also highly allergenic; sensitive individuals
should remove pets from their environments. An alternative
strategy involves the use of 3% tannic acid shampoo to render
such dander less allergenic. Mites are ubiquitous in most mat-
tresses and in household dust, and mite feces is one of the most
potent environmental allergens known. Thus, the patient’s
mattress should be enclosed in an airtight cover, and she
should wear a mask or leave the house for 1 h after cleaning,
vacuuming, or dusting (preferably performed by someone
else!). Household filters in the heating and cooling systems
should be changed regularly. When specific allergens 
have been identified, immunotherapy may be considered and
is safe during pregnancy. Other common asthma triggers to
avoid include sulfite food additives, aspirin, and beta-
blockers.37

Another preventive measure to be considered in women
with a history of asthma is influenza vaccination. Since 1998,
the American College of Obstetricians and Gynecologists and
the Centers for Disease Control (CDC) have recommended
influenza vaccination for all pregnant women who will be in
the second and third trimester during influenza season. It is
also recommended at all stages of pregnancy for women with
chronic medical conditions such as asthma.44 One population-
based study by Hartert et al. in 2003 found that, after evalu-
ating eight influenza seasons, those patients with asthma
accounted for half of all respiratory-related hospitalizations.45

With women in later stages of pregnancy being at increased
risk of serious influenza-related maternal morbidity, particu-
larly with underlying respiratory disease, patients with asthma
should be strongly encouraged to be vaccinated.

Objective measurements of lung volumes or flow rates are
essential for assessing and monitoring the severity of asthma
in order to recommend appropriate therapy and to identify
asthma attacks early in their course. This practice allows treat-
ment even before the patient becomes overtly symptomatic.
Such measures are desirable because both patient and physi-
cian perceptions of asthma severity are often insensitive or
inaccurate.44 Furthermore, objective measures of lung function
differentiate asthma from other causes of dyspnea during
pregnancy. The single best measure of pulmonary function for
assessing the severity of asthma is the FEV. However, the peak
expiratory flow rate (PEFR) correlates well with FEV and can
be measured reliably with inexpensive, portable peak flowme-
ters. Because PEFR reflects only large airway function, its
measurement may not be sufficient to diagnose or fully eval-
uate the severity of asthma. Nevertheless, patient PEFR mon-
itoring at home is valuable for giving insight into the course
of asthma throughout the day. Such monitoring is important
for assessing circadian variation in pulmonary function (an
indication of airway hyperresponsiveness), detecting early
signs of deterioration (often before symptoms appear), and
assessing response to therapy (Table 40.3).15,37
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In general, pregnant women with moderate to severe asthma
should make daily PEFR measurements at home with a peak
flowmeter. Ideally, the measurements should be made and
recorded twice a day, in the morning on rising and approxi-
mately 12 h later. These records should be brought to each
prenatal visit. Predicted values of PEFR are in the range
380–550 ml3/min for women, and these values do not change
during pregnancy. Rather than use the predicted value,
however, it is often better to establish a personal best PEFR
for each patient after a period of monitoring when the asthma

is well controlled. This is most easily performed by adminis-
tering a “burst” of corticosteroids (such as prednisone, 40mg
p.o., tapering over the course of 1 week). Recommendations
for adjustments in asthma therapy may then be based on devi-
ations from this personal best level.

Early sonography provides a benchmark for progressive
fetal growth. Sequential sonographic evaluations of fetal
growth are indicated in the second and third trimesters if
asthma is moderate or severe or if fetal growth restriction is
suspected. Antepartum fetal surveillance in the third trimester
should be used as needed to ensure fetal well-being. Daily
maternal assessment of fetal activity in the late third trimester
should be encouraged.15,37

Because asthma is an airway disease, inhalation therapy is
generally preferable to systemic treatment. Aerosolized med-
ications deliver the drug directly to the airways, minimizing
systemic side-effects. Inhaled β2-agonists, by themselves, are
usually sufficient therapy for mild, intermittent asthma (Table
40.4).37 If symptoms disappear and pulmonary function nor-
malizes with inhaled β2-agonists, they can be used indefinitely
as needed. However, their use on a daily basis, or even more
often than three times a week, usually indicates a need for anti-
inflammatory therapy.15,37 The category of moderate asthma
includes patients who, before treatment, have symptoms that
are not controlled or that are poorly regulated by episodic
administration of a β2-agonist. Some patients have frequent
(more than three times a week) symptomatic exacerbations of
asthma. Others do not have acute exacerbations and can reg-
ulate symptoms by modulating their lifestyle, even though

Table 40.3 Status asthmaticus: warning signs of fatal attack.

Previous or recurrent episodes of status asthmaticus, especially
previous intubation

FVC <1.0L; FEV1 <0.5L; PEFR <100L/min
Little or no response to bronchodilator therapy at 1h (∆FEV1 of 

<400mL; ∆PEFR of <60mL/min)
Altered consciousness
Unequivocal central cyanosis; arterial Po2 of <50mmHg
Pco2 of >45mmHg
Pulsus paradoxus
Echocardiographic abnormalities
Presence of pneumothorax or pneumomediastinum

FEV1, forced expiratory volume in 1 second; FVC, forced vital
capacity; PEFR, peak expiratory flow rate.

Reprinted from Summer WR. Status asthmaticus. Chest
1985;87[Suppl]:895, with permission.

Table 40.4 Drugs and dosages for asthma and associated conditions preferred for use during pregnancy.

Drug class Specific drug Dosage

Anti-inflammatory Cromolyn sodium 2 puffs q.i.d. (inhalation)
2 sprays in each nostril b.i.d.–q.i.d. (intranasal for nasal symptoms)

Beclomethasone 2–5 puffs b.i.d.–q.i.d. (inhalation)
2 sprays in each nostril b.i.d.–q.i.d. (intranasal for allergic rhinitis)

Prednisone Burst for active symptoms: 40mg/day, single or divided dose for 1week, then taper for 1week. If
prolonged course is required, single morning dose on alternate days may minimize adverse effects

Bronchodilator Inhaled β2-agonist 2 puffs every 4h as needed
Theophylline Oral: Dose to reach serum concentration level of 8–12mg/mL

Antihistamine Chlorpheniramine 4mg by mouth up to q.i.d.
8–12mg sustained-release b.i.d.

Tripelennamine 25–50mg by mouth up to q.i.d.
100mg sustained-release b.i.d.

Decongestant Pseudoephedrine 60mg by mouth up to q.i.d.
120mg sustained-release b.i.d.

Oxymetazoline Intranasal spray or drops up to 5 days for rhinosinusitis
Cough Guaifenesin 10mL by mouth q.i.d.

Dextromethorphan
Antibiotics Amoxicillin 3weeks therapy for sinusitis

This table presents drugs and suggested dosages for the home management of asthma and associated conditions. Drugs and dosages for the
treatment of exacerbations in the emergency department or hospital are presented in the full report of the working group.

From ref. 37, with permission.
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their pulmonary function (FEV or PEFR) is 60–80% of the
predicted range.15,37

Inhaled anti-inflammatory agents are the primary therapy
for moderate asthma. Choices include cromolyn sodium 
or inhaled corticosteroids, which provide effective asthma
control with minimal side-effects at recommended doses.
However, suppression of symptoms and PEFR improvement
are often not maximal until 2–4 weeks of treatment. A spacer,
used to bypass the oropharynx during the administration of
aerosolized medication, should be considered not only to
reduce oropharyngeal candidiasis but also to improve respi-
ratory tract penetration and reduce systemic effects. A short
tapering course of oral corticosteroids is indicated when
asthma is not controlled by a combination of bronchodilators,
cromolyn sodium, and inhaled corticosteroids. Such deterio-
ration of asthma may be characterized by a reduction in PEFR
of 20% or more from normal values that fails to respond to
inhaled bronchodilators, by greater intolerance of exercise, or
by the development of nocturnal symptoms. At the end of this
course, oral corticosteroids can be stopped; if asthma symp-
toms do not recur and pulmonary functions remain normal,
no additional oral steroid therapy is necessary. However, if this
burst of prednisone does not control symptoms, is effective for
less than 10 days, or must be repeated frequently, the patient
has severe asthma and needs additional therapy.15,37

Leukotriene modifiers, such as montelukast (Singulair) and
zafirlukast (Accolate), are available for the treatment of
asthma. The cysteinyl leukotrienes (LTC4, LTD4, and LTE4)
are produced by way of arachidonic acid metabolism and are
released by mast cells and eosinophils. They then bind to
leukotriene receptors in the human airway, causing airway
edema, smooth muscle contraction, and altered cellular activ-
ity. Leukotriene modifiers bind to these leukotriene receptors,
inhibiting the actions of leukotriene at the level of the mast
cell and eosinophil. These medications are pregnancy category
B and may be continued during pregnancy.37

Sustained release theophylline or a long-acting oral agonist
once a day in the evening may be helpful for the patient with
primarily nocturnal symptoms. Otherwise, oral theophylline
is generally not used in current clinical practice. Asthma not
controlled on maximal doses of bronchodilators and inhaled
anti-inflammatory agents is classified as severe, and these
patients may also need oral corticosteroids on a routine basis.
Although the prolonged use of high doses of oral cortico-
steroids may be associated with increased risk of gestational
diabetes and maternal adrenal insufficiency, use of these agents
is justified in women with chronic severe asthma to avoid
potentially fatal attacks.

Several risk factors for fatal asthma have been identified,
and these include the following:
• a history of intubation for asthma;
• two or more hospitalizations for asthma within 1 year;
• three or more emergency room visits for asthma within
1 month;
• recent withdrawal from systemic corticosteroids;

• history of syncope or seizure associated with an asthmatic
attack;
• previous admission to a hospital intensive care unit for
asthma;
• coexisting psychiatric disease or psychosocial problems.

Individuals with one or more of these risk factors require
especially intensive patient education, close monitoring, and
prompt treatment of exacerbations.48

For symptomatic exacerbations with PEFR above 80% of
baseline, the patient administers two puffs of a β2-agonist
inhaler every 20min for up to 1h if needed. If the response is
good (PEFR of more than 70%), two puffs every 3–4h are
given for 6–12h. If the response is not good (PEFR of less than
70%), the patient must begin or increase a dose of inhaled or
systemic corticosteroids. If the PEFR is less than 50% of 
baseline, the patient is instructed to seek immediate medical
attention. It is important to emphasize to patients that they
should not delay seeking medical help if an asthma exacerba-
tion is severe, if therapy does not give rapid improvement, if
sustained improvement is not achieved, or if there is further
deterioration.37

The emergency management of acute, severe asthma in
pregnancy involves several initial steps:
1 Administer O2 to maintain a PaO2 as near normal as possi-
ble but at least above 60mmHg or O2 of at least 95%.
2 Perform baseline arterial blood gases, continuous pulse
oximetry, and intensive fetal monitoring for late second- or
third-trimester fetuses.
3 Obtain baseline pulmonary function tests (FEV or PEFR).
4 Administer an inhaled β-agonist, such as albuterol, 2.5mg
in 2–3mL of diluent with a pressure-driven nebulizer, every
20min for up to three doses. Alternately, terbutaline sulfate,
0.25mg, is administered subcutaneously every 20–30min for
up to three doses.

Further management is based on clinical response and
improvements in pulmonary function testing. If these maneu-
vers improve the PEFR to more than 70% of baseline, the
patient may be discharged, often with a short course of oral
corticosteroids. For a PEFR that is 40–70% of baseline, the
β-agonist therapy is continued (at intervals as frequent as
every hour in patients without heart disease) and methylpred-
nisolone, 80mg every 6 h, is initiated. If the initial response
results in a PEFR less than 40% of baseline, the patient should
be admitted to hospital. A PEFR of less than 25% or PCO2 of
more than 35mmHg suggests imminent respiratory failure.
The patient should be admitted to an intensive care unit,
where intravenous aminophylline may be added and nebulized
beta-agonist therapy intensified. Intubation may be necessary
if deterioration continues15,37,43 (see Table 40.3).

Other obstructive lung disorders

Severe emphysema due to α1-antitrypsin deficiency and cystic
fibrosis (CF) can occur in women of childbearing age. Care of
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these patients is primarily supportive, with attention to the
physiologic parameters of lung function and oxygenation dis-
cussed earlier. As noted, the effect of pregnancy on these dis-
eases and the effect of these diseases on fetal outcome are more
variable than with restrictive lung disorders. This is true pri-
marily because pulmonary function can deteriorate rapidly as
a result of the respiratory infections that frequently compli-
cate these diseases.

A National Institutes of Health study followed 129 preg-
nancies in CF patients and found only 86 viable infants,
leading the investigators to conclude that CF patients have
greatly increased fetal wastage.49 In the study, there were six
spontaneous abortions, 25 therapeutic abortions, and 11 peri-
natal deaths. Ten of the perinatal deaths occurred in infants
born at less than 37 weeks’ gestation. Premature labor
occurred in 26 of the 129 pregnancies, and infant mortality
was 18% within 24 months of delivery.

The authors recommended that pregnancy be avoided
unless the potential CF mother was clinically healthy. Pub-
lished studies relate the severity of maternal disease at the
onset of pregnancy more than the effects of CF on pregnancy
to outcomes.50,51 Factors such as pancreatic insufficiency,
nutritional status, and low Taussig score were predictors of
poor prognosis in pregnancy. Any woman with pulmonary
hypertension should not undertake pregnancy.50 A reasonable
set of guidelines is to advise against pregnancy in any CF
patient with a vital capacity (VC) of less than 50% of pre-
dicted, hypoxemia, pulmonary hypertension, or pancreatic
insufficiency. The absence of pancreatic insufficiency may
identify a subgroup more able to tolerate pregnancy.52 A recent
study showed that women with CF, after adjusting for demo-
graphic differences, who became pregnant did not have worse
survival.53

Bronchial drainage, antibiotic therapy, prophylactic immu-
nization (including annual influenza vaccine administration),
and optimal nutritional and psychosocial care are essential
components in the care of the CF patient contemplating preg-
nancy. Respiratory infections may be responsible for increased
fetal and maternal mortality during pregnancy. Although the
use of continuous antibiotic prophylaxis is controversial,
therapy for acute exacerbations accompanied by a change in
sputum character is effective.54 Therapy is often given intra-
venously with antibiotics directed against Pseudomonas
aeruginosa and Staphylococcus aureus, which commonly
infect CF patients. Antibiotic therapy can be guided further by
the results of sputum cultures. Most pregnant women with CF
can successfully breastfeed, maintaining their own weight and
supporting the growth of a healthy infant.55

Patients with α1-antitrypsin deficiency or bronchiectasis are
managed using the same principles. All should be regarded as
high-risk patients, and serial spirometries and blood gas analy-
ses are indicated.

Aspiration of stomach contents

The aspiration of low-pH liquid stomach contents into the tra-
cheobronchial tree, with subsequent chemical pneumonitis,
was first described in women undergoing labor and delivery.
This syndrome is most likely to develop if aspirated material
has a pH of less than 2.5, but some reports suggest that some
degree of respiratory dysfunction can occur even if the pH of
the aspirate is higher.56,57 Other syndromes that can result from
aspiration are bronchial obstruction by an aspirated foreign
body and bacterial pneumonia from aspiration of oropharyn-
geal bacteria. Foreign body aspiration is managed by bron-
choscopic removal, whereas aspiration pneumonia is treated
with antibiotics, chosen on the basis of whether the event
occurred out of hospital, shortly after admission, or during a
prolonged hospitalization.58

In the pregnant patient, the acid aspiration syndrome is
encountered more frequently and can lead to maternal mor-
tality.59 The pregnant woman is vulnerable to this problem
because increased circulating progesterone levels tend to relax
the esophageal sphincter and because the gravid uterus can
compress the stomach and elevate intragastric pressure. Labor
itself delays gastric emptying and, in one study, 55% of intra-
partum patients had more than 40mL of liquid gastric juice
and 42% had a pH of less than 2.5.60 Forceful abdominal
manipulation and obtundation during anesthesia also add to
the risk of aspiration.

In aspiration pneumonitis, there is generally a delay of at
least 6–8 h before the first appearance of signs and symptoms
such as bronchospasm, tachycardia, hypotension, tachypnea,
cyanosis, and frothy pink sputum. Treatment of acid aspira-
tion is supportive with O2 and mechanical ventilation if
needed. If aspiration is observed, endotracheal suctioning
should be performed, but saline lavage is not indicated and
may even serve to spread the acid to uninvolved areas. Bron-
chodilators may be used to control bronchospasm, and the
prophylactic use of broad-spectrum antibiotics should be con-
sidered. Corticosteroids have been used in the treatment of
witnessed gastric aspiration, but are of unproven benefit.

Prophylaxis of aspiration should always be undertaken in
the pregnant patient undergoing surgery, with antacids given
during labor to raise the gastric pH to more than 2.5 and thus
reduce the chance of a dangerous aspiration. One study found
that the risk of serious aspiration of gastric fluid with a pH of
more than 2.5 could be reduced with the use of 30mL of
antacid given every 3h after the onset of labor.61 Gibbus and
colleagues have demonstrated that adverse pulmonary reac-
tions may result from aspirating antacid particles; thus, the
use of nonparticulate agents is preferred.62 Recently, various
combinations of oral nonparticulate antacids and H2-receptor
blockers have been advocated as a convenient prophylactic
regimen for patients about to undergo elective or emergency
Cesarean section, but no particular combination appears to be
clearly superior.62 Additional prophylactic measures include
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limiting oral intake to essential medications once labor has
started, nasogastric evacuation of a distended stomach, selec-
tion of regional anesthesia when possible, use of a cuffed endo-
tracheal tube, and use of cricoid pressure during intubation.

Bacterial pneumonia

Pneumonia of all etiologies is a relatively common cause of
maternal mortality. It has been reported in 0.1–0.84% of all
pregnancies, with a mortality rate of 3.5–8.6%,63 although
antibiotics and modern obstetric care have improved the prog-
nosis.64 Streptococcus pneumoniae is the most common infec-
tious agent implicated in antepartum pneumonia, and other
common bacterial pathogens include Mycoplasma pneumo-
niae and Haemophilus influenzae.64 Legionella pneumoniae
and Listeria monocytogenes have rarely been reported to
cause respiratory failure in pregnancy.65–67

Pneumococcal pneumonia classically begins with the abrupt
onset of shaking chills, fever, pleuritic chest pain, cough pro-
ductive of purulent sputum, and shortness of breath. The
physical examination often shows signs of consolidation, such
as dullness to percussion, tactile fremitus, and egobron-
chophony. A chest radiograph usually reveals evidence of
lobar consolidation, but bronchopneumonia may also occur.
Laboratory examination may reveal a polymorphonuclear
leukocytosis in the range of 12000–25000 cells/mL, but a
normal white blood cell count can also be seen, especially in
patients with overwhelming infection and bacteremia. A
sputum specimen for culture and Gram’s stain should gener-
ally be obtained and may demonstrate Gram-positive encap-
sulated cocci in pairs and short chains. Blood cultures are
positive in approximately 20–30% of patients and should be
collected before the administration of antibiotics.

Although penicillin U has long been considered the antibi-
otic of choice, recent evidence suggests that penicillin nonsus-
ceptibility is found in nearly 40% of strains of Streptococcus
pneumoniae causing disease in adults.68,69 Given this, any
gravid patient thought to have bacterial pneumonia should be
admitted to the hospital and started on a third-generation
cephalosporin and a macrolide (e.g., azithromycin) until
sputum culture reveals the causal organism and sensitivities.
Once established, antibiotic treatment can be tailored to the
responsible organism. This will typically lead to defervescence
within 48h. Once the patient is afebrile for 48 h, parenteral
antibiotic therapy can be discontinued and oral cephalosporin
continued for 10–14 days.69

Mycobacterium pneumoniae produces symptoms similar to
a viral infection, with a flu-like syndrome, interstitial infil-
trates, and alveolar filling. Small pleural effusions are
common, and approximately 50% of affected patients have
cold agglutinins in their serum. Because tetracycline is rela-
tively contraindicated in pregnancy, erythromycin is the drug
of choice. Haemophilus influenzae pneumonia may have a
gradual rather than an abrupt onset and may be clinically
indistinguishable from S. pneumoniae. It is infrequently seen

in young adults unless the patient has a history of chronic
obstructive lung disease or is an alcoholic. Sputum Gram’s
stain usually shows abundant neutrophils and pleomorphic
coccobacillary Gram-negative organisms. The chest radio-
graph may show either bronchial or lobar consolidation, and
pleural effusions are common. Again, because the occurrence
of ampicillin resistance may be significant,70 the patient should
be managed as stated above with susceptibility testing per-
formed on all culture isolates and antibiotic therapy tailored
appropriately.

Influenza

Although the exact mortality rate from influenza during preg-
nancy is not known, during the 1918 influenza epidemic,
maternal mortality with the illness varied from 30% to
50%.71,73 In one study from the 1957 epidemic, pregnancy
increased mortality ninefold in the 20- to 29-year age group.73

In a review of all deaths due to influenza from 1957 through
1960, 1–11% occurred in pregnant patients.73 These deaths
were concentrated late in the third trimester and early puer-
perium and were more likely to occur with increased mater-
nal age. In more recent studies, 39–60% of asymptomatic
pregnant women had serologic evidence of recent influenza
infection, and up to 35% of pregnant symptomatic women
had no serologic evidence of recent influenza infection.71,74,75

Because earlier studies were based on the clinical diagnosis of
influenza, the conclusion that pregnancy predisposes to infec-
tion or to an enhanced severity of illness is controversial.71

Influenza usually begins abruptly with systemic symptoms,
such as headache, fever, chills, myalgia, and malaise accom-
panied by an upper respiratory illness. In an uncomplicated
case, complaints of a sore throat and cough may persist for a
week or more. Physical findings may be minimal, but reddened
engorgement of the mucous membranes and a postnasal dis-
charge can be seen along with mild cervical adenopathy. The
chest examination may be normal but can reveal rhonchi,
wheezes, and scattered rales. Occasionally, the disease can
progress rapidly to fulminant cardiopulmonary failure, or it
can be complicated by secondary bacterial or mixed viral–bac-
terial pneumonia involving Streptococcus, Staphylococcus, or
H. influenzae.

Amantadine, an oral antiviral agent active against influenza
A, can be used therapeutically and prevents 70–90% of exper-
imentally produced and natural infections. It is not effective
in treating infections due to influenza B. If used within 48 h
of the onset of symptoms, amantadine shortens the duration
of the illness by up to 50%, reduces fever, and hastens the
resumption of normal activities.76,77 If given concomitantly
with an influenza vaccine, it can protect the patient for the
2–3 weeks necessary for immunity to develop during exposure
to an epidemic. Other antivirals, such as zanamivir and
osteltamivir, may reduce the duration of uncomplicated
influenza A and B. No clinical study has been conducted
regarding the safety or efficacy of any of these antiviral med-
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ications during pregnancy. Because safety during pregnancy
has not been adequately established, the Committee on
Obstetric Practice recommends that these medications be used
only if the practitioner thinks the “potential benefits justify
the potential risks.”76

Although influenza virus can cross the placenta, it has not
been isolated from fetal blood,71 and transplacental passage
does not appear to cause congenital defects. Fetal abnormali-
ties, such as circulatory defects, central nervous system mal-
formations, cleft lip, and childhood cancer, have been
attributed to influenza, but most investigators have concluded
that no influenza-induced congenital syndrome exists.71,78

Influenza vaccine may be administered appropriately in preg-
nant women in any trimester with standard indications for
such immunization. Because increased mortality from infec-
tions usually occurs late in pregnancy, vaccination can 
often be delayed until the middle of the second trimester if
necessary.79

Viral pneumonia

Other life-threatening viral pneumonias can develop in the
pregnant patient, including varicella pneumonia, which may
accompany chickenpox and can range from a mild to a rapidly
fatal illness. In pregnancy, varicella is rare; however, if pneu-
monia develops, mortality is high, ranging from 30% to 40%
in some series.80–82 Varicella pneumonia has been associated
with an increased incidence of premature labor.82 The pneu-
monia can be completely asymptomatic but, in its severe form,
it is accompanied by tachypnea, high fever, cough, dyspnea,
and pleuritic chest pain. The chest examination may be unim-
pressive and correlates poorly with the severity of the pneu-
monia, but the chest radiograph usually shows extensive
bilateral, peribronchial, fluffy, nodular infiltrates, which are
more prominent when the skin eruption is maximal.82 In
severe cases, rapid pulmonary deterioration requiring intuba-
tion can occur within a matter of hours. Maternal varicella
infection in any trimester of pregnancy can be associated with
infrequent, but possibly lethal, congenital anomalies. If the
maternal infection occurs within 5 days of delivery, the infant
is at risk of fatal disseminated infection. Given the high mor-
tality rate associated with varicella pneumonia occurring in
pregnancy and the lack of demonstrated human fetal toxicity,
it is recommended that any gravid patient with varicella pneu-
monia be admitted to the hospital for parenteral therapy with
acyclovir. The dose is 500mg/m2 every 8 h and should be con-
tinued until symptoms of the illness resolve.83,84 An important
consideration of varicella pneumonia during pregnancy is the
issue of prevention. Patients considering pregnancy should be
questioned regarding their history of varicella and, if unsure,
titers should be drawn to confirm immunity. If the patient is
not immune, then the varicella vaccine can be given prior to
pregnancy. If the patient is not immune, but exposed to vari-
cella peripartum, many authors have recommended adminis-
tration of varicella zoster immune globulin.85

Fungal pneumonia

Cryptococcus neoformans, Blastomyces dermatitidis, and
Sporothrix schenckii have rarely been reported as causing
serious respiratory infection in pregnancy. The clinical course
and outcome are generally the same in pregnant and non-
pregnant patients.86 It has been estimated that coccid-
ioidomycosis occurs in less than 1 in every 1000 pregnancies.87

However, infection in pregnancy, particularly during the
second and third trimesters, increases the rate of disseminated
infection from 0.2% to more than 20%.87 It has been sug-
gested that 17β-estradiol has a stimulatory effect on the fungus
and may be responsible for the increased risk of dissemination
associated with pregnancy.88 Maternal mortality rate from dis-
seminated coccidioidomycosis approaches 100%, a rate
approximately twice that seen in nonpregnant patients,87 and
dissemination is associated with increased fetal prematurity
and mortality.87

Symptomatic pulmonary coccidioidomycosis manifests as
cough, fever, chest pain, malaise, and occasionally hypersen-
sitivity reactions. Chest radiography may show an infiltrate,
hilar adenopathy, or pleural effusions. The peripheral blood
count may show eosinophilia. The diagnosis is made by sero-
logic testing and by culture and wet smear examination of
sputum, urine, and pus. Dissemination should be suspected in
the setting of rapidly progressive respiratory failure with a
clinical picture similar to miliary tuberculosis.65

Amphotericin B has been used to treat cryptococcoses, blas-
tomycosis, and disseminated coccidioidomycosis in preg-
nancy.86,87 It crosses the placenta and can be found in both
amniotic fluid and fetal blood. Although use in pregnancy has
not been well studied, normal, full-term infants have been
born to patients who received amphotericin B in the first
trimester.88 Its use is associated with anemia; thus, serial hema-
tocrits must be followed.

Pneumocystis carinii pneumonia

Pneumocystis carinii pneumonia is the most common oppor-
tunistic infection affecting the lungs of patients with acquired
immunodeficiency syndrome (AIDS).89–92 It can be confused
with atypical mycobacterial infection, cryptococcoses, and
histoplasmosis. Clinically, P. carinii pneumonia manifests with
fever, dyspnea, and nonproductive cough, which may have an
insidious onset followed by a rapid progressive deterioration.
Arterial blood gases usually demonstrate hypoxemia with an
increased alveolar–arterial gradient and respiratory alkalosis,
and the chest radiograph classically shows bilateral diffuse
infiltrates beginning in the perihilar regions and lower lung
fields that progress to involve the entire parenchyma. Diag-
nosis is made by specific staining of sputum, bronchial aspi-
rates, or material obtained by bronchoscopically performed
bronchoalveolar lavage or biopsy.

There are several case reports of P. carinii pneumonia (PCP)
complicating pregnancy90–92 and evidence to suggest that PCP
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has a more aggressive course during pregnancy, with increased
morbidity and mortality. Because of the current level of
asymptomatic human immunodeficiency virus (HIV) infection
and because women of childbearing age represent a significant
portion of some of the groups at risk for AIDS, the number
of infected mothers will continue to increase. In one published
case series of 22 pregnant women with PCP, 60% of these
patients required mechanical ventilation and 11 patients died
of pneumonia. These patients were treated with a variety of
regimens, but the treatment of choice in pregnant women with
AIDS and P carinii pneumonia is trimethoprim–sulfamethox-
azole (SXT).92 Concomitant use of steroids is controversial.
Studies of in utero exposure to SXT failed to show an increase
in prematurity, hyperbilirubinemia, or kernicterus.93 Patients
should be monitored for drug toxicity, such as rash, fever, neu-
tropenia, thrombocytopenia, and hepatitis. Nausea and vom-
iting may occur and can exacerbate hyperemesis gravidarum.
Pentamidine is an alternative therapy, but its use has not been
studied in pregnancy.

In patients who cannot tolerate trimethoprim–sulfamethox-
azole, pentamidine may be required because of the life-threat-
ening risk of withholding treatment from the mother.94 If
pentamidine is used, the mother should be closely monitored
for hypoglycemia. Aerosolized pentamidine, because of poor
systemic absorption and decreased systemic side-effects, has
been advocated as safe, effective prophylaxis for P. carinii
pneumonia.95 Treatment of even mild cases of P. carinii pneu-
monia with aerosolized pentamidine may be effective, but
some investigators have discouraged this therapy because of a
concern about treatment failure.96 Pyrimethamine–sulfadoxine
has been used as prophylaxis, and no fetal malformations have
been associated with its use. However, because it is a folate
antagonist, it should be used cautiously. Prophylaxis against
PCP with trimethoprim–sulfamethoxazole is known to be very
effective, with rates of prevention of 90–95%.96 Given this, in
pregnant patients with known HIV-positive status, prophy-
laxis should be strongly considered.

Amniotic fluid embolism

Amniotic fluid embolism (AFE) is a devastating, pregnancy-
specific condition in which both maternal and fetal death is
the most probable outcome.97 It is one of the principal causes
of maternal death in developed countries. In a high percent-
age of survivors, profound neurologic impairment is seen.
Although an immunologic basis for this syndrome (similar to
anaphylaxis) has been postulated and discussed for decades,
a recent report from the national AFE registry provided direct
support for the anaphylactoid nature of this condition, based
on marked clinical similarities between a large series of
patients with AFE and patients with both septic and anaphy-
lactic shock.97

Clinically, AFE manifests by the sudden development of
hypoxia, hypotension, or cardiac arrest and disseminated

intravascular coagulation (DIC). All components of the full
AFE syndrome are not invariably present. AFE occurs as fetal
tissue enters the maternal circulation and incites the reaction
described above, probably via the release of various endoge-
nous mediators. This most commonly occurs during labor but,
in susceptible maternal–infant pairs, it has clinical onset at the
time of Cesarean section with roughly the same frequency as
the Cesarean rate in the general population.97

In the past, a pattern of hypertonic uterine contractions was
implicated in the genesis of AFE.98 This theory has been clearly
rejected on statistical, clinical, and theoretical grounds.98,99

Uterine hypertonicity, similar to that seen with eclamptic
seizures, is a response to hypoxia and stress-induced norepi-
nephrine release, and is an early manifestation of impending
hemodynamic collapse.100 Fetal bradycardia commonly pre-
cedes maternal physiologic manifestations. Commonly
observed clinical signs and symptoms are outlined in 
Table 40.5.97

There is currently no way to predict or prevent AFE. Treat-
ment of the mother is supportive and involves the administra-
tion of O2 in response to clinical hypoxia, preload and
inotropic support of falling blood pressure, and blood compo-
nent replacement for DIC with clinical hemorrhage. With the
development of lethal cardiac dysrhythmia, standard basic and
advanced cardiac life support protocols should be instituted.

In the presence of maternal cardiac arrest, maternal survival
without profound neurologic impairment is rarely achieved.97

However, a clear relationship exists between arrest-to-delivery
interval and neonatal outcome (Table 40.6).97 Thus, expedi-
tious perimortem Cesarean section should be initiated on the
diagnosis of maternal cardiac arrest, regardless of its etiology,
assuming the gestation has advanced to the point of fetal via-

Table 40.5 Signs and symptoms found in patients with amniotic
fluid embolism.

Sign or symptom No. of patients %

Hypotension 43 100
Fetal distress* 30 100
Pulmonary edema or adult respiratory 28 93

distress syndrome
Cardiopulmonary arrest 40 87
Cyanosis 38 83
Coagulopathy 38 83
Dyspnea 22 49
Seizure 22 48
Atony 11 23
Bronchospasm 7 15
Transient hypertension 5 11
Cough 3 7
Headache 3 7
Chest pain 1 2

*In undelivered fetuses.

From ref. 89, with permission.
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bility.97 When maternal hemodynamic or respiratory instabil-
ity exists short of frank arrest, the situation becomes far more
complex, and valid generalizations about fetal intervention are
not possible.

The diagnosis of AFE is a clinical one based on physiologic
manifestations and must be made after the exclusion of other
conditions, such as myocardial infarction and pulmonary
thromboembolism. The presence of a consumptive coagu-
lopathy, although not required for the diagnosis of AFE, sup-
ports its diagnosis because acute consumptive coagulopathy in
obstetrics is limited to AFE and placental abruption.97,98,101

Further, because placental abruption provides a classic oppor-
tunity for admixture of placental thromboplastin and other
tissue of fetal origin with the maternal circulation, these two
entities commonly occur together, with clinical manifestations
depending on the maternal response to the fetal tissue.102

Because some fetal debris is commonly found in the maternal
circulation, the presence or absence of histologic pulmonary
findings is not sufficient by itself to make the diagnosis of AFE,
nor does its absence rule this syndrome out in the presence of
appropriate clinical manifestations.98,99

Venous air embolism

Venous air embolism may account for as many as 1% of
maternal deaths,65 with risk factors being the performance of
surgery, intravenous infusions, and central venous catheter
placement. However, because the venous sinuses of the uterus
are particularly susceptible to the entry of air during preg-
nancy, air embolism can occur during normal labor, delivery
of a placenta previa, criminal abortions using air, orogenital
sex,103 and insufflation of the vagina during gynecologic pro-
cedures.103,104 Maternal mortality associated with a clinically
significant event exceeds 90% in untreated cases.105 The sever-
ity of a venous air embolism depends on the amount and rate
of air entry. Small amounts of venous air are clinically unde-
tectable, but accidental bolus injections of 100–300mL3 of air
have been reported to be fatal.103 However, there are reports
of patients surviving infusions of up to 1600mL3.105,106

Embolization of a large bolus of venous air to the right ven-
tricle results in mechanical obstruction to the forward flow of

blood in the pulmonary artery outflow tract.107 In addition,
the pumping action of the right ventricle acting on blood and
air may produce platelet damage and fibrin formation, result-
ing in fibrin emboli that lodge in the pulmonary vascular bed.
Maldistribution of pulmonary blood flow may result in
ischemia or hyperperfusion, with the hyperperfused areas
being susceptible to developing interstitial and alveolar edema.
Areas that are initially ischemic may also become abnormally
permeable once perfusion is restored.107 In animal models, the
permeability pulmonary edema after venous air embolism has
been related to leukocyte production and the release of toxic
O2 metabolites.108 Paradoxical embolization can occur if 
there is an atrial septal defect, resulting in arterial ischemia or
occlusion.109

The patient initially presents with a feeling of faintness,
dizziness, fear of impending doom, dyspnea, cough, diaphore-
sis, and substernal chest pain.

Physical examination may reveal a state of altered con-
sciousness, cyanosis, tachypnea, wheezing, tachycardia,
hypotension, elevated jugular venous pressure, gallop rhythm,
and an evanescent “mill wheel” or “waterwheel” murmur
heard over the precordium.65,109 Paradoxical embolism may be
evidenced by bubbles in the retinal arterioles, marble-like skin
(air in superficial dermal vessels), and possibly stroke or
myocardial infarction.109 A blood gas test characteristically
reveals hypoxemia, and there may be an associated metabolic
acidosis. Chest radiography may occasionally demonstrate air
in the right side of the heart or the main pulmonary artery,
and the electrocardiogram may show signs of right heart
strain, ischemia, or arrhythmia.65,109 Therapy must be insti-
tuted promptly, and the patient should be placed in the left
lateral decubitus position to minimize obstruction to the right
ventricular outflow tract.

Administration of 100% O2 promotes removal of nitrogen
from the air bubble and results in more rapid absorption of
the embolus. Nitrous oxide is highly soluble and, in a patient
receiving general anesthesia, it should be discontinued because
it can increase the size of the air embolus.106 In the presence
of cardiovascular collapse, closed chest compression and aspi-
ration of air from the right side of the heart via venous
catheterization or transthoracic puncture have been suggested,
although actual improved survival of pregnant women so
treated has not been demonstrated. Hyperbaric O2 may be
useful in the setting of cerebral venous air embolism, and anti-
coagulation has been suggested to minimize the formation of
fibrin microemboli.106,107 Mechanical ventilation may be nec-
essary to treat permeability pulmonary edema.

Adult respiratory distress syndrome

Adult respiratory distress syndrome (ARDS) is the final
common pathway of pathophysiologic changes occurring in
the lungs as a consequence of a variety of acute bodily insults
that reach the lung directly or via the vasculature (Table 40.7).

Table 40.6 Cardiac arrest-to-delivery interval and neonatal outcome
in amniotic fluid embolism.

Interval Survival Intact survival
(minutes) (no. of subjects) (no. of subjects)

< 5 3/3 2/3 (67%)
5–15 3/3 2/3 (67%)
16–25 2/5 2/5 (40%)
26–35 3/4 1/4 (25%)
36–54 0/1 0/1 (0%)
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Clinically, patients present with marked respiratory distress,
tachypnea, hypoxemia refractory to O2 therapy, “stiff’ non-
compliant lungs that require high pressures to achieve infla-
tion, and diffuse bilateral interstitial and alveolar infiltrates on
chest radiograph.110 The central pathophysiologic event in
ARDS is injury to the alveolar–capillary membrane, either
directly or via mediators delivered by the pulmonary vascula-
ture, which results in increased vascular permeability and non-
cardiogenic pulmonary edema. Severe hypoxemia results from
both increased shunting of unoxygenated blood and impaired
ventilation and perfusion matching in the alveoli, with an arte-
rial PO2 of typically less than 50–60mmHg despite an inspired
O2 concentration of 60% or more.111 To make the diagnosis
of ARDS, chronic pulmonary disease and left heart failure
(cardiogenic pulmonary edema) must be excluded, and an
appropriate precipitating event should be present. Right heart
catheterization is often required to demonstrate that the pul-
monary capillary hydrostatic pressure is not elevated,112 but
the data thus obtained should be assessed in the light of the
expected decrease in colloid oncotic pressure during preg-
nancy and in the immediate postpartum period.113 Mortality
in patients with ARDS continues to exceed 50%, a figure that
has remained fairly constant over the last 20 years.114

In the pregnant patient, ARDS can be associated with many
of the factors that complicate pregnancy and delivery, includ-

ing septicemia, AFE, aspiration of stomach contents, eclamp-
sia, septic abortion, venous air embolism, abruptio placentae,
blood transfusion (with white blood cell agglutination in the
pulmonary circulation), dead fetus syndrome (with DIC), drug
overdose (narcotics, barbiturates, aspirin), fat embolism (after
long bone fracture), hemorrhagic shock, seizures, and over-
whelming pneumonia. The incidence of ARDS in pregnancy
is unknown but, in one general hospital respiratory care unit,
9.5% of all patients carried this diagnosis, and it is estimated
that more than 150000 cases occur annually in the United
States.115

Pathophysiology

Except in cases of direct damage to the alveolar–capillary
membrane (e.g., via inhaled toxins, aspiration, invasive organ-
isms), the specific mechanisms that initiate lung injury in
ARDS are generally incompletely understood. Multiple
humoral and cellular mediators contribute to the intense
inflammatory response that characterizes ARDS. These medi-
ators include polymorphonuclear leukocytes, alveolar
macrophages, platelets, free fatty acids, arachidonic acid
metabolites (prostaglandins, leukotrienes, thromboxane A),
fibrin-derived peptides, and tumor necrosis factor.111,116–119

Initial injury to the alveolar–capillary membrane results in
increased endothelial cell permeability and noncardiogenic
pulmonary edema.111,120,121 This capillary leak is the earliest
finding in ARDS and results in the accumulation of protein-
rich fluid in the extravascular space of the lung, initially in the
interstitium and later in the alveolar sacs. Alveolar type I
epithelial cells are injured, the alveolar basement membrane is
denuded, and the alveolar space fills with red blood cells,
leukocytes, macrophages, and cell debris. Damage to the
epithelium results in the loss of surfactant and alveolar col-
lapse. Early hyaline membranes composed of protein, fibrin,
and cellular debris can be seen.122

Morphologically, epithelial cell injury is more obvious than
endothelial cell injury, which may indicate a greater repara-
tive capacity of the endothelial cells.122 After 24–96h, the early
exudative phase of injury is followed by a cellular prolifera-
tive phase, with repopulation of the alveolar basement mem-
brane by alveolar type 2 cells. The hyaline membrane begins
to organize, and morphologic evidence of endothelial injury is
more obvious.122 This phase is present from the third to the
10th day and is followed by a fibrotic proliferative phase as
the hyaline membranes undergo fibrosis.

Clinical presentation

Clinically, the patient with ARDS of any etiology may go
through four clinical stages:
1 injury;
2 apparent stability;
3 respiratory insufficiency;
4 terminal stage.

Table 40.7 Causes of adult respiratory distress syndrome in
pregnant women.

Abruptio placentae
Air embolism
Amniotic fluid embolism
Aspiration
Bacterial pneumonia
Blood transfusion
Carcinomatosis
Dead fetus syndrome
Diabetic ketoacidosis
Drugs (narcotics, barbiturates)
Fat embolism
Fractures
Fungal and Pneumocystis carinii pneumonia
Head trauma
Inhaled toxin
Intra-abdominal abscess
Lung contusion
Nonthoracic trauma
Pancreatitis
Preeclampsia, eclampsia
Seizure
Septic abortion
Septicemia
Shock
Tocolytic therapy with sympathomimetics and glucocorticoids
Tuberculosis
Uremia
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The initial injury may occur without outward clinical signs
and usually lasts for 6 h or more. Next, the patient develops
dyspnea associated with rapid shallow breathing and a per-
sistent cough. Approximately 12–24h after injury, the chest
radiograph may begin to show bilateral infiltrates that coa-
lesce into a diffuse haze, representing perivascular fluid accu-
mulation, interstitial edema, and alveolar edema. As the
disease progresses, mechanical ventilation is usually required
because the pulmonary edema and localized atelectasis have
resulted in ventilation–perfusion mismatching and an
increased alveolar–arterial O2 gradient that is resistant to high
inspired O2 concentrations.111 Other physiologic derange-
ments include an increase in physiologic dead space, fre-
quently exceeding 60% of each breath and resulting in
significant carbon dioxide retention, despite the presence of a
very high minute ventilation. Narrowing and obstruction of
the pulmonary vessels, primarily caused by edema fluid, results
in “stiff” lungs and is often associated with a high pulmonary
arterial pressure despite a low or normal capillary hydrostatic
pressure.

Therapy

Corticosteroids, in doses up to several grams of methylpred-
nisolone over 24 h, have been widely used in the treatment of
full-blown ARDS without good evidence that they are effec-
tive.123 However, although corticosteroids have not been
shown to be effective in treating “early ARDS,” there is some
evidence to suggest that their use in the management of “late
ARDS” is useful. The ARDS Net group recently completed
enrollment in a randomized, double-blind trial comparing cor-
ticosteroid with placebo treatment in severe, late ARDS, a
study which suggested the usefulness of corticosteroids. The
use of corticosteroids and mineralocorticoids to treat patients
who are in shock that might be caused by or accompanied by
adrenal insufficiency is warranted. Surfactant, a complex sub-
stance containing phospholipids and apoproteins, is used to
treat RDS in premature infants, but there are some data to
suggest that, when instilled by way of bronchoscopy, it may
be useful in the treatment of ARDS.124,125 Efforts to identify
pharmacologic agents effective in enhancing lung repair or
blocking mediators of lung injury in ARDS have been largely
unsuccessful. Nonsteroidal anti-inflammatory drugs, such as
ibuprofen, meclofenamate, and indomethacin, have been
studied in vitro and in animals and have shown some
promise.126,127

The care of a patient with ARDS is primarily supportive,
with the mainstays of therapy being supplemental O2 and the
application of positive end-expiratory pressure (PEEP).
Despite the lack of any clear evidence that its use improves
mortality rates, PEEP is almost universally employed because
it improves oxygenation and can reduce O2 needs below
potentially toxic concentrations.128 The early application of
PEEP (prophylactic PEEP) cannot prevent the development of
ARDS.129

Reversible causes of ARDS, such as occult intra-abdominal
or pelvic abscesses, should be sought because early surgical
intervention and antimicrobial therapy may be life-saving.
Patients with abruptio placentae, dead fetus syndrome, and
septic abortion often have accompanying DIC. These patients
should undergo delivery of the fetus or evacuation of the
uterus as soon as the coagulopathy has been addressed and
the patient is surgically stable.

Mechanical ventilation

Ventilator therapy should be instituted when refractory
hypoxemia is present and should be considered at the earliest
recognition of ARDS-related symptoms to ensure fetal well-
being. With correction of hypoxemia and respiratory alkalo-
sis, fetal O2 delivery can often be maintained at an adequate
level. Pregnant patients with ARDS should be placed in the
left lateral decubitus position, with the right buttock and hip
elevated approximately 15°, or with the uterus manually dis-
placed to the left, to maximize venous return. Continuous
external fetal heart monitoring should be instituted when
appropriate, and pulse oximetry can permit continuous mon-
itoring of arterial oxygenation. Periodic blood gas determina-
tions should be obtained to check acid–base status.

When indicated, volume-cycled mechanical ventilation is
begun, using 100% O2, at a respiratory rate of 10–12
breaths/min. Traditionally, a TV of 10–15mL/kg was utilized,
but a National Institutes of Health (NIH)-sponsored ARDS
Net trial compared the outcomes of 861 patients with ARDS
at a TV of 6 versus 12mL/kg. They found an overall 22%
reduction in mortality rate, more ventilator-free days, and
more organ failure-free days in the low tidal volume group.129

The maternal pH should be maintained in the normal preg-
nancy range of 7.4 to 7.47, with an arterial CO2 between 25
and 32mmHg. Under normobaric conditions, the FIO2, ini-
tially set at 1.0, can be continued for up to 24h without the
threat of pulmonary O2 toxicity.128 An FIO2 of 0.5 can be
administered indefinitely without adverse sequelae. In ARDS,
the increased work of breathing caused by noncompliant lungs
and the increased airway resistance caused by bronchial edema
and possibly bronchospasm can be relieved using the contin-
uous mandatory ventilation mode of mechanical ventilation,
which allows the respiratory muscles to rest completely,
thereby reducing O2 consumption. Use of the continuous
mandatory ventilation mode may require sedation or paraly-
sis to maximize ventilation and minimize patient O2 require-
ments and discomfort. Should a vaginal delivery of the fetus
be contemplated while the patient is intubated, withdrawal of
sedation and a change of respirator mode to intermittent
mandatory ventilation is probably warranted to allow the
patient to assist in the delivery effort.130

If the maternal arterial O2 saturation cannot be maintained
at or above 90%, with an FIO2 of 0.6 or less, then PEEP should
be added. PEEP recruits atelectatic areas for gas exchange that
would otherwise collapse during expiration and which are 
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difficult to expand due to the loss of surfactant and structural
derangements. The result is an increase in systemic arterial O2

tension and in the lung’s FRC and compliance.131–133 The use of
PEEP is not without pitfalls, however, as it can overdistend
alveoli, thereby decreasing compliance and increasing the risk
of pneumothorax. The most important adverse effect is to
decrease cardiac output by impeding venous return to the right
side of the heart, particularly when the blood volume is low.134

Application of PEEP is accomplished by titrating upward from
levels of 5cmH2O and checking PaO2 15–30min later. By fol-
lowing serial arterial blood gases or using a pulse oximeter,
PEEP can be increased until either the required FIO2 is less than
0.6 or cardiac output declines. Generally, levels of more than
15cmH2O are not required, but values as high as 20cmH2O
may occasionally be necessary to provide an appreciable
increase in arterial O2. Applying PEEP at high levels may lead
to retention of excessive lung water. If PEEP is then decreased,
this lung water can flood alveoli and lead to a deterioration in
gas exchange, which is not easily reversible by simply raising
levels of PEEP.135 This problem can be avoided by starting PEEP
at low levels and then gradually increasing as needed.129

An optimal PEEP has been defined as a level that increases
oxygenation without significantly reducing cardiac output
and, consequently, O2 delivery. Studies have shown that this
level correlates with maximal pulmonary compliance.134 Use
of a pulmonary artery catheter permits the calculation of
maximal pulmonary compliance or “best PEEP” by direct
sampling of the mixed venous O2 saturation (SvO2) and meas-
uring the cardiac output by the thermodilution method. The
SvO2 reflects the balance between tissue O2 delivery and tissue
O2 utilization and declines with inadequate tissue perfusion.
The normal average value for SvO2 is 73%, with saturations
of less than 60% considered low. Because of the altered pul-
monary capillary permeability inherent in ARDS, an increase
in pulmonary capillary blood pressure that would be well tol-
erated by a healthy individual may cause life-threatening pul-
monary edema in a patient with ARDS. Therefore, the
ultimate goal of fluid management in ARDS is to maintain
adequate maternal and fetal tissue O2 delivery while keeping
pulmonary microvascular pressures as low as possible, a task
made easier with the use of a pulmonary artery catheter to
measure pulmonary capillary wedge pressure and cardiac
output serially. Units of packed red cells are given to patients
who are anemic and who would benefit from the increased
O2-carrying capacity provided by blood transfusion.

Therapy of ARDS in the pregnant patient is complicated
because a cardiac output sufficient to supply maternal needs
may not be adequate for placental perfusion. Additionally,
vasopressor drugs often used to increase cardiac output may
have deleterious effects on uterine blood flow. Given the lack
of available information on the effects of hemodynamic and
pharmacologic manipulation on uterine blood flow in the crit-
ically ill patient, it seems prudent to lower intravascular
volume only to a level tolerated by the circulation and to avoid
excessive pharmacologic manipulation. External fetal heart

rate monitoring is a useful adjunct in assessing fetal O2

delivery.130

After the initiation of therapy for ARDS, the patient may
begin to show signs of improvement, with less impairment of
gas exchange and increases in lung compliance and SvO2. If the
FIO2 can be reduced to less than 0.5 and PEEP can be reduced
to 5cmH2O, consideration should be given to weaning the
patient from mechanical ventilation. Most patients who are
successfully weaned require supplemental O2 for several days
or more after mechanical ventilation is discontinued.

Complications

Therapy of ARDS requires knowledge not only of the disease
process and its management but also of associated complica-
tions. Table 40.8 lists complications resulting from intubation

Table 40.8 Complications associated with adult respiratory distress
syndrome.

Pulmonary
Pulmonary emboli
Pulmonary barotrauma
Pulmonary fibrosis
Pulmonary complications of ventilatory and monitoring 

procedures
Mechanical ventilation
Right main stem intubation
Alveolar hypoventilation
Swan–Ganz catheterization
Pulmonary infarction
Pulmonary hemorrhage

Gastrointestinal
Gastrointestinal hemorrhage
Ileus
Gastric distention
Pneumoperitoneum

Renal
Renal failure
Fluid retention

Cardiac
Arrhythmia
Hypotension
Low cardiac output

Infection
Sepsis
Nosocomial pneumonia

Hematologic
Anemia
Thrombocytopenia
Disseminated intravascular coagulation

Other
Hepatic
Endocrine
Neurologic
Psychiatric

From ref. 100, with permission.
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and mechanical ventilation and emphasizes that this severe
disease can involve many organ systems in addition to the
lungs. Two specific complications, pulmonary barotrauma and
infection, merit special attention.

Pulmonary barotrauma is common. In one series of ARDS
patients, 38% of the group was found to have pneumomedia-
stinum or pneumothorax.136 Pneumothorax may cause further
deterioration in gas exchange, and tension pneumothorax may
produce life-threatening pulmonary and cardiovascular dete-
rioration. Factors that have been implicated as predisposing
to these complications include high inflation pressures result-
ing from poor lung compliance, large TVs, and high levels of
PEEP. Approximately two-thirds of all critically ill patients
have respiratory tract colonization with Gram-negative bacte-
ria, and Brodie and colleagues found concurrent pneumonia
in a majority of patients with ARDS.137 Intravenous catheters,
endotracheal tubes, bladder catheters, and intra-arterial can-
nulae can all be sources of infection. Respiratory assistance
devices and medical personnel are other potential sources of
infection.138,139

Infection can be both an important etiologic factor in ARDS
and a secondary complication that increases mortality. Ash-
baugh and Petty,140 in a retrospective review of 51 patients
with ARDS, reported a mortality of 70% in patients who
acquired respiratory infection, in contrast to a fatality rate of
40% in patients without respiratory tract infection. Seidenfeld

et al.141 found a mortality of more than 70% in ARDS patients
with infection, whereas mortality was only 20% when patients
were free from infection.

Pneumonia in the setting of ARDS is notoriously difficult to
diagnose. In one study, although 58% of patients with ARDS
had histologic evidence of pneumonia,126 36% of these cases
were not clinically detected, and 20% of those without pneu-
monia were incorrectly given this diagnosis. Fever, leukocyto-
sis, and focal infiltrates may be present in ARDS patients,
independent of the presence of pneumonia. The relatively
recent development of the bronchoscopically directed, pro-
tected specimen brush may help to make this diagnosis in com-
plicated patients.142

In addition to pneumonia, other infections may complicate
the course of ARDS. Nasotracheal and large nasogastric tubes
predispose to bacterial sinusitis by blocking ventilation and
drainage of the sinuses. Sinus infections are particularly likely
to occur in patients who have underlying disorders of the nasal
passages and in those who have sustained either facial trauma
or trauma due to instrumentation. Parenteral empiric antibi-
otics should cover both Gram-positive and nosocomial Gram-
negative organisms, and patients may benefit from a topical
nasal decongestant. Other complications of ARDS include
airway trauma from translaryngeal intubation143 and persist-
ent pulmonary function abnormalities (both small airways
disease and reduced diffusion).144,145

Key points

1 Normal respiratory physiology is altered in pregnancy,
and these changes must be considered when evaluating
tests of lung function.

2 When a patient with known lung disease seeks advice
about the risks of pregnancy, pulmonary function
studies should be obtained.

3 If at any time during pregnancy, the health of the
mother or fetus would be compromised by failure to
perform a radiologic examination, the examination
should be performed and every care should be taken to
shield the fetus from scatter radiation and from the
direct beam when appropriate.

4 Chest radiographs performed in the pregnant patient
have normal findings that differ from those seen in
nonpregnant women of childbearing age. The
diaphragm may be elevated 4cm at term, but there is a
compensatory increase in anteroposterior diameter. The
subcostal angle increases from 68.5° to 103.5° from
early to late pregnancy. Lung markings may be
increased, giving a false impression of mild congestive
heart failure.

5 Because the fetus operates on the steep portion of the
O2 dissociation curve (normal fetal venous Pao2 is close

to 33mmHg), decreases in maternal Pao2 below 60–70
mmHg during an acute asthma exacerbation can result
in rapid and profound decrease in fetal O2 saturation
and fetal hypoxia.

6 Good asthma control is perhaps the most important
factor in improving maternal and fetal outcomes.

7 Effective management of asthma in pregnant women
relies on four components: patient education,
avoidance or control of environmental precipitating
factors, objective assessment of maternal lung 
function and fetal well-being, and pharmacologic
therapy.

8 It is reasonable to advise any patient with cystic
fibrosis against pregnancy if there is evidence of a VC
of less than 50% of predicted or of hypoxemia,
pulmonary hypertension, or pancreatic insufficiency.
The absence of pancreatic insufficiency may identify a
subgroup more able to tolerate pregnancy.

9 Bronchial drainage, antibiotic therapy, prophylactic
immunization (including annual influenza vaccine
administration), and optimal nutritional and
psychosocial care are essential components in the care
of the CF patient contemplating pregnancy.
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12 Streptococcus pneumoniae is the most common
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but other common bacterial pathogens include
Mycoplasma pneumoniae and Haemophilus influenzae.

13 Gravid patients thought to have bacterial pneumonia
should be admitted to hospital and started on a third-
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pneumonia occurring in pregnancy, it is recommended
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common opportunistic infection affecting the lungs of
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18 Amniotic fluid embolism (AFE) is a devastating,
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supportive, with the mainstays of therapy being
supplemental O2 and the application of positive end-
expiratory pressure (PEEP).
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Diabetes mellitus is a heterogeneous disorder characterized by
hyperglycemia, which is a result of relative or absolute insulin
deficiency. It is estimated that diabetes mellitus affects approx-
imately 4 million women of childbearing age in the United
States.

Peel, in an excellent historic review of diabetes and preg-
nancy, noted that, before 1856, there were few reports of preg-
nancy-complicated diabetes.1 At that time, diabetes was a
disease with a dismal prognosis, and infertility was common in
women with diabetes. The advent of insulin brought about a
dramatic change in the overall outlook for diabetics and their
reproductive potential. A dramatic fall in maternal mortality
from 45% to just over 2% was observed shortly after the intro-
duction of insulin in 1922.2 A decline in perinatal mortality
was achieved more gradually, however, and must be credited to
a number of developments. Infant survival can be credited to a
better understanding of metabolism in diabetic patients, a
recognition of the need for stringent metabolic control to
achieve glucose levels that are as close as possible to nondia-
betic values to insure a better pregnancy outcome, the improve-
ment in neonatal intensive care units, new techniques for fetal
surveillance, and devices for self-monitoring blood glucose. In
fact, perinatal mortality rates have been reduced remarkably,
from approximately 15–20% in the 1960s to approximately
2–3% at present.2–4 Furthermore, if mortality secondary to
major congenital malformations is excluded, then perinatal
mortality rates in well-controlled diabetics approximates that
of nondiabetics. Unresolved problems remain, however, such
as macrosomia and congenital anomalies.

At present, there is no doubt that the goal in treating dia-
betic patients is not only a reduction in perinatal mortality but
also decreases in perinatal and maternal morbidity.

Classification

Diabetes during pregnancy is still generally classified using the
original system proposed by Priscilla White almost 40 years
ago.5 White’s classification relates the onset of diabetes, its
duration, and the degree of vasculopathy to the outcome of
pregnancy. Because there were differences and some confusion
in the interpretation of class A diabetes, particularly when the

patient required insulin for therapy, a revision made by Hare
and White proposed that class A diabetes should include
women known to have diabetes before pregnancy and who
are treated with diet alone.6 Thus, White’s class A classifica-
tion includes only patients with pregestational diabetes and
defines gestational diabetes as a completely separate group.

Practically speaking, women with pregnancies complicated
by diabetes mellitus may be separated into one of two groups:
1 Gestational diabetes: women with carbohydrate intolerance
of variable severity, with onset or first recognition during the
present pregnancy.
2 Pregestational diabetes: women known to have diabetes
before pregnancy.

Table 41.1 presents the classifications that include these two
groups.7

Epidemiology and etiology

Significant advances in the understanding of genetic features of
diabetes mellitus have been achieved in the last 20 years.8

Because diabetes mellitus is a heterogeneous disorder rather than
a single disease, the different types of diabetes should be distin-
guishable from each other. To improve differentiation of the
various forms of diabetes, the National Diabetes Data Group
(NDDG) was updated in 1997 by the Expert Committee on 
The Diagnosis and Classification of Diabetes Mellitus (see Table
41.2).9

Ninety percent of all pregnant diabetic patients have gesta-
tional diabetes mellitus (GDM), whereas type 1 (insulin-
dependent diabetes) and type 2 (noninsulin-dependent
diabetes) account for the remaining 10%.10 The clinical dis-
tinction between the ketosis-prone type 1 and the nonketosis-
prone type 2 has been recognized by clinicians for many years,
but the two types were thought to represent differences in the
expression of a single disease.11 Twenty years ago, it was 
discovered that type 1 is a human leukocyte antigen (HLA)-
linked disorder, whereas type 2 is not, and thus they are two
different diseases genetically.12–14 In general, type 1 and type 2
can be distinguished from each other using clinical criteria or
islet cell antibody (ICA) studies (Table 41.3).

Type 1 accounts for 6–10% of all cases of diabetes in the

41 Diabetes mellitus in pregnancy
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general population.15,16 It has an increased prevalence rate in
white people but is rare in certain ethnic groups (e.g., Japan-
ese, Chinese, and Eskimos).17,18 The prevalence of type 1 in
Europe and the United States is estimated to be in the range
of 0.1–0.4% in various age groups younger than age
30 years.19

In contrast, type 2 is the most common form of diabetes
observed in the general population. It has a peak incidence at
age 65 years, with 80% of cases appearing after age
40 years.18,19 However, in recent years, type 2 diabetes has
been steadily increasing among younger individuals and, as a
result, in many parts of the world, including the United States,
the number of pregnancies complicated by type 2 diabetes is
actually exceeding those with type 1 diabetes. A study of dia-
betes prevalence in the United States found that, while the
overall prevalence of type 2 diabetes increased by 33% from
1990 to 1998, the prevalence in individuals aged 30–39 years

increased by 70%.5,20 In 1994, type 2 diabetes accounted for
approximately a third of all cases of diabetes in teenagers 
and as many as half of all new cases of diabetes in certain 
populations.21

Genetics of type 1 diabetes mellitus

In the past few years, it has become increasingly clear that
autoimmunity plays a key role in type 1 diabetes.22–24 It is 
currently believed that type 1 diabetes mellitus is actually a
slow process in which insulin-secreting cells are gradually
destroyed, leading to islet cell failure and hyperglycemia.

The exact mechanism of the inheritance of type 1 diabetes
is not known. Formerly, it was suggested that the risk of inher-
iting diabetes in offspring with one affected parent was in the
range of 1–6%.25–27 Based on recent information,28 it has
become clear that type 1 diabetes is transmitted less frequently
to the offspring of diabetic mothers (1%) than to children of
diabetic fathers (6%). This preferential paternal transmission
rate may be related to greater transfer of DR4 alleles to the
offspring of DR4 fathers than to the offspring of DR4

mothers.29 Family studies have shown that the estimated risk
of type 1 diabetes in offspring in a family with one affected
sibling but unaffected parents is 5–6%.30,31

Genetics of type 2 diabetes mellitus

There are clear genetic and immunologic differences between
type 1 and type 2 diabetes. Type 2 diabetes is not linked to
HLA, and no specific genetic markers have been found. Fur-
thermore, type 2 diabetes does not seem to be an autoimmune

Table 41.1 Classification of diabetes in pregnancy.

Pregestational diabetes:

Class Age of onset Duration Vascular disease Therapy
(years) (years)

A Any Any No Diet only
B > 20 < 10 No Insulin
C 10–19 10–19 No Insulin
D Before 10 > 20 Benign retinopathy Insulin
F Any Any Nephropathy Insulin
R Any Any Proliferative retinopathy Insulin
H Any Any Heart disease Insulin

Gestational diabetes:

Class Fasting glucose level Postprandial glucose level

A-1 < 105mg/dL and < 120mg/dL
A-2 > 105mg/dL and/or > 120mg/dL

Based on the American College of Obstetricians and Gynecologists (ACOG), Technical Bulletin
no. 92 (Chicago), May 1986, with modifications.

Table 41.2 Classification of glucose intolerance.

Nomenclature Old name(s)

Type I Type 1 diabetes Insulin-dependent diabetes
Juvenile-onset diabetes

Type II Type 2 diabetes Noninsulin-dependent diabetes
Maturity-onset diabetes

Type III Other specific types Secondary diabetes

Type IV Gestational diabetes
mellitus

From ref. 9.
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or endocrine disease. Currently available information indi-
cates that type 2 diabetes occurs when there is both impaired
insulin secretion and insulin antagonism.32

For relatives of individuals with type 2 diabetes, the empiric
risk of developing the disease is much higher than it is for rel-
atives of type 1 diabetics (Table 41.4). The risk of transmit-
ting type 2 diabetes to first-degree relatives is almost 15%, and
as many as 30% have impaired glucose tolerance.16 When
both parents have type 2 diabetes, the chance of developing
the disease is much higher, reaching 60–75%.19

Genetics of gestational diabetes mellitus

Historically, GDM was believed to be a variant of type 2 dia-
betes; however, available data now support the concept that
GDM is a heterogeneous disorder representing, at least in part,
patients who are destined to develop either type 1 or type 2 dia-
betes in later life.33,34 The exact percentage difference of each
subgroup is unknown, but it appears that most GDM cases rep-
resent a preclinical state of type 2 diabetes. Immunologic
studies have shown that as many as 30% of GDM patients may
have circulating ICAs,35 and anti-ICAs have been found in
many patients with pretype 1 diabetes.36–39 Furthermore, it has
been shown that GDM patients who were ICA positive had a
higher prevalence of HLA-DR3 or -DR4 than those who were
ICA negative. More than half the patients who were ICA posi-
tive developed type 1 diabetes within an 11-year period after the
diagnosis of GDM.

Metabolic changes in normal and
diabetic pregnancies

Insulin secretion and insulin resistance in 
normal pregnancy

Insulin is the major hormonal signal regulating metabolic

responses to feeding and tissue use of carbohydrates; it is also
the major glucose-lowering hormone. It is produced by the B
cells of the pancreas and is secreted into the hepatic portal cir-
culation, from which it reaches and acts on the liver and 
other peripheral tissues (i.e., muscle and fat). Insulin sup-
presses endogenous glucose production by inhibiting hepatic
glycogenolysis and gluconeogenesis. On the other hand, it
stimulates glucose uptake and fuel storage of glycogen and
triglyceride in the liver, muscle, and adipose tissue (Table
41.5).40

During pregnancy, fasting values of insulin rise from
roughly 5mU/L to approximately 8 mU/L until term (Fig.
41.1).41,42 The increase in insulin release in response to a
glucose load becomes pronounced by the third trimester.41,43–45

Data show that the release of insulin in response to a chal-
lenge with oral or intravenous glucose in the last trimester of

Table 41.3 Predominant characteristics of type 1 and type 2 diabetes.

Characteristic Type 1 Type 2

Prevalence 0.1–0.5% 5–10%*
Weight at onset Nonobese Often obese
Age at onset Usually young, < 30 years Usually older, > 40 years
Seasonal variations Yes No
Insulin level Low or absent Variable
Ketosis Most often Unusual
MHC gene associations HLA-DR4, HLA-DR3, HLA-DQ No
Twin studies 30–50% concordance 80–100% concordance
Anti-islet cell antibodies Positive in 70% of individuals with No

new type 1

MHC, major histocompatibility complex.

*Prevalence in Western countries.

Table 41.4 Empiric risk for offspring of parents with type 1 and
type 2 diabetes developing diabetes.

Affected parent(s) Empiric risk estimate of offspring

Type 1 diabetes
Mother 1%
Father 6%
Parents unaffected, sibling Overall 5–6%

affected No. of haplotypes shared:
1 haplotype = 5%
2 haplotypes = 13%
No haplotypes = 2%

Both parents affected 33%

Type 2 diabetes
MODY 50%
Obese 7%
Nonobese 15%
Both parents affected 60–75%

MODY, maturity-onset diabetes of youth.
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pregnancy is approximately 1.5–2.5 times greater than it is in
nonpregnant women.43,46. In the first trimester of pregnancy,
insulin action is enhanced by estrogen and progesterone; thus,
an increase in peripheral glucose use leads to lower fasting
plasma glucose levels,47 a decrease that may explain the clin-
ical observation of increased episodes of hypoglycemia expe-
rienced by pregnant diabetic patients in early pregnancy.

Late pregnancy is characterized by accelerated growth of the
fetoplacental unit, rising plasma concentrations of several dia-
betogenic hormones including human placental lactogen and
estrogens, and increasing insulin resistance. Several investiga-
tors48–50 have demonstrated increased first- and second-phase
insulin release during late gestation as well as increased plasma
insulin/glucose ratios. Buchanan and colleagues,49 using the
minimal model technique, found that peripheral insulin sensi-
tivity was reduced to approximately one-third of normal
during late gestation. Similar findings have been reported 
by Catalano et al.48 and Ryan et al.,50 both using the eug-

lycemic–hyperinsulinemic clamp technique. They reported
decreases of 50% and 33%, respectively, in insulin-stimulated
glucose uptake, indicating peripheral insulin resistance during
the third trimester of pregnancy. In another publication, Cata-
lano et al.51 observed a 30% increase in basal hepatic glucose
output despite elevated basal serum insulin levels, suggesting
hepatic insulin resistance. Our own investigations,52,53 in over-
weight women using the insulin clamp technique, have demon-
strated a 40% reduction in insulin-stimulated glucose uptake
during the third trimester of pregnancy compared with the
postpartum period. In addition, we found that, after 2h of
hyperinsulinemia, endogenous glucose production was signif-
icantly less inhibited during the third trimester when com-
pared with either the second trimester or the nonpregnant
state. Thus, there appears to be general agreement that the
second half of pregnancy is associated with increasing insulin
resistance in the periphery (muscle and, in obese women, also
at the hepatic level).

Placental transfer of nutrients

The placenta is a complex organ that has an important func-
tion in the transfer of gases and nutrients between mother and
fetus. Fetal growth is controlled by various factors and
depends on the uptake of nutrients and oxygen by the pla-
centa and on their transfer to the fetus. The availability of
nutrients to the fetus depends principally on the maternal
metabolic state. Placental transfer of the principal nutrients is
discussed briefly here (Fig. 41.2).

Glucose
Experimental studies have provided evidence that the process
of transplacental glucose transfer involves a carrier-mediated
active transport system.54,55 In this process of facilitated diffu-
sion, the net result is that fetal blood glucose levels are
15–20% lower than maternal levels. It is believed that this dif-
ference in blood glucose levels between maternal and fetal
blood is a result of placental use of glucose. It has been shown
that the placenta contains insulin receptors, but their role is

Table 41.5 Summary of the metabolic effects of insulin.

Target tissue Enhances glucose and amino acid uptake
Increases glycogen synthesis
Converts glucose into fatty acids
Inhibits glyconeogenesis

Muscle Enhances glucose and amino acid uptake
Increases glycogen synthesis

Adipose tissue Increases glucose and amino acid transport
Increases fatty acid synthesis
Inhibits release of fatty acids from fat stores
“Fat-sparing effect” is enhanced by glucose 

utilization in many tissues
Central nervous Has little or no effect on uptake or 

system metabolism of glucose
All tissues Increases protein synthesis

Inhibits protein catabolism

From ref. 40.
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Figure 41.1 Plasma insulin in normal pregnancy and postpartum
after overnight fast. Basal insulin levels are increased in the last half
of pregnancy. (Modified from ref. 71.)
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Figure 41.2 Transplacental transfer of maternal fuels to the fetus
(for details, see text).
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not yet clear.56 The fetus seems to be protected from very high
maternal glucose levels. In fact, it has been found that the pla-
cental transport system of glucose is saturated when maternal
glucose levels are maintained up to approximately 250mg/dL.
It is not possible to increase fetal plasma glucose levels above
this threshold.57,58

Amino acids
Placental transfer of amino acids is an active process. Amino
acids are transferred against a concentration gradient; in the
fetus, amino acid levels are three to four times higher than
those in the maternal blood. However, the concentration of
amino acids in the placenta is higher than that in either fetal
or maternal blood.59

Metabolism in the diabetic pregnancy

Islet cells function completely differently in type 1 than in type
2 diabetes. It is therefore unsurprising that there is a differ-
ence in insulin secretion between the two forms of diabetes. C
peptide, which is the connecting peptide between the A and B
chains of insulin, was found to be higher in pregnant women
with type 2 diabetes than in normal control subjects.
However, C-peptide release in type 2 diabetes was lower after
meals.60 This may indicate impaired effectiveness of insulin in
target tissues and pancreatic B-cell dysfunction in patients
with type 2 diabetes.

In type 1 diabetes, C-peptide levels were found to be very
low or almost undetectable, which may indicate no residual
B-cell function.61 It has also been shown that, in patients with
type 1 diabetes, the increase in insulin requirement is almost
40%, whereas in type 2 it can be much higher, reaching as
high as 100%.62 For several years, it has been known that
maternal fuel levels other than that of glucose can be abnor-
mal in diabetic pregnant patients. Metzger and colleagues63

have shown that plasma triglyceride levels are elevated in
obese pregnant patients with GDM and type 2 diabetes.
Skryten and colleagues64 reported higher than normal plasma
triglyceride concentrations in pregnant patients with type 1
diabetes during the third trimester. However, this has not been
confirmed in more recent studies.64

Metzger et al.63 reported that plasma free fatty acid (FFA)
levels tend to be higher in patients with gestational diabetes
than in normal pregnant patients. Furthermore, FFA levels
were also found to be elevated in pregnant patients with type
1 diabetes. A correlation between these concentrations and
neonatal birthweight was reported.65 In yet another study,
high-density lipopolysaccharide (HDL) cholesterol concentra-
tions were found to be low in type 2 diabetes and not signif-
icantly changed in women with type 1 diabetes compared with
nondiabetic pregnant control subjects.66

In summary, the metabolic disturbances in diabetic pregnant
patients are expressed in increased concentrations of circulat-
ing metabolic fuels, including carbohydrate, protein, and fat.
This increased circulating maternal level can be transferred to

the fetus and may contribute to the development of fetal
macrosomia.64,67

Gestational diabetes mellitus

Definition and incidence

GDM is defined as carbohydrate intolerance of variable sever-
ity with onset or first recognition during the present preg-
nancy.68 This means that the glucose intolerance may have
antedated the pregnancy but was not recognized by the patient
or physician. The incidence of GDM varies in different study
populations and is estimated to occur in 3–5% of pregnant
women.69 The likelihood of developing gestational diabetes is
significantly increased among certain subgroups, and these
include women with a family history of type 2 diabetes,
advancing maternal age, obesity, and nonwhite ethnicity.

Screening for gestational diabetes

In the United States, screening for gestational diabetes melli-
tus consists of a 50-g oral glucose load, followed 1h later by
a plasma glucose determination. The screen is performed
without regard to the time of day or interval since the last
meal. It is recommended that screening be carried out at
24–28 weeks’ gestation in average-risk women not known to
have diabetes mellitus. Women deemed to be a high risk for
GDM should be tested as soon as possible. This approach is
endorsed by the American College of Obstetricians and Gyne-
cologists (ACOG),7 the Expert Committee on the Diagnosis
and Classification of Diabetes Mellitus,9 and the Fourth Inter-
national Workshop Conference on Gestational Diabetes 
Mellitus.68

However, there is a lack of agreement among clinicians 
and experts as to whether screening should be selective or 
universal. This controversy is apparent from the varying rec-
ommendations from different but related professional organ-
izations. The ACOG7 recommended selective screening in
1986 but made no definite recommendations in 1994. The
American Diabetes Association recommended universal
screening until 1997.70 At that time, the Fourth International
Workshop Conference on GDM68 took a stand that there
appears to be a low-risk group in whom screening may not be
cost-effective. They defined low-risk women as those possess-
ing all of the following characteristics: < 25 years of age, of
normal weight, without a history of abnormal glucose metab-
olism or poor obstetric outcome, and with no first-degree rel-
ative with diabetes.

A value of plasma venous glucose between 130 and
140mg/dL has been recommended as a threshold to indicate
the need for a full diagnostic oral glucose tolerance test
(OGTT). Lowering the threshold to 130mg/dL increases the
sensitivity of the test but increases the number of diagnostic
tests performed and, therefore, increases the cost per case diag-
nosed. When the plasma glucose screening test results are
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> 185mg/dL, patients are gestational diabetics and no further
testing is required (Table 41.6).

Diagnosis

The diagnosis of GDM is, in most cases, based on an 
abnormal result of an OGTT during pregnancy. A minority of
cases are diagnosed on the basis of high fasting glucose levels
during pregnancy, in which case the OGTT does not have to
be performed. The OGTT is administered under standard con-
ditions: 100g of glucose is given orally in at least 400mL of
water after an overnight fast of 8–14h. The patient should
have at least 3 days of unrestricted diet with more than 150g
of carbohydrates and should be at rest during the study. Diag-
nosis requires that at least two of four glucose levels of the
OGTT meet or exceed the upper limits of normal values. 
The normal upper limit was determined by O’Sullivan and
Mahan as two standard deviations (SD) above the mean for
each of four glucose values of 752 pregnant patients under-
going 100-g OGTT.27 Their criteria for the OGTT in pregnancy
are the most widely used in the United States. O’Sullivan 
and Mahan studied whole blood using the Somogyi–
Nelson method, which has been shown to identify other sac-
charides in addition to glucose.71 The NDDG72 has modified
O’Sullivan’s data for plasma values by increasing whole blood
values by 15% because plasma glucose values are approxi-
mately 15% higher than those in whole blood.

Further modifications of O’Sullivan’s criteria were proposed
by Carpenter and Coustan, who took into consideration not
only the change in the medium tested (whole blood versus
plasma), as had been done by the NDDG, but also the changes
in methodology.73 Currently, the most widely used methods of
glucose measurement in plasma are the glucose oxidase, or
hexokinase, assay. These new methodologies are more specific
for glucose and have been shown to result in approximately
5-mg/dL lower values than the less specific Somogyi–Nelson
method. Thus, the criteria of Carpenter and Coustan for oral
glucose tolerance testing are stricter.73 Whole blood and
plasma glucose criteria of the OGTT used for the diagnosis of
GDM are presented in Table 41.7.

Long-term maternal outcome of 
gestational diabetes

Several investigators have shown that patients with GDM are
at increased risk of developing diabetes years after preg-
nancy.74 O’Sullivan et al.,75 in a long-term study of the
outcome of women with GDM, has shown the development
of overt diabetes at 20 years after pregnancy to be as high as
20%, and 50% had impaired glucose tolerance.

It is recommended, therefore, that women with GDM be
followed postpartum to detect diabetes early in its course.
They should be evaluated at the first postpartum visit by a
fasting plasma glucose test and by a 2-h OGTT (30, 90, and
120min) using a 75-g glucose load. The criteria of the
NDDG72 for the diagnosis of diabetes mellitus in nonpregnant
adults include a fasting plasma glucose level of more than
140mg/dL on more than one occasion, or a 75-g, 2-h OGTT
in which the 2-h value and at least one other value are 
more than 200mg/dL. The criteria for the diagnosis of
impaired glucose tolerance are the following: fasting 
plasma glucose below 140mg/dL, a 2-h value between 140
and 200mg/dL, and at least one other value of 200mg/dL 
or more.

Pregestational diabetes mellitus

Congenital anomalies in infants of 
diabetic mothers

The frequency of major congenital anomalies among infants
of diabetic mothers has been estimated at 6–10%, which rep-
resents a two- to fivefold increase over the frequency observed
in the general population.76 Congenital malformations in
fetuses of diabetic patients are now responsible for approxi-
mately 40% of all perinatal deaths, replacing respiratory dis-
tress syndrome (RDS) as the leading cause of infant death.77

These malformations usually involve multiple organ 
systems (Table 41.8), with cardiac anomalies being the most
common, followed by central nervous system and skeletal 
malformations.78

Table 41.6 Incidence of a positive glucose tolerance test among 96
gravidas with 50-g, 1-h screening test values > 134 mg/dL (plasma,
glucose oxidase).

Screening test result (mg/dL) Incidence of gestational diabetes (%)

135–144 14.6
145–154 17.4
155–164 28.6
165–174 20.0
175–184 50.0
> 185 100.0

From ref. 73.

Table 41.7 Oral glucose tolerance test (100-g) values for the
diagnosis of gestational diabetes (mg/dL).

O’Sullivan NDDG Carpenter and Coustan
(ref. 71) (ref. 72) (ref. 73)

Fasting 90 105 95
1-h 165 190 180
2-h 145 165 155
3-h 125 145 140
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Pathogenesis of diabetes-associated congenital anomalies
Both clinical and experimental studies agree that diabetes-
associated birth defects occur after disruption of developmen-
tal processes during organogenesis and are associated with
abnormal metabolism, which is thought to be related mostly
to hyperglycemia.79,80 In vivo studies in which rats were made
diabetic by streptozotocin or alloxan therapy resulted in fetal
anomalies.81,82 These studies suggest a cause and effect rela-
tionship between altered glucose metabolism and congenital
anomalies; however, the target site of action remains
unknown. Studies in our laboratory at Yale on diabetes-
related teratogenesis focused on the mechanism and possible
target site of action.82,83 Using the in vitro rodent conceptus
culture system, we conducted studies of glucose-induced
embryopathy. In all cases of embryopathy, concomitant char-
acteristic yolk sac changes were observed in both gross and
microscopic examinations. These findings support our hypoth-
esis that the yolk sac is the primary target site for the adverse
metabolic effect of diabetes and that embryonic malforma-
tions occur as a secondary phenomenon to the primary yolk
sac damage. Factors other than hyperglycemia have been
implicated in diabetes-associated birth defects, including
ketone bodies, hypoglycemia, low levels of trace metals, and
somatomedin-inhibiting factors.84,85

A correlation between maternal oxygen free radicals pro-
duced in excess in patients with diabetes mellitus and the
induction of fetal anomalies has been suggested in the past few
years. In vitro studies demonstrated that the addition of

oxygen free radical-scavenging enzymes to culture medium
protects embryos against glucose-induced maldevelopment
and growth impairment. More recently, Hagay et al.85 demon-
strated the role of oxygen free radicals in the genesis of dia-
betic embryopathy in vivo in an animal model. Mice used in
this study produced elevated levels of copper or zinc super-
oxide dismutase (SOD), a key enzyme in the metabolism of
free oxygen radicals. This enzyme was found to elicit a pro-
tective effect against diabetes-associated embryopathy.
Although this finding has yet to be verified in humans, it pro-
vides important information for designing interventions effec-
tive in the prevention of diabetic embryopathy.

Prevention of fetal anomalies
Clinical studies suggest that euglycemia during organogenesis
is critical in the prevention of congenital anomalies.86 Several
investigators have recruited diabetic women before pregnancy
and attempted to place them under tight glycemic control
before conception.86–90 These studies are summarized in Table
41.9.

Periconceptional care

Management of the pregnant diabetic woman is a complex
task that ideally begins before conception. Prepregnancy
clinics for diabetics were initiated in Edinburgh in 1976. In
such clinics, physicians have the opportunity to explain to the
patient and her partner the practice of diabetes care during
pregnancy, in particular the need for stringent glycemic
control. At the initial visit, the patient’s general medical status
is assessed, and signs of retinopathy, nephropathy, hyperten-
sion, and ischemic heart disease are looked for. The patient
undergoes ophthalmologic evaluation, electrocardiography,
and kidney function tests.91 Optimization of blood glucose
control should be achieved before a woman is advised to
become pregnant. It is generally recommended that women
achieve a glycosylated hemoglobin level that is less than 1%
above the upper limit of normal. Women should receive
appropriate contraceptive therapy while preparing for preg-
nancy. For women who are not already following an intensive
diabetes regimen, an extensive period of education and the
institution of self blood glucose monitoring is also necessary.

Diabetes management during pregnancy

Diabetes during pregnancy has been associated with increased
perinatal mortality, an increased rate of Cesarean sections, sig-
nificant risk of macrosomia, and other neonatal morbidities,
including serious birth trauma, hypoglycemia, hypocalcemia,
polycythemia, and hyperbilirubinemia.92,93 Management is
therefore directed toward reducing perinatal mortality and
morbidity, a goal that may be achieved by maintaining close
surveillance of the mother and fetus and stringent glucose
control.

Table 41.8 Congenital anomalies of infants of diabetic mothers.

Skeletal and central nervous system
Caudal regression syndrome
Neural tube defects excluding anencephaly
Anencephaly with or without herniation of neural elements
Microcephaly

Cardiac
Transposition of the great vessels with or without ventricular

septal defects
Ventricular septal defects
Coarctation of the aorta with or without ventricular septal

defects or patent ductus arteriosus
Atrial septal defects
Cardiomegaly

Renal
Hydronephrosis
Renal agenesis
Ureteral duplication

Gastrointestinal
Duodenal atresia
Anorectal atresia
Small left colon syndrome

Other
Single umbilical artery

From ref. 141.
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Diet

Diet therapy is considered a standard treatment for diabetes
mellitus. The goals of diet therapy are to provide adequate
maternal and fetal nutrition, appropriate gestational weight
gain, and to minimize glucose excursions. For women with
pregestational diabetes, guidelines suggest that diet composi-
tion be based on an individualized nutrition assessment.94 In
GDM, it is generally accepted that carbohydrate levels should
not exceed 40–45% of total calories. Restricted saturated fats
and cholesterol and increased dietary fiber are suggested. Most
patients are instructed on how to maintain a diet that consists
of three meals and one to three snacks, the last snack usually
being taken at bedtime. The bedtime snack should be com-
posed of complex carbohydrates with proteins to maintain
adequate blood glucose levels during the night, thereby avoid-
ing nocturnal hypoglycemia.

Patient weight gains are assessed at each visit to the clinic,
and caloric intake is adjusted accordingly. The aim is to
prevent weight reduction and its associated ketogenic risk
while ensuring optimal weight gain. It is desirable to increase
weight by 2–4 lb (0.9–1.7kg) in the first trimester and
0.5–1.0 lb (200–450g) per week thereafter until term. A total

weight gain of 22–30 lb (10–13kg) during normal and diabetic
pregnancy is recommended.95

It is generally agreed that pregnancy is not the time for
weight reduction; however, excessive weight gain should be
firmly discouraged. Dietary advice to the obese pregnant dia-
betic patient is a matter of controversy. Several authors have
indicated that caloric restriction in obese pregnant patients is
contraindicated.95 However, there are data to show that
modest caloric restriction (25–30kcal/day), especially for the
morbidly obese patient, is not associated with ketonuria or
elevated plasma ketone concentrations.96,97

Insulin administration

Insulin is the only pharmacological therapy currently recom-
mended to treat diabetes during pregnancy. The goal of insulin
therapy is to achieve blood glucose levels that are nearly iden-
tical to those observed in healthy pregnant women. Therefore,
multiple injections of insulin are usually required in women
with pre-existing diabetes. Human insulin is the least immuno-
genic of all insulins and is exclusively recommended in 
pregnancy. The rapid-acting insulin analogs with peak hypo-
glycemic action 1–2h after injection offer the potential for

Table 41.9 Summary of selected clinical studies using a program of preconceptional metabolic control to prevent diabetes-associated birth
defects.

Investigator No. of Malformation Glucose control No. of Malformation Glucose control
(year) patients rate (%) achieved patients rate (%) achieved

Control group Study group

Pedersen et al. (1979) 284 14.1 Inadequate 363 7.4 Improved
Miller et al. (1981) 58 22.4 HbA1c > 8.5% 58 3.4 HbA1c ≤ 8.5%
Fuhrmann et al. 292 7.5 Mean daily plasma 128 0.8 Mean daily plasma

(1983) glucose ≥ 110mg/dL glucose
in 88.3% of patients ≥110mg/dL in 20.7%

of patients
Steel (1988) 65 9.2 – 78 3.9 –
Goldman et al. 31 9.6 MBG = 163 ± 10.2mg/dL 44 0 MBG = 110 ± 6.5mg/dL

(1986) HbA1c = 10.42 ± 0.47% HbA1c = 7.39 ± 0.34%
Kitzmiller et al. 53 15.1 HbA1c < 9.0% in 47% 46 2.2 HbA1c < 9.0% in 87%

(1986) of patients of patients
Mills et al. (1988) 279 9.0 – 397 4.9 –
Damm et al. (1989) 61 8.2 Mean HbA1c 193 1.0 Mean HbA1c

7.3 ± 1.5% 7.1 ± 1.2%
Steel et al. (1990) 143 10.4 96 1.4
Kitzmiller et al. 110 25 HbA1c > 10.6% 84 1.7 HbA1c < 7.9%

(1991)
Wilhoite et al. (1993) 123 6.5 – 62 1.6 –

HbA1c, hemoglobin A1c; MBG, mean blood glucose.

From Reece EA, Friedman AM, Copel J, Kleinman CS. Prenatal diagnosis and management of deviant fetal growth and congenital
malformations. In: Diabetes mellitus in pregnancy, 2nd edn. New York: Churchill Livingstone, 1995.
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improved postprandial glucose control. Studies support their
safety during pregnancy and ability to improve blood glucose
control. Insulin requirements may change dramatically
throughout the various stages of gestation. In the first
trimester, the maternal insulin requirement is approximately
0.7U/kg of body weight/day.98 This is increased in the third
trimester to 1.0U/kg/day. There are several different
approaches to insulin administration, as outlined in Table
41.10. We prefer to use the three-injection scheme, which
permits better control of the fasting blood glucose levels while
minimizing the risk of middle-of-the-night hypoglycemia.99

In addition, continuous subcutaneous insulin infusion
pumps have also been shown to be effective during pregnancy.
Insulin therapy delivered by a subcutaneous infusion pump
more closely resembles that of physiologic insulin release.
Insulin pumps deliver a continuous basal rate of insulin infu-
sion with pulse-dose increments before meals. Published
studies have demonstrated that comparable glucose control
and pregnancy outcomes can be achieved by both conven-
tional insulin therapy and pump therapy.100,101 However,
Gabbe102 reported that HbA1c levels were significantly lower
1 year after delivery in women who elected to remain on pump
therapy after delivery compared with women who had con-
tinued to use conventional insulin treatment. Therapy guide-
lines for converting patients to pump therapy are provided in
Table 41.11.

Insulin therapy should be initiated in all women with GDM
who fail to maintain euglycemia with diet. We start women
on a daily insulin dose of 20U of neutral protamine Hagedorn
(NPH) and 10U of regular insulin daily. Insulin doses are

adjusted according to blood glucose levels, and an evening
injection is added if fasting hyperglycemia persists. Some
investigators have advocated the use of prophylactic insulin in
GDM to reduce the risk of macrosomia. However, the advan-
tages of this therapy must be weighed against the disadvan-
tages of no treatment.

Although the current data demonstrate a relationship
between metabolic control and neonatal complications, mater-
nal glycemia may not be the sole parameter of optimal control.
In women with gestational diabetes, Buchanan and col-
leagues103,104 have suggested the use of fetal ultrasound to iden-
tify pregnancies at risk of fetal macrosomia and related
morbidity. They have found that a fetal abdominal circum-
ference < 75th percentile for gestational age obtained in the
late second trimester or early third trimester can distinguish
pregnancies at low risk from those at high risk of producing

Table 41.10 General guidelines for insulin administration.

Regimen no. Prebreakfast Prelunch Predinner Bedtime Comments
insulin insulin insulin insulin

I. Two- NPH + regular or – NPH + regular – Give two-thirds of the total dose as prebreakfast
injection rapid-acting or rapid-acting dose and one-third as predinner dose
scheme analog; 2:1 analog Disadvantage: predinner NPH may cause nocturnal

hypoglycemia (1–3 am) and may not be effective 
in controlling the early morning glucose level

II. Three- NPH + regular or – Regular or NPH This regimen may be more effective than regimen 
injection rapid-acting rapid-acting I. By changing the administration of NPH to
scheme analog; 2:1 analog bedtime, nocturnal hypoglycemia may be

prevented and early morning glucose control
may be achieved

III. Four- NPH + regular or Regular or Regular or NPH This is the most effective regimen. We use it as an 
injection rapid-acting rapid-acting rapid-acting alternative to regimen II. Here the dose of 
scheme analog analog analog insulin given at bedtime replaces basal daily 

insulin requirements. This regimen (with a
rapid-acting analog) works especially well for 
patients with morning sickness or erratic 
schedules

NPH, neutral protamine Hagedorn.

Table 41.11 Guidelines for insulin schedule for patients converting
to pump therapy.

Use the same total daily dose of insulin that the patient received
with conventional therapy

Fifty percent of the daily insulin dose is given as a constant basal
rate

The remaining 50% is divided into three doses, each administered
as a bolus before each meal:

20% before breakfast
15% before lunch
15% before dinner
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large for gestational age (LGA) infants. Their data suggest that
maternal glucose concentrations alone may not accurately
predict which fetuses are at high risk of excessive fetal growth
and support the use of fetal criteria to direct metabolic ther-
apies in GDM.

Self-monitoring of blood glucose

Self blood glucose monitoring has become the mainstay of
management for pregnancies complicated by diabetes mellitus.
A variety of small, battery-powered blood glucose reflectance
meters are currently available for home use. Accurate readings
depend on performing the test correctly; however, most of the
newest models are less technique dependent. Some models are
extremely sophisticated, having memories that permit the
storage of results with the day and time they were collected,
whereas others can even be downloaded onto a personal com-
puter. All women should be seen by a qualified nurse educa-
tor for an individualized assessment to insure that her
technique is accurate. Ongoing education is also important to
help the woman make necessary changes to her treatment plan
to maintain euglycemia throughout gestation.

Although it has been shown that, in general, self-monitored
blood glucose levels correlate very well with automated labo-
ratories, reports have shown that sometimes patients falsely
report blood glucose levels both during and outside pregnancy.
These findings are worrisome as accurate information is essen-
tial for optimal management of the pregnancy complicated by
diabetes. Therefore, verified blood glucose determinations
(i.e., the utilization of blood glucose meters with memory) are
recommended to enhance the reliability and accuracy of self-
monitored blood glucose results.

Blood glucose measurements should be obtained at least
four times a day (fasting and 1–2h after meals) in women with
gestational diabetes and five to seven times a day in women
with pre-existing diabetes. In addition to this regular moni-
toring, patients should also test whenever they feel symptoms
of either hyperglycemia or hypoglycemia. Detailed record
keeping is useful to help identify glucose patterns. Daily urine
ketone testing should be performed to insure early identifica-
tion of the development of starvation ketosis or ketoacidosis.
Ketone testing should also be performed any time the blood
glucose level exceeds 200mg/dL, during illness, or when the
patient is unable to eat.

Blood glucose levels are measured in both fasted and post-
prandial states. A recent randomized controlled trial com-
pared the efficacy of preprandial and postprandial glucose
determinations in reducing the incidence of neonatal macro-
somia and other complications in women with gestational dia-
betes.105 Women requiring insulin treatment were randomly
assigned to have their diabetes managed according to the
results of preprandial self blood glucose monitoring or post-
prandial monitoring, which was performed 1h after meals.
Both groups had similar success in achieving blood glucose
targets and demonstrated similar degrees of adherence to the

monitoring schedule. Nevertheless, the women in the post-
prandial monitoring group received significantly more insulin
and achieved a greater decrease in glycoslyated hemoglobin
values during treatment than those in the preprandial moni-
toring group. In addition, there was significantly less macro-
somia and neonatal hypoglycemia among the offspring of the
mothers in the postprandial monitoring group. These data
suggest that adjustment of insulin therapy according to the
results of postprandial blood glucose values improves glycemic
control and pregnancy outcomes. Previous studies in pregnant
women with pregestational diabetes have also found that post-
prandial blood glucose levels are better predictors of fetal
macrosomia than are fasting blood glucose levels.106,107

In conclusion, the target ranges for blood glucose during
pregnancy should be based on maternal plasma glucose levels
in normal pregnancy. The logical approach is to achieve as
near normal glucose levels as possible without undue severe
hypoglycemia. Current recommendations are that whole
blood glucose levels should not exceed 95mg/dL in the fasted
state and 120mg/dL after meals.

Oral agents

Traditionally, insulin therapy has been considered the gold
standard for management because of its efficacy in achieving
tight glucose control and the fact that it does not cross the
placenta. As GDM and type 2 diabetes are characterized by
insulin resistance and relatively decreased insulin secretion,
treatment with oral hypoglycemic agents that target these
defects is of potential interest. However, because of concerns
regarding transplacental passage and, therefore, the possibil-
ity of fetal teratogenesis and prolonged neonatal hypo-
glycemia, these agents are not currently recommended in
pregnancy.

There are no randomized controlled trials on which to draw
conclusions regarding the teratogenicity of these oral agents.
However, most retrospective studies and the published clini-
cal experience have not demonstrated an increased risk of mal-
formed infants among women treated with oral hypoglycemic
agents.108–110 Rather, the data indicate that the increased risk
of major congenital anomalies appears to be related to mater-
nal glycemic control during the periconceptual period. These
studies and currently available data on the use of both met-
formin and sulfonylureas in pregnancy have also failed to
demonstrate an increased risk of neonatal hypoglycemia and
other neonatal morbidities. To date, there has only been one
randomized controlled trial to test the effectiveness and safety
of sulfonylurea therapy (glyburide) in the management of
women with GDM.111 Both the insulin- and the glyburide-
treated women were able to achieve satisfactory glucose
control and had similar perinatal outcomes. Glyburide was
not detected in the cord serum of any infant in the glyburide
group.

In summary, based on the currently available data, it would
appear that glyburide could be safely and effectively utilized
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in the management of GDM. More intensive investigation
regarding the safety and feasibility of oral agents in pregnan-
cies complicated by type 2 diabetes is necessary.

Antepartum assessment

Maternal assessment

Ophthalmologic and renal function tests, including creatinine
clearance and total urinary protein excretion, are performed in
each trimester or more often, if indicated. In patients with vas-
culopathy, an electrocardiogram is performed at the initial visit
and repeated, if clinically indicated. In patients in White’s class
H, the electrocardiogram is performed routinely in each
trimester. The echocardiogram is performed at enrollment and
repeated in the pregnancy, depending on the initial findings. It
is extremely important to detect early signs of pregnancy-
induced hypertension; therefore, an assessment of blood pres-
sure and the signs of proteinuria and edema formation is
essential. It is estimated that approximately 25% of all diabet-
ics develop preeclampsia during pregnancy. The highest inci-
dence is seen among patients with vasculopathy.112 In many
cases, differentiation between pregnancy-induced hypertension
and chronic hypertension is very difficult. In patients with dia-
betic nephropathy, the diagnosis of preeclampsia may be chal-
lenging. We have used a number of factors as adjunctive clues:
acute increase in blood pressure, the elevation of fibrin split
products, liver function test abnormality, or thrombocytope-
nia. Most helpful is the increase in fibrin split products as a 
reasonably sensitive marker of underlying consumptive 
coagulopathy. We recognize that this is less than ideal but, at
the present time, it is the best diagnostic aid available.

Fetal surveillance

All pregnancies complicated by diabetes require extra assess-
ment. The use of ultrasonography provides essential informa-
tion about the fetus. A first-trimester scan is used to date the
pregnancy and to establish viability and fluid volume status.
A second-trimester scan is repeated at 18–20 weeks’ gestation
to rule out fetal anomalies. Subsequent ultrasound evaluations
are then performed at 4- to 6-week intervals to assess fluid
volume and fetal growth. Because diabetic patients are at risk
of growth aberrations (intrauterine growth restriction and
macrosomia), this frequency is recommended to identify states
of altered growth.

Fetal macrosomia
Macrosomia, arbitrarily defined as fetal weight in excess of
4000g, or a birthweight above the 90th percentile for gesta-
tional age, occurs in approximately 10% of all pregnancies.
Almost 30% of all diabetics deliver infants weighing more
than 4000g.113 Gabbe and colleagues114 reported an incidence
of macrosomia of 20% and 25% in GDM and type 1 patients
respectively.

Fetal macrosomia is thought to be related to maternal
hyperglycemia which induces fetal hyperglycemia and hyper-
insulinemia. Fetal hyperinsulinemia results in enhanced glyco-
gen synthesis, lipogenesis, increased protein synthesis and,
thus, fetal organomegaly and fat deposition.

Macrosomic fetuses have higher rates of perinatal morbid-
ity and mortality, a result caused mainly by the traumatic
delivery. These fetuses are at increased risk of severe fetal
asphyxia due to head and neck birth trauma. Shoulder dysto-
cia is common in macrosomic fetuses; therefore, infants of dia-
betics experience more shoulder dystocia than those of
nondiabetics. Disproportional growth of the body compared
with the head is believed to be the cause of shoulder dystocia.
Acker and associates115 reported the incidence of shoulder dys-
tocia in nondiabetic offspring weighing 4000–4499g as 10%
and in those weighing 4500g or more as 22%. Among the off-
spring of diabetics, the incidence is much higher, and in infants
with birthweights of 4000–4499g and 4500g or more, the
incidence doubles, reaching 23.1% and 50% respectively.

It has been suggested that Cesarean section should be
employed to deliver diabetic mothers of babies of 4000g or
more.115 In our institutions, primary Cesarean section is per-
formed if the estimated fetal weight is 4500g or more. In cases
of estimated fetal weight of 4000–4500g, the mode of deliv-
ery is determined individually for each patient and is based on
the clinical assessment of the pelvis and the past history (e.g.,
birthweight of previous babies). In such cases, midpelvic
instrumental delivery should be avoided as much as possible.

Antepartum fetal testing
In pregnant diabetic patients, stillbirth occurs with increased
frequency, particularly in the third trimester.116 Therefore, a
program of fetal monitoring should be initiated, usually at
32–33 weeks. Currently, in most medical centers, outpatient
protocols for antepartum fetal surveillance include either
once- or twice-weekly nonstress tests (NSTs), once-weekly
oxytocin challenge tests (OCTs), or biophysical profiles.117

Which is the best test remains controversial because con-
trolled, prospective randomized studies comparing the various
methods of antepartum fetal assessment are lacking. Many
investigators have concluded that the NST is simple, inexpen-
sive, and reasonably reliable. Therefore, the NST is most
widely used for pregnancies complicated by diabetes 
mellitus.117,118

Gabbe and colleagues114 observed no intrauterine fetal death
within 1 week of a negative contraction stress test (CST) in
211 metabolically well-controlled type 1 patients. This obser-
vation suggests that a negative CST in metabolically controlled
patients predicts fetal survival for 1 week. The high incidence
of false-positive CSTs (50%) and the potential unnecessary
intervention as a result of these false-positive findings are
major disadvantages.

The biophysical profile has been shown to have a lower
false-abnormal test rate than either the CST or NST.119 Golde
and Plan117 have demonstrated that a biophysical score of 8 is
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reliable in predicting good fetal outcome in diabetics, which
is comparable to the reliability of reactive NSTs.

Sadovsky120 has shown that maternal evaluation of fetal
movements has a very low false-negative rate and that patients
with decreased fetal movements of less than 10 in 12h may
show severe fetal compromise. Therefore, further testing is
necessary in cases of decreased fetal movements. Maternal
assessment of fetal activity seems to be not only a practical
approach toward evaluation of fetal condition but a simple,
inexpensive, and valuable screening technique. Patients with
diabetes are instructed to count fetal movements, beginning as
early as 28–29 weeks of gestation, and to report any decrease
in fetal movements so that further testing can be initiated if
necessary.

A large body of evidence shows that maternal glucose
control is the most important factor in improved perinatal
mortality and morbidity rates. Therefore, any method of fetal
surveillance is ineffective unless strict control of maternal dia-
betes is maintained.117 In fact, the need for elective interven-
tion resulting from abnormal antepartum fetal testing in
diabetics in good metabolic control is very low compared with
patients in poor metabolic control.121 Several investigators
reported an intervention rate of 1–5%, based on abnormal
fetal testing in pregnant type 1 patients.122–124 In one report,
no intervention for abnormal fetal testing was required in 82
type 1 patients.125 Drury and colleagues124 have shown that,
when strict maternal metabolic control is achieved, antepar-
tum fetal testing can be used less frequently and that, despite
limited use of antepartum testing, the perinatal mortality was
low, approaching 3%.

In summary, in recent years, management protocols using
strict metabolic control consistent with various techniques of
antepartum surveillance have allowed more diabetic patients
to deliver at term and to achieve good fetal outcome similar
to that of the general obstetric population.

Timing and mode of delivery

In recent years, there has been a significant change in the 
attitude of obstetricians and perinatologists toward the 
mode and timing of delivery of type 1 and type 2 pregnant
patients. It is now recognized worldwide that, if the pregnant
diabetic patient and her fetus are under stringent metabolic
control and antepartum surveillance, delivery may be safely
delayed in most cases until term or the onset of spontaneous
labor.114,126

Management during labor and delivery

During labor and delivery, it is necessary to maintain mater-
nal euglycemia to avoid neonatal hypoglycemia. Induced
maternal hyperglycemia during labor in diabetics is associated
with neonatal hypoglycemia.127,128 Soler and associates127 have
demonstrated that mean glucose levels of more than 90mg/dL
during labor are associated with higher rates of neonatal

episodes of hypoglycemia. Therefore, the goal should be to
maintain glucose levels of 70–90mg/dL during labor.

Caloric and insulin requirements in diabetic patients during
labor have been studied extensively.129 Investigators have doc-
umented a decrease in insulin requirement, particularly in the
first stage of labor, with constant glucose requirement during
this time. Jovanovic and Peterson,129 using an artificial pan-
creas (Biostator) for 12 type 1 patients during labor, have
demonstrated the lack of insulin requirement during the first
stage of labor, despite a constant and continuous glucose infu-
sion rate of 2.5mg/kg/min. In another study by Golde and col-
leagues,130 48% of type 1 patients undergoing induction of
labor required no insulin therapy.

Therefore, in patients undergoing induction of labor, the
morning insulin doses should be withheld and glucose 
levels determined once every hour with a home glucose meter.
In well-controlled patients, 1U of insulin/h and 3–6g of
glucose/h are usually required to maintain a glucose level of
70–90mg/dL. If the initial glucose level is between 80 and
120mg/dL, 10U of regular insulin can be added to 1000mL
of 5% dextrose in 0.5% normal saline or 5% dextrose 
5% and Ringer’s lactate, and administered at an infusion 
rate of 125mL/h. If initial glucose levels are less than
70mg/dL, it is recommended that, initially, 5% dextrose in
water without insulin at a rate of 100–120mL/h be given
throughout labor.

If the patient presents in spontaneous labor and has already
taken her morning intermediate-acting insulin, additional
insulin may not be required throughout labor and delivery, but
a continuous glucose infusion will be necessary (125mL/h of
5% dextrose in water).

When an elective Cesarean section is planned for a diabetic
patient, the procedure should be scheduled early in the
morning, when glucose levels are usually in the normal range
because of the action of the intermediate-acting insulin dose
given the night before. Infusion without glucose is preferred
(i.e., normal saline), and glucose levels are monitored fre-
quently. If the patient is under regional anesthesia, it is easier
to detect signs of hypoglycemia.

After delivery, a dramatic decrease in the insulin require-
ment is almost the rule because of a significant decrease in the
level of placental hormones that have anti-insulin action. At
this time, there is no need for stringent glucose control, and
glucose levels of less than 200mg/dL are satisfactory. In the
first few days after delivery, it is preferable to give regular
insulin subcutaneously before each meal on the basis of
plasma glucose levels. After the patient is able to eat regular
meals, she may receive one-half of the prepregnancy dosage
of insulin, usually divided into two daily injections.

Maternal complications

Diabetic women have a markedly higher risk of a number of
pregnancy complications. Because of a paucity of data on
maternal complications during diabetic pregnancy, the exact
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relative risk for each complication is not known. Complica-
tions that have been reported to be more frequent in diabetic
pregnancy include spontaneous abortion, preterm labor,
pyelonephritis, polyhydramnios, and hypertensive disorders.
Also directly related to metabolic control are hypoglycemia
and diabetic ketoacidosis (DKA). These complications,
together with the vascular alterations and the higher Cesarean
section rate, contribute to the higher maternal morbidity and
mortality among diabetic pregnant patients.

Maternal mortality
The advent of insulin in 1922 and its widespread introduction
in 1935 brought about a dramatic fall in the maternal mor-
tality rate from 45% to just over 2%.2 Together with
improved medical and obstetric care, the maternal mortality
rate has decreased to as low as 0.5%.131 More recently, a mor-
tality rate of 0.11% was reported among 2584 pregnant dia-
betic patients.132 Causes or events related to maternal death
among diabetics include acute myocardial infarction during
Cesarean section,133 sepsis, hemorrhage, ketoacidosis, hypo-
glycemia, and anesthetic and hypertensive complications.131

Maternal mortality seems to be highest (approaching 65%)
among patients with coronary artery disease.134

Diabetic ketoacidosis
In recent years, the incidence of DKA during pregnancy has
decreased significantly. Cousins,132 in a review of a large
number of studies, found an incidence of 9.3% of DKA among
1508 diabetics. Ketoacidosis has been reported to occur in
pregnant diabetic patients more rapidly and at lower blood
glucose levels than in nonpregnant patients. It may be precip-
itated by stress, infection (e.g., urinary tract), or omission of
insulin because of patient neglect. The use of beta-
sympathomimetic agents in pregnant diabetics may induce
DKA.135

Omission of insulin or insulin deficiency in type 1 pregnant
patients results in hyperglycemia and glucosuria. Osmotic
diuresis results in urinary potassium, sodium, and water
losses. Hyperglycemia is aggravated because, as a consequence
of hypovolemia, there is an increase in the secretion of
glucagon and catecholamines.136,137 Lipolysis consequent to
insulin deficiency leads to increased hepatic oxidation of fatty
acids, with the formation of ketone bodies (acetone, β-
hydroxybutyrate, and acetoacetate), which leads to the pro-
duction of metabolic acidosis (Fig. 41.3).

The following are some general guidelines for the treatment
of DKA:
1 Insert two intravenous lines; obtain blood to assess levels
of glucose, serum electrolytes and ketones, and arterial blood
gases; and administer oxygen by face mask. Frequently assess
the clinical status and follow urinary output. Repeat blood
and urinary testing often.
2 Patients with DKA require simultaneous correction of fluid
and electrolyte imbalance and treatment of hyperglycemia and
acidosis.

• Replacement of fluid. The average fluid deficit is 3–5L. It
is therefore necessary to administer 1000–2000mL of iso-
tonic saline rapidly during the first hour. If hypernatremia
is present, 0.45% sodium chloride is preferred. After the
first hour, 300–500mL/h is given, depending on hemody-
namic status. Normal saline is given to hypotensive patients
in larger amounts. In these cases, a central line may be 
necessary.
• Insulin therapy. Administer an initial bolus of 10–20U of
regular insulin intravenously. Follow this with a constant
infusion of approximately 10U/h (Add 50U of regular
insulin per 500mL of normal saline.) Larger doses of con-
stant regular insulin infusion of 12–20U/h may be required
if acidosis does not begin to respond within 3h or if plasma
glucose level does not fall by 30%.
• Glucose administration. To reduce the risk of hypo-
glycemia and cerebral edema, change the intravenous solu-
tion to 5% dextrose when the plasma glucose level reaches
200–250mg/dL, and simultaneously decrease the rate of the
insulin infusion.
• Potassium administration. Hyperkalemia is usually
present on administration. At this point, potassium admin-
istration is not required and, in fact, may be dangerous or
even lethal because hyperkalemia may rapidly reach car-
diotoxic levels. Potassium administration is usually started
after 3–4h of insulin therapy, when potassium begins to fall
to normal or low levels. It is given by adding 40mEq of
potassium chloride per 1000mL of normal saline at a rate
of 10–20mEq/h, as needed. It should be stressed that, when
potassium is administered, it is given with extreme caution,
and that potassium and urinary output are monitored 
carefully.
• Bicarbonate administration. Add 44mEq of sodium
bicarbonate to 1L of 0.45% saline and administer intra-
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Figure 41.3 Metabolic alterations in diabetic ketoacidosis.
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venously only if arterial pH is less than 7.1 or serum bicar-
bonate is less than 5mEq. If the pH is less than 7, the
sodium bicarbonate dose should be doubled (88mEq).
Bicarbonate administration should be terminated if arterial
pH has been corrected to 7.2. Alkali administration in DKA
is still controversial because this therapy might aggravate
tissue hypoxia.

Hypoglycemia
The goal of very stringent glycemic control during diabetic
pregnancy places the patient at increased risk for hypo-
glycemic episodes. Coustan and associates101 observed a high
frequency of both symptomatic and biochemical hypo-
glycemia. Forty-five percent of type 1 patients treated with
multiple daily insulin injections had severe hypoglycemia
requiring hospitalization or emergency room care.

Pyelonephritis
Pedersen138 reported a 6% incidence of pyelonephritis in dia-
betic pregnant patients, including it as one of the “prognostic
bad signs of pregnancy” because it is associated with higher
perinatal mortality and morbidity. Cousins132 reported an inci-
dence of pyelonephritis of 2.2% among 356 class B and C 
diabetics, and 4.9% among 264 class D, F, and R diabetics in
an extensive literature review. In no study, however, was a
nondiabetic control group used for comparison. It appears
that, in recent years, there has been a reduction in the 
frequency of pyelonephritis in diabetic pregnancy.139

However, this reduction has not been confirmed statistically.132

Nevertheless, it is our practice to perform serial urine cultures
at least once in each trimester of pregnancy and to treat
asymptomatic bacteriuria vigorously in diabetic pregnant
patients because, if left untreated, it may result in frank
pyelonephritis.

Polyhydramnios
Polyhydramnios occurs commonly in diabetics, with a
reported incidence that varies from 3% to 32%.132 Although
this condition can be associated with central nervous system
and gastrointestinal abnormalities, in almost 90% of diabet-
ics with polyhydramnios, no etiology can be found.140

The etiology of polyhydramnios in diabetics is not clear.
Suggested mechanisms include increases in amniotic fluid
osmolality caused by increases in glucose load, decreased fetal
swallowing, high gastrointestinal tract obstruction, and fetal
polyuria secondary to fetal hyperglycemia. Experimental
work, however, has not provided strong evidence for any of
these explanations.141 Although the most likely reason for the
higher fluid volume is increased fetal urine production in dia-
betics, this was not demonstrated by sequential estimation of
bladder volume over time.142

Preterm labor
Earlier studies have found that the incidence of prematurity in
diabetic pregnancies is three times higher than that in nondi-

abetics.143 This high rate was attributed in part to the higher
rate of iatrogenic preterm delivery. In a study by Miodovnik
and colleagues,144 the rate of spontaneous preterm labor was
31.1% in type 1 patients, a rate that is three to four times
more than that reported in the general obstetric population.
The authors found two factors to be significantly associated
with premature labor: premature rupture of membranes and
previous history of preterm labor and delivery. Furthermore,
patients with poor glycemic control during the second
trimester of pregnancy had increased rates of preterm deliv-
ery. Interestingly, polyhydramnios was not significantly asso-
ciated with preterm labor in this study.

Magnesium sulfate is considered the drug of choice in dia-
betic patients with premature labor because it has no effect on
diabetic control. In contrast, beta-sympathomimetic tocolytic
agents or glucocorticosteroids have been reported to induce
hyperglycemia and ketoacidosis.139 Therefore, treatment with
both medications in diabetics requires great caution, intensive
monitoring of glucose levels, and treatment with intravenous
insulin infusion as needed.

Spontaneous abortions
The rate of spontaneous abortion in pregestational pregnant
diabetic patients varies considerably between reports, ranging
from 6% to 29%.145 Most studies are retrospective and do not
have nondiabetic control groups for comparison. Kalter,146 in
an extensive literature review of the years 1950–1986, con-
cluded that the incidence of spontaneous abortion in diabetic
women is similar to that in nondiabetic women, approaching
10%. However, a prospective study reported from Cincinnati,
Ohio, showed a significantly higher rate of spontaneous abor-
tions among pregnant type 1 patients than among pregnant
nondiabetic women (30% vs 15%).147 Furthermore, the same
group demonstrated in another study that the higher rate of
spontaneous abortions in type 1 women was associated with
poor glycemic control in the early postconceptional period, as
reflected by high levels of HbA1c early in pregnancy.148 The
latter findings were confirmed by the results of the Diabetes
in Early Pregnancy Study.106

Diabetic retinopathy
Diabetic retinopathy is usually classified as background simple
diabetic retinopathy and proliferative diabetic retinopathy.
The characteristic lesions of diabetic retinopathy are presented
in Table 41.12.

Microaneurysms alone are not usually associated with
severe loss of vision but, when maculopathy is present with
either macular edema or macular ischemia, serious loss of
vision can occur. The most serious condition, however, is 
proliferative retinopathy, which carries a high risk of 
blindness. It is believed that background retinopathy repre-
sents an early stage of the disease: as it worsens, it leads to
proliferative retinopathy, which, when developed, is usually
associated with the characteristic lesions of background
retinopathy.149
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Pregnancy and progression of diabetic retinopathy
Investigators have reported controversial findings on the role
of pregnancy in the development and progression of diabetic
retinopathy. Most recent reports have shown that, in some
diabetic patients, pregnancy is associated with progression of
diabetic retinopathy from minimal to marked deterioration of
the retina.150–153 However, many changes during pregnancy
have proved to be reversible, and many patients have experi-
enced regression of their lesion after delivery.

Tight metabolic control in pregnancy and 
diabetic retinopathy
Studies in nonpregnant type 1 patients investigated the effect
of glycemic control on the progression of diabetic retinopa-
thy.154,155 These studies have shown that progression of dia-
betic retinopathy was significantly higher over an 8-month
period compared with a control group with proper metabolic
control.154,155 After 2 years of follow-up, no statistical signifi-
cance was found between the rates of progression of retinopa-
thy in the two groups. The authors suggest that caution should
be used and that one should avoid achieving good glycemic
control too rapidly in type 1 patients with retinopathy and
poor glycemic control.

Principal management of diabetic retinopathy 
in pregnant diabetics
Diabetic retinopathy occurring during pregnancy should be
treated in essentially the same manner as in the nonpregnant
state.149 Laser treatment can be used safely during pregnancy,
when indicated. It is recommended that diabetic patients
undergo careful retinal examination before conception and be
treated with laser photocoagulation before pregnancy, if nec-
essary. It is our practice to perform ophthalmoscopy every
trimester in pregnant type 1 patients and even more frequently
in patients with documented retinopathy before pregnancy.

The preferred mode of delivery in patients with active pro-
liferative retinopathy remains controversial. In the past, the
performance of Cesarean section was suggested to avoid the
Valsalva maneuver and the risk of vitreous hemorrhage.156–158

Today, however, most investigators do not recommend
Cesarean delivery in patients with active neovascularization
because it has been found that vitreous hemorrhages during
childbirth are extremely rare.158 Furthermore, there are no
data to show any advantage of Cesarean section over vaginal
delivery in patients with proliferative retinopathy.

Diabetic nephropathy
Diabetic nephropathy is a disease that develops slowly and
appears on average 17 years after the onset of type 1 diabetes.
Background retinopathy complicates almost all these preg-
nancies, and proliferative retinopathy affects approximately
35–65% of patients.159,160

The prevalence of diabetic nephropathy in type 1 pregnant
patients is estimated at 6%.138 Five evolutionary stages 
of nephropathy in diabetics have been described for type 1
diabetes:161

1 early hypertrophy or hyperfunction;
2 glomerular lesions without clinical disease;
3 incipient nephropathy characterized by microproteinuria;
4 overt nephropathy characterized by macroproteinuria;
5 endstage diabetic renal disease.

In type 1 diabetes, renal insufficiency eventually occurs in
all patients who exhibit macroproteinuria, whereas in type 2
diabetes, deterioration occurs in only 10% of cases.162 A diag-
nosis of diabetic nephropathy in pregnancy is made if there is
persistent proteinuria of more than 300mg/day in the first half
of pregnancy in the absence of urinary tract infection.160

Several studies examining fetal outcome and maternal risks
in women with diabetic nephropathy suggest that most
patients have an increase in proteinuria during the course of
pregnancy.159,163 Reece and colleagues160 reported an increase
in third-trimester proteinuria that exceeded 3.0g/day in 70%
of the pregnancies studied. Kitzmiller and colleagues159 also
found increasing proteinuria in the third trimester, with almost
60% exceeding 6.0g/day in the third trimester.

Acute worsening of hypertension is very common in patients
with diabetic nephropathy and occurs in almost 60% of cases.
In the report by Reece and colleagues,160 hypertension during
pregnancy developed in 32% of women who began pregnancy
with normal blood pressure levels. However, after delivery,
changes in renal function, proteinuria, and hypertension
returned to values observed in the first trimester. Based on a
9-year follow-up study, the long-term maternal course was
judged to be consistent with the expected course of diabetic
nephropathy in nonpregnant women.

Many investigators have shown that the likelihood of a suc-
cessful fetal and neonatal outcome in patients with diabetic
nephropathy is comparable to that of type 1 patients without
overt renal disease.105,109 Fetal survival has been reported to
exceed 90% when contemporary methods of fetal and mater-
nal care are applied.159,160,163 Perinatal mortality and morbid-
ity in patients with diabetic nephropathy may be attributed to
the higher incidence of early delivery (31%), a higher inci-
dence of low birthweight infants (21%),159 and an increased

Table 41.12 Characteristic lesions of diabetic retinopathy.

Background diabetic retinopathy
Microaneurysms
Small vessel obstruction, soft exudates, intraretinal microvascular

abnormalities
Venous abnormalities
Retinal hemorrhages
Hard exudates
Disk edema
Maculopathy
Proliferative diabetic retinopathy
Neovascularization
Fibrous deposition
Vitreous hemorrhage
Retinal detachment

TCO41  9/13/06  5:31 PM  Page 754



DIABETES MELLITUS IN PREGNANCY

755

incidence of fetal distress and preeclampsia. Therefore, preg-
nant patients with diabetic nephropathy require an intensive
program of maternal and fetal evaluation, adequate bedrest
during pregnancy, assessment of renal function and retinal
status at regular intervals, blood pressure monitoring, and
treatment of hypertension, when required, using methyldopa,
arteriolar vasodilator, or beta-blockers. In patients on antihy-
pertensive medications before pregnancy, the same regimen is
continued during pregnancy (with the exception of diuretics
and ace inhibitors, which should be discontinued). A modest
sodium restriction (1500mg of Na) in all patients with sig-
nificant proteinuria (> 500mg/dL) is suggested to reduce the
rate of edema formation.

Morbidity of the infant of the diabetic mother

In the last decade the perinatal morbidity rate in pregnancies
complicated by diabetes mellitus has been remarkably
reduced. However, severe neonatal morbidity in infants of dia-
betic mothers is still a problem that may affect even infants
delivered at term.164,165 The following sections briefly discuss
the most common neonatal morbidities.

Hypoglycemia
Hypoglycemia is diagnosed when plasma glucose levels are
less than 35mg/dL and 25mg/dL in term and preterm infants
respectively. Infants of diabetic mothers in unsatisfactory
glycemic control often develop hypoglycemia during the first
few hours of life. The reported incidence ranges from 25% to
40% of infants of diabetic mothers. Poor glycemic control
during pregnancy and high maternal plasma glucose levels at
the time of delivery increase the risk of occurrence, particu-
larly if the patients have been delivered by Cesarean section.166

Because prolonged and severe hypoglycemia may be associ-
ated with neurologic sequelae, initiation of treatment is
advised in all neonates of diabetic mothers with plasma
glucose levels of less than 40mg/dL. The most efficient means
of therapy for hypoglycemia is continuous dextrose infusion
at a rate of 4–6mg/kg/min. The use of a bolus of a hypertonic
glucose infusion should be avoided to prevent later rebound
hypoglycemia.167 Occasionally, hypoglycemia may persist
beyond the second day of life and may require the use of 
glucocorticoids.168,169

Hypocalcemia and hypomagnesemia
There is a significant increase in the incidence of hypocalcemia
and hypomagnesemia in infants of diabetic mothers.170,171 The
incidence of neonatal hypocalcemia, defined as calcium levels
at or below 7mg/dL, has been reported to approach 20% in
a group of infants with a mean gestational age at delivery of
38 ± 0.2 weeks.172 Serum calcium levels in infants of diabetic
mothers are lowest on the second to third days of life. The eti-
ology of hypocalcemia in neonates of diabetic mothers is not
yet clear, but some evidence shows that it is associated with
“relative” neonatal hypoparathyroidism.173 It has also been

postulated that magnesium deficiency may contribute to
hypoparathyroidism and hypocalcemia in infants of diabetic
mothers.167

Polycythemia
Polycythemia is diagnosed when the venous hematocrit
exceeds 65%. This condition has been reported to affect one-
third of neonates of diabetic mothers in the first few hours of
life.174 The mechanism responsible for polycythemia in these
babies may be related to chronic intrauterine hypoxia that
leads to an increase in erythropoietin and a consequent
increase in red blood cell production.

Usually, polycythemia is associated with hyperviscosity of
the blood, which may impede the velocity of blood flow and
increase the risk of microthrombus formation in multiple
organs.175,176 Kidneys, adrenals, and lungs are the most com-
monly affected organs. Clinically, infants with polycythemia
appear plethoric. Some of these infants have convulsions, res-
piratory distress, tachycardia, congestive heart failure, and
hyperbilirubinemia. The treatment of polycythemia consists of
partial exchange transfusion with a volume expander (e.g.,
plasma) to reduce the hematocrit to approximately 55%.177

Respiratory distress syndrome (RDS)
RDS was considered a common neonatal morbidity in the
infants of diabetic mothers in the past. However, the incidence
has dramatically decreased with the initiation of strict
glycemic control. Factors contributing to the development of
RDS in these infants are preterm deliveries, delayed fetal lung
maturation, and a high rate of elective Cesarean section.

In poorly controlled diabetic patients, the reason for the
increased risk of RDS seems to be related to the inhibitory
effect of high fetal insulin levels on surfactant phospholipid
synthesis and secretion and possibly to decreased prolactin
levels.178,179

Hyperbilirubinemia
Infants of diabetic mothers have a higher incidence of hyper-
bilirubinemia than do infants of nondiabetic mothers matched
for gestational age.180 The mechanism of this increased risk of
jaundice is not clear. Early treatment of polycythemia may
further reduce the risk of hyperbilirubinemia.

Cardiomyopathy
Infants of diabetic mothers have a higher risk of hypertrophic
types of cardiomyopathy and congestive heart failure.181 The
incidence of cardiomyopathy in neonates of diabetic mothers
is not known. According to one study, 10% of infants of dia-
betic mothers may have evidence of myocardial and septal
hypertrophy. The characteristic findings in echocardiography
are generalized myocardial hypertrophy with disproportion-
ate hypertrophy of the interventricular septum. Infants of dia-
betic mothers with severe cardiomyopathy may develop left
ventricular outflow tract obstruction with reduced cardiac
output and congestive heart failure.182,183 The natural history
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of cardiomyopathy in infants of diabetic mothers is different
from other types of cardiomyopathy in that there is a com-
plete regression of hypertrophic changes to normal after
several months.181,184 Several studies have demonstrated a
strong correlation between the risk of cardiomyopathy in
infants of diabetic mothers and poor maternal diabetic
control.182,185,186

Conclusion

The diagnosis of diabetes mellitus during pregnancy has
certain implications for the well-being of both the mother and

the fetus. Advances in medical and obstetric care have dra-
matically improved the outlook for women with diabetes and
their offspring. However, both mother and child remain at
increased risk for a number of complications. Research indi-
cates that the majority of these complications are associated
with hyperglycemia. The achievement and maintenance 
of euglycemia has therefore become the major focus of 
management.

Key points

1 Diabetes mellitus is a heterogeneous disorder
characterized by hyperglycemia. It is estimated that
diabetes mellitus affects approximately 4 million
women of childbearing age in the United States.

2 Diabetes mellitus is generally classified into the
following categories: type 1, type 2, and GDM. The
prevalences of type 1, type 2, and GDM are all
increasing.

3 The development of insulin resistance during late
pregnancy is a normal physiologic adaptation that
shifts maternal energy metabolism from carbohydrate
to lipid oxidation and thus spares glucose for the
growing fetus.

4 Screening for gestational diabetes mellitus consists of a
50-g oral glucose load, followed 1h later by a plasma
glucose determination. The screen is performed without
regard to the time of day or interval since the last
meal.

5 This screening should be carried out at 24–28 weeks’
gestation in average-risk women not known to have
diabetes mellitus.

6 Current research studies indicate that optimization of
blood glucose control in the periconceptual period can
dramatically reduce the rate of congenital
malformations in the offspring of women with
diabetes.

7 All diabetic women of childbearing age should be
counseled regarding the importance of preconception
care and planning of their pregnancies.

8 Women with diabetes and their offspring are at greater
risk of a number of pregnancy-related complications.

9 Strict blood glucose control prior to conception and
throughout gestation can reduce and/or eliminate the
excess risk for both mother and baby.

10 The achievement of euglycemia requires frequent daily
self blood glucose determinations in both the fasted
and the postprandial states.

11 Subcutaneous insulin pump therapy can be a safe and
effective means of glucose control in pregnant women
with diabetes.

12 The introduction of new rapid-acting insulin analogs
has expanded our options for the treatment of diabetes
during pregnancy.

13 Serial ultrasound measurements need to be performed
during pregnancy to identify infants at risk of excessive
fetal growth.

14 Most clinicians institute some form of antenatal
surveillance based on diabetes classification, existence
of comorbidities, and degree of glycemic control.

15 Hypertensive complications are more common in
women with diabetes than in their nondiabetic
counterparts.

16 Diabetic ketoacidosis is one of the most significant
complications in pregnancy and requires both timely
and aggressive treatment.

17 Pregnancy per se is an independent risk factor that
accelerates retinopathy.

18 Macrosomic fetuses have higher rates of morbidity and
mortality, a result caused mainly by traumatic delivery.

19 Euglycemia should be maintained during labor and
delivery to reduce the risk of neonatal hypoglycemia.
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In this chapter on endocrine disorders in pregnancy, changes
in endocrine function that occur during normal pregnancy will
be reviewed. Following this, those endocrine disorders whose
diagnosis, course, or treatment are affected by pregnancy will
be discussed. This chapter is intended to present a practical
review of these issues and will emphasize the most common
dilemmas facing the practicing clinician. The diagnostic and
therapeutic areas of confusion or controversy will be reviewed
in the greatest detail to provide the information necessary for
decisions in patient management.

Endocrine changes associated with a
normal pregnancy

There are a number of endocrine changes that occur during
normal pregnancy. Although the mechanisms for these
changes are not always understood, they presumably occur for
the health of the mother and her developing offspring. 
The known mechanism(s) of these changes and the importance
to the physician of understanding these changes will be
reviewed. Some of these changes occur through the existing
maternal endocrine system, and some occur as a result of
effects of placental hormones on the maternal endocrine
system. For additional information on this subject, see 
Chapters 5 and 9.

Pituitary

Lactotroph hyperplasia causes an increase in pituitary size in
normal pregnancy, mainly due to estrogen stimulation of the
pituitary lactotrophs. Prolactin levels rise progressively during
pregnancy in preparation for lactation. Prolactin levels rise to
100–300ng/mL by late pregnancy, levels in the range of those
seen in pituitary prolactinomas in the nonpregnant patient1,2

(see Fig. 42.1). The new diagnosis of a prolactinoma in a preg-
nant patient is not a common problem, as substantial prolactin
elevations typically result in amenorrhea and infertility.
However, it is important to be aware that prolactin levels are

normally elevated during pregnancy to avoid confusion in
diagnosis. For the management of patients during pregnancy
with known pituitary prolactinomas prior to pregnancy, see
the section in this chapter on Prolactinomas under Pituitary 
disorders.

Cortisol and adrenocorticotrophic hormone (ACTH) levels
rise normally during pregnancy as a result of large rises in cor-
ticotropin-releasing hormone (CRH), derived from the fetal–
placental unit3–5 (see Table 42.1). CRH levels can be detected
in maternal plasma at levels averaging at least 100 times those
in nonpregnant plasma.3 Estrogen-induced increases in corti-
sol-binding globulin increase total plasma cortisol without
affecting plasma free cortisol. However, total and free plasma
cortisol, ACTH and 24-h urine free cortisol all increase during
normal pregnancy. Twenty-four-hour urine free cortisol levels
average three times higher than those in the nonpregnant
state.3 Thus, pregnancy is a normal physiologic state of mild
hypercortisolism, which on occasion has corresponding clini-
cal features of mild hypercortisolism. Interestingly, it has been
suggested that activation of the hypothalamic–pituitary–
adrenal axis during pregnancy, resulting from the large rises
in CRH derived from the fetal–placental unit, combined with
the central suppression of maternal hypothalamic CRH secre-
tion, might explain the increased vulnerability to affective dis-
orders during the postpartum period.6 A practical implication
of these changes in the hypothalamic–pituitary–adrenal axis
during and immediately after pregnancy is that diagnosis of
Cushing syndrome, particularly the ACTH-dependent type,
should be made with caution during this time period. Unless
there is a profound clinical situation indicating severe Cushing
syndrome, diagnostic evaluation is best deferred until after
delivery.

Salt and water metabolism

The renin–aldosterone system is a major determinant of
sodium balance in pregnancy, as in the nonpregnant state. Salt
retention occurs during pregnancy accompanied by a rise in
renin and aldosterone levels, producing a form of secondary

42 Endocrine disorders in pregnancy
Fred H. Faas
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hyperaldosteronism. Renin and aldosterone levels may
increase to three or four times the levels in the nonpregnant
state7 (see Fig. 42.2). Interestingly, in gestational hypertension,
this effect is dampened. In general, unless there is an urgent

clinical situation, diagnostic evaluation of hyperaldosteronism
is better delayed until the postpartum period, although a very
low renin activity level during pregnancy might suggest
primary hyperaldosteronism.
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In normal pregnancy, there is a decrease in plasma osmo-
lality to a level of about 10mOsmol/kg below normal.8,9 This
seems to result from a new steady-state setpoint caused by a
decrease in the osmotic thresholds for both thirst and vaso-
pressin suppression, similar to that seen in the syndrome of
inappropriate antidiuretic hormone secretion (SIADH).

Calcium metabolism

A detailed discussion of changes in calcium and bone mineral
metabolism occurring during pregnancy is beyond the scope
of this chapter. One new area of interest related to calcium
metabolism and pregnancy is the importance of parathyroid
hormone-related peptide (PTHrp) in pregnancy. PTHrp, the
protein responsible for causing humoral hypercalcemia of
malignancy in many patients, has been found to be necessary
for development of the fetal skeleton. In fact, in animal
models, absence of PTHrp results in severe abnormalities and
an incompletely developed fetal skeleton.10 PTHrp is also
instrumental in the transport of calcium in the lactating
mammary gland.11 The calcium receptor present in non-
parathyroid tissues appears to be partially regulated by
PTHrp. Increasing blood levels of PTHrp during pregnancy
further suggest that it plays an important role during 
normal pregnancy. The practical implications of changes in
PTHrp levels in normal pregnancy are unknown at this 
time.

There is an obvious need for increased available calcium in
the mother for the developing fetal skeleton. Calcium home-
ostasis appears to be attained by more efficient intestinal
calcium absorption and by renal calcium conservation during
pregnancy and lactation.12 Although total calcium levels may
fall during pregnancy due to hemodilution, ionized calcium
levels remain normal. It has been suggested that the increased
calcium needed for infant growth during pregnancy and lac-
tation may come in part from the maternal skeleton. Regard-
ing the need for maternal dietary calcium during pregnancy,
it has been the standard practice for many years to give preg-
nant women supplemental calcium with vitamin D, usually
400 IU of vitamin D daily. Serum 25(OH)vitamin D levels are
considered the best measure of endogenous vitamin D status.

Although 1,25(OH)vitamin D levels increase during preg-
nancy, 25(OH)vitamin D and parathyroid hormone levels are
typically normal during pregnancy. It has been recognized in
recent years that vitamin D deficiency is an increasingly
common condition in healthy nonpregnant adults, particularly
in dark-skinned people. There is evidence that severe vitamin
D deficiency may cause rickets and affect fetal growth. A
better understanding of vitamin D requirements and vitamin
D levels in normal pregnant women taking usual amounts of
dietary calcium and vitamin D is needed. Although the dose
of dietary vitamin D necessary during pregnancy has not been
determined scientifically, it may be as much as 1000IU daily
or more.13,14 One concern is the possibility that increased
intake of vitamin D in association with the hypercalciuria that
often occurs in pregnancy may increase the frequency of
kidney stones during pregnancy, although the dose of vitamin
D necessary to elevate serum 25(OH)vitamin D levels and
cause hypercalciuria is likely to be much higher than this (see
the section on Vitamin D deficiency below).

Thyroid

Thyroid-binding globulin (TBG) levels increase during preg-
nancy as a result of increased estrogen levels, and lead to
increases in total thyroxine (T4) and total triiodothyroxine
(T3), but this increase in TBG does not affect free thyroid
hormone or thyroid-stimulating hormone (TSH) levels.
However, there is often a transient rise in free T4 (although
usually within the normal range) during the first trimester of
pregnancy associated with a mild decrease in TSH due to the
high circulating human chorionic gonadotropin (hCG) levels
(see section below on hCG). This requires different normal
ranges for TSH during each trimester of pregnancy. In some
cases, these changes may be more pronounced and may be
considered an abnormal change in thyroid function during
pregnancy rather than “normal.” This has been referred to as
gestational transient thyrotoxicosis. This syndrome may also
overlap with the transient thyrotoxicosis associated with
hyperemesis gravidarum (see section below on Thyrotoxico-
sis). In addition to changes in thyroid hormone levels, an
increase in thyroid size sometimes occurs during pregnancy,

Table 42.1 Mean concentrations of CRH, ACTH, cortisol, and urine free cortisol in pregnant and nonpregnant women.

Study group CRH (pg/mL) ACTH (pg/mL) Serum cortisol (µg/dL) Urine free cortisol (µg/24 h)

Nonpregnant < 41 1.3 ± 0.4 9.2 ± 4.0 29 ± 1
21–24 weeks’ gestation 158 ± 5 8.2 ± 1.8 15.4 ± 1.9 –
25–28 weeks’ gestation 315 ± 50 11.4 ± 0.9 23.7 ± 3.1 –
29–32 weeks’ gestation 705 ± 115 15.0 ± 0.9 31.9 ± 5.0 –
22–34 weeks’ gestation – – – 89 ± 14
33–36 weeks’ gestation 2060 ± 490 16.4 ± 3.2 36.7 ± 5.4 –
37–40 weeks’ gestation 4410 ± 893 13.2 ± 1.8 37.7 ± 4.0 –

Adapted from ref. 3.
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which may be related to a relative iodine deficiency (see section
below on Goiter).

Placental/fetal hormones affecting 
the maternal endocrine system

These hormones are discussed in more detail in other sections
of this book. Here, the emphasis will be on effects they may
have on the maternal endocrine system.

Human chorionic gonadotropin

hCG is a glycoprotein, a unique gonadotropin produced by
the syncytiotrophoblast of the placenta. It is an analog of
luteinizing hormone (LH) with the same alpha subunit but a
different beta subunit. Although its main function is mainte-
nance of the corpus luteum, the fetal testis is a target organ
for hCG. It is largely responsible for the early development of
the fetal testis and for testosterone production prior to fetal
LH control. The main effect of this hormone relevant to
maternal endocrine function is the well-documented thy-
rotropic effect which, in cases of trophoblastic disease, can
cause hyperthyroidism in the mother. Not only can hCG 
have a thyrotropic effect, but there is recent evidence that the
hCG molecule from women with trophoblastic diseases dis-
plays enhanced thyrotropic activity compared with that 
from normal pregnant women.15 This thyrotropic effect in
normal women causes a mild lowering of TSH early in preg-
nancy, recognized by most laboratories, which report lower
normal ranges of TSH during pregnancy. It is important that
this be recognized and taken into consideration when consid-
ering the diagnosis of hyperthyroidism in the mother, another
fairly common condition that is discussed in more detail
below.

Thyrotropin-releasing hormone

Thyrotropin-releasing hormone (TRH) is produced by the pla-
centa and enters the maternal and fetal circulation.16,17

However it seems to be more important in fetal thyroid func-
tion than in maternal thyroid function.

Human chorionic somatomammotropin 
(human placental lactogen)

Human chorionic somatomammotropin, also known as
human placental lactogen, is a polypeptide that has a struc-
ture very similar to that of human growth hormone. Its major
function is to provide the nutritional needs of the fetus during
pregnancy. The role of this hormone in pregnancy relates more
to its metabolic properties than to its somatotropic or lacto-
genic effects.17 Its major effect on the maternal endocrine
system relates to its effect on carbohydrate and fat meta-
bolism, playing a role in the shift of energy metabolism from

carbohydrate to fat during pregnancy. Despite these effects, it
probably does not play a major role in altering glucose and
insulin levels during pregnancy.

Placental growth hormone

There is a placental growth hormone variant synthesized by the
syncytiotrophoblast and secreted into the circulation during
pregnancy, the levels of which relate to fetal growth.17 This also
results in increased insulin-like growth factor (IGF)-1 levels
during pregnancy18 (see Fig. 42.3). Although there is a specific
antibody for measuring the placental growth hormone variant,
some commercial growth hormone assays may measure this
along with the maternal pituitary growth hormone. Thus, 
elevated growth hormone and IGF-1 levels may confuse the
diagnostic evaluation of a patient with a possible growth
hormone-secreting pituitary tumor during pregnancy.

Insulin-like growth factor

IGF-1 is a peptide that is important for fetal and placental
growth during pregnancy.18,19 It is bound by a family of
binding proteins. IGFBP-1, IGFBP-4, and perhaps others are
synthesized by the endometrium and placenta. They probably
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play an important part in the insulin–glucose homeostasis
system during pregnancy (see Chapter 5).

Endocrine disorders of pregnancy

There are a variety of endocrine disorders which, when asso-
ciated with pregnancy, have unique aspects of importance to
the mother, newborn, or both that may alter the usual diag-
nostic or therapeutic strategies.20 In some instances, the disease
is more likely to occur or may be worsened by the pregnancy;
in some, changes resulting from the pregnancy and/or the asso-
ciated alterations in metabolism influence the diagnostic eval-
uation; and, in some, the treatment strategy of the endocrine
disorder may require alterations to avoid detrimental effects
on the fetus.

Thyroid disorders

Thyroid disorders in pregnancy are relatively common in the
general population and are much more common than previ-
ously thought because of increased screening and the increased
sensitivity of current diagnostic techniques. Overt hypothy-
roidism and hyperthyroidism have clearly been shown to have
detrimental effects on the pregnancy and the fetus. It is more
difficult to establish the risk to the fetus of untreated mild
hypothyroidism or hyperthyroidism. Although there is no
clear consensus on thyroid screening of all pregnant women,21

thyroid disease is sufficiently common that all pregnant
women should be screened with a serum TSH antibody. This
is mainly to detect overt biochemical hypo- or hyperthy-
roidism that has been overlooked clinically. Some have rec-
ommended adding free T4 and thyroid thrombopoietin (TPO)
antibodies to the screen, but this should probably be reserved
for patients with an abnormal TSH level or a family history
of autoimmune thyroid disease. Several comprehensive
reviews of thyroid disorders in pregnancy have been pub-
lished.20–25 This review of thyroid diseases during pregnancy
will emphasize the practical management issues.

Goiter
Thyroid size has historically been said to increase in preg-
nancy. However, objective studies have shown that this only
occurs in the presence of iodine insufficiency.26 It seems that
marginal iodine insufficiency is enough of a stimulus to cause
thyroid enlargement during pregnancy, whereas a normal
iodine intake is adequate to maintain normal thyroid size.
Such an increase in thyroid size can be prevented by as little
as 100µg of supplemental dietary iodine daily, an amount
easily consumed by simply using iodized salt.

Thyrotoxicosis
The term thyrotoxicosis is used for an increased metabolic
state associated with excess thyroid hormone levels from any
source. Hyperthyroidism is the term reserved for thyrotoxico-

sis due to thyroid gland hyperfunction, i.e., Graves’ disease or
toxic nodular goiter. Although both thyroid hyperfunction
and hypofunction may be associated with infertility, these con-
ditions are not uncommonly seen in pregnancy.

Thyrotoxicosis is the most frequent thyroid disorder in the
pregnant patient and is the most difficult to evaluate and
manage. Being certain that one is dealing with hyperthy-
roidism as the cause of thyrotoxicosis may be difficult as per-
forming a radioactive iodine uptake is contraindicated in
pregnancy. Silent thyroiditis (postpartum thyroiditis) may
occur during late pregnancy and may cause transient thyro-
toxicosis. This may be difficult to differentiate from Graves’
hyperthyroidism, again, because a radioactive iodine uptake
cannot be done. If the patient is sufficiently symptomatic and
the diagnosis is not clear during pregnant, antithyroid drug
therapy may be instituted, which will be beneficial for Graves’
hyperthyroidism but not for the thyrotoxicosis due to silent
thyroiditis. Painful subacute thyroiditis is no more likely to
occur in the pregnant than in the nonpregnant state. This 
condition is recognized by the presence of an enlarged, painful,
tender thyroid gland, sometimes with fever, and may be asso-
ciated with transient thyrotoxicosis. It is generally self-limit-
ing and resolves in a few weeks. Another potentially difficult
differential diagnosis is the transient gestational thyrotoxico-
sis of hyperemesis gravidarum. In hyperemesis gravidarum,
biochemical thyrotoxicosis is commonly seen. Such patients
usually do not have supporting clinical features of thyrotoxi-
cosis, and free T4 and TSH generally return to normal by
15–20 weeks of gestation with free T4 preceding TSH in the
return to normal27 (Fig. 42.4).
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Even after hyperthyroidism is established as the probable
cause of thyrotoxicosis, management is complicated by the fact
that the antithyroid drugs propylthiouracil (PTU), methimazole
(MMI), and carbimazole cross into the fetal circulation readily
whereas thyroid hormone does so less readily. A unique study
in patients with thyroid hormone resistance has shown that
high maternal thyroid hormone levels per se are detrimental to
the fetus.28 Inadequate treatment of maternal hyperthyroidism
is associated with prematurity, low birthweight infants, small
for gestational age infants, and stillbirths. It is less certain
whether there is an increase in congenital malformations.
Uncontrolled maternal hyperthyroidism in the last trimester
may result in transient central hypothyroidism in the newborn,
presumably due to suppression of fetal TSH and impaired mat-
uration of the fetal hypothalamic–pituitary–thyroid system.29

Diagnosis requires a T4 as well as a TSH determination in the
newborn. The hypothyroidism may last for weeks to months
and may require treatment of the infant. On the other hand,
aggressive treatment of maternal thyrotoxicosis may cause fetal
goiter, fetal hypothyroidism, and the associated consequences
of either fetal loss or impaired intellectual development.

Radioactive iodine therapy is contraindicated in hyperthy-
roidism in the pregnant mother, although in the few reports
in which this was done inadvertently, the results were for the
most part not catastrophic.30,31 The greatest risk appears to be
if radioactive iodine is given late in the first trimester, at the
time of fetal thyroid development and high sensitivity to
radioactive iodine. Thus, surgical thyroidectomy or antithy-
roid drug therapy are the only two therapeutic options for
hyperthyroidism in pregnancy. The main indication for surgi-
cal thyroidectomy is the hyperthyroid patient who cannot tol-
erate thionamide therapy or whose hyperthyroidism cannot be
adequately controlled with thionamides. Thus, in the vast
majority of patients, therapy with a thionamide, either PTU
or MMI in the United States or carbimazole in Europe, has
become the preferred therapy.

In view of the risks of untreated or undertreated hyperthy-
roidism as well as overtreatment of hyperthyroidism, one must
always evaluate the risk/benefit ratio of treating maternal
hyperthyroidism on a case by case basis. In the newly diag-
nosed hyperthyroid woman, beta-blockers such as propra-
nolol are effective in controlling symptoms and signs of
hyperthyroidism in a short period of time and appear to be
safe. However, long-term treatment with beta-blockers, par-
ticularly during the third trimester is not recommended, as
there have been reports of neonatal morbidity and mortality
associated with such long-term use, although it is always dif-
ficult to know whether it is the beta-blocker therapy or the
underlying condition that might be responsible for any fetal
effects. In extremely severe maternal hyperthyroidism, short-
term therapy with stable iodine may be helpful and appears
to be safe. Chronic maternal iodine therapy may be associated
with fetal goiter or hypothyroidism.

Even though there are no well-controlled studies of various
treatment regimens using thionamides for hyperthyroidism in

the pregnant mother, the standard treatment recommendation
is to treat the mother with a thionamide. The dose should be
sufficient to keep the free T4 level in the upper normal or
mildly elevated range, which is usually accompanied by a low
or suppressed TSH. This approach balances minimizing the
risk of overt hyperthyroidism to fetal development and sur-
vival while at the same time avoiding the risk of excessive
thionamide therapy, which may affect fetal thyroid develop-
ment and function and fetal survival. PTU has traditionally
been preferred over MMI because PTU was thought to cross
the placenta less well and because of reports of cutis aplasia
and other possible congenital abnormalities in the infant
related to MMI therapy. However, a recent study has ques-
tioned the evidence for this advantage of PTU over the other
thionamides and has emphasized the importance of individu-
alization of the thionamide dose.32 As such a large experience
with successful outcomes has been developed using PTU, this
continues to be the main antithyroid drug used by most
endocrinologists treating hyperthyroidism in pregnancy. A
pregnant woman who has hyperthyroidism should be moni-
tored at 4- to 6-week intervals during the pregnancy.

As the third trimester approaches, one must be aware that
hyperthyroidism in the mother frequently improves, allowing
dose reduction or discontinuation of antithyroid drug therapy.
There is evidence that improvement is associated with a
decline in thyroid-stimulating antibodies and TSH-binding
inhibitory immunoglobulins during pregnancy.33 As sympto-
matic Graves’ hyperthyroidism commonly recurs in the post-
partum period, either continuation of low-dose antithyroid
therapy during the third trimester or careful frequent moni-
toring during the postpartum period with reinstitution of
antithyroid therapy as soon as biochemical hyperthyroidism
recurs may prevent clinically symptomatic hyperthyroidism
during this time.34

In addition, early in the third trimester is an appropriate
time to measure TSH receptor-stimulating antibodies and/or
thyroid-stimulating immunoglobulins in the mother.35,36

These antibodies cross the placenta and can produce transient
hyperthyroidism in the infant. It should be emphasized that
all women with a history of Graves’ disease, even if not hyper-
thyroid during the present pregnancy, may have these circu-
lating antibodies and should have them measured early in the
third trimester of the pregnancy. Transient hyperthyroidism in
the infant occurs in about 17% of patients with high levels of
thyroid-stimulating immunoglobulins,36 and the risk relates to
the antibody titer36 (Fig. 42.5). TSH receptor-blocking 
antibodies may also be present, which can lead to transient
fetal hypothyroidism. It is probably not necessary to 
measure blocking antibodies routinely, but one can obtain a
TSH level in the newborn, as is done routinely. Several 
recent studies have demonstrated the value of ultrasono-
graphic monitoring of fetal thyroid size during thionamide
therapy, which might be an indicator of either fetal Graves’
disease or fetal hypothyroidism.37 In one study, umbilical
blood sampling was done in patients with positive thyroid-
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stimulating or -blocking antibody levels for diagnosis of fetal
hyperthyroidism or hypothyroidism, treated with maternal
thionamide therapy in the former instance or T4 injection into
the amniotic sac in the latter case.38 Whether such an aggres-
sive approach is justifiable remains to be determined.

Regarding continued management during the postpartum
period, an advantage of PTU over MMI is that it appears to
be secreted in breast milk in lower concentrations. Daily doses
of PTU of up to 600mg have been shown to have no signifi-
cant affect on the infant’s thyroid hormone level.22 Current
evidence supports the view that breastfeeding with either of
the thionamides appears to be safe for the infant. Thus, PTU
can be continued or reinstituted during breastfeeding. In such
a case, it would always be reasonable to check the infant’s
TSH levels after several months to be absolutely certain that
fetal thyroid function has not been affected. Obtaining a
radioactive iodine uptake and administering radioactive iodine
therapy should be withheld until breastfeeding has been 
completed.

Hypothyroidism
Hypothyroidism is most commonly due to primary thyroid
gland failure resulting from radioactive iodine treatment 
of hyperthyroidism, surgical thyroidectomy, or idiopathic
primary hypothyroidism, often related to underlying
Hashimoto’s thyroiditis. Rarely, hypothyroidism may be due to
underlying pituitary disease. This is unlikely as patients with
pituitary hypothyroidism usually have pituitary hypogonadism
and are unlikely to achieve a pregnancy. Primary hypothy-
roidism may be diagnosed prior to pregnancy or may be first
diagnosed during pregnancy. Gestational hypothyroidism is
linked to fetal cognitive development and an increased rate of
fetal death. This relationship has been most clearly established
for severe hypothyroidism and, as one might expect, less well
established for mild hypothyroidism. Worldwide, iodine defi-

ciency is a common cause of hypothyroidism and may be more
common in Western societies than previously thought. It is
readily preventable by small supplemental doses of dietary
iodine.39 There is an increasing consensus that clinical and sub-
clinical maternal hypothyroidism requires early detection and
treatment.39 In addition to screening pregnant women with a
TSH antibody for the presence of primary hypothyroidism, any
woman on replacement L-thyroxine therapy should have their
TSH and free T4 levels monitored periodically during preg-
nancy as L-thyroxine requirements often increase during preg-
nancy. This has recently been carefully studied with the finding
that the average increase in T4 requirement in pregnant women
is nearly 50% during the first half of pregnancy.40 Therefore,
because of the known importance of maternal thyroid function
for normal fetal cognitive development, and the fact that
increased T4 requirements may occur as early as the fifth week
of pregnancy, it has been recommended that treatment be initi-
ated as soon as pregnancy is confirmed. Patients should be given
about a 30% increase in their thyroid hormone dose and then
be monitored and have their T4 dose adjusted as necessary.40

Postpartum thyroid disease
In the postpartum period (up to 1 year postpartum), one must
be sensitive to the possibility of silent thyroiditis (postpartum
thyroiditis), generally manifest as transient thyrotoxicosis,
sometimes followed by transient hypothyroidism.41 This may
easily be overlooked in the mother going through emotional
changes following pregnancy and the many responsibilities in
caring for a newborn. In the thyrotoxic phase, this can be con-
firmed by demonstrating high free T4 and free T3 levels with a
suppressed TSH level. If the mother is not breastfeeding, a low
radioactive iodine uptake may be helpful in making the diag-
nosis. This transient thyrotoxicosis may be followed by a tran-
sient phase of hypothyroidism in up to 40% of patients.
Recovery of normal thyroid function usually occurs (Fig. 42.6),

Thyrotoxicosis

Normal

0 2 4 6 8
Maternal thyroid-stimulating immunoglobulin (index units)

10 12 14 16

Figure 42.5 Maternal thyroid-
stimulating immunoglobulin values and
pregnancy outcomes in 35 pregnancies.
There are 29 data points in the bar with
normal outcomes. Solid figures of similar
shape represent different pregnancies
from the same mother. Reprinted from
ref. 36.
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although long-term follow-up of such patients indicates that
permanent hypothyroidism is common.42 Beta-blocker therapy
is appropriate during the hyperthyroid phase for the sympto-
matic patient.

Fetal thyroid disease
Fetal primary hypothyroidism is now usually detected through
fetal screening at birth. Transient fetal hyperthyroidism
usually occurs in conjunction with maternal Graves’ hyper-
thyroidism (see above). An excellent detailed review of this
topic is available.23

Pituitary disorders

Prolactinoma
The pituitary gland normally enlarges during pregnancy
owing to lactotroph hyperplasia.43 The most common poten-
tially serious therapeutic problem associated with pituitary
gland disorders and pregnancy is the coexistence of a pituitary
prolactin-producing tumor and pregnancy. This is being seen
with increasing frequency, as the diagnosis of a prolactinoma
is made during the evaluation of infertility in a woman with
amenorrhea and galactorrhea. An elevated serum prolactin
level leads to a pituitary magnetic resonance image (MRI),
which demonstrates a pituitary tumor, most commonly a
microadenoma (< 1cm) but occasionally a macroadenoma
(> 1cm). Although this can be a gratifying situation in which
infertility is very treatable, before therapy with a dopamine
agonist such as bromocryptine or cabergoline, the physician
should discuss the potential risks and benefits to the mother
and fetus of a pregnancy resulting from dopamine-induced fer-
tility. Such fertility is a result of lowering of the serum pro-
lactin, with cessation of galactorrhea and resumption of
menses. The physician is then faced with optimal management
of this woman during her pregnancy. A large experience from
a single center in patients with pregnancy and a coexisting pro-
lactinoma has been published.44

If a microprolactinoma was known to be present before the
pregnancy, there is a very small risk of significant tumor
growth requiring therapy during the pregnancy. Although it
appears that bromocryptine is likely to be safe when taken
during pregnancy, it is recommended that it be stopped as
soon as the pregnancy is recognized. In a recent review, only
1.4% of over 300 patients with microprolactinomas had
symptomatic tumor enlargement defined by headaches 
and/or visual field disturbance, and none required surgery.45

Any documented visual field disturbance or significant
increase in headaches would indicate the need for a follow-up
MRI during the pregnancy. Although some authors have 
indicated that there is no value in monitoring prolactin 
levels in such patients because of the normal rise in prolactin
during pregnancy (Fig. 42.1), it would seem reasonable to
monitor prolactin levels periodically. If a substantial rise in
serum prolactin occurs beyond that expected from the preg-
nancy, a follow-up MRI of the pituitary might be considered
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Figure 42.6 Clinical pattern of postpartum thyroid dysfunction in
three women studied weekly for 30 weeks postpartum. FT3, free T3;
FT4, free T4; RAIU, percent radioactive iodine uptake at 24h;
TPOAb, thyroid peroxidase antibodies. The top part of the figure
shows hormone levels from a patient with transient hyperthyroidism
developing 8–9 weeks postpartum; the middle part of the figure is
from a patient with transient hyperthyroidism developing
22–24 weeks postpartum; and the lower part of the figure is from a
patient developing modest transient hyperthyroidism followed by
severe transient hypothyroidism. Note the significant rise in anti-
TPO antibody. Reprinted from ref. 56.
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even in the absence of increasing headaches or visual field 
disturbance.

In the occasional patient with a macroprolactinoma diag-
nosed prior to pregnancy, most endocrinologists would advise
against any attempt at pregnancy until the tumor showed sub-
stantial regression following medical therapy or surgical resec-
tion. The problem with doing a surgical resection in such a
patient is that there is a significant risk of postoperative hypog-
onadotropic hypogonadism, making it much more difficult for
the woman to conceive. When a pregnancy occurs in a patient
with a diagnosed macroprolactinoma, one must undertake fre-
quent follow-up including regular visual field determinations
by a neuro-ophthalmologist and a follow-up MRI during the
pregnancy. The risk of significant symptomatic tumor enlarge-
ment during pregnancy is about 25%, and the risk seems to
be greater in patients with no prior therapy compared with
those with prior surgical or radiation therapy.45 There is little
information available on the incidence of tumor enlargement
following first shrinkage of the tumor with dopamine agonist
therapy followed by a pregnancy. In all patients with a present
or prior macroprolactinoma, one must weigh up the advan-
tages and disadvantages of discontinuing dopamine agonist
therapy against those of continuing or initiating dopamine
agonist therapy. The data available suggest that both
bromocryptine and cabergoline are safe when given during
pregnancy, although there are much less data available for use
throughout pregnancy compared with use of these drugs only
early in pregnancy. As there are more data available for
bromocryptine than for cabergoline, when the decision is
made to use dopamine agonist therapy, it is preferable to use
bromocryptine. One helpful point in making this decision is
the size of the tumor and the amount of suprasellar or lateral
extension of the tumor. If the tumor is less than 2 cm and not
overtly impinging on the optic apparatus, it would seem rea-
sonable to discontinue the dopamine agonist therapy, as in a
patient with a microprolactinoma, and observe carefully. On
the other hand, for a large tumor or one that is pressing on
the optic chiasm or invading the cavernous sinus, it would
seem reasonable to continue dopamine agonist therapy
throughout the pregnancy and follow carefully with visual
field determinations and MRI. If the tumor enlarges substan-
tially during pregnancy or visual field abnormalities occur, one
must be prepared to undertake surgical decompression of the
tumor.

Other pituitary tumors
Pituitary tumors other than prolactinomas have no particu-
larly association with pregnancy, but may coexist with preg-
nancy. This includes secretory and nonsecretory pituitary
tumors. Nonsecretory tumors are not commonly seen in preg-
nancy as the frequent hypopituitarism present in such patients
makes pregnancy unlikely. Secretory pituitary tumors such as
pituitary Cushing disease and acromegaly have occasionally
been seen in pregnancy, although the frequently associated
infertility makes this situation uncommon.44–46 These diseases

are not more likely to occur during pregnancy. However, they
each have special diagnostic problems, and great caution
should be exercised in making these diagnoses in a pregnant
patient.

Regarding acromegaly, the placental growth hormone
variant secreted into the circulation during pregnancy may not
be distinguished from the normal adult growth hormone in
clinical growth hormone assays and may give a falsely high
serum growth hormone level. Maternal IGF-1 levels also nor-
mally rise during pregnancy17 (Fig. 42.3). In the absence of
unequivocal dramatic clinical features, the diagnosis of
acromegaly or a growth hormone-secreting tumor should be
delayed until the postpartum period. If a patient with known
acromegaly becomes pregnant, there might be a greater
problem with hypertension and diabetes than in the
nonacromegalic patient. Therapeutically, as the potential fetal
effects of octreotide during pregnancy have not been clearly
established, and as bromocryptine is in general only modestly
effective, such patients are probably best left untreated until
the pregnancy is complete. The only major exception would
be an increase in tumor size during pregnancy with pressure
symptoms on the optic apparatus, making surgical therapy a
consideration during the pregnancy.

Regarding Cushing syndrome of any type, particularly pitu-
itary Cushing disease, once again it is best to delay biochem-
ical evaluation until the postpartum period. This is because,
as indicated above, urine free cortisol, plasma cortisol, and
ACTH levels normally increase during pregnancy (Table
42.1), making diagnostic studies difficult to interpret, includ-
ing dexamethasone suppressibility. The exception would be a
patient with dramatic catabolic features of Cushing syndrome
or a patient with ACTH-independent Cushing syndrome with
a low ACTH due to an adrenal tumor. If profound pituitary
Cushing disease is thought to be present, one should treat any
resulting hypertension or diabetes, deferring definitive therapy
until the postpartum period.

Hypopituitarism
Patients with partial hypopituitarism who become pregnant
should simply be monitored carefully. If they require cortisol
replacement due to ACTH deficiency, one might consider a
slightly higher replacement dose of 30mg of hydrocortisone
daily in divided doses rather than the usual 15–20mg daily as
cortisol levels typically increase during normal pregnancy.
Patients with diabetes insipidus may experience worsening of
their condition during pregnancy related to increased clear-
ance of arginine vasopressin by the increased levels of vaso-
pressinase known to exist in pregnancy.20 As desmopressin is
resistant to vasopressinase, this is probably the preferred
therapy in the rare case in which diabetes insipidus is present.

Lymphocytic hypophysitis
Lymphocytic hypophysitis is an uncommon inflammatory
autoimmune disorder of unknown etiology occurring with
increased frequency in the postpartum period or rarely in late
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pregnancy.47,48 It usually presents with symptoms of a mass
effect including headaches, visual field disturbances, and a
sellar/suprasellar mass visualized on MRI. Anterior pituitary
hormonal deficiencies and hyperprolactinemia occur in
approximately half of such patients. Diabetes insipidus is fre-
quently present. The main differential diagnosis is between an
inflammatory mass and a pituitary macroadenoma. The other
inflammatory disorders in the differential diagnosis include
granulomatous diseases, most commonly sarcoidosis. The
Tolusa–Hunt syndrome may also have similar MRI charac-
teristics, but is usually differentiated clinically by the presence
of orbital pain and cranial nerve palsies. There are certain
MRI characteristics suggestive of an inflammatory process. If
these MRI characteristics are present, the diagnosis is often
made clinically without histological confirmation. The pres-
ence of diabetes insipidus is supportive of the diagnosis of an
inflammatory etiology as this rarely occurs in patients with a
pituitary adenoma. Although a female preponderance is
described in patients diagnosed with lymphocytic hypophysi-
tis, this depends on the definitions used and the institutional
experience. In one center reporting 16 patients with primary
hypophysitis, 13 of whom had histological verification of the
diagnosis, half were male.49 In this series, two had had a recent
pregnancy and one occurred in late pregnancy. Lymphocytic
hypophysitis often improves spontaneously or responds to
glucocorticoid therapy, although persistent partial hypopitu-
itarism is common. Surgical therapy may be required because
of the mass effect, which at the same time provides tissue to
document the diagnosis. If one discovers a new symptomatic
pituitary mass during late pregnancy or in the postpartum
period, particularly if associated with diabetes insipidus, the
likelihood is that this is an inflammatory hypophysitis rather
than a pituitary macroadenoma.

Sheehan syndrome
Although Sheehan syndrome does not occur during pregnancy,
it is a complication of pregnancy. Sheehan syndrome is infarc-
tion of the pituitary gland postpartum, which was originally
described as resulting from hypotension following massive
bleeding at or around the time of delivery. Current informa-
tion indicates that, although it still usually occurs following
severe postpartum vaginal bleeding, it may occur in the
absence of massive bleeding, presumably secondary to
vasospasm, thrombosis, or vascular compression of the ante-
rior pituitary. The enlarged pituitary gland of pregnancy may
be more susceptible to such events. Typically, the key to diag-
nosis is the history of bleeding, the failure to lactate in the
postpartum period, and failure of the resumption of menses.
This syndrome may occasionally present similarly to pituitary
apoplexy. Most commonly, it is insidious in its presentation
and, although imaging may show an enlarged nonhemorrhagic
pituitary gland if the patient presents early, more commonly
imaging shows an empty sella by the time the diagnosis is
made. The newer as well as the older aspects of this disease
have been reviewed recently.50 Any patient with an obstetric

hemorrhage and prolonged hypotension following delivery
should have hormonal evaluation of possible hypopituitarism
and be treated with stress doses of steroids until cortisol levels
measured prior to treatment are available. If the diagnosis is
in question, the patient can gradually be tapered off steroids
after clinical improvement and undergo formal testing with a
metyrapone test as well as assessment of other pituitary
endorgan hormones.

Adrenal gland disorders

Congenital adrenal hyperplasia
Although pregnancy in a woman with congenital adrenal
hyperplasia is a matter that the obstetrician and endocrinolo-
gist do not deal with often, it presents some special issues,
namely that of prenatal diagnosis and possible early thera-
peutic intervention.51 The congenital adrenal hyperplasias are
a group of disorders involving enzymatic defects of adrenal
steroid biosynthesis usually inherited as a recessive trait. As
more than 95% of such patients who achieve pregnancy will
be those with the 21-hydroxylase deficiency, this is the only
disorder reviewed here. 21-Hydroxylase deficiency may be
either the salt-losing type or the classic virilizing type. Such
patients are typically managed with glucocorticoids in doses
adequate to maintain 17-hydroxyprogesterone, androstene-
dione, and testosterone levels in the normal or near normal
range. Although fertility is often decreased in such patients,
patients who are able to be well controlled biochemically and
those with milder disease often menstruate regularly and are
fertile. Monitoring the adequacy of steroid hormone therapy
during pregnancy is complicated by the fact that 17-hydroxy-
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progesterone levels rise substantially during normal pregnancy
(Fig. 42.7). Total testosterone levels rise, but free testosterone
levels are unchanged during gestation and may be used as a
guide to the adequacy of steroid hormone suppression.
Although many authors do not recommend a change in steroid
hormone doses during pregnancy in such patients, in view of
the normally increased cortisol levels during pregnancy, it
would seem reasonable to treat such patients with slightly
higher steroid doses, i.e., 30mg of hydrocortisone daily in
divided doses in contrast to the more usual 15–20mg daily in
adrenal insufficiency. There is insufficient data to provide
much information on pregnancy outcomes in such patients.

Prenatal diagnosis of 21-hydroxylase deficiency in the fetus
is now possible, raising possible therapeutic decisions and
ethical concerns. A detailed discussion of these issues is
beyond the scope of this chapter. However, such decisions
must be made after detailed counseling of the parents by
someone trained in genetic counseling, informing them of the
potential risks of the procedure, the probability of the fetus
being affected, and the risks and benefits of identifying an
affected fetus.51 Such counseling should take into considera-
tion the parents’ moral and religious values. Optimal treat-
ment to prevent virilization in the affected female fetus
requires administration of glucocorticoids, preferably dexam-
ethasone, prior to the seventh week of gestation followed by
chorionic villus sampling at 10 weeks.52 If genotyping demon-
strates that the fetus is a male or unaffected female, dexam-
ethasone is tapered and discontinued over a 1-week period.
Depending on the parents’ genetics, the chances of the fetus
being an affected female are fairly small. This results in the
unnecessary exposure of the majority of fetuses to dexam-
ethasone, which has an undetermined long-term effect. This
issue is currently under intensive study.52 An alternative
approach is to evaluate the fetal perineum and adrenal glands
by ultrasound as soon as possible and, if there appears to be
an affected female fetus, therapy can be started at that time.
Although this approach is probably much less effective than
earlier treatment, it may have some benefit.51

Endocrine hypertension in pregnancy

As hypertension in pregnancy is extremely common, the most
difficult decision is deciding when one should look for cor-
rectable causes of hypertension in the pregnant woman. This
is a decision that must be individualized and must be made by
the patient’s obstetrician. A detailed review of the endocrine
causes of hypertension in pregnancy is available.53 Some of the
most serious causes are discussed here in more detail.

Adrenal gland tumors
Although any adrenal gland tumor including benign secretory
or nonsecretory tumors of the adrenal cortex, adrenal cortical
carcinoma, or pheochromocytoma may occur or be diagnosed
during pregnancy, there is nothing to indicate that these occur
with an increased frequency in pregnancy. The main issue to

consider is whether such disorders require any special diagnos-
tic or therapeutic considerations because of the pregnancy.
Other than the biochemical diagnostic studies used to diagnose
an adrenal gland disorder, the only safe abdominal radiologic
studies to identify such a lesion are an MRI or ultrasound. In a
pregnant woman who is thought to have a benign nonsecretory
tumor of the adrenal gland, a definitive diagnosis should be
delayed until the postpartum period unless a very large tumor
is present and an adrenal carcinoma is suspected. In such a case,
intervention should be carried out with a laparoscopic adrena-
lectomy immediately unless the tumor is too large to approach
by this technique. An androgen-secreting tumor is unlikely
because of the usual associated infertility.

Primary hyperaldosteronism
In primary hyperaldosteronism, the primary diagnostic diffi-
culty relates to the fact that aldosterone levels rise during
normal pregnancy (Fig. 42.2). A suppressed renin level during
pregnancy, which does not normally occur, is a clue that
primary hyperaldosteronism might be present, but is insuffi-
cient to make the definitive diagnosis. Therefore, unless there
is a pressing clinical situation, definitive diagnostic procedures
should be delayed until the postpartum period. Spironolactone
is contraindicated as medical therapy. Hypokalemia is best
managed simply by potassium replacement. If the hyperten-
sion cannot be adequately controlled by other drugs that are
acceptable during pregnancy, and if the diagnosis seems clear,
consideration can be given to a laparoscopic adrenalectomy
during the second trimester.

ACTH-independent Cushing syndrome
In Cushing syndrome resulting from a cortisol-producing
adenoma, cortisol levels are of limited value for diagnosis as
they normally rise substantially during pregnancy (Table
42.1). However, a suppressed ACTH level may be of value.
As in primary hyperaldosteronism, most patients can simply
be followed through their pregnancy without specific treat-
ment, but with treatment of their hypertension. If they have
evidence of severe Cushing syndrome with catabolic features,
a laparascopic adrenalectomy may be performed during the
second trimester.

Pheochromocytoma
Although the presence of a pheochromocytoma during preg-
nancy is rare, proper diagnosis and management is vital. The
diagnosis of pheochromocytoma is usually not complicated by
the presence of the pregnancy because urine catecholamines,
metanephrines, and vanylmandelic acid (VMA) are generally
normal in the pregnant patient who is not unduly stressed.
The benefit of medical management in such a patient far out-
weighs the unknown possible risk to the fetus resulting from
the use of appropriate pharmacotherapy. The patient should
be treated with alpha blockade, using a drug such as phe-
noxybenzamine, and beta blockade as necessary. Timing of
adrenalectomy for this condition in pregnancy is controver-
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sial. If the patient is relatively stable, it is probably best to
delay resection of the pheochromocytoma until the fetus is
viable. However, if any threat to the mother’s health ensues,
surgical therapy should be undertaken at that time.

Renovascular hypertension
Although renovascular hypertension is not a primary
endocrine disorder, this may become a consideration in the
pregnant women with accelerated hypertension. Although
aldosterone and renin levels are of limited value because of
the increases that occur in normal pregnancy (Fig. 42.2), and
many of the usual diagnostic techniques such as nuclear med-
icine scans and angiography are contraindicated in pregnancy,
ultrasound Doppler blood flow of the renal arteries and MRI
may be helpful. Beta-blocker therapy is the preferred medical
therapy. If possible, definitive therapy of renal artery stenosis
with angioplasty or renal artery bypass should be delayed until
the postpartum period.

A pregnant woman, recently seen at our institution and
screened for renovascular hypertension with an ultrasound
during the second trimester, was found to have a 6 × 8-cm
adrenal tumor. Endocrine evaluation indicated that the tumor
was secreting cortisol, as demonstrated by a very high 24-h
urine free cortisol level of 1300µg/24h and a low plasma
ACTH level of 7pg/mL. It was possibly also secreting aldos-
terone, but this evaluation was complicated by the known
increase in aldosterone levels during pregnancy. A decision was
made for her to undergo an open adrenalectomy immediately
because of the size of the tumor and uncontrolled hypertension.
This was done near the end of the second trimester. The tumor
was an adrenal carcinoma. Unfortunately, intrauterine death of
the fetus occurred 1 month later at 27 weeks. The patient was
followed for the next 3 years with no signs of anatomical or bio-
chemical recurrence of her tumor and thus is one of the few
patients likely cured of an adrenal carcinoma because of early
diagnosis and immediate therapy.

Addison’s disease
If a patient with Addison’s disease becomes pregnant, manage-
ment should be the same as in the nonpregnant state except that
it may be best to use hydrocortisone doses at the higher end of
usual replacement therapy such as 30mg daily in divided doses
rather than the 15–20mg daily commonly used; this is because
of the increase in urine and plasma cortisol levels seen during
normal pregnancy. The dosage of mineralocorticoid therapy
may also decrease during pregnancy because of the secondary
hyperaldosteronism occurring with pregnancy.

Disorders of calcium metabolism

Vitamin D deficiency
As indicated above, vitamin D requirements during pregnancy
have not been clearly established. Nutritional rickets may 
be more common than previously thought.13 Even though
25(OH)vitamin D levels are typically normal during preg-

nancy, adequate vitamin D intake is likely important during
pregnancy, and may be even more important in the postpar-
tum period while the mother is nursing. A recent study has
indicated that mothers taking 2000–4000 IU of supplemental
vitamin D daily while nursing during the first few months after
birth do not develop high serum levels of 25(OH)vitamin D.
Furthermore, such doses are safe for both the mother and the
infant and increase the infant’s 25(OH)vitamin D levels to
25–30 ng/dL, ensuring an adequate nutritional status for both
mother and infant.14

Hyperparathyroidism
Hyperparathyroidism, a common endocrine disorder, may
occur coincidentally with pregnancy. As the mean age of
patients with primary hyperparathyroidism is substantially
older than the mean age of pregnancy, these two conditions do
not coincide frequently. However, primary hyperparathy-
roidism in pregnancy has not been reported as frequently as one
might expect. This may be due to masking of hypercalcemia by
the physiologic hypoalbuminemia that occurs with pregnancy
causing a lower than expected total calcium, although the
ionized calcium level accurately reflects the hypercalcemia.

When primary hyperparathyroidism occurs with pregnancy,
there may be more complications from the hyperparathy-
roidism than expected.54 An increased incidence of maternal
and fetal complications has been reported. Nephrolithiasis is
reported to occur in hyperparathyroidism associated with
pregnancy more frequently than in the nonpregnant state
because of the hypercalciuria that occurs in pregnancy. Pan-
creatitis is also reported to be a more common complication
during pregnancy than in the nonpregnant state. Regarding
fetal complications, the most common fetal complication is
neonatal hypocalcemia. This is presumably due to suppression
of the fetal parathyroid glands by the maternal hypercalcemia.
This can generally be managed successfully, although neona-
tal deaths have been reported.

Regarding management of the hyperparathyroidism, one
must weigh up the risks of uncontrolled hyperparathyroidism
against the benefits and risks of parathyroidectomy. Some
have recommended that, if the total serum calcium is less than
12mg/dL, attempts should be made at conservative manage-
ment with hydration and decreasing calcium intake.54 In
patients whose calcium is greater than 12mg/dL, parathy-
roidectomy should be considered. Intravenous pamidronate
therapy may be safe, but there are significant concerns about
potential effects on the fetus, and it should not be used unless
there is life-threatening hypercalcemia. As surgical parathy-
roidectomy in large numbers of patients using current stan-
dard techniques with ultrasound-guided localization and
intraoperative parathyroid hormone assays by an experienced
parathyroid surgeon have only been published in recent years
in the nonpregnant patient, this procedure will likely be shown
to be safely used with increasing frequency in the pregnant
patient undergoing surgery during pregnancy. The most
important decision if surgery is contemplated is to identify an
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experienced parathyroid surgeon. Preoperative sestamibi
parathyroid scans should probably not be done although they
may be safe.

Hypoparathyroidism
Patients with idiopathic or surgical hypoparathyroidism who
become pregnant should be managed just as if they were not
pregnant with sufficient doses of calcitriol and calcium to keep
the serum calcium in the low normal range.55 As total calcium
levels may be falsely low in pregnancy, monitoring the ionized
calcium is probably preferable during pregnancy if a reliable
ionized calcium assay is available.

Summary

In this chapter, the endocrine changes that occur during

normal pregnancy have been reviewed, emphasizing the
impact of these changes on the diagnosis and treatment of
various endocrine disorders in pregnancy. Substantial
increases in ACTH, cortisol, prolactin, renin, aldosterone, and
IGF-1 occur during normal pregnancy. These changes com-
plicate the diagnosis of Cushing syndrome, primary hyperal-
dosteronism, acromegaly, and pituitary prolactinoma. In
addition, the diagnosis and treatment of common thyroid dis-
orders occurring in pregnancy that present special problems
have been reviewed as well as treatment of pregnant women
with a pituitary prolactin-producing tumor. Other issues such
as dealing with the pregnant woman with congenital adrenal
hyperplasia have been discussed. It is hoped that this review
will make the physician better able to diagnose and treat the
pregnant woman with an endocrine disorder.

Key points

1 Lactrotroph hyperplasia causes pituitary size to
increase during pregnancy, and prolactin levels may rise
to values as high as > 10 times the upper limit of
normal for the nonpregnant state.

2 Corticotropin-releasing hormone derived from the
fetal–placental unit appears in the maternal circulation
at very high levels, causing maternal increases in
ACTH and true free cortisol levels.

3 Diagnosis of Cushing syndrome during pregnancy
should be made with caution.

4 Plasma osmolality decreases by about 10mOsm/kg,
and renin and aldosterone levels increase three- to
fourfold during normal pregnancy.

5 Diagnoses of abnormalities in salt and water
metabolism, i.e., hyperaldosteronism, are complicated
by the normal changes occurring during pregnancy.

6 Maternal vitamin D requirements during pregnancy
and lactation may be greater than previously 
thought.

7 Normal pregnancy causes a mild lowering of TSH
levels because of the thyrotropic effect of the high
chorionic gonadotropin levels.

8 Pregnancy-adjusted normal ranges for TSH should be
taken into consideration when diagnosing or managing
disorders of thyroid function during pregnancy.

9 A placental growth hormone variant is secreted during
normal pregnancy, which suppresses maternal pituitary
growth hormone and increases maternal IGF-1 levels.

10 Diagnosis of growth hormone deficiency or excess
during pregnancy must take into consideration the

effects of secretion of the placental growth hormone
variant.

11 As maternal hypothyroidism or hyperthyroidism may
have adverse fetal effects, pregnant women should have
their TSH level determined early in pregnancy.

12 Thyrotoxicosis during pregnancy due to Graves’
hyperthyroidism may be difficult to distinguish from
thyroiditis or hyperemesis gravidarum.

13 Hyperthyroidism during pregnancy should be treated
with antithyroid drugs in doses sufficient to achieve
adequate control of maternal hyperthyroidism without
causing fetal hypothyroidism.

14 Pregnant women with present or past Graves’ disease
should be screened during the early part of the third
trimester for TSH receptor antibodies to determine the
fetal risk for neonatal thyrotoxicosis.

15 Pregnant women being treated with L-thyroxine for
hypothyroidism should be monitored frequently during
pregnancy as a 30–50% increase in L-thyroxine
requirement is commonly seen.

16 Women with amenorrhea and galactorrhea may have a
pituitary prolactin-producing tumor, and fertility can be
restored by treatment with a dopamine agonist such as
bromocryptine.

17 Patients with a microprolactinoma who become
pregnant after taking a dopamine agonist should have
the dopamine agonist stopped as soon as they learn of
their pregnancy because the growth of the
microprolactinoma during pregnancy is very 
small.
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Pregnancy can complicate almost any gastrointestinal disease.
The pregnant woman may enter pregnancy with a gastroin-
testinal disorder, or it may develop during pregnancy. The
physiologic effects of pregnancy may cause gastrointestinal
disturbances such as nausea, vomiting, hyperemesis gravi-
darum, and esophageal reflux. Conversely, gastrointestinal
disorders such as ruptured appendix, gallbladder, and inflam-
matory bowel disease may affect the course of pregnancy. New
findings and diagnostic advances warrant revisiting key fea-
tures of acute nonobstetric abdominal pain in pregnancy.1 This
chapter discusses the various gastrointestinal diseases compli-
cating pregnancy and their effect on the fetus and mother.

Diseases within the 
gastrointestinal tract

Nausea, vomiting, and hyperemesis gravidarum

Nausea with or without vomiting is an especially common
symptom during early pregnancy and the most common gas-
trointestinal complaint. It usually occurs during the first
trimester of pregnancy and, by mid-second trimester, most
women no longer complain of these symptoms. It occurs in
approximately 60–80% of pregnancies. In its mildest form, it
is referred to as morning sickness, which is unpleasant and
distressing, both physically and psychologically, but requires
no particular therapy. Approximately 1–2 per 1000 pregnant
patients may experience some morning sickness throughout
their entire pregnancy. It is unknown why some patients expe-
rience no morning sickness and others are bothered by it all
the time.

The cause of nausea and vomiting during pregnancy is also
unknown. The smooth muscles of the stomach do relax during
pregnancy, and this physiologic change may play some role.
The role of human chorionic gonadotropin (hCG) has been
studied; however, a clear correlation between maternal serum
hCG levels and the severity of morning sickness has not 
been demonstrated.2 Patients with high levels of hCG, as in mul-

tiple gestation or hydatidiform moles, may or may not experi-
ence exaggerated nausea and vomiting throughout pregnancy.

The management of nausea and vomiting during pregnancy
is primarily supportive. Therapeutic regimens include reassur-
ance, physical and psychological support, frequent small
meals, the avoidance of foods that are unpleasant or that may
initiate symptoms, adequate hydration and fluid intake, and
selective, occasional use of antiemetics. There is no ideal
antiemetic currently available for the treatment of morning
sickness. Until 1983, Bendectin was available; this drug was
a combination of doxylamine succinate (10mg) and pyridox-
ine (10mg). Bendectin, which had been approved by the Food
and Drug Administration (FDA) for the treatment of nausea
and vomiting in pregnancy, was removed from the market by
the pharmaceutical company in 1983, primarily because of lit-
igation. There was no evidence that Bendectin was terato-
genic.3–7 When symptoms require treatment, both pyridoxine
and doxylamine are still available over the counter as Unisom
(25mg). Several studies have shown that pyridoxine alone
may be effective in treating patients with severe nausea and
vomiting in the hospital or as an outpatient.8,9 Antiemetic
therapy should be used when supportive measures are not
effective. Other antiemetics that have also been used success-
fully in the treatment of nausea and vomiting in pregnancy
include the phenothiazines, trimethobenzamide, metoclo-
pramide, and diphenhydramine.

Hyperemesis gravidarum is the abnormal condition of preg-
nancy associated with pernicious nausea and vomiting. Hyper-
emesis is both infrequent and uncommon. These patients
experience persistent intractable nausea and vomiting associ-
ated with weight loss, fluid and electrolyte imbalance,
ketonuria, and ketonemia. Electrolyte imbalance may include
decreased sodium, potassium, and chloride, and metabolic
alkalosis. The patient usually becomes clinically dehydrated
and may even develop jaundice, hyperpyrexia, and peripheral
neuritis. Recurrent hyperemesis gravidarum has caused recur-
rent first-trimester jaundice.10 Wernicke’s encephalopathy has
even been reported in patients with hyperemesis gravidarum.11

If the patient is not appropriately treated, there may be a
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failure of the mother and fetus to increase their weight. A
patient with hyperemesis gravidarum who has abnormal elec-
trolyte, renal, or liver test results should be promptly hospi-
talized for fluid management. Outpatient, hospital, or home
therapy consisting of intravenous fluid hydration with pyri-
doxine, 100mL/L, can be sufficient along with supportive
care. The management of hyperemesis in the home can be both
safe and efficacious.12 Furthermore, successful therapy can be
achieved at a significantly reduced cost. However, when the
patient’s condition does not improve, hospitalization with
appropriate electrolyte, caloric, and fluid management is nec-
essary, if not mandatory.

Refractory hyperemesis gravidarum has been successfully
treated with corticosteroid therapy. Corticosteroids are effective
in suppressing symptoms of intractable hyperemesis, decreasing
the length of hospitalization, and allowing normal maternal
nutrition. The exact mechanism of action of corticosteroids is
unclear. It has been assumed that they act directly on a vomiting
center in the brain. The safety of corticosteroid therapy early in
pregnancy has been established by its use in other disorders.
Corticosteroid therapy should be considered not as a first-line
therapy but when: (1) all other causes of vomiting have been
excluded; (2) vomiting has been prolonged and associated with
dehydration; (3) the risks and benefits of the treatment have
been clearly explained to the patient; and (4) intravenous fluid
replacement and conventional antiemetics have failed. Studies
have established the efficacy and safety of corticosteroid therapy
for refractory hyperemesis. Methylprednisolone in tapering
doses is the drug of choice. The use of droperidol and diphen-
hydramine in the management of hyperemesis gravidarum has
been reported but is now used infrequently.13 Levine and Esser14

have reported the safe and effective use of first-trimester total
parenteral nutrition in the management of hyperemesis gravi-
darum, which was initiated in the hospital and was continued
in the patient’s homes. Hsu and colleagues15 have reported that
enteral feeding via nasogastric tube seems to be effective as an
alternative for relieving intractable nausea and vomiting and
providing adequate nutrition support.

The role of psychosocial stressors, such as an undesired
pregnancy, in the etiology of nausea, vomiting, and hyper-
emesis gravidarum has been only partially studied. It is
believed that psychological factors contribute to excessive
nausea and vomiting during pregnancy. Several studies have
shown that these symptoms occur more frequently in women
with undesired pregnancies or negative relationships with their
mothers or partners.15,16

Although most patients with pernicious nausea and few
patients with hyperemesis gravidarum have transient hyper-
thyroidism,17 thyroid evaluation should be part of the workup
of these patients. Whether the hyperthyroidism is a cause of
hyperemesis or is present because of the condition is contro-
versial and a difficult differential diagnosis. Whether or not
antithyroid medication is necessary in the treatment of tran-
sient hyperthyroidism occurring in hyperemetic pregnancies
has in the past been controversial. However, Goodwin and

coworkers,18 in the largest series of hyperemesis subjects
studied prospectively with respect to thyroid function, show
that hyperthyroidism in these patients is common, self-limited,
and requires no therapy.

Most patients with hyperemesis gravidarum improve with
appropriate medical therapy. Maternal mortality is rare, but
has been reported when severe metabolic abnormalities go
untreated, esophageal tears (Mallory–Weiss syndrome) occur,
or hematemesis develops. Intrauterine fetal demise can also
occur in severe cases. The association of nausea and vomiting
in pregnancy with other pregnancy outcomes has been inves-
tigated by several authors. Women admitted on multiple 
occasions for hyperemesis had significantly lower birthweight
infants.19 Although nausea and vomiting in early pregnancy
may be a bothersome and a common symptom, there is no
consistent or significant effect from this gastrointestinal dis-
order on pregnancy outcome, good or bad.20

Oral cavity complications of pregnancy

Many pregnant women enter pregnancy with poor dental care.
They may not have seen a dentist since their own childhood.
Their teeth are in poor condition, and numerous cavities and
gingivitis are present owing to poor dental hygiene. They
should be urged to practice good oral hygiene and referred
and encouraged to see a dentist because dental care is not pro-
hibited during pregnancy. Pregnant women are no more sus-
ceptible to tooth decay than the nonpregnant patient. There
is no agreement that normal pregnancy causes a decreased or
increased incidence of caries. Rather, the worsening of dental
caries during pregnancy is due to poor dental hygiene. This
may not be true for the diabetic pregnancy where the preva-
lence of gingivitis is higher.21

The chemical and mineral composition of human teeth has
not been shown to be changed by pregnancy or lactation. Preg-
nancy does not cause gingivitis; it is caused by bacteria.22 The
increase in gingival vascularity can result in accentuated gin-
gival hyperplasia or enlargement, which is commonly referred
to as pregnancy gingivitis. The incidence of this common oral
condition during pregnancy is unknown, but it probably
occurs in at least one-half of pregnant women. Once the hor-
monal changes of pregnancy decline, the exaggerated gingivi-
tis due to pregnancy decreases. Pregnancy does not increase
the amount of oral calculus present on the teeth. When oral
hygiene is poor, calculus may, however, lead to mild, moder-
ate, or severe gingivitis and other periodontal disease. Bleed-
ing from the gingivae, a common complaint of pregnant
women, due to pregnancy gingivitis, requires no treatment.22

Gingivitis due to poor dentition and hygiene is treated by good
cleaning of the teeth and by meticulous dental care. There is
no basis for delaying dental care during pregnancy, and
patients who require treatment should obtain it promptly. Pre-
natal care should, but frequently does not, include a good
examination of the teeth by a dentist who may then consult
with the obstetrician about the best treatment plan.
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Pregnancy tumor is a granuloma that forms as a result of
exaggerated gingival enlargement during pregnancy.23 It
appears as a localized enlargement of the hyperplastic gingi-
vae or pedunculated growth. Pregnancy tumors are pyogenic
granulomas because they result from nonspecific inflammatory
gingivitis secondary to poor oral hygiene, associated with
deposits of plaque and calculus on the teeth. The poor teeth
and gums adjacent to these lesions are responsible for the local
irritation resulting in the pregnancy tumor. These predispos-
ing inflammatory factors, along with the hormonal effects of
pregnancy on the gingival tissues, predispose to the develop-
ment of pregnancy tumors. They occur in approximately
1–5% of pregnant women. The tumors are typically painless,
pedunculated, lobulated, red owing to their vascularity, and
soft with a smooth surface. Consultation with a dentist is 
indicated. The treatment for pregnancy tumor is complete 
surgical excision.22 The adjacent teeth should be cleaned
aggressively to remove debris, plaque, and calculus. If the
tumor is not completely removed, it may recur, and recurrence
during a future pregnancy is not uncommon.

The treatment of dental problems associated with preg-
nancy is rarely contraindicated and, when several guidelines
are used, may be performed safely.24 If the treatment is neces-
sary but elective, it is best delayed until the second trimester,
when there is the least risk of teratogenesis. Emergency treat-
ment should be obtained whenever indicated. Fillings, extrac-
tions, and crowns can be safely performed during pregnancy.
The supine hypotensive syndrome, which occurs most fre-
quently during the third trimester, can be avoided by keeping
the patient turned toward her side while she is in the dental
chair.

Radiographs, which are often necessary to establish a
proper dental diagnosis, may be taken safely during any stage
of pregnancy. The maternal abdomen should be shielded with
a lead apron. Using fast X-ray film, the exposure time is min-
imized. There is no harm to the fetus when dental radiographs
are taken with the necessary precautions, good techniques,
and today’s modern equipment.25 Dental procedures may
cause pain. Efforts should be made by the dentist to reduce
the pain and stress of the treatment. Although the dentist may
be concerned, a local or topical anesthetic is usually recom-
mended and is safe for both mother and fetus. The smallest
amount necessary to achieve satisfactory anesthesia should be
used. When incorporated with a vasoconstrictor such as epi-
nephrine, the anesthetic’s effect is prolonged, blood loss
decreased, and the dosage of anesthesia is minimized. Lido-
caine and mepivacaine combined with epinephrine have
become the local anesthetics of choice for dental work during
pregnancy. Low doses of intravenous medications may be
used, but should be titrated to an acceptable level before
administering the local anesthesia.24 Inhalation or general
anesthesia should be reserved for those patients who are hos-
pitalized and require extensive dental surgery. The anesthesia
should be administered by an anesthetist or anesthesiologist
who is familiar with the risks of the procedure.26 It is best,

whenever possible, to avoid the use of an inhalational anes-
thetic for dental procedures during pregnancy. Laboring
patients with oral jewelry should remove the hardware before
receiving anesthesia for safety reasons.27

Most dental procedures require no antibiotics. When antibi-
otics are necessary, tetracycline should not be given to the
pregnant woman.28 Penicillin, frequently used by the dentist
for treatment or prophylaxis therapy, is safe to use during
pregnancy and would be the drug of choice.28 There is now
evidence that maternal periodontal disease and incident pro-
gression are significant contributors to obstetric risk for
preterm delivery.29

Reflux esophagitis

The esophagus is a fibromuscular tube that connects the oral
pharynx and the stomach. It is predominantly an interthoracic
organ, although a small portion of the esophagus is located
beneath the diaphragm. The function of the esophagus is to
move food from the oral pharynx to the stomach. The esoph-
agus also prevents or helps to prevent the movement of air
from the oral pharynx to the stomach and the movement of
food from the stomach into the oral pharynx, called gastroe-
sophageal reflux. Peristalsis carries food into the stomach. At
the distal end of the esophagus is the lower esophageal sphinc-
ter, consisting of circular muscle fibers approximately 2cm in
length. Normally, the lower esophageal sphincter is in a state
of tonic contraction, thus preventing gastroesophageal reflux.
Heartburn is really a symptom of reflux esophagitis. Heart-
burn is a common, bothersome complaint during pregnancy
and occurs in as many as 70% of pregnant patients. A quarter
of pregnant patients experience some degree of heartburn
daily.30 The symptoms of heartburn include burning and sub-
sternal discomfort radiating to the back of the neck. Heart-
burn is usually more severe after meals and is aggravated by
recumbent positions. The pain is not limited to substernal dis-
comfort, but may also be epigastric, between the shoulders or,
rarely, generalized chest pain. Usually, the symptoms of reflux
esophagitis occur in the last trimester, but they can occur at
any time during pregnancy.31 They subside after 36 weeks of
gestation and improve, as expected, postpartum with the
decrease in the size of the uterus.

The exact cause of heartburn and reflux esophagitis of preg-
nancy remains unknown and controversial.30 It probably
occurs as a result of some degree of gastroesophageal reflux
favored by the decreased gastric emptying time during preg-
nancy and by the increased intra-abdominal pressure created
by the enlarged uterus. The differential diagnosis of
esophageal reflux includes cardiac symptoms, peptic ulcer
disease, and hiatal hernia. Treatment of reflux esophagitis
during pregnancy consists primarily of neutralizing the acid
material that is being refluxed into the esophagus, thereby
decreasing gastroesophageal reflux.31,32 Symptomatic strate-
gies include dietary modification. Foods and drinks such as
chocolate, caffeine, peppermint, and alcohol may actually
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decrease the lower esophageal sphincter pressure. Fatty or
spicy foods aggravate the symptoms and are to be avoided.
The avoidance of recumbency, particularly immediately after
eating a meal, is likewise to be avoided. Elevation of the head
of the bed while reclining may provide symptomatic relief. A
variety of antacids have been prescribed for heartburn. All
these over-the-counter preparations neutralize gastric acid,
which is responsible for the symptoms. In the nonpregnant
patient, the lower esophageal sphincter pressure has been ele-
vated with a variety of medications, including metoclo-
pramide.33 The use of this and similar drugs, although safe,
should be avoided except in severe cases. The histamine H2
receptor antagonists and/or the proton pump inhibitors can
also be prescribed for severe and persistent symptoms.30 Pro-
longed esophageal reflux can result in complications such as
peptic esophageal stricture, hemorrhagic esophagitis, gas-
trointestinal bleeding, and hemorrhage. Ulceration of the
esophageal mucosa can also occur with significant bleeding.
The symptoms of reflux esophagitis can be so severe or diffi-
cult to treat that esophagoscopy, parenteral hyperalimenta-
tion, and parenteral nutrition are necessary.30 These
procedures may be performed safely, when necessary, during
pregnancy for this and other gastrointestinal diseases compli-
cating pregnancy.

Peptic ulcer disease

An ulcer is a defect that occurs in the gastrointestinal mucosa
and extends through the muscularis mucosa. The stomach,
pylorus, or duodenum are the usual sites for ulcers. However,
they may occur in the esophagus as a result of gastroe-
sophageal reflux. Benign ulcers of the upper gastrointestinal
tract are caused by a number of factors including the action
of hydrochloric acid and pepsin on the gastrointestinal
mucosa.34,35 Because of the action of acid and pepsin, these
defects are called peptic ulcers. Factors known to play a role
in the development of peptic ulcer are infections of the
stomach and nonsteroidal inflammatory drugs.34 Ulcerations
of the stomach affect both sexes equally and are less common
than duodenal ulcer disease, which is twice as common in men
as in women.34 The development of peptic ulcer disease during
pregnancy is uncommon and rare. Patients who have peptic
ulcers before pregnancy frequently experience fewer symp-
toms during pregnancy and may even become totally asymp-
tomatic. This is the primary reason why complications of ulcer
disease, such as perforation, bleeding, and pyloric stenosis, are
quite rare during pregnancy. The exact cause of the decrease
in symptoms remains unknown. There was a recurrence in
50% of the patients by 3 months and in 75% of patients by
6 months after delivery. There are no conclusive studies
regarding gastric acid secretion changes during pregnancy.
Studies to date have shown conflicting data, with some
showing no change and others a slight decrease in gastric acid
secretion.35

The symptoms of peptic ulcer disease are quite similar to

those of reflux esophagitis.30 The diagnosis during pregnancy
may therefore be delayed. The most common symptom of
peptic ulcer disease is complaints of heartburn or dyspepsia.
The patient may experience nausea and vomiting, which is a
common complaint of pregnancy. She may also have anorexia,
bloating, or epigastric pain and discomfort. Patients with duo-
denal ulcer disease more frequently have epigastric pain than
those with gastric ulcers. There are no typical physical find-
ings. When presenting to her obstetrician, the patient may
already have taken antacids and found that they may have
helped her symptoms. Peptic ulcer disease is diagnosed by the
visualization of the ulcer by radiography or endoscopy.
Although the upper gastrointestinal series is sometimes used
to diagnose peptic ulcer disease in a nonpregnant patient,
esophagoscopy when necessary should be used in the pregnant
patient. This is usually not necessary except in the patient who
has symptoms that do not respond to antacids. However,
patients with persistent and serious gastrointestinal signs 
and symptoms from peptic ulcer disease or other disorders
may require endoscopy during pregnancy. Gastro-
intestinal endoscopy, both esophagogastroduodenoscopy and
colonoscopy, has been used safely in the diagnosis and treat-
ment of pregnant patients. Not only may the procedure be
useful, but it may be necessary in making an accurate and early
diagnosis.34

Complications of peptic ulcer disease rarely occur during
pregnancy, because in most cases the disease does not worsen.
Complications that can occur include perforation, hemorrhage
or other bleeding, pyloric stenosis, and gastrointestinal
obstruction.34 When serious complications occur, they should
be managed as in the nonpregnant patient. By doing so, there
is less maternal and fetal mortality. There is disagreement in
the literature as to whether or not a Cesarean section should
be performed at the time of an emergency gastric resection.
The decision to perform a Cesarean section would depend on
the gestational age of the fetus. The experience of most clini-
cians is not to perform an emergency Cesarean before the
peptic ulcer surgery. Patients who have had previous peptic
ulcer disease surgery are at no increased risk for complications
during future pregnancies.35

Lewis and Weingold7 have extensively reviewed the use of
gastrointestinal drugs during pregnancy and lactation. The
treatment of peptic ulcer disease consists primarily of the use
of antacids, which are safe to use during pregnancy.7,36 The
usual recommended dose is 15–30mL 1–3h after meals and
at bedtime. Antacids neutralize acid that has been secreted by
the gastrointestinal lining. In most cases, antacids improve
symptoms. A combination of magnesium trisilicate and alu-
minum hydroxide is found in most antacid preparations.
Sodium bicarbonate should not be used as an antacid during
pregnancy, because it can lead to the absorption of large
amounts of sodium. Sucralfate is a mucosal-protective alu-
minum hydroxide salt that has been used in the nonpregnant
patient to enhance mucosal defense. Some investigators have
suggested that sucralfate forms a shield over the ulcer crater.
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There has been no adverse fetal or maternal effect of this drug
when used during pregnancy.7,36

Patients with peptic ulcer disease should avoid a diet of
foods that cause discomfort. Some authorities suggest that
milk, which is frequently included in the diet of the pregnant
patient, stimulates acid secretion and should be taken in mod-
eration. Other dietary modification is not necessary, although
bedtime snacks are to be avoided. Smoking, which should be
avoided in both pregnant and nonpregnant woman, and
alcohol should certainly be eliminated from the diets of 
these patients. Patients who are smokers and have a previous
history of peptic ulcer disease are at highest risk for 
ulcer disease during pregnancy.34 Aspirin and the nonsteroidal
and inflammatory drugs such as indomethacin, which is used
for tocolysis, can produce gastric irritation and, with pro-
longed use, gastric and duodenal ulcers; their use should be
avoided in patients with active or a history of peptic ulcer
disease.32,34

Histamine H2 blockers such as cimetidine, famotidine, 
nizatidine, ranitidine, and others are second-line therapy for
peptic ulcer disease. They do cross the placenta, but no 
teratogenic risk has been detected from their use during the
first trimester.30,35 H2 receptors are located on parietal cells of
the gastrointestinal lining. Their stimulation results in the pro-
duction of histamine. H2 receptor antagonists decrease the
production of histamine. Histamine H2 blockers are a main-
stay in the medical therapy of peptic ulcer disease. There are
several concerns about the use of cimetidine during pregnancy.
It is an antiandrogen and has produced gynecomastia and
impotence in a small number of male animals and male
users.30,35 Its effect on the H2 receptors in the uterine
myometrium has not been well studied, but no adverse effect
on uterine activity has been reported. Cimetidine does cross
the placenta. No teratogenicity has been linked to the use of
cimetidine during pregnancy.7,36 However, its use is and should
be reserved for those patients who have symptoms refractory
to antacid therapy. There are no data to support the discon-
tinuation of cimetidine during pregnancy in patients pre-
scribed it before conception.

Ranitidine, famotidine, and nizatidine are other H2 
receptor antagonists that have been used for ulcer therapy
during pregnancy without maternal or neonatal com-
plications.30,35 The newest antisecretory agents are the 
proton pump inhibitors omeprazole, lansoprazole, esomepra-
zole, pantoprazole, and rabeprazole. These drugs suppress
gastric acid secretion by a direct inhibitory effect on the 
gastric parietal cell. They are potent agents that promote 
faster healing of peptic ulcers. The use of these drugs 
during pregnancy has been limited.30,35 The use of proton
pump inhibitors during pregnancy does not present a 
teratogenic risk when used in recommended doses. Increased
maternal or fetal morbidity is not caused by peptic ulcer
disease.

Acute intestinal obstruction

Intestinal obstruction is a serious complication of pregnancy
that is occurring with increasing frequency. The incidence is
approximately 1 in 2500 to 1 in 3500 pregnancies.37 There has
been an increasing incidence because of the increasing number
of abdominal surgeries performed on women. Matthews and
Mitchell38 noted three time periods during pregnancy when
obstruction is likely to occur: (1) during the fourth and fifth
months, when the enlarging uterus is no longer a pelvic organ;
(2) during the eighth and ninth months, when the fetal head
descends into the pelvis; and (3) during the puerperium, when
there is a marked change in the size of the uterus. Acute intes-
tinal obstruction is most common in the third trimester, less
common in the second, and least likely in the first trimester.39,40

The most common cause of intestinal obstruction in the
pregnant and nonpregnant woman is adhesions.37,39 More
than half of intestinal obstructions are secondary to adhesions
that are usually, but not always, due to prior abdominal
surgery. Previous laparotomy for appendectomy or gyneco-
logic surgery is the most frequent preceding operation.37,40

Intussusception and hernias are less common causes of intes-
tinal obstruction during pregnancy.39

Volvulus usually involves the sigmoid colon rather than the
small intestine or cecum and is the second most common cause
of intestinal obstruction during pregnancy.40 Sigmoid volvulus
is usually treated by surgery. Goldthorp41 determined that
80% of intestinal obstruction cases caused by past appendec-
tomy adhesions occurred during the first pregnancy after the
operation. Spontaneous small bowel obstruction associated
with a spontaneous triplet gestation has been reported by
Ludmir and co-workers. Their patient had no predisposing
factors, a delayed diagnosis, delivered preterm, and required
surgery to alleviate the obstruction. The authors emphasized
the importance of considering the diagnosis of intestinal
obstruction when nausea, vomiting, and an overdistended
abdomen occur during pregnancy.

The diagnosis of intestinal obstruction in pregnancy is not
easy.39,40,42 As with appendicitis, delay in diagnosis is not
uncommon. This can result in perforated or strangulated
bowel, preterm labor, and increased maternal and fetal mor-
tality. The classic triad of presenting symptoms in intestinal
obstruction is abdominal pain, vomiting, and constipation. All
these are common symptoms during normal pregnancy. The
physician must have a high index of suspicion for the presence
of acute intestinal obstruction. Pain, although usually present,
may be constant, colicky, mild, severe, diffuse, or localized.
Preterm labor or increased uterine contractions may be
present. Physical examination may or may not reveal guard-
ing or rebound tenderness. Abdominal distention can easily be
missed in late pregnancy because of the normally large uterus
and abdomen. When present, it usually indicates large bowel
rather than small bowel obstruction. Bowel sounds may be
normal, absent, or high pitched with rushes. Physical exami-
nation, however, can be completely nondiagnostic. The white
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blood cell count is usually not helpful because it is normally
elevated in pregnancy. If there is considerable delay in diag-
nosis and the patient is not appropriately treated, then third
spacing of fluids occurs. This results in dehydration, elec-
trolyte imbalance, hypotension, oliguria, fever, tachycardia
and, eventually, shock and death.

Diagnosis, once expected clinically, can be made by limited
radiographic studies showing bowel distention, intraluminal
fluid levels, and decreased gas in the large bowel.39,40 The
concern of obtaining radiographic studies during pregnancy
should be tempered by the increased maternal and fetal mor-
tality associated with delayed or misdiagnosis. Radiographic
or serial studies showing dilated, gas-filled loops of bowel with
air–fluid levels is diagnostic.

Treatment of intestinal obstruction during pregnancy is the
same as in the nonpregnant patient.42,43 Exploratory laparo-
tomy is the treatment of choice. Before surgery, close atten-
tion must be paid to correction of fluid and electrolyte
imbalance, maintenance of adequate urinary output, adminis-
tration of blood and blood products, and fetal monitoring.
Antibiotics may be indicated. A vertical abdominal incision
should be made to provide adequate exposure. Care should
be taken by the operating surgeon to avoid manipulating,
touching, or tugging on the pregnant uterus, because this
could result in preterm labor. If labor occurs while the patient
is in surgery, tocolysis should be initiated. The prophylactic
use of tocolytic therapy before, during, or after surgery has
not been proven and remains debatable.37 When surgery
occurs at term, a well-repaired abdominal incision will 
tolerate labor without difficulty. At the time of surgery, a
Cesarean section should be performed only for obstetric
reasons and not because the abdomen is open. Vaginal deliv-
ery can occur without difficulty following abdominal surgery.
There do not appear to be many, if any, clinical indications
for the use of a long intestinal tube rather than surgery to treat
obstruction.

Maternal and fetal mortality from undiagnosed cases of
intestinal obstruction have decreased over the years.37,38

Because this is a disease of the third trimester, preterm labor
and neonatal death can cause significant fetal mortality.39 This
should be reduced with early diagnosis and aggressive opera-
tive treatment. It is good, therefore, for the clinician to remem-
ber that an abdominal scar on a pregnant woman with
abdominal pain should raise the suspicion of acute intestinal
obstruction.38,42

Inflammatory bowel disease

The term inflammatory bowel disease refers to a group of
idiopathic chronic inflammatory diseases of the intestinal
tract.44,45 The two most commonly seen during pregnancy are
ulcerative colitis and Crohn’s disease, also called regional
enteritis. Both these disorders are not uncommon in women
during their reproductive years and are frequently seen either
before or during pregnancy.34,44–48

The pathologic features of these two diseases distinguish
and differentiate them.34,44 Ulcerative colitis is an inflamma-
tory ulcerative pathologic process involving the mucosal lining
of the colon and/or rectum. It is characteristically not trans-
mural. A typical biopsy of ulcerative colitis lesions shows
diffuse mucosal ulceration and a chronic inflammatory
response consisting of polymorphonuclear cells, lymphocytes,
and plasma cells. There may be abscesses of the mucosa. The
mucosal lining is edematous and replaced by a chronic inflam-
matory infiltrate. As this chronic process continues over time,
the bowel may become thickened. Areas of stricture, fibrosis,
and stenosis develop. Intestinal obstruction and toxic dilation
of the colon with resultant perforation can complicate ulcer-
ative colitis.49

Crohn’s disease, on the other hand, is an inflammatory
disease that may involve any area of the gastrointestinal tract,
but the distal small intestine, colon, and anal rectal regions
are most often affected. The pathologic process is transmural,
and the granulomatous enteritis involves all layers of the
bowel, mesentery, and lymph nodes. The inflammatory
process consists primarily of plasma cells and lymphocytes.
The bowel that is affected is edematous, thickened, hyperemic
and ulcerated. There may be adhesions of the involved portion
with other loops of intestine. Intestinal obstruction, perfora-
tion, and fistula formation between loops of bowel can result.
The nearby mesentery lymphadenopathy is present. The
chronic inflammatory process is more granulomatous than in
ulcerative colitis. Granulomas, multinucleated giant cells, and
chronic ulcerations may be present. Skipped areas are
common and characteristically found in removed bowel
affected by regional enteritis. These are unaffected areas of the
bowel located next to diseased areas.

These two disorders share a common cause, clinical find-
ings, and management.34,44 Ulcerative colitis and Crohn’s
disease may be so similar clinically that a specific diagnosis of
the type of inflammatory disease present cannot be made.
They can be characterized as chronic disorders that go through
periods of quiescence and exacerbation, making differentia-
tion even more difficult.

The effect of inflammatory bowel disease on fertility has
been studied by several authors. Most reports show that ulcer-
ative colitis does not affect or alter female fertility.45,50 Numer-
ous reports have shown and there is general agreement that
fertility is decreased in patients with Crohn’s disease.45 This is
probably due to the chronic pelvic adhesions that occur as a
result of the inflammatory process. The activity of the disease
process also affects fertility. Although it is decreased during
exacerbations, there is also a decrease in fertility when the
disease is quiescent. Improved and reduced fertility after the
removal of intestine affected by regional enteritis has been
reported.45

Ulcerative colitis and regional enteritis can affect pregnancy.
The earliest and most extensive report is by Abramson et al.,51

who reviewed the effect of ulcerative colitis on pregnancy. This
report suggests that the best prognosis for pregnancy is in
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those patients who had inactive disease at the time of con-
ception or whose active disease is limited to early pregnancy.
In general, a good prognosis can be expected, and ulcerative
colitis does not adversely affect fetal outcome. Brostrom52 has
suggested that pregnancy, if planned, should be encouraged
when the patient is in remission, although the disease or its
standard treatment does not seem to dangerously affect the
patient, fetus, or the newborn infant. The more inactive the
disease at the time of conception, the better the prognosis for
a more favorable pregnancy outcome.53

The effect of Crohn’s disease on pregnancy is similar.
Numerous investigators have concluded that there is little or
no decrease in the live birth rate.45,48 Adverse pregnancy
outcome, as reflected by prematurity, stillbirths, spontaneous
abortion, or congenital anomalies, does not appear to be
increased. The route of delivery may be affected by inflam-
matory bowel disease. Cesarean section has been recom-
mended if severe perineal fistulas or scarring, which can occur
as a complication of Crohn’s disease, are present. Patients who
have recently had a proctocolectomy to promote healing of
perineal disease should also be delivered by Cesarean section.
However, in a small study by Rogers and Katz54 of 17 women
whose pregnancies were complicated by Crohn’s disease, the
mode of delivery was not protective against worsening per-
ineal disease. Active disease at the onset of pregnancy tends
to remain active, and quiescent disease tends to remain quies-
cent.54 Cesarean section is not indicated in patients simply
because they have had successful restorative surgery for
inflammatory bowel disease. However, the full clinical picture,
including gestational and fetal age, should be assessed.45

The clinical manifestations of inflammatory bowel disease
depend on the area of the gastrointestinal tract involved.34,44

Some symptoms occur with both diseases or are more
common with one or the other. Symptoms occurring with both
these diseases may include soft stools, rectal bleeding, diar-
rhea, abdominal pain, weight loss, and urgency of defecation.
Rectal bleeding is more common in ulcerative colitis. Abdom-
inal pain, diarrhea, weight loss, fever, and rectal bleeding are
the most frequent symptoms occurring in ulcerative colitis.
The symptoms of Crohn’s disease are most frequently episodic
abdominal pain, fever, diarrhea, and weight loss. Perineal fis-
tulas and scarring are more commonly present with regional
enteritis and occur in one-third to one-half of the patients with
this disease.

The clinical features and presentations of these two dis-
orders can be quite similar, requiring sigmoidoscopy,
colonoscopy, radiography, and histologic examination of a
biopsy to tell the difference.34,44 The endoscopic techniques are
safe during pregnancy and have replaced radiography in
making a diagnosis.55,56 Extraintestinal manifestations of the
inflammatory bowel diseases occur in both the pregnant and
the nonpregnant patient.34,44,47 These include nutritional and
metabolic abnormalities, hematologic abnormalities, skin and
mucous membrane lesions, arthritis, and eye and renal com-
plications. Hepatic and biliary complications can also occur

with the development of sclerosing cholangitis and gallstones.
Systemic complications and manifestations have been reported
to occur all over the body.44 Local complications requiring sur-
gical and gastroenterologic intervention can occur, depending
on the severity of the disease. These complications include
stricture, stenosis, bleeding, malignancy, abscess formation,
perforation, fistulas, and perineal problems.

There is little evidence to suggest that pregnancy has an effect
on inflammatory bowel disease. The clinical course of ulcera-
tive colitis can be worsened when pregnancy occurs when the
disease is active. The risk of exacerbation of ulcerative colitis in
pregnant patients is approximately 50%, not dissimilar from
that in the nonpregnant patient. One-third of patients who con-
ceive while their colitis is inactive have an exacerbation during
their pregnancy. The worst prognosis for the pregnant woman,
according to Nielsen and colleagues,57 occurs when the patient
develops ulcerative colitis for the first time during pregnancy.
The maternal mortality rate under those circumstances was
15%. Pregnancy should therefore be avoided if possible while
the disease is active; one-third of pregnant patients experience
worsening of their disease, and less than a half show remission
or improvement. Pregnancy has little or no effect on Crohn’s
disease, and the overall maternal prognosis is good. When an
exacerbation in inflammatory bowel disease occurs during
pregnancy, it most frequently happens during the first trimester
or the postpartum period.

Inflammatory bowel disease is treated by both medical and
surgical measures during pregnancy. In general, the treatment
is the same as in the nonpregnant patient,34,44 with several
special considerations.34,44 The mainstay of medical therapy
for both ulcerative colitis and Crohn’s disease is the use of
mesalamine preparations, sulfasalazine, and corticosteroids.
Mesalamine is more efficacious in the treatment of ulcerative
colitis than in regional enteritis. The corticosteroids most fre-
quently used are prednisone, hydrocortisone, and pred-
nisolone. Metronidazole, azathioprine, and 6-mercaptopurine
have also been used in the medical therapy of inflammatory
bowel disease. These three agents have possible teratogenic
effects, and their use during pregnancy must be carefully eval-
uated and weighed against their expected benefit.36,58 Metron-
idazole has been shown to be effective in the management of
inflammatory bowel disease, particularly Crohn’s disease for
perineal fistula. Although efficacious, it should be used during
pregnancy and postpartum only in severe and unusual cases
because, although not teratogenic, its use is of concern.7,36,58

Mesalamine is now the most commonly used drug in the treat-
ment of inflammatory bowel disease and is safe to use during
pregnancy (FDA risk category B; see Tables 43.1 and 43.2). It
does not appear to pose a teratogenic risk when used at rec-
ommended doses. Azathioprine is also indicated for treatment
and maintenance of remission of Crohn’s disease, but is
regarded as unsafe in pregnancy (category D). Remicade can
be used in patients with Crohn’s disease unresponsive to the
above drugs. Although there are limited data for its use in
pregnancy, it is a category B drug.58,59
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Corticosteroid therapy has been used in both these diseases
to suppress the inflammatory response present in the
bowel.34,44,47 It is also frequently used in treating exacerbations
of Crohn’s disease. Doses of prednisone range from 40 to
60mg daily for a period of several weeks to a month. Some
pregnant patients who have been unable to be weaned from
corticosteroids may enter pregnancy on a low dose. The 
continuation of their medication or even the institution of cor-
ticosteroid therapy during pregnancy is not contraindi-
cated.7,58,59 The mother may experience the usual side-effects
of corticosteroid therapy, but there are no adverse effects on
the fetus from the use of corticosteroids during pregnancy.
Breastfeeding is likewise not contraindicated in the mother on
corticosteroid therapy.58,59 None of the drugs used to treat
inflammatory bowel diseases is associated with poor preg-
nancy outcome.60

Medical management should include nutritional assessment
and treatment, as in any patient with a chronic disease.34,44

Adequate calories should be provided to help prevent weight
loss. Parenteral nutrition, sometimes required in the manage-
ment of some of the other gastrointestinal complications of
pregnancy, is infrequently needed in these patients. If med-
ically necessary to provide adequate caloric intake, total par-
enteral nutrition may be used safely during pregnancy.47,61

General therapeutic measures include antidiarrheal drugs 
such as codeine, opium, paregoric, and diphenoxylate with
atropine (Lomotil). As in the treatment of hyperemesis gravi-
darum, the patient should have the opportunity to discuss the
psychological factors of pregnancy or other aspects of her life,
which may be playing a part in the precipitation of inflam-
matory bowel disease.

Inflammatory bowel disease may require surgical treatment
of ulcerative colitis including total proctocolectomy with con-
struction of an ileostomy or ileoanal pullthrough.34,45 Indica-
tions for surgery include perforation (with or without abscess
formation), massive bleeding, and carcinoma of the colon.
Patients who develop toxic megacolon and do not respond to
other therapy may also be candidates for this surgical therapy.
The procedure should not be done during pregnancy, because
the surgery would not only be difficult to perform as the preg-
nant uterus enlarges, but could also initiate preterm labor.49

Patients with ulcerative colitis who have been treated with
surgery before pregnancy have no increased risk during their
pregnancy. Care of the ileostomy is not hampered by preg-
nancy. There is no evidence that the enlarging uterus interferes
with the function of the ileostomy. Vaginal delivery is not con-
traindicated and should be encouraged. The performance of a
Cesarean section for obstetric indications only is recom-
mended, with draping of the ileostomy out of the surgical site.

Surgical therapy for Crohn’s disease or regional enteritis is
the same as for ulcerative colitis.34,44 Intractability of symptoms
is the most frequent indication for surgery. Perianal complica-
tions such as fistulas may also lead to total proctocolectomy
with ileostomy or some other variation of this surgery. As with
ulcerative colitis, there is a high recurrence rate of the disease

with an internal anastomosis. Unlike ulcerative colitis, Crohn’s
disease is not cured by total proctocolectomy; there is a recur-
rence rate as high as 80% in 5 years. Surgery for both these dis-
orders should be performed during pregnancy only after
intensive medical therapy has failed.45,62 The interested reader
is referred to several other extensive and recent reviews of
inflammatory bowel disease in pregnancy.45–48

Appendicitis

Appendicitis is the most common cause of an acute abdomen
during pregnancy. The incidence during pregnancy has been
reported to vary from 1 per 1000 to 1 per 2000 pregnancies,
with an average incidence of 1 per 1500 deliveries. There
appears to be no increased frequency during any particular
trimester.63 Appendicitis occurring postpartum is fortunately
rare as it is particularly difficult to diagnose because peritoni-
tis is a less prominent finding. During pregnancy, the usual
symptoms and physical changes may delay the diagnosis or
confuse the clinical picture of appendicitis. This delay in diag-
nosis can be further compounded by the commonly experi-
enced nausea, vomiting, and abdominal discomfort of
pregnancy and the displacement of the appendix upward by
the enlarging uterus (Fig. 43.1). Additionally, the usual eleva-
tion in the white blood cell count during pregnancy and the
elevated sedimentation rate may also delay the diagnosis.
Unfortunately, pregnant women have a higher mortality rate
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Figure 43.1 Change in the position of the appendix during
pregnancy.
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when they develop appendicitis. This is primarily because of
procrastination in diagnosis and treatment, with resultant per-
foration of the appendix and peritonitis.39,63 Therefore, in
pregnancy the frequent association of appendicitis with peri-
tonitis is caused by a delay in diagnosis.

The pregnant woman with appendicitis has symptoms and
signs similar to those in the nonpregnant patient, but may not
experience abdominal rigidity, rebound, or similar signs of
peritonitis. Abdominal pain is present, but usually not at
McBurney’s point. This is because of the change in the posi-
tion and direction of the appendix during pregnancy.39,63,64 As
pregnancy advances, the cecum is displaced toward the iliac
crest, thus moving the appendix laterally, superiorly, and pos-
teriorly. The abdominal pain of appendicitis is typically mild
at onset. During pregnancy, it is even less severe. It may be
intermittent or colicky, due to a fecalith within the appendix.
The pain is followed within an hour or two by anorexia,
nausea, and vomiting, symptoms frequently seen during a
normal pregnancy. The temperature may be normal, or there
may be a low-grade fever. An increasing left shift in the dif-
ferential may be helpful in making the diagnosis. The urinal-
ysis is usually not helpful other than in excluding the diagnosis
of urinary tract infection.

To reduce both maternal and perinatal mortality associated
with appendicitis during pregnancy, the diagnosis must be
made promptly. These adverse sequelae are obviated by
prompt operative exploration when appendicitis is suspected
and prevention of appendiceal perforation. A delay in diag-
nosis appears to increase with gestational age.39,63 The diag-
nosis must be suspected in the pregnant patient who
experiences persistent right-sided abdominal pain and atypi-
cal gastrointestinal symptoms. The removal of a normal
appendix may occur in half the cases and should not be crit-
icized, because such an operation rate may be necessary to
detect the case with minimal or unusual symptoms, thus
decreasing fetal and maternal mortality.39,63,65 An uncompli-
cated appendectomy does not increase the risk of preterm
labor. However, the presence of peritonitis and a perforated
appendix more frequently results in preterm labor and preterm
birth. If in doubt, the appendix should be removed, especially
during pregnancy.42,65

The differential diagnosis of appendicitis during pregnancy
includes threatened abortion, ectopic pregnancy, pelvic inflam-
matory disease, pyelonephritis, placental accidents, twisted
ovarian cyst, pancreatitis, gallbladder disease, degenerating
fibroids, ruptured corpus luteum, chorioamnionitis, infracted
omentum, and the difficult-to-diagnose “round ligament syn-
drome.” Both computed tomography (CT) and magnetic res-
onance imaging (MRI) are helpful and safe during pregnancy
in the diagnosis of acute appendicitis. The clinician or radiol-
ogist or emergency room physician should not hesitate to use
them when they are indicated. The use of laparoscopy and
graded compression sonography in the differential diagnosis
of acute appendicitis in the nonpregnant patient may be
helpful. Sonography can be helpful in the diagnosis of a

postappendectomy abscess. The diagnosis of appendicitis in
pregnancy must always be considered when a pregnant patient
presents with abdominal pain. The most frequent condition
misdiagnosed as appendicitis is pyelonephritis.

Appendectomy is the treatment of choice for appendicitis
during pregnancy. It is the most frequent nonobstetric proce-
dure performed during pregnancy. Laparoscopic appendec-
tomy is now as safe as open surgery in pregnancy. It is
becoming the standard of care for appendicitis and cholelithi-
asis management during pregnancy.66 Some surgeons still
suggest the use of a transverse muscle-splitting incision directly
over the point of maximum tenderness. When necessary, this
incision can be extended without much difficulty. During the
operation, the uterus should be manipulated as little as possi-
ble. The left lateral position with uterine displacement should
be used to minimize the chance of the development of supine
hypotension. There is no need for drainage of the incision if
the appendix is unruptured and the incision can be primarily
closed. Antibiotics are indicated when the appendix is perfo-
rated or there is extensive inflammation. There are no data to
indicate that tocolysis reduces the incidence of uterine con-
tractions or preterm labor. The routine usage of such agents
in these circumstances cannot be recommended. When the
diagnosis is made in the third trimester, there are few, if any,
indications for a simultaneous Cesarean delivery, except in the
presence of obstetric indications. On occasion, a patient pres-
ents with appendicitis in labor. Vaginal delivery is not pre-
cluded, with minilaparotomy and appendectomy immediately
postpartum. This scenario presumes the patient is not in acute
distress from a possible perforation.

The complication rate with rupture of the appendix can be
very high, including fetal loss and maternal morbidity. When
the diagnosis is made promptly and procrastination in treat-
ment does not occur, fetal loss is lowered.42,63 Prophylactic
appendectomy at the time of Cesarean section has been
studied prospectively by Parsons and colleagues,67 who found
that this procedure does not add to the risk of elective
Cesarean section. Nevertheless, most elective Cesarean sec-
tions performed today are not accompanied by an incidental
appendectomy, even though they may be safe.

Pregnancy after operation for morbid obesity

Pregnant patients today are more obese than in the past. Over
the past 30 years, patients who are morbidly obese have been
undergoing a variety of surgical bypass operations to induce
weight loss.68 Seventy-five percent of these patients are women
and therefore may be seen after their bypass pregnant. There
are basically two types of bypass operations: the older
jejunoileal and the more recently developed gastric techniques.
The jejunoileal bypass results in weight loss by bypassing
approximately 90% of the small bowel, which decreases the
area of the bowel available for absorption of food.68,69 In per-
forming the jejunoileal shunt, an end-to-end or end-to-side
anastomosis of the jejunum is accomplished.
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A newer procedure, the gastric bypass, involves altering the
stomach in some manner to produce a slower, as well as a
physiologically better tolerated, weight loss. This can be
accomplished by a variety of techniques.68 The gastric proce-
dures have less long-term morbidity and mortality, making the
jejunoileal bypass operation now obsolete.68

Successful pregnancy after jejunoileal bypass continues to
occur.69 Knudsen and Kallen studied delivery of women who,
before pregnancy, had undergone an intestinal bypass opera-
tion. The infants born to these women had an increased rate
of low birthweight, short gestation, and also growth retarda-
tion. In their study, there was no distinct difference between
these infants, whether they were conceived less than
24 months or more than 24 months after the operation. A pre-
vious report by Stenning et al.70 had suggested that pregnancy
not long after the procedure could result in fetal loss and a
complicated maternal course.

Most pregnant women with a jejunoileal bypass tolerate
pregnancy quite well. It has been recommended that they
receive supplemental iron, folic acid, vitamin B12, and a pre-
natal vitamin–mineral preparation.67 Pregnancy is not con-
traindicated after jejunoileal bypass,71 but a 2-year interval
before pregnancy is undertaken has been suggested so that the
patient will not become pregnant during the highest phase of
weight loss and to allow the weight loss to plateau. The longer
the interval from surgery to pregnancy, the better the prog-
nosis for both mother and newborn.70 Pregnancies after gastric
restrictive operations are usually well tolerated by both the
mother and the fetus. However, complications reported have
included severe maternal and fetal electrolyte imbalance, other
nutritional deficiencies, and gastrointestinal hemorrhage
during pregnancy.72 Total parenteral nutrition may be neces-
sary in some patients who have previously undergone a
jejunoileal bypass when they have evidence of intrauterine
growth retardation and inadequate absorption of nutrients.72

Because of long-term complications, including persistent
electrolyte abnormalities, the jejunoileal bypass procedure is no
longer performed. Gastric restrictive operations have now
developed as the operations of choice for the patient who is
morbidly obese.68 These include gastroplasty, gastric stapling,
and gastric bypass techniques. It has been recommended that a
woman undergoing one of these procedures does not become
pregnant for at least 1 year because, during that year, significant
postoperative metabolic changes occur in the patient. Even
after 1 year, severe iron deficiency anemia resulting from mal-
absorption can complicate pregnancy that occurs after gastric
bypass surgery. Pregnancy after at least 1 year has for the most
part been uncomplicated, and the patient may actually benefit
from the weight loss that has occurred before conception.68

Constipation

A decrease in the frequency of stools, painful defecation,
increased straining, or increased consistency of the stool is
usually thought of as constipation. A patient may complain of

being constipated if she experiences any of these symptoms,
but a patient’s perception of being constipated may differ con-
siderably from that of her physician. Constipation is a
common symptom of pregnancy, particularly in late preg-
nancy. Levy and coworkers73 interviewed 1000 healthy post-
partum women about their bowel habits before and during
pregnancy. In 54.6%, there was no change in the bowel fre-
quency during pregnancy. Increased frequency occurred in
34.4%, and only 11% experienced a decreased frequency. Five
percent of the subjects actually reported diarrhea of
2–8 weeks’ duration in the last trimester. Ninety percent of
the women interviewed experienced either no change or an
increase in bowel frequency during pregnancy, contrary to the
generally accepted view that constipation is frequent in preg-
nancy. Why pregnancy may cause constipation remains
unclear and unknown.

The prevention and treatment of constipation during preg-
nancy should consist mainly of nutrition counseling, increas-
ing fluid intake, daily exercise, and dietary modification to
increase the fiber content.74,75 If these measures are unsuccess-
ful, then mild laxatives, bulk-producing substances, and stool
softeners may be used. These preparations should be used
sparingly and are not usually necessary. Castor oil may initi-
ate preterm uterine contractions and preterm labor and is not
recommended. Laxatives most commonly recommended are
the bulk-forming preparations containing fiber (e.g., Meta-
mucil, Citrucel, and Konsyl) because no systemic absorption
occurs. The use of excess laxatives by patients to induce labor
should not be condoned. The stool softener dioctyl sulfosuc-
cinate may be used to make the stool softer and able to be
passed with less straining. No teratogenic effects have been
reported from the use of these common laxatives, stool 
softeners, or bulk-forming preparations.58,59 Lewis and 
Weingold7 have suggested that they be used cautiously in the
breastfeeding patient because they may be transmitted to the
infant. Constipation may result in the development of hemor-
rhoids and, less commonly, rectal prolapse. These can usually
be treated by topical ointments or sprays, stool softeners, sitz
baths, and over-the-counter preparations such as Preparation
H. When hemorrhoids develop during the puerperium after
vigorous pushing, they may become thrombosed. Incision
after local anesthesia may be necessary and beneficial. Rectal
bleeding should be evaluated as in the nonpregnant patient.

Diarrhea

Diarrhea occurs during pregnancy at an incidence up to 34%.
Although it is not a common occurrence, it may be due to
drugs, malabsorption, osmotic diarrhea, food poisoning, and
infections, particularly viral. When persistent, routine evalua-
tion or consultation with a gastroenterologist is indicated;75

evaluation is the same as in the nonpregnant patient and flex-
ible sigmoidoscopy is safe. Most diarrhea that occurs during
pregnancy is nonspecific and can be managed with a variety
of nonsystemic and systemic medications. Nonsystemic med-
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ications are preferable and should be tried initially. These
include kaolin with pectin (Kaopectate) and stool-bulking
agents. These substances are not absorbed from the gastroin-
testinal tract and therefore can cause no systemic side-effects
or cross the placenta. Systemic medications frequently pre-
scribed include loperamide (Imodium), diphenoxylate
atropine (Lomotil), and bismuth subsalicylate (Pepto-Bismol).
All these systemic therapies have been used during pregnancy.
No teratogenic effects have been demonstrated from 
their use.58,59

Diseases adjacent to the
gastrointestinal tract

Gallbladder disease

Classically, the female patient with gallbladder disease has
been described as “fair, fat, forty, and fertile.”39 Gallbladder
disease is uncommon during pregnancy. It may present as
cholelithiasis or acute cholecystitis.

Cholelithiasis
Pregnancy predisposes to gallstones, increasing the risk of cho-
lesterol gallstone formation by causing incomplete emptying
of the gallbladder, particularly in late pregnancy, leaving a
large residual volume because of decreased gallbladder con-
tractility. The decreased gallbladder motility is theorized to
result from the high progesterone levels present in the second
and third trimesters of pregnancy that stimulate progesterone
receptors and decrease mobility. The risk of developing gall-
stone disease increases in association with increasing parity,
particularly among younger women, and most stones develop
during the second and third trimester.39 Older women have a
decreased risk of developing gallstones.

The exact incidence of cholelithiasis during pregnancy in
female patients is unknown, because many gallstones are
asymptomatic. It has been reported that 2.0–5.3% of asymp-
tomatic women undergoing routine obstetric ultrasound
examinations have cholelithiasis.76 Consequently, approxi-
mately 0.05% of pregnant women will develop symptomatic
cholelithiasis and 40% of these women will require surgery.77

When asymptomatic gallstones are found incidentally during
a prenatal ultrasound examination, no therapy is indicated.
The authors advise the patient that she has cholelithiasis 
and to seek follow-up evaluation after her pregnancy. There
is no evidence that asymptomatic gallstones become sympto-
matic at a higher or lower frequency during pregnancy. Gall-
stones create a problem by passing through or becoming
impacted in the biliary tract, producing colic. It has been 
estimated that one-half of asymptomatic silent stones will
cause a problem during a patient’s life. The most common
complication of cholelithiasis is choledocholithiasis. This
occurs in approximately 15–25% of patients with gallstones.
The incidence of choledocholithiasis and biliary colic does not
appear to be affected by pregnancy. The presence of gallstones

may also lead to the development of acute and chronic 
cholecystitis.

Biliary colic, which is due to choledocholithiasis, is a form
of chronic cholecystitis in which the gallstones become
impacted or pass through the biliary tract and is the most
common symptom that gallstones produce during pregnancy.
It affects 15% of patients with cholelithiasis.34 The pain is due
to the passage of the gallstones from the gallbladder into the
cystic duct or the common bile duct. This produces a spasm
of the gallbladder or the biliary duct involved. The pain is in
the right upper quadrant and moderate to severe. It may be
cramping or steady. The pain may come on abruptly, particu-
larly after eating a fatty meal. It does not usually last more
than a few hours. Although biliary colic is most frequently
present in the right upper quadrant, it may also be epigastric,
colicky, or steady in intensity. Unlike appendicitis, the pain of
biliary colic is not altered in location or character. The patient
may also experience nausea, vomiting, and, if cholangitis is
present, fever. Jaundice may be present, although gallstones
account for only 5% of the causes of jaundice during preg-
nancy. Depending on where the stone becomes impacted in the
biliary tree, obstructive jaundice (common bile duct) or acute
pancreatitis (ampulla of Vater) may occur. The symptoms of
cholelithiasis may cease spontaneously once the stone is passed
through the biliary tract or may persist, requiring surgical
removal.

Laboratory diagnosis of gallstones in pregnancy is the same
as in nonpregnant patients. The leukocyte count and differ-
ential may be normal or slightly elevated, depending on the
degree of cholangitis. Hyperbilirubinemia and elevation in
levels of aminotransferases [aspartate aminotranferase, AST
(formerly called SGOT) and alanine aminotransferase, ALT
(formerly called SGPT)] may be present. The serum alkaline
phosphatase level is elevated by biliary obstruction. This is not
helpful during pregnancy because elevated serum alkaline
phosphatase is normal in the pregnant patient as a result of
placental production. The presence of acute pancreatitis as a
result of common duct stones may cause pancreatitis and ele-
vated serum amylase and lipase levels.34

Real-time ultrasound has revolutionized the diagnosis of
biliary tract disease during pregnancy. In a review, the mater-
nal gallbladder was visualized in 97.4% of women who under-
went gallbladder ultrasound as part of routine obstetric
ultrasound screening.76 An adequate view of the gallbladder
could be visualized in 96% of patients within 2min, suggest-
ing that the gallbladder can be readily, quickly, and adequately
visualized during pregnancy. While routine gallbladder sonog-
raphy is not necessary, any symptomatic patients should be
evaluated for gallbladder disease during pregnancy. Several
other studies have also shown ultrasound to be 95–98% sen-
sitive in diagnosing both solitary and multiple gallstones in the
gallbladder or biliary tract.77 The technique used in the preg-
nant and nonpregnant patient is the same and has been well
described.77 Ultrasonography, which has been used in all
trimesters to identify gallstones, is completely safe during
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pregnancy and should be part of the evaluation of any preg-
nant woman with right upper quadrant pain.77

The treatment of cholelithiasis during pregnancy is the same
as in the nonpregnant patient. Accurate diagnosis should be
made as described previously. Therapy should be tailored to the
patient’s symptoms, physical examination, gestational age,
duration of illness, and clinical condition. Asymptomatic gall-
stones do not require any therapy. Most patients who have
silent gallstones never develop symptoms. Cholecystectomy is
recommended for the patient with gallstones who has recurrent
episodes of biliary colic, common bile duct gallstones, and gall-
stone pancreatitis.39 Cholecystectomy is the second most fre-
quent nonobstetric abdominal surgical procedure performed in
pregnancy. Nonoperative therapy consisting of hospitalization,
antibiotics, analgesia, nil by mouth, and nasogastric suction
may be all that is necessary in patients who have mild illness.
Patients with symptoms that do not improve with observation
and medical therapy require prompt cholecystectomy. Many
authors have demonstrated that a delay in surgery for biliary
tract disease complications results in increased maternal and
fetal morbidity and mortality.39 Gallbladder rupture, an
unusual complication, has also occurred during pregnancy.78 In
their review, Davis et al.79 reported that only 40% of patients
with symptomatic cholelithiasis responded to conservative
medical management. Nineteen percent of their patients
required readmission, and 45% who failed conservative man-
agement required surgery. Cholecystectomy, when indicated,
can be performed by either the laparotomy or the more popular
laparoscopic approach.39 During pregnancy, it should be per-
formed during the second trimester if possible when pregnancy
outcome is best. Several additional recommendations should be
kept in mind when a patient requires cholecystectomy in the
second half of pregnancy:
• Tocolytic therapy may be necessary and should be instituted
if preterm labor occurs.
• There are no data to support or condemn the use of pro-
phylactic tocolysis around the time of surgery.
• Surgery should be delayed until after delivery if possible
when symptoms arise in the third trimester, although laparo-
scopic cholecystectomy has been performed safely even at that
time.80

The safety of laparoscopic cholecystectomy during preg-
nancy has been reviewed by several authors, and it is a safe
procedure during pregnancy. The procedure has become the
standard of care for treatment.39

Endoscopic management of biliary disease during preg-
nancy has been proposed.81 Endoscopic retrograde cholan-
giopancreatography (ERCP) has been shown to decrease
morbidity, mortality, and costs as a definitive treatment alter-
native for pancreaticobiliary disease in pregnancy. However,
further clinical evaluation of this aggressive endoscopic inter-
vention during pregnancy is necessary.39

Intraoperative cholangiography is a controversial method of
treating biliary disease during pregnancy. Several authors

propose that intraoperative cholangiography is probably safe
in the second and third trimesters because of the small amount
of radiation used during a period when organogenesis is com-
plete.77 Liberman and colleagues82 advocate routine intra-
operative cholangiography in all pregnant patients undergoing
laparoscopic cholecystectomy because of the increased inci-
dence of common bile duct stones. Some argue that intra-
operative cholangiography should be used only when there 
is a question of choledocholithiasis on the basis of clinical,
biochemical, or ultrasonic evidence.77 Alternative methods of
investigating the common bile duct during surgery without X-
ray exposure include intraoperative ultrasonography, tran-
scystic duct choledochoscopy, and endoscopic papillotomy
performed under ultrasonographic guidance.77 If there is high
clinical suspicion for choledocholithiasis or cholangitis, pre-
operative ERCP should be attempted and has a high degree of
success.

Acute cholecystitis
Acute cholecystitis is a rare gastrointestinal disorder during
pregnancy. The incidence is not well known. Landers et al.,83

investigating patients at two hospitals in San Francisco,
reported an incidence of 1 per 1000 births. The rate of acute
cholecystitis in pregnancy in their report is higher than the
6–20 per 100000 expected from other series. Fewer pregnant
women develop acute cholecystitis than appendicitis during
pregnancy.

Acute cholecystitis and appendicitis must be included fre-
quently in the differential diagnosis of the pregnant patient
presenting with right upper quadrant pain. Acute pancreatitis
must also be considered in the differential diagnosis and may
coexist with acute cholecystitis. The incidence of acute chole-
cystitis does not change through all three trimesters.

The clinical manifestations of acute cholecystitis during
pregnancy are the same as in the nonpregnant patient. An
attack usually begins with abdominal pain, which may
increase in severity. The pain is in the right upper quadrant or
epigastrium, and a positive Murphy’s sign (right upper quad-
rant tenderness that is increased with while taking a deep
breath) is elicited. Between 70% and 80% of patients have
had a previous episode of biliary colic, and a history of pre-
vious fatty food intolerance can usually be obtained. The pain
may radiate to the back and be associated with low-grade
fever, chills, nausea, vomiting, and anorexia. As with other
intra-abdominal inflammation, peritoneal signs may be
absent. The leukocyte count may be normal or mildly elevated.
If gallstone pancreatitis is present, there is an elevation in the
serum amylase. When common bile duct obstruction occurs,
there will be hyperbilirubinemia and liver enzyme elevation.
The evaluation of laboratory data is rarely diagnostic, but the
use of ultrasound can be.

There is no evidence that the ultrasonographic appearance 
of the gallbladder changes during pregnancy. Gallstones 
within the gallbladder or biliary tract are easily seen with
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sonography and appear as an echodense area within the gall-
bladder or biliary tract. They usually cast a shadow and move
with a change in position of the patient. The gallbladder wall
may be thickened due to chronic cholecystitis, and the biliary
ducts dilated due to an impacted stone. Conservative medical
management is the mainstay of the treatment of the pregnant
patient with acute cholecystitis. This consists of nasogastric
suction when necessary, analgesia, intravenous hydration, and
antibiotics. Most patients will respond to this medical manage-
ment. Cholecystectomy should be reserved for those patients
who have gallstone pancreatitis, jaundice, repeated attacks, or
who fail medical management. When necessary, it should be
performed during the second trimester. In the series by Landers
et al.,83 84% of the patients were successfully treated conserva-
tively. Favorable pregnancy outcomes occurred when those
patients who failed conservative management had their chole-
cystectomy, preferably during the second trimester. Because
conservative management of acute cholecystitis or cholelithia-
sis is not always successful during pregnancy, surgical therapy
should be considered.39 Surgery during the first trimester can
result in spontaneous abortion.39,83 As discussed in the previous
section, laparoscopic cholecystectomy can be performed safely
and effectively during pregnancy.84 While the optimal time for
laparoscopic surgery remains the second trimester of preg-
nancy, no increase in fetal loss has been shown when the pro-
cedure is performed in the first trimester.84 Preterm labor
remains a concern of laparoscopic cholecystectomy performed
in the third trimester, but the incidence may be lower than with
a laparotomy surgical approach.79,84

In a study performed by Affleck et al.,85 47 patients under-
went laparoscopic cholecystectomy during pregnancy. The
incidence of preterm delivery among these patients was
11.9%. Younger patient age was found to correlate with
preterm delivery. In the same study, 15 laparoscopic chole-
cystectomies were performed during the third trimester, each
without any adverse maternal or fetal outcomes. These out-
comes suggest that laparoscopic cholecystectomy may be per-
formed safely in all trimesters.

If preterm labor occurs as a result of performing a chole-
cystectomy, it should be treated with aggressive tocolysis.
Maternal morbidity is not increased when cholecystectomy is
performed during pregnancy. Fetal loss after cholecystectomy
during pregnancy has been reported to occur most frequently
during the first trimester.86 When necessary (gallstone pancre-
atitis, worsened maternal condition with medical therapy, or
complications), cholecystectomy should not be delayed
because of pregnancy. Patients should be educated on the
potential risks associated with laparoscopic surgery, including
trocar injury to the uterus and fetus, effect of pneumoperi-
toneum on both mother and fetus, induction of preterm labor,
decreased uterine blood flow, and increased fetal acidosis. The
Society of American Gastrointestinal Endoscopic Surgeons
(SAGES)86 has adopted some guidelines to enhance operative
safety in the pregnant patient including:

1 When possible, operative intervention should be deferred
until the second trimester, when fetal risk is low.
2 Because pneumoperitoneum enhances lower extremity
venous stasis already present in a gravid patient, and because
pregnancy is a hypercoagulable state, pneumatic compression
devices must be used.
3 Fetal and uterine status, as well as maternal endtidal carbon
dioxide and arterial blood gases, should be monitored.
4 The uterus should be protected with a lead shield if intra-
operative cholangiography is a possibility. Fluroscopy should
be used selectively.
5 Given the enlarged gravid uterus, abdominal access should
be attained using an open technique.
6 Dependent positioning should be used to shift the uterus off
the inferior vena cava.
7 Pneumoperitoneum pressures should be minimized
(8–12mmHg) and not allowed to exceed 15mmHg.
8 Obstetric consultation should be obtained preoperatively.

Pancreatitis

The exact incidence of acute pancreatitis during pregnancy has
been difficult to determine. It is not common and has been
reported to occur in 1 per 1000 to 1 per 12000 pregnancies in
an extensive review by Wilkinson.87 Although acute pancreati-
tis may occur at any stage of gestation, it is a disease of late preg-
nancy, particularly the third trimester, or the early postpartum
period.88,89 Relapses of pancreatitis occur, with an average of
two readmissions during the affected pregnancy. It is important
to counsel pregnant patients about the relapsing nature of pan-
creatitis, occuring during the first trimester; however, a favor-
able prognosis for the pregnancy should be expected.90

Pancreatitis can reoccur during the same, a subsequent preg-
nancy, or the puerperium.91 When pancreatitis develops in
women of less than 30 years of age, half of them are pregnant.89

Pregnancy probably predisposes a woman to the develop-
ment not of pancreatitis but of cholelithiasis,92 which is the
most common cause of acute pancreatitis in the pregnant
patient. Other factors that predispose to the development 
of acute pancreatitis during pregnancy include alcoholism,
acute infections, abdominal surgery, abdominal trauma,
pyelonephritis, tetracycline or thiazide use during pregnancy,
and, rarely, pregnancy-induced hypertension.31 Hyperlipi-
demia may be the second most common cause of pancreatitis
during pregnancy after cholelithiasis.93 Gestational diabetes in
the presence of severe hyperlipidemia has also been reported
as a cause of acute pancreatitis. However, biliary disease is at
least present in, if not responsible for, 90% of pancreatitis in
pregnancy.88,89 The gallstone can block the ampulla of Vater,
causing active pancreatic proteolytic enzymes to cause auto-
digestion. The most common predisposing factor in the non-
pregnant patient is alcoholism.34

The clinical picture of acute pancreatitis is characteristic.
The symptoms and signs include a rapid onset of constant,
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central mid-epigastric pain that may radiate to the chest and
back and can be quite severe. In mild cases of pancreatitis,
pain may be the only symptom that the patient experiences.
Not infrequently, however, nausea and severe vomiting may
occur alone or with pain. Low-grade fever and absent or
decreased bowel sounds also aid in the diagnosis. The classic
clinical presentation of a patient with pancreatitis is an indi-
vidual rocking in the bed with her knees drawn up and trunk
flexed in agony.44 The pain may also radiate to the flanks or
shoulders due to the development of peritoneal irritation.
Other symptoms include tachycardia in response to the pain,
hypotension, ascites, pleural effusion, hypotonic bowel sounds
or ileus, tenderness over the epigastrium, and generalized peri-
tonitis. An adynamic ileus may be demonstrated on radi-
ographic examination. The severity of the clinical features
depends on the severity of the pancreatitis and whether or not
complications occur, such as pseudocyst or abscess forma-
tion.34,94 Rarely is the white blood cell count above 30000 cells
per mL. It may even be within the range for normal pregnancy,
10000–20000cells/mL. The serum amylase is the specific test
used to diagnose pancreatitis and is usually elevated to more
than 200IU/mL. However, it is elevated in other conditions
causing an acute abdomen, such as perforation of a peptic
ulcer, cholecystitis, intestinal bowel obstruction, hepatic
trauma, and ruptured ectopic pregnancy.42 The increase occurs
rather quickly after the onset of the illness, usually within
12–24h, but values do not correlate with the severity of the
disease. A serum amylase above 1000IU/mL is almost always
indicative of pancreatitis or an obstruction of the pancreatic
duct.91 Serum amylase has been reported to be both increased
and unchanged in the normal pregnancy.95,96 These mild
changes result in fluctuations in the serum amylase, but not to
the degree that would cause confusion in the diagnosis of acute
pancreatitis.

Other abnormal laboratory data seen in acute pancreatitis
include slight elevation of liver function test results, elevated
serum lipase, hemoconcentration, hyperglycemia, hypocal-
cemia, and acidemia due to abnormal pancreatic function.
Diagnostic ultrasound can be used to visualize the pancreas
for the presence of pseudocyst or abscess.34 At the same time,
the gallbladder and biliary ducts can be visualized to rule out
the presence of gallstones. The pancreas can also be evaluated
during pregnancy by a CT scan. This procedure is safe to
perform during pregnancy, because the dose of radiation given
to the fetus is low.32,58 As both ultrasound and CT demonstrate
pancreatitis, failure to demonstrate enlargement of the pan-
creas in a case of suspected acute pancreatitis should institute
a search for other causes of hyperamylasemia.

Treatment for acute pancreatitis is primarily nonopera-
tive.34,44 Management includes intravenous fluid hydration to
correct hypovolemia and electrolyte imbalance, correction of
hyperglycemia, enteric rest with nasogastric suction, broad-
spectrum antibiotics, and adequate analgesia. Insulin may be
necessary to reduce the blood sugar. Acute pancreatitis, when
managed appropriately, usually subsides in 2–3 days. Chole-

cystectomy is reserved for the patient with recurrent attacks
of pancreatitis due to gallstones.42 Cholecystectomy in the
midtrimester has been recommended because of the relapsing
nature of gallstone pancreatitis. The risks of anesthesia and
preterm labor are also lowest at that time. If pancreatitis
during pregnancy is due to hyperlipidemia, hemodialysis,
plasma exchange, immunospecific apheresis, and a combina-
tion of these have been used for the treatment.97 Several
reports suggest a maternal mortality rate as high as 20% in
cases of acute pancreatitis secondary to hyperlipidemia during
pregnancy. Because of peritoneal irritation, if the patient is in
the second half of pregnancy, an attempt should be made to
detect preterm labor early and to treat it once diagnosed. Mag-
nesium sulfate would be the tocolytic drug of choice, because
hyperglycemia could be worsened if the betamimetic drugs
were used.98 Theoretically, the prostaglandin antagonists may
be effective, because animal experiments have shown an ele-
vation of prostaglandin-like activity in the pancreatic venous
drainage and peritoneal exudates with induced pancreatitis.99

The clinician should be concerned about maintaining adequate
volume replacement and electrolyte balance and should be vig-
ilant for the appearance of complications in the patient who
does not improve rapidly.

The most feared complications are hypocalcemia, pancre-
atic abscess, and pseudocyst formation, but they occur rarely
during pregnancy or postpartum. Patients with necrotizing
pancreatitis require hospitalization in an intensive care unit.
They should receive treatment with intravenous fluids, antibi-
otics and, if necessary, surgical debridement.100 Total par-
enteral nutrition can be used safely and effectively in the
management of pancreatitis during pregnancy, when there is
concern for the nutritional status of the mother or the devel-
opment of intrauterine growth restriction.88 Maternal mortal-
ity is low when diagnosis is made promptly and appropriate
management is instituted. Pancreatitis is now a rare cause of
maternal death unless the diagnosis is either delayed or missed
entirely. The prognosis for the fetus is also good unless severe
peritonitis occurs, which predisposes the patient to sponta-
neous abortion or preterm birth. Preterm labor occurs in 60%
of patients when pancreatitis develops late in pregnancy. The
mode of delivery is not affected by pancreatitis and, unless
contraindicated for obstetric reasons, vaginal delivery is rec-
ommended.88,91

Effects on the fetus of drugs 
used in treating gastrointestinal
diseases

Throughout this chapter, statements have been made about the
teratogenic effect of drugs used in managing these conditions
on the fetus. In 1979, the US FDA established a system of five
categories to indicate the potential of systemically absorbed
drugs to be teratogenic. These risk categories were defined as
A, B, C, D, and X and are used by manufacturers to rate their
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products for use during pregnancy (Table 43.1).101 This clas-
sification is currently under revision by the FDA. A review of
data on teratology by the American College of Obstetricians
and Gynecologists found none of the commonly used drugs in
the treatment of gastrointestinal disease during pregnancy to
be teratogenic.102 Table 43.2 lists drugs frequently used in the
treatment of gastrointestinal diseases during pregnancy with
their FDA risk category.58,59 The maternal condition, gesta-
tional age, treatment need, and benefit to the mother and risk
to the fetus, especially of category C or X drugs, must be con-
sidered when these drugs are used during pregnancy.58,59

Total parenteral nutrition in pregnancy

Pregnant patients unable to consume sufficient nutrients orally
require an effective method of feeding. Alternative forms of
nutrition are being used more frequently in obstetrics.103 This
may be particularly necessary to maintain maternal nutrition
when a gastrointestinal disease complicates pregnancy, and can
be given as enteral nutrition (tube feeding) or as total parenteral
nutrition. Total parenteral nutrition, parenteral nutrition,
hyperalimentation, intravenous hyperalimentation, and intra-
venous feedings are used synonymously and interchangeably to
describe the various methods of providing all required nutrients
intravenously.104 Total parenteral nutrition, in order to meet
basal, maintenance level of required nutrients, as well as the
additional demands of growth and development of the patient
and fetus, is hyperosmolar and requires jugular or subclavian
venous catheterization.105,106 Subclavian venous catheterization
is now the preferred technique for long-term inpatient total
parenteral nutrition.

Numerous authors have reported long-term total parenteral
nutrition with good results in a variety of hospitalized or out-
patient pregnant patients at significant risk for malnutrition
and poor fetal outcome.14,105–107 Patients at high risk for mal-
nutrition during pregnancy may also benefit from total par-
enteral nutrition. Silberman and Eisenberg104 discuss in detail,
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Table 43.1 Food and Drug Administration risk categories.

Category A Controlled studies in women fail to demonstrate a risk to the fetus in the first trimester (and there is no evidence of a risk 
in later trimesters), and the possibility of fetal harm appears remote.

Category B Either animal reproduction studies have not demonstrated a fetal risk but there are no controlled studies in pregnant 
women or animal reproduction studies have shown an adverse effect (other than a decrease in fertility) that was not 
confirmed in controlled studies in women in the first trimester (and there is no evidence of a risk in later trimesters).

Category C Either studies in animals have revealed adverse effects on the fetus (teratogenic, embryocidal, or other) and there are no 
controlled studies in women or studies in women and animals are not available. Drugs should be given only if the 
potential benefit justifies the potential risk to the fetus.

Category D There is positive evidence of human fetal risk, but the benefits from use in pregnant women may be acceptable despite the 
risk (e.g., if the drug is needed in a life-threatening situation or for a serious disease for which safer drugs cannot be used 
or are ineffective).

Category X Studies in animals or human beings have demonstrated fetal abnormalities, or there is evidence of fetal risk based on 
human experience, or both, and the risk of the use of the drug in pregnant women clearly outweighs any possible benefit. 
The drug is contraindicated in women who are or may become pregnant.

Table 43.2 Gastrointestinal drugs frequently used in the treatment
of gastrointestinal disorders during pregnancy.

Drugs FDA risk category (see Table 43.1)

Azathioprine D
Cimetidine B
Diazepam D
Diphenoxylate C
Doxylamine B
Droperidol C
Esomeprazole B
Famotidine B
Lansoprazole B
Lidocaine C
Loperamide B
Meperidine B
Mesalamine B
Metoclyopramide B
Misoprostol X
Nizatidine C
Olsalazine C
Omeprazole C
Pantoprazole B
Prednisone B
Prochlorperazine C
Promethazine C
Rabeprazole B
Ranitidine B
Sulcralfate B
Tetracycline D
Trimethobenzamide C

but succinctly, therapeutic nutrition in the hospitalized patient
and principles applicable to the outpatient and pregnant
patient.

Total parenteral nutrition can be complicated by death of
the nonpregnant patient or by maternal and/or fetal death in
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the pregnant patient. Other complications include accidental
pneumothorax or hemothorax, catheter infection, various
metabolic disorders, glycosuria, hypoglycemia and, rarely,
clinical sepsis.104,108 New findings and diagnostic advances
warrant revisiting key features of acute nonobstetric abdomi-
nal pain in pregnancy.1 Wernicke–Korsakoff syndrome, with
irreversible neurologic abnormalities, has occurred after insti-
tution of total parenteral nutrition and has been reported by
various authors.103,106

There is general agreement that total parenteral nutrition
does not cause preterm labor, small for gestational age infants,

or fetal death. However, the disease process for which par-
enteral nutrition is being given may be the cause of this adverse
perinatal outcome.109 It has been demonstrated that enteral or
total parenteral nutrition can be safely and effectively admin-
istered during pregnancy. A team of qualified, knowledgeable
individuals who are familiar with the technique being used
should explain it to the patient, obtain written consent, and
manage the administration of the parenteral nutrition. Total
parenteral nutrition should be administered in hospitals with
an intensive care nursery, because many of the infants of the
mothers who are receiving this therapy deliver preterm.110–112
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Key points

1 Nausea with or without vomiting is an especially
common symptom during early pregnancy and the
most common gastrointestinal complaint. It usually
occurs during the first trimester of pregnancy and, by
mid-second trimester, most women no longer complain
of these symptoms.

2 Hyperemesis gravidarum is the abnormal condition of
pregnancy associated with pernicious nausea and
vomiting. Hyperemesis is both infrequent and
uncommon.

3 Refractory hyperemesis gravidarum has been
successfully treated with corticosteroid therapy, which
is effective in suppressing symptoms of intractable
hyperemesis, decreasing the length of hospitalization,
and allowing normal maternal nutrition.

4 The role of psychosocial stressors, such as undesired
pregnancy, in the etiology of nausea, vomiting, and
hyperemesis gravidarum has been only partially
studied. It is believed that psychological factors
contribute to excessive nausea and vomiting during
pregnancy.

5 A few patients with hyperemesis gravidarum have
transient hyperthyroidism, which in these patients is
common, self-limited, and requires no therapy.

6 Many pregnant women enter pregnancy with poor
dental care. Their teeth are in poor condition, and
numerous cavities and gingivitis are present owing to
poor dental hygiene.

7 Radiographs, which are often necessary to establish a
proper dental diagnosis, may be safely taken during
any stage of pregnancy. The maternal abdomen should
be shielded with a lead apron.

8 Heartburn is really a symptom of reflux esophagitis
that is a common, bothersome complaint during
pregnancy and occurs in as many as 70% of pregnant
patients.

9 Treatment of reflux esophagitis during pregnancy
consists primarily of neutralizing the acid material that
is being refluxed into the esophagus, thereby decreasing
gastroesophageal reflux.

10 The development of peptic ulcer disease during
pregnancy is uncommon and rare. Patients who have
peptic ulcers before pregnancy frequently experience
fewer symptoms during pregnancy and may even
become totally asymptomatic.

11 Patients with peptic ulcer disease should avoid a diet of
foods that cause discomfort. The H2 receptor
antagonists and the proton pump inhibitors appear to
be safe to use during pregnancy.

12 The most common cause of intestinal obstruction in
the pregnant woman is adhesions.

13 The term inflammatory bowel disease refers to a group
of idiopathic chronic inflammatory diseases of the
intestinal tract. The two most commonly seen during
pregnancy are ulcerative colitis and Crohn’s disease.

14 There is little evidence to suggest that pregnancy has
an effect on inflammatory bowel disease. Pregnancy has
little or no effect on Crohn’s disease and the overall
maternal prognosis is good.

15 Appendicitis is the most common cause of an acute
abdomen during pregnancy. The most frequent
condition misdiagnosed as appendicitis is
pyelonephritis.

16 Pregnant women have a higher mortality rate when
they develop appendicitis. This is primarily due to
procrastination in diagnosis and treatment, with
resultant perforation of the appendix, peritonitis, and
preterm labor.

17 Both computed axial tomography and magnetic
resonance imaging are helpful and safe during
pregnancy in the diagnosis of acute appendicitis and
other gastrointestinal diseases of pregnancy. The
emergency room physician, other clinicians, or
radiologists should not hesitate to use them when they
are indicated.

18 Gastric restrictive operations have now developed as
the operation of choice for the patient who is morbidly
obese. It has been recommended that a woman
undergoing one of these procedures should not become
pregnant for at least 1 year because, during that year,
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significant postoperative metabolic changes occur in the
patient.

19 The prevention and treatment of constipation during
pregnancy should consist mainly of nutrition
counseling, increasing fluid intake, daily exercise, and
dietary modification to increase the fiber content.

20 Most diarrhea that occurs during pregnancy is
nonspecific and can be managed with a variety of
nonsystemic and systemic medications.

21 Pregnancy predisposes a woman to developing
gallstones by decreasing gallbladder contractility and
mobility. About 2–5.3% of asymptomatic women
undergoing routine obstetrical ultrasound examinations
have cholelithiasis for which no immediate treatment is
required.

22 The gallbladder can be readily, quickly, and adequately
visualized by ultrasound during pregnancy. Ultrasound
has been shown to be 95–98% sensitive in diagnosing
both solitary and multiple gallstones in the gallbladder
or biliary tree.

23 Biliary colic occurs when gallstones become impacted
or pass through the biliary tree, and it is the most
common symptom that gallstones produce during
pregnancy. Biliary colic typically presents with right
upper quadrant pain that is epigastric, colicky, or
steady in intensity accompanied by nausea, vomiting
and, if cholangitis is present, fever.

24 Obstructive jaundice can occur when the gallstone
becomes impacted in the common bile duct or ampulla
of Vater causing acute pancreatitis.

25 Cholecystectomy should be reserved for the patient
with gallstones who has recurrent episodes of biliary
colic, common bile duct gallstones, and gallstone
pancreatitis. Nonoperative therapy for a patient with
gallstones includes hospitalization, analgesia, nil by
mouth, and nasogastric suction.

26 When performed during the second trimester,
cholecystectomy carries the most favorable pregnancy
outcome.

27 The clinical manifestations of acute cholecystitis 
during pregnancy are right upper quadrant or
epigastric pain that radiates to the back and can be
associated with low-grade fever and chills. Nausea,
vomiting, anorexia, and fatty food intolerance may
accompany the pain.

28 Conservative medical management is the mainstay 
of treatment of acute cholecystitis during 
pregnancy.

29 Pancreatitis is uncommon during pregnancy 
and most typically develops in the third trimester.
Treatment for acute pancreatitis is primarily
nonoperative.

30 Factors that predispose to the development of acute
pancreatitis during pregnancy include alcoholism, acute
infections, abdominal surgery, abdominal trauma,
pyelonephritis, tetracycline or thiazide use during
pregnancy, pregnancy-induced hypertension, eclamptic
seizures, hyperlipidemia, gestational diabetes, and
hyperparathyroidism.

31 Cholelithiasis is the most common cause of acute
pancreatitis during pregnancy. The symptoms and signs
of acute pancreatitis during pregnancy include a rapid
onset of constant, central mid-epigastric pain that may
radiate to the chest and back and can be quite severe.
A low-grade fever and absent or decreased bowel
sounds may also be present.

32 Serum amylase level is usually elevated to more 
than 200IU/mL in acute pancreatitis. A serum 
amylase level above 1000IU/mL is almost always
indicative of pancreatitis or an obstruction of the
pancreatic duct.

33 Careful consideration should be made when prescribing
drugs that fall under categories C, D, and X of the
Food and Drug Administration’s risk category
classification, which is being revised.

34 Pregnant patients at high risk of malnutrition during
pregnancy may benefit from total parenteral nutrition,
which can be used safely during pregnancy.
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Pregnancy is an altered but normal physiological state. Preg-
nancy causes alterations in the normal physiology of many
organs, but its effect on the liver is minimal. Liver disease is
uncommon in pregnancy, but its effect on the patient and the
fetus can be severe, thus making it more challenging to
manage. While any disease of the liver can affect the pregnant
woman, there are some diseases that are unique to pregnancy,
such as hemolysis, elevated liver function, and low platelets
(HELLP) syndrome, acute fatty liver of pregnancy, etc. Some
other diseases such as hepatitis E may take a more serious
course in pregnant women compared with the general popu-
lation. Because of the altered physiological state, some disor-
ders are more likely to occur in pregnancy, e.g., Budd–Chiari
syndrome, due to the hypercoagulable state (Table 44.1).

Normal pregnancy and liver

Pregnancy alters the normal hemodynamics of the body and
causes certain biochemical and physical changes, which should
be kept in mind when assessing clinical and biochemical
parameters, as some of these can be similar to changes associ-
ated with liver disease.1 Spider angiomata and palmer ery-
thema are seen in pregnancy, as well as in liver disease patients.
However, these changes are normal in pregnancy, can be seen
in more than 50% of pregnant women, and disappear after
delivery. There is no hepatosplenomegaly in pregnancy. Liver
histology remains unchanged. Jaundice is not a normal physi-
ological finding in pregnancy, and should prompt further inves-
tigation. Hemodynamic and biochemical changes in normal
pregnancy are outlined in Table 44.2. Most biochemical tests
used to assess liver injury or liver function are not altered in
pregnancy. Therefore, increase in levels of aspartate amino-
transferase (AST), alanine aminotransferase (ALT), serum
bilirubin, and fasting serum bile acid concentration indicate
liver disease, should be considered abnormal, just as in a non-
pregnant woman, and should be investigated further.2–4

Liver diseases unique to pregnancy

Liver diseases unique to pregnancy include hyperemesis 
gravidarum, intrahepatic cholestasis of pregnancy (ICP),
preeclampsia- and eclampsia-related liver diseases including
HELLP syndrome, and acute fatty liver of pregnancy (AFLP).
These present at different gestational periods, and this knowl-
edge can be very helpful in suspecting and diagnosing these
diseases (Table 44.3). Diseases that are not unique to preg-
nancy, such as viral hepatitis, drug hepatotoxicity, etc., can
also occur in a pregnant woman and should be considered in
the differential diagnosis of liver disease in a pregnant woman.
Salient features of liver diseases unique to pregnancy are sum-
marized later in the text (see Table 44.6).

Hyperemesis gravidarum

Hyperemesis gravidarum is characterized by severe nausea and
vomiting during pregnancy. It can lead to dehydration and
ketosis. It is more severe than the common morning sickness.
While nausea and vomiting can be seen in up to 50% of preg-
nancies, hyperemesis gravidarum is seen in only 1–1.5% of all
pregnancies.5,6 It generally occurs in the first trimester of preg-
nancy, but can occur as late as the 20th week. Abnormal liver
enzymes and mild hyperbilirubinemia can be seen in more
than 50% of cases.7,8

Pathophysiology and pathology
The pathogenesis of hyperemesis gravidarum remains unclear.
Liver involvement is secondary to the disorder itself and not
the cause of the disorder. Gestational hormones that peak in
early pregnancy may affect both liver and thyroid. Liver
biopsy is not needed in most situations but, if performed, it is
usually normal or may show centrilobular vacuolation, cell
dropout, and rare bile plugs. There is usually no inflamma-
tion, and either no or minimal fat.7,9

44 Liver disease in pregnancy
Vivek Raj
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Clinical and biochemical features
Patients usually present with intractable severe nausea and
vomiting in the 4th to 10th week of gestation, but can present
as late as the 20th week. Vomiting can be severe and lead to
dehydration, malnutrition, and ketosis. It is more common in
primiparous than in multiparous women. Usually, the patient
has no other complaint such as abdominal pain or fever. When
the liver is involved, there can be significant elevations of AST
and ALT ranging from mild elevation to 500–1000IU/L.
Bilirubin elevation is usually mild and so is alkaline phos-
phatase (ALP; up to twice normal levels).9,10

Management, maternal and fetal outcome
Most patients respond to intravenous rehydration and bowel
rest for a few days, followed by a high-carbohydrate, low-fat
diet. The symptoms, as well as liver test abnormalities, usually
resolve quickly with this treatment. Antiemetics such as
ondansetron, phenargan, and droperidol are frequently
needed for symptom control.11,12 Corticosteroids may be
useful in refractory cases.13 Enteral nutrition via a gastric or
duodenal feeding tube can be useful14 and, rarely, parenteral
nutrition may be needed. Symptoms usually resolve by late
first or early second trimester. There is usually no impact on
the child. Infants born to affected patients do not differ from
those of normal patients in terms of birthweight, maturity at
birth, or birth defects.5,6 However, in patients with severe
hyperemesis, the infant birthweight may be lower than
normal.15

Intrahepatic cholestasis of pregnancy (ICP)

ICP is a benign cholestatic disorder that usually occurs during
the second or third trimester of pregnancy and disappears
shortly after delivery. It is characterized by pruritis, cholestatic
liver test abnormalities, and occasionally jaundice. It is not a
life-threatening disease, but can cause significant discomfort
and affect maternal well-being.16 It can sometimes be associated
with an increased incidence of postpartum hemorrhage, prob-
ably as a result of vitamin K malabsorption. There is wide vari-
ation in its prevalence across the world, with low rates of 1–2

Table 44.1 Liver diseases in pregnancy.

Liver diseases unique to pregnancy
Hyperemesis gravidarum
Intrahepatic cholestasis of pregnancy
Preeclampsia and liver disease including HELLP syndrome,

hepatic infarction, hepatic hematoma, and rupture
Acute fatty liver of pregnancy

Common liver diseases occurring concurrently with pregnancy or
exacerbated by pregnancy

Acute viral hepatitis: A, B, C, E, Herpes simplex
Drug hepatotoxicity
Biliary and pancreatic diseases
Budd–Chiari syndrome
Other diseases

Pregnancy in the presence of chronic liver disease
Cirrhosis and portal hypertension
Chronic hepatitis B
Chronic hepatitis C
Autoimmune hepatitis
Primary biliary cirrhosis
Focal nodular hyperplasia and hepatic adenoma
Liver transplantation

Table 44.2 Hemodynamic and biochemical changes in normal
pregnancy.

Hemodynamic changes
Plasma volume ↑ Between weeks 6 and 36 by 50%. 

↓ After delivery
Red cell volume ↑ By about 20%. ↓ After delivery
Cardiac output ↑ Until second trimester. 

Normalizes by term
Systemic vascular resistance ↓ Due to systemic vasodilation 

and placental circulation
Absolute hepatic blood flow Unchanged

Biochemical changes
Serum albumin ↓ As pregnancy advances, due to 

hemodilution
ALP ↑ Mainly placental ALP
ALT No change
AST No change
Serum bilirubin No change or mild ↓
Direct bilirubin No change
Fasting total bile acid No change
GGT Mild ↓
Serum fibrinogen ↑
Prothrombin time/INR No change

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; GGT, gamma-glutamyltransferase; INR,
international normalized ratio.

Table 44.3 Onset of liver diseases unique to pregnancy by 
trimester.

Hyperemesis gravidarum Early first trimester
Intrahepatic cholestasis of pregnancy Anytime. Usually late 

second or third trimester
Preeclampsia Late second or third 

trimester
HELLP syndrome Third trimester. Sometimes 

postpartum
Acute fatty liver of pregnancy Third trimester. Sometimes 

postpartum
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per 10000 pregnancies in the United States, Asia, and Aus-
tralia, and high rates up to 10–200 per 10000 pregnancies in
Europe.17,18 Prevalence of 15.6% was reported from Chile,19

although lower rates of 4–6.5% have been reported in more
recent studies.20,21 The reason for this is unclear. ICP can occur
in primiparous or multiparous women, can recur in subsequent
pregnancies, and is more common in multiple gestations.18,22

Pathophysiology and pathology
The exact cause of ICP is unknown. Genetic factors, hormonal
exposure, and exogenous factors may all play a role in its
pathogenesis.23 Genetic factors may explain the wide geo-
graphical variation and high incidence in some ethnic groups
such as Native Americans in Chile.19 Premature truncation or
missense mutation of the MDR3 gene has been reported.24 A
role for estrogens has been strongly suggested. ICP occurs in
the third trimester, when estrogen levels peak,18,21,25 and occurs
five times more commonly in multiple gestations, where estro-
gen levels are high.26 Experimental cholestasis can be induced
in nonpregnant women with a previous history of ICP by the
administration of ethinylestradiol.27,28 Abnormal progesterone
metabolism may also be involved in the pathogenesis of ICP.
In ICP patients, the levels of sulfated metabolites of proges-
terone are increased.28 Oral administration of progesterone in
the third trimester of pregnancy has been shown to increase
serum bile acid concentration and serum ALT levels.29 Prog-
esterone should not be prescribed in pregnant women with a
history of ICP, or in late pregnancy, and should be withdrawn
if cholestasis occurs during pregnancy.1,16 Exogenous factors
may also be important in the pathogenesis of ICP, as suggested
by a recurrence rate of 45–70%30,31 in subsequent pregnan-
cies, seasonal variation in incidence in many countries, and
decreasing incidence in some high-prevalence countries such
as Sweden32 and Chile.30 Liver biopsy is rarely necessary for
diagnosis. Histopathology shows cholestasis, with bile plugs
in hepatocytes and canaliculi, predominantly in the centrilob-
ular region. There is no inflammation or necrosis, and portal
tracts are unaffected (Fig. 44.1).33

Clinical and biochemical features
The main symptom of ICP is pruritis, which can be very
severe, uncomfortable, and difficult to tolerate. It can involve
any part of the body, but usually involves the hands and feet,
especially the palms and soles. It is often generalized and is
usually worse at night, resulting in sleep deprivation and psy-
chological distress.26,34–36 Pruritis generally develops in the
third trimester, but can occur as early as the sixth week.31,37

Jaundice develops in only 10–15% of cases, is usually mild,
with serum bilirubin less than six times the upper limit of
normal, and resolves rapidly after delivery, within 1–40 days.
Jaundice in the absence of pruritis is rare.26,31,38 ALT and AST
are elevated 2- to 10-fold above the upper limit of normal.
ALT elevation is a sensitive test for ICP.39 Viral hepatitis
should be ruled out in all cases with elevated ALT and AST.
Liver histology does not show any hepatocyte injury, and the
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cause of elevated liver transaminases is thought to be an
increase in membrane permeability. Serum gamma-glutamyl-
transferase (GGT) is usually normal or mildly increased.
Serum total bile acid (TBA) concentrations are increased.
Increased serum cholic acid levels, or a ratio of cholic to chen-
odeoxycholic acid level of > 1 may be the earliest and most
sensitive predictor of ICP, even before the onset of symp-
toms.33 Measurement of serum TBA concentration is a useful
diagnostic test for ICP, especially when the patient has pruri-
tis but normal ALT and AST levels.30 The serum bile acid and
aminotransferase levels decrease rapidly after delivery and, as
a rule, normalize in a few weeks. Prothrombin time is usually
normal. It can sometimes be abnormal because of vitamin K
deficiency, and should be checked before delivery and cor-
rected with vitamin K, to avoid bleeding complications.

Maternal and fetal outcome
Severe pruritis can lead to fatigue and psychological distress
for the mother. However, the overall maternal prognosis is
good. There is a slight increase in the risk of postpartum hem-
orrhage due to vitamin K malabsorption, but this is easily cor-
rected by administration of vitamin K prior to delivery. ICP
does increase the risk for the fetus, with an increase in risk of
prematurity, stillbirth, meconium-stained amniotic fluid, and
abnormal fetal heart rate patterns.21,40–43 The higher rate of
multiple pregnancies in ICP may also contribute to high rates
of prematurity.31 Antenatal testing, amniocentesis, and early
induction of labor, once fetal lung maturity is achieved,
decrease fetal mortality rates.22,44

Medical and obstetric management
The aim of management is treatment of maternal symptoms
and improvement of fetal outcome. Hydroxyzine, other anti-

Figure 44.1 Liver biopsy showing cholestasis of pregnancy. Arrows
point to bile plugs within canaliculi (bilirubinostasis). Note minimal
accompanying inflammation (reprinted from Burt et al., with
permission from Elsevier).
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histaminics, benzodiazepines, and tranquilizers are used to
treat symptoms, but have limited success and do not improve
biochemical parameters or fetal outcome. Low-dose pheno-
barbital (2–5mg/kg) has been found to be effective in con-
trolling pruritis in about 50% of patients in one study,18 but
not in others.21 Cholestyramine (8–16g/day) decreases ileal
absorption and increases fecal excretion of bile acids by
binding bile acids in the small bowel. It improves maternal
symptoms to some extent, but does not improve biochemical
parameters or fetal outcome.21,45 In many studies, ursodeoxy-
cholic acid (UDCA) has been effective. It is a naturally occur-
ring bile acid, which modifies the bile acid pool composition
by replacing lithocholic acid, which is mildly cytotoxic to
hepatocyte membranes, and by decreasing the absorption of
cholic and chenodeoxycholic acid. It relieved pruritis,
improved liver blood test values, and prevented prematurity
in most patients. No major side-effects have been reported in
mother or baby, and it was not found to be teratogenic.28,46–49

Fetal outcome improves if the condition is diagnosed early and
managed actively, including fetal surveillance. It is difficult to
decide the best time for delivery. Risk of prematurity and the
risk of intrauterine death of the fetus have to be taken into
account when deciding the best time to deliver. In patients with
severe cholestasis, delivery should be considered after
36 weeks’ gestation if the fetal lungs have matured, or as soon
as possible thereafter.21

Preeclampsia and liver disease

Preeclampsia is a multisystem disorder of unknown etiology
that presents in the late second or third trimester of pregnancy
and is characterized by a triad of hypertension, proteinuria,
and edema.3 It complicates 3–5% of all pregnancies and is a
major cause of maternal and fetal morbidity and mortality.
The etiology and pathogenesis of preeclampsia are poorly
understood. Genetic and immunological factors have been
implicated,50–52 as well as paternal or fetal factors.53 The drop

in systemic vascular resistance typically seen in normal preg-
nancy fails to occur, and the sensitivity of the vascular system
to vasospasm is enhanced, resulting in poor perfusion of a
variety of organs including the liver, causing ischemic injury.
The spectrum of liver disease in preeclampsia ranges from sub-
clinical involvement at one end of the spectrum to HELLP syn-
drome, hepatic infarction, and rupture of liver at the other end
of the spectrum. Acute fatty liver of pregnancy is also associ-
ated with preeclampsia in about half the cases, but is a dis-
tinct syndrome. The commonest liver disorder seen in the
presence of preeclampsia is HELLP syndrome. The exact
mechanism for this is unknown.

HELLP syndrome

HELLP syndrome is defined as hemolysis, elevated liver test
values and low platelets in a patient with preeclampsia. It
affects approximately 0.1–0.6% of pregnancies, and 4–12%
of patients with severe preeclampsia. The majority of cases
(about 70%) occur in the third trimester, and the rest occur
postpartum.1

Pathophysiology and pathology
The peripheral smear characteristically shows features of
microangeopathic hemolytic anemia, with characteristic schis-
tocytes and burr cells. Liver biopsy is not necessary for diag-
nosis and can be high risk given the possibility of hematoma
and liver rupture seen in HELLP syndrome. Liver histology is
characterized by periportal hemorrhage, and periportal and
focal parenchymal necrosis, with hyaline deposits54,55 (Fig.
44.2). There is fibrin deposition and microthrombi in sinu-
soids. Steatosis can be seen in some patients, but it is usually
macrovesicular fat distribution throughout the liver lobule
that distinguishes it from the microvesicular centrizonal fat
distribution typical of acute fatty liver of pregnancy.56 Rarely,
hepatic infarction and rupture of the liver capsule from under-
lying bleeding can occur.

BA

Figure 44.2 Liver in toxemia of pregnancy. (A) Area of periportal necrosis (arrow) with intrasinusoidal fibrin deposition. (B) Hepatic arterioles
showing vacuolosis and intrasinusoidal fibrin deposition. Masson’s trichrome stain (reprinted from Burt et al., with permission from Elsevier).
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The risk of recurrent HELLP in subsequent pregnancies is
3–27% according to different studies.62,63

Management
Management of HELLP and preeclampsia is supportive and
may require intensive care unit (ICU) care. Delivery is the
definitive treatment for HELLP, preeclampsia, and eclampsia.3

The best timing for delivery is determined by the balance
between fetal gestational age and lung maturity and the sever-
ity of HELLP and preeclampsia. If preeclampsia is severe or
develops after the 36th week of gestation and the fetal lungs
are likely to be mature, the baby should be delivered. If
preeclampsia is seen in the early third trimester and is mild,
then expectant management can be followed with close mon-
itoring.64 Corticosteroids have been shown to improve mater-
nal platelet count and liver enzymes, and to promote fetal 
lung maturity, along with a trend toward improving fetal
outcome.61,65,66

Hepatic infarction

Hepatic infarction is a severe but rare complication of
preeclampsia, and may be considered an extension of HELLP
syndrome.67 Patients present with severe abdominal or chest
pain and fever without an obvious source. White blood cell
(WBC) count is elevated and aminotransferases may be very
high, sometimes > 5000U. In severe cases, patient may have
acute liver failure due to massive liver damage, with
encephalopathy, coagulopathy, and jaundice.68 Abdominal
computerized tomography (CT) scan or magnetic resonance
imaging (MRI) are the imaging modalities of choice for seeing
liver infarcts.69 Management is mainly supportive. Fortu-
nately, most patients recover completely, with no long-term
sequelae.

Subcapsular hematoma and rupture of liver

These are rare but the most severe complications of
preeclamptic liver involvement. When the rupture is contained
within the capsule of the liver, the patient presents with severe
right upper quadrant abdominal pain, but is hemodynamically
stable.70 Abdominal CT helps to make a definitive diagnosis.
Management is supportive. Patients with hepatic rupture
present with severe abdominal pain, shock, and hemoperi-
toneum. Mortality is very high. Most patients undergo emer-
gency laparotomy with liver resection and packing.71 Arterial
embolization to control hemorrhage has also been suggested.72

Liver transplant has been done in some cases.73,74 Early diag-
nosis and prompt delivery are essential.74,75

Acute fatty liver of pregnancy (AFLP)

AFLP was first described by Sheehan in 1940.76 It is a rare
disease, occurring in the third trimester, and has a high mor-
tality risk. It occurs in 1 in every 7000–14000 deliveries and
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Clinical and biochemical features:
There is wide variation in the clinical presentation, varying
from no symptoms other than mild abdominal pain to severe
life-threatening illness. The typical presenting symptoms are
right upper quadrant or epigastric pain (65–90% of patients),
malaise (90%), nausea and vomiting (36–50%), and headache
(31%). Although liver enzyme elevation is common, jaundice
is seen in only 5% of patients.57,58 Hypertension and pro-
teinuria typical of preeclampsia are seen in the majority 
of patients. Hypertension can be absent in 15–20% of
patients.58,59 Physical examination reveals right upper quad-
rant tenderness (80%) and weight gain with edema (60%).58

On laboratory testing, there is evidence of hemolytic anemia
with a drop in hemoglobin, abnormal peripheral smear
showing schistocytes and burr cells, and elevated serum lactate
dehydrogenase (LDH). Liver enzymes are elevated modestly,
but may sometimes be above 1000IU/L. Usually, AST levels
are higher than ALT levels. Platelet count is decreased below
100000 cells/mm3.16 Coagulation studies including prothrom-
bin time and fibrinogen levels are usually normal (Table 44.4).

Maternal and fetal outcome
The mortality rate for women with HELLP syndrome is
1–3%, although rates as high as 25% have been reported.3,57

The most important causes of maternal morbidity and mor-
tality are stroke, disseminated intravascular coagulation (DIC;
20% of patients), and spontaneous or postpartum hemor-
rhage. Other causes of morbidity and mortality include hyper-
tension, eclampsia, pulmonary edema (6%), acute renal failure
(7%), abruptio placentae (16%) and, rarely, hepatic rupture.57

Perinatal mortality of infants is about 35% (range 10–60% in
different series). Besides prematurity, infants born to mothers
with HELLP are at increased risk of thrombocytopenia.60,61

Table 44.4 Diagnostic laboratory and pathological features of
HELLP syndrome.

Hemolytic anemia
Decrease in Hb
Peripheral smear: schistocytes and burr cells
Total bilirubin > 1.2 mg/dL, mainly unconjugated
Lactate dehydrogenase > 600 U/L

Elevated liver enzymes
Serum AST > 70 U/L or > twice normal
AST > ALT
AST and ALT up to 1000 IU/L

Thrombocytopenia
Platelet count < 100 000/mL

Liver biopsy
Periportal hemorrhage and periportal or focal parenchymal necrosis

with hyaline deposits. Fibrin microthrombi and fibrinogen
deposits in sinusoids

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
Hb, hemoglobin.
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has a worldwide prevalence.77,78 Women in their first 
pregnancy or women carrying more than one fetus are most
often affected.79,80 It occurs in the third trimester, although in
some cases it may be diagnosed postpartum, even though the
disease starts before delivery in all cases. Rare cases have been
described occurring between 22 and 26 weeks.81–83 Before
1980, both maternal and fetal mortality rates of 70–90% were
reported,77,84–87 but recent data show mortality rates of 
less than 20%,88–90 mostly because of greater disease aware-
ness, earlier diagnosis, and improved ICU care. Patients who
survive have no long-term sequelae, and liver histology com-
pletely returns to normal.78,85 Recurrence in subsequent preg-
nancies is rare.3

Pathophysiology and pathology
The etiology of AFLP is not known. It belongs to a group of
liver diseases characterized by microvesicular steatosis and
mitochondrial dysfunction. Other disorders in this group
include Reye syndrome, drug hepatotoxicity with sodium val-
proate and tetracycline, and Jamaican vomiting sickness.1 A
genetic factor has been suggested, but no familial cases have

been reported. Recently, a mutation (Glu474Gln mutation) in
the long-chain 3-hydroxyacyl-coenzyme A dehydrogenase
(LCHAD), a fatty acid β-oxidation enzyme, has been sug-
gested.86,87,91 Women with LCHAD deficiency do not always
have liver disease. Liver disease occurs most often when 
severe fetal deficiency of the enzyme activity results in accu-
mulation of metabolites in the fetus and fetal–maternal trans-
fer.92 Liver biopsy is the most definitive way to confirm
diagnosis but, as it is invasive, the benefit and risk have to be
assessed. It is definitely indicated after common illnesses such
as viral hepatitis have been excluded, and there is doubt about
the diagnosis of AFLP. The overall liver architecture is intact.
There is microvesicular fatty infiltration of hepatocytes, which
are swollen. Minute fatty droplets surround the central
nucleus, giving a foamy appearance to the cytoplasm. The
changes are most prominent in the pericentral zone and
midzone (zones 2 and 3), and spare the periportal hepatocytes.
Subtle inflammation and necrosis of hepatocytes may be
present93 (Fig. 44.3). Electron microscopy can confirm fat
droplets in the cytoplasm and changes in mitochondrial 
morphology.81

BA

C

Figure 44.3 Acute fatty liver of pregnancy. (A) Microvesicular
steatosis involving centrilobular (perivenular) zones, H&E. (B) High-
power micrograph showing swollen hepatocytes and microvasicular
fat accumulation (arrows), H&E, and (C) Oil red O stain (reprinted
from ref. 134, with permission from Elsevier).
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maternal and fetal mortality has decreased from 85% before
1980 to less than 20% in 2000.

Management
Timely diagnosis, intensive monitoring and management, and
early delivery are the key to a successful outcome. There is no
specific therapy. Prompt delivery is recommended to improve
maternal and fetal outcomes. Severely affected patients
(encephalopathy, coagulopathy, severe jaundice, etc.) should
be monitored in the ICU.84,86,95,97,98 Liver transplantation is a
possible therapeutic option in postpartum patients who do not
improve rapidly after delivery.88,99

Liver diseases occurring concurrently
with pregnancy or exacerbated 
by pregnancy

Viral hepatitis in pregnancy

All the hepatotrophic viruses can affect a pregnant woman. A
detailed discussion of viral hepatitis is beyond the scope of this
book. A brief discussion of hepatitis A, B, C, E, and herpes
simplex viral hepatitis, pertinent to pregnancy, follows. For
detailed discussion, the reader is referred to a liver text-
book.1,100 Acute viral hepatitis is a systemic illness with fever,
malaise, nausea, vomiting, anorexia, and fatigue at presenta-
tion, followed by jaundice. Aminotransferase concentrations
are markedly elevated (> 500IU/L and usually > 1000IU/L).

Hepatitis A has the same course in pregnant women as in
nonpregnant women.101 Although intrauterine transmission 
to the fetus has been reported, it is rare. Maternal or fetal 
outcomes are not affected by hepatitis A. In cases of possible
exposure, pooled serum immunoglobulin administration
3–6 months before to 2 weeks after exposure can attenuate or
prevent the clinical symptoms. Hepatitis vaccine can be safely
and successfully administered to a pregnant woman at high
risk of exposure, such as when traveling to an endemic area
or a healthcare worker at high risk.102

Hepatitis B is usually acquired by the parenteral route as in
blood transfusion, intravenous drug use, or exposure to blood
or sexual secretions from an infected patient. Its main rele-
vance in pregnancy is the risk of vertical transmission to the
child, who can then develop chronic hepatitis B. More than
95% of perinatal transmission occurs intrapartum. Risk of
maternal–fetal transmission is 90% in hepatitis Be antigen
(HBeAg)-positive mothers and 10–40% in HBeAg-negative
mothers.103,104 Therefore, antepartum hepatitis B surface
antigen (HBsAg) testing is essential in pregnant women.
Seronegative mothers can safely receive hepatitis B virus
(HBV) vaccine. Infants born to HBsAg-positive mothers
should receive human hepatitis B immune globulin (HBIG) at
delivery, followed by HBV vaccine.102 Active and passive
immunization of the infant also decreases the risk of HBV
transmitted by maternal milk in breastfed infants.105 Lamivu-
dine, a nucleoside analog therapy for hepatitis B, has also been
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Clinical and biochemical features (Table 44.5)
AFLP generally presents with acute onset of nausea and vom-
iting (70% of cases), right upper quadrant or epigastric
abdominal pain (50–80%), or flu-like symptoms of malaise,
headache, and anorexia.78,81,90 Jaundice usually occurs
1–2 weeks after the onset of these systemic symptoms. Pruri-
tis is rare.81,89 About half the patients have preeclampsia. Phys-
ical examination is usually unremarkable except for jaundice.
The liver edge may be palpable.

Leukocytosis is common. Coagulation disorders, including
thrombocytopenia, decreased clotting factors, and DIC, are
frequently seen. Liver enzymes are elevated with moderate
increases in ALT and AST (usually < 1000IU/L), increased
ALP, and increased hyperbilirubinemia (usually between 5 
and 15mg/dL and mostly conjugated). Hypoglycemia and 
renal dysfunction can develop.16,81,89 Radiological imaging
studies (ultrasound, CT, MRI) can show fatty liver, but do 
not have any specific pattern on which to base a radiological
diagnosis.94

Maternal and fetal outcome
Most patients improve 1–4 weeks postpartum, following
spontaneous or induced delivery or Cesarean section. Rarely,
the disease may worsen postpartum.84,86,95,96 If untreated,
AFLP typically progresses to fulminant hepatic failure with
encephalopathy, coagulopathy, DIC, cerebral edema, renal
failure, pancreatitis, gastrointestinal or uterine bleeding,
seizures, coma, and death. Infection is a common complica-
tion.81,89 As pointed out earlier, with better management,

Table 44.5 Diagnostic clinical, laboratory, and pathological features
of acute fatty liver of pregnancy.

Clinical
Acute-onset nausea, vomiting
Right upper quadrant or epigastric pain
Flu-like symptoms: malaise, anorexia, headache
Jaundice
Encephalopathy: somnolence, irritability, sleep alterations, asterexis,

progressing to seizures and coma

Laboratory tests
Leukocytosis
Coagulation disorders: increased prothrombin time, decreased

fibrinogen and clotting factors, thrombocytopenia, DIC
Elevated liver enzymes: AST, ALT (up to 1000 IU/L), bilirubin (up

to 5–15 mg/dL), ALP
Hypoglycemia
Renal failure: elevated BUN and creatinine

Liver biopsy
Microvesicular steatosis with foamy appearance of cytoplasm. Mild

inflammation and hepatocyte necrosis

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; BUN, blood urea nitrogen; DIC,
disseminated intravascular coagulation.
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used safely in the last 4 weeks of pregnancy to decrease the
risk of vertical transmission.106 Infants who acquire infection
at birth have a high risk of developing chronic hepatitis B, as
their immune system is immature. The infected infants may
remain completely asymptomatic and have normal liver
enzymes, despite active replication of hepatitis B.

Hepatitis C virus (HCV) infection during pregnancy does
not interfere with normal pregnancy unless the patient has cir-
rhosis. Pregnancy does not alter the natural course of infec-
tion either.16 The risk of vertical transmission of HCV from
mother to fetus is up to 10% in women who are antibody pos-
itive but negative on polymerase chain reaction (PCR) analy-
sis, and up to 33% in women who are positive for HCV RNA
on PCR.107 Risk of transmission is higher if the patient has a
HCV viral load of more than 1 million copies/mL or is co-
infected with human immunodeficiency virus (HIV).108,109

Breastfeeding does not increase transmission risk.110 Unlike
hepatitis B, as yet, there is no vaccine and no known method
for interrupting the transmission of the hepatitis C virus.

Hepatitis E virus (HEV) is notorious for its severe course
and bad outcome in pregnant women. It occurs mainly in
developing countries and is rare in the United States. HEV is
a feco-orally transmitted infection, which is usually a mild and
self-limited illness in nonpregnant patients, but commonly
causes fulminant hepatic failure during pregnancy (up to
58%).111 Mortality is 1.5% in the first trimester, 8.5% in the
second, and 21% during the third trimester.112 HEV infection
in the third trimester is associated with higher fetal mortal-
ity.112 Treatment is supportive.

Herpes simplex hepatitis
Similar to hepatitis E, herpes simplex follows a more severe
course in pregnant women and can cause fulminant hepatitis
in these women.113,114 Patients usually present with a nonspe-
cific viral syndrome including fever and upper respiratory
symptoms. On laboratory tests, they are found to have
markedly elevated transaminases and only mild elevation of
bilirubin. Accompanying genital vesicular eruptions are
common, and culture of these lesions can establish the diag-
nosis. In other cases, liver biopsy may be needed for diagno-
sis. It demonstrates classical intranuclear inclusions (Fig.
44.4). Immunocytochemistry may be needed to confirm the
diagnosis. Patients can be treated successfully with acyclovir,
and early delivery is not necessary.

Hepatic vein thrombosis (Budd–Chiari syndrome)

Budd–Chiari syndrome is caused by hepatic vein thrombosis
involving a large hepatic vein. It occurs most commonly in the
setting of a hypercoagulable state. Both pregnancy and oral
contraceptive therapy are associated with a hypercoagulable
state,115 and are associated with an increased incidence of
Budd–Chiari syndrome. Reports from India suggest that it is
more common in pregnant women, usually occurring after
delivery.1,116,117 In the Western literature, many reports have

linked Budd–Chiari syndrome with underlying procoagulant
disorders such as anticardiolipin antibody,118,119 factor V
Leiden mutation,120 thrombotic thrombocytopenic purpura,121

or myeloproliferative disorders such as polycythemia rubra
vera.122 Patients usually present soon after delivery with
abdominal pain, rapid accumulation of ascites, and
hepatomegaly. Liver function deteriorates rapidly. Prognosis is
poor. Liver transplantation may be needed to save the
patient,120,123 but many patients can be managed successfully
with supportive care, prompt delivery, and anticoagulation.1

Cholelithiasis

Gallbladder motility decreases during pregnancy, and the lith-
ogenicity of bile increases, resulting in an increased incidence
of gallstones.124 About 2% of women develop gallstones
during pregnancy, with multigravida at higher risk.125 Most of
the women remain asymptomatic. Sometimes, the patient
presents with one of the complications of cholelithiasis such
as biliary colic, acute cholecystitis, or acute gallstone pancre-
atitis. Most of these patients respond very well to conserva-
tive management but, if they remain symptomatic, then
cholecystectomy may be necessary126,127 and can be performed
either laparoscopically or by the open route. Common bile
duct stones can be managed with endoscopic retrograde
cholangiopancreatography (ERCP) and sphincterotomy.128

Cirrhosis and portal hypertension

Chronic liver disease is associated with a decrease in fertility,
with anovulation, amenorrhea, and premature menopause
being more common in these patients. If a woman has cir-
rhosis and does get pregnant, she can usually sustain the preg-

Figure 44.4 Herpes simplex hepatitis. High-power view showing
zones of necrotic hepatocytes with intranuclear inclusions typical of
Herpes simplex infection (arrows) (courtesy of Laura W. Lamps,
Department of Pathology, University of Arkansas for Medical
Sciences, Little Rock, AR, USA).
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nancy without major worsening of liver function.129 However,
progressive liver failure, ascites, and hepatic coma have 
been reported in a few patients who have cirrhosis and become
pregnant.129,130 There is an increased incidence of stillbirths
and premature delivery.129,131,132 On the other hand, in patients
with noncirrhotic portal hypertension, fertility is not

decreased.133 However, worsening of portal hypertension 
with increased risk of variceal bleeding occurs, due to a
marked increase in blood volume and azygous flow during 
pregnancy.131–133

For a summary of liver diseases in pregnancy, see 
Table 44.6.

Table 44.6 Salient features of liver diseases in pregnancy by trimester.

Trimester Liver condition Main symptoms Laboratory tests Histology Management
of onset

First Hyperemesis Nausea, vomiting ↑ AST, ALT, ketosis Central vacuolization Intravenous hydration, 
gravidarum bowel rest, antiemetics. 

TPN in severe cases
Second Cholestasis of Pruritis, jaundice ± ↑ AST, ALT, total bile Cholestasis. No Antihistaminics, 

pregnancy acids. Mild ↓ bilirubin inflammation phenobarbital, 
ursodeoxycholic acid. 
Early delivery ±

Third HELLP syndrome Abdominal pain, Low platelets. ↑ AST, Periportal hemorrhage, Supportive. Early delivery
malaise, nausea, ALT, LDH. Hemolysis focal parenchymal when possible
vomiting necrosis

Hepatic infarction Severe abdominal or ↑ WBC, ↑↑ AST, ALT, – Supportive. May need 
chest pain. Acute ↑ bilirubin, coagulopathy. ICU
liver failure CT/MRI diagnostic

Hepatic rupture Severe abdominal Abdominal CT – Laparotomy. Prompt 
pain. Shock delivery

Acute fatty liver Nausea, vomiting, ↑ Prothrombin time, DIC. Microvesicular fat in Supportive care. Prompt 
of pregnancy abdominal pain ↑ AST, ALT, bilirubin, hepatocytes delivery

ALP
Any Viral hepatitis Nausea, vomiting, ↑ AST, ALT, bilirubin. Inflammation and Supportive

jaundice Hepatitis serology hepatocyte necrosis

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CT, computerized tomography; DIC, disseminated
intravascular coagulation; HELLP, hemolysis, elevated liver function, and low platelets; ICU, intensive care unit; LDH, lactate dehydrogenase;
MRI, magnetic resonance imaging; TPN, total parenteral nutrition; WBC, white blood cells.

Key points

1 Most liver blood tests are not altered in pregnancy.
Therefore, elevation of bilirubin, AST, ALT, or TBA
concentration indicates liver disease and should be
investigated.

2 Elevation of alkaline phosphatase in pregnancy is
usually of placental origin and should not be
considered abnormal unless associated with other liver
test abnormalities or clinical features of liver disease.

3 Some liver diseases are seen only in pregnancy, e.g.,
intrahepatic cholestasis of pregnancy (ICP),
hyperemesis gravidarum, HELLP syndrome, and acute
fatty liver of pregnancy (AFLP). Gestational age can
help significantly in differential diagnosis. For example:
first trimester – hyperemesis gravidarum; second or

third trimester – ICP; third trimester – HELLP
syndrome or AFLP.

4 Common liver diseases such as viral hepatitis, drug
hepatotoxicity, etc. can occur during pregnancy and
should always be considered in the differential
diagnosis.

5 Pregnancy in patients with advanced chronic liver
disease is rare. Some patients with conditions such as
autoimmune hepatitis, Wilson’s disease, etc. may regain
fertility after successful treatment and should continue
their treatment during pregnancy. In patients with mild
chronic liver disease such as hepatitis B or C,
pregnancy is common.
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6 Acute viral hepatitis E and Herpes simplex hepatitis can
take a more severe course in pregnant patients, with
higher mortality rates than in nonpregnant patients.

7 The incidence of some diseases such as cholelithiasis
and Budd–Chiari syndrome is increased during
pregnancy because of alterations in biliary physiology
and the hypercoagulable state associated with
pregnancy respectively.

8 Patients with hyperemesis gravidarum present with
severe nausea and vomiting between the 4th and 10th
weeks of gestation, far worse and more prolonged than
common morning sickness, which can lead to
dehydration and ketosis. AST and ALT can be mildly
or significantly elevated (up to 500–1000IU/L), but
bilirubin elevation is mild. All symptoms and
laboratory abnormalities usually resolve with
conservative supportive management by the second
trimester.

9 ICP is a benign cholestatic disorder that occurs during
the second or third trimester, and resolves after
delivery. It is characterized by pruritis, elevated serum
TBA concentration, mild to moderate AST and ALT
elevation and, in 10–15% of cases, mild elevation of
bilirubin. It may have an adverse effect on the fetus,
and early delivery after 36 weeks of gestation may have
to be considered.

10 Preeclampsia is a multisystem disorder that occurs in
3–5% of pregnancies in the second or third trimester,
and is characterized by hypertension, edema, and
proteinuria. It can be associated with many liver
disorders including HELLP syndrome, hepatic
infarction, subcapsular hematoma, and hepatic rupture.
The commonest of these is HELLP syndrome.

11 HELLP syndrome is characterized by hemolysis (drop
in Hb, schistocytes and burr cells on peripheral smear,
high LDH), elevated liver enzymes (elevated AST and
ALT), and low platelets (< 100000 cells/mm3). Clinical
symptoms can vary in severity and include abdominal
pain, malaise, nausea, and vomiting. It can be
associated with increased maternal and fetal mortality.
Management is supportive. Delivery is the definitive
treatment for HELLP and preeclampsia.

12 Hepatic infarction should be considered in a patient
with preeclampsia presenting with severe abdominal
pain and fever without an obvious source. WBC count
is elevated, and liver enzymes can be very high (ALT,
AST > 1000IU/L). CT and MRI can establish the
diagnosis. Management is supportive and most patients
recover.

13 Hepatic rupture is a rare complication of preeclampsia,
but should be considered in a patient presenting with
severe right upper quadrant abdominal pain, shock,
and hemoperitoneum. Emergency CT to confirm
diagnosis, followed by urgent laparotomy with liver
resection and packing should be done. Mortality is very
high. Arterial embolization has been tried in some
cases.

14 AFLP is a rare disorder, but has a very high mortality
rate (20%, despite high-quality care). It occurs in 
the third trimester, and rarely postpartum. The
histological hallmark is microvesicular steatosis with
fatty droplets in hepatocyte cytoplasm, giving a foamy
appearance.

15 Clinical symptoms of AFLP are nonspecific, including
nausea, vomiting, abdominal pain, and malaise. AST
and ALT are elevated (usually < 1000IU/L), and
bilirubin is elevated to 5–15mg/dL. The patient can
progress rapidly to fulminant liver failure with
encephalopathy, coagulopathy, DIC, and cerebral
edema. Other complications include hypoglycemia,
renal failure, pancreatitis, gastrointestinal and uterine
bleeding, and seizures. The patient can die of bleeding
complications, hepatic coma, infection, or multisystem
failure. Timely diagnosis, intensive monitoring, ICU
care, and prompt delivery are key to a successful
outcome. Most patients improve 1–4 weeks
postpartum, with complete recovery of liver function
and no long-term sequelae.

16 Hepatitis B is acquired by the parenteral route or via
sexual secretions. It causes acute hepatitis with elevated
liver enzymes, jaundice, and hyperbilirubinemia, severe
malaise, anorexia and, infrequently, fulminant liver
failure. If acquired in adulthood, about 90–95% of
patients clear the infection spontaneously, 2–5%
develop chronic active hepatitis B, and 2–5% become
carriers. Persistence of HBsAg 6 months after exposure
indicates chronicity. Anyone with HBsAg in the blood
can be infectious, and the risk of transmission is much
higher if there is active replication, indicated by the
presence of HBeAg in the blood. If the infection is
acquired in infancy, the risk of chronicity is about
90%, and the patient may have no symptoms and
normal liver enzymes. This is thought to be due to the
immature immune system of infants.

17 If the mother has hepatitis B, there is a high risk of
vertical maternal–fetal transmission (90% in HBeAg-
positive mothers and 10–40% in HBeAg-negative,
HBsAg-positive mothers). Ninety-five percent of
perinatal transmission occurs in the intrapartum
period, and less than 5% is transplacental. Infants born
to HBsAg-positive mothers should receive human
hepatitis B immune globulin (HBIG) at delivery,
followed by HBV vaccine, to decreases the risk of the
child developing hepatitis B. All pregnant women
should be tested for hepatitis B.

18 Hepatitis C is parenterally acquired (blood products,
intravenous drug use, multiple sexual partners, etc.)
and causes chronic hepatitis in 85% of those infected.
Unlike hepatitis B, the spontaneous clearance rate for
hepatitis C is only 15%. It progresses to cirrhosis in
20% of cases over a 20-year period. It does not
interfere with normal pregnancy. The risk of
transmission to the fetus is 10% in HCV antibody-
positive but PCR-negative patients, and 33% in PCR-
positive patients. As yet, there is no vaccine for
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Recent epidemiological studies indicate that chronic kidney
disease (CKD) is common and affects 20 million Americans.1

This, coupled with the evidence that the incidence of preg-
nancy in women with CKD is rising, makes it important to
understand how pregnancy affects the kidney as well as how
kidney disease affects both the mother and the fetus. In addi-
tion, women are susceptible to acute renal failure (ARF) with
causes unique to pregnancy. Despite the advancement of
medical technology in both obstetrics and neonatology, kidney
disease in pregnancy is associated with significant maternal
and fetal morbidity and mortality. In this chapter, we focus on
the impact of the physiological changes of pregnancy in
normal and in diseased kidneys as well as the importance of
renal function on maternal and fetal outcomes.

Renal physiology and pregnancy

The marked decrease in the peripheral vascular resistance
during pregnancy results in a reduction in blood pressure and
significant changes in systemic and renal hemodynamics,
including net retention of sodium and water, an increase in
cardiac output, and an increase in the glomerular filtration
rate (GFR) (Table 45.1).2,3 These changes occur early in 
conception and are generally maintained throughout preg-
nancy. The increase in the GFR results in lower values for
blood urea nitrogen (BUN) and creatinine. Thus, serum
markers of renal function that are considered normal for non-
pregnant women may signify underlying renal impairment in
pregnancy.

Acute renal failure in pregnancy

Advancements in sterile technique and obstetric delivery have
led to a dramatic decrease in ARF during pregnancy, now
accounting for only 15% of ARF compared with 50% previ-
ously.4,5 Traditionally, ARF is categorized into three distinct
entities: prerenal ARF, intrinsic renal ARF, and postrenal ARF,

based on the type of injury causing changes in renal function.
Pregnant women are at risk for the same causes of ARF as in
the general population; however, etiologies specific for preg-
nancy-related ARF are depicted in Figure 45.1. Prerenal ARF
refers to conditions in which the kidney itself is normal, but
in which there is a decrease in renal perfusion. In certain preg-
nancy states, such as hyperemesis gravidarum, severe vomit-
ing with volume depletion may be a contributing cause of
prerenal ARF. Additionally, septic abortions in the first
trimester with alterations in renal perfusion have been associ-
ated with prerenal ARF. Causes of intrinsic renal ARF in preg-
nancy are generally more serious than the prerenal or
postrenal disorders. Intrinsic renal ARF is characterized by
tissue damage with loss of renal tubular function. The most
common etiologies of intrinsic renal ARF are the hemolysis,
elevated liver function, and low platelets (HELLP) syndrome,
postpartum hemorrhage, and the preeclampsia/eclampsia syn-
drome. Uncommon conditions of intrinsic renal ARF in preg-
nancy are glomerulonephritis, abruptio placentae, cortical
necrosis, and acute fatty liver of pregnancy.5,6 Lastly, postre-
nal causes of ARF result from a blockage of urine flow beyond
the kidney itself. In pregnancy, the gravid uterus may exert
pressure on the ureters, resulting in mild to moderate
hydronephrosis, but not typically renal failure.7 In conditions
of polyhydramnios in the third trimester, the enlarged 
uterus may compress the ureters causing obstructive ARF.8

Nephrolithiasis may also result in postrenal ARF in pregnancy.
Pregnancy alone does not cause an increased risk for the devel-
opment of renal calculi compared with the general population,
but they may be difficult to diagnose as the presentation of
back pain and urinary symptoms may be identical to urinary
infections or premature labor.

The evaluation of ARF in pregnancy consists of a detailed
history and physical examination as well as evaluation of the
urine, laboratory studies, and radiographic imaging of the
kidneys and the collecting system to distinguish between pre-
renal ARF and intrinsic or postrenal ARF (Table 45.2). The
majority of causes of ARF are prerenal, and the diagnosis is
supported by a bland urine sediment, a low fractional excre-
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Table 45.1 Systemic and renal physiologic changes in pregnancy.

Normal Pregnancy

Blood pressure 120/80 mmHg 110/60 mmHg
Cardiac output 4–5 L/min 6–7 L/min
Plasma volume 2.5–3.0 L 3.75–4.5 L
Renal plasma flow 650 mL/min 975–1000 mL/min
Glomerular filtration 100 mL/min/1.73 m2 140 mL/min/1.73 m2

rate
Blood urea nitrogen 8–10 mg/dL 5–8 mg/dL
Creatinine 1.0–1.2 mg/dL 0.4–0.8 mg/dL
Sodium 135–145 mEq/L 130–135 mEq/L
Hematocrit 36–46% 30–36%
Serum bicarbonate 22–30 mEq/L 18–22 mEq/L

Table 45.2 Evaluation of acute renal failure in pregnancy.

Prerenal ARF Intrinsic renal ARF Postrenal ARF

BUN : Cr ratio 20 : 1 10–15 : 1 10–15 : 1
Urinalysis

Urine sodium < 20 mEq/L > 40 mEq/L > 40 mEq/L
Hematuria – ± ±
Proteinuria – ± ±
Volume Low Low or normal Low
Osmolality High Low Low/normal

FeNa < 1% > 1% > 1%
Volume status Low Normal/high Normal/high
Renal ultrasonography Normal Normal Abnormal

Cr, creatinine.

Hyperemesis gravidarum
Septic abortion

Postpartum cardiomyopathy

Prerenal ARF

Preeclampsia
HELLP syndrome/TTP

Postpartum hemorrhage
Acute fatty liver of pregnancy

Intrinsic renal ARF

Vesicoureteral reflux
Nephrolithiasis

Polyhydramnios

Postrenal ARF

Acute renal failure

Figure 45.1 Etiologies of acute renal failure in
pregnancy. TTP, thrombotic thrombocytopenic
purpura.

tion of sodium (FeNa), and a BUN to creatinine ratio > 20:1.
Distinguishing between intrinsic ARF disorders such as
preeclampsia or glomerulonephritis may be challenging in the
pregnant patient, as both may present with hypertension, pro-
teinuria, edema, and renal failure. The clinical history may
support glomerulonephritis with symptoms and signs of sys-
temic diseases such as arthritis and skin rashes in autoimmune
disorders that are not common in preeclampsia. Additionally,
there may be laboratory abnormalities such as a positive anti-
nuclear antibody (ANA) test and hypocomplementemia in
lupus nephritis or coexisting hepatitis C infection in membra-
noproliferative glomerulonephritis and cryoglobulinemia,

whereas in preeclampsia, there are no associated serological
abnormalities. Moreover, the urine sediment may have hema-
turia, pyuria, or casts in nonpreeclamptic intrinsic renal dis-
orders. In rare instances, a renal biopsy may be performed to
determine the underlying renal pathology if the clinical and
laboratory evaluation is unable to distinguish between
preeclampsia and intrinsic renal disease. On renal histology,
there is swelling of glomerular cells in preeclampsia termed
“endotheliosis” (Fig. 45.2), and there is no appreciable
glomerular proliferation or immune complex deposition that
is seen in some types of glomerulonephritis. Lastly, the diag-
nosis of postrenal ARF largely relies on radiographic imaging
with ultrasonography of the kidneys and collecting system to
assess for hydronephrosis, renal calculi, masses, or increased
postvoid urinary residuals in the bladder.

The treatment of ARF is based on correcting the underly-
ing etiology. An intravenous fluid challenge to correct volume
depletion and impaired renal perfusion is warranted in a hos-
pitalized setting with careful monitoring for signs of volume
overload to distinguish between prerenal ARF and intrinsic
renal ARF. The treatment of preeclampsia with renal dys-
function is delivery of the fetus, whereas some of the glomeru-
lar disorders can be managed with immunosuppressive
therapy to prolong pregnancy for fetal viability. Failure of pro-
teinuria and renal function to return to normal within
12 weeks postpartum suggests underlying glomerular pathol-
ogy, and a referral to a nephrologist for evaluation and treat-
ment is indicated. For postrenal ARF, polyhydramnios can be
corrected by fluid aspiration with amniocentesis or, more
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rarely, placement of percutaneous nephrostomy tubes.8 The
treatment of nephrolithiasis is largely supportive as > 70% of
stones will pass spontaneously. For those stones that do not
pass, ureteral stents, percutaneous nephrostomy tubes, and
ureteroscopy with stone removal are all safe methods that may
be utilized during pregnancy.9

Renal replacement therapy in the form of dialysis is required
in < 1% of all cases of ARF. Dialysis is indicated in pregnancy
for hyperkalemia and metabolic acidosis that is not respond-
ing to medical therapy, volume overload, uremia, or the inabil-
ity to maintain adequate nutrition.

Pregnancy and pre-existing 
renal disease

In contrast to ARF, which is characterized as a sudden change
in renal function, chronic kidney disease (CKD) is defined as
kidney damage for ≥ 3 months with structural or functional

abnormalities of the kidney. Renal disease in pregnancy can
be classified into those with CKD diagnosed prior to concep-
tion, CKD unknown prior to conception but discovered
during the pregnancy and, thirdly, renal disease that develops
during pregnancy. Regardless of the etiology of CKD, with the
exception of lupus nephritis, the degree of renal impairment
at the time of conception largely defines the risk and outcome
for both the mother and the fetus (Table 45.3). In general,
women with CKD have a fourfold increased risk of adverse
maternal outcomes including preeclampsia, eclampsia, and
abruptio placentae compared with women without renal
disease. Similarly, there is a twofold increased risk of adverse
fetal events including intrauterine growth restriction, low
birthweight, prematurity, and neonatal death in women with
renal disease compared with women without renal disease.10

Vesicoureteral reflux (VUR) is one of the most common
causes of CKD in women during pregnancy. VUR results from
urine flowing back from the bladder into the ureters causing
chronic infections and scarring of the kidney with loss of renal
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Figure 45.2 Renal pathological changes in
preeclampsia. Light micrograph of a renal
glomerulus in preeclampsia. “Endotheliosis”
refers to swelling of the mesangial and
endothelial cells with loss of the capillary
lumen and absence of cellular proliferation.

Table 45.3 Maternal and fetal outcomes in women with normal pregnancy compared with those with pre-existing renal disease.

Normal Increased creatinine Proteinuria < 500 mg/day Proteinuria > 500 mg/day

Maternal outcomes
Preeclampsia/eclampsia 5–8% 25% 42% 29–64%
Progressive renal failure < 1% 15–30% – –
Endstage renal disease (1 year) < 1% 6–45% – –

Fetal outcomes
Intrauterine growth restriction 5% 33% 4% 23–45%
Prematurity 10% 33% 62% 45–91%

Data derived from refs 10–19 and 21.
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function. The diagnosis may be missed prior to conception, as
recurrent urinary tract infections may have been underappre-
ciated, and no laboratory or urinary studies may have been
performed before the first prenatal visit. As with other disor-
ders of CKD, VUR has adverse maternal and fetal effects,
especially when there is pre-existing chronic hypertension. It
is estimated that 25% of women will have preeclampsia, 33%
premature births, and 20% will have deterioration of renal
function during pregnancy. Interestingly, there appears to be
a genetic predisposition to VUR as almost half of infants born
to mothers with urinary reflux will have abnormal micturat-
ing cystourethrography consistent with VUR.11 Urinary tract
infection is a common sequela in pregnant women with VUR,
so surveillance and treatment for asymptomatic bacteriuria are
recommended.12

Another common cause of CKD in pregnancy is diabetes
mellitus. Individuals with diabetes mellitus may have normal
proteinuria (< 30mg/24h), microalbuminuria (30–300mg/
24 h), or increased macroalbuminuria (> 300mg/24h) in 
addition to abnormal renal function defined by a GFR
< 90mL/min/1.73m2. Even with normal renal function and a
lack of proteinuria, women with diabetes mellitus suffer from
a higher risk of premature births and preeclampsia than the
general population. Superimposed microalbuminuria and pro-
teinuria have an additive risk. Some 62% of women with
microalbuminuria experience preterm births, and 42% are
diagnosed with preeclampsia, whereas the risks for preterm
births and preeclampsia are 91% and 64%, respectively, in
women with overt proteinuria.13

Nephrotic syndrome and glomerular disorders such as
membranous glomerulonephritis, focal segmental glomeru-
losclerosis (FSGS), and immunoglobulin (Ig) A nephropathy
are typically detected prior to conception, but may be diag-
nosed or develop de novo during pregnancy. As these disor-
ders are relatively uncommon in the pregnant population,
there is a paucity of data as to how best to manage these
patients. Women with chronic proteinuria have successful
pregnancies with > 90% resulting in live births; there is a
worse outcome for those with > 500mg of proteinuria in 24h
at the time of conception. These women have a high incidence
of hypertension, and more than half will have increases in pro-
teinuria throughout the duration of the pregnancy. There is
also an associated 45% risk of premature births, a 25% risk
of intrauterine growth restriction, and a 30% risk of
preeclampsia. Interestingly, even with normal renal function
at the start of pregnancy, a small proportion of women with
chronic proteinuria will progress to endstage renal disease
(ESRD) within 1 year of delivery.14

Women with CKD are at risk for progressive loss of renal
function throughout gestation. In those women with a creati-
nine of < 1.5mg/dL at the time of conception, there is an asso-
ciated 15% decline in renal function during pregnancy, and
an estimated 6% will progress to ESRD within 1 year. For
those women with a creatinine of 1.5–2.9mg/dL at the time
of conception, there is an associated 30% decline in renal

function during pregnancy, and an estimated 20% will
progress to ESRD in 1 year. For those women with a creati-
nine of > 3.0mg/dL at the time of conception, 45% will
progress to ESRD in 1 year.15,16 It is thought that the increased
stress imposed on the kidney with pregnancy, uncontrolled
hypertension, and urinary tract infections contribute to loss of
renal function during pregnancy.

Systemic lupus erythematosus (SLE) deserves special
mention, as pregnancy may be associated with worsening
disease activity and a high rate of fetal loss. Disease flares are
estimated to occur in about one-third of pregnancies in women
with underlying SLE. Approximately 50% of these flares occur
in the postpartum period, and one quarter will occur in the
second trimester. Lupus flares have been linked to stopping
immunosuppressive therapy, a history of active disease as
defined by more than three flares prior to conception, as well
as active disease at the time of conception.17 Adverse fetal out-
comes such as death, prematurity, and intrauterine growth
restriction are higher in women with lupus and concomitant
antiphospholipid antibody syndrome, hypocomplementemia,
and hypertension.18 The antiphospholipid antibody syndrome
is of particular concern in pregnancy because of risks of recur-
rent miscarriage, intrauterine growth restriction, preeclamp-
sia, preterm labor, and fetal death. Renal involvement of the
antiphospholipid antibody syndrome has been described his-
torically with thrombotic vascular events and cortical necro-
sis resulting in permanent renal failure. Recently, there have
been cases of the antiphospholipid antibody syndrome asso-
ciated with glomerular disorders such as membranous
glomerulopathy, minimal change disease, and even pauci-
immune glomerulonephritis.19

The treatment of CKD in pregnant women is primarily
directed at control of blood pressure with antihypertensive
agents that are considered safe in pregnancy (Table 45.4) and
monitoring and treatment of asymptomatic bacteriuria and
urinary tract infections angiotensin-coverting enzyme (ACE).
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Table 45.4 Antihypertensive agents in pregnancy.

Central-acting adrenergic agents
Methyldopa 0.25–3.0 g/day
Clonidine 0.1–1.2 mg/day

Beta-adrenergic blocking agents
Atenolol 25–100 mg/day
Metoprolol 25–400 mg/day
Labetalol 200–2400 mg/day
Propranolol 40–240 mg/day

Calcium-channel blocking agents
Nifedipine 30–120 mg/day
Diltiazem 60–360 mg/day
Verapamil 80–480 mg/day

Vasodilators
Hydralazine 50–300 mg/day
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Womentakingangiotensin-convertingenzyme (ACE) inhibitors
in the first trimester of pregnancy have a nearly threefold risk
of congenital fetal malformations than women not taking these
agents and thus women should be counseled to discontinue
these agents if trying to conceive or stop as soon as a pregnancy
is recognized.18 For women with diabetes, the goal hemoglobin
A1c (HbA1c) should be less than 7%, and close involvement
with a dietitian is necessary to avoid hyperglycemia that may
contribute to macrosomia and polyhydramnios. For those
women with underlying glomerular disorders, immunosup-
pressive agents such as cyclosporine and prednisone are safe in
pregnancy and are useful in keeping renal disease in remission
and treating disease flares activated by pregnancy. For those
with the antiphospholipid antibody syndrome and renal
failure, plasma exchange has been associated with improve-
ment in renal function.21 Lastly, delivery is recommended for
women if there is rapid deterioration of renal function or if
there is concern for superimposed preeclampsia or eclampsia.

Pregnancy in endstage renal disease

Pregnancy is a relatively uncommon phenomenon in women
with ESRD on renal replacement therapy. In the mid-1990s,
the conception rate for women of childbearing age on dialy-
sis was 2.2%.22 Other reports similarly estimate the concep-
tion rate at 0.3–1.5% each year.23 There is no difference in
maternal or fetal outcomes based on dialysis modality. Rather,
because of the enlarging gravid uterus, most pregnant women
with ESRD on peritoneal dialysis therapy will temporarily
transfer to hemodialysis therapy for comfort in the second and
third trimesters.24 In recent years, with aggressive dialysis
therapy and management of hypertension, approximately
50% of pregnancies in women with ESRD result in live
births.25 Most pregnancies will be complicated by intrauterine
growth restriction, preeclampsia, and prematurity. In one
study of pregnancies in women on renal replacement therapy,
the average time to delivery was 30.5 weeks.26

The care of a pregnant dialysis patient is complex and
begins with a dialysis prescription aimed at reducing the BUN
to less than 45–50mg/dL.27 This translates into > 20 hours/
week on hemodialysis, often over five or six treatments. The
metabolic disturbances are also challenging for the pregnant
dialysis patient. The target hemoglobin and hematocrit is
11–12g/dL and 33–36%, respectively, with the use of ery-
thropoietin. There needs to be judicious monitoring of
calcium, phosphorous, and potassium as levels may decrease
with the increase in weekly dialysis. In addition, the target
bicarbonate level should also be maintained at 18–20mEq/L
to avoid ill-effects from metabolic acidosis. Hypertensive
therapy should be continued using medications with a favor-
able safety profile in pregnancy (Table 45.4). Lastly, the dry
weight of the patient needs to be watched carefully and on
average increase by 0.5kg/week after the first trimester to take
into account the weight gain required for fetal growth.24,28

Pregnancies in renal transplant recipients are more success-
ful than those in women with ESRD on renal replacement
therapy. Generally, ovarian function and resumption of men-
struation will occur within the first year after transplantation.
For those women who wish to conceive, > 90% of pregnan-
cies will result in live births after the first trimester.29,30 Despite
this, women with a renal transplant should still be considered
at high risk with an increased incidence of prematurity in
45–60% of cases, intrauterine growth restriction in 20–30%,
and 30% superimposed preeclampsia.29,31 Although most
nephrologists agree that pregnancy itself does not permanently
alter renal allograft function or predispose to acute rejection
of the renal transplant, one small study reported an increase
in the serum creatinine of 0.5–0.7mg/dL within 1 year of preg-
nancy in transplant patients compared with nonpregnant
control subjects.32 Ideally, it is recommended that women
should wait until a year after their renal transplant to conceive
when they are on a stable maintenance immunosuppressive
regimen. Several immunosuppressive transplant medications
have a documented safety profile in pregnancy, and these
include prednisone, cyclosporine, and azathioprine.33,34 Other
immunosuppressive transplant medications such as mycophe-
nolate mofetil and sirolimus are contraindicated in pregnancy
because of an association with fetal malformations and should
be stopped several weeks prior to conception.35 There are
limited data on the use of tacrolimus in pregnant transplant
recipients, so most nephrologists favor a regimen utilizing
prednisone, cyclosporine, and/or azathioprine. There is no
contraindication for vaginal deliveries in renal transplant
recipients. If Cesarean delivery is required, the obstetrician
should have access to the operative history of the patient 
to avoid complications arising from the change in anatomy
associated with the transplanted kidney and ureter in the
pelvis.

Conclusions

Women with renal disease who plan to become pregnant need
to make their wishes clear and have an open dialogue with
their physicians as many medications such as ACE inhibitors,
angiotensin receptor blocking medications, and certain
immunosuppressive medications need to be discontinued prior
to conception. Additionally, women with renal disease need to
be informed of the increased risk for themselves as well as for
the fetus of adverse outcomes. In the ESRD population,
aggressive dialysis needs to be instituted early in pregnancy, as
the risk of miscarriage is high in the first trimester. Special
attention and interactions with nurses and dietitians may also
be helpful in monitoring adequate nutritional intake, fetal
development, blood pressure monitoring, and weight gain.
Although this unique group of women with renal disease and
pregnancy is challenging to manage from a medical perspec-
tive, successful outcomes can be achieved with careful moni-
toring of both the fetus and the mother.
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Pregnancy predisposes to some serious neurological problems,
such as eclampsia, cerebrovascular disorders, and benign
intracranial hypertension, and to a number of disorders that
are relatively benign, including carpal tunnel syndrome, mer-
algia paresthetica, and Bell’s palsy. In addition, women of
childbearing age can have other neurological problems that
are not uncommon and often require special attention during
pregnancy. These include epilepsy, migraine headaches, and
autoimmune diseases such as multiple sclerosis, myasthenia
gravis, and Guillain–Barré syndrome.

Headaches

Headaches are among the most common of human ills and
can be a sign of many different neurological problems.1–4 A
flow diagram to guide management is presented in Fig. 46.1.
If headaches during pregnancy have been present for years,
are unchanged in character, and the neurological examination
is normal, then further attention is rarely warranted,1 except
perhaps to modify medications to protect the fetus.3

Most tension headaches are manageable without daily med-
ication but, in severe cases, preventative treatment with low
doses of tricyclic antidepressants (e.g., imipramine 10–50mg
at bedtime) may be justified.1 Migraine headaches are often
improved during pregnancy, but still constitute a large share
of the headaches seen. They are most often unilateral with a
throbbing quality and may be accompanied by nausea, pho-
tophobia, and phonophobia.7 When necessary, migraine pre-
ventative medications may be used, such as beta-blockers3

(e.g., atenolol 50–100mg daily) or tricyclic antidepressants
but, in general, migraineurs are managed best with limited
doses (10–20 per month) of analgesics. Combinations of 
caffeine, butalbital, and acetaminophen (with codeine 
when necessary) are particularly effective and safe. Patients
who use analgesics on more than 3 days/week are predisposed
to analgesic rebound headaches,7 and the frequent use of
opioid analgesics runs the risk of withdrawal problems in the
newborn.

The new onset of headaches or a significant change in the

character or frequency of headaches during pregnancy should
always cause concern. Preeclampsia is frequently accompanied
by headache,16 and all gravidas with new-onset headache
deserve careful observation for this disorder. Benign intracra-
nial hypertension is more likely to occur during pregnancy and
usually presents with a constant holocephalic headache and
papilledema.1 Blindness may result without treatment. Treat-
ments include serial lumbar punctures (the mainstay), cautious
control of weight gain, occasionally acetazolamide (a class C
drug), and, very rarely, surgical procedures such as lumboperi-
toneal shunting or optic nerve sheath fenestration.1 Regular
ophthalmological follow-up with visual field determination is
imperative to confirm stability, as the visual loss tends to occur
peripherally and may not be noticed by the patient until it is
advanced.

The presence of new problems with focal neurological signs,
such as hemianesthesia or hemiparesis, with a headache
should prompt further investigation as a rule. Confidence that
the symptoms represent a migraine aura would be a notable
exception. Magnetic resonance imaging (MRI) has never been
known to cause fetal harm and is considered the imaging pro-
cedure of choice in neurological evaluations during preg-
nancy.3,5,6 When a cerebrovascular insult is in the differential,
consideration should be given to doing diffusion-weighted
imaging, as well as magnetic resonance angiography and
venography at the same sitting, as these will usually clarify the
pathology and guide management.

The very sudden onset of a severe or even moderately severe
headache should raise concern for the possibility of a sub-
arachnoid hemorrhage (SAH). A computerized tomographic
(CT) scan will discern the presence of blood more often than
MRI, but even a normal CT scan will miss a SAH 5% of the
time; a lumbar puncture is mandatory when this diagnosis is
suspected (preferably after urgent imaging).1 The risk of SAH
increases around the time of delivery.9 Causes include berry
aneurysms and arteriovenous malformations. Immediate
workup and treatment are mandatory with neurosurgical con-
sultation to help determine the timing of arteriography, as the
risk of a fatal subsequent bleed is high, and arteriography may
cause a stroke by inducing vasospasm.8

46 Neurological disorders in pregnancy
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Strokes

Strokes occur in 5–15 out of 100000 pregnancies.8 Urgent eval-
uation is indicated for the pregnant patient with stroke, just as
in the general population.10 Intracerebral hemorrhages generally
present with profound hemiparesis and headache, sometimes
progressing quickly to coma.8 Treatment is primarily support-
ive, unless the size of the hemorrhage or bleeding into the ven-

tricular system necessitates surgical intervention to relieve pres-
sure on other parts of the brain.8 Nonhemorrhagic strokes are
either thrombotic or embolic. Thrombotic strokes may be arte-
rial or venous. Venous sinus thrombosis is more common in the
puerperium, and the new onset of headaches with any neuro-
logical symptoms or signs (such as headache with papilledema)
during this period should cause concern for this possibility.
Other cerebrovascular disorders associated with or more
common during pregnancy include air or amniotic fluid

Could it be preeclampsia?No

Are headaches 
unchanged from those 
experienced for >1 year

pre pregnancy and exam 
normal?

Yes
Preeclampsia

evaluation negative? 

No

Treat
preeclampsia

Yes
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persists?
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Yes No

Is HA episodic, unilateral, 
and throbbing, with nausea 

and photo- or 
phonophobia?

Concerning symptoms or signs 
like sudden, severe HA, 

fever, meningismus, 
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deficit?

No further 
work up
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No No YesTreat as 
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Effective?
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Figure 46.1 Flow diagram for headaches in pregnancy. CSF, cerebrospinal fluid; HA, headache.
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embolism, embolic strokes caused by right-to-left shunts
through a patent foramen ovale, hypercoagulable states (such as
antiphospholipid syndrome), and metastatic choriocarcinoma.

Appropriate testing and treatment is evolving rapidly in this
field, with clot retrieval devices recently becoming available
and intra-arterial thrombolysis an option at many institutions,
so management should involve neurological consultation.
Anticoagulation with warfarin or heparin has been proven to
be of benefit in atrial fibrillation and, in addition, many author-
ities recommend it with venous sinus thrombosis, hypercoagu-
lable states, acute arterial dissection, and in the case of many
other types of cardiac embolic strokes. Heparin (particularly
low-molecular-weight heparin) is considered by most the anti-
coagulant of choice in pregnancy, because it does not cross the
placenta and because warfarin is teratogenic in the first
trimester.8

Multiple sclerosis

A diagnosis of multiple sclerosis does not contraindicate preg-
nancy, but the postpartum period is associated with an
increased incidence of exacerbations,11,14 and any neurological
disability present (such as paraplegia) can certainly complicate
management. None of the available treatments is approved for
use during pregnancy, but anecdotal reports suggest that glati-
ramer acetate may be safe.12,13 There are no known anesthetic
contraindications.12,15

Focal neuropathies during pregnancy

Up to 62% of pregnant women have symptoms of carpal
tunnel syndrome (which includes numbness and tingling in all
fingers except the little one).17 Wrist splints at night are ben-
eficial, and steroid injections may be used when symptoms 
are severe. Spontaneous resolution following delivery is
common.18–20 Bell’s palsy is three times more likely to occur in
pregnancy. Onset is typically during the third trimester or
puerperium.21 It is associated with an increased risk of
preeclampsia and hypertension.23 Prognosis for recovery from
an incomplete Bell’s palsy is excellent but, for those with com-
plete facial paralysis, pregnancy is associated with a worse
prognosis.24 Meralgia paresthetica (a neuropathy of the lateral
femoral cutaneous nerve) causes numbness or burning pain in
the lateral thigh. Symptoms generally resolve within a few
months after delivery as weight is lost.25 For patients who have
significant pain, topical capsaicin may be beneficial.26 Approx-
imately 1% of postpartum women have leg numbness or
weakness confirmed by neurological examination. The
femoral and lateral femoral cutaneous nerves are commonly
involved. The common fibular, sciatic, and obturator nerves,
lumbosacral plexus, and lumbosacral roots are occasionally
involved.27 Injuries may be more common in small and/or nul-
liparous women, in those with a prolonged second stage of

labor, when the fetus is large, or with midforceps rotation.27–29

Recovery may take anywhere from a week to 18 months, with
some patients having persistent problems.27

Peripheral neuropathy

Thiamine deficiency may occur with hyperemesis gravidarum,
resulting in either a peripheral neuropathy or Wernicke’s
encephalopathy. Intravenous thiamine may reverse the
encephalopathy, but the neuropathy, which may be severe,
improves slowly and recovery may be incomplete.30,31 Guil-
lain–Barré syndrome may occur during pregnancy, but pregnant
women do not appear to be at increased risk. Plasmapheresis for
Guillain–Barré syndrome appears to be safe.32

Neuromuscular junction and 
muscle disorders

Women with myasthenia gravis (MG) may occasionally have
their first symptoms during pregnancy. Exacerbations occur
during pregnancy in 15–41% of myasthenics, and in an addi-
tional 16–30% during the puerperium. The latter is not influ-
enced by mode of delivery.35–37

Because magnesium impairs neuromuscular transmission, it
should be used very cautiously in treating preeclampsia and
eclampsia in myasthenics.38 Similarly, neuromuscular blocking
agents should be avoided.39 MG may cause fatigue during the
second phase of labor, but the first stage is not affected as MG
does not affect smooth muscle.

As weight gain increases during pregnancy, there may be
increased ambulation difficulties in patients with muscular
dystrophies and congenital myopathies.40 Both increased inci-
dences of preterm labor and a higher rate of Cesarean sections
occur in women with myotonic dystrophy (the most common
muscular dystrophy of adulthood).41 Rarely, women with
myotonic dystrophy may develop a cardiomyopathy with con-
gestive heart failure during pregnancy.42,43 Inflammatory
myopathies (dermatomyositis and polymyositis) have rarely
been reported during pregnancy, but there is a sense that
increased fetal loss and premature labor are common, partic-
ularly when the diseases are active.45,46

Treatment of any of the autoimmune neurologic diseases
should be done in conjunction with a neurologist, as the risks
of immunosuppression in a pregnant patient must be carefully
weighed against the risks of untreated disease. Prednisone is
considered safe during pregnancy when needed for autoim-
mune diseases. Azathiaprine, a class D drug, may be the safest
of the other immune suppressants.

Epilepsy

Although women with epilepsy have an increased risk of
obstetric complications, worsening seizure control, and

820
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adverse neonatal outcomes, around 95% have an uncompli-
cated pregnancy course and give birth to normal offspring.
These women, however, do have a higher rate of spontaneous
and elective abortion than the general population and are
more likely to undergo labor induction and Cesarean section
procedures.47–49

Factors leading to increased seizure frequency during preg-
nancy include declining antiepileptic drug (AED) concentra-
tions, noncompliance, stress, and sleep deprivation.51,54,55

Serum AED concentrations start declining in the first trimester,
reach a nadir near term, then return to preconception levels
within 4–12 weeks postpartum if the dose is not altered.56

Anticonvulsant levels should be checked every 1–3 months,
and the goal should be to maintain prepregnancy levels. Anti-
convulsant changes should be considered prior to pregnancy
to optimize safety to the fetus and, in general, should not be
done during pregnancy. Infants born to women with epilepsy
are at increased risk of congenital malformations, cognitive
impairment, and developmental delays. Contributing factors
to these adverse outcomes are intrauterine AED exposure,
folic acid deficiency, seizure control, seizure type, genetics,
maternal health, smoking, and lower socioeconomic class.57

The incidence of major congenital malformations in infants
born to women with epilepsy is 4–8%, which represents a
twofold increase over the incidence in the general popula-
tion.58 Phenytoin, carbamazepine, phenobarbital, primidone,

and valproic acid (VPA) are associated with an increased risk
of major malformations, especially for women on polytherapy
and women exposed to high serum AED concentrations
during the first trimester. This has been demonstrated most
consistently with the use of VPA.59,60 Therefore polytherapy
and VPA should be avoided whenever possible. Adequate
information regarding the safety of other, newer AEDs during
pregnancy is not available yet, although lamotrigine looks
promising. Kaplan61 and Tomson and Battino.62 have provided
excellent reviews of AEDs and teratogenicity.

Folic acid deficiency is associated with the development of
congenital malformations, mainly neural tube defects (NTDs).
Folic acid levels decline during pregnancy, and the antifolate
effect of some AEDs predisposes women with epilepsy to folic
acid deficiency.65 Folic acid supplementation of 0.4–4mg daily,
beginning 1 month before conception and continuing through
pregnancy, reduces the incidence of NTDs by 50–70%. The
higher dose of 4mg daily is used in women who have a prior
history of offspring with NTDs.66 Infants born to women
taking enzyme-inducing AEDs are also at greater risk of hem-
orrhagic complications because of the reduced activity of
vitamin K-dependent clotting factors.67 For this reason,
women taking enzyme-inducing AEDs should be treated with
oral vitamin K 10–20mg daily during the last month of preg-
nancy. Infants should receive vitamin K 1mg intramuscularly
at birth and, if needed, fresh frozen plasma.

Key points

1 Azathioprine is possibly safe (FDA pregnancy class D).

2 Magnesium should be used judiciously in myasthenics,
and neuromuscular blocking agents should be avoided
as they can exacerbate MG symptoms.

3 Multiple sclerosis does not contraindicate pregnancy,
but exacerbations are more frequent in the postpartum
period.

4 Anticonvulsant level checks and necessary medication
changes should be made at 1- to 3-month intervals
during pregnancy in all women with epilepsy.

5 Oral vitamin K 20mg supplementation should be given
daily for women on enzyme-inducing anticonvulsants
(e.g., phenytoin and carbamazepine) during the last
month of pregnancy; newborns should be given vitamin
K 1mg intramuscularly and fresh frozen plasma if
necessary.

6 Medication compliance, adequate rest, and stress
reduction should be encouraged in all women with
epilepsy.

7 The incidence of major congenital malformations is
4–8% for all women with epilepsy.

8 Strokes are more common during pregnancy.

9 Strokes should be treated urgently, as with any
nonpregnant patient.

10 Unusual causes of stroke that are more common in
pregnancy include: right-to-left shunt through a patent
septal defect; air embolism; amniotic fluid embolism;
venous sinus thromboses in the puerperium;
choriocarcinoma; hypercoagulable states (e.g.,
antiphospholipid antibody syndrome)

11 MRI is the imaging method of choice (except when
hemorrhage is suspected).
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12 CT scans have a 5% chance of missing a SAH.

13 Sudden, severe headaches may herald the onset of a
SAH (which occur more commonly during the third
trimester).

14 A change in headache pattern during pregnancy should
prompt concern as to the cause because many serious
disorders, including preeclampsia, benign intracranial
hypertension, cerebral venous sinus thrombosis, and
subarachnoid hemorrhage, can present with a
headache.

15 Concerning symptoms and signs that may accompany
headache include: sudden onset of a severe headache,
papilledema, fever, and focal neurological signs (such as
hemiparesis and hemianesthesia).

16 Headaches that have been present for over a year
before pregnancy and that have not changed in
frequency or type, in someone with a normal
neurological examination, do not require additional
workup as a rule.

17 Benign intracranial hypertension presents with a
constant holocephalic headache and papilledema; it
may cause blindness if untreated.

18 Cerebral venous sinus thrombosis is more common in
the puerperium.

19 Heparin is generally considered to be the anticoagulant
of choice during pregnancy as warfarin is teratogenic in
the first trimester and heparin does not cross the
placenta.

20 Carpal tunnel syndrome symptoms occur in 62% of
pregnant women, and wrist splints at night generally
help. Spontaneous resolution after delivery is 
common.

21 Meralgia paresthetica causes a burning pain on the 
side of the thigh and typically improves spontaneously
after pregnancy. It may improve with topical 
capsaicin.

22 Approximately 1% of women have postpartum leg
weakness or numbness attributed to a focal
neuropathy, the most common of which are the
femoral and lateral femoral cutaneous nerves.

23 A thiamine deficiency neuropathy may be caused by
hyperemesis gravidarum.

24 Treatment of any autoimmune neurological disease in
pregnancy should involve a neurologist to assist in
weighing the pros and cons of immune suppression.

25 Guillain–Barré syndrome can be safely treated with
plasmapheresis during pregnancy.

26 Women with epilepsy on anticonvulsants should be on
0.4–4mg of folic acid daily, the higher dose being used
for women with previous infants affected by neural
tube defects.

27 Polytherapy and valproic acid should be avoided in
epileptic women during pregnancy, if feasible, as both
increase the chances of birth defects.

28 Consideration for changing AEDs to benefit the fetus
should be done before and generally not during the
pregnancy course.

29 Prednisone is generally safe to use when necessary for
autoimmune diseases during pregnancy.

30 The AED serum levels during pregnancy should be
maintained at prepregnancy levels.
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Venous thromboembolism (VTE) poses significant maternal
and fetal risks in pregnancy. It is estimated that VTE compli-
cates 1 in 1000 pregnancies, but the precise frequency of
thromboembolism is probably underestimated, given the
reluctance to perform diagnostic tests in pregnancy secondary
to fears of radiation exposure to the fetus. Pregnancy has been
associated with a sixfold higher incidence of VTE compared
with age-matched nonpregnant women, and pulmonary
embolism remains a leading cause of maternal mortality.1,2 In
the USA, death from pulmonary embolism occurs in 2 in
100000 deliveries and represents 11% of maternal deaths.3

Postpartum deep venous thrombosis (DVT) is more common
than antepartum DVT, with reported rates of 0.61 in 1000
and 0.13 in 1000 pregnancies respectively.4 Timely diagnosis
and treatment of DVT are essential as a quarter of patients
with DVT develop pulmonary embolism, with a 15% mor-
tality rate,5 and two-thirds of these deaths occur within 30 min
of the pulmonary embolism.6 Institution of anticoagulation
once the diagnosis of DVT has been made significantly reduces
both the risk of pulmonary embolism (5%) and the mortality
rate (< 1%).7

Pregnancy and the hemostatic system:
clot formation, thrombin regulation,
and fibrinolysis

Platelet plug formation: adhesion, activation,
and aggregation

Following vascular disruption, platelets adhere to suben-
dothelial collagen, mediated by von Willebrand factor
“bridges” anchored at one end to subendothelial collagen and
at the other to the platelet GPIb/IX/V receptor.8 Platelets also
adhere to other subendothelial extracellular matrix proteins.
Adherent platelets are then activated, and increases in phos-
pholipase C activity promote the synthesis of thromboxane
and the phosphorylation of key platelet proteins that promote
granule release, including α-granules containing von Wille-
brand factor, thrombospondin, platelet factor 4, fibrinogen,

beta-thromboglobulin, and platelet-derived growth factor, as
well as dense granules containing adenosine diphosphate and
serotonin. Adenosine diphosphate induces a conformational
change in the GPIIb/IIIa receptor on the platelet membrane,
resulting in platelet aggregation via high-affinity fibrinogen
formation and other proteins.9

Alpha-granule release also promotes exteriorization of
platelet factor 4, a chemokine with potent heparin-neutraliz-
ing activity, as well as other procoagulant factors, leading to
thrombin generation. Thrombin binds to type 1 and type 4
protease-activated receptors (PAR-1, -4) on the platelet mem-
brane, serving as stimuli for platelet activation. Other factors,
such as epinephrine and platelet activation factor, contribute
to platelet activation. Platelet activation is limited by blood
flow and agents elaborated by an intact endothelium, includ-
ing prostacyclin, nitric oxide, and adenosine diphosphatase
(ADPase) (Fig. 47.1).

Fibrin plug formation: the coagulation cascade

Tissue factor (TF), a cell membrane-bound glycoprotein, is
ultimately responsible for the initiation of adequate hemosta-
sis, as platelet activation alone cannot generate an effective
hemostatic plug.10 Intrauterine survival is not possible in the
absence of TF, unlike the absence of either platelets or fib-
rinogen.11 Tissue factor is expressed on the cell membranes of
perivascular smooth muscle cells, fibroblasts, and tissue
parenchymal cells; TF also circulates in the blood in very low
concentrations as part of cell-derived microparticles or in a
truncated soluble form.11,12 These TF-bearing microparticles
contribute to clotting by binding to platelets at sites of vascu-
lar injury through the interaction of P-selectin glycoprotein
ligand-1 on microparticles with surface P-selectin on activated
platelets.13 In the presence of ionized calcium, perivascular
cell- or platelet-bound TF comes into contact with plasma
factor VII on negatively charged (anionic) cell membrane
phospholipids (Fig. 47.1).

Factor VII has low intrinsic clotting activity, autoactivates
after binding to TF, and/or can be activated by thrombin, as
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well as factors IXa, Xa, or XIIa.10.10,14 The complex of
TF/factor VII(a) can either directly activate factor X (formerly
known as the extrinsic pathway) or generate factor Xa by ini-
tially activating factor IX. Factor IX complexes with its cofac-
tor, factor VIIIa, to activate factor X (formerly known as the
intrinsic pathway). Once activated, factor Xa complexes with
its cofactor, factor Va, to convert factor II (prothrombin) to
factor IIa (thrombin). The cofactors, factors V and VIII, can
each be activated by either thrombin or factor Xa (Fig. 47.1).

A second pathway of thrombin generation is available,
which results from activation of factor XI by thrombin-acti-
vated factor XIIa, typically on the surface of activated
platelets. Factor XII can be activated by the action of
kallikrein and its cofactor, high-molecular-weight kininogen,
and by plasmin. Factor IX activation can also occur via factor
XIa.

Fibrinogen is cleaved by thrombin to produce fibrin. A
stable hemostatic plug is created as fibrin monomers self-poly-
merize and are cross-linked by thrombin-activated factor XIIIa
(Fig. 47.1). Thus, thrombin is the ultimate arbiter of clotting
as it not only activates platelets and generates fibrin but, along

with factor Xa, activates the crucial clotting cofactors, factors
V and VIII, and mediates the aforementioned activation of
factors VII, XII, and XIII (Fig. 47.1).

The anticoagulant system

The anticoagulant system provides balance in the hemostatic
system to prevent excessive or inappropriate thrombin gener-
ation. The anticoagulant system consists of effector and
inhibitor molecules (Fig. 47.2). The first inhibitory molecule
is tissue factor pathway inhibitor (TFPI), which forms a
complex with TF, factor VIIa, and factor Xa (the prothrom-
binase complex).15 This block can be bypassed by the genera-
tion of factor XIa. Additionally, during the time period
(10–15s) before TFPI-mediated prothrombinase inhibition, a
sufficient amount of factors Va, VIIIa, IXa, Xa, and thrombin
can be generated to sustain clotting.

The protein C system plays a central role in regulating
thrombin. Once thrombin is formed, it binds to thrombo-
modulin on the endothelial cell surface. A resultant confor-
mational change permits thrombin to activate protein C when
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Figure 47.1 Activation of the clotting cascade leading to
formation of a fibrin plug. Tissue factor initiates the
extrinsic clotting cascade. Factor Xa complexes with its
cofactor, factor Va, to convert prothrombin to thrombin.
Thrombin cleaves fibrinogen to produce fibrin. A second
pathway of thrombin generation is also available. See text
for details.
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bound to damaged endothelium or to the endothelial protein
C receptor (EPCR). Activated protein C (APC) then binds to
its cofactor, protein S (PS), to inactivate factors Va and VIIIa.16

Factor Va acts as a second cofactor in APC-mediated factor
VIIIa inactivation.

Protein Z (PZ) is a 62-kDa, vitamin K-dependent plasma
protein that serves as a cofactor for a PZ-dependent protease
inhibitor (ZPI) of factor Xa.17,18 When ZPI is complexed to
PZ, its inhibitory activity is enhanced 1000-fold.19 The ZPI
molecule also inhibits factor XIa in a PZ-independent process.
PZ is critical for regulation of factor Xa activity along with
TFPI.19–21 PZ increases rapidly during the first months of life,
followed by slow increases in childhood, with adult levels
reached during puberty.22,23 PZ deficiency influences the pro-
thrombotic phenotype in factor V Leiden patients,24 and low
plasma PZ levels have been reported in patients with antiphos-
pholipid antibodies.25,26 There is also some evidence suggest-
ing a role for PZ deficiency in a bleeding tendency.27

The most active inhibitor of both factor Xa and thrombin
is antithrombin. Antithrombin binds either thrombin or factor

Xa and vitronectin. A conformational change facilitates
binding to heparin, which augments antithrombin’s rate of
thrombin inactivation 1000-fold.28 A similar inhibitory 
mechanism is initiated by heparin cofactor II and α-2
macroglobulin.

Fibrinolysis

Fibrinolysis is also crucial to the prevention of thrombosis
(Fig. 47.2). Plasmin degrades fibrin, leading to fibrin degra-
dation products. Plasmin is created by the proteolysis of 
plasminogen via tissue-type plasminogen activator (tPA)
embedded in fibrin. Endothelial cells produce a second plas-
minogen activator, urokinase-type plasminogen activator
(uPA). There is also a series of inhibitors of fibrinolysis (Fig.
47.2). Plasmin is directly inhibited by α2-plasmin inhibitor,
which can be bound to the fibrin clot to prevent premature
fibrinolysis. Platelets and endothelial cells release type 1 plas-
minogen activator inhibitor (PAI-1) in response to thrombin
binding to its PARs. The decidua is also a very rich source of
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systems. Key components of the anticoagulant
system, which prevents excessive or inappropriate
thrombin generation, consists of tissue factor
pathway inhibitor, the protein C system, and
antithrombin. The fibrinolytic system is critical for
the prevention of thrombosis. Plasmin degrades
fibrin, leading to the formation of fibrin degradation
products. Plasmin is created by the proteolysis of
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(TAFI). See text for details.
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PAI-1, while the placenta is the chief source of PAI-2.29 Throm-
bin-activatable fibrinolysis inhibitor (TAFI), activated by the
thrombin–thrombomodulin complex, is a fourth fibrinolysis
inhibitor.30 The fibrinolytic system exerts anticoagulant effects.
For example, fibrin degradation products inhibit thrombin
action, a major source of hemorrhage in disseminated
intravascular coagulation (DIC). In addition, PAI-1 bound to
vitronectin and heparin directly inhibits thrombin and factor
Xa activity.31

Risk factors for VTE

Clinical risk factors for VTE in pregnancy

Vascular stasis, hypercoagulability, and vascular trauma
(Virchow’s triad) remain the three prime antecedents to throm-
bosis. Clinical risk factors for VTE include pregnancy, obesity,
surgery, infection, trauma, cancer, nephrotic syndrome, hyper-
viscosity syndromes, immobilization, congestive heart failure,
estrogen-containing contraceptives and postmenopausal
hormone therapy, prior VTE, and the presence of acquired and
inherited thrombophilias. These conditions increase clotting
potential through a variety of mechanisms including: increases
in TF, clotting factors, and PAI-1; decreases in PS levels;
increasing stasis; vascular injury. In women, pregnancy in
thrombophilic patients and pregnancy in patients with a prior
history of thromboembolism confer the highest risks of throm-
boembolism (Table 47.1).32 Specific pregnancy-associated clin-
ical risk factors can be stratified and are detailed in Table
47.2.33–35

Hemostatic changes in pregnancy

Substantial changes must occur in local decidual and systemic
coagulation, anticoagulant, and fibrinolytic systems to meet

the hemostatic challenges of pregnancy, including avoidance
of hemorrhage at implantation, placentation, and the third
stage of labor. Progesterone augments perivascular decidual
cell TF and PAI-1 expression.29,36 Transgenic TF knockout
mice rescued by the expression of low levels of human TF have
been found to have a 14% incidence of fatal postpartum hem-
orrhage, underscoring the importance of decidual TF.37

Obstetric conditions associated with impaired decidualization
(e.g., ectopic and Cesarean scar pregnancy, placenta previa
and accreta) are associated with potential lethal hemorrhage
in humans.

Pregnancy is associated with significant elevations of a
number of clotting factors. Fibrinogen concentration is
doubled, and 20–1000% increases in factors VII, VIII, IX, X,
XII, and von Willebrand factor have been observed, with
maximum levels reached at term.38 Prothrombin and factor V
levels remain unchanged, while levels of factors XIII and XI
decline modestly. The net effect of these changes is to increase
thrombin-generating potential. Coagulation activation
markers in normal pregnancy are elevated, as evidenced by
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Table 47.1 Risk of venous thromboembolic disease in women: a
qualitative systematic review.32

Risk factor Risk per 1000 women–years

Pregnancy 1.23
Puerperium 3.2
Pregnancy in thrombophilic patient 40
Pregnancy and history of VTE 110
Third-generation oral contraception 0.3
Postcoital pill No risk
Hormone replacement 0.2–5.9
Tamoxifen 3.6–12
Raloxifene 9.5

Table 47.2 Pregnancy-associated clinical risk factors for venous thromboembolism (odds ratios with confidence intervals).33–35

Lindqvist, 1999 (n = 603) Danilenko-Dixon, 2001 (n = 90) Anderson, 2003 (n = 1231)

Moderate-risk factors
Age ≥ 35 years 1.3 (1–1.7) – 2.0 (age > 40 years)
Parity (2) 1.5 (1.1–1.9) 1.1 (0.9–1.4) –

(≥ 3) 2.4 (1.8–3.1) – –
Smoking 1.4 (1.1–1.9) 2.5 (1.3–4.7) –
Multiple gestation 1.8 (1.1–3.0) 7 (0.4–135.5) –
Preeclampsia 2.9 (2.1–3.9) 1 (0.14–7.1) –
Varicose veins – 2.4 (1.04–5.4) 4.5
Obesity – 1.5 (0.7–3.2) < 2
Cesarean section 3.6 (3.0–4.3) – –
Obstetric hemorrhage – 9 (1.1–71.0) –
High-risk factors – – –
Spinal cord injury – – > 10
Major abdominal surgery ≥ 30min – – > 10
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increased thrombin activity, increased soluble fibrin levels
(9.2–13.4 nmol/L), increased thrombin–antithrombin (TAT)
complexes (3.1–7.1µg/L), and increased levels of fibrin D-
dimer (91–198µg/L).39 Fifty percent of women had elevated
TAT levels (11/22), and 36% of women had elevated levels of
D-dimers (9/25) in the first trimester.

Significant changes in the natural anticoagulant and fibri-
nolytic systems occur in normal pregnancy. Protein S levels
decrease significantly in normal pregnancy. Mean PS free
antigen levels have been reported to be 38.9 ± 10.3% and
31.2 ± 7.4% in the second and third trimesters respectively.40

In a follow-up study, free PS antigen levels in the first trimester
were found to be 39% (SD 10.5), compared with the refer-
ence range in nonpregnancy of 88% (SD 19), P < 0.05.41 The
PS carrier molecule, complement 4B-binding protein, is
increased in pregnancy, and is one explanation for the dimin-
ished PS levels in pregnancy. Studies on PZ levels in pregnancy
are conflicting, with one group of investigators demonstrating
lower levels as pregnancy progresses in a cross-sectional
study,40 while another group of investigators have demon-
strated that PZ levels are increased by 20% (P = 0.006) from
first trimester to delivery, followed by a 30% decrease
(P < 0.0001) 6–12 weeks after delivery.42 Levels of PAI-1
increase three- to fourfold during pregnancy; plasma PAI-2
values are low prior to pregnancy and reach concentrations 
of 160µg/L at term. Table 47.3 summarizes the relevant 
pregnancy-associated changes in the hemostatic system.43 The
prothrombotic hemostatic changes are exacerbated by 
pregnancy-associated venous stasis in the lower extremities
because of compression of the inferior vena cava and pelvic
veins by the enlarging uterus, as well as a hormone-mediated
increase in deep vein capacitance secondary to increased cir-

culating levels of estrogen and the local production of prosta-
cyclin and nitric oxide. In summary, the most significant preg-
nancy-related prothrombotic factors are listed in Table 47.4.

Inherited thrombophilias

Inherited thrombophilias are a heterogeneous group of disor-
ders associated with varying degrees of increased thrombotic
risk. Until recently, these disorders consisted of deficiencies in
PS, PC, and antithrombin. An association between a mutation
in the factor V gene and increased thrombotic risk was first
reported in 1994, termed the factor V Leiden mutation.44 This
relatively common mutation is present in 5% of American
Caucasians, 1% of African–Americans, and 5–9% of Euro-
peans, but is rare in Asian and African populations.45,46 The
factor V mutation is associated with resistance to APC and is
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Table 47.3 Coagulation parameters in pregnancy.

Variables (mean ± SD) First trimester* Second trimester* Third trimester* Normal range

Platelet (× 109/L) 275 ± 64 256 ± 49 244 ± 52 150–400
Fibrinogen (g/L) 3.7 ± 0.6 4.4 ± 1.2 5.4 ± 0.8 2.1–4.2
Prothrombin complex (%) 120 ± 27 140 ± 27 130 ± 27 70–30
Antithrombin (U/mL) 1.02 ± 0.10 1.07 ± 0.14 1.07 ± 0.11 0.85–1.25
Protein C (U/mL) 0.92 ± 0.13 1.06 ± 0.17 0.94 ± 0.2 0.68–1.25
Protein S, total (U/mL) 0.83 ± 0.11 0.73 ± 0.11 0.77 ± 0.10 0.70–1.70
Protein S, free (U/mL) 0.26 ± 0.07 0.17 ± 0.04 0.14 ± 0.04 0.20–0.50
Soluble fibrin (nmol/l) 9.2 ± 8.6 11.8 ± 7.7 13.4 ± 5.2 < 15
Thrombin–antithrombin (µg/L) 3.1 ± 1.4 5.9 ± 2.6 7.1 ± 2.4 < 2.7
D-Dimers (µg/L) 91 ± 24 128 ± 49 198 ± 59 < 80
Plasminogen activator inhibitor-1 (AU/mL) 7.4 ± 4.9 14.9 ± 5.2 37.8 ± 19.4 < 15
Plasminogen activator inhibitor-2 (µg/l) 31 ± 14 84 ± 16 160 ± 31 < 5
Cardiolipin antibodies positive 2/25 2/25 3/23 0
Protein Z (µg/mL)† 2.01 ± 0.76 1.47 ± 0.45 1.55 ± 0.48 –
Protein S, free antigen (%)† – 38.9 ± 10.3 31.2 ± 7.4 –

Table modified from ref. 38 and †ref. 40.
*First trimester, weeks 12–15; second trimester, week 24; third trimester, week 35.
†First trimester, 0–14 weeks; second trimester, 14–27 weeks; third trimester, ≥ 27 weeks.

Table 47.4 Most significant prothrombotic changes in pregnancy.

Increased levels of procoagulants
Fibrinogen
Factor VIII

Diminished fibrinolysis
Decreased protein S
Resistance to activated protein C

Mechanical factors
Venous distension
Vessel injury
Compression of left iliac vein
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inherited primarily in an autosomal-dominant fashion.46,47

Heterozygosity is found in 20–40% of nonpregnant patients
with thromboembolic disease, whereas homozygosity confers
a > 100-fold risk of thromboembolic disease.46 More recently,
the prothrombin gene mutation (prothrombin G20210A) has
been found to increase circulating prothrombin levels and,
hence, the risk of both thrombosis and pregnancy complica-
tions.46,48 In women with a history of VTE during pregnancy,
prothrombin G20210A was found in 17% of patients com-
pared with 1% of age-matched controls, and the factor V
Leiden mutation was found in nearly 45% of patients.49

However, a prospective study involving over 5000 patients
designed to determine whether patients carrying the factor V
Leiden mutation were at increased risk for venous throm-
boembolism compared with patients who were factor V
Leiden negative did not find that factor V Leiden conferred an
increased risk of thromboembolism.50 Homozygosity for pro-
thrombin G20210A confers an equivalent risk of VTE to that
of factor V Leiden homozygosity.46

Other inherited thrombophilic mutations, including meth-
ylene tetrahydrafolate reductase (MTHFR) C667T and
A1298C (often associated with hyperhomocysteinemia) and
PAI gene mutations 4G/4G, 4G/5G, and 5G/5G, have been
weakly associated, if at all, with thrombotic risk and preg-
nancy complications.51–53 Table 47.5 summarizes the throm-
boembolic risks associated with the significant known
thrombophilic mutations.54–61 Heterozygous factor V Leiden is
associated with a 0.2% risk of thromboembolism associated
with pregnancy, while heterozygous prothrombin gene muta-
tion is associated with a 0.5% risk. Compound heterozygous
factor V Leiden and prothrombin gene mutations are associ-
ated with a 4.6% risk of thromboembolism.

Acquired thrombophilia

The well-characterized antiphospholipid antibody syndrome
(APS) is defined by the combination of VTE, obstetric com-
plications, and antiphospholipid antibodies (APA).62 By defi-
nition APA-related thrombosis can occur in any tissue or
organ except superficial veins, while accepted associated
obstetric complications include at least one fetal death at or
beyond the 10th week of gestation, or at least one premature
birth at or before the 34th week, or at least three consecutive
spontaneous abortions before the 10th week. All other causes
of pregnancy morbidity must be excluded. APAs must be
present on two or more occasions at least 6 weeks apart, 
and are immunoglobulins directed against proteins bound to
negatively charged surfaces, usually anionic phospholipids.63

Thus, APAs can be detected by screening for antibodies 
that:
• directly bind these protein epitopes (e.g., anti-β2-glycopro-
tein-1, prothrombin, annexin V, APC, PS, PZ, ZPI, high- and
low-molecular-weight kininogens, tPA, factors VIIa and XII,
the complement cascade constituents, C4 and CH, and oxi-
dized low-density lipoprotein antibodies); or
• are bound to proteins present in an anionic phospholipid
matrix (e.g., anticardiolipin and phosphatidylserine antibod-
ies); or
• exert downstream effects on prothrombin activation in a
phospholipid milieu (i.e., lupus anticoagulants).64

Venous thrombotic events associated with APA include
DVT with or without acute pulmonary embolus, while the
most common arterial events include cerebral vascular acci-
dents and transient ischemic attacks. At least half of patients
with APA have systemic lupus erythematosus. Anticardiolipin
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Table 47.5 Inherited thrombophilias and their association with VTE.

Thrombophilia Inheritance Prevalence in Prevalence in Relative risk or Reference
European patients with odds ratio (OR) 
populations (from  VTE (range) of VTE [95% CI]
large cohort studies) (lifetime)

Factor V Leiden (FVL) (homozygous) AD 0.07%* < 1%* 80 [22–289] 54–56
FVL (heterozygous) AD 5.3% 6.6–50% 2.7 [1.3–5.6] 54, 55
Prothrombin G20201A (PGM) (homozygous) AD 0.02%* < 1% > 80-fold* 57
PGM (heterozygous) AD 2.9% 7.5% 3.8 [3.0–4.9] 58
FVL/PGM (compound heterozygous) AD 0.17%* 2.0% 20.0 [11.1–36.1] 58
Hyperhomocysteinemia AR 5% < 5% 3.3 [1.1–10.0]† 56, 59
Antithrombin deficiency (< 60% activity) AD 0.2% 1–8% 17.5 [9.1–33.8] 56, 60
Protein S deficiency: Heerlen S460P AD 0.2% 3.1% 2.4 [0.8–7.9] 61

mutation or free S antigen < 55%
Protein C (< 60% activity) AD 0.2% 3–5% 11.3 [5.7–22.3] 56, 60

AD, autosomal dominant; AR, autosomal recessive; CI, confidence interval.
*Calculated based on a Hardy–Weinberg equilibrium.
†OR adjusted for renal disease, folate, and B12 deficiency, while odds ratios are adjusted for these confounders.
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antibodies were associated with an odds ratio (OR) of 2.17
(1.51–3.11; 14 studies) for any thrombosis, 2.50 (1.51–4.14)
for DVT and APE, and 3.91 (1.14–13.38) for recurrent VTE.65

Patients with systemic lupus erythematosus and lupus antico-
agulants were at a sixfold greater risk of VTE compared with
systemic lupus erythematosus patients without lupus antico-
agulants, while systemic lupus erythematosus patients with
anticardiolipin antibodies had a twofold greater risk of VTE
compared with systemic lupus erythematosus patients without
these antibodies. The lifetime prevalence of arterial or venous
thrombosis in affected patients with antiphospholipid anti-
bodies is about 30%, with an event rate of 1% per year.64

These antibodies are present in up to 20% of individuals with
VTE.66 A review of 25 prospective, cohort and case–control
studies involving more than 7000 patients observed an 
OR range for arterial and venous thromboses in patients 
with lupus anticoagulants of 8.65–10.84 and 4.09–16.2,
respectively, and 1.0–18.0 and 1.0–2.51 for anticardiolipin
antibodies.64

There is a 5% risk of VTE during pregnancy and the puer-
perium among patients with APA despite treatment.67 Recur-
rence risks of up to 30% have been reported in APA-positive
patients with a prior VTE; thus, long-term prophylaxis is
required in these patients. A severe form of APS is termed 
catastrophic APS, or CAPS, which is defined as a potentially
life-threatening variant with multiple vessel thromboses
leading to multiorgan failure.68 In the Euro-Phospholipid
Project Group (13 countries included), DVT, thrombocytope-
nia, stroke, pulmonary embolism, and transient ischemic
attacks were found in 31.7%, 21.9%, 13.1%, 9.0%, and
7.0% of cases respectively.

APA are associated with obstetric complications in about
15–20% of cases including fetal loss after 9 weeks’ gestation,
abruptio placentae, severe preeclampsia, and intrauterine
growth restriction (IUGR). Reported ORs for lupus anticoag-
ulant-associated fetal loss range from 3.0 to 4.8, while 
anticardiolipin antibodies display a wider range of reported
ORs of 0.86–20.0.63 It is unclear whether APA are also 
associated with recurrent (> 3) early spontaneous abortion in
the absence of stillbirth. Fifty percent or more of pregnancy
losses in APA patients occur after the 10th week.69 Patients

with APA more often display initial fetal cardiac activity com-
pared with patients with unexplained first trimester sponta-
neous abortions without APA (86% vs 43%; P < 0.01).70 APA
have been commonly found in the general obstetric popula-
tion, with one survey demonstrating that 2.2% of such
patients have either IgM or IgG anticardiolipin antibodies,
with most such women having relatively uncomplicated preg-
nancies.71 Other factors may play a role in the pathogenesis
of APA. Potential mechanism(s) by which APA induce arterial
and venous thrombosis as well as adverse pregnancy outcomes
include: APA-mediated impairment of endothelial thrombo-
modulin and APC-mediated anticoagulation; induction of
endothelial TF expression; impairment of fibrinolysis and
antithrombin activity; augmented platelet activation and/or
adhesion; impairment of the anticoagulant effects of the
anionic phospholipid binding proteins β2-glycoprotein-1 and
annexin V.72,73 APA induction of complement activation has
been suggested to play a role in fetal loss, with heparin pre-
venting such aberrant activation.74

Adverse pregnancy outcome and 
inherited thrombophilias

Inherited thrombophilic conditions have been implicated 
in a variety of obstetrical complications, including severe
preeclampsia and related conditions, late fetal loss
(≥ 20 weeks), severe IUGR (< 5th percentile), and abruptio
placentae. The frequency, recurrence risks, and impact in sub-
sequent pregnancies for the general population without regard
to thrombophilia are listed in Table 47.6.

Severe preeclampsia/syndrome of hemolysis,
elevated liver enzymes, and low platelets (HELLP)

Several studies (mostly case–controlled) have evaluated the
relationship between heterozygous factor V Leiden and severe
preeclampsia. Factor V Leiden was identified in 4.5–26% of
patients with severe preeclampsia, eclampsia, or HELLP syn-
drome (Table 47.7).75–90 Kupferminc et al.79 found that a
thrombophilic mutation was present in 67% of patients who
had previous adverse pregnancy outcome (APO). The system-
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Table 47.6 Adverse pregnancy outcomes (APO): prevalence and recurrence.43

APO Prevalence of APO Recurrence of same APO Fetal death with APO Fetal death in next pregnancy

Loss at > 20 weeks 0.5% 8.5% – 8.5%
SPE 2% 26% 13.5% 5.9%
HELLP 1% 4% 13.5% 4%
Eclampsia 0.5% 3% 13.5% 5.9%
Abruptio placentae 0.8% 5% 26% 2.4%
IUGR < 5% 5.3% 16% 20% 8%
One or more 8% – – 6%

HELLP, hemolysis, elevated liver enzymes; SPE, severe preeclampsia.
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atic review by Alfirevic91 suggested a positive association
between factor V Leiden and preeclampsia/eclampsia [OR 1.6,
95% confidence interval (CI) 1.2–2.1)]. Factor V Leiden
occurred in 11.4% (95/830) of patients with severe preeclamp-
sia, with an OR of 2.84 (95% CI 1.95–4.14) in the study by
Morrison.92 The prothrombin gene mutation was identified in
up to 9.1% of cases, whereas PS deficiency was reported in
5–25% of cases (Table 47.7). Paidas et al.40 found that there
was a significant decrease in PZ levels in patients (n = 51) with
a variety of APO, including IUGR, preeclampsia, preterm
delivery, and bleeding in pregnancy compared with women
(n = 51) with normal pregnancy outcomes (NPO) (second
trimester 1.5 ± 0.4 vs 2.0 ± 0.5µg/mL, P < 0.0001; and third
trimester 1.6 ± 0.5 vs 1.9 ± 0.5µg/mL, P < 0.0002). PZ levels
at the 20th percentile (1.30µg/mL) were associated with an
increased risk of APO (OR 4.25, 95% CI 1.536–11.759, with
a sensitivity of 93%, specificity 32%). In the same group of
patients, PS levels were significantly lower in the second and
third trimesters among patients with APO compared with
patients with NPO (second trimester 34.4 ± 11.8% vs
38.9 ± 10.3%, P < 0.05 respectively; and third trimester
27.5 ±8.4 vs 31.2 ± 7.4, P < 0.025 respectively). The authors
speculate that decreased PZ and PS levels are additional risk
factors for APO. These authors also compared first trimester
(first trimester) PZ levels in 103 women with subsequent NPO,
106 women with APO, and 20 women known to be throm-
bophilic, with 6/20 of these women having had APO. The
mean first trimester PZ level was significantly lower among
patients with APO compared with pregnant control subjects
(1.81 ± 0.7 vs 2.21 ± 0.8µg/mL, respectively, P < 0.001). Of
patients with known thrombophilia, those with APO had a
tendency for lower mean PZ levels compared with those

thrombophilic women with NPO (1.5 ± 0.6 vs 2.3 ± 0.9µg/mL,
respectively, P < 0.0631). Thus, there is compelling evidence
that PZ is another thrombophilic condition associated with
pregnancy complications. Further studies are needed to
confirm the findings of Paidas et al. who have demonstrated
that lower than normal pregnancy-associated PS levels are
associated with a variety of adverse pregnancy outcomes.

Abruptio placentae and thrombophilia

The determination of the relationship between thrombophil-
ias and abruptio placentae (decidual hemorrhage) is difficult
secondary to the limited number of studies and the con-
founding variables, including chronic hypertension, and ciga-
rette and cocaine use.93,94,113,114 de Vries95 found that 9/31
(29%) patients with abruptio placentae had a PS deficiency,
compared with their general population prevalence of
0.2–2%. The prevalence of factor V Leiden, prothrombin gene
mutation, and PS deficiency was 22–30%, 18–20%, and
0–29%, respectively (Table 47.8).79,85,95–97

IUGR

Infante-Rivard et al.51 found rates of 4.5% and 2.5% for factor
V Leiden and prothrombin gene mutation, respectively, when
IUGR was defined as < 10th percentile. In a recent systematic
review, factor V Leiden and prothrombin gene mutation were
associated with an increased risk of IUGR: OR 2.7 (1.3–5.5),
and OR 2.5 (1.3–5.0), respectively, in 10 case–control studies.98

However, in five cohort studies (three prospective, two retro-
spective), the relative risk was 0.99 (0.5–1.9). The authors con-
cluded that both factor V Leiden and prothrombin gene
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Table 47.7 Severe preeclampsia and thrombophilic conditions.

Author Year No. with SPE FVL positive PG mutation PS deficiency Delivery gestational age, Reference
(%) positive (%) (%) weeks (mean ± SD)

Dekker 1995 85 – – 24.7 – 75
Dizon–Townson 1996 158 8.9 – – – 76
Nagy 1998 69 18.8 – – 31.6 ± 3.1 77
Krauss 1999 21 19 4.8 – 78
Kupferminc et al. 1999 34 26.5 5.9 11.8 35.1 ± 3.6 79
van Pampus 1999 284 6.0 – – – 80
de Groot 1999 37 5.4 – – – 81
Kupferminc et al. 2000 63 23.8 8 8 32.0 ± 4.0 82
Rigo 2000 120 18.3 – 32.8 ± 3.8 83
von Tempelhoff 2000 61 19.7 10 29 (range 22–33) 84
Kupferminc et al. 2000 55 9.1 – – 85
Kim 2001 187 6.4 – – – 86
Livingston 2001 110 4.5 0 – 34.3 ± 5.1 87
Currie 2002 48 8.3 – – 34.1 88
Benedetto 2002 32 9.3 6.2 – – 89
Schlembach 2003 36 16.7 0 – – 90

FVL, factor V Leiden; PG, prothrombin gene; SPE, severe preeclampsia.
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mutation confer an increased risk of giving birth to an IUGR
infant, although this may be driven by small, poor-quality
studies that demonstrated extreme associations.

Fetal loss

In a meta-analysis of 31 studies, Rey et al.99 found that factor
V Leiden was associated with an increased risk of late fetal
loss (OR 3.26, 95% CI 1.82–5.83). Gris100 found a positive
correlation between the number of stillbirths and the preva-
lence of thrombophilias among 232 women with previous late
fetal loss (22 weeks) and 464 control subjects. PS deficiency
was found in 9 out of 84 (10.7%) with at least two stillbirths,
and the presence of factor V Leiden was associated with a high
risk of fetal loss at > 22 weeks (OR 7.83, 95% CI 2.83–21.67).
Martinelli101 found that the risk of late fetal death (> 20 weeks)
was threefold higher if the patient was a carrier of either factor
V Leiden or prothrombin gene mutation. The relative risk of
carriers (factor V Leiden, prothrombin gene mutation) for late
fetal loss was 3.2 (1.0–10.9) and 3.3 (1.1–10.3) respectively.
Martinelli102 evaluated recurrent late loss and found that
factor V Leiden was present in 28.6% of patients with recur-
rent late loss.

Rey et al.99 pooled data from nine studies (n = 2087) and
found a significant association between fetal loss and the pro-
thrombin gene mutation. Prothrombin gene mutation was
associated with recurrent fetal loss before 25 weeks (n = 690
women, OR 2.56, 95% CI 1.04–6.29) and with nonrecurrent
fetal loss after 20 weeks (five studies, n = 1299, OR 2.3, 95%
CI 1.09–4.87). The prevalence of prothrombin gene mutation
ranges from 0 to 33%, and of PS deficiency from 29% to 
92% (Table 47.9).79,85,91,99,100,103–111 On the other hand, Hefler
et al.110 did not find any significant association between factor
V Leiden, prothrombin gene mutation, or PS deficiency and
fetal death (median gestational age 34 weeks, with range
20–42 weeks). Two other studies that examined recurrent fetal
loss and PS deficiency found a significant association (OR
14.7, 95% CI 0.99–218).100,108 Rey et al.99 found that PS defi-
ciency was associated with nonrecurrent loss after 22 weeks
in three studies (n = 565, OR 7.39, 95% CI 1.28–42.83).

Early pregnancy loss and thrombophilia

The association between early pregnancy loss and throm-
bophilia has also yielded conflicting results. In three recent sys-
tematic reviews, the diversity among the included studies
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Table 47.8 Abruptio placentae and thrombophilic conditions.

Author Year No. of abruptions FVL positive (%) PG mutation positive (%) PS deficiency (%) Reference

De Vries 1997 31 – – 29 95
Weiner-Megnangi et al. 1998 27 29.6 – 0 96
Kupferminc et al. 1999 20 25 20 – 79
Kupferminc et al. 2000 27 – 18.5 – 85
Facchinetti 2003 50 22 20 – 97

Table 47.9 Inherited thrombophilia and fetal loss (≥ 20 weeks).

Author Year No. of fetal losses FVL positive (%) PG mutation positive (%) PS deficiency (%) Reference

Preston et al. 1996 141 27 – 29 103
Gris 1999 22 68 28.6 92 100
Dizon–Townson 1997 29 41.4 – – 104
Kupferminc et al. 1999 12 25 0 – 79
Tal 1999 9 22.2 – – 105
Lindqvist and Dahlback 2000 269 4.5 – – 106
Martinelli 2000 11 45.4 – – 101
Kupferminc et al. 2000 23 – 13.0 – 85
Murphy 2000 16 18.8 – – 107
Alfirevic 2001 7 – 33.3 42.9 91
Many et al. 2002 6 50 – – 108
Alonso 2002 110 8 12 – 109
Rey et al. 2003 180 15 – 77.3 99
Hefler et al. 2004 94 10.6 7.4 – 110
Gonen et al. 2005 37 10.8 0 8.1 111

TCO47  9/15/06  10:59 AM  Page 833



CHAPTER 47

implies that these meta-analyses included heterogeneous
studies.99,112–114 Factors influencing results include inclusion of
isolated or recurrent fetal loss, presence or absence of suc-
cessful live birth in obstetrical history, gestational age cutoff
for evaluation, and inclusion of proper control groups. Figures
47.3 and 47.4 demonstrate the latest compilation of data con-
cerning pregnancy loss and factor V Leiden and prothrombin
gene mutation respectively.114 The typical OR for factor V
Leiden is 1.67 (1.16–2.40) and, for prothrombin gene muta-
tion, the typical OR is 2.25 (1.20–4.21). There was no
increased risk of loss for the MTHFR C677T mutation.105

Roque et al.115 reported that the odds of having thrombophilia
were actually significantly lower in women with recurrent
embryonic losses. In this retrospective cohort study, patients
with recurrent early pregnancy loss (two or more) were strat-
ified by gestational age into losses before 9 weeks and 6 days
and losses from 10 weeks to 14 weeks and 0 days. Simple cor-
relations between individual factors of thrombophilia and

early first trimester loss (below 10 weeks) were mostly non-
significant and negative for all parameters, when compared
with those in late first trimester losses. These authors investi-
gated the association of thrombophilia (anticardiolipin anti-
bodies, lupus anticoagulant, factor V Leiden, prothrombin
gene mutation G20210A, homocysteine, deficiencies in PC,
PS, or antithrombin, and one measure of thrombophilia or
more) and adverse pregnancy outcome in 491 patients with a
history of preeclampsia, IUGR < 10th percentile, fetal loss at
> 14 weeks, recurrent abortion prior to 14 weeks, abruptio
placentae, preterm delivery, and history of thromboembolism.
Thrombophilia was associated with an increased risk of fetal
loss at > 14 weeks, IUGR, abruptio placentae, and preeclamp-
sia. There was a “dose-dependent” increase in abruptio risk
(OR 3.6, 95% CI 1.20–8.6). In those with thrombophilia,
preeclampsia was noted in 9%, abruptio in 5.5%, IUGR
< 10th percentile in 37%, fetal loss at > 14 weeks in 16.5%,
and preterm delivery in 33%. Biological considerations might
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Figure 47.3 Recurrent first trimester loss and factor V Leiden (from ref. 114). A recent meta-analysis suggests that the factor V Leiden is
associated with an increased risk of recurrent first trimester loss (odds ratio 1.67, 95% CI 1.16–2.40). 
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Figure 47.4 Recurrent first trimester loss and prothrombin gene mutation G20210A (from ref. 114). A recent meta-analysis suggests that the
prothrombin gene mutation G2021A is associated with an increased risk of recurrent first trimester loss (odds ratio 2.25, 95% CI 1.20–4.21). 

TCO47  9/15/06  10:59 AM  Page 834



THROMBOEMBOLIC DISORDERS OF PREGNANCY

explain a reduced influence of thrombophilic factors in very
early pregnancy losses (< 10 weeks). The blood flow pattern
and oxygenation at the placental site change at about
10 weeks of gestation.

Anticoagulation to prevent recurrent
adverse pregnancy outcomes in 
women with thrombophilia

Heparin and aspirin administration is the best strategy for the
treatment of recurrent pregnancy loss associated with APS,
according to the Cochrane review in 2002.116 This approach
has been associated with a 54% reduction in pregnancy loss
and is better than aspirin alone. Steroid administration is asso-
ciated with an excessive risk of prematurity, and therefore is
not recommended as a first-line prevention strategy.

Given that uteroplacental thrombosis is a feature of preg-
nancies complicated by IUGR, severe preeclampsia and abrup-
tio placentae, and fetal loss in women with thrombophilia,
prophylaxis with heparin has been offered to prevent recur-

rent pregnancy complications in the setting of inherited throm-
bophilias. The rationale for this approach is that maternal
heparin administration will decrease vascular injury and
thrombin generation, thereby reducing thrombosis in the
uteroplacental circulation.

There are few published studies describing the use of low-
molecular-weight heparin (LMWH) with previous adverse
pregnancy outcomes (Table 47.10).117–124 Kupferminc et al.120

treated 33 women with a history of severe preeclampsia,
abruptio placenta, IUGR, or fetal demise and a known throm-
bophilia with LMWH and low-dose aspirin (LDA). Treated
patients had a higher infant birthweight and a higher gesta-
tional age at delivery than in the previous pregnancy. Treated
pregnancies were not associated with fetal losses or severe
preeclampsia. Riyazi et al.117 found that treatment with
LMWH and LDA in patients with previous early-onset
preeclampsia and/or severe IUGR and a thrombophilic disor-
der resulted in a higher infant birthweight than in patients
with a comparable history but not receiving this intervention.

Paidas et al.122 evaluated a cohort of patients carrying either
factor V Leiden or prothrombin gene mutation who experi-
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Table 47.10 Heparin administration to prevent adverse pregnancy outcome.

Author Year No. of Drug
(reference) patients Patients studied Outcome

Riyazi et al.117 1998 26 Nadroparin + Thrombophilia plus prior Treatment associated with lower rates of
ASA 80mg preeclampsia or IUGR preeclampsia/IUGR compared with 

historical controls
Brenner118 2000 50 Enoxaparin Thrombophilia plus recurrent Treatment associated with higher live birth 

fetal loss rates (75% vs 20%) compared with 
historical controls

Ogueh119 2001 24 Unfractionated Thrombophilia plus IUGR or No improvement compared with historical 
heparin abruptio placentae control

Kupferminc et al.120 2001 33 Enoxaparin + Thrombophilia plus Higher birthweight and gestational age at 
ASA 100mg preeclampsia or IUGR delivery

Grandone121 2002 25 Unfractionated Thrombophilia + APO Treatment was associated with lower rates 
heparin or of APO in treated (10%) vs
enoxaparin untreated (93%)

Paidas et al.122 2004 41 Unfractionated or FVL or PGM plus history of Treatment was associated with an 80% 
low-molecular- fetal loss reduction in fetal loss (OR 0.21, 95% CI 
weight heparin 0.11–0.39)

Gris et al.123 2004 160 Enoxaparin or Thrombophilia plus fetal loss Enoxaparin was superior to aspirin. 29% 
100mg aspirin; patients treated with LDA and 86% 
folic acid 5mg treated with enoxaparin had healthy live 

birth (OR 15.55, 95% CI 7–34)
Brenner et al.124 2004 183 Enoxaparin Thrombophilia + ≥ three losses Enoxaparin increased the rate of live births

(40mg/day or in the first trimester, or ≥ two (81.4% vs 28.2%, P < 0.01 for 40mg, 
40mgb.i.d.) losses in the second trimester, 76.5% vs 28.3%, P < 0.01 for 80mg), 

or ≥ one loss in the third decreased the rate of preeclampsia (3.4% 
trimester vs 7.1%, P < 0.01 for 40mg; 4.5% vs 

15.7%, P < 0.01 for 80mg), and 
decreased the rate of abruptio placentae 
(4.4% vs 14.1%, P < 0.01 for 40mg; 
3.4% vs 9.6%, P < 0.1 for 80mg)
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enced at least one prior APO. A total of 41 patients (28 with
factor V Leiden, 13 with prothrombin gene mutation) had 158
pregnancies. They compared the 41 heparin-treated pregnancy
outcomes with the remaining 117 untreated pregnancies.
Antenatal heparin administration consisted of enoxaparin,
dalteparin, or unfractionated heparin. Antenatal heparin
administration was associated with an 80% reduction in APO
overall (OR 0.21, 95% CI 0.11–0.39, P < 0.05). This rela-
tionship persisted if first trimester losses were excluded
(n = 111 total pregnancies, OR 0.46, 95% CI 0.23–0.94, 
P < 0.05).

Brenner et al.124 reported on the LIVE-ENOX study, a mul-
ticenter prospective randomized trial to evaluate the efficacy
and safety of two doses of enoxaparin (40mg/day or 40mg
b.i.d.) in 183 women with recurrent pregnancy loss and
thrombophilia. Inclusion criteria were ≥ three losses in the first
trimester, ≥ two losses in the second trimester or ≥ one loss in
the third trimester. Compared with the patient’s historical
rates of live birth and pregnancy complications, enoxaparin
increased the rate of live birth (81.4% vs 28.2%, P < 0.01 for
40mg, 76.5% vs 28.3%, P < 0.01 for 80mg), decreased the
rate of preeclampsia (3.4% vs 7.1%, P < 0.01 for 40mg; 4.5%
vs 15.7%, P < 0.01 for 80mg), and decreased the rate of
abruptio placentae (4.4% vs 14.1%, P < 0.01 for 40mg; 3.4%
vs 9.6%, P < 0.1 for 80mg). The lack of a placebo arm, use
of historical control subjects, and the small number of patients
are limitations of this study.

Gris et al.123 compared the administration of LDA 100mg
daily with enoxaparin 40mg daily from the 8th week of ges-
tation in a cohort of patients with a prior loss after 10 weeks
and the presence of heterozygous factor V Leiden, prothrom-
bin gene mutation G20210A, or PS deficiency. The authors
found that 23/80 patients treated with aspirin and 69/80
patients treated with enoxaparin had a successful pregnancy
(OR 15.5, 95% CI 7–34, P < 0.0001). Birthweights were
higher, and there were fewer small for gestational age infants
in the enoxaparin group.

The small size and inadequate study designs of the published
studies do not permit any firm recommendation regarding the
antenatal administration of heparin for the sole indication of
the prevention of adverse pregnancy outcome.125 These
authors strongly recommended a randomized trial to address
the use of anticoagulation for prevention. According to a
recent Cochrane review, based upon an extensive literature
search from 1966 to 2004 of women with a history of ≥ two
spontaneous losses or one fetal demise without apparent cause
other than inherited thrombophilia, only two trials were avail-
able for review.126 The other study besides the Gris trial was
the trial reported by Tulppala et al.,127 which involved 82
patients and compared aspirin 50mg versus placebo in women
with three or more unexplained consecutive losses. No differ-
ences were noted between the aspirin compared with the
placebo group (relative risk 1.00 (0.78–1.29).

Thrombophilia screening: testing 
and candidates

The selection of suitable patients for thrombophilia screening
and the thrombophilia workup continue to evolve. At this
time, suitable candidates for thrombophilia screening include
those with a history of unexplained fetal loss at > 10 weeks;
a history of severe preeclampsia/HELLP at < 36 weeks; a
history of abruptio placentae; a history of IUGR ≤ 5th per-
centile; a personal history of thrombosis; and a family history
of thrombosis. Initial thrombophilia evaluation should
include: protein C (functional level); PS (functional/free
antigen level); antithrombin III (functional level); factor V
Leiden [by polymerase chain reaction (PCR)]; prothrombin
gene mutation 20210A (PCR); lupus anticoagulant; anticardi-
olipin antibody IgG, M, A; and platelet count. Other com-
monly ordered screens include MTHFR C677T mutation,
fasting homocysteine level, and β2-glycoprotein-1 IgG, M, A.
Depending on the clinical scenario, thrombophilia evaluation
can be extended to include other tests, such as PZ, other
antiphospholipid antibodies, and the more uncommon factor
V mutations, the angiotensin I-converting enzyme (ACE) gene
polymorphism, components of the PC system, and PAI-I muta-
tion. Large prospective studies are needed to address the role
of the interaction of thrombophilic conditions in the causa-
tion of VTE and APO.

Pharmacology of anticoagulation 
in pregnancy

Thromboembolism and APO management continue to present
clinical challenges. The available anticoagulant drugs for the
prevention and treatment of VTE include warfarin, unfrac-
tionated heparin, LMWH, factor Xa inhibitors, and direct
thrombin inhibitors. However, heparins are the mainstay of
therapy in pregnancy. Unfractionated heparin enhances
antithrombin activity, increases factor Xa inhibitor activity,
and inhibits platelet aggregation.128 LMWH is generated by
chemical or enzymatic manipulation of unfractionated heparin
from a molecular weight of 15000 Da to 4000–6500Da. The
smaller size impedes its antithrombin but not antifactor Xa
effects. Both LMWH and unfractionated heparin cross the pla-
centa, are considered safe for pregnancy, and are compatible
with breastfeeding. Complications associated with heparins
include hemorrhage, osteoporosis, and thrombocytopenia.
Heparin-induced thrombocytopenia (HIT) occurs in two
forms. Type I HIT typically occurs within days of heparin
exposure, is self-limited, and is not associated with significant
risk of hemorrhage or thrombosis. Type II HIT is an
immunoglobulin-mediated syndrome that occurs in the setting
of venous or arterial thrombosis, usually 5–14 days following
the initiation of heparin therapy. Fortunately, it is quite rare
in pregnancy. Type II HIT can be confirmed by serotonin
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release assays, heparin-induced platelet aggregation assays,
flow cytometry, or solid phase immunoassay.129

Unfractionated heparin has a short half-life and is adminis-
tered subcutaneously or via continuous infusion. Usually,
patients receiving unfractionated heparin require frequent lab-
oratory monitoring and dosage adjustment. LMWH is admin-
istered subcutaneously either once or twice daily. It has
advantages over unfractionated heparin including better
bioavailability, longer plasma half-life, and more predictable
pharmacokinetics and pharmacodynamics. LMWH is much
more expensive than unfractionated heparin. A recent review
has found that LMWH has a reassuring risk profile, 
including antenatal bleeding, 0.43 (0.22–0.75); postpartum
hemorrhage more than 500mL, 0.94 (0.61–1.37); wound
hematoma, 0.61 (0.36–0.98); thrombocytopenia, 0.11
(0.02–0.32); HIT, 0.00 (0.00–0.11); and osteoporosis, 0.04
(< 0.01–0.20).130

Coumarins are vitamin K antagonists that block the gener-
ation of vitamin KH2. The latter serves as a cofactor for the
post-translational carboxylation of glutamate residues to τ-
carboxyglutamates on the N-terminal regions of prothrombin
and factors VII, IX, and X as well as the anticlotting 
agents, PC and PS. The peak effect of warfarin, the most 
commonly used vitamin K antagonist, occurs 36–72h after
initiating therapy, and it has a half-life of 36–42h. Aspirin and
other nonsteroidal anti-inflammatory drugs, as well as high
doses of penicillins and moxolactam, increase the risk of war-
farin-associated bleeding by inhibiting platelet function. As PC
has a relatively shorter half-life compared with most of the
vitamin K-dependent clotting factors, warfarin may initially
create a relatively prothrombotic state. Indeed, it may take
6 days to achieve full antithrombotic effects, especially in preg-
nancy, given the elevated levels of factor VIII and often occur-
ring APC resistance. In pregnancy, it is critical to maintain
these women on therapeutic doses of unfractionated heparin
or LMWH for 5 days and until the international normalized
ratio (INR) reaches the therapeutic range between 2.0 and 3.0
for two successive days.

Several other anticoagulants are now available that may
have a role in limited circumstances in pregnancy.131 Dana-
paroid is another low-molecular-weight heparinoid that is
especially useful in cases of HIT and in cases of heparin
allergy. Fondaparinux is a synthetic heparin pentasaccharide
that complexes with the antithrombin binding site for heparin
to permit the selective inactivation of factor Xa but not throm-
bin. Given as a once-daily subcutaneous injection, fonda-
parinux is excreted in the kidney, has a half-life of 15h, and
does not appear to induce HIT. Direct thrombin inhibitors
represent another class of anticoagulants.

Hirudin is a 65-amino-acid protein derived the medicinal
leech (Hirudo medicinalis). It can be used in patients with type
II HIT and is readily available in a recombinant form, 
lepirudin. There is limited use of lepirudin in pregnancy. 
Argatroban is a synthetic direct thrombin inhibitor that 

competitively binds to thrombin’s active site, has a short half-
life (45min), and is cleared by the liver, making it the direct
thrombin inhibitor of choice for patients with renal failure.
Bivalirudin is a 20-amino-acid synthetic polypeptide analog of
hirudin.

Management of venous
thromboembolism in pregnancy:
diagnosis of venous thromboembolism

Pregnant patients requiring therapeutic anticoagulation
require meticulous care and a thorough understanding of the
physiologic changes in pregnancy, underlying pathophysiol-
ogy, and drug treatment effects. In pregnancy, the diagnosis of
VTE is based on history, physical examination, and diagnos-
tic studies. The typically cited signs and symptoms of DVT
include erythema, warmth, pain, edema, tenderness, and a
positive Homan’s sign. However, among patients with these
signs and symptoms, the diagnosis of DVT is confirmed in
only one-third when reliable objective tests are performed.132

Venous ultrasound with or without color Doppler has become
the primary diagnostic modality for evaluating patients at risk
of DVT (Fig. 47.5). The most accurate ultrasonic criterion for
diagnosing venous thrombosis is noncompressibility of the
venous lumen in a transverse plane under gentle probe pres-
sure using duplex and color flow Doppler.132 The sensitivity
and specificity of venous ultrasound is generally reported to
be 90–100% for proximal-vein thromboses, but is thought to
be lower with calf-vein thrombosis.133

Two other imaging modalities include magnetic resonance
imaging (MRI) and impedance plethysmography. The pub-
lished literature suggests that the range of sensitivity and speci-
ficity for MRI in the diagnosis of DVT is 80–100% and
90–100%, respectively, with median published rates of 100%
for both.134 Impedance plethysmography utilizes two sets of
electrodes placed around the patient’s calf and an oversized
blood pressure cuff around the thigh. Published sensitivities
and specificities for diagnosing proximal DVT range from
65% to 98% and 83% to 97% respectively.133 It is expensive,
and the test is insensitive (< 20%) for detecting calf-vein and
small nonobstructing proximal-vein thromboses. Venography
remains the “gold standard” for the diagnosis of DVT with a
sensitivity and specificity of 100%, by definition. However, its
radiation exposure is a significant disadvantage, and it is not
typically used in pregnancy.

Acute pulmonary embolus (APE)

Tachypnea (> 20 breaths/min) and tachycardia (> 100 beats
per minute; b.p.m.) are present in 90% of patients with APE,
but are nonspecific indices of risk.135 Symptoms such as
dyspnea and pleuritic chest pain are present in up to 90% of
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patients with APE, while presyncope and syncope are rarer
and indicative of massive emboli.136

Electrocardiographic changes may be present in 87% of
patients with proven APE who are without underlying car-
diopulmonary disease; however, these findings are nonspecific.
The Urokinase Pulmonary Embolism Trial found that 26–32%
of those with massive APE had electrocardiogram (ECG) man-
ifestations of acute cor pulmonale (S1 Q3 T3 pattern, right-
bundle branch block, P-wave pulmonale, or right-axis devia-
tion).137 Assessments of arterial blood gases and oxygen satu-
ration are also of limited value in APE; pO2 values of
> 80mmHg are found in 29% of APE patients less than
40 years of age.138 The alveolar–arterial oxygen tension differ-
ence appears to be a more useful indicator of disease with alve-
olar–arterial differences of > 20mmHg present in 86% of
patients with APE.135 Chest radiographs may be abnormal in
up to 84% of affected patients.135 Common findings include
pleural effusion, pulmonary infiltrates, atelectasis, and elevated

hemidiaphragm. A chest radiograph cannot be used to rule out
a pulmonary embolism. More than 80% of patients with APE
display sonographic imaging or Doppler abnormalities of
right-ventricular size or function, including a dilated and hypo-
kinetic right ventricle, tricuspid regurgitation, and absence of
pre-existing pulmonary arterial or left-heart pathology.

To confidently diagnose pulmonary embolism, one or more
specific diagnostic studies must be performed (Figs 47.6 and
47.7).

Ventilation–perfusion (V/Q) scanning has long been con-
sidered a mainstay of the diagnostic evaluation of patients
with suspected APE. V/Q scanning is performed by imaging
both the pulmonary vascular bed and the airspace. Perfusion
scanning is accomplished by injecting isotopically labeled (e.g.,
technetium-99) human albumin macroaggregates into the
bloodstream where they are deposited in the pulmonary cap-
illary bed. Their topographic distribution is then assessed by
a photoscanner. Ventilation scanning entails the inhalation of
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Figure 47.5 Management of suspected DVT in
pregnancy. Once a DVT is suspected, a venous
ultrasound should be performed to establish the
diagnosis of DVT. If positive, anticoagulation
should be instituted.  If negative, additional
testing or repeat venous ultrasound may be
indicated, depending upon the level of
suspicion for the presence of DVT. 
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radiolabeled aerosols (e.g., xenon-133), whose distribution in
alveolar spaces is assessed by a gamma camera. The combi-
nation of perfusion and ventilation scanning allows the dis-
cernment of characteristic patterns that can be used to assign
diagnostic probabilities. Large mismatched defects (i.e., those
associated with abnormal perfusion scans but normal ventila-
tion scans) are associated with APE in 80–96% of high- and
moderate-risk patients but in only 50% of low-risk patients.

The Prospective Investigation of Pulmonary Embolism
Diagnosis (PIOPED) was a multicenter, collaborative effort
designed to determine the sensitivity and specificity of V/Q
scanning in patients with signs and symptoms of suspected
APE.139 Patients with high-probability scans had APE in
87.2% of cases, but only 41% of patients with APE had high-
probability scans (sensitivity of 41% and specificity of 97%).
Patients with intermediate-probability scans had APE in
33.3% of cases, while APE was present in 13.5% of patients
with low-probability scans and 3.9% of patients with near-
normal or normal scans.

An APE can be present in a substantial percentage of
patients with nondiagnostic (low and intermediate probabil-
ity) V/Q scans if there is a high clinical suspicion of APE. Con-
versely, 44% of low-risk patients with a high-probability V/Q
scan will not ultimately be found to harbor an APE. Spiral
(helical) computerized tomographic angiography (spiral CT)
is a technique that requires the continuous movement of a
patient through a CT scanner as a contrast bolus is adminis-
tered.134 It is of limited value with small subsegmental periph-
eral vessels and horizontally oriented vessels in the right
middle lobe. Cross et al.140 compared spiral CT with V/Q scans
for the initial investigation of patients with suspected APE,
and observed that a definitive diagnosis was more often pos-
sible following spiral CT than with V/Q scanning (90% vs
54%; P < 0.001). The principal difference between the two
modalities was that spiral CT more often demonstrated non-
embolic lesions responsible for the patients’ symptoms.
However, there was no difference in the prevalence or detec-
tion rate of APE in the two groups. The published sensitivi-
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Figure 47.6 Management paradigm for patient
at low clinical risk of acute pulmonary
embolism. Spiral CT angiography or
ventilation/perfusion scanning are indicated as
first line imaging modalities. Anticoagulation is
indicated in the setting of: a positive spiral CT
angiography; a high probability V/Q scan along
with a positive venous ultrasound; a positive
pulmonary angiogram; negative spiral CT and
positive venous ultrasound; low or intermediate
V/Q scan and a positive venous ultrasound. 
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ties and specificities of spiral CT for the diagnosis of APE
range from 53% to 100% (median 87%) and from 78% to
97% (median 95%) respectively.134

Conventional pulmonary arteriography

Pulmonary arteriography is considered the gold standard for
the diagnosis of APE with sensitivities and specificities of
100% by definition.134 An APE is diagnosed by the finding of
an intraluminal filling defect on two views of a pulmonary
artery. The procedure carries with it a 0.5% mortality rate and
a complication rate of 3%. The majority (90%) of cases of
APE arise from lower extremity DVTs; among patients with
APE, 50% will be found to harbor a DVT, including up to
20% of patients without lower extremity signs or symp-
toms.136 Finally, the routine use of D-dimer as a screen for
thromboembolism is not helpful in pregnancy given the
normal hematologic changes in pregnancy (Table 47.1).

Radiation exposure in pregnancy

Concern often arises about the level of radiation exposure to
the fetus from the various diagnostic modalities employed in
the evaluation of patients at risk for VTE. Limited contrast
venography with an abdominal shield generates < 500µGy
(< 0.05 rad). Full venography without a shield exposes the
fetus to 3.1mGy (0.31 rad). Pulmonary arteriography 
from the brachial vein route generates less than 500µGy
(0.05 rad) but from the femoral vein route, it is 2.2–3.3mGy
(0.22–0.33 rad), making the former the preferable route in
pregnancy. V/Q scans expose the fetus to less than 120µGy
(0.012 rad) from the technetium-99 perfusion scan and less
than 190µGy (0.019 rad) from the xenon-133 ventilation
scan. Spiral CT angiography exposes the fetus to a maximum
of 131µGy (0.013 rad). Virtually all these exposures are sub-
stantially less than 5 rad and thus pose no known risk of spon-
taneous abortion, teratogenicity, or perinatal morbidity. Doses

840

Intermediate clinical risk of APE

Spiral CT angiography or V/Q scanning

Treat

Positive CT angiogram

Negative spiral CT angiogram 
or V/Q  scan indicating a 

low, intermediate, or 
high risk of embolism

Negative V/Q scan

Venous ultrasonography APE unlikely

Pulmonary 
angiography

Positive

NegativePositive

Negative

Figure 47.7 Management paradigm for patient
at intermediate clinical risk of acute pulmonary
embolism. Spiral CT angiography or
ventilation/perfusion scanning are indicated as
first line imaging modalities.  Pulmonary
angiography remains the gold standard for the
diagnosis of APE.  If there is a high clinical risk
of acute pulmonary embolism, pulmonary
angiography should be performed even if initial
tests (spiral CT angiography or V/Q scanning)
do not suggest APE.
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above 1 rad may create a marginally increased risk of child-
hood leukemia (from 1 : 3000 baseline to 1 : 2000).141,142

Neither mutagenic nor teratogenic effects have been
described after the administration of gadolinium or iodinated
contrast media.143 Concerns about fetal goiter following
maternal radiographic contrast exposure suggest that fetal
heart rates should be assessed to rule out hypothyroidism, and
neonatal thyroid function should be checked during the first
week of life.143

Treatment of venous 
thromboembolism

Before initiating anticoagulation therapy, a thrombophilia
panel should be obtained as noted above. Functional clotting
factor testing should be performed well after the cessation of
anticoagulant therapy to diagnose a factor deficiency. Women
with new-onset VTE during a current pregnancy should
receive therapeutic anticoagulation for at least 20 weeks
during the pregnancy followed by prophylactic therapy (Table
47.11). After delivery, patients require a minimum of 6 weeks
of anticoagulation. During pregnancy, unfractionated heparin
and LMWH are the anticoagulants of choice. Postpartum, oral
anticoagulation with warfarin may be started and is consid-
ered to be safe in breastfeeding mothers. As osteoporosis 
is more common with doses of heparin greater than
15000U/day employed for more than 6 months, all patients
treated with heparin should receive 1500mg of calcium sup-
plementation per day. Postpartum bone densitometry may be
appropriate in such patients.

In pregnancy, LMWH from multidose vials containing
benzoyl alcohol, which is potentially toxic to the fetus and
newborn, should be avoided. The goals of therapy for an acute
VTE in pregnancy are to maintain the activated partial throm-
boplastin time (aPTT) between 1.5 and 2.5 times control when
using unfractionated heparin. The dose required may vary
greatly between women secondary to interpatient differences
in heparin-binding proteins during pregnancy. The aPTT
should be evaluated every 4–6h during the initial phase of
therapy and adjustments made in dosage as needed (see Tables
47.9 and 47.10). Intravenous therapeutic unfractionated
heparin should be continued for at least 5–10 days or until
clinical improvement is noted. Thereafter, therapeutic doses 
of unfractionated heparin may be administered subcuta-
neously every 8–12h in order to maintain the aPTT at 
1.5–2 times control levels 6h after the injection. These should
be continued for 20 weeks followed by prophylactic dosages
For example, prophylactic doses of unfractionated heparin can
range from 5000 to 10000U subcutaneously every 12h
titrated to maintain an antifactor Xa level of 0.1–0.2 IU/mL
6h after the last injection. Patients with highly thrombogenic
thrombophilias such as antithrombin deficiency or those
homozygous for the factor V Leiden or prothrombin
G20210A gene mutations or compound heterozygotes for

these mutations require therapeutic anticoagulation through-
out pregnancy.

If vaginal or Cesarean delivery occurs more than 4h after a
prophylactic dose of unfractionated heparin, the patient is not
at significant risk of hemorrhagic complications. Protamine
sulfate may be administered to those patients with an elevated
aPTT receiving prophylactic or therapeutic unfractionated
heparin who are about to deliver vaginally or by Cesarean
section.

Low-molecular-weight heparin

For therapeutic dosing, the antifactor Xa level should be main-
tained at 0.6–1.0U/mL 4–6h after injection (e.g., starting with
enoxaparin 1mg/kg subcutaneously every 12h). Again, treat-
ment should continue for 20 weeks and then prophylactic
dosages should be given (e.g., enoxaparin 40mg subcuta-
neously every 12h, adjusted to maintain antifactor Xa levels
at 0.1–0.2U/mL 4h after an injection). As noted, patients with
highly thrombogenic thrombophilias require therapeutic anti-
coagulation throughout pregnancy. As regional anesthesia is
contraindicated within 18–24 h of LMWH administration, we
recommend switching to unfractionated heparin at 36 weeks
or earlier if preterm delivery is expected.

If vaginal or Cesarean delivery occurs more than 12h from
prophylactic or 24h from therapeutic doses of LMWH, the
patient should not experience anticoagulation-related prob-
lems with delivery. Protamine may partially reverse the anti-
coagulant effects of LMWH (see previous section).

Postpartum

Either unfractionated heparin or LMWH can be restarted
3–6h after vaginal delivery or 6–8h after Cesarean delivery.
Warfarin should be started on the first postdelivery day. Ther-
apeutic doses of unfractionated heparin or LMWH are needed
for 5 days and until the INR reaches the therapeutic range
between 2.0 and 3.0 for 2 successive days.

Surgery and thrombolytic therapy

Pregnancy poses special concerns about such therapy given the
risk of abruptio placentae and puerperal hemorrhage. Tur-
rentine et al.,144 reviewed outcomes among 172 pregnant
patients treated with thrombolytic therapy and reported that
the maternal mortality rate was 1.2%, the fetal loss rate was
6%, and that maternal complications from hemorrhage
occurred in 8%. Recombinant tissue plasminogen activator
(rtPA) has been successfully administered to treat a massive
pulmonary embolism at a dose of 10mg intravenous bolus,
then 90mg infusion/2h, followed by unfractionated heparin
for 48h, then four times/day LMWH (antifactor Xa level
0.5–1.0U/mL). This approach should be avoided peripartum
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Table 47.11 Anticoagulation in pregnancy: indications and dosing.

Indication Description Antepartum Postpartum

Therapeutic Prophylactic Therapeutic Prophylactic

VTE current pregnancy X *

High-risk thrombophilia History of VTE or APO* X X
Factor V Leiden homozygous
Prothrombin G20210A No history X X

mutation homozygous
Antithrombin III deficiency

Intermediate-risk thrombophilia X X
Compound heterozygote

(FVL/prothrombin G20210A)

Low-risk thrombophilia Prior VTE X X
Factor V Leiden heterozygous History of APO† ± X‡ X§

but not VTE
Prothrombin G20210A mutation heterozygous No history of VTE or APO† X§
Protein C deficiency
Protein S deficiency
Hyperhomocystein emia (refractory to folate therapy)

No thrombophilia Prior VTE X

Hyperhomocysteinemia Prior VTE or X X§§

* VTE during current pregnancy should receive therapeutic anticoagulation for 20+ weeks during pregnancy, followed by prophylactic therapy
for up to 6 weeks postpartum.
† Adverse pregnancy outcome (APO) includes early-onset severe preeclampsia, unexplained recurrent abruptio placentae, severe IUGR,
intrauterine fetal demise (>10 weeks) with placental thrombosis or infarction.
‡ Patients with less thrombogenic thrombophilias and histories of APO should be treated prophylactically in the antepartum period if the
clinical scenario suggests a high risk of recurrence or there are other thrombotic risk factors (obesity, immobilization, etc.).
§ If Cesarean delivery or first-degree relative with history of VTE.
§§ Cases of hyperhomocysteinemia unresponsive to folate, vitamin B6, and vitamin B12 therapy.

Notes
Unfractionated heparin (UFH)

∑ Initial dose of UFH for acute VTE to keep aPTT 1.5–2.5 times control. Thereafter, UFH may be given subcutaneously q 8–12 h to keep
aPTT 1.5–2 times control (when tested 6 h after injection) for therapeutic levels.
∑ Prophylactic doses may range from 5000 to 10 000 units subcutaneously q 12 h and can be titrated to achieve heparin levels (by protamine
titration assay) of 0.1–0.2 U/mL.

Low-molecular-weight heparin (LMWH)
• Therapeutic doses of Lovenox (enoxaparin) may start at 1 mg/kg subcutaneously q12 h. Therapeutic doses should be titrated to achieve
antifactor Xa levels of 0.6–1.0 U/mL (when tested 4-6 h after injection).
• Prophylactic doses of Lovenox (enoxaparin) may start at 40 mg subcutaneously q12 h. Prophylactic doses should be titrated to achieve
antifactor Xa levels of 0.1–0.2 U/mL 4 h after injection.
• Regional anesthesia is contraindicated within 18–24 h of LMWH and thus LMWH should be converted to UFH at 36 weeks or earlier if
clinically indicated.

Postpartum
• Heparin anticoagulation (LMWH or UFH) may be restarted 3–6 h after vaginal delivery and 6–8 h after Cesarean.
• Warfarin anticoagulation may be started on postpartum day 1.
• Therapeutic doses of LMWH or UFH must be continued for 5 days and until the INR reaches the therapeutic range (2.0–3.0) for 2
successive days.

Maternal and fetal surveillance
• Fetal growth should be monitored every 4–6 weeks beginning at 20 weeks in all patients on anticoagulation.
• Nonstress tests (NSTs) and biophysical profiles (BPPs) may be appropriate at 36 weeks or earlier as clinically indicated.
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because of the hemorrhagic risk from the placental site.145

However, given the limited evidence of the benefit of such
therapy, its use in pregnant patients should be limited.

Anticoagulation in pregnancy: special
considerations

Recurrent VTE in women with prior VTE

Antepartum heparin is not necessary in patients without
thrombophilia and whose prior VTE is associated with tem-
porary risk factors, based upon the study by Brill-Edwards 
et al.146 In a prospective evaluation of 125 women with a single 
previous episode of VTE, antepartum heparin was withheld.
In the 95 patients who did not have a known thrombophilia
and whose prior VTE was associated with a temporary risk
factor, the recurrence of VTE was 0% (95% CI 0–8.0). In
patients with thrombophilia and/or idiopathic prior VTE, the
relative risk of recurrent antepartum VTE was 5.9 (1.2–16%).
Antepartum prophylaxis is indicated in the latter group of
patients. Postpartum anticoagulation is indicated in both
groups.

Mechanical heart valves

There is no ideal anticoagulation strategy for this especially
high-risk clinical dilemma. Some experts suggest using thera-
peutic LMWH in this setting, even though failures have
occurred with this regimen.147 One option is enoxaparin
1mg/kg q 12h and warfarin discontinued either before or
immediately after pregnancy is diagnosed. Trough levels of
enoxaparin must be 0.5 IU/mL. Peak antifactor Xa levels
should ideally be 0.8–1.0 IU/mL, but levels can safely be
obtained with the upper range of the peak antifactor-Xa level
being 1.5 IU/mL. Weekly peak and trough antifactor-Xa levels
should be obtained.

Antithrombin deficiency

Patients with antithrombin deficiency represent the highest
thrombogenic risk. Patients with antithrombin deficiency
should receive antithrombin concentrate if they experience 
an acute arterial or venous thromboembolism. Human
antithrombin III (ATIII) is available as Thrombate III® (Bayer
Healthcare), a sterile, preservative-free, nonpyrogenic, biolog-
ically stable, lyophilized preparation of purified human ATIII.
The baseline antithrombin level is expressed as the percentage
of the normal level based on the functional ATIII assay. The
goal is to increase the antithrombin levels to those found in
normal human plasma (around 100%).

Summary

Thromboembolism continues to remain a leading cause of
maternal mortality. Prompt diagnosis and initiation of therapy
are essential to optimize maternal and perinatal outcome.
Doppler ultrasound is a valuable test in the evaluation of
patients suspected of having a deep venous thrombosis, while
ventilation–perfusion scanning and spiral CT scanning are key
diagnostic tests in the evaluation of patients suspected of
having a pulmonary embolus. In select cases, pulmonary
angiography is a necessary diagnostic test. Suitable candidates
for thrombophilia screening include those with a history of
unexplained fetal loss at > 10 weeks; a history of severe
preeclampsia/HELLP at < 36 weeks; a history of abruptio pla-
centae; a history of IUGR ≤ 5th percentile; a personal history
of thrombosis; and a family history of thrombosis. Unfrac-
tionated heparin and LMWHs are the mainstay of treatment
and prevention strategies to reduce the risk of thrombotic com-
plications. Venous thromboembolism should be treated with
therapeutic anticoagulation for a minimum of 20 weeks, with
prophylactic dosing extended to a minimum of 6 weeks post-
partum. Assessment of risk factors for thromboembolism will
optimize treatment and prevention strategies and minimize
hemorrhagic complications associated with anticoagulation.
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Key points

1 Venous thromboembolism is a leading cause of death in
women. It is estimated that VTE complicates 1 in 1000
pregnancies, but the precise frequency of
thromboembolism is probably underestimated.

2 Pregnancy is associated with significant elevations in a
number of clotting factors. Fibrinogen concentration is
doubled, and 20–1000% increases in factors VII, VIII,
IX, X, XII, and von Willebrand factor are observed,
with maximum levels reached at term. Protein S
decreases in pregnancy. Mean protein S free antigen
levels have been reported to be 38.9 ± 10.3% and

31.2 ± 7.4% in the second and third trimesters
respectively.

3 The high-risk thrombophilias include antithrombin III
deficiency, factor V Leiden homozygosity, and
prothrombin gene (G20210A) mutation. Heterozygous
factor V Leiden is associated with a 0.2% risk of
thromboembolism associated with pregnancy, while
heterozygous prothrombin gene mutation is associated
with a 0.5% risk. Compound heterozygous factor V
Leiden and prothrombin gene mutation is associated
with a 4.6% risk of thromboembolism.
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4 Antiphospholipid antibody syndrome is defined by the
combination of VTE, obstetric complications, and
antiphospholipid antibodies (APA). Antiphospholipid
antibodies must be present on two or more occasions
at least 6 weeks apart, and are immunoglobulins
directed against proteins bound to negatively charged
surfaces, usually anionic phospholipids.

5 Antiphospholipid antibodies have commonly been found
in the general obstetric population, with one survey
demonstrating that 2.2% of such patients have either
IgM or IgG anticardiolipin antibodies, with most such
women having relatively uncomplicated pregnancies.

6 There is a 5% risk of VTE during pregnancy and the
puerperium among patients with APA despite
treatment.

7 Suitable candidates for thrombophilia screening include
those with a history of unexplained fetal loss at
> 10 weeks; a history of severe preeclampsia/HELLP at
< 36 weeks; a history of abruptio placentae; a history
of IUGR ≤ 5th percentile; a personal history of
thrombosis; and a family history of thrombosis.

8 Initial thrombophilia evaluation should include: protein
C (functional level); PS (functional/free antigen level);
ATIII (functional level); factor V Leiden (PCR);
prothrombin gene mutation 20210A (PCR); lupus
anticoagulant; anticardiolipin antibody IgG, M, A; and
platelet count. Other commonly ordered screens
include MTHFR C677T mutation, fasting
homocysteine level, and β2-glycoprotein-I IgG, M, A.

9 Heparin and aspirin administration is the best strategy
for the treatment of recurrent pregnancy loss associated
with antiphospholipid antibody syndrome.

10 Therapeutic anticoagulation during the antepartum
period should be reserved for patients with mechanical
heart valves, VTE in the current pregnancy, high-risk
thrombophilias [antithrombin III deficiency, factor V
Leiden homozygosity, or prothrombin gene (G20210A)
mutation] with a history of VTE or adverse pregnancy
outcome.

11 Venous thromboembolism should be treated with
therapeutic anticoagulation for a minimum of

20 weeks, with prophylactic dosing extended to a
minimum of 6 weeks postpartum.

12 Appropriate treatment of the antiphospholipid
antibody syndrome includes prophylactic
anticoagulation and aspirin in the antepartum period
and prophylactic anticoagulation alone in the
postpartum period.

13 Dosing of therapeutic anticoagulation should 
be titrated to keep the PTT between 1.5 and 2.5 
times control for unfractionated heparin and 
antifactor Xa levels between 0.6 and 1.2U/mL for
LMWH.

14 Because of its long half-life and the difficulty in
reversing its effects, LMWH should be switched to
unfractionated heparin at 36 weeks or earlier (if early
delivery is anticipated).

15 Heparin anticoagulation may be restarted 3–6h after
vaginal delivery and 6–8h after Cesarean delivery.
Warfarin may be started postpartum day 1.

16 Therapeutic doses of LMWH or unfractionated heparin
must be continued for 5 days and until the INR
reaches the therapeutic range (2.0–3.0) for 2 
successive days.

17 Heparin anticoagulation has been associated with
thrombocytopenia (3%) and osteoporosis and, thus,
patients should be managed with periodic platelet
counts and calcium supplementation.

18 Fetal surveillance of patients on anticoagulation 
during pregnancy should include fetal growth
evaluation every 4–6 weeks beginning at 20 weeks and
fetal testing with nonstress tests and/or biophysical
profiles beginning at 36 weeks, or earlier if clinically
indicated.

19 Antepartum heparin is not necessary in patients
without thrombophilia and prior VTE associated with
a temporary risk factor.

20 Two useful agents in pregnancy when heparin cannot
be administered are: danaparoid, a low-molecular-
weight heparinoid; and fondaparinux, a synthetic
heparin pentasaccharide.
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Red blood cell disorders/anemia

Normal physiological change

Functionally, anemia is defined as an inadequate red blood cell
(RBC) mass to deliver the necessary oxygen to peripheral
tissues. Clinically, anemia is defined as a hemoglobin (Hgb) or
hematocrit below the lower limit of a given range, typically
the 10th percentile. Age, gender, race, and pregnancy are all
factors influencing the normal range.1,2 The “normal” hemo-
globin value for an adult female is 12–15g/dL. There is an
increase in blood volume during pregnancy with a dispropor-
tionate rise in plasma volume, causing a net RBC dilution.3

The Centers for Disease Control (CDC) defines anemia during
pregnancy as a hemoglobin level less than 11g/dL in the first
and third trimesters and less than 10.5g/dL in the second
trimester.4 This useful definition takes into account the
increase in plasma volume, but it does not consider other
changes that may increase the hemoglobin, such as smoking
or hemoglobin variants.

The effect of anemia on pregnancy is dependent on the
severity and the cause of the anemia. It is not cost-effective to
test every woman with anemia, given that the vast majority
have mild anemia secondary to iron deficiency. A trial of
replacement therapy should be initiated if the woman is not
already taking prenatal vitamins. At the very least, a follow-
up complete blood count should be obtained to insure
improvement. In cases of more severe anemia (Hgb
< 9.0g/dL), a careful evaluation may reveal a diagnosis with
implications for the mother, fetus, and future children (e.g., a
hereditary hemoglobinopathy or a hemolytic anemia).

Laboratory workup of anemia

Anemia may result from decreased RBC production, increased
RBC destruction/loss, or dilution. The evaluation of anemia
during pregnancy is the same as that in the nonpregnant
subject (Fig. 48.1). A complete medical history and physical

examination may improve the efficiency of the evaluation.
Questions about onset, duration, previous medical history,
family history, diet, occupational exposures, and drug history
are all potentially important. Physical signs such as fever,
bruising, jaundice, hepatomegaly, and splenomegaly will
direct the clinician to consider more serious causes of anemia.

The basic laboratory evaluation begins with a reticulocyte
count. If the reticulocyte count is low or normal, the assump-
tion is that the anemia is secondary to decreased RBC pro-
duction. There are three morphological categories: microcytic
[mean corpuscular volume (MCV) < 80], normocytic (MCV
80–100), and macrocytic (MCV > 100). Additional laboratory
tests are selected based on the grouping. An elevated reticulo-
cyte count suggests an increased RBC loss secondary to either
blood loss (acute or chronic) or hemolysis.

The most common cause of microcytic anemia is iron defi-
ciency. Potential iron studies of value may include serum fer-
ritin, total iron-binding capacity (TIBC), and plasma iron
levels. Ferritin and plasma iron values are all reduced in iron
deficiency anemia, whereas the TIBC may be elevated. Ferritin
correlates best with the marrow iron stores. Transferrin levels
fluctuate daily and are rarely useful for the evaluation of iron
deficiency.5 In practice, a serum ferritin is all that is necessary.
Iron supplementation should be withheld for 24–48h before
testing. A hemoglobin electrophoresis in search of a hemo-
globinopathy is the next step should the ferritin suggest ade-
quate iron stores. In general, the MCV is lower in subjects
with hemoglobinopathies than in those with iron deficiency
anemia. Both the anemia of chronic disease and sideroblastic
anemias are also part of the differential.

Macrocytic anemia usually results from nutritional defi-
ciencies of either folate or vitamin B12. Additional causes of
macrocytic anemia include specific drugs that interfere with
DNA synthesis. The term megaloblastic anemia is not syn-
onymous with macrocytic anemia. Megaloblastic anemia
specifically describes the presence of megaloblasts, distinctive
large cells with abnormal-appearing nuclear chromatin that
reflects aberrant DNA synthesis. Pregnancy increases the
demand upon the body’s reserve, and a patient with marginal
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stores may develop megaloblastic anemia. If macrocytic
anemia is present, serum levels of B12 and folic acid need to
be evaluated.

Normocytic anemia without reticulocytosis is perhaps the
most difficult diagnosis because of the long differential. Eti-
ologies include mild iron deficiency and anemia of chronic
disease. In the absence of an identifiable, longstanding medical
problem, thyroid, renal, and hepatic function tests should be
considered.

If the reticulocyte count is elevated, recent blood loss (acute
or chronic) or a hemolytic anemia must be considered in the
differential diagnosis. Haptoglobin is a glycoprotein that
binds free serum hemoglobin. Its level decreases as it binds
hemoglobin and is subsequently cleared by the liver. A periph-
eral smear may also be useful, indicating hemolysis if schizo-

cytes or a hereditary hemolytic anemia (e.g., spherocytosis or
sickle cell anemia) are seen. Thus, a low haptoglobin level and
an abnormal peripheral smear may indicate hemolysis.

Nutritional anemias

Iron deficiency

The current CDC guidelines recommend 35mg of elemental
iron daily during pregnancy for patients who are not anemic.
The effect of iron deficiency on pregnancy outcome is not
entirely clear. The iron supplementation in patients who are
deficient clearly raises hemoglobin and iron stores, but may
not change perinatal outcome.6 Although several studies
suggest an increase in low birthweight and preterm birth when
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Figure 48.1 Workup algorithm for anemia.
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the mother is iron deficient,7,8 it is not clear whether there is
a cause and effect relationship. Fetal iron stores are not
affected in most cases of iron deficiency anemia.9,10

Iron deficiency is the most common cause of anemia in
women of reproductive age, in part because of menstrual
blood loss. The diagnosis is made when the ferritin level is low
and the MCV is mildly decreased. Iron can be supplied as
either ferrous sulfate (65mg of elemental iron/325mg) or
ferrous gluconate (38mg of elemental iron/325mg) in a dose
of 325mg p.o. q.d. to t.i.d. Gastrointestinal transferrin
becomes saturated after 7 days of twice-daily therapy. Sup-
plemental vitamin C may increase iron absorption by enhanc-
ing the reduction of the ferrous to the ferric form, which
increases intestinal absorption.

While elemental iron is best absorbed on an empty stomach,
it may increase maternal nausea and vomiting. Many practi-
tioners recommend taking the iron during or after meals,
assuming that any decrease in absorption is offset by the exces-
sive dose given. Constipation is common. There are many
over-the-counter formulations that minimize constipation by
including stool softeners.

Parenteral iron therapy may be of value when a patient fails
to respond adequately to oral therapy. An example of an iron
dextran protocol is listed in Table 48.1. A major risk of par-
enteral iron therapy is anaphylaxis, and anesthesia personnel
should be readily available. Because of this risk, a firm diag-
nosis of severe iron deficiency should be made before admin-
istering parenteral iron.

Megaloblastic anemia

Megaloblastic anemia results from impaired DNA synthesis
due to a deficiency of a required cofactor, usually either folic
acid or vitamin B12. The diagnosis of megaloblastic anemia
is suggested when the MCV is greater than 100 and there is
hypersegmentation of the polymorphonuclear leukocytes. It is
confirmed by serum testing. Folate supplementation with
2–4mg daily should correct a folate deficiency. A B12 defi-
ciency requires parenteral therapy with 1000µg weekly for
6 weeks or until the deficiency has corrected. A prolonged
vitamin B12 deficiency may lead to neuropathy and pernicious
anemia. An isolated deficiency of either folic acid or B12 is
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Table 48.1 Iron dextran protocol.

Indications: treatment of iron deficiency anemia in patients unable to absorb oral iron

Contraindications/precautions:
Hypersensitivity to iron dextran complex
Use caution in patients with asthma, hepatic impairment, and rheumatoid arthritis

Dosing recommendations:
Test dose:

Administer 0.5 mL i.v./i.m. prior to starting therapy
For the i.v. dose, dilute 25 mg/0.5 mL in 50 mL of NSS and infuse over 15 min
Have epinephrine at the bedside. Watch patient for 30 min after test dose for anaphylactic reactions

Dose (mL):
0.0476 × weight (kg) × (14.8–observed Hgb) + (1 mL/5 kg to maximum of 14 mL for iron stores)
Maximum i.v. dose = 3000 mg (60 mL)
Dilute total dose in 250–1000 mL of NSS. Usual volume 500 mL
Maximum concentration = 50 mg/mL
Infuse over 1–6 h (no faster than 50 mg/min). Common infusion time over 2–3 h. Watch patient closely during first 25 mL for allergic

reactions
Do not add iron dextran to TPN

Adverse effects:
CV flushing, hypotension, cardiovascular collapse (< 1%)
CNS dizziness, fever, headache (> 10%), chills (< 1%)
DERM urticaria, phlebitis (< 1%), staining of skin at i.m. site
GI nausea, vomiting, metallic taste, discoloration of urine (1–10%)
RESP diaphoresis (> 10%)
Note: diaphoresis, urticaria, fever, chills, and dizziness may be delayed 24–48 h after i.v. administration and 3–4 days after i.m.

administration. Anaphylactic reactions occur generally in the first few minutes after administration

Pregnancy category: C

Monitoring: check blood pressure every 5 min during the test dose. Watch for allergic reactions and side-effects for 3–4 days. Monitor Hgb
and reticulocyte count

CV, cardiovascular; CNS, central nervous system; DERM, dermatologic; GI, gastrointestinal; Hgb, hemoglobin; i.m., intramuscularly; i.v.,
intravenously; NSS, normal saline solution; RESP, respiratory; TPN, total parenteral nutrition.
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rare: an extreme diet or malabsorption should be considered
as potential etiologies.

Hemoglobinopathies

Normal adult hemoglobin consists of two α-chains and two
β-chains (Hgb A), while the normal fetal hemoglobin consists
of two α-chains and two γ-chains (Hgb F). Mutations, whether
they result in decreased synthesis of hemoglobin (e.g., the tha-
lassemias) or altered hemoglobin structure (structural hemo-
globinopathies), can cause a wide range of problems.
Hundreds of hemoglobin variants have been identified. These

hemoglobinopathies are genetic; there are implications for
future childbearing. Hemoglobinopathy nomenclature can be
confusing and is summarized in Table 48.2.

Thalassemias

The thalassemias are classified by the abnormal chain. The α-
chain is encoded by four gene copies with two copies on each
chromosome 16 (αα/αα). The severity of α-thalassemia
depends on the number of gene copies that are deleted or
defective. There is no clinical impact if one gene is missing. A
mild microcytic anemia results if two genes are lost (α-tha-
lassemia minor). A three gene deletion (hemoglobin H disease)
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Table 48.2 Hemoglobin nomenclature.

Normal hemoglobins
Hgb A(A/A): normal adult hemoglobin. Composed of two α-chains and two β-chains
Hgb A2 (note: not the same as A/A): a less common, but normal form of adult hemoglobin. Composed of two α-chains and two δ-chains. Will

be increased, typically > 3.5% in β-thalassemia
Hgb F: normal fetal hemoglobin. May be elevated in patients with β-thalassemias. Has a different oxygen dissociation curve than Hgb A

Hemoglobinopathies
Hgb SA: sickle cell trait. Defect in the β-chain. Little maternal clinical significance other than an increased risk of urinary tract infections.

Obvious genetic implications
Hgb SS: sickle cell anemia. Characterized by painful crises. Both maternal and fetal implications for poor outcome. Genetic implications
Hgb CA: hemoglobin C trait. Defect in the β-chain on one chromosome. No maternal clinical significance, mild microcytic anemia. Genetic

implications for fetus if parent has child with partner with SA or SS or β-thalassemia
Hgb CC: hemoglobin C disease. Homozygous for Hgb C. No maternal clinical significance. More microcytic anemia compared with Hgb CA.

Genetic implications for fetus if parent has child with partner with SA or SS or β-thalassemia
Hgb SC: hemoglobin SC disease. Milder form of sickle cell anemia, less crises when nonpregnant. Debatable whether maternal and fetal

outcomes are worse, the same, or better than Hgb SS. Spleen is more functional, and hemolytic crises may be made worse because of acute
splenic sequestration

Hgb EA: hemoglobin E trait. Defect in the β-globulin chain. Like Hgb C, no maternal clinical significance, mild microcytic anemia. Genetic
implications for fetus if parent has child with partner with SA or SS or β-thalassemia. Found primarily in South-east Asians

Hgb EE: hemoglobin E disease. No maternal clinical significance. More microcytic anemia compared with Hgb EA. Genetic implications for
fetus if parent has child with partner with SA or SS or β-thalassemia

Thalassemia disorders
α-Thalassemia minor. Deletion of one or two α-globulin genes. No maternal clinical significance, mild microcytic anemia. Genetic implications

for fetus if parent has child with partner also with α-thalassemia minor
Hgb H: hemoglobin H. Composed of four β-globulin chains because of little α-chain. Hgb H disease patients have a three-gene deletion, and

will have a mixture of Hgb H, Hgb A, and Hgb Bart. Severe hemolytic anemia, compatible with extrauterine life. Note that Hgb H disease
is separate from Hgb H

Hgb Bart: hemoglobin Bart. Composed of four γ-globulin chains. Hgb Bart disease patients have no α-chain production at all because of a
four-gene deletion. Not compatible with extrauterine life. No α-chain production at all

β-Thalassemia: decreased production of β-globulin usually because of a defect in the promoter region of the β-globulin gene. β0 means that no
β-chain is produced. β+ means that little chain is produced. There are hundreds of mutations, and there is a spectrum of clinical findings and
severity

β-Thalassemia major or Cooley’s anemia: No fetal significance because Hgb F produced; however, after birth, neonate will fail to thrive and
become anemic. Little maternal significance because females do not get pregnant often because of severity of disease

β-Thalassemia minor: heterozygote for β-thalassemia gene. Diagnosed because of elevated Hgb A2 levels (> 3.5%). Hgb A2 has no β-chains
β-Thalassemia intermedia: applied to patients in between minor and major thalassemia in terms of clinical significance and severity

Combined abnormalities
Because the defects in hemoglobinopathies can combine with thalassemias, especially with β-thalassemias, a combined abnormality will be

found on occasion, which may cause a hemolytic anemia (such as Hgb C/β-thalassemia or Hgb E/β-thalassemia). If β-thalassemia combines
with Hgb S, a sickling hemoglobinopathy will result
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results in a β-globulin tetramer called hemoglobin H (Hgb H).
This disease is compatible with life, but is associated with pro-
found hemolytic anemia. Hemoglobin Bart disease results if
all four genes are missing; it is incompatible with life. Affected
untreated fetuses die of hydrops, and their mothers often
develop severe, early-onset preeclampsia. Survival is possible
with repeated fetal transfusions followed by neonatal bone
marrow transplantation.

In black people, α-thalassemia minor usually results from
the loss of one gene from each chromosome (α−/α–). In
Asians, two gene deletions are more likely to occur on one
chromosome (αα/– –). As a result, Asians have a higher risk
of having a child with hemoglobin Bart or hemoglobin H
disease (Fig. 48.2). A specific diagnosis should be made using
DNA probes prior to further genetic counseling.

The β-thalassemias reflect mainly an underproduction of the
β-globulin chains. Although less common, abnormalities of
the β-globulin chain are transmitted in an autosomal domi-
nant fashion.11 β-Thalassemias occur in many parts of the
world including the Mediterranean, Africa, southern China,
the Malay Peninsula, and Indonesia. Over 150 mutations have
been identified that affect the promoter region of the β-glob-
ulin gene.11

The severity of the β-thalassemias is subclassified by the
quantity of β-globulin produced. β+ indicates that some β-

chains are being produced, whereas β0 means that no chains are
being produced. Homozygote patients for a defective β-tha-
lassemia gene (thalassemia major or Cooley’s anemia) have a
markedly ineffective erythropoiesis and severe hemolysis. The
disease is manifest postnatally, as the fetus produces hemoglo-
bin F, which does not use the β-globulin chain. After birth, the
hemoglobin type switches from hemoglobin F to the adult type
and β-thalassemia appears. Heterozygotes for β-thalassemia
require prenatal counseling, and antenatal diagnosis should be
offered. Screening programs are effective in areas where β-
thalassemia is prevalent. The combination during pregnancy 
of β-thalassemia with another abnormal hemoglobin variant
can cause hemolytic and sickling anemias that confer higher
rates of maternal and fetal morbidities and mortalities.

Sickle cell anemia, disease, and crisis

Sickle cell disease (SCD) is caused by an abnormal β-globulin
resulting from a point mutation replacement of glutamic acid
with valine at the sixth position (hemoglobin S). In times of
stress (e.g., hypoxemia or infection), the abnormal β-globulin
chain undergoes a conformational change causing sickling of
the RBC. The sickled RBC have reduced deformability,
causing microvascular occlusion, hemolysis, and increased
susceptibility to infection.
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Figure 48.2 α-Thalassemia. Effects of inheritance
in different races.
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A patient homozygous for hemoglobin S (hemoglobin SS)
has sickle cell anemia. Heterozygote individuals (hemoglobin
SA) have sickle cell trait. Other sickling hemoglobinopathies
of importance during pregnancy include hemoglobin SC
disease and hemoglobin S/β-thalassemia. Patients with hemo-
globin SC disease are double heterozygotes for both hemo-
globin S and hemoglobin C. Hemoglobin C is a β-globulin
chain that does not confer as much protection from sickling
during pregnancy as does hemoglobin A. Hemoglobin S/β-
thalassemia is a “mild” form of sickle cell anemia that is
managed similarly to hemoglobin SC disease. Sickle cell crises
may occur especially in the third trimester with hemoglobin
SC disease. Splenic infarction and vaso-occlusive disease do
not occur outside pregnancy; as their spleens function nor-
mally, these patients can experience a more rapid and severe
anemia than is expected with hemoglobin SS because of acute
splenic sequestration. The management is similar to the
patient with sickle cell anemia. Sickle cell trait individuals are
not at risk of sequestration crises, nor are they at risk of excess
obstetric complications with the exception of urinary tract
infections.12

Pregnancy in a woman with one of these three sickling dis-
orders exposes the mother and fetus to increased complication
rates associated with vaso-occlusive disease, such as intrauter-
ine growth restriction (IUGR), preterm labor, preeclampsia,
and perinatal mortality.13–16 Complications of SCD are often
exacerbated by pregnancy. The hallmark of disease is the
sickle cell crisis in which the main complaint is severe pain in
the back, chest, abdomen, and long bones. The treatment of
sickle cell crisis has not changed significantly over the past
decade, and consists of hydration, oxygenation, and pain
relief. Pulmonary and urinary infections are common crisis
triggers and must be ruled out. If present, infections must be
treated aggressively. Alternative causes of pain should be con-
sidered. Symptomatic patients may benefit from transfusion
therapy. General indications for transfusion are hemoglobin
< 5g/dL, a hemoglobin drop of 30% or more, acute chest syn-
drome, and hypoxemia. The goal is to keep the hemoglobin S
concentration at no more than 30–40% of the total hemo-
globin. Regular antepartum fetal testing for fetal well-being
and growth is strongly recommended.

Transfusion treatment for acute disease must be differenti-
ated from prophylaxis, which is controversial. The goal of
routine prophylactic transfusion therapy is to maintain the
hematocrit above 25% and the hemoglobin S concentration
below 60%. Two randomized trials compared routine trans-
fusion versus transfusion only for an acute crisis.17,18 Patients
transfused prophylactically had fewer crises and spent less
time in hospital. However, perinatal outcome was not
improved, and multiple transfusions were associated with a
25% rate of alloimmunization and a 20% prevalence of
delayed transfusion reaction. The risks and benefits of routine
prophylactic transfusion should be discussed with the patient.
The use of prophylactic transfusion seems especially attractive
in women with recurrent crises during pregnancy.

There are two particular complications of SCD that may be
misdiagnosed during pregnancy. First, patients with SCD have
a higher likelihood of a seizure disorder. Neurologic events
secondary to SCD must be separated from pregnancy-associ-
ated events such as eclampsia. SCD neurologic events may
result from thrombosis, hemorrhage, hypoxia, or meperidine
use. Imaging studies and other clinical findings may help to
differentiate neurologic events from complications of SCD and
pregnancy.

The second SCD complication that may be misdiagnosed
during pregnancy is acute chest syndrome (ACS). ACS is the
leading cause of death in SCD patients and the second most
common cause of hospitalization.19 The presentation is similar
to pneumonia and consists of fever, cough, chest pain, pul-
monary infiltrates, hypoxemia, and leukocytosis. Differentia-
tion between the two diseases may be impossible. Pneumonia
is implicated as a potential cause of ACS, being diagnosed con-
comitantly in 20% of ACS patients. The exact role of infec-
tion, thrombosis, or embolism in the development of ACS
remains unclear. Exchange transfusion and antibiotic therapy
is recommended if an SCD patient presents with severe respi-
ratory symptoms; consultation with a pulmonologist and/or a
hematologist would also be wise.

Routine screening for sickle cell trait is offered to at-risk
women. If a woman is found to have sickle cell trait, her
partner should be offered testing to determine whether the
fetus is at risk of SCD. Women with an ‘at-risk’ pregnancy
should be offered counseling and testing. Prenatal diagnosis
can be accomplished by amniocentesis or by chorionic villus
sampling (CVS). Many locales of high prevalence have effec-
tive postnatal screening programs in place.

Hemoglobin C and hemoglobin E

Hemoglobin C and hemoglobin E are both variants that cause
microcytic anemia. Hemoglobin C is common in Africans,
while hemoglobin E is more prevalent in South-east Asia.
Patients may either have a trait form (hemoglobin CA, hemo-
globin EA) or “disease” (hemoglobin CC, hemoglobin EE).
The microcytic anemia is mild even in homozygous states and
of little clinical significance. No additional maternal treatment
or fetal testing is required. However, pregnant women are at
higher risk for morbidity if they are a compound heterozygote.
Hemoglobin E/β-thalassemia and hemoglobin SE are each
reported to cause a hemolytic anemia.20

Hemolytic anemias

Structural, immunologic, and enzymopathic hemolytic
anemias may each be exacerbated by pregnancy.

Structural hemolytic anemias include hereditary spherocy-
tosis (HS), hereditary elliptocytosis (HE), hereditary pyropoik-
ilocytosis (HPP), South-east Asian ovalocytosis (SAO),
hereditary and acquired acanthocytosis, and hereditary and
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acquired stomatocytosis. These diseases are distinguished by
the morphology of the erythrocyte and result from defective
erythrocyte membrane skeleton proteins that cause the
deformed erythrocytes to be selectively sequestered and
destroyed in the spleen.

Over 50 mutations affecting various membrane proteins
such as spectrin or ankyrin are recognized. The symptoma-
tology is varied and, in milder cases, the abnormality may not
be identified until pregnancy. The diagnosis should be consid-
ered when unexplained splenomegaly, anemia, hemolysis, and
unconjugated bilirubinemia present during pregnancy. The
diagnosis is made using the osmotic fragility test. A peripheral
blood smear may be falsely negative during a hemolytic
episode when most of the abnormal erythrocytes have been
destroyed in the spleen. Splenectomy is the treatment for the
more severe forms of structural hemolytic anemia. However,
splenectomy may be difficult during pregnancy and, if not fea-
sible, supportive transfusion treatment and folate supplemen-
tation are recommended.

Autoimmune hemolytic anemia (AIHA) is caused by the
production of antierythrocyte autoantibodies. Three forms of
AIHA are described: IgM-mediated (cold-reactive) AIHA;
IgG-mediated (warm-reactive) AIHA; and IgG Donath–Land-
steiner antibody-mediated (paroxysmal cold-reactive). AIHA
may occur as the primary disease, a secondary disease (often
associated with hematological malignancy), or after the
administration of various drugs. Penicillin, cephalosporins,
and methyldopa are all implicated as causes of hemolytic
episodes.21–25 Infection is another known trigger, but often no
trigger is identifiable. The rate of autoantibody production
increases during pregnancy over age-matched, nonpregnant
subjects. Perhaps as a result, hemolytic episodes may be worse
during pregnancy and improve after delivery. The diagnosis of
AIHA is made after documentation of a hemolytic anemia
associated with a positive direct Coombs’ test. The treatment
is similar to that for immune thrombocytopenic purpura (ITP),
and focuses on corticosteroid and intravenous immunoglobu-
lin (IVIG) administration. A RBC transfusion should be per-
formed if indicated, although crossmatching can be difficult
because of the autoantibodies.

Glucose 6-phosphate dehydrogenase (G6PD) aids the syn-
thesis of reduced glutathione (GSH), which protects the ery-
throcyte from oxidative damage. G6PD deficiency causes
hemolytic anemia when the erythrocyte is exposed to oxida-
tive stress, and is often associated with certain drugs such as
nitrofurantoin and trimethoprim-sulfa, two drugs commonly
used in obstetrics. The inheritance is X-linked. Up to 20% of
African–American women are heterozygous and 1% homozy-
gous.26 The G6PD activity of heterozygote individuals ranges
between deficient males and normal subjects, although some
have little activity because of lyonization. Although rare,
hemolytic episodes have been reported through “vertical”
transmission.27 Thus, while there is little chance that exposure
to these drugs will cause a hemolytic episode in heterozygous
carriers, pregnant and nursing women should avoid them

where possible in case their fetus/neonate is either an affected
male or a homozygous female. The primary treatment during
a hemolytic episode is to discontinue the offending drugs and
transfuse if necessary.

Paroxysmal nocturnal hemoglobinuria (PNH) is a
hematopoietic stem cell disorder in which the abnormal ery-
throcytes undergo intravascular complement-mediated hemol-
ysis. The abnormal stem cells also produce abnormal
leukocytes and platelets. The degree of hemolysis reflects the
size of the abnormal clone, the degree of erythrocyte abnor-
mality, and the amount of complement fixation. These patients
are at increased risk for thrombotic events and for bone
marrow failure. Prophylactic heparin should be considered
beginning in the first trimester. One report described a 6%
mortality rate in patients with PNH, primarily due to
Budd–Chiari syndrome (thrombosis of the mesenteric vessels).
The diagnosis is made after a positive Ham test demonstrates
RBC vulnerability to complement. Referral to a hematologist
is appropriate.

Coagulation disorders in pregnancy

Pregnancy changes in coagulation factors

Coagulation is a complex process that requires a delicate
balance between prothrombotic factors and thrombolytic
factors. Pregnancy tips the balance between thrombotic and
thrombolytic factors toward a hypercoagulable state. Con-
centrations of both thrombotic and thrombolytic factors
change during pregnancy, and most are estrogen dependent
(Table 48.3). Fibrinopeptide A, the first peptide cleaved from
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Table 48.3 Relative changes in coagulation factors in pregnancy.

Increased
Fibrinogen
vWF antigen, factor VIII function, and ristocetin cofactor activity
Factors III, XII, X
Fibrinopeptide A
Plasminogen activators: tissue type, urokinase type
Plasminogen activator inhibitor-I and -II
α2-macroglobulin
D-Dimers (not a useful test for diagnosing thromboembolism in

pregnancy)

Decreased
Platelets
Protein S
Factors XI, XIII

Unchanged
Factors II, V, IX
Protein C
Antithrombin (some reports indicate that this may be decreased

in the third trimester)
Plasminogen
Prekallikrein

vWF, von Willebrand’s factor.
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fibrinogen during thrombin-mediated fibrin generation,
increases before the end of the first trimester.28 The produc-
tion of prostacyclin and nitric oxide, two potent inhibitors of
platelet adhesion and aggregation, is increased by the endothe-
lium during pregnancy.29 Having a higher level of clotting
activity predisposes the woman to disseminated intravascular
coagulation (DIC) in pathologic states. Many of these same
changes are observed in women taking oral estrogen-contain-
ing contraceptives. During pregnancy, a woman is four times
more likely to suffer a thromboembolic event than a woman
not taking oral contraceptives.30 Each point of Virchow’s triad
is affected by pregnancy. Not only is there a relative hyper-
coagulable state, but there is also increased venous stasis in
dependent limbs and vascular damage during delivery.

Laboratory workup of coagulation

A coagulation panel may include a complete blood count
(CBC), prothrombin time (PT), partial thromboplastin time
(PTT), fibrinogen, fibrin split products and, occasionally, a
bleeding time. The bleeding time is a test of platelet function,
and useful only in testing populations at risk of selected dis-
orders. It should not be used as a test of overall coagulation
function.31 The test itself is a poor predictor of surgical bleed-
ing and a poor tool for following the response to therapy.32

Factors that influence the bleeding time include antiplatelet
drugs, skin thickness, technologist skill and experience, and
platelet count.

Thrombocytopenia

Thrombocytopenia may have major clinical consequences for
the management of the pregnant woman. Although the diag-
nosis of thrombocytopenia is usually made on a routine CBC,
a platelet disorder may be suspected should the patient present
with spontaneous bleeding from mucous membranes,
petechiae, easy bruising, and epistaxis. Concerns for maternal
and fetal bleeding must be considered in determining a need
for platelet transfusions, mode of delivery, and anesthesia.

The diagnosis of thrombocytopenia is made when the
platelet count is below the lower laboratory reference limit.
This value ranges among laboratories from 120000 to
150000/µL. However, management is not altered until the
count drops below 100000/µL. The “minimum” platelet
count necessary for safely performing invasive procedures is
listed in Table 48.4 as per the British Haematological Society.33

Both they and the Red Cross agree that platelet transfusions
are rarely indicated during Cesarean section when the count
is above 50000/µL and then only when there is evidence of
abnormal function. Unnecessary platelet transfusion can lead
to alloimmunization and may worsen immune-mediated
thrombocytopenia.

The differential diagnosis for thrombocytopenia is listed in
Table 48.5. The general causes of thrombocytopenia (like

anemia) can reflect either increased platelet destruction/
consumption or decreased production. Increased destruc-
tion/consumption accounts for most thrombocytopenia. The
evaluation of thrombocytopenia begins with a careful history
attempting to exclude a drug-induced thrombocytopenia, a
CBC to rule out a pancytopenia, and a review of the periph-
eral smear to rule out pseudothrombocytopenia and microan-
giopathy. In a pregnant woman with no other medical or
pregnancy problems, the most common causes of maternal
thrombocytopenia are gestational thrombocytopenia (GT)
and immune thrombocytopenic purpura (ITP).

Gestational thrombocytopenia

GT affects approximately 8% of all pregnancies.34 The precise
cause is unknown, although some authors attribute it to com-
plement-mediated destruction of platelets as opposed to the
antibody-mediated destruction that occurs in ITP.35 It has no
affect on pregnancy outcome. Neuraxial anesthesia is safe for
the laboring patient with an unexplained thrombocytopenia
with a platelet count from 100000 to 120000/µL.36 Neurax-
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Table 48.4 “Minimum” amount of platelets necessary for
pregnancy-related procedures.

Procedure Platelet count (/µL)

Minor surgery > 50000
Major surgery > 80000
Vaginal delivery > 50000
Cesarean section > 80000
Regional anesthesia > 80000

From the British Committee for Standards in Haematology General
Haematology Task Force.33 Note that these guidelines indicate 80 K
as a cutoff. Discuss the use of regional anesthesia with the
anesthesiologist who may have a different level of comfort if the
platelet count is < 100 000.

Table 48.5 Differential diagnosis for thrombocytopenia.

Gestational thrombocytopenia
Immune thrombocytopenia purpura
Pregnancy-induced hypertension, HELLP syndrome
Drug-related thrombocytopenia (heparin, sulfonamides, see drug

inserts)
Antiphospholipid syndrome, systemic lupus erythematosus
HIV infection
DIC, TTP, HUS
Pseudothrombocytopenia (laboratory artifact)

DIC, disseminate intravascular coagulation; HELLP, hemolysis,
elevated liver enzymes, and low platelets; HIV, human
immunodeficiency virus; HUS, hemolytic uremic syndrome; TTP,
thrombotic thrombocytopenic purpura.
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ial anesthesia has also been administered when the platelet
count was between 50000/µL and 100000/µL without com-
plication,36 although the anesthesiologist may decline to place
an epidural catheter.

Immune thrombocytopenia purpura

ITP is the result of antibody-mediated destruction of platelets.
The bone marrow responds to the shortened platelet lifespan
by increasing production. The result is megakaryocyte hyper-
plasia in bone marrow smears and characteristically large (i.e.,
young) circulating platelets. The definitive cause of ITP was
demonstrated by Harrington et al.37 who observed that plasma
from patients with ITP caused a severe thrombocytopenia
when transfused into normal subjects. These autoantibodies
bind to the platelet membrane glycoprotein, causing the
platelets to be destroyed rapidly. The site of clearance is most
likely in the spleen, as splenectomy induces a remission in
about 60% of patients with chronic ITP, although there is
some evidence for intravascular destruction.38 Splenectomy is
not generally recommended during pregnancy, but can be per-
formed in the second trimester. Splenectomy does not remove
the perinatal risk, and may actually increase it.

The goal of management during pregnancy is a platelet
count of at least 50000/µL by delivery. A platelet count of less
than 20000/µL is associated with spontaneous bleeding, and
some form of treatment is necessary. Treatment of asympto-
matic women with platelet counts between 20000/µL and
50000/µL who will not be delivering in the near future is
unnecessary in most instances.

The first-line treatment is systemic corticosteroid adminis-
tration. About two-thirds of patients with ITP will respond at
least partially to corticosteroids.39 The mechanism of action is
unclear. Corticosteroids both increase the production and
reduce the rate of platelet destruction.40,41 Prednisone is ini-
tially given at a dosage of 0.5–1.0mg/kg/day in divided doses;
it may take 3–10 days before a response is noted. If the platelet
count rises to acceptable levels, the dose is tapered over a 2-
to 4-week interval to the minimal effective dose.

In patients refractory or intolerant to corticosteroids, IVIG
will often stimulate a transient increase within 48s. Some
centers use a regimen of IVIG of 1 g/kg/day for 1–2 days
(Table 48.6). However, the dose most often described in the
obstetric literature is 0.4 g/kg/day for 5 days. A single, ran-
domized trial in nonpregnant subjects observed no difference
between the two regimens. Approximately 80% of patients
will respond to IVIG, and the duration of the response is
2–3 weeks.42 Pregnant women who fail corticosteroids and
IVIG and who are in need of immediate treatment should be
evaluated by a hematologist. Remaining therapeutic options
include high-dose intravenous methylprednisolone with or
without IVIG or azathioprine or splenectomy.

Many of the antibodies associated with ITP are IgG and can
thus cross the placenta. The prevalence of fetal platelet counts
at birth of less than 50000/µL is 10–15%. It is less than

20000/µL in 5%.43,44 Unlike alloimmune thrombocytopenia,
the fetus of a woman with ITP is at no or minimal risk of a
hemorrhagic complication in utero and during delivery.45 ITP
is an indication for neither a fetal blood sample nor a Cesarean
delivery. However, prudence dictates the avoidance of either
vacuum or forceps delivery. The morbidity of ITP occurs in
the newborn period. Platelet counts may continue to decline
during the first week of life.

Differentiating between GT and ITP

No test differentiates between GT and ITP. A prior history
may suggest ITP, but the diagnosis remains problematic.
Testing for antiplatelet antibodies to make the diagnosis of ITP
is unreliable and is not recommended by the American College
of Obstetricians and Gynecologists (ACOG). Many authors
and ACOG take a pragmatic approach and suggest using the
platelet count to differentiate between the two.45 The diagno-
sis of GT is made when no other maternal disease can be iden-
tified and the platelet count is greater than 70000/µL; the
diagnosis of ITP is made when the platelet count is less than
100000/µL. Although these ranges overlap, it has no clinical
relevance. A platelet count of 70000/µL unassociated with
bleeding requires no treatment. The patient may receive
routine prenatal care with platelet counts every month or two.
A platelet count below 50000/µL with no other identifiable
cause can be attributed to ITP. The diagnosis of ITP is
strengthened when the maternal platelet count remains below
100000/µL for 3 months after delivery, and/or the neonate has
thrombocytopenia without a difficult delivery.
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Table 48.6 IVIG protocol.

Indications:
Treatment of ITP refractory to corticosteroid use
Treatment of neonatal alloimmune thrombocytopenia purpura

Dosing recommendations:
Usual dosage is 1 g/kg. IVIG solution often comes as 3% solution
30 mL/h × 15 min, then
60 mL/h × 30 min, then
120 mL/h × 30 min, then
240 mL/h until completion of infusion.

Monitoring:
Monitor maternal heart rate, respirations, blood pressure, and

fetal heart rate
Preinfusion baseline, then
Every 15 min for first hour, then
2 × per h, then
Every 2 h until infusion is complete
Anaphylaxis precautions: diphenhydramine, epinephrine, and

hydrocortisone readily available for each dose

Adverse reactions:
Chills, nausea, flushing, headache, myalgia, fatigue
Anaphylaxis: generalized flush, urticaria, apprehension, dizziness,

palpitations, respiratory distress, hypotension, arrhythmia
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Alloimmune thrombocytopenic purpura (AITP)

AITP is the platelet form of rhesus (Rh) disease. However, the
behavior of the disease differs from RBC alloimmunization in
two key ways. First, approximately half of affected fetuses
occur in the first pregnancy. Second, there is no reliable screen-
ing method for AITP. The initial diagnosis is often made when
a thrombocytopenic neonate is born to a woman with a
normal platelet count. On occasion, the presentation is fetal
intracranial hemorrhage. It remains unclear as to why the risk
of hemorrhage is essentially nonexistent in the fetus affected
by ITP and relatively high in the fetus with AITP despite equal
platelet counts. The workup for AITP includes maternal and
paternal platelet typing for human platelet antigen phenotype.
At least 10 platelet antigens have been implicated in AITP,
with human platelet antigen 1a accounting for most cases.

Because of the risk of intracranial hemorrhage, aggressive
therapy is used to prevent severe fetal thrombocytopenia.
Treatment options used in the past include corticosteroids,
IVIG administration to both the fetus and the mother, and
fetal platelet transfusion. No treatment strategy is perfect,
although maternal treatment with high doses of IVIG weekly
has consistently eliminated the risk of fetal hemorrhagic
events.46 These patients should be referred to a fetal medicine
specialist for management.

The only reliable way to check the fetal platelet count is by
cordocentesis. One management approach is to withhold 
IVIG until a fetal blood sample at 22–24 weeks confirms
thrombocytopenia. The fetal platelet type should be deter-
mined if the count is normal. An alternative approach is to
initiate IVIG around 12 weeks’ gestation, and then to check
the fetal platelet count around 26 weeks. This allows time for
additional therapy if the fetus is found to have thrombocy-
topenia despite the IVIG. A final fetal platelet count is
obtained around the time at which pulmonary maturity is
likely and before the onset of labor to determine whether labor
is contraindicated (generally considered to be when the count
is < 50000/µL).47 Should the fetus be thrombocytopenic, a
platelet transfusion can be performed and labor induced the
following day.

Other causes of thrombocytopenia

Preeclampsia is another common cause of thrombocytopenia
during pregnancy. The mechanism here is accelerated platelet
destruction, although many potential etiologies have been sug-
gested. The thrombocytopenia associated with hemolysis and
elevated hepatic transaminases appears to respond to corti-
costeroid treatment.48 Twelve milligrams of either dexam-
ethasone or betamethasone given every 12h for two doses
improves platelet counts.49 Additional doses of dexametha-
sone (6mg intravenously q 12h for two doses after the initial
doses) have also been used. This strategy may help to increase
the time available for fetal pulmonary maturity and reduce the
risk of delivery. The platelet counts rise within a week of deliv-

ery when the explanation is preeclampsia. Preeclampsia is not
a cause of fetal thrombocytopenia.

Thrombotic thrombocytopenic purpura (TTP) is character-
ized by a fever, microangiopathic hemolytic anemia, throm-
bocytopenia, central nervous system (CNS) symptoms, and
renal impairment. Not all elements of the classic pentad must
be present simultaneously. Hemolytic uremic syndrome (HUS)
is clinically similar to TTP, only having a milder thrombocy-
topenia, no CNS changes, and worse renal dysfunction.
Clearly, the outcomes and response to therapy are different,
suggesting that they share only elements of the same patho-
physiologic pathway. The diagnosis is often difficult in the
third trimester when the default diagnosis is preeclampsia. The
principal treatment for both TTP and HUS is plasmapheresis,
which has increased survival by up to 90%.50,51 Plasma
exchange should be initiated without delay once the diagno-
sis is made, exchanging one plasma volume in the first 24h.
If there is no or an inadequate response, corticosteroids
(1–2mg/kg/day of prednisone or equivalent) are added.

Other platelet disorders

Thrombocytosis

Thrombocytosis is defined as a platelet count greater than
450000/µL. Most thrombocythemias are secondary to
another process (Table 48.7). The diagnosis of essential
thrombocytosis (ET) is suspected when all other underlying
disorders appear to have been ruled out but the thrombo-
cytosis persists. ET is a myeloproliferative disorder, and 
the diagnosis is made from a bone marrow aspiration. Throm-
bocytosis has a theoretical adverse effect on pregnancy
because of a higher risk of thrombosis, and most reports
suggest the use of aspirin (81mg) to improve pregnancy
outcome.52
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Table 48.7 Differential diagnosis for thrombocytosis.

Primary causes
Myeloproliferative syndromes
Essential thrombocytosis
Polycythemia vera
Chronic myelogenous leukemia
Myelofibrosis

Secondary causes
Infectious diseases
Inflammatory diseases
Rebound after recovery from thrombocytopenia
Asplenia
Iron deficiency
Parturition
Exercise
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Platelet qualitative disorders

Poor platelet function can also result from inherited disorders
such as Bernard–Soulier syndrome or Glanzmann thrombas-
thenia. These result from an abnormal platelet surface glyco-
protein that interferes with platelet adherence and/or
aggregation. These rare diseases are treated by platelet trans-
fusions in case of hemorrhage. Both are identifiable prenatally
by DNA studies.

A more common cause of qualitative platelet dysfunction is
drug related, notably aspirin ingestion. Aspirin inhibits the
platelet release reaction and prevents platelet aggregation by
the irreversible acetylation of platelet cyclo-oxygenase
(average platelet lifespan is 10 days). Impairment may occur
after doses as small as 40mg.53 Larger, “clinical” doses of
60mg/day are used extensively during pregnancy and are not
associated with increased rates of maternal or neonatal bleed-
ing complications.54 This dose is also safe for neuraxial anes-
thesia. Other commonly used drugs in obstetrics that may
affect platelet function include penicillin, cephalosporins,
nitrofurantoin, nonsteroidal anti-inflammatory drugs
(NSAIDs), calcium channel blockers, and ketanserin.55

Inherited bleeding disorders

Inherited disorders of some soluble clotting factors will cause
a hemorrhagic coagulopathy of varying degrees. The most
commonly encountered inherited coagulopathy during preg-
nancy is von Willebrand’s disease (vWD). Other deficiencies
of the coagulation cascade described during pregnancy include
deficiencies in factor X, factor XI, and factor XIII. These defi-
ciencies are rare and can be treated with blood products if
complicated by clinically significant bleeding (Table 48.8).

von Willebrand’s disease

vWD is the most common inherited coagulopathy of clinical
significance in the pregnant woman, affecting approximately
0.5–1% of the general population.56 Von Willebrand’s factor
(vWF) binds platelets to the damaged endothelium, and is a
necessary cofactor for stabilizing factor VIII. vWD is divided
into three types. The quantitative deficiency of normal vWF is
called type 1. Abnormal structure and function but a normal
concentration of vWF is called type 2. It can be further sub-
divided into type 2A and 2B and differentiated by how effec-
tively the vWF binds to platelets. In type 2B, the vWF binds
platelets very effectively, but does not bind endothelium. Type
3 vWD is a complete deficiency of vWF. It is important to dif-
ferentiate among the three types to facilitate the prevention or
treatment of bleeding, especially in labor or postpartum.
Bleeding during pregnancy is uncommon. The greatest risk is
postpartum as the pregnancy-stimulated rise in factor VIII
component factors declines.

Medical management of vWD includes either vasopressin or
blood products (cryoprecipitate or fresh frozen plasma). Vaso-
pressin was developed to treat diabetes insipidus, but its
extrarenal actions stimulate endothelial cells to release vWF
and factor VIII. Type 1 vWD is the most common form of
vWD and is responsive to vasopressin. Vasopressin can be
administered either parenterally (0.3µg/kg intravenously over
30min) or intranasally (150µg; one spray in each nostril or,
if the patient is < 50kg, one spray in one nostril). It is given
at the onset of active labor to women with low vWF levels,
and repeated every 12h. Vasopressin is not as effective in
patients with type 2A vWD, and it is contraindicated in
patients with type 2B vWD. The administration of vasopressin
to these patients will cause thrombocytopenia without
improving clot function. Vasopressin has no effect on type 3
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Table 48.8 Administration of blood products for coagulation deficiencies with major bleeding.

Disorder Therapeutic material Loading dose Maintenance dose

Hemophilia A Cryoprecipitate 3.5 bags/10 kg 1.75/10 kg every 8 h for 1–2 days, then every 12 h
(factor VIII deficiency)

Hemophilia B Purified factor IX 60–70 U/kg 20–40 U/kg every 24 h
(factor IX deficiency)

vWD Cryoprecipitate Not usually required 1 bag/10 kg daily
Fibrinogen deficiency Cryoprecipitate 1–2 bags/10 kg 1 bag/10 kg every other day
Prothrombin deficiency FFP 15 mL/kg 5-10 ml/kg daily
Dysprothrombinemia Purified prothrombin complex 20 U/kg 10 U/kg daily
Factor V deficiency FFP 20 mL/kg 10 mL/kg q12–24 h
Factor VII deficiency FFP 20 mL/kg 5 mL/kg q6–24 h
Factor X deficiency FFP 20 mL/kg 5–10 mL/kg daily
Factor XI deficiency FFP 20 mL/kg 5 mL/kg q6–24 h
Factor XIII deficiency FFP 5 mL/kg q1–2 weeks Not usually required

FFP, fresh frozen plasma.
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vWD. The administration of blood products will be neces-
sary for patients in whom vasopressin is ineffective or 
contraindicated.

Hemophilia

Factor VIII deficiency (hemophilia A) and factor IX deficiency
(hemophilia B) are both sex-linked recessive traits and rarely
cause significant maternal bleeding. Carriers of hemophilia A
and B, however, should have a coagulation profile and factor
VIII activity level tested. An activated PTT does not become
abnormal until the factor VIII level is < 25%. As a result, some
women at risk may be missed. The severity of hemophilia is
classified by the activity levels of factors VIII and IX. Individ-
uals with mild hemophilia have activity levels of 6–40%, those
with moderate hemophilia 1–5%, and with severe hemophilia
< 1%. If a carrier has clinically low factor VIII or IX level,
they can be treated with either fresh frozen plasma or cryo-
precipitate.

Male infants born to carriers have a 50% chance of having
hemophilia. Prenatal detection is possible using DNA-based
techniques. Carrier detection is based on family history, coag-
ulation-based assays, and DNA testing. The gene mutation can
be determined either by testing a known affected family
member or after sequencing the maternal factor VIII or IX.
Once the specific gene mutation is known and the mother is
determined to be a carrier, amniocentesis or CVS can be per-
formed to determine whether the fetus is affected. Without
knowing the specific gene mutation, a hemophilia genetic test
is less than ideal because of cost and a delay in results,
although 98–99% of the hemophilias can be detected in this
way. Known affected fetuses can safely deliver vaginally, but
scalp monitoring and operative vaginal delivery should be
avoided.

Disseminated intravascular 
coagulation (DIC)

DIC remains a serious obstetric complication. DIC may be
compensated, hypercompensated, or decompensated. Hyper-
compensated DIC is associated with thrombosis. In decom-
pensated DIC, excess thrombin generation results in the
circulation of free thrombin, stimulating widespread
microvascular thrombosis. Decompensated DIC can cause
tissue ischemia and organ damage. Clinical laboratory find-
ings include prolongation of the PT and activated PTT,
decreased fibrinogen, elevated fibrin split products, an abnor-
mal platelet count, and schistocytosis on a peripheral blood
smear. A compensated DIC such as that which occurs in
women with preeclampsia can become decompensated
because of either worsening disease or another complication.
Other causes of decompensated DIC include abruptio placen-
tae, amniotic fluid embolus, saline abortion, dead fetus syn-
drome, and septic shock. Hemorrhage can also trigger a

decompensated DIC secondary to hypovolemia/hypoxemia.
Management of DIC consists of two general steps. First, iden-
tify and remove the underlying pathological process and,
second, prevent hypovolemia and hypoxemia. Occasionally, it
is necessary to replace coagulation factors.

Abruptio placentae is the most common obstetric cause of
decompensated DIC. The direct cause of clotting cascade acti-
vation is unclear, but may be related to the process of placen-
tal separation itself or the release of tissue thromboplastin.
The diagnosis of a placental abruption associated with 
clinical laboratory abnormalities is an indication for rapid
delivery. If the fetus is not in distress and the laboratory abnor-
malities are mild, a vaginal delivery may be considered, espe-
cially if the labor has occurred spontaneously. In cases of more
severe laboratory abnormalities, a controlled Cesarean section
should be considered with adequate blood replacement prod-
ucts available.

Intrauterine fetal demise (IUFD) routinely causes a com-
pensated DIC that on rare occasions becomes decompensated.
Clinical laboratory parameters do not change for at least
3–4 weeks after the demise, and some 80% of women with
an IUFD will labor spontaneously within 2–3 weeks.57

However, most patients do not wish to wait until spontaneous
labor, and delay can compromise the search for a cause of the
fetal death. Thus, even medically stable patients are typically
delivered soon after the diagnosis.

One challenge is the singleton death in a preterm multiple
gestation. There is no a priori indication for delivery regard-
less of whether the placentation is monochorionic or dichori-
onic. Delivery places the surviving fetus at risk from
complications of prematurity. Close monitoring of the preg-
nancy with coagulation panels is recommended as well as
other antenatal surveillance techniques. Concerns of neuro-
logic and other organ damage to the surviving fetus from
embolizing “thromboplastic” material from the dead fetus
have been refuted. Should the placentation be monochorionic,
perimortal blood pressure fluctuations cause shunt reversals
and hypovolemia/hypotension in the survivor, making the risk
of morbidity high.

Amniotic fluid embolism (AFE) is a relatively rare event,
complicating approximately 1 in 250000 pregnancies.58

Unfortunately, the associated mortality rate ranges from 50%
to 80% and has been attributed to 13–30% of all maternal
mortality in industrialized countries. The pathophysiology of
AFE is not well understood, in great part because of its rarity
and unpredictability. The current theory is that the clinical
picture of AFE reflects an anaphylactic response to materials
present in the amniotic fluid. The term anaphylactoid syn-
drome of pregnancy is sometimes used synonymously and may
represent a more accurate description of the pathophysiology
underlying AFE. AFE occurs classically in the late stages of a
rapid labor and presents with acute and profound hypoten-
sion and hypoxia (phase 1), followed in 0.5–2h by a 
coagulopathy (phase 2). Only 50% of patients survive phase
1. A standardized management protocol has not been estab-
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lished, but therapy focuses on cardiovascular and ventilatory
support. Basic and then advanced life support protocols
should be initiated immediately in phase 1. A pulmonary
artery catheter is essential, especially when pressors are needed
to maintain the blood pressure and cardiac output. A peri-
mortem Cesarean section or, if possible, an operative vaginal
delivery should be considered immediately in phase 1 to pre-
serve the neurologic status of the fetus. If a patient survives
phase 1, she is at risk of developing severe coagulopathy and
uterine atony. The administration of blood and blood prod-
ucts may be necessary to correct the coagulopathy if the bleed-
ing cannot be controlled.

Septic abortion is another pregnancy-related diagnosis asso-
ciated with decompensated DIC. Bacterial endotoxin is most
likely the initiating mediator of DIC.59,60 Aggressive antibiotic
treatment and evacuation of the uterus are the primary treat-
ments. Removal of the source of infection leads to rapid res-
olution of the coagulopathy.

Heparin is useful for the treatment of DIC in specific sce-
narios. It requires a high enough antithrombin III level for
function. Heparin is useful with an IUFD and possibly to
prevent septic shock after a septic abortion has been evacu-
ated. It is not appropriate in the setting of placental abruption
and/or preeclampsia. It is unknown whether the use of heparin
will prevent the coagulopathy associated with AFE.61 The dose
of heparin described for the treatment of DIC with IUFD is
5000–10000U subcutaneously b.i.d. Therapeutic doses of
heparin where the activated PTT is 1.5 time normal may be
considered after the treatment of the underlying disorder is
completed or if there is evidence of thrombosis causing endor-
gan damage.62 Fortunately, this scenario is uncommon, and
consultation with a hematologist should be considered first.
Other forms of therapy such as antithrombin, gabexate mesi-
late, and activated protein C are currently being studied as
possible options for the treatment of obstetric DIC instead of
heparin.63

Thrombophilias in pregnancy

The possible effects of thrombophilias on pregnancy outcome
have attracted interest and controversy. Unresolved questions
include who should be tested, how the results are interpreted,
and what therapeutic options are effective and indicated.
Thrombophilias have variously been purported to increase the
risks of IUGR, placental abruption, severe preeclampsia, fetal
death, maternal deep venous thrombosis (DVT), and pul-
monary embolus.64–67 Thrombophilias may be inherited or
acquired, and major or minor in their impact.

Acquired thrombophilias

Perhaps the most common acquired thrombophilias are the
group of antiphospholipid antibodies that includes the lupus
anticoagulant (LAC) and anticardiolipin antibodies (ACA).

First identified obstetrically by Nilsson et al. in 1975,68 these
antibodies can be associated with both venous and arterial
thrombosis in nonpregnant individuals. The diagnosis is sus-
pected when paradoxically there is an elevated activated PTT
that does not correct after a 1:1 mix with normal plasma, or
when there is a false-positive rapid plasma reagin (RPR). The
definitive diagnosis is made by repeated positive titers of
antiphospholipid antibodies. A positive titer does not mandate
treatment as there is a subset of women who have no obstet-
ric complications despite a positive test. The diagnosis of
obstetric antiphospholipid syndrome (APS) is made only when
these antibodies are associated with recurrent pregnancy loss
or a history of thrombosis (Table 48.9). The mechanisms
responsible for the poor neonatal outcome remain to be deter-
mined, although thrombosis (either acute or chronic) at the
maternal–fetal interface is believed to be involved.

Women with obstetric APS benefit from treatment. Several
regimens have been compared in randomized trials. Lassere
and Empson69 summarized 13 randomized and quasirandom-
ized trials. The studies were hampered by small sample sizes,
absence of blinding to treatment, a lack of placebo control
subjects, and highly variable disease definitions. The current
recommendation based on these trials is to initiate in the 
early second trimester a combination of heparin (5000U to
10000U subcutaneously b.i.d.) plus low-dose aspirin (81mg
q.d.). Prednisone does not improve outcome and may actually
be associated with a higher rate of preeclampsia.

Inherited thrombophilias

The inherited thrombophilias are listed in Table 48.10. They
can be subgrouped into major or minor groups depending
upon their impact on pregnancy. Inherited thrombophilias
include factor V Leiden (activated protein C resistance), 
deficiencies in protein C, protein S, and antithrombin (III)
activity, prothrombin gene mutation (G20210A), and hyper-
homocysteinemia. Other inherited thrombophilias exist, such
as plasminogen activator inhibitor mutation, elevated factor
VIII levels, “sticky platelet” syndrome, and others, but their
impact on pregnancy is not well described.

Factor V Leiden is the most studied. This mutation is
common in northern Europeans (5–9%) and may well account
for the increased risk of thrombosis in women taking third-
generation oral contraceptives. This mutation prevents acti-
vated factor V from being neutralized by the activated protein
C/protein S complex. Other mutations cause activated protein
C resistance, and some authors suggest testing for activated
protein C resistance, the functional assay, before checking for
the factor V Leiden mutation. This suggestion may not be
applicable to pregnancy, however, as pregnancy may increase
activated protein C resistance, and factor V Leiden accounts
for most of the activated protein C resistance mutations.70,71

The significance of factor V Leiden in pregnancy has been
extensively debated. It is generally agreed that heterozygosity
increases the likelihood of maternal thrombosis. However,
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there is ongoing debate as to whether heterozygosity is asso-
ciated with recurrent pregnancy loss, placental abruption, and
IUFD.72 Heterozygosity for factor V Leiden does not diminish
life expectancy and, in the absence of thrombosis, nonpreg-
nant individuals do not require lifelong anticoagulation.73

Deficiencies in protein C, protein S, and antithrombin
decrease the body’s ability to impede the coagulation process.
Protein C and protein S deficiencies are autosomal-dominant
traits that cause either quantitatively or qualitatively decreased
activity. They are produced in the liver, and the activity levels
are lowered by warfarin or acute thrombosis. Testing protein

C and S activities should occur at least 10 days after cessation
of warfarin and not in the setting of acute thrombosis. If war-
farin is started in a patient who has protein C or S without
heparinization, this may cause enough of a decrease in activ-
ity to cause thrombosis. For protein C, activity levels of less
than 55% off warfarin are suspicious of a genetic abnormal-
ity; ranges of 55–65% are borderline.74 Protein C activity
levels are unchanged by pregnancy. However, protein S activ-
ity and antigen are decreased by pregnancy; antigen levels
< 60% are suspicious of a genetic abnormality in the non-
pregnant subject not taking warfarin.75 The analogous figure
during pregnancy is < 20–25%.76,77

The antithrombin molecule binds to serine protease clotting
factors. After a conformational change, antithrombin becomes
a potent anticoagulant, inhibiting factors IXa, Xa, XIa, and
XII, and accelerates the dissociation of the tissue factor–factor
VIIa complex. The antithrombin deficiency is divided into two
types. In type I, there is a quantitative decrease in antithrom-
bin. In type II, there is a mutation affecting the qualitative
activity of antithrombin. The activity levels, in general, do not
change significantly during pregnancy, although some decrease
in activity has been reported in the third trimester. This inher-
ited thrombophilia is considered by many as the most throm-
bogenic of the inherited thrombophilias. Antithrombin
activity levels of heterozygotes range from 40% to 70%.
Homozygotes are rare. Acute thrombosis, heparin, and sys-
temic disease may decrease antithrombin activity during preg-
nancy, whereas warfarin may increase antithrombin activity.
Experts disagree about the level of anticoagulation necessary
for asymptomatic patients diagnosed because of a positive
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Table 48.9 Diagnostic criteria for antiphospholipid syndrome (APS).

Definite APS is considered to be present if at least one of the clinical criteria and one of the laboratory criteria are met.
Clinical criteria:

Vascular thrombosis: one or more clinical episodes of arterial, venous, or small-vessel thrombosis in any tissue or organ confirmed by
imaging or Doppler studies or histopathology, with the exception of superficial venous thrombosis. For histopathologic confirmation,
thrombosis should be present without inflammation in the vessel wall.

Pregnancy morbidity: (1) one or more unexplained deaths of a morphologically normal fetus beyond the 10th week of gestation with normal
fetal morphology documented by sonography or by direct examination, or (2) one or more premature births of a morphologically normal
neonate at or before the 34th week of gestation because of severe preeclampsia or eclampsia, or severe placental insufficiency, or (3) three
or more unexplained consecutive spontaneous abortions before the 10th week of gestation with maternal anatomic or hormonal abnor-
malities and paternal and maternal chromosomal abnormalities excluded.

Laboratory criteria:
Anticardiolipin antibody of IgG and/or IgM isotype in blood, present in medium or high titer, on two or more occasions, at least 6 weeks

apart, measured by a standardized enzyme-linked immunosorbent assay (ELISA) for β2-glycoprotein-I-dependent anticardiolipin 
antibodies.

Lupus anticoagulant present in plasma on two or more occasions at least 6 weeks apart, detected according to the International Society of
Thrombosis and Hemostasis guideline/steps: (1) prolonged phospholipid-dependent coagulation demonstrated on a screening test (activated
PTT, kaolin clotting time, dilute Russell’s viper venom time, dilute PT, textarin time), (2) failure to correct the prolonged coagulation time
on the screening test by mixing with normal platelet poor plasma, (3) shortening or correction of the prolonged coagulation time on the
screening test by addition of excess phospholipids, (4) exclusion of other coagulopathies, e.g., factor VIII inhibitor or heparin as 
appropriate.

Table 48.10 Inherited thrombophilias.

“Greater” thrombophilias: consider therapeutic anticoagulation
Compound heterozygosity with factor V Leiden and prothrombin

G20210A gene mutation
Homozygosity of factor V Leiden and prothrombin gene

mutations
Antithrombin deficiency (activity levels < 70%)

“Lesser” thrombophilias: consider prophylactic anticoagulation
Protein C deficiency
Protein S deficiency
Factor V Leiden
Prothrombin G20210A gene mutation
Antiphospholipid antibodies

Other thrombophilias:
Hyperhomocysteinemia
Plasminogen activator inhibitor mutation
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family history, but most agree that heparin prophylaxis is indi-
cated to prevent maternal thrombosis.

The prothrombin gene mutation increases the gene transla-
tion rate, causing elevated prothrombin levels. It may well be
the second most common thrombophilia mutation, increasing
the risk of thrombosis threefold in the nonpregnant state. This
mutation is found in approximately 5–15% of patients being
tested for thrombophilia.

Hyperhomocysteinemia (HHC) causes thrombosis by dam-
aging the endothelium. The risk of stillbirth correlates with
the homocysteine level. A twofold increase in the rate of still-
birth was reported in women with levels between 10 and
15µmol/L; it was sevenfold in women with levels greater than
15µmol/L.78 There are two general causes of HHC: enzyme
deficiencies or nutritional deficiencies. The enzyme deficiency
most associated with hyperhomocysteinemia is an enzyme
defect in methylenetetrahydrofolate (MTHFR), which clears
homocysteine from the blood. Once an elevated hyperhomo-
cysteinemia is documented, one may either check for the
MHTFR mutation or simply administer additional folate.

A personal history of thrombosis in a woman of reproduc-
tive age requires a thrombophilia workup. However, there is
a large group of women between the symptomatic group and
those that are completely asymptomatic with no family history

of thrombosis. A study evaluating the cost-effectiveness of
spending US$1000 or more on the evaluation of every woman
who experiences severe preeclampsia, placental abruption,
IUGR, or unexplained IUFD needs to be done. No guidelines
exist as to who might benefit from an inherited thrombophilia
workup.

Existing recommendations are based on small studies and
on theoretical grounds. Because of a lack of evidence, a dis-
cussion with the patient should take place once a throm-
bophilia has been diagnosed as to whether anticoagulation is
of potential value. Some experts suggest stratifying risk for
thrombosis into a “greater” risk and a “lesser” risk category.79

Patients with a “greater” risk of thrombophilia are those with
homozygous gene mutations for prothrombin and factor V
Leiden, combined heterozygous mutations for prothrombin
and factor V Leiden, and antithrombin deficiency. These
patients will likely benefit from therapeutic anticoagulation as
if the patient has already had a thrombosis. Those with
“lesser” risk of thrombophilias may, in the presence of other
risk factors (e.g., Cesarean delivery, preeclampsia), benefit
from prophylactic anticoagulation. Treatment with heparin
has its own inherent risks such as bleeding and osteoporosis,
and these have to be considered and discussed with the patient
prior to starting therapy.
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Key points

Anemia

1 Pregnancy is subject to a disproportionate rise in
plasma volume. The CDC defines anemia as
hemoglobin levels less than 11g/dL in the first and
third trimesters and less than 10.5g/dL in the second.

2 A basic workup depends on the reticulocyte count and
MCV of the CBC.

3 The effect of anemia on pregnancy is dependent on the
type and severity of anemia diagnosed.

4 Hemoglobinopathies in the mother are important to
diagnose even if they have no effect on the pregnancy
because of genetic implications.

5 Sickling hemoglobinopathies confer a high risk of
maternal and fetal morbidity and mortality, and
antepartum surveillance is recommended.

6 Neurologic and pulmonary symptoms of the sickling
hemoglobinopathies need to be diagnosed very
carefully, and prompt action taken. Acute chest
syndrome is the major cause of morbidity in a patient
with a sickling hemoglobinopathy.

Coagulation disorders

7 Pregnancy causes a heightened activation of the
coagulation system of both the procoagulant and the

anticoagulant systems with a tendency toward
thrombosis.

8 A coagulation panel may include a CBC, PT, activated
PTT, fibrinogen, fibrin split products, and possibly a
bleeding time.

Thrombocytopenia/platelet disorders

9 The most common cause of thrombocytopenia during
pregnancy is gestational thrombocytopenia (GT), which
rarely decreases platelet counts to less than 70000/µl.
GT has little clinical significance.

10 Immune thrombocytopenic purpura (ITP) is another
potential cause of thrombocytopenia and may be
difficult to distinguish from GT. Treatment includes
corticosteroids and IVIG.

11 Alloimmune thrombocytopenia purpura can be a
devastating disease for the fetus/neonate. Management
should be performed in conjunction with a fetal
medicine specialist.

12 Drugs, especially aspirin, can cause platelet
dysfunction. Doses higher than 81mg/day should be
used with caution and discussed with an
anesthesiologist before regional anesthesia is given.
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Inherited bleeding disorders

13 Von Willebrand’s disease (vWD) is the most common
inherited coagulopathy of clinical significance in the
pregnant woman. Knowing the type of vWD has
important management implications. Vasopressin
should not be given in type 2B and type 3 vWD, and
blood products should be given instead.

14 Hemophilia has X-linked inheritance with implications
for the male fetus. Genetic counseling and testing are
important for proper management.

DIC

15 Abruptio placentae is the most common cause of DIC,
and prompt delivery, especially with laboratory
abnormalities, should reverse changes. Heparin should
not be given before delivery.

16 Intrauterine fetal demise and septic abortion cause
DIC, and delivery of the fetus or evacuation of the
uterus should be prompt.

17 Amniotic fluid embolus is a devastating complication
that is treated with supportive measures.

Thrombophilias in pregnancy

18 There are many issues regarding thrombophilias 
in pregnancy that still need to be resolved, 
including impact, screening, and management 
issues.

19 Thrombophilias can be divided into acquired 
and inherited. Acquired thrombophilias are 
diagnosed by certain laboratory and clinical criteria.
Inherited thrombophilias are diagnosed by laboratory
criteria.

20 Management usually involves placing 
patients on heparin and aspirin. The amount of 
heparin (prophylactic versus therapeutic) depends 
on the thrombophilia and the past medical 
history.
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Fetal hemolytic disease was first described in 1609 when a
hydropic twin died shortly after birth and its co-twin suc-
cumbed of kernicterus a few days later. The cause and relation-
ship between hydrops and kernicterus was unrecognized until
1932 when Diamond et al. noted that erythroblastosis fetalis
was associated with fetal edema, neonatal anemia, and hyper-
bilirubinemia. They demonstrated that these were manifesta-
tions of a disease characterized by hepatosplenomegaly,
extramedullary erythropoiesis, and erythroblastosis. Levine
and Stetson in 1939 were the first to suggest that the hemolysis
was due to the maternal development of a blood group anti-
body directed against a fetal blood group antigen. They
observed atypical agglutinins in the serum of a woman who had
just delivered a hydropic stillborn. These agglutinins were
active against her husband’s erythrocytes (same ABO blood
group). Subsequently, Levine and Stetson postulated that an
immunizing agent in the fetus, inherited from the father, entered
the maternal circulation and caused her to develop the agglu-
tinin. The discovery of blood group antigens by Landsteiner
and Wiener in 1940 laid the foundation for the role of alloim-
munization in the pathogenesis of fetal hemolytic disease.

Rhesus (Rh) blood group system

The Rh blood group system is the most common system causing
serious alloimmunization. However, other blood group systems
(so-called “minor antigens” of the erythrocyte membrane) are
of growing importance as the prevalence of Rh alloimmuniza-
tion declines secondary to prevention programs.

Nomenclature

The Fisher–Race system (first proposed in the 1940s) presumes
the presence of three genetic loci, each with two major alleles
– Dd, Cc, Ee.1 An Rh gene complex is described by three 
letters – Cde, cde, cDE, cDe, Cde, cdE, CDE, CdE (the first
three being the most common and the last one yet to be
demonstrated).

The antigens produced by these alleles (located on chromo-
some 1p34–36) were originally identified by specific antisera.2

No antiserum for the d antigen has been identified, and it is
felt that the d antigen reflects in truth the absence of an allelic
product. The presence or absence of the D antigen determines
the Rh status. Approximately 45% of D-positive individuals
are homozygous for D. If the Rh-positive husband of a 
Rh-negative woman is homozygous, all his children will be 
D positive; if he is heterozygous, there is an equal chance 
that the fetus will be D negative or D positive in each 
pregnancy.

There are alternative classification systems. The Wiener
system is based on the theory that a single locus is occupied
by a pair of complex agglutinogens.3 The eight genotypes are
designated (in decreasing order of frequency in the white pop-
ulation) R1, r, R2, R0, r′, r″, Rz, and rv. This system may be the
most accurate. The Rosenfield system is based on the belief
that neither of the two discussed systems explains the quanti-
tative differences in the expression of Rh antigens.4 They also
note that genetic concepts such as the operon model of gene
function with nonlinked regulator genes are poorly accom-
modated by the mendelian model of Fisher–Race. Rosenfield
proposed an updated system of nomenclature that numbered
the Rh antigens as Rh1–Rh48.

Diversity and ethnicity

The Rh blood group system is complex; 42 antigens other than
the five mentioned have been described.5 Cw, an allele for C,
is relatively common. Du, an allele for D, is more common in
black populations than in other racial groups.

In most white populations, the incidence of Rh negativity is
15–16%. In Finland, it is 10–12%. It is 30–35% in the Basque
population, but less than 1% in the Chinese and Japanese 
populations. Approximately 1–2% of North American
Indians and Inuit are Rh negative, as are approximately 2%
of Indo-Eurasians. In the black population, the incidence
ranges from 4% to 8%, being higher in North American than
in African black people.
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Immunology

The Rh antigens are embedded in the lipid phase of the ery-
throcyte membrane, and are expressed on fetal erythrocytes
by day 38. Ten different antigenic epitopes have been identi-
fied to date. One theory suggests that the different epitopes
are variably expressed within the erythrocyte membrane, and
that this immunologic variation accounts for the spectrum of
fetal hemolytic disease.

Rh functionality

The function of the Rh antigen is unclear, although it may have
a role in maintaining erythrocyte integrity, plus contributing
to electrolyte and volume flux across the erythrocyte mem-
brane. For example, the red blood cells (RBCs) of individuals
with Rhnull (lacking all Rh antigens) suffer multiple membrane
defects, osmotic fragility, and abnormal shapes.

Pathogenesis of maternal
alloimmunization

Blood transfusion was a common cause of Rh alloimmuniza-
tion before the discovery of the Rh blood group system. It is
still a common cause of non-D blood group alloimmunization.
Although many non-D blood group antibodies have no clini-
cal significance, some may cause severe erythroblastosis.

For Rh alloimmunization to occur:
1 The woman must be Rh negative and the fetus Rh positive.
2 Fetal erythrocytes must enter the maternal circulation in
sufficient quantity.
3 The mother must be immune competent.

Transplacental hemorrhage

The prevalence of Rh alloimmunization declined only slightly
after the discovery of the Rh blood group system and the intro-
duction of transfusion of Rh D-compatible blood. In 1954,
Chown proved Weiner’s hypothesis that fetal-to-maternal
transplacental hemorrhage (TPH) caused Rh immunization.6,7

The Kleihauer acid elution test is an accurate and sensitive
method of detecting TPH.8 Seventy-five percent of women
have a fetal TPH some time during pregnancy or at delivery.9

The volume of the hemorrhage is usually small, but exceeds
5mL in 1% and 30mL in 0.25% of pregnancies. Antepartum
hemorrhage, toxemia of pregnancy, Cesarean section, manual
removal of the placenta, and external cephalic version each
increase the risk and volume of TPH. The prevalence and
volume of TPH rises with advancing gestation, from 3%
(0.03mL) in the first trimester to 12% (usually < 0.1mL) in
the second trimester, and to 45% (occasionally up to 25mL)
in the third trimester.9 Spontaneous abortion has a low risk of
TPH (typically < 0.1mL). However, the risk may be as high
as 25% after therapeutic abortion, with volumes exceeding
0.2mL in 4% of pregnancies.

Maternal response

At least two characteristics affect whether alloimmunization
occurs. First, 30% of Rh-negative individuals act as immuno-
logic nonresponders and do not become sensitized regardless
of the Rh-antigen load. Second, ABO incompatibility has a
protective effect. One explanation for this phenomenon is that
the maternal anti-A or anti-B antibodies damage or alter the
fetal Rh antigen so that it is no longer immunogenic. Another
hypothesis holds that ABO-incompatible fetal cells are more
rapidly cleared from the maternal circulation, so that mater-
nal sensitization does not occur. Regardless of the mechanism,
ABO incompatibility decreases the risk of alloimmunization
to 1.5–2% after the delivery of a Rh-positive neonate.

Rh immune response

The primary Rh immune response develops slowly, typically
over 6–12 weeks but sometimes up to 6 months. It is usually
weak and predominantly IgM, which does not cross the pla-
centa (molecular weight 900000kDa). Most immunized
women convert quickly to IgG anti-D (molecular weight
160000kDa) production, which can readily cross the pla-
centa. The IgG anti-D coats Rh-positive fetal erythrocytes and
triggers hemolysis.

A second TPH, which may be very small, produces a very
different secondary immune response. The response is rapid
(days) and is usually IgG. Additional episodes of TPH may
further increase the antibody titer. Long periods between Rh-
positive erythrocyte exposures are associated with marked
increases in Rh antibody titer along with increased binding
avidity for the D antigen.10 The greater the avidity, the more
severe the disease.

Antibody detection and 
measurement methods

Methods used to measure and detect antibodies include:
1 Saline – Rh-positive erythrocytes suspended in isotonic
saline are agglutinated only by IgM anti-D. IgG anti-D cannot
bridge the gap between erythrocytes suspended in saline. This
method is no longer in use.
2 Colloid – Rh-positive red cells suspended in albumin are
agglutinated by IgG anti-D.11 Because IgM anti-D also agglu-
tinates colloid-suspended Rh-positive erythrocytes, the
albumin titer may not be an accurate measurement of IgG
anti-D. Mixing the serum with dithiothreitol disrupts IgM
sulfhydryl bonds, destroying IgM but leaving IgG intact. Sub-
sequent titration allows a true measurement of the IgG anti-
D level. This method is rarely used.
3 Indirect antiglobulin test (IAT)12 – antihuman globulin
(AHG) antibody (Coombs’ serum) is produced by the injec-
tion of human serum (or specific human IgG) into an animal.
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IgG anti-D, if present, adheres to Rh-positive erythrocytes
after incubation with the serum being screened for Rh 
antibody. The erythrocytes are then washed with isotonic
saline and suspended in the AHG antibody serum. The ery-
throcytes agglutinate if coated with antibody (a positive IAT
or indirect Coombs’ test). The reciprocal of the highest dilu-
tion causing agglutination is the indirect antiglobulin titer. IAT
screening is more sensitive than albumin screening. IAT 
titers are usually one to three dilutions higher than albumin
titers. A critical titer is defined as the titer associated with a
significant risk of fetal hydrops. This varies with the institu-
tion and methodology. Most centers have a critical titer
between 8 and 32.
4 Enzyme – the incubation of erythrocytes with various
enzymes (papain, trypsin, or bromelin) reduces the negative
electrical potential of the cells. As a result, they are closer
together in saline and are agglutinated by IgG anti-D. Enzyme
techniques are the most sensitive available manual methods
for detecting Rh immunization.13

5 AutoAnalyzer (AA) (Technicon Instruments Corp., Tarry-
town, NY, USA) – AA methods (bromelin14 and low ionic15)
are most sensitive for the detection of Rh antibody. They are
so sensitive that, if manual methods fail to confirm the pres-
ence of Rh antibody, the mother may not be Rh immunized.
Erythrocytes are mixed with agents to enhance agglutination
by the anti-D antibodies. Agglutinated cells are separated from
nonagglutinated cells and lysed. The amount of released
hemoglobin is then compared with an international standard.
A modification of the bromelin method is used to measure
accurately (µg/mL) the amount of serum anti-D.16

Prevalence of Rh immunization

Rather small amounts of Rh-positive blood (as little as 0.3mL)
can produce Rh immunization in Rh-negative volunteers.17

The risk of Rh immunization is antigen-dose dependent: 15%
after 1mL, 33% after 10mL, and 65% after 50–250mL of
Rh-positive erythrocytes.18 A secondary immune response may
follow a small repeat challenge (0.05mL of Rh-positive ery-
throcytes). The incidence of Rh immunization 6 months after
delivery is 3% of Rh-negative women who, on serial Kleihauer
tests, never had evidence of a TPH above 0.1mL. If the volume
is greater than 0.1mL, the incidence is 14%;16 it is 22% if the
volume is greater than 0.4mL.19

The incidence of Rh immunization 6 months after delivery
of the first Rh-positive ABO-compatible neonate is 8–9%. An
equal number of women are immunized during their first preg-
nancy, but have an undetectable antibody level until chal-
lenged again, typically in their next pregnancy
(“sensibilization”).20 Therefore, the overall risk of Rh immu-
nization following the first Rh-positive ABO-compatible preg-
nancy is 16%. An unimmunized Rh-negative woman faces
approximately the same risk during a second such pregnancy.
As parity increases and the ratio of good responders to poor

immune responders decreases, the risk becomes less. There is
a 50% likelihood that she will be Rh immunized after five Rh-
positive ABO-compatible pregnancies. In one study, five of
3533 Rh-negative women with Rh-positive fetuses (0.14%)
were Rh immunized before 28 weeks’ gestation, and 1.66%
were immunized 3 days postpartum (total 1.8%).21 Because
the total incidence of Rh immunization approximates 13%
(16% in the 80% carrying ABO-compatible babies, 1.5–2%
in the 20% carrying ABO-incompatible babies), 13–14% of
all instances of Rh immunization [1.8 × (100/13)] occur during
pregnancy or within 3 days after delivery.

ABO incompatibility

ABO incompatibility between the Rh-positive fetus and the Rh-
negative mother reduces the risk of immunization to 1.5–2%.18

The partial protection reflects, at least in part, rapid intravas-
cular hemolysis of the fetal ABO-incompatible cells and their
sequestration in the liver, where there are fewer antibody-
forming lymphocytes than in the spleen. ABO incompatibility
confers no protection once Rh immunization has developed.22

Rh immunization caused by abortion

The woman who becomes Rh immunized after an abortion is
a “good responder,” and frequently has very severely affected
babies. The risk is approximately 2% after spontaneous abor-
tion and 4–5% after therapeutic abortion.

Pathogenesis of fetal hemolytic disease

Fetal blood is produced in the yolk sac as early as the third
week. The Rh antigen is detectable on the red cell membrane
by the sixth week. Erythropoiesis begins in the yolk sac but
moves to the liver and, finally, to the bone marrow by
16 weeks’ gestation.

Maternal IgG anti-D crosses the placenta and coats the 
D-positive fetal red cells. The fetal red cells are destroyed
extravascularly, primarily in the spleen, as anti-D does not fix
complement. The resulting anemia stimulates fetal erythropoi-
etin synthesis and release. A reticulocytosis occurs when the
fetal hemoglobin deficit exceeds 2 g/dL compared with gesta-
tional age-appropriate norms. Should marrow red cell produc-
tion fail to compensate, extramedullary erythropoiesis recurs,
initially in the liver and spleen. Hepatomegaly may become
extreme. Cardiac output increases, and 2,3-diphosphoglycerate
levels are enhanced. Although the blood PO2 is unaltered, tissue
hypoxia results from the decreased carrying capacity. Umbilical
arterial lactate begins to rise only after the fetal hemoglobin
falls below 8g/dL, while the umbilical venous lactate begins to
rise after the hemoglobin falls below 4g/dL.23 Nucleated red cell
precursors from normoblasts to primitive erythroblasts are
released into the circulation (hence the term erythroblastosis
fetalis coined by Diamond).
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Degrees of Rh hemolytic disease

The severity of hemolytic disease reflects the amount of mater-
nal IgG anti-D (the titer), its affinity or avidity for the fetal
red cell membrane D antigen, and the ability of the fetus 
to tolerate hypoxemia before developing hydrops secondary
to myocardial pump failure. When the globin chain is split
from hemoglobin during hemolysis, the remaining heme
pigment is converted by heme oxygenase to biliverdin, and
then by biliverdin reductase to neurotoxic indirect bilirubin.
The fetal and newborn liver is deficient in glucuronyl trans-
ferase and Y transport protein. Thus, the increased indirect
bilirubin is deposited in the perinate’s extravascular fluid 
compartments.

Indirect bilirubin is water insoluble and can remain in the
plasma only when bound to albumin. When the albumin-
binding capacity of the perinate’s plasma is exceeded, “free”
indirect bilirubin appears and diffuses into fatty tissues. The
neuron membrane has a high lipid content, and the free indi-
rect bilirubin penetrates the neuron where it interferes with
cellular metabolism. Mitochondria swell, then balloon, and
the neuron dies. The dead neurons with accumulated biliru-
bin appear yellow at autopsy (kernicterus).

Mild disease

Approximately 50% of affected fetuses do not require treat-
ment postnatally. Their umbilical cord blood hemoglobin is
above 12g/dL, and their umbilical cord serum bilirubin is 
less than 68µmol/L (< 4mg/100mL). In the nursery, their
hemoglobin does not drop below 11g/dL, and their serum
indirect bilirubin remains below 340µmol/L (20mg/dL) or
260–300µmol/L (15–17.5mg/dL) if preterm. Postdischarge
hemoglobin remains above 7.5g/dL.

Intermediate disease

Some 25–30% of affected fetuses have intermediate disease.
They are born at or near term in good condition, with an
umbilical cord blood hemoglobin between 9g/dL and 12g/dL.
Extramedullary erythropoiesis is modest and liver function
normal.

Some of these infants develop severe hyperbilirubinemia;
those with kernicterus are deeply jaundiced. They become
lethargic by day 3–5 and then hypertonic. They assume an
opisthotonic position with their necks hyperextended, backs
arched, and knees, wrists, and elbows flexed. Their vegetative
reflexes disappear and apneic spells develop. The mortality rate
is up to 90%. In the remaining 10%, the jaundice fades and
spasticity lessens. However, they show severe central nervous
system dysfunction over time with profound neurosensory
deafness and choreoathetoid spastic cerebral palsy. Intellectual
retardation may be relatively mild, but learning and function-
ing are hindered by deafness and spastic choreoathetosis.

Severe disease

The 20–25% of most severely affected fetuses, despite
maximal RBC production, become progressively more anemic.
Ascites with anasarca (generalized edema) occurs. Half these
fetuses become hydropic between 18 and 34 weeks’ gestation;
the other half between 34 weeks and term.

The exact mechanism underlying hydrops has become clear
over time. There is always a large hemoglobin deficit.24 Hemo-
globin concentration clearly rises with advancing gestational
age. Hydrops, consequently, occurs at higher absolute hemo-
globin levels during late compared with early gestation, and
is extremely rare before 20 weeks’ gestation. Cardiac dys-
function secondary to severe fetal anemia and the resultant
inadequate oxygen-carrying capacity is evident in at least 90%
of hydropic fetuses. Fetal cardiac dysfunction is characterized
by an increase in the biventricular cardiac diameter, systolic
atrial–ventricular valve regurgitation, and an elevated umbili-
cal pressure for gestational age.25 This cardiac dysfunction is
detectable prior to the development of hydrops and, within
48 h of a RBC transfusion (and before the hydrops resolves),
the umbilical venous pressure decreases into the normal range
for gestation.26,27 Although hepatomegaly was once thought to
cause portal hypertension and decrease cardiac return, it is
clear that this is not the typical mechanism. Additionally,
while hypoalbuminemia (secondary to fetal liver failure) was
once thought to be a contributing factor, fetal studies reveal
that the albumin concentration is normal for all but premori-
bund, hydropic fetuses.28,29

Monitoring the mother and fetus at risk

A blood sample is obtained from every woman during her first
prenatal visit for blood type and antibody screening. Ideally,
all women should have two blood type determinations on
record that are in agreement. Mistyping of a Rh-negative
woman may have occurred in a prior pregnancy, and a Rh-
positive woman, particularly if she has been transfused, may
have developed a dangerous atypical blood group antibody.

The Rh-positive woman without blood group antibodies at
her first prenatal visit is not likely to develop dangerous atyp-
ical blood group antibodies later in her pregnancy. Frequent
retesting is not cost-effective.30

The Rh-negative woman without Rh antibodies should be
ABO grouped, and the Rh status of her husband should be
determined. If he is Rh negative, her fetus will be Rh negative
if paternity is correct. Rh status should, however, be confirmed
at birth. If the father is Rh positive, his ABO group and Rh
phenotype should be determined. Depending on his Rh phe-
notype, the likelihood of his Rh zygosity can be determined.
If he is heterozygous, there is a 50% chance that the fetus is
Rh negative. If the husband is ABO incompatible with his
wife, there is roughly a 60% chance that the baby is ABO
incompatible. If the fetus is ABO incompatible, the risk of Rh
immunization is reduced from 16% to 1.5–2%.
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The Rh-negative pregnant woman whose husband is Rh
positive should undergo additional testing to exclude isoim-
munization during the pregnancy. Cesarean section and
manual removal of the placenta increase the frequency and
size of fetal–maternal TPH, increasing the risk of immuniza-
tion if the fetus is Rh positive. Amniocentesis for genetic pur-
poses or for the determination of pulmonary maturity carries
a 2% risk of immunization if performed under constant ultra-
sound guidance.31 At delivery, umbilical cord and maternal
blood are tested: umbilical cord blood for ABO, Rh type and
the direct Coombs’ status, and maternal blood for the pres-
ence of Rh antibody and fetal red cells. Although most
instances of Rh immunization occur after small or unde-
tectable fetal TPH [maternal Rh prophylaxis being readily
provided by one dose of Rh immune globulin (120–300µg)],
approximately one woman in 400 has a fetal TPH of more
than 30mL of whole blood and will not be protected by a
single prophylactic dose.

Predicting the severity of Rh 
hemolytic disease

History

Hemolytic disease may remain similar from pregnancy to
pregnancy (mild, moderate, or severe), but it is more likely to
progress with each Rh-positive pregnancy. The risk of hydrops
is 8–10% in a first sensitized pregnancy. If a woman has had
a hydropic fetus, there is a 90% chance that the next affected
fetus will also develop hydrops without intervention, typically
at the same or an earlier time in gestation.

Rh antibody titers

If Rh antibody titers are measured in the same laboratory by
the same experienced personnel using the same methods, the
results are reproducible and of some value in predicting the
risk of severe hemolytic disease. Because the binding constant
of the Rh antibody varies, as may the density of Rh antigen
on the RBC membrane and the ability of the fetus to com-
pensate for RBC hemolysis, the titer indicates only which fetus
is at risk. The maternal antibody titer that puts the fetus at
risk must be determined for each laboratory. Generally speak-
ing, an albumin titer of 16 or an indirect antiglobulin titer of
32–64 carries a 10% risk that the fetus will become hydropic
without intervention. Titers of at-risk women should be
repeated monthly after the first prenatal visit.

Maternal history and antibody titer alone are inadequate
for the proper management of the Rh-immunized pregnancy.
In one study of 426 Rh-immunized women managed at one
hospital between 1954 and 1961 using amniocentesis and
maternal titers, the severity of disease was predicted accurately
in only 62% of the 121 affected fetuses.32 If prediction of
severity of hemolytic disease had been completely accurate,

50% of the 67 deaths would have been prevented by the inter-
ventions available at the time.

Amniotic fluid analysis

Amniotic fluid of severely affected fetuses is stained yellow
with bilirubin that absorbs visual light at 450nm. The biliru-
bin reaches the amniotic fluid primarily by excretion into fetal
pulmonary and tracheal secretions and diffusion across the
fetal membranes and umbilical cord. Bevis was the first to
report that spectrophotometric determinations of amniotic
fluid bilirubin correlated with the severity of fetal hemolysis.

Liley reported a method in 1961 that allowed comparisons
between one laboratory and another.33 Although this tech-
nique remains important in some locales, it has been largely
displaced by noninvasive techniques discussed later.

Optical density readings of centrifuged amniotic fluid (pro-
tected from light which can destroy the bilirubin) are made
over the visual wavelength spectrum from 700 to 350 nm. The
readings are plotted on semilogarithmic graph paper (with
wavelength as the horizontal linear coordinate and optical
density as the vertical logarithmic coordinate). The deviation
from linearity at 450nm (the ∆OD 450 reading) correlates
directly with disease severity. An increase at 405nm, if present,
is due to heme. The heme peak may be another indication 
of severe disease if the fluid has not been contaminated 
with blood.

Liley divided a plot of single amniotic fluid sample ∆OD
450 readings from 101 pregnancies after 28 weeks’ gestation
into three zones and related them to neonatal outcome. Read-
ings in zone 1 indicated mild or no disease, but did not exclude
the possibility that treatment would be required after birth.
Readings in zone 2 were felt to indicate intermediate disease,
increasing in severity as the zone 3 boundary was approached.
There was no control group, i.e., women with a Rh-negative
fetus. The zone boundaries slope downward because of the
diminishing amount of bilirubin normally produced after
25 weeks’ gestation. Before 25 weeks, the zone boundaries are
almost certainly parabolic rather than linear, probably reach-
ing their highest levels at 24 weeks (Fig. 49.1). Extrapolating
the Liley curves to pregnancies before 27 weeks has proved
erroneous. Nicolaides et al.,34 in 1986, correlated fetal hema-
tologic values in 59 Rh D-sensitized pregnancies between 18
and 25 weeks’ gestation with ∆OD 450 values on a Liley curve
extrapolated to 18 weeks’ gestation. If intervention were
reserved for fetuses with ∆OD 450 values in zone 3, 70% of
anemic fetuses would not have been detected.

A modified ∆OD 450 curve for such situations was pro-
posed by Queenan et al.35 in 1993 and, in 1998, Scott and
Chan36 conducted a prospective evaluation of this curve. The
Queenan curve was predictive of severely affected fetuses
(more than 7 g/dL deficit in hemoglobin) with a sensitivity of
100% and a specificity of 79%. The sensitivity for detecting
moderate anemia (hemoglobin deficit of 3–7g/dL) was 83%
with a specificity of 94%. With further study, it became clear
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that a single measurement of ∆OD 450 was poorly predictive
of the fetal status unless it was extremely high or extremely
low. Liley emphasized the need for repeating the amniotic fluid
analyses to establish the ∆OD 450 trend. Thus, a decision to
rely on amniotic fluid ∆OD 450 measurements is a decision
to do at least two invasive procedures.

Serial ∆OD 450 readings increase the accuracy of the iden-
tification of severity. From examination of 3177 amniotic
fluids obtained from 1027 immunized women, the following
observations can be made:
1 A ∆OD 450 reading of 0.400 or higher at any period of 
gestation is associated with hydrops fetalis in 65% of
instances.
2 Hydrops may be present with readings of 0.200–0.250 at
28 weeks’ gestation.
3 Once serial readings reach 80–85% of zone 2, hydrops may
be present by the time the reading reaches zone 3 without
therapy.
4 Disease may be fulminant. For example, readings of 0.160
at 23 weeks and 0.240 at 27 weeks can be followed 2 weeks
later by readings of 0.385 and 0.370 with hydrops present at
the time of the second amniocentesis.
5 Conversely, readings of 0.200–0.250 at 20–22 weeks 
may occur in the presence of a negative, unaffected fetus.

Other spectrophotometric measurements of amniotic fluid
have been developed. Bartsch concluded that none is better
than the Liley method, and some are worse.37 The experience
and judgment of the individual assessing the amniotic fluid
findings are more important than the method of measurement
used. Clearly, amniocentesis is a less than desirable tool for
the management of Rh disease.

Hazards of amniocentesis

The risks of amniocentesis include placental trauma causing
TPH, rising titers, and increasing severity of fetal hemolytic

disease, amnionitis, and premature rupture of membranes.
Any invasive procedure should be performed under continu-
ous ultrasound visualization.

Sources of error

Maternal or fetal blood produces sharp 580-, 540-, and 415-
nm oxyhemoglobin peaks that obscure the ∆OD 450 readings
(Fig. 49.2). Small amounts of blood do not mask the ∆OD
450, but small amounts of plasma, particularly fetal plasma,
can increase the ∆OD 450 reading, giving a falsely high
reading. Heme produces a 405-nm peak, which may obscure
the 450-nm peak, but can itself be indicative of severe
hemolytic disease. Meconium in amniotic fluid distorts and
increases the 450-nm peak. Exposure of the sample to light
(particularly fluorescent light) decolorizes bilirubin, reducing
the ∆OD 450 peak. Maternal urine produces no ∆OD 450-
nm peak. Ascitic fluid is clear, bright yellow, and more viscous
than amniotic fluid because of a higher protein level. It has a
much higher ∆OD 450 level.

Congenital anomalies, such as anencephaly, open menin-
gomyelocele, and upper gastrointestinal obstruction, produce
hydramnios and markedly elevated ∆OD 450 readings, which
may be misleading if the mother is immunized.

Fetal blood sampling

Cordocentesis is available in many tertiary perinatal centers.38

This procedure, which usually precedes fetal intravascular
transfusion (IVT), allows the measurement of all blood param-
eters that can be measured after birth (i.e., hemoglobin, hema-
tocrit, serum bilirubin, direct and indirect platelet count,
leukocyte count, serum proteins, and blood gases). Fetal blood
sampling is by far the most accurate means of determining the
degree of severity of hemolytic disease, in the absence of
hydrops fetalis.

Fetal blood sampling has an associated mortality rate of less
than 1%27 (0.2% in the authors’ hands for Rh disease using
a needle guide). Other morbidity occurs in approximately 5%
of patients sampled using a freehand technique: prolonged
bradycardia, umbilical cord hematoma, amnionitis with
maternal adult respiratory distress syndrome, and placental
abruption are each described. Cordocentesis is recommended
when a screening tool such as measurement of the middle
cerebral artery (MCA) peak velocity is abnormal. Cordocen-
tesis can be performed as early as 16–18 weeks; it is usually
feasible by 20–21 weeks.

Ultrasound

Ultrasound has a central role in the management of the 
alloimmunized pregnancy. First, it is used early to accurately
establish gestational age. Second, many investigators have
searched for alternative ultrasound parameters that could
predict mild to moderate anemia. Such studies include:
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1 Nicolaides et al.39 in 1988 investigated the fetal abdom-
inal circumference, head-to-abdomen circumference 
ratio, intraperitoneal volume, intrahepatic and extrahepatic
umbilical vein diameter, and placental thickness to predict a
fetal hemoglobin less than 5 g/dL. Placental thickness and
intraperitoneal volume detected only 25% of cases; the other
parameters detected < 10% of severe cases.
2 Vintzileos et al.40 in 1986 and Roberts et al.41 in 2001 used
ultrasound to assess the fetal liver, reasoning that it is the prin-
cipal site of extramedullary hematopoiesis. The length of the
right lobe of the liver reportedly detected 93% of anemic
fetuses.
3 Oepkes et al.42 in 1993 and Bahado-Singh et al.43 in 1998,
measured splenic perimeter (length + width × 1.57), reasoning
that the spleen is another site of extramedullary
hematopoiesis. In two series, a splenic perimeter greater than
two standard deviations was predictive of severe fetal anemia
(94% and 100% respectively).

Despite this experience, hepatic length and splenic perimeter
have not been widely used in alloimmunization management.

Lastly, hydrops fetalis can easily be detected with 
ultrasound.

Doppler ultrasonography

A number of investigators have reasoned that decreasing fetal
hemoglobin levels would be associated with a lower blood vis-

cosity and increased cardiac output, producing higher blood
velocities. Sites studied include the descending aorta, the
umbilical vein, the splenic artery, the common carotid artery,
and the MCA.

Vyas et al.44 in 1990 was the first to apply MCA Doppler
velocity for the detection of fetal anemia. They found the best
correlation with fetal hemoglobin levels using the intensity-
weighted time-averaged mean velocity of the MCA; unfortu-
nately, only 50% of the anemic fetuses were identified.

The peak systolic velocity in the fetal MCA has proved more
accurate. Mari45 established normative data for gestational
age. Using a threshold value of 1.5 multiples of the mean to
predict moderate to severe anemia, more than 70% of inva-
sive tests were avoided. Since 2000, multiple reports have con-
firmed the high sensitivity of the peak MCA velocity in
detecting moderate to severe fetal anemia.

The fetal MCA closest to the maternal skin should be eval-
uated using a minimal angle of insonation. The Doppler gate
is placed over the vessel just as it bifurcates from the carotid
artery; placement on the more distal aspects of the MCA can
falsely depress the real peak systolic velocity.

Detti et al.46 in 2002 examined the time trend of MCA
velocities as a tool to identify fetal anemia. The slope of a
regression line based on three consecutive Doppler measure-
ments greater than 1.95 was predictive of the subsequent
development of moderate to severe fetal anemia. They pro-
posed the following scheme:
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1 Doppler assessment weekly.
2 If the MCA peak velocity remains < 1.5 MoM, 
calculate the slope of the increase between the three measure-
ments.
3 If the slope is less than 1.95, repeat studies at 10- to 14-day
intervals.
4 If the peak MCA velocity is at least 1.5 MoM and there are
other ultrasound findings consistent with fetal anemia,
proceed with cordocentesis. If there are no sonographic signs
of anemia, repeat the peak MCA Doppler measurement within
24 h to confirm elevation; if persistent, proceed with cordo-
centesis.
5 Do not use the MCA after 35 weeks’ gestation.

Cell-mediated maternal antibody
functional assays

Because of the relatively poor correlation between blood
group antibody and severity of hemolytic disease, various
functional assays were developed to reflect the antibody-
binding avidity for the RBC membrane antigen. These 
assays include the monocyte monolayer assay (MMA),47

antibody-dependent cellular cytotoxicity (ADCC) using 
lymphocytes,48 ADCC using monocytes,49 and monocyte
chemiluminescence.50 Each assay has its proponents. A survey
of nine European laboratories revealed that they correctly 
predicted disease outcome in about half of the cases. The
assays are perhaps more helpful in predicting mild disease than 
very severe disease. In a recent study, there was no correla-
tion between the hematocrit at cordocentesis and the MMA
in 41 pregnant women with potentially dangerous blood
group antibodies who delivered affected babies.51 All tests are
incapable of differentiating the unaffected antigen-negative
fetus from the affected antigen-positive fetus. In summary,
these tests appear to have modest clinical value as currently
formulated.

Determination of fetal D antigen status
by polymerase chain reaction

The cloning of the CcEe and D complementary DNA allows
for the determination of the fetal Rh D genotype from DNA
obtained by chorionic villus biopsy or amniocentesis.52

Although highly uncommon, point mutations can result in the
occasional incorrect diagnosis. Thus, it is possible to deter-
mine the D status of a fetus whose mother is Rh d and whose
father appears to be heterozygous for D and, if negative, no
further testing will be required. Probes are also available for
Kell.

It is also possible to determine D antigen fetal status from
maternal blood using the polymerase chain reaction (PCR).
The fetal nucleated hematopoietic stem cells present in the
maternal circulation are subjected to PCR.53 Finning et al.54 in

2002 followed a series of 137 sensitized pregnancies. Fetal
typing using DNA from maternal serum was 100% accurate
in determining the Rh D type in 94 Rh D-positive and 43 Rh 
D-negative cases.

Management of the Rh-immunized
woman and her fetus

Clinical management is dependent on the available diagnostic
tools, the patient and her history of fetal/neonatal manifesta-
tions of hemolytic disease, and on the clinical condition of the
fetus. As a rule, the patient’s first Rh D-sensitized pregnancy
results in minimal fetal/neonatal disease; subsequent pregnan-
cies are associated with a worsening outcome.

Nonsensitized women

Management of the newly sensitized woman begins upon iden-
tification. The practitioner cannot predict fetal risk accurately
relying on the obstetric history and serology. The caregiver
must be familiar with their laboratory’s maternal indirect
Coombs’ antibody titers (assuming the results are repro-
ducible) and threshold. Antibody titers have their greatest
utility during the first sensitized pregnancy; in later pregnan-
cies, they are of limited value.

When the maternal indirect Coombs’ antibody titers are
below the threshold (below which severe fetal hemolytic
disease does not occur), they should be repeated monthly.
Once the critical titer is exceeded, the fetus is followed with
serial measurements of the peak MCA velocity. It is important
to remember that a determination of the fetal PCR Rh geno-
type should be standard in any at-risk women undergoing
chorionic villus sampling (CVS) or second-trimester amnio-
centesis because a negative result eliminates the need for
further testing.

The timing of invasive fetal testing is now determined by
ultrasound evidence of fetal anemia as several investigators
have found an association between fetal anemia and increased
MCA velocities.44,45,55

Invasive fetal evaluation following a positive Doppler
finding consists of cordocentesis. With the declining incidence
of maternal isoimmunization, these patients should be referred
to maternal–fetal medicine specialists with experience in 
the field.

The principal concern with cordocentesis is safety – vascu-
lar accidents and maternal sensitization are known to occur.
As described earlier, this technique accounts for at least 30%
of fetal losses and, by using a needle guide, the loss rate is
decreased to approximately 0.3%.56 The first cordocentesis
should be performed when the peak MCA velocity becomes
elevated or (if applicable) a few weeks before the last sensi-
tized fetus required a transfusion. Laboratory tests performed
on the first fetal specimen include type and Rh status, direct
Coombs’ test, complete blood count (CBC), manual reticulo-
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cyte count, and total bilirubin. Laboratory tests sent on sub-
sequent fetal specimens include CBC, manual reticulocyte
count, and total bilirubin. If the fetus is not anemic when first
sampled, a strongly positive direct Coombs’ test or a manual
reticulocyte count outside the 95% confidence interval are
strong risk factors for the development of anemia in utero.
Approximately 50% of isoimmunized women will require
only one cordocentesis and, with the use of Doppler ultra-
sound, delivery may be safely deferred until term.

Rh-immunized woman with a previously affected
fetus or infant

Patients should be referred to a tertiary care center if they have
documented isoimmunization. Maternal titers are not predic-
tive of the degree of fetal anemia. If the paternal phenotype is
heterozygous, an amniocentesis is performed at 15 weeks to
determine fetal Rh D status. If the fetus is antigen positive,
initiate serial MCA Doppler measurements by 18 weeks to
monitor these pregnancies. Testing should be repeated every
1–2 weeks as long as they are normal. If a rising value for
peak MCA Doppler velocity greater than 1.5 MoM is found,
a cordocentesis is performed and the fetus transfused if the
hematocrit is < 30%.

Intrauterine fetal transfusion

Preterm delivery is associated with increased perinatal mor-
bidity and mortality. This can be avoided for the most part
using modern techniques for fetal transfusion. Fetal intra-
peritoneal transfusion is rarely necessary, and the techniques
will only be mentioned briefly. Fetal transfusion therapy should
never be undertaken in the absence of hydrops without first
confirming that the fetus has significant anemia (fetal hemat-
ocrit < 30%, a value less than the 2.5 percentile at all gesta-
tional ages above 20 weeks). These procedures should only be
performed by individuals with considerable experience.

Intraperitoneal fetal transfusions

This is the original, but least preferred, method of fetal trans-
fusion. Red cells placed in the peritoneal cavity of any animal
with a diaphragm are absorbed intact into the circulation via
the subdiaphragmatic lymphatics and the right thoracic duct.
Diaphragmatic contractions are necessary for the absorption.57

In the absence of hydrops, 10–12% of transfused red cells are
absorbed each day after transfusion. Absorption is greatly
diminished and unpredictable in the presence of hydrops.58

The volume of blood injected is limited by the capacity of
the peritoneal space. If the volume transfused is such that
intraperitoneal pressure exceeds umbilical venous pressure,
blood flow from the placenta to the fetus stops and the fetus
dies.59 The intraperitoneal transfusion (IPT) volume can be
calculated by the following formula: IPT volume = (weeks’

gestation–20) × 10mL (i.e., 50mL at 25 weeks, 90mL at
29 weeks). Calculation of residual donor hemoglobin con-
centration is necessary to space IPTS optimally so that the
fetus undergoes the minimal number of procedures. After IPT,
80% of the infused red cells are in the fetoplacental circula-
tion (based on a fetoplacental blood volume of 125mL/kg
fetal body weight). The residual donor hemoglobin concen-
tration is calculated according to the following formula: resid-
ual hemoglobin concentration (g/L) = [(0.80 × a)/(125 × b)] ×
[(120–c)/(120)] where “a” is the amount of donor red cell
hemoglobin transfused in grams, “b” is the estimated fetal
weight according to gestation (i.e., 1kg at 27 weeks’ gesta-
tion, 1.5kg at 30 weeks’ gestation), “c” is the interval in days
after the IPT, and 120 days is the lifespan of the donor red
cell. For example, 10 days after IPT of 55mL of blood with
a hemoglobin concentration of 280g into a fetus of 27 weeks’
gestation (weight 1kg), there would be a residual donor hemo-
globin concentration of [(0.80 × 55 × 280)/(125 × 1)] ×
[(120–10)/(120)] = 90.3g/L. A second IPT is performed as
soon as the first is absorbed, and every 4 weeks thereafter.

IPT has several disadvantages. There is slow correction of
the fetal anemia and a higher risk of trauma. There is the
added risk of obstructing cardiac return if the intra-abdomi-
nal pressure becomes too high.

Direct intravascular fetal transfusion

In 1981, Rodeck et al. introduced direct fetal blood sampling
and intravascular transfusion (IVT) through a needle intro-
duced down a fetoscope.60 The presence of blood (common
after a first IVT), meconium, or turbidity (common in later ges-
tation) in amniotic fluid creates major problems with visuali-
zation of fetal vessels through the fetoscope. Fetal blood
sampling and direct IVT are now carried out in most, if not
all, tertiary level centers under ultrasound. Transfusion therapy
is initiated when the fetal hematocrit is < 30%, a value less
than the 2.5 percentile at all gestational ages above 20 weeks.

The blood should be from a fresh donor, group O, and 
negative for the antigen (or antigens) to which the mother is
sensitized (D negative if the mother is Rh negative with anti-
D). It should also be negative for hepatitis B surface antigen
(HBsAg), anti-human immunodeficiency virus (HIV), anti-
hepatitis C virus (HCV), and anti-cytomegalovirus (CMV).
Alloimmunized Rh-negative women are functional hyperre-
sponders. They frequently develop other blood group anti-
bodies, such as M, S, s, Jka, Fya, and so on. A second antibody
may become manifest after one or two intrauterine transfu-
sions (IUTs), jeopardizing the lifespan of the donor red cells
transfused next if not corrected. The blood unit is centrifuged,
and the supernatant plasma with its buffy coat is discarded.
Gamma irradiation of the donor red cells is recommended.
Sterile isotonic saline is added to the packed red cells imme-
diately before the IUT raising the hematocrit to between 70%
and 75%. Transfused blood with a higher hematocrit mixes
much more slowly.

875

TCO49  9/15/06  11:01 AM  Page 875



CHAPTER 49

Technique of intravascular transfusion

The mother is made comfortable with pillows placed under
her knees (to take pressure off the lower spine) and a pillow
positioned on the left to displace the uterus to avoid supine
hypotension. Diazepam 5–10mg intravenously is used to
foster relaxation during the procedure. The maternal abdomen
is surgically prepared. Prophylactic antibiotic administration
is neither effective nor cost-efficient. The unit of blood at 
room temperature is attached to a blood filter and then a
three-way valve. A length of extension tubing is attached to
the stopcock end and filled with donor red cells, taking great
care to insure that no air bubbles are in the tubing, stopcock,
or syringe.

Once prepared, the operator selects the easiest approach to
the umbilical vein and, under real-time ultrasound guidance
(the transducer being enclosed in a sterile drape), directs a 10-
cm, 22-gauge spinal puncture needle into the umbilical vein.
The selected skin site is infiltrated with 1% lidocaine. If the
artery is inadvertently punctured, the needle should be
removed and redirected to the vein unless there is no other
option. When the needle appears within the vessel, the stylet
is withdrawn and, upon free return of blood, the fetus is par-
alyzed with pancuronium, 0.3mg/kg estimated fetal weight
(EFW) intravenously, to insure fetal quiet, as any fetal move-
ment may cause catastrophic events such as vessel laceration
or cord hematoma. Pancuronium is also advantageous for
transfusion specifically because its sympathomimetic effect
helps to maintain cardiac output as the fetus is volume loaded.
After fetal paralysis, the umbilical venous pressure is meas-
ured. It provides definitive identification of the vessel punc-
tured and allows for the monitoring of the fetal response to
volume loading. The author also administers furosemide
(3mg/kg EFW); however, research has failed to show a clear
benefit.61 The donor blood is injected in 20-mL aliquots over
2–3min. The transfusion is monitored continuously by ultra-
sound (streaming turbulence is seen as the donor red cells pass
down the vein). Meanwhile, the assistant must be ready to halt
the infusion if there is any abrupt change in the resistance to
flow. Because only 2–3mm of needle is in the fetal vessel, there
is a significant risk of dislodgement, either into the amniotic
cavity (easily recognized and not hazardous) or into the cord
substance producing a cord hematoma with risk of umbilical
venous compression and vasospasm-induced bradycardia.
Excluding the first transfusion of a hydropic fetus, the target
for the post-transfusion fetal hematocrit is 48–55%. Conse-
quently, the volume infused depends on the gestational age
and the initial hematocrit.

A variety of options exist to monitor the fetus during the
transfusion. First, many physicians will image the fetal heart
to rule out bradycardias, but this is of limited value. A second
option is to periodically measure the umbilical venous pres-
sure. If the fetus does not tolerate the transfusion, the umbil-
ical venous pressure will increase (fetal bradycardias also
increase the umbilical venous pressure); an increase of

> 10mmHg is associated with increased perinatal mortality,
and the transfusion should be stopped and, if needed, blood
volume should be removed to reduce the fetal preload.
Another option is Doppler ultrasound to evaluate fetal well-
being during the transfusion.

The fetal hematocrit declines slowly over time after trans-
fusion therapy is begun. It is more rapid and variable between
the first and the second transfusion compared with subsequent
transfusions. Except for the hydropic fetus, the second trans-
fusion is generally performed 2 weeks after the first transfu-
sion. The decline in fetal hematocrit thereafter is more
predictable and generally, by 34–35 weeks, delivery may be
delayed 4–5 weeks without another transfusion.62

Transfusion therapy suppresses fetal erythropoiesis, and the
average reticulocyte count is usually < 1% by the third trans-
fusion. The complications of hyperbilirubinemia are less if at
least two transfusions are performed 3 weeks apart. The last
transfusion is done between 34 and 35 weeks’ gestation, and
delivery is planned at 38–39 weeks. Transfusion therapy is not
an indication for Cesarean delivery.

Intrauterine transfusion in the presence of 
hydrops fetalis

Most hydropic fetuses have myocardial dysfunction. As a
result, they frequently fail to tolerate the typical volume 
load.28 Thus, their target hematocrit after the first transfusion
should be no more than 25%. A day later, the hematocrit can
safely be brought up to the target 48–55% with a second
transfusion.

Umbilical vein pH (UVpH) maintenance is especially impor-
tant in the hydropic fetus. During a transfusion, the UVpH
normally declines because the pH of the transfused blood is
6.98–7.01. The RBC is the principal buffer in the human 
fetus. In the authors’ experience, all losses of hydropic fetuses
after the era of umbilical venous pressure measurement began
were associated with profound acidemia and occurred hours
after the transfusion. Consequently, the author now infuses
bicarbonate in 1-mEq increments to maintain UVpH above
7.30. The overall survival rate for hydrops (since beginning
IVT) now exceeds 94%.

The blood volume transfused is dependent on gestational
age and the starting hematocrit. Several formulae exist to 
calculate the volume needed; however, none is reliable enough
to terminate the procedure without first checking the hemat-
ocrit. Donor blood with a hematocrit < 75% equilibrates
rapidly (likely because of the rapid fluid exchange across 
the placenta) whereas donor blood with a hematocrit > 80%
does not equilibrate as rapidly (likely because of increased 
viscosity).

Survival after fetal transfusion

Survival after IUT varies with center experience and with the
presence or absence of hydrops. Overall survival in one review
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was 84%. However, fewer hydropic fetuses survived after IUT
(70%) compared with fetuses who were not hydropic (92%).
One treatment center looking at 213 fetuses receiving 599
IUTs had similar results. Survival with any degree of hydrops
was 78% compared with 93% for nonhydropic fetuses. These
investigators further classified hydrops into mild (mild ascites)
and severe (significant ascites with scalp edema, pericardial
effusion, or pleural effusion). Mild hydrops reversed in 88%
of cases, whereas severe hydrops only reversed in 39%, a
finding clearly linked to overall perinatal survival: 98% of
fetuses survived after reversal of hydrops. With persistent
hydrops, only 39% of fetuses survived; if the hydrops was
severe and persisted, only a quarter survived.

Delivery of the fetus after intrauterine transfusion

Generally, the last transfusion is administered around
34–35 weeks’ gestation. If the fetal hematocrit at the end of
the last transfusion was approximately 50%, then it will still
be above 35% at delivery 4 weeks later. Consequently, there
is no justification for preterm induction of labor if a transfu-
sion can be performed.

Infants who have received in utero transfusion therapy do
well after birth. Generally, the neonatal capillary hematocrit
increases about 15% within the first few hours of life (likely
secondary to fluid shifts) and then decreases slowly to a level
at or below the umbilical cord hematocrit level at delivery over
the next few days to weeks. As these infants are now deliv-
ered at term, they have a higher tolerance to bilirubin levels
and can usually be managed with phototherapy alone. The
infant may develop anemia by 5 weeks after delivery; this is
expected as the transfused blood is nearing the end of its lifes-
pan. This neonatal anemia is also likely indicated by a low
reticulocyte count. These neonates should have their hemat-
ocrit and reticulocyte count monitored weekly. The therapeu-
tic goal is to maintain them with a modest anemia; small
transfusions will keep the infant asymptomatic but leave the
erythropoietic stimulus unblunted. Once reticulocytosis is
observed, the neonate will no longer need further transfusion
therapy.

Suppression of Rh immunization

Plasma exchange

Large amounts of maternal antibody-containing plasma
(3L/day, 5 days/week) are removed and replaced with saline,
5% albumin, and intravenous gammaglobulin to reduce the
circulating maternal blood group antibody levels by 75–80%.
Such reductions are transient and at best delay the need for
IUT by 2–3 weeks. The procedure is costly in both profes-
sional time and resources. With the advent of fetal blood sam-
pling and IVT as early as 18–20 weeks’ gestation, intensive
plasmapheresis is only rarely indicated.

Intravenous immune serum globulin

Intravenous immunoglobulin (IVIG) has been reported to
reduce the severity of hemolytic disease.63 The dose used 
is 1g/kg maternal body weight administered weekly. IVIG 
may exert a beneficial effect by negative feedback, reducing
maternal antibody levels by 50%, or by saturating the tro-
phoblastic Fc receptor sites to impede placental transfer of
antibody to the fetus, or by saturating fetal splenic Fc recep-
tor sites, preventing the destruction of antibody-coated fetal
RBCs.

Prevention of Rh immunization

The development of Rh immunization prophylaxis was a major
advance in the management of the Rh-negative pregnant
woman. In 1900, Von Dungern showed that administration to
rabbits of antibody from ox red cells along with ox red cells
prevented the development of rabbit anti-ox red cell antibod-
ies.64 He proved that the presence of antibodies to an antigen,
in sufficient amount, suppresses active immunization to the
antigen. This information was used 60 years later in New
York,65 Liverpool,66 and Winnipeg.16 In the initial experiments,
Rh-negative male volunteers were given Rh-positive red cells
and Rh antibody in the form of Rh immune globulin (RhIG,
anti-D IgG); the anti-D IgG prevented Rh immunization.

Clinical trials were performed in which Rh-negative unim-
munized women were given RhIG after the delivery of a Rh-
positive infant. All such trials were successful. As a result of
these trials, RhIG was licensed in 1968 for use in North
America. The standard dose in the United States is 300µg
given intramuscularly (i.m.). Smaller doses of 100–125µg i.m.
are used in Canada, Europe, and Australia. All these doses
appear to be effective.

RhIG prevents Rh immunization with two provisos: it must
be given in an adequate amount, and it must be given before
Rh immunization has begun. RhIG administration does not
suppress Rh immunization once it has begun, no matter how
weak the immunization.67

RhIG mechanism of action

The precise mechanism of action of RhIG is unknown. There
are three theories: antigen deviation, antigen blocking–com-
petitive inhibition, and central inhibition. The first theory,
antigen deviation, was proposed by Race and Sanger. Rh-
positive cells bound by RhIG succumb to intravascular hemol-
ysis that destroys or alters the Rh antigen so as to prevent anti-
D antibody production. It is now known, however, that IgG
anti-D does not cause intravascular hemolysis of Rh-positive
cells. Instead, the antibody-coated fetal cells are removed from
the circulation in the spleen and lymph nodes (the site of anti-
body production). Consequently, antigen deviation is likely
not the mechanism of action of RhIG.
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The second theory, antigen blocking–competitive inhi-bition,
is also likely not the mechanism of RhIG action. Antibody
preparations that lack the Fc portion also avidly bind the
antigen, but do not suppress the immune response. Conse-
quently, this also is not the mechanism of action.

The most likely mechanism of action for RhIG is that of
central inhibition, proposed by Gorman and elaborated by
Pollack. Fetal erythrocytes are coated with anti-D IgG and are
filtered out by the spleen and lymph nodes. The increase in
local concentrations of anti-D IgG bound to the D antigen
appears to suppress the primary immune response by inter-
rupting the commitment of B cells to IgG-producing plasma
cell clones. The binding of anti-D–D antigen complexes
releases cytokines that inhibit the proliferation of B cells spe-
cific for the antigen. This process is dependent on the presence
of the IgG Fc receptor.

Because the half-life of RhIG is approximately 16 days,
15–20% of patients receiving it at 28 weeks have a very low
anti-D titer at term delivery. It is recommended in the United
States that 300µg of RhIG be administered within 72h of deliv-
ery of a Rh-positive infant. This dose will protect against sensi-
tization from a fetal–maternal hemorrhage (FMH) of 30mL of
fetal whole blood. Approximately 1 in 1000 deliveries will
exceed this volume, and risk factors identify only 50%. There-
fore, routine screening at delivery for excessive FMH is indi-
cated. The rosette test, a qualitative yet sensitive test for FMH,
is performed first. A negative test result implies that the patient
should receive only the standard dose of RhIG. A Kleihauer–
Betke stain is performed if the rosette test is positive. The per-
centage of fetal blood cells is multiplied by 50 to estimate the
FMH volume, and additional vials of RhIG are administered to
prevent maternal sensitization. No more than five units of RhIG
should be administered intramuscularly in a 24-h period.
Should a large dose of RhIG be required, the entire calculated
dose may be given using an intravenous preparation.

Standard Rh prophylaxis recommendations

One prophylactic dose unit of RhIG is administered to a Rh-
negative nonimmune woman as soon as her infant is deter-
mined to be Rh positive, and no later than 72h postpartum. If
the Rh status of the baby remains unknown at 72h, the woman
should be given RhIG regardless. It is better to treat unneces-
sarily than to fail to treat an at-risk woman. ABO status is not
part of the decision paradigm as ABO incompatibility is only
partially protective. If there is a failure to administer RhIG
within 72h, Rh prophylaxis may still be beneficial up to
28 days postpartum, although the experimental evidence sug-
gests that RhIG will provide some protection only up to
13 days after exposure to Rh-positive red cells.68

Rh prophylaxis problems

Postpartum Rh prophylaxis programs have greatly reduced,
but not entirely eliminated, Rh immunization. Residual prob-
lems still exist69,70 and include the following:

1 Failure of compliance after delivery.
2 Failure to give prophylaxis after abortion.
3 Failure to give prophylaxis after amniocentesis.
4 Failure to protect after massive fetal TPH.
5 Failure to protect against Rh immunization during 
pregnancy.
6 The question of augmentation of the risk of Rh 
immunization.
7 The question of Rh immunization during infancy.
8 The question of the Du mother.
9 The question of suppression of weak Rh immunization.
10 Reactions to i.m. RhIG–ion exchange and RhIG–mono-
clonal RhIG.

Failure of protection after massive fetal
transplacental hemorrhage

The protection provided by RhIG is dose dependent. Experi-
mentally, 300 µg of RhIG given i.m. prevents Rh immuniza-
tion after an exposure of up to 30mL of Rh-positive blood
(12–15mL of red cells).17 The protection is only partial if the
volume of blood is greater. Rh immunization occurred in 30%
of Rh-negative male volunteers given up to 450mL of blood
with 300µg of RhIG i.m.71 Because only about 1 woman in
400 is exposed to more than 30mL, Rh immunization failure
due to undiagnosed massive fetal TPH occurs rarely (1 in 1400
Rh-negative women carrying Rh-positive babies). Neverthe-
less, screening the Rh-negative woman for massive fetal TPH
after delivery is recommended.

If massive TPH is diagnosed after delivery of a Rh-positive
baby, 600µg (two vials) should be administered if the TPH is
greater than 25mL but less than 50mL, 900µg (three vials) if
the TPH is greater than 50mL but less than 75mL, and so on.
Up to 1200µg (four vials) i.m. can be given every 12h until
the total dose has been administered.

Not only is there a risk of Rh immunization, but there 
is also a risk of fetal exsanguination if a massive TPH occurs
antenatally and exceeds 100mL (nearly always in the third
trimester).72 There is a risk of fetal red cell hemolysis from the
large amounts of RhIG that must be given before delivery. If the
TPH does not exceed 50mL of blood, the dose required
(600µg) does not cause significant fetal red cell hemolysis.

It is prudent to consider delivery after the TPH exceeds
50mL if the fetus is 33 weeks or greater and there is evidence
of pulmonary maturity. If the baby is Rh positive, the mother
should be given an appropriate amount of RhIG. The baby
should be examined immediately and, if pale and shocky or
with significant anemia, transfused immediately.

If a fetal TPH greater than 50mL is diagnosed early in preg-
nancy before evidence of fetal lung maturity, cordocentesis
should be performed, and a transfusion carried out if a sig-
nificant anemia is discovered. RhIG (600µg) should be given
to the mother if the fetus is Rh positive. Thereafter, the fetus
should be followed by serial ultrasound examinations. If ges-
tation and lung maturity are such that delivery is not prudent
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within 14 days of the transfusion, a second fetal blood sam-
pling procedure should be performed to insure stability of the
fetal hematocrit.

Rh immunization during pregnancy

Rh immunization during pregnancy accounts for approxi-
mately 13% of all Rh immunization if no prophylaxis is given.
In Manitoba, 1.8%57 of 3533 mothers carrying Rh-positive
fetuses who had no evidence of Rh immunization at the begin-
ning of their pregnancies were Rh immunized during preg-
nancy or within 3 days after delivery.20 Similar prevalence
figures were reported from Hamilton, Ontario,73 and
Sweden.74 Rh immunization during pregnancy has also been
reported in the United States.75

A clinical trial of antenatal Rh prophylaxis with 300µg of
RhIG given i.m. at 28 and again at 34 weeks’ gestation
reduced the incidence of Rh immunization from 1.8% to
0.1%.20 As a result, antenatal Rh prophylaxis is accepted prac-
tice in many locales, although most give a single injection of
300 µg of RhIG at or as close to 28 weeks’ gestation as pos-
sible. The single dose at 28 weeks’ gestation has been highly
successful.76 Universal antenatal prophylaxis combined with
universal postpartum, postabortion, and postamniocentesis
prophylaxis will reduce the prevalence of Rh immunization by
97% from the preprophylaxis incidence of approximately 13
to 0.27%.77

The administration of RhIG during pregnancy does not
harm the fetus. When 300µg is given at 28 and 34 weeks’ ges-
tation, one-third of neonates have red cells that are weakly
direct antiglobulin positive, but none shows any evidence of
anemia or hyperbilirubinemia. Only very rare babies have
direct antiglobulin-positive red cells after their mothers have
received 300µg just once, at 28 weeks’ gestation.

Reactions to intramuscular RhIG – newer forms 
of RhIG

Ion-exchange RhIG
RhIG is most often prepared by the Cohn cold ethanol pre-
cipitation process. Although it is effective and carries a low
risk of adverse reactions, it does contain small amounts of IgA,
IgM, and other plasma proteins. Because it is anticomple-
mentary, it can be given i.m. only. The efficacy of yield of anti-
D IgG from the starting plasma is quite low (35–45%). Severe
anaphylaxis has been reported.78

Hoppe et al. prepared RhIG by ion-exchange chromatogra-
phy.79 This method produces a very pure product with low
total protein, no demonstrable IgM, and an IgA content only
0.3% of that in the Cohn prepared RhIG. It also has very low
anticomplementarity and can be given safely intravenously
(i.v.). It is twice as effective when given i.v.; thus only half the
dose is needed after delivery (120 µg). However, the antena-
tal prophylaxis dose must be the same (300 µg) because its
half-life is the same.

Clinical trials and service programs in which hundreds of
thousands of doses of ion-exchange RhIG have been given
(either i.v. or i.m.) demonstrate it is at least as successful in
preventing Rh immunization as the Cohn prepared RhIG.

The advantages of ion-exchange prepared RhIG are greater
purity, less likelihood of an adverse reaction, greater efficiency
of yield (and, therefore, lower cost), lower dose, and less dis-
comfort when given i.v.

Monoclonal RhIG
At present, RhIG is manufactured from the plasma of hyper-
immunized Rh-negative donors, either from the plasma of
sterile women initially immunized by pregnancy or from the
plasma of Rh-negative deliberately immunized male donors.
The former population, the best source of Rh immune plasma,
is decreasing in number because of Rh prophylaxis. Deliber-
ate Rh immunization of male volunteers has been questioned
on moral and ethical grounds as the majority of those exposed
to Rh-positive red cells do not produce acceptable Rh anti-
body levels. Within the next few years, RhIG will be produced
in tissue culture. Monoclonal anti-D has been produced by
Epstein–Barr virus transformation of lymphoblastoid cell 
lines taken from Rh-immunized donors80,81 and by the fusion
of similarly transformed cell lines with mouse–human het-
eromyelomas (hybridomas).82,83 Once sufficient stable mono-
clonal anti-D is produced, tissue-culture RhIG will replace
plasma-prepared RhIG.

Current recommendations for 
Rh prophylaxis

1 Every Rh-negative unimmunized woman who delivers a Rh-
positive baby must be given one prophylactic dose of RhIG as
soon as possible after delivery.
2 Every Rh-negative unimmunized woman who aborts or
threatens to abort must be given RhIG, unless her husband (or
father of the baby) is known to be Rh negative.
3 Every Rh-negative unimmunized woman who undergoes
amniocentesis or CVS, unless her husband (or father of the
baby) is known to be Rh negative, must be given 300 µg of
RhIG at the time of the procedure, with subsequent doses at
12-week intervals until delivery.
4 Every Rh-negative unimmunized woman whose husband (or
father of the baby) is either Rh positive or Rh unknown should
be given 300 µg of RhIG at 28 weeks’ gestation. A second dose
should be given 12.5 weeks later if delivery has not taken place,
but then need not be repeated postpartum if delivery occurs
within 3 weeks.
5 If massive TPH is diagnosed, 300µg of RhIG should be
given i.m. for every 25mL of fetal blood or fraction thereof
in the maternal circulation. The dose may be reduced by one-
third if RhIG is given i.v..
6 One prophylactic dose of RhIG should be given antepar-tum
to the mother who has an Rh antibody detectable only by AA
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methods and again after delivery, if she delivers a Rh-positive
baby. If the antibody is detectable by a manual enzyme method,
administration of RhIG will not prevent progressive immu-
nization. However, it should be given if there is any question
about the specificity of the enzyme reactions.

NonRh D blood group immunization

ABO hemolytic disease

Although ABO-incompatible hemolytic transfusion reactions
are intravascular and much more serious than extravascular
Rh-incompatible hemolytic transfusion reactions, ABO
hemolytic disease is much milder than Rh hemolytic disease.
Kernicterus due to ABO hemolytic disease is reported, but
hydrops caused by ABO hemolytic disease is extremely rare.84

In another case, neonatal death due to hydrops fetalis occurred
in an ABO-incompatible newborn who had direct antiglobu-
lin-positive red cells but whose umbilical cord blood hemat-
ocrit was 43%, rendering it most unlikely that this was
alloimmune hydrops fetalis.85

ABO hemolytic disease is mild because A and B antigens 
are not well developed on the fetal red cell membrane, because
most anti-A and anti-B is IgM and does not cross the placenta,
and because most of the small amounts of IgG anti-A and anti-
B that do cross become attached to numerous other tissue and
fluid A or B antigens. Thus, only a small amount of A or B anti-
body traversing the placenta binds to red cell antigenic sites.
This explains why the umbilical cord blood direct antiglobulin
test is only weakly positive and may even be negative unless a
sensitive test is used. Even with the most sensitive test, red cells
taken from a 1- or 2-day old baby with ABO hemolytic disease
may be direct antiglobulin negative.

ABO hemolytic disease is by far the most common
hemolytic disease. From 1954 to 1965, of 45000 deliveries at
the Winnipeg General Hospital, 9000 ABO-incompatible
babies were born. Of the 9000, 2500 had weakly direct
antiglobulin-positive cord blood red cells and therefore had
serologic ABO erythroblastosis. Of those 2500, only 41 (less
than 2%) required exchange transfusion.86 The management
of ABO erythroblastosis is entirely a pediatric concern.
Amniocentesis and other fetal investigative measures are not
required in the ABO-incompatible pregnancy.

Hemolytic disease caused by atypical blood 
group antibodies

Anti-D in the Rh blood group system remains the most
common antibody causing severe hemolytic disease. Rh immu-
nization preventive measures have produced a marked reduc-
tion in Rh immunization, however.

In Manitoba (population 1 million), the mean annual occur-
rence of D alloimmunization in pregnant women dropped
from 194 in the 5-year period ending October 31, 1967 to 22
in the 5-year period ending October 31, 1995. In the same

two periods, the mean annual occurrence of detected nonD
alloimmunization in pregnant women, excluding ABO alloim-
munization, increased from 14 to 116. This increase is partly
because of the increased screening of pregnant D-positive
women. It may also be because of a real increase in the occur-
rence of nonD alloimmunization because of the increased fre-
quency of blood transfusion (transfused blood being only
ABO and D compatible).

NonD alloantibodies, therefore, have assumed greater sig-
nificance in the etiology of hemolytic disease. The alloanti-
bodies causing hemolytic disease of the newborn outlined by
Mollison et al. are numerous.87 However, the only antibodies
implicated in moderate to severe disease are all those in the
Rh blood group system plus anti-K, -Jka, -Jsa, -Jsb, -Ku, -Fya,
-M, -N, -s, -U, -PP1pk, -Dib, -Lan, -LW, -Far, -Good, -Wra, and-
Zd. Although this list seems overwhelming, it must be con-
sidered in conjunction with the frequency with which such
antibodies occur and the frequency with which they cause sig-
nificant hemolytic disease of the newborn (Table 49.1).

Of the nonD alloantibodies observed in one hospital during
the 34-year period ending September 30, 1996, anti-E and anti-
K were the most common, although only 20 of the 171 affected
infants due to anti-E and 8 of the 17 affected infants due to anti-
K required exchange transfusion or phototherapy. Two, due to
anti-Kell, were very severely affected. Anti-C, when present, is
more likely to cause hemolytic disease (54% versus 24% and
3.3% for anti-E and anti-K respectively) and, in those affected,
is more likely to cause disease requiring treatment than anti-E
(29% versus 12%), but not so for anti-Kell, where 47% who
were affected required treatment.88 Anti-C, anti-Kell, and anti-
Fya were the only nonD alloantibodies in the 34-year period
that caused disease so severe that it resulted in either severe
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Table 49.1 Association of hemolytic disease with maternal blood
group antibodies.

Common c(cE) – incidence high, disease common, may be severe
Kell – incidence high, disease uncommon but, if

present, may be severe
E – incidence high, disease uncommon, usually mild,

rarely severe
C(Ce, Cw) – incidence moderate, disease common,

usually mild
Uncommon K – rarely present but, when present, may be very

severe
Kpa(Kpb) – rare, disease may require treatment, very

rarely severe
Jka – uncommon, may require treatment, rarely severe
Fya – uncommon, usually mild, may require treatment,

rarely severe
S – uncommon, usually mild, may require treatment,

rarely severe
Rare s, U, M, Fyb, N, Doa, Dia, Dib, Lua, Yta, Jkb – rarely

cause hemolytic disease
Never Lea, Leb, P – never cause hemolytic disease
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However, if in the latter group, the antibody appears very
potent and of high titer, ultrasound evaluation and possibly
amniocentesis or fetal blood sampling is warranted.

Anti-Kell alloimmunization is a special case. There are
several reports of severe Kell alloimmune disease with low,
misleading ∆OD 450 values.89,90 Anti-Kell has been postulated
to cause destruction of poorly hemoglobinized marrow ery-
throid precursors,91 which may explain the reports of more
severe Kell hemolytic disease of the newborn than was pre-
dicted from the ∆OD 450 readings.83,84 The management of
Kell isoimmunization is the same as for Rh disease, and based
on serial MCA peak velocity measurements and cordocentesis
when abnormal.
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Key points

1 For Rh alloimmunization to occur:

(a) The woman must be Rh negative and the fetus Rh
positive.

(b) Fetal erythrocytes must enter the maternal
circulation in sufficient quantity.

(c) The mother must be immune competent.

2 The primary maternal Rh immune response is slow
(typically over 6–12 weeks) – it is usually weak and
predominantly IgM (which does not cross the
placenta). The second TPH in an immunized woman
produces a rapid (within days) secondary immune
response – IgG anti-D, which can readily cross 
the placenta, coat fetal erythrocytes, and trigger
hemolysis.

3 ABO incompatibility between a Rh-positive fetus and a
Rh-negative mother reduces the risk of immunization
to 1.5–2%. This protection is in part because of rapid
intravascular hemolysis of the fetal ABO-incompatible
cells and their sequestration in the liver. Remember
ABO incompatibility confers no protection once Rh
immunization has developed.

4 Fetal blood is produced as early as the third week in
the yolk sac, but moves to the liver and, finally, to the
bone marrow by 16 weeks’ gestation. The Rh antigen
is detectable on the red cell membrane by the sixth
week.

5 Pathogenesis – maternal IgG anti-D crosses the
placenta (TPH) and coats the D-positive fetal red cells.
These fetal red cells are destroyed extravascularly,
resulting in anemia, which stimulates the synthesis of
fetal erythropoietin. Reticulocytosis occurs when fetal
hemoglobin deficit exceeds 2 g/dL (compared with
gestational age-appropriate norms). Nucleated red cell
precursors from normoblasts to primitive erythroblasts
are released into the circulation (erythroblastosis
fetalis).

6 During hemolysis, the globin chain is split from
hemoglobin. The remaining heme pigment is converted
by heme oxygenase to biliverdin, and then by biliverdin

reductase to neurotoxic indirect bilirubin. The fetal and
newborn liver is deficient in glucuronyl transferase and
Y transport protein; therefore, the increased indirect
bilirubin is deposited in the extravascular fluid. Indirect
bilirubin is water insoluble and, when the albumin-
binding capacity is exceeded, the excess indirect
bilirubin diffuses into fatty tissues (i.e., the neuron),
where it interferes with cellular metabolism causing the
mitochondria to swell, balloon, and then the neuron
dies.

7 Bilirubin reaches the amniotic fluid primarily by excretion
into fetal pulmonary and tracheal secretions and diffusion
across the fetal membranes and umbilical cord.
Spectrophotometric determinations of amniotic fluid
bilirubin correlate with the severity of fetal hemolysis.
The deviation from linearity at 450nm (the ∆OD 450
reading) correlates directly with disease severity. (An
increase at 405nm, if present, is due to heme.)

8 The Liley curve emphasizes the need for repeating the
amniotic fluid analyses to establish the ∆OD 450 trend.
Readings in zone 1 indicate mild or no disease, but did
not exclude the possibility that treatment would be
required after birth. Readings in zone 2 are felt to
indicate intermediate disease, increasing in severity as
the zone 3 boundary is approached.

9 Cordocentesis is the most accurate means of
determining degree of severity of hemolytic disease, in
the absence of hydrops fetalis – it allows the
measurement of all blood parameters that can be
measured after birth (hemoglobin, hematocrit, serum
bilirubin, direct and indirect platelet count, leukocyte
count, serum proteins, and blood gases). Cordocentesis
has an associated mortality rate of 1% and
approximately 5% morbidity (prolonged bradycardia,
umbilical cord hematoma, amnionitis with maternal
adult respiratory distress syndrome, and placental
abruption). Consequently, cordocentesis is
recommended when a screening tool such as the
measurement of the MCA peak velocity is abnormal.

anemia requiring IUT or neonates born with hemoglobin levels
less than 60g/dL.

Pregnant women with atypical antibodies [i.e., c(cE), Kell,
E, C(Ce, Cw), k, Kpa(Kpb), Jka, Fya, S] should be managed in
exactly the same manner as if they were Rh negative and Rh
D immunized. Although some of these antibodies are common
and only occasionally (or rarely) cause dangerous hemolytic
disease (i.e., anti-E), and although others are very rare but, if
present, may cause severe disease (i.e., anti-K), the potential
remains for severe disease. Antibodies that never cause
hemolytic disease (i.e., Lea, Leb, P) may be disregarded, as for
the most part may those that rarely, if ever, cause hemolytic
disease (i.e., s, U, M, Fyb, N, Doa, Dia, Dib, Lua, Yta, Jkb).
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10 Ultrasound is invaluable in the management of
alloimmunization. First, it establishes accurate dating
criteria for gestational age. Second, many ultrasound
parameters exist that help to predict fetal anemia.
Lastly, hydrops fetalis can be detected with ultrasound.

11 Doppler ultrasound – the peak systolic velocity in the
fetal MCA has proved very accurate, and normative
data have been established for gestational age. Using a
threshold value of 1.5 MoM to predict moderate to
severe anemia, more than 70% of invasive tests were
avoided. The fetal MCA closest to the maternal skin
should be evaluated using a minimal angle of
insonation. The Doppler gate should be placed over the
vessel just as it bifurcates from the carotid artery.

12 Management of the newly sensitized woman begins
with identification. If titers are below the threshold
(below which severe fetal hemolytic disease does not
occur), they should be repeated monthly. Once the
critical titer is exceeded, the fetus is followed with
serial measurements of the peak MCA velocity. The
timing of invasive fetal testing (cordocentesis) is
determined by ultrasound evidence of fetal anemia
(when the peak MCA velocity becomes elevated).

13 Management of the woman with a previously
sensitized fetus again begins with identification. If the
fetus is deemed to be at risk, initiate serial MCA
Doppler measurements by 18 weeks to monitor these
pregnancies. Testing should be repeated every
1–2 weeks as long as they are normal. If a rising value
for peak MCA Doppler velocity of more than
1.5 MoM is found, a cordocentesis should be
performed and the fetus transfused if the hematocrit is
< 30%.

14 Transfusion therapy is initiated when the fetal
hematocrit is < 30%, a value less than the 2.5th per
centile at all gestational ages above 20 weeks.

15 The blood used for fetal transfusion should be from a
fresh donor, group O, and negative for the antigen (or
antigens) to which the mother is sensitized. It should
also be negative for HBsAg, anti-HIV, anti-HCV, and
anti-CMV.

16 Intraperitoneal fetal transfusion is the original, but
now least preferred, method of fetal transfusion. It has
several disadvantages: there is slow correction of the
fetal anemia and a higher risk of trauma. There is the
added risk of obstructing cardiac return if the intra-
abdominal pressure becomes too high.

17 Transfusion therapy suppresses fetal erythropoiesis, 
and the average reticulocyte count is usually < 1% 
by the third transfusion. The complications of
hyperbilirubinemia are less if at least two 
transfusions are performed 3 weeks apart. The last
transfusion can be done between 34 and 35 weeks’
gestation and delivery planned at 38–39 weeks.
(Transfusion therapy is not an indication for Cesarean
delivery.)

18 Neonates affected by alloimmunization should have
their hematocrit and reticulocyte count monitored
weekly. The therapeutic goal is to maintain them with
a modest anemia; small transfusions will keep the
infant asymptomatic but leave the erythropoietic
stimulus unblunted. Once reticulocytosis is observed,
the neonate will no longer need further transfusion
therapy.

19 RhIG prevents Rh immunization with two provisos: it
must be given in adequate amounts, and it must be
given before Rh immunization has begun. RhIG
administration does not suppress Rh immunization
once it has begun, no matter how weak the
immunization.

20 In the United States, it is recommended that 300µg of
RhIG be administered within 72h of delivery of a Rh-
positive infant. This dose will protect against
sensitization from TPH of 30mL of fetal whole blood.
Approximately 1 in 1000 deliveries will exceed this
volume. Therefore, routine screening at delivery for
excessive TPH is indicated. The rosette test is
performed first; if negative, the patient need only
receive the standard dose of RhIG and, if positive, a
Kleihauer–Betke stain is performed to determine the
number of additional vials of RhIG that are needed to
prevent maternal sensitization.
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Maternal infections during pregnancy

The altered immune state of pregnancy increases the risk of
infection for the adult host. This is a paradox. The blunting
of the immunologic response in a pregnancy is beneficial
because it permits the maintenance of a foreign protein graft,
the placenta and the fetus. At the same time, it can be detri-
mental to the pregnant women when she is exposed to such
foreign antigens as viruses and bacteria. Both the frequency
and the severity of infection can be increased.

There are conflicting laboratory data about a reduced
immunologic response during pregnancy. For the purposes 
of this discussion, evaluation of immunity is divided into two
categories: humoral and cellular. Most of the studies of
humoral immune response in pregnancy show reactions
similar to those found in nonpregnant women.1 In contrast,
the cellular immune response has generally been diminished.
Although the mechanism remains in question, pregnancy has
generally been associated with a depressed cell-mediated
immunity.

The most important test of the hypothesis of diminished cell-
mediated immunity in pregnancy is clinical observation. If
infection in pregnant women is more frequent or severe, this
should settle the issue. There have been many studies with a
multitude of varied pathogens that document a diminished
host response in pregnant women. For example, Finland and
Dublin’s2 detailed study, published in 1939, of a large number
of Boston women who had a pneumococcal pneumonia doc-
umented a death rate that was higher in pregnant than in non-
pregnant women, particularly when the disease was contracted
in the third trimester. The increased severity of infection in
pregnant women is not limited to bacterial infections. Viruses
are also a problem. In the influenza pandemic of 1957, death
was much more common among pregnant women.3 Protozoal
disease and systemic fungal disease can also be serious. For
example, pregnant women have an increase in both the inci-
dence and the complications of malaria and, in endemic

regions, coccidioidomycosis is a leading cause of maternal
death.4 All these different disease entities, caused by bacteria,
viruses, protozoa, and fungi, share two similar traits: they are
normally held in check by cell-mediated immune mechanisms,
and all are more serious in pregnancy.

The control of maternal infection during pregnancy requires
two strategies. The traditional approach is the treatment of an
established infection, and this takes up the bulk of the pres-
entation in this chapter. Of equal or greater importance is pre-
vention. Up to now, this has been a neglected subject for
obstetricians. Comprehensive prevention of infection implies
two target patient populations: those women before preg-
nancy (preconception) and those women during pregnancy.

Obstetricians must take a more active role in the immu-
nization of adult women.5 When young women become sex-
ually active, they switch their primary care from the
pediatrician to the obstetrician–gynecologist. In the future, we
will need to become more attuned to preventive medicine
strategies in women.

The preconception period is a window of opportunity for
the prevention of infections in women. This should be a famil-
iar theme for obstetricians because it applies to other prob-
lems. For infectious disease control, the strategies fit into three
major groupings: treatment, immunization, and prevention
strategies.

Treatment is included here as a preventive measure, because
of the clinically silent nature of most Chlamydia trachomatis
infections in women. Screening for C. trachomatis should 
be applied to sexually active women, particularly those
younger than age 25 years who are at most risk of acquiring
this infection. As discussed in the section on sexually 
transmitted diseases (STDs), chlamydial infection is associated
with adverse prognosis complications. In addition, undetected
C. trachomatis infection can have myriad untoward long-
term effects on the future health of women including 
infertility,6 ectopic pregnancy,7 and abortion.8 Diagnosis and
treatment of chlamydial infections are discussed in the section
on STDs.
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Immunization of adult women

Immunization programs are a major part of our infectious
disease prevention strategy. Of critical importance is the recog-
nition that adult immunization programs are an integral part
of this strategy.9,10 It has been estimated that over 60000
adults die annually in the United States from vaccine-prevent-
able diseases with influenza and pneumococcal disease the
most common.11 Gonik et al.10 have recently emphasized the
important role that obstetrician–gynecologists play in adult
immunization.

Tetanus–diphtheria
Tetanus is a rare problem in the United States, with only
50–65 cases per year, but it is a serious disease that can cause
death.9 The Centers for Disease Control (CDC) recommends
that adults, including pregnant women with uncertain history
of a complete primary vaccination series, should receive a
primary series of tetanus and diphtheria (Td).9 This includes
a series of three doses with the first two doses given at least
4 weeks apart and the third dose 6–12 months after the
second. For those women who have received the primary
series, one booster dose should be administered every
10 years.9 The most important fact in the physician’s care deci-
sion is that tetanus can be prevented by immunization. New
nonpregnant patients in the childbearing age group should be
asked about their tetanus immunization status. If they have
not had a booster dose in the last 10 years, they should be
given tetanus toxoid. This should be a lifetime concern of
obstetrician–gynecologists because 60% of tetanus cases and
75% of deaths occur in the elderly, especially women.12

Measles, mumps, and rubella
The next three preventable diseases, measles, mumps, and
rubella, are discussed together because a vaccine that protects
against them is commercially available. Antibody testing
should be done to confirm susceptibility. If the patient has no
antibodies, she should be offered immunization. Because this
is an attenuated live virus, the patient should be counseled to
avoid getting pregnant for 3 months after the immunization.
These women should be advised before the injection that adult
women have a much higher incidence of migratory arthritis
than men.13 Fortunately, this is a transient, not a permanent,
problem. Unfortunately, the symptoms can last up to
9 months.

Hepatitis B
Hepatitis B is an important disease for American women. It
occurs with a greater frequency in the United States than other
vaccine-preventable communicable diseases.18 More impor-
tantly, it causes short-term illness and, for those chronic car-
riers of the virus, there is the possibility of serious long-term
morbidity with cirrhosis or a hepatic carcinoma. The Advi-
sory Committee on Immunization Practices (ACIP) has devel-
oped recommendations for the prevention of hepatitis B virus

(HBV) transmission in the United States.14 Pre-exposure vac-
cination to prevent HBV infection addresses three groups of
patients: (1) routine vaccination of all newborns/infants; (2)
catch-up vaccination of susceptible children and adolescents;
and (3) vaccination of high-risk adults (Table 50.1).9,14 Despite
the frequency of hepatitis B compared with rubella,18 Ameri-
can obstetricians are predisposed to immunize against rubella,
a very rare disease, but not hepatitis B, which is much more
common and a greater threat to the long-term health of
women. This is a problem of education and awareness for
physicians and patients. This is a three-shot immunization
regimen. The first two are given 1 month apart, with the third
administered 6 months later.9 These women should be reas-
sured. This vaccine is a recombinant DNA vaccine derived
from yeast and is safe in pregnancy.

Hepatitis B vaccine is recommended for all newborns/
infants; those born to mothers who are hepatitis surface
antigen-positive should receive the first dose of vaccine within
12 h of birth and a concomitant injection of hepatitis B
immune globulin (HBIG).

Varicella
Varicella is a potentially serious illness for adults, resulting in
pneumonia in some cases, and progressing to death in a few,
especially in pregnant women. In addition, acquisition during
pregnancy can be damaging to the fetus. As some women are
unclear about a prior history of varicella, susceptibility should
be determined by antibody testing. If susceptible, immuniza-
tion should be offered. It is a live attenuated virus vaccine that
is usually well tolerated by adults. For adults, the best
response is achieved by two injections, 4–8 weeks apart.

Varicella vaccine is a live attenuated virus vaccine and thus,
because of a theoretical risk, should not be given to pregnant
women or those planning on becoming pregnant in the next
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Table 50.1 Groups at high risk of hepatitis B infection.

Sexually active heterosexual persons with recent STD, identified as
prostitutes, having more than one sexual partner in the past
6 months, or seen in STD clinic

Homosexual or bisexual men
Household contacts and sexual partners of HbsAg-positive persons
Intravenous drug abusers
Persons at occupational risk through exposure to blood or infected

body fluids (i.e., healthcare workers, public safety workers)
Clients and staff of institutions for the developmentally disabled
Patients on hemodialysis
Patients receiving clotting factor concentrate
Adoptees from countries where HBV infection is endemic
International travelers to areas where HBV is endemic who will

have close contact with the local population
Inmates of long-term correctional facilities

STD, sexually transmitted disease; HBsAg, hepatitis B surface
antigen; HBV, hepatitis B virus.
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1 (ACIP) to 3 (Merck) months.9,15 However, to date, no evi-
dence of the congenital varicella syndrome has been reported
among offspring of mothers inadvertently vaccinated in the
first trimester. Breastfeeding is not a contraindication to vari-
cella vaccine.

Influenza
Influenza vaccines are inactivated viral vaccines and, as a
result, are safe to use during any trimester of pregnancy.16

Pregnant women suffered excess deaths due to influenza
during the pandemics of 1918–1919 and 1957–1958.17 Thus,
the benefits of influenza vaccination in pregnant women
clearly outweigh the potential risks. Women who will be preg-
nant during the influenza season should be inoculated with the
influenza vaccine prior to the influenza season, regardless of
the stage of pregnancy.

Pneumococcal pneumonia
Pneumococcal infections caused by Streptococcus pneumoniae
are a major source of morbidity and mortality.18 S. pneumo-
niae is the leading cause of community-acquired pneumonia
in the United States requiring hospitalization,18 and is associ-
ated with an overall mortality rate of 5–10% and mortality
rates as high as 30% in patients ≥ 65 years of age.19 The ACIP
recommends pneumococcal vaccine for all persons ≥ 65 years
of age and for those individuals between 2 and 65 years of
age who are at increased risk of serious pneumococcal infec-
tion.9 Those at increased risk include: (1) persons with func-
tional or anatomic asplenia; (2) persons with chronic
cardiovascular or pulmonary disease; (3) those with diabetes
mellitus; (4) alcoholics and those with chronic liver disease;
(5) persons with cerebrospinal fluid leaks; and (6) persons
living in special environments (e.g., nursing homes, chronic-
care facilities, homeless shelters) or social settings (Native
Alaskan, Native American).20 While the safety of pneumococ-
cal vaccine use in pregnancy has not been determined, there
is no reason to suspect that the vaccine would have an adverse
effect on the fetus or mother, and thus pneumococcal vaccine
is not contraindicated during any stage of pregnancy.

Hepatitis A
Hepatitis A vaccine is recommended for those ≥ 2 years of age
who are at increased risk of hepatitis A virus (HAV) infection.9

Those at high risk include: (1) international travelers to coun-
tries where hepatitis A is endemic; (2) military personnel; (3)
high-risk ethnic or geographic populations (e.g., Native Amer-
icans, Native Alaskans); (4) men who have sex with men; (5)
intravenous drug abusers; (6) regular recipients of blood or
plasma-derived products; (7) persons engaged in high-risk
employment (primate handlers, employees of institutions for
the developmentally challenged, day-care staff); and (8)
persons chronically infected with hepatitis C.

Hepatitis A vaccine is an inactivated virus, and thus is not
specifically contraindicated during pregnancy and is safe when
breastfeeding. However, it is recommended by the CDC that

hepatitis A vaccine should be given in pregnancy only if clearly
indicated (e.g., exposure to infected contact or travel to
endemic region).9

Preventive care for pregnant women

The antepartum time-frame is critical for the obstetrician who
practices preventive medicine. Many strategies of prevention
are in harmony with preconception care. There are many
patients who will first see their healthcare provider when they
are pregnant. In these instances, the whole process of educa-
tion should be part of their care. Finally, preventive strategies
that work will be beneficial to the mother and the fetus. For
pregnancy, strategy follows three lines: treatment, prevention,
and immunization.

Treatment should be directed at silent infections that could
adversely affect the pregnant woman. There are eight disease
entities that require attention. Two are discussed in this
section; six others are presented elsewhere. Asymptomatic
bacteriuria and patients with positive skin test results for
tuberculosis are discussed under specific organ systems, the
urinary and respiratory tract. Human immunodeficiency virus
(HIV), Neisseria gonorrhoeae, C. trachomatis, syphilis, and
trichomoniasis and bacterial vaginosis are discussed in other
sections.

Although we think of them as symptomatic diseases, both
bacterial vaginosis (BV) and Trichomonas vaginitis can be
asymptomatic in many women. Their discovery is important,
because these vaginal infections have been associated with an
increased rate of premature labor and delivery.22,23 There are
currently no recommended techniques for screening asympto-
matic women for the presence of these diseases. At the time
of the initial pelvic examination, a vaginal pH and a whiff test
with potassium hydroxide should be done. If both these test
results are positive, a microscopic examination of a saline
preparation should be done for the presence of clue cells. The
positive whiff test and the presence of more than 20% clue
cells in the vaginal preparation is the most sensitive screening
test for BV.24 Although the Vaginal Infection in Pregnancy
study emphasizes the use of the Gram stain of a vaginal smear
and one more recent study supports its sensitivity,25 it is prob-
ably unlikely that this will be a popular screening test for 
clinicians.

While epidemiologic studies have demonstrated an associa-
tion between BV and preterm birth, published randomized
control studies have been inconsistent. Detection and treat-
ment of asymptomatic BV in pregnant women with a previ-
ous preterm birth has significantly reduced the rate of preterm
births.26–28 In contradistinction, treatment of asymptomatic
BV in low-risk women (i.e., no previous history of preterm
birth) did not reduce the preterm birth rate.28,29 Currently, the
CDC does not recommend screening and treatment of asymp-
tomatic pregnant women for BV.30 For symptomatic pregnant
or high-risk pregnant women, metronidazole 250mg orally
t.i.d. for 7 days or clindamycin 300mg orally b.i.d. for 7 days
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is recommended.30 Intravaginal topical preparations are not
recommended for the treatment of BV during pregnancy.

Even less is known about a pregnancy strategy for Tri-
chomonas. The hanging drop microscopic examination is not
a sensitive test.31 In contrast, a higher yield of positive test
results was obtained in an urban population when the screen-
ing was done with the polymerase chain reaction (PCR) tech-
nique.32 Although the presence of Trichomonas is associated
with an increased rate of preterm delivery, there is no con-
sensus on screening and treatment. Paradoxically, a large
prospective, randomized, placebo-controlled treatment trial of
asymptomatic T. vaginalis infection in pregnancy, by the
National Institutes of Health (NIH)-supported Maternal–Fetal
Medicine network, reported an increased risk of preterm deliv-
ery (< 37 weeks’ gestation) in the metronidazole-treated
patients.33

Screening for asymptomatic bacteriuria and tuberculosis is
discussed in the sections on urinary tract and respiratory tract
infections.

Toxoplasmosis is not a common disease in pregnancy, but
it is important because the first maternal infection during 
pregnancy can result in fetal infection and morbidity. Any 
preventive strategy requires knowledge of the patient’s sus-
ceptibility. For those antibody-negative women, printed rec-
ommendations should be provided (Table 50.2).34 These
measures are not difficult to understand or to follow. A similar
set of recommendations given in patient education sessions
significantly lowered the incidence of toxoplasmosis acquisi-
tion in Belgium.35

Cytomegalovirus (CMV) requires a very different emphasis
by obstetricians because of its frequency. It is the most
common cause of congenital viral infections, with an esti-
mated 30000–40000 infected newborns born each year in the
United States, 9000 of whom have permanent serious seque-
lae.36 The starting point of preventive care is to determine the
antibody status of the patient. If the patient is susceptible,

there is a wide range of behavioral modifications that will
decrease the risk of acquisition of this virus during pregnancy
(Table 50.3).34 The first applies to patients who remain in non-
monogamous sexual relationships after they are pregnant.
They should have their male sexual partners use condoms. The
second measure, handwashing, is especially applicable to the
CMV-susceptible working mother who has young children in
a childcare center, nursery school, or kindergarten. These pro-
cedures should be easily followed. The third reminder is for
physicians to remember to counsel patients.

The rest of this chapter addresses problems of maternal
infection during pregnancy, with an emphasis on organ
systems.

Vulvovaginal infections

A frequent problem for pregnant women is the development
of an increased vaginal discharge. Often, this is accompanied
by other uncomfortable symptoms, such as itching or vulvar
burning.

Changes in physician attitudes are needed to care properly
for these women. Altered strategies are needed because of new
information now available to physicians. In the past, the defin-
ing obstetric dogma was that pregnant women had an
increased incidence of yeast vaginitis that was related in theory
to a range of events from pregnancy hormonal changes to the
glycosuria so commonly seen in pregnant women. The
accepted therapeutic pattern among obstetricians was to pre-
scribe a local antifungal agent or to have the patient medicate
herself with over-the-counter antifungal preparations. Neither
of these strategies mandated a vaginal examination, and it was
frequently not done. Instead, the vaginal secretions were eval-
uated in patients who remained symptomatic despite treat-
ment. This approach is no longer acceptable for a number of
reasons. Practitioners have observed and it has been reported
that patient self-diagnosis of a yeast vaginitis is often incor-
rect.37 Physicians and patients should not assume that a symp-
tomatic vaginal discharge in pregnancy is due to yeast. This is

888

Table 50.2 Toxoplasmosis, uncommon disease.

Patients should be tested for the presence of Toxoplasma antibodies.
If the antibody is negative:

Patients should be advised not to eat raw or undercooked meat,
particularly pork, lamb, or venison. Specifically, meat should be
cooked to an internal temperature of 150ºF; meat cooked until
no longer pink inside generally has an internal temperature of
165ºF.

Patients should be advised to wash their hands after contact with
raw meat and after gardening or contact with soil; in addition,
they should wash fruit and vegetables well before eating them
raw.

If the patient owns a cat, someone else should change the litter box
daily; alternatively, the patient should wash her hands thoroughly
after changing the litter box. Patients should be encouraged to
keep their cats inside and not to adopt or handle stray cats.

Table 50.3 Cytomegalovirus (CMV), common disease.

Patients should be tested for the presence of CMV antibodies. If the
antibody is negative:

Patients should be advised that CMV is shed in semen, cervical
secretions, and saliva. Latex condoms should be used during
sexual contact if the patient is not in a monogamous relationship.

Providers of childcare or parents of children in childcare centers
should be informed that they are at increased risk of acquiring a
CMV infection. The risk of CMV infection can be diminished by
avoiding mouth-to-mouth kissing and by handwashing,
particularly after changing diapers.

If a blood transfusion is needed, these patients should receive only
CMV antibody-negative blood or leukocyte-reduced cellular
blood products in nonemergency situations.
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important, because the Vaginal Infection in Pregnancy 
study noted two outcomes of other vaginal infections that 
are important to obstetricians. Patients with BV22 and Tri-
chomonas vaginitis23 have a higher than expected incidence 
of preterm labor and delivery. These new correlates change 
the diagnostic demands on physicians caring for pregnant
women. A physical examination and necessary laboratory
testing need to be done to confirm the etiology of the vaginal
discharge.

This physical and laboratory examination of the pregnant
patient with a troublesome vaginal discharge does not require
any new expensive office equipment or specialized clinical
expertise. The approach to these women is simple and
straightforward. The physician has to examine the vulva and
vagina and do some immediate testing in the office environ-
ment. Cotton swabs, pH paper, solutions of saline, potassium
hydroxide, and dilute acetic acid, as well as slides, coverslips,
and a usable microscope, should be on hand. Physicians have
to evaluate the pH paper reading, assay the scent emanating
when vaginal secretions are added to the dilute potassium
hydroxide solution, and be able to identify fungal forms, tri-
chomonads, white blood cells, vaginal epithelial cells, and
survey the bacterial background of the wet mount smears at
the time of the immediate microscopic examination. This is
the required office workup of every pregnant patient with 
vulvovaginal symptoms. Unfortunately, as reported by
Wiesenfeld and Macio,38 many obstetrician–gynecologists do
not perform these simple office-based tests for determining the
etiology of vaginitis symptoms and signs.

A frequent diagnosis of the pregnant patient with a trou-
blesome vaginal discharge is a Candida vaginitis. The evalua-
tion of these patients is straightforward. The vaginal pH is
tested and is usually acidic. Vaginal secretions are added to a
drop of saline on one slide and a drop of dilute potassium
hydroxide on another. The physician should determine if an
odor is present. A portion of the secretions is put in a sterile
microbiological culture kit, which may or may not be sent to
the laboratory. The diagnosis is usually made by microscopic
examination of the saline and the potassium hydroxide prepa-
ration. If this is the first vaginal infection and Candida forms
can be identified, a culture is not needed. If the diagnosis of
Candida vaginitis cannot be confirmed on microscopic exam-
ination or the patient has recurrent vaginal yeast infections,
the culture should be sent to the laboratory,39 and on the spec-
imen slip, a request made that, if yeast is present, it should be
speciated.40

Candida albicans vaginitis is usually easy to treat, because
it is not resistant to the available, local antifungal agents, nys-
tatin and the azoles, all of which can be prescribed or obtained
over the counter. These local agents should be the drugs of
choice for pregnant women for three reasons. The systemic
absorption of the topical azoles is minimal,41 their use in the
first trimester has been documented with no detectable evi-
dence of teratogenicity,41 and congenital anomalies (craniofa-
cial, skeletal, and cardiac) have been reported in women who

received fluconazole in the first trimester.42 The reported ossi-
fication defects resemble those seen in pregnant animals given
fluconazole.42 There is no evidence that patients with a recur-
rent C. albicans vaginal infection have an improved clinical
cure rate if their male sexual partners are treated.43 Other
strains of yeast are a more serious problem, and this is one
reason for obtaining cultures in women with recurrent or per-
sistent problems.

Torulopsis glabrata may be resistant to local azole antifun-
gals. Treatment with a local boric acid preparation is often
effective in nonpregnant women,40 but its safety in pregnancy
has not been studied. Routine antepartum glucose screening
of all obstetric patients will reveal any with a problem of
glucose metabolism. Another reason for culture in women
with persistent vaginal symptoms is the awareness that some
of these symptomatic women do not have a chronic vaginal
yeast infection. Many patients become sensitive to the propy-
lene glycol present in most vaginal creams and suppositories44

and are helped if these local treatments are discontinued.
Another common cause of troublesome vaginal discharge for

a pregnant woman is BV. In addition to a persistent copious
discharge, many of these women report an unacceptable odor,
particularly after intercourse. This is an important entity to rec-
ognize because it has been associated with a higher than
expected incidence of preterm labor and delivery.22 The diag-
nosis is simple and is immediately apparent to the physician at
the time of the patient’s office visit. The first test to perform is
the vaginal pH, which is usually alkaline, that is > 4.5 in
women with BV. These women invariably have a positive whiff
test result when vaginal secretions are added to the dilute
potassium hydroxide solution, and more than 20% of the
vaginal squamous cells are clue cells when the saline prepara-
tion is examined immediately under the microscope. The two
most sensitive tests for an immediate accurate diagnosis are a
positive whiff test result and the presence of clue cells on the
microscopic examination of the saline preparation.24

For symptomatic BV in pregnancy, the CDC recommends
metronidazole 250mg t.i.d. for 7 days or clindamycin 300mg
orally b.i.d. for 7 days.30

Some women complain of a troublesome vaginal discharge
that is due to the organism Trichomonas vaginalis. Although
textbooks have in the past described the typical clinical pres-
entation of a patient with this infection, which includes a
frothy vaginal discharge and “strawberry” spots on the
vaginal surface, the problem for the physician is that these
signs are not sensitive indicators of a Trichomonas vaginitis.31

As with previously described vaginal syndromes, the diagno-
sis is straightforward. The pH of the vagina is usually alka-
line, there is often a positive whiff test result and, on
microscopic examination of the saline preparation, there 
is an abundance of white cells, and motile trichomonads 
are often seen. If trichomonads are not seen, these patients
should have either a culture or a PCR test for T. vaginalis per-
formed.32 Unlike BV, the diagnosis may not be obvious at the
time of the initial physician evaluation. This is an important
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diagnosis to confirm because these vaginal infections are asso-
ciated with a higher than expected incidence of premature
delivery.23 In those women in whom the diagnosis is estab-
lished, there are two available treatment regimens with
metronidazole. The woman can be prescribed either 2.0g
orally in a single dose or 500mg b.i.d. for 7 days.3 Obviously,
the male sexual partner should be treated concomitantly with
the same dose.

If office pH, microscopy, and selective microbiological
studies do not delineate the infection as BV, Candida vagini-
tis, or Trichomonas vaginitis, there are a variety of other prob-
lems that should be suspected, including vulvar vestibulitis,
allergic vaginitis, desquamative vaginitis, and cervicitis.44

There are signs associated with these alternative diagnoses that
are apparent to the physician at the time of seeing the patient.
The patient with vulvar vestibulitis has point tenderness with
a cotton-tipped applicator applied at the vaginal entry sites of
3:30 and 8:30, if the vaginal entrance is oriented as the face
of a clock; the patient with cervicitis has mucous present.
None of these patients is helped with local antifungal prepa-
rations and, if these women have an allergic vaginitis, their
symptoms can be magnified by the use of local preparations
containing propylene glycol. Desquamative vaginitis is effec-
tively treated with clindamycin vaginal cream. A patient with
cervicitis should have microbiological tests for the presence of
N. gonorrhoeae or C. trachomatis. They should be treated for
both gonorrhea and chlamydia if they are a member of a
patient population with a high prevalence of infection, treated
for chlamydia if the prevalence of gonorrhea is low and the
likelihood of chlamydia is substantial, or await test results if
the likelihood of either is low.3 The treatment for both gon-
orrhea and chlamydia has been noted in the preventive section
of this chapter.

Urinary tract infections

Increased stasis of urine during pregnancy and the fact that
urine is an excellent growth medium for bacteria makes the
urinary tract the most common site of infection. Urinary stasis
is caused by the convergence of a number of normal pregnancy
changes. The capacity of the urinary tract is usually increased.
In spite of the fact that few radiologic observations have been
made of the urinary tract in normal pregnant women, the
available data indicate that dilation is mild in the first half of
pregnancy, but this is not a uniform phenomenon. After mid-
pregnancy, the right side is dilated in three-quarters of cases,
and the left side is dilated in a third.45 There is also expansion
of the renal pelves and calices as well as an increase in bladder
capacity. While this anatomic expansion occurs, more urine is
delivered to this excretion system as renal blood flow and
glomerular filtration rate increase. Increased progesterone pro-
duction also affects urinary tract function. Ureteral peristalsis
slows, and the transit time from kidneys to bladder is pro-
longed. The bladder is hypotonic and has an increase in the
residual volume of urine. The sum of these changes results in

stagnant urine, an environment that encourages overgrowth
of bacteria and subsequent clinical infection. The bacterial
nidus for infection is present in the 2–10% of pregnant women
with asymptomatic bacteriuria.46 It is small wonder that
urinary tract infections are seen so frequently in pregnant
women.

Prevention is the appropriate starting place for any discus-
sion of the therapy of urinary tract infections in pregnancy.
Successful prevention eliminates the morbidity of symptomatic
infections. This can be achieved in most instances and is
described below.

Prevention of pyelonephritis
An estimated 25–30% of women with asymptomatic bacteri-
uria at the time of their first antepartum visit who are not
treated will subsequently develop pyelonephritis in preg-
nancy.47 These women are the focus of programs of detection
and therapeutic intervention. Eighty percent of all cases of
pyelonephritis in pregnancy could be eliminated if this popu-
lation was identified and treated.48 Harris49 reported that,
when an effort was made to identify and treat pregnant
women with asymptomatic bacteriuria (ASB), there was a five-
fold decrease in the annual incidence of acute antepartum
pyelonephritis from 4.0% to 0.8%. In addition, ASB has been
associated with an increased risk of preterm delivery and low
birthweight.47 Romero et al.50 performed a meta-analysis that
demonstrated a strong association of untreated ASB with
preterm delivery or low birthweight.

These results buttress the idea of a uniform approach to all
pregnant women seen for the first time. They should have a
voided urine culture obtained to screen for significant bac-
teriuria. The health team caring for these women should
advise them on how to produce a clean voided urine sample,
and the specimens should be either processed immediately or
refrigerated until they can be transported to the laboratory
(this prevents bacterial overgrowth and false-positive urine
cultures).

Although other screening tests are available, they lack sen-
sitivity, and the standard remains the screening culture. When
voided urine culture tests are employed, a significant test result
has more than 100000 colonies/mL of one bacterial species.
If multiple bacterial isolates are obtained, the specimen was
contaminated at the time of collection, and another clean
voided urine sample should be obtained and cultured. The
treatment of women who are culture positive is based on the
recognition that, as in nonpregnant women, Escherichia coli
is the predominant pathogen isolated (80–90% of cases).47

Other important pathogens include Staphylococcus sapro-
phytieus and group B streptococci. Those women who are pos-
itive on urine culture for the group B streptococci early in
pregnancy have been identified as a high-risk population for
newborn group B streptococcal infection and should be
treated with penicillin or ampicillin during labor.51

When the presence of ASB is identified, empiric treatment
is instituted based on the above described causative microor-
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ganisms. Treatment is instituted with a 3-day course of
trimethoprim-sulfamethoxazole (TMP-SMX, one double-
strength tablet b.i.d.) or nitrofurantoin 100mg b.i.d. In geo-
graphic areas where E. coli remains sensitive to ampicillin,
amoxicillin 500mg t.i.d. is an alternative. Continuous moni-
toring of patients for recurrent or persistent ASB is critical. If
infection recurs, treatment should be based on antimicrobial
susceptibility studies, and the patient should be maintained on
suppressive antimicrobials (nitrofurantoin 100mg h.s.) for the
remainder of the pregnancy.47

Cystitis and pyelonephritis
Despite universal screening and treatment of women with
ASB, unlike the prevention of pyelonephritis, the incidence of
cystitis remains the same.52 Fortunately, acute cystitis in preg-
nancy has not been associated with preterm birth, low birth-
weight, or acute pyelonephritis.52

The diagnosis of cystitis should be suspected in any preg-
nant woman with frequency and dysuria. E. coli is the most
commonly isolated organism in the urine of patients with
acute cystitis, followed by other Gram-negative bacteria such
as Klebsiella and Proteus.47 Gram-positive organisms, includ-
ing group B streptococcus and S. saprophytieus, are less
common.47 Whereas in nonpregnant women with acute cysti-
tis, empiric treatment without a culture is appropriate, in preg-
nancy, a culture should be obtained before commencing
empiric therapy, and antibiotic therapy adjusted as indicated.47

While ≥ 100000 colonies/mL is the gold standard, Stamm et
al.53 demonstrated that, in acutely dysuric women, a quanti-
tative count of 100 organisms/mL was sufficient for diagnos-
ing acute cystitis.

For acute cystitis, the duration of therapy is 3 days. The
antimicrobial agents suggested for the treatment of acute cys-
titis are the same as those utilized for the treatment of ASB
including TMP-SMX 160/800mg b.i.d. for 3 days and nitro-
furantoin 100mg b.i.d. for 3 days.

Acute pyelonephritis is one of the most frequent medical
complications of pregnancy, occurring in 1–2.5% of obstetric
patients.47 The treatment of patients with pyelonephritis
during pregnancy is much more intense. These patients are
sicker and usually benefit from intensive therapy, so that prob-
lems of fever, hydration, and electrolyte imbalance, as well as
the infection, can be treated. In addition, premature labor can
occur in these women. This increase in uterine activity can be
due to actions of the bacterial products causing the
pyelonephritis, fever, or decreased intravascular volume.
Therapy can modify these changes, and the uterus can be mon-
itored to see whether a contraction pattern is becoming estab-
lished. If necessary, tocolytic therapy may be indicated in
addition to the antibiotics. Occasionally, some of these women
become critically ill. In a series with a large number of 
pregnant women with pyelonephritis, 3 out of 99 (3%) 
had evidence of septic shock.54 In addition, adult respiratory
distress syndrome has been reported in pregnant women with

pyelonephritis.55–57 These women require close medical 
supervision.

All these potential problems require a broad therapeutic
approach to the pregnant patient with pyelonephritis. Clini-
cally, the diagnosis is usually obvious. These patients look ill,
are febrile, and usually have flank pain. The uterus should be
assessed immediately to be sure there is not a pattern of uterine
contractions, and there should be immediate fetal heart rate
monitoring to ascertain the health of the fetus. A vaginal
examination should be done to insure there is no cervical dila-
tion and cultures obtained to rule out maternal colonization
with group B streptococcus, C. trachomatis, and N. gonor-
rhoeae. As soon as a voided urine sample can be obtained from
the patient, a portion should be examined microscopically for
the presence of bacteria. Uncentrifuged urine samples have
been used, but a survey of laboratory studies in patients with
bacteriuria recommended oil immersion microscopy of a
Gram-stained centrifuged urine sample.58 A portion of the
urine should be sent for culture. If the clinical diagnosis has
been made, treatment should begin. Fluid replacement should
be an important part of therapy because some of these women
are dehydrated, which is further aggravated because they are
febrile with an increased insensible fluid loss. This is proba-
bly the reason why some investigators have noted diminished
renal function in the first 24h of treatment of pregnant women
with pyelonephritis.59 They need sufficient intravenous fluid
replacement with a balanced electrolyte solution to insure a
urine output of at least 50mL/h. Because septic shock and res-
piratory distress have been reported in these women, they
should be observed frequently, with regular monitoring of
vital signs. In addition, these patients must be monitored for
premature labor. If it occurs, tocolytic agents can be employed.
Because respiratory distress can occur when these agents are
used, an electrocardiogram should be obtained before treat-
ment begins. If the patient has unrelenting flank pain, an ultra-
sound evaluation for the presence of urinary tract calculi
should be done. If electrolyte abnormalities are noted in the
initial screening blood chemistries, these can be corrected and
repeat electrolyte determinations done until they are normal.
Intravenous fluid electrolytes can be modified and repeat elec-
trolyte determinations done until they are normal.

Initially, treatment for acute pyelonephritis is empiric with
antimicrobial therapy dictated by knowledge of the most
common etiologic organisms and the need for bactericidal
drugs. The organisms most commonly recovered from preg-
nant women with acute pyelonephritis include E. coli
(80–85%) and, less commonly, the Klebsiella–Enterobacter
group.47 Gram-positive bacteria, such as group B streptococ-
cus and enterococci, have increasingly been recognized as
pathogens in acute pyelonephritis in pregnant women.47

Because of increasing resistance to E. coli, ampicillin and first-
generation cephalosporins, which had been favored regimens
for acute pyelonephritis in pregnancy, are generally no longer
recommended for empiric therapy.47,60 The authors recom-
mend that empiric therapy for acute pyelonephritis during
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pregnancy be instituted with ceftriaxone 1–2g intravenously
as a single daily dose; it provides coverage against most major
uropathogens other than Enterococcus and, because of once-
daily administration, facilitates home parenteral therapy after
initial in-hospital treatment and stabilization. TMP-SMX
160/800mg intravenously b.i.d. is also appropriate in geo-
graphic areas where E. coli resistance to this agent has not
occurred. A combination of either ampicillin (1–2g intra-
venous q6h) or cefazolin (1–2g intravenous q8h) in com-
bination with gentamicin (1mg/kg q8h) is an alternative
approach. All patients should have a repeat culture done at
48 h after the initiation of treatment. If bacteria are still recov-
ered, consideration should be given to switching antibiotics to
an agent more effective against the organism to avoid later
recurrence of infection. When patients have been afebrile for
24–48h, they can be switched to an oral agent or home par-
enteral therapy to complete 10 days of therapy. All these
women should have a post-treatment culture obtained and, if
it is positive, they should be treated with a different agent that
is effective against the isolates. In those women who remain
culture positive after a full course of treatment, an ultrasound
examination should check for the presence of urinary tract
calculi.

Economic pressures have altered this inpatient treatment
emphasis, and there is evidence suggesting that selected
patients might be treated as outpatients. Brooks and Garite61

examined 34 patients as outpatients with uncomplicated
initial episodes of pyelonephritis. Low-risk patients were iden-
tified by the absence of any sepsis, an oral temperature of
greater than 39°C, severe nausea and vomiting, presence of
diabetes or HIV infection, concomitant preterm labor, multi-
ple gestation, severe penicillin allergy, history of renal disease
or urinary tract anomalies, or the presence of an indwelling
bladder catheter. After 2 h of observation, the patients had an
initial dose of 2 g of ceftriaxone given intravenously, followed
by 2 g of daily outpatient intramuscular ceftriaxone, until res-
olution of fever and flank pain, followed by a 10-day course
of oral antibiotics. These carefully selected low-risk patients
did well. Of the 34 in the outpatient treatment group, only
four (12%) required subsequent hospital admission and one
developed an upper urinary tract recurrence. None had pre-
mature delivery or any other serious complications.

Angel et al.62 suggested that treatment with oral antimicro-
bial agents only for acute pyelonephritis during pregnancy 
is appropriate and safe. They reported equal efficacy in a 
randomized trial of oral cephalexin versus intravenous
cephalothin (91% versus 93% respectively). However, 13
(14.4%) of their patients had bacteremia and were excluded
from the study. With inclusion of the bacteremic patients, oral
therapy was less effective than parenteral therapy (71% versus
87%).62 Millar et al.60 undertook a randomized controlled trial
comparing inpatient and outpatient management of acute
pyelonephritis in pregnancy prior to 24 weeks of gestation. All
patients were observed in the emergency department to insure
that they were stable and able to tolerate oral intake. The

ambulatory group received ceftriaxone 1g intramuscularly
(i.m.) in the emergency department and 1g i.m. within
18–36 h after discharge, followed by oral cephalexin (500mg
q.i.d.) to complete a 10-day course. In addition, home-health
nurses monitored the ambulatory patients for 48–72h.
Patients with severe pyelonephritis were excluded. The rates
of persistent or recurrent bacteriuria and recurrent
pyelonephritis were similar. However, the study was biased in
favor of the outpatient arm because 10% of inpatients
required the addition of gentamicin for failure to respond to
cefazolin monotherapy; 12% of E. coli isolates were resistant
to cefazolin.60 Wing et al.63 studied pregnant women with
pyelonephritis at more than 24 weeks’ gestation. After all
patients received two 1-g doses of ceftriaxone i.m. during a
24-h observation period, women were discharged (if stable)
on oral cephalexin (500mg q.i.d.) to complete a 10-day
course. Inpatients received oral cephalexin until they were
afebrile for 48 h and then were discharged to complete a 10-
day course of cephalexin. There were no significant differences
in clinical response or pregnancy outcomes between the
groups.63 However, 30% of outpatients could not complete
their course of therapy, and the majority of women with acute
pyelonephritis were excluded because of suspected sepsis,
signs of acute respiratory distress syndrome (ARDS), serious
underlying medical disorders, renal or urologic abnormalities,
or inability to tolerate oral intake.

As a result of the concerns described above with these
studies advocating oral ambulatory treatment of acute
pyelonephritis in pregnancy, the authors recommend that 
all pregnant women, at any gestational age, should be 
hospitalized for initiation of antimicrobial therapy, rehydra-
tion, close monitoring for complications, and monitoring 
for preterm labor. Once stabilized and afebrile for 24–48h,
they may be discharged to complete a 10-day course of oral
antibiotics.

If the follow-up culture result is negative, there is contro-
versy about the subsequent care of these women for the rest
of the pregnancy. Both antibiotic suppression of these women
for the remainder of the pregnancy (i.e., nitrofurantoin,
50–100mg/day) and urine culture at frequent intervals with
short courses of treatment in women who are culture positive
have been suggested.47 Either of these approaches for the 
prevention of recurrent pyelonephritis is acceptable. The
authors utilize the suppression approach for the duration of
pregnancy.

Respiratory tract infections

Upper respiratory tract
Upper respiratory infections occur frequently in the winter.
Many are viral in origin, and antibiotic treatment will not be
beneficial. Women complaining of a sore throat should be
examined and, if the throat is inflamed or if tonsillitis is
present, a culture for group A streptococcus should be
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obtained. If the physician suspects a group A infection, peni-
cillin should be prescribed instead of waiting for culture
results. If the patient is allergic to penicillin, erythromycin can
be given. If the clinician suspects a viral cause for a sore throat,
it is appropriate to wait for a culture report before starting
therapy.

Lower respiratory tract
The incidence of lower respiratory tract infection varies from
service to service, many different risk factors have been deter-
mined, current methods of precisely defining the microbiolog-
ical etiology of this disease are not specific, and there are a
multitude of suggested treatment regimens. Clearly, a scientific
consensus for a uniform approach to this disease has not been
reached. Everyone does agree that this is a serious disease that
has associated morbidity and mortality for both the mother
and the fetus.64,65

The frequency of pneumonia has varied widely over the
years but, in general, the incidence has decreased since the
introduction of antibiotics into clinical practice. However,
there has been an increase in numbers since HIV was identi-
fied in women in the mid-1980s. HIV positivity in women is
a major risk factor in the high frequency of pneumonia.66

Although it is not a common disease in pregnant women,
the physician should be alert to risk factors for pneumonia.
Several risk subgroups have been identified.64–68 Poor urban
women are at highest risk. In addition to HIV infections,
maternal smoking, excessive alcoholic intake, and cocaine
crack use are also risk factors. Pneumonia is usually seen in
the winter months.

Prevention is the starting point in the respiratory tract care
of pregnant women. High-risk patients should be immunized
against organisms that can cause serious respiratory infec-
tions. All pregnant women should receive the influenza vaccine
as discussed previously. For HIV-positive pregnant patients,
preventive respiratory tract care is important because lower
respiratory infections can be fatal. One strategy is the
influenza vaccine. This seems logical except for troubling
reports that the viral load of HIV is increased after immu-
nization with an antigen.69 These women are also candidates
for a single dose of 23 valent polysaccharide pneumococcal
vaccine.70 All patients should be skin tested for tuberculosis
and, if positive, they should have chest radiography performed
with appropriate shielding of the pregnant abdomen. If the
chest radiography result is normal, these HIV-positive women
should receive 12 months of chemoprophylaxis with isoni-
azid.34 For the immunocompetent patient, the treatment inter-
val is 6 months. TMP-SMX administered daily can be effective
as an agent for Pneumocystis carinii pneumonia prophylaxis
in HIV-positive women. All these preventive strategies should
reduce their risk of developing pneumonia.

In those patients who develop pneumonia, the prognosis has
markedly improved since the introduction of antibiotics. In the
preantibiotic era, maternal death from pneumococcal pneu-
monia occurred in approximately one-third of cases.2 In

another series, the death rate in pregnant women with all types
of pneumonia was 20%.70 Since antibiotics have become avail-
able, the death rate is much lower, ranging from 0% to
8.6%.64–68,71,72 Part of this improvement was due to early diag-
nosis and less severe disease. Additional therapeutic advan-
tages include better ventilatory aids and more precise
techniques to monitor vital signs and fluid balance. Because
of the increasing numbers of HIV-positive women in the child-
bearing age groups, more seriously ill patients with pneumo-
nias will be seen by obstetricians in the future.

There is no consensus about the care of patients with a com-
munity-acquired pneumonia.70 There is concern that increas-
ing numbers of S. pneumoniae strains in the United States are
resistant to penicillin.73 This fact, combined with a diverse
variety of encountered pneumonia pathogens, has resulted in
conflicting opinions about the care of pregnant patients with
community-acquired pneumonia.

The key to the care of women with pneumonia in pregnancy
is an early and accurate diagnosis. Patients with respiratory
symptoms need a meticulous evaluation to determine if 
they have a lower respiratory tract infection. The evaluation
begins with careful percussion and auscultation. A carefully
obtained sputum sample for microscopic examination and
culture before treatment is advised. A microscopic examina-
tion of a Gram-stained specimen showing polymorphonuclear
leukocytes and the absence of squamous epithelial cells 
indicates that the specimen is expectorate and not saliva. A
chest radiograph should be obtained with appropriate shield-
ing of the abdomen. This serves as a guide to both the diag-
nosis and the severity of the disease. Blood studies should
include a complete blood count and an arterial PO2. Patients
sick enough to require hospitalization should have a blood
chemistry panel performed and blood cultures before antibi-
otics are begun.

In general, the most frequent organism causing a commu-
nity-acquired pneumonia is S. pneumoniae. This pathogen
should be suspected at the time of admission in the febrile
patient with lobar consolidation on chest radiography and
white cells with Gram-positive diplococci present on micro-
scopic examination of a smear of sputum.

In immunocompetent nonpregnant patients with commu-
nity-acquired pneumonia, the decision whether to treat on an
ambulatory or a hospitalized basis remains a key clinical deci-
sion that determines both the selection and the route of admin-
istration of antimicrobial agents.74 However, pregnant women
with this diagnosis should be admitted because of the poten-
tial for premature labor. In one study of 22 women with pneu-
monia, preterm labor was seen in five, and three had a preterm
delivery.72 They will need intravenous hydration and close
monitoring of uterine activity.

Currently, the Infectious Disease Society of America’s rec-
ommendation for hospitalized patients with community-
acquired pneumonia, with no recent antibiotic therapy,
includes an advanced macrolide (e.g., azithromycin or clar-
ithromycin) plus a beta-lactam antibiotic such as cefotaxime,
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ceftriaxone, or ampicillin-sulbactam.74 For those with a
history of recent antibiotic use, similar type antibiotics are rec-
ommended with selection dependent on the nature of recent
antibiotic use.74 While respiratory fluroquinolones are an
alternative recommended therapy in nonpregnant patients,
these agents are best not used in pregnancy.

A variety of other organisms can be implicated in the patient
with pneumonia in pregnancy who is febrile. Three other
pathogens are isolated with some frequency and should be
considered by the physician: Haemophilus influenzae, the
coagulase-positive staphylococcus, and Gram-negative
bacilli.73,75 H. influenzae and Gram-negative bacilli should be
suspected if Gram-negative rods are seen on the Gram stain
of the expectorate. H. influenzae is a fastidious organism and
will not be isolated if the culture specimen is obtained after
antibiotic therapy has begun. Because 30% of the strains of
H. influenzae are resistant to ampicillin, the cephalosporins
are a good choice for treatment if this organism is suspected.73

Pneumonia due to the coagulase-positive staphylococcus can
be serious. It should be considered as a potential pathogen as
a complication of influenza.75 This organism should be sus-
pected when clumps of Gram-positive cocci are seen on the
Gram stain. In this situation, the drug of choice is a
cephalosporin. Pneumonia due to the group A beta-hemolytic
streptococcus is quite rare, but it should be suspected if chains
of Gram-positive cocci are seen on the Gram stain of the
expectorate and if a pleural effusion is seen on chest radiog-
raphy, which when aspirated is found to be an empyema.76

Another category of patients, which constitutes a segment
of pregnant women with pneumonia, is made up of those with
an atypical clinical presentation. These are the patients with
roentgenographic evidence of pneumonia who may not be
febrile. The most important diagnostic clue to these atypical
pneumonias is the microscopic examination of the expecto-
rate. If few or no bacteria are found, Legionella pneu-
mophila,77 Mycoplasma,78 and Chlamydia pneumoniae70 are
prime concerns. Despite physician awareness, these are diffi-
cult diagnoses to make. The positive culture result confirms
the diagnosis of Legionella, but it requires invasive procedures
to get appropriate culture material.77 For Mycoplasma and C.
pneumoniae, culture and PCR testing are available. Other
testing is available to help confirm the diagnosis. Blood can
be drawn for serologic testing for Legionella, Mycoplasma,
and C. pneumoniae. Repeat titers should be drawn in 4 weeks.
The antibiotics of choice for these organisms are erythromy-
cin, clarithromycin, and azithromycin. All these are safe for
use during pregnancy.

There are other rare pneumonias that will tax the diagnos-
tic and therapeutic skills of the obstetrician. Varicella is a
serious disease for susceptible pregnant women. Antepartum
antibody screening and a history to determine whether they
have received the varicella vaccine will identify susceptible
women. Although a varicella pneumonia can be life-threaten-
ing, acyclovir is a potent antiviral agent for treatment during
pregnancy. Oral acyclovir can be given to pregnant women

when they first develop cutaneous manifestations of varicella
to lessen the frequency and severity of a subsequent pneumo-
nia.79 In women with respiratory symptoms, the diagnosis of
pneumonia can be confirmed by roentgenographic examina-
tion.47 These seriously ill women should be admitted and given
intravenous acyclovir and assisted ventilation if indicated. The
fetus will receive passive immunity from the transplacental
passage of IgG from the mother, so long as the delivery occurs
at an interval long enough from the maternal viral exposure
for maternal antibody formation to occur.

There are other pneumonias that are not as immediate a
threat to the mother but have serious implications. The first
is tuberculosis. This disease is a threat to pregnant women
even though a recent study showed no evidence that pregnancy
increased the risk that a woman of childbearing age infected
with Mycobacterium tuberculosis will develop active tubercu-
losis.80 In the United States, the incidence of tuberculosis has
increased over the past 20 years, particularly among poor
urban women. In this population, a tuberculin skin test will
be performed and, in those women who have positive skin test
results, a chest roentgenographic examination should be per-
formed. In HIV-positive patients, a screening chest roentgeno-
graphic examination should be performed in patients who
have negative skin test results if chest roentgenography has not
been done in the past year. If there are apical changes, sputum
should be sent for M. tuberculosis culture. The organisms iso-
lated need to be evaluated for antibiotic susceptibilities. This
will determine the combination of antibiotics to be prescribed.
The most popular combination treatment now in use is isoni-
azid and ethambutol, but antibiotic susceptibility studies may
alter the choice.81,82 Multidrug-resistant tuberculosis (MDR-
TB) has become a major public health problem.82,83 Unfortu-
nately, little information is available about the safety of the
drugs used to treat MDR-TB during pregnancy. In a small
study, Shin et al.83 reported that, in seven cases of MDR-TB
during pregnancy, excellent treatment outcomes were
obtained for all seven women and their children. As a result,
these authors stressed that MDR-TB can be successfully
treated during pregnancy. The reader is referred to references
84 and 85 for more details on the treatment of MDR-TB. P.
carinii pneumonia is seen with some frequency in urban
obstetric services with a high incidence of HIV-positive preg-
nant patients. These patients usually have high fever, a lowered
PO2, and can have no changes initially on chest radiography,
but are subsequently found to have diffuse bilateral alveolar
disease. A definitive diagnosis is made by isolation of the
organism from material from the lung. The usual treatment is
TMP-SMX, but trimethoprim–dapsone, clindamycin–pri-
maquine, and atovaquone can be used. In endemic areas, pul-
monary infection due to a yeast can occur. The most common
pathogens in these patients are Coccidioides immitis and
Histoplasma capsulatum. The diagnosis can be confirmed by
specific culture techniques. In the case of Coccidioides, sys-
temic treatment with antifungal agents such as amphotericin
B can be life-saving.4
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Central nervous system infections

Central nervous system infections during pregnancy are
uncommon but can be life-threatening when they occur.
Because they are infrequent, the obstetrician has to be alert
for early signs and symptoms. Treatment is most successful
when initiated early. A physician’s suspicion of a central
nervous system infection should be high in any patient who
has had general malaise for a period of time, followed by
headache, nausea, vomiting, and hyperthermia. A serious sign
is convulsions in a woman with normal blood pressure and
no history of epilepsy.

Recent medical advances have increased our ability to make
an accurate diagnosis of central nervous system pathology.
Imaging techniques, such as the computed tomographic study
(CT scan) or magnetic resonance imaging (MRI) give detailed
views of the brain, in which brain abscesses can be diagnosed
and evidence of ventricular enlargement can be documented.
In the febrile patient without any gross imaging abnormalities
who has nuchal rigidity, a diagnostic spinal tap should be per-
formed. The fluid should be examined immediately under the
microscope after Gram staining, and a portion of the sample
sent for culture and biochemical studies. If the Gram stain
reveals Gram-negative diplococci, the presumptive diagnosis
is Neisseria meningitides meningitis, and a broad-spectrum
cephalosporin should be prescribed.84 If Gram-positive diplo-
cocci are seen, the presumptive diagnosis is Streptococcus
pneumoniae meningitis, and vancomycin and a cephalosporin
should be begun.84 H. influenzae meningitis, common in chil-
dren, is rarely seen in adults.

There are some cases in which the spinal fluid examination
is not diagnostic. In these women, bacteria are not present in
the fluid, and the glucose level is not reduced. There are a
number of possible pathogens. One differential diagnosis is a
viral meningitis such as coxsackievirus B2. Viral cultures
should be done on the cerebrospinal fluid and antibiotics dis-
continued if the study results of the fluid are positive for a
virus.

If a brain abscess is found on imaging studies of a woman
with central nervous system symptoms, the HIV antibody
status of the patient should be investigated if it is not known,
and Toxoplasma gondii should be suspected.85 The treatment
is spiramycin and TMP-SMX or clindamycin.

In endemic areas, cryptococcal meningitis should be con-
sidered. The diagnosis should be suspected if encapsulated
organisms are present on an India ink preparation and con-
firmed by culture. The treatment of choice is amphotericin
given intravenously.86

Bacterial endocarditis

Bacterial endocarditis is another rare, but serious infection for
a pregnant woman. In 1983, Pastorek et al.87 reported three
cases and estimated an incidence of 1 in 4000 deliveries. In
1988, Cox et al.88 reported seven cases, of whom four were

from their clinic population, with an incidence of 1 in 16500
deliveries. Both these reports stress the increasing frequency
of this disease in urban pregnant women with an increasing
number of intravenous drug abusers.

The starting point in the care of these patients is prevention.
There are no prospective clinical studies to demonstrate the
effectiveness of antibiotic prophylaxis.89 Observations indicate
that endocarditis follows bacteremia, and the bacteria that
cause endocarditis are usually susceptible to antibiotics.
Making a decision about prophylaxis usually involves two
considerations. The first is the risk of infective endocarditis
associated with pre-existing cardiac disorders. For the obste-
trician, the largest single category of patients for considera-
tion is those with mitral valve prolapse without regurgitation,
a low-risk population, but the risk is not zero. The second
consideration is the procedure. While bacteremia can occur in
1–5% of women during uncomplicated delivery, most medical
authorities recommend prophylaxis only for vaginal delivery
complicated by infection.90,91

The American Heart Association (AHA) issued revised
guidelines for antibiotic prophylaxis of bacterial endocarditis
in 1997.92 These guidelines stratify cardiac conditions into
high-, moderate-, and negligible-risk categories according to
the potential outcome if endocarditis occurs. Endocarditis pro-
phylaxis is recommended for the high- and moderate-risk
groups. In the high-risk group are those with: (1) prosthetic
cardiac valves (bioprosthetic and homograft); (2) previous
bacterial endocarditis; (3) complex cyanotic congenital heart
disease (e.g., transposition of the great vessels, tetralogy of
Fallot); and (4) surgically constructed systemic pulmonary
shunts or conduits. The moderate-risk category includes: (1)
most other congenital cardiac malformations; (2) acquired
valvar dysfunction (e.g., rheumatic heart disease); (3) hyper-
trophic cardiomyopathy; and (4) mitral valve prolapse with
valvar regurgitation or thickened leaflets. Endocarditis pro-
phylaxis is not recommended for the negligible-risk group
which includes: (1) isolated secundum atrial septal defect; (2)
surgical repair of atrial septal defect, ventricular septal defect
or patent ductus arteriosus; (3) previous coronary bypass
surgery; (4) mitral valve prolapse without valvar regurgitation;
(5) physiologic, functional, or innocent heart murmurs; (6)
previous Kawasaki disease without valvar dysfunction; (7)
previous rheumatic fever without valvar dysfunction; and (8)
cardiac pacemakers (intravascular and epicardial) and
implanted defibrillators.

Mitral valve prolapse is the most common cardiac abnor-
mality seen in obstetric and gynecologic patients. The AHA
guidelines provide for a clinical approach to determining the
need for bacterial endocarditis prophylaxis.92 If there is a
murmur of mitral regurgitation, prophylaxis is recommended.
In instances in which the presence or absence of mitral regur-
gitation is not determined or unknown, and if confirmation is
not available, prophylaxis is indicated when an immediate
need for the procedure exists. In nonemergency situations,
referral to a cardiologist for echocardiography and/or Doppler
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flow studies should be done for evaluation and determination
of the need for prophylaxis.

For obstetric or gynecologic procedures, the AHA recom-
mends that women undergoing cystoscopy or urethral dilation
receive endocarditis prophylaxis.92 Prophylaxis is not recom-
mended for vaginal delivery, Cesarean section, vaginal hys-
terectomy, or procedures involving uninfected tissues including:
(1) urethral catheterization; (2) dilation and curettage (D&C);
(3) therapeutic abortions; (4) sterilization procedures; and (5)
insertion or removal of intrauterine devices (IUDs).92 However,
the AHA notes that, for high-risk women undergoing vaginal
delivery or Cesarean section, prophylaxis is optional. Obvi-
ously, for patients with infected intrauterine tissue undergoing
D&C or for removal of an IUD in the presence of pelvic inflam-
matory disease (PID), prophylaxis is indicated.

Endocarditis prophylaxis for obstetric and gynecologic 
procedures is primarily directed against enterococci (e.g.,
Streptococcus faecalis). While Gram-negative bacteria are
commonly the cause of bacteremia in obstetric and gyneco-
logic patients, they rarely cause endocarditis. According to the
AHA recommendations, high-risk patients should receive
ampicillin plus gentamicin as follows: ampicillin 2g i.m. or i.v.
plus gentamicin 1.5mg/kg within 30min of starting the pro-
cedure; 6h later, ampicillin 1g i.m. or i.v. or amoxicillin 1g
orally. High-risk patients allergic to ampicillin should receive
vancomycin plus gentamicin with vancomycin given 1.0g i.v.
over 1–2h within 30min of the procedure. Moderate-risk
patients should be prophylaxed with amoxicillin or ampicillin
with amoxicillin 2.0g orally 1 h prior to the procedure or
ampicillin 50mg/kg i.m. or i.v. within 30min of the procedure.
For those allergic to ampicillin, vancomycin 1.0g i.v. over
1–2h with infusion complete within 30min of the procedure
is recommended.

The population of pregnant women who develop bacterial
endocarditis is different than it was in the past. Formerly, we
focused on women with rheumatic or congenital heart disease.
Now, our concerns have to include women with mitral valve
prolapse and those patients who are intravenous drug users.
Although rarely seen, bacterial endocarditis is life-threatening;
maternal death has been reported in pregnant women with this
infection.87 This is a difficult diagnosis for the obstetrician. It
is an uncommon disease, and the clinical and laboratory find-
ings are subtle. It should be suspected in a febrile patient who
is lethargic with no localizing signs of infection. There are
clues that bacterial endocarditis could be the problem. The
patient should be questioned and examined for evidence of
intravenous drug abuse. Cutaneous manifestations can be
seen, particularly splinter hemorrhages under the fingernails
or nontender purpuric spots on the heels or palms. A diag-
nostic sign of significance is a new or changing heart murmur.
A number of tests should be employed to confirm the diag-
nosis. At least three blood cultures should be drawn,
30–60min apart. An electrocardiogram and an echocardio-
gram should be done to determine if there is any vegetation
on any of the heart valves.

The treatment of these women is much more intense than
the usual antibacterial regimens in pregnancy. These are diffi-
cult infections to treat successfully. Cure requires eradication
of all the organisms. The usual strategy involves the use of
penicillins, cephalosporins, or vancomycin intravenously for
2–6 weeks. The length of time of treatment depends on the
susceptibility of the bacteria. The addition of aminoglycosides
produces synergistic killing of streptococci, particularly the
enterococci. Women with bacterial endocarditis are at risk of
preterm labor and the delivery of a premature infant.90

In addition to the focus on the mother, careful monitoring 
of uterine activity and fetal well-being is important in this 
population.

Antepartum mastitis

In contrast to postpartum mastitis, antepartum mastitis is a
rare event. Reports of this entity appear as case reports.93

Because it is so rare, it is difficult to identify predisposing
factors, although many of these women have skin disorders in
which the skin surface is not intact. When mastitis occurs, cul-
tures should be obtained. The initial choice of antibiotics is
empirical, but a cephalosporin is a good starting point. Sus-
ceptibility studies can dictate changes. The formation of an
abscess requires operative drainage.

Gastrointestinal infections

Gastrointestinal infections in a pregnant woman present in
many forms. Physicians can be asked to evaluate chronic cases,
for example a persistent diarrhea, or, at the other end of the
spectrum, a woman with an acute life-threatening emergency,
such as a ruptured appendix.

Appendicitis

Acute appendicitis is an illustration of how pregnancy can
modify the clinical manifestations of intra-abdominal disease.
The large uterus, hormonal changes, and immunologic sup-
pression change patient symptomatology. For example, a preg-
nant patient with appendicitis usually presents with no fever,
no leukocytosis, and right midquadrant pain, instead of right
lower quadrant pain.94 New imaging techniques such as a CT
scan are not applicable to the pregnant patient. Based on clin-
ical acumen and imaging findings, an operative exploration
should be carried out if appendicitis is suspected. It is far better
to explore a few patients with inconclusive signs and sub-
sequently discover a ruptured appendix. If intraperitoneal
rupture does occur, these women are at high risk of prema-
ture labor and delivery.

Cholecystitis

Acute cholecystitis is another gastrointestinal problem some-
times seen in pregnant women. It should be suspected in the
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patient with nausea, vomiting, and right upper quadrant pain.
New imaging techniques (e.g., ultrasound) without radiation
can be used to detect the presence of stones in the gallbladder
or the collecting ducts.

Infections of the liver

Hepatitis is an infection caused by a broad range of microbi-
ological agents that can cause morbidity for both the mother
and the fetus. Except for hepatitis E, viral hepatitis does not
occur with more frequency or severity during pregnancy.95,96

Physicians associate hepatitis with the various hepatitis
viruses, but this condition has been seen with other viruses
and bacteria. The underlying health of the pregnant woman
influences maternal morbidity.

Hepatitis A is a significant infectious disease that occurs
worldwide. Transmission of the virus is usually by the
fecal–oral route. It is unique among the hepatitis viruses
because the infection resolves without a carrier state. The
impact of this disease on pregnant women varies. In the United
States, no increase in maternal mortality with hepatitis A has
been noted,95 whereas in the Third World countries, an
increase in maternal death rate has been documented. Pre-
vention is now possible with the development of an inactivated
virus vaccine. The selection of pregnant patients for the
administration of the vaccine is limited to high-risk groups as
previously described.

Hepatitis B is a serious medical problem for pregnant
women. It is still a common disease in the United States. It can
cause serious maternal morbidity, although maternal mortal-
ity is rarely seen. Approximately 5% of women become
chronic carriers of the virus and, in turn, have the capability
of infecting their newborn with this virus. This risk applies to
women infected with the virus before they become pregnant.
As mentioned earlier in this chapter, prevention is the starting
point of care. The hepatitis B vaccine is available and should
be made available to pregnant women. Because this is not a
live virus vaccine, it can be administered during pregnancy.

Obstetricians have become cognizant of hepatitis C. In
1989, the genome of the hepatitis C virus97 was cloned, and
tests were developed for antibodies against this agent. Subse-
quent studies have demonstrated that 88–90% of posttrans-
fusion nonA, nonB hepatitis is due to hepatitis C.98 The acute
hepatitis C infection poses few problems for the obstetrician,
for it is usually a subclinical infection. In prospective studies,
only 20–30% of the patients have symptoms, and only half of
this symptomatic group develop jaundice.99 There are excep-
tions. Fulminant hepatitis secondary to hepatitis C virus infec-
tion can occur in pregnancy.100 In these seriously ill women,
hepatitis A, B, and C antibody testing should be done to
determine the etiology. Supportive medical care should be
offered until the symptoms of hepatitis resolve. The main
problem with hepatitis C virus is that chronic infection results
in a majority of cases, with progressive chronic liver disease
leading to hepatocellular carcinoma.100 Clearly, prevention is

the preferred approach to this problem. Blood is the most
important source of spread. Although transfusion-associated
hepatitis C still occurs, its incidence has been dramatically
reduced through the screening of blood for hepatitis C virus
antibody.101 Intravenous drug abusers remain at risk. Although
the risk of sexual transmission of hepatitis C virus is small,
there is evidence that it occurs,102 as does mother-to-child ver-
tical transmission,103 particularly among women co-infected
with HIV. Each of these modes of transmission is less than with
hepatitis B. For prevention, condoms can be suggested.

Hepatitis D infection is sometimes a concern among patients
who are positive for hepatitis B antigen. When this occurs, the
acute infection resembles uncomplicated hepatitis B. In fewer
than 15% of these cases, the disease may be severe, and fatal-
ities have been reported.104 Treatment is supportive.

Other hepatitis viruses have been identified, and more will
be known to us in the future. Outside of hepatitis A, B, C, and
D, hepatitis due to hepatitis E virus is more dangerous in preg-
nant women, with a reported mortality rate of 15–20%. To
date, this disease has been reported in India, Africa, and the
Middle East.105,106

Hepatitis can be caused by other viruses, notably herpes
simplex virus (HSV), CMV, Epstein–Barr virus, and coxsackie
B virus. HSV hepatitis is uncommon, with fewer than 20 cases
reported in the literature,107,108 but it is a serious disease with
a maternal mortality rate of close to 50%.107 This is a diffi-
cult disease to diagnose, because of its rarity, but it should be
included in the differential diagnosis of a patient with hepatic
dysfunction in the third trimester.108 The physician’s suspicions
should be aroused by the patient presenting with onset of
disease in the third trimester, a prodromal illness, vulvar or
pharyngeal vesicular lesions, and an anicteric presentation. It
is important to confirm the diagnosis by liver biopsy108 and
begin treatment with acyclovir. This significantly reduces
maternal mortality.107 Hepatitis due to CMV, Epstein–Barr
virus, and coxsackievirus can be suspected when other causes
of hepatitis cannot be confirmed. Liver biopsy and culture help
to confirm the diagnosis.

Occasionally, a pregnant woman will be seen with a liver
abscess secondary to Entamoeba histolytica (amebiasis). They
usually present with a sudden onset with right upper quad-
rant pain and a fever. Ultrasound confirms the diagnosis.
These abscesses respond to medical treatment with metron-
idazole. This avoids intraperitoneal rupture and usually results
in a cure.

Peritonitis

Primary bacterial peritonitis is a rare but life-threatening con-
dition in pregnant women. In nonpregnant women, such prob-
lems are usually secondary to bacteremia with Gram-positive
aerobic cocci, such as group A β-hemolytic streptococci or
pneumococci. In pregnant women, it has been associated with
underlying disease or acute salpingitis.109,110 The diagnosis
should be considered in any pregnant woman with fever 

897

TCO50  9/15/06  11:01 AM  Page 897



CHAPTER 50

and abdominal tenderness. If more common entities such as
chorioamnionitis and appendicitis have been ruled out and if
the patient has evidence of liver disease, primary peritonitis
should be considered as a diagnosis. Paracentesis and micro-
scopic examination of peritoneal fluid should confirm this
diagnosis, and the treatment should be with systemic antibi-
otics. Some of these women are critically ill and should be
monitored closely for evidence of premature labor.

Diarrhea

Diarrhea is seen with some frequency in any large obstetric
practice. Fortunately, it is usually self-limited and without
complications. When it is explosive in nature or persists
beyond 24h, the associated dehydration can be accompanied
by premature labor. Close communication must be kept with
these patients.

The diagnostic and therapeutic care of these patients
requires a knowledge of the etiologies and pathophysiology of
diarrheal disease. Table 50.4 provides an outline of the physi-
cian considerations when viewing these patients.111

The obstetrician can adapt a wait and see approach to preg-
nant patients who have diarrhea. The patients should be
advised to take adequate oral fluids, solid food as tolerated,
and to limit the use of medications in the first 24h to nonab-
sorbed local medications such as loperamide (Kaopectate),
which do not alter intestinal motility. Because most cases have
a mild self-limited course, neither a stool culture nor treatment
is necessary. Antimicrobial therapy should be based on antibi-
otic susceptibility studies. Antimotility drugs, such as lop-
eramide, can be used to control moderate to severe diarrhea.
In patients beyond the 12th week of pregnancy, without a con-
traindication to the use of salicylates, bismuth subsalicylate
can be used. It is helpful for it has antimicrobial properties
because of the bismuth and antisecretory properties of the sal-
icylate moiety. Nearly all these women will be managed as out-

patients because it is rare in the United States to have a case
so severe that admission is needed.

Women with chronic diarrhea need to be evaluated for ova
and parasites, particularly Giardia lamblia and E. histolytica.
These symptomatic women should be treated with quinacrine
and metronidazole, respectively, after the 12th week of preg-
nancy.112,113 The influx of refugees from South-east Asia, the
Caribbean, and Central America, plus immigrants from South
America, has increased the pool of pregnant patients in the
United States with intestinal parasites.112,113 In one evaluation
of 97 South-east Asian refugees in Philadelphia, 65% were col-
onized with gastrointestinal parasites. The most common iso-
lates in the study were hookworm, Trichuris trichiura,
Clonorchis sinesis, Ascarisa lumbricoides, Strongyloides ster-
coralis, E. histolytica, G. lamblia, Endolimax nana, Taenia,
and Plasmodium vivax.112 Despite the high infection rate, this
population had uncomplicated pregnancy outcomes with the
usual pregnancy care and treatment of symptomatic patients.
Lee114 counsels therapeutic conservatism if obstetricians dis-
cover intestinal parasites in their pregnant patients. He sug-
gests two major indications for therapy: gastrointestinal
problems that persist and interfere with maternal health; and
parasite-related extraintestinal abnormalities. A detailed
description of treatment for parasitic diseases in pregnancy is
reviewed in reference 112.

Malaria

Malaria is a serious infection in pregnant women. In endemic
areas, peripartum infection increases the risk of perinatal
death and low birthweight.112,115 Chloroquine prophylaxis
protected against maternal and fetal malaria, low birthweight,
and perinatal death, even in areas where chloroquine-resistant
Plasmodium falciparum is endemic.115 Fortunately, this is a
rare disease in the United States. In these days, when more
people are involved in international travel, more cases will be
seen by American physicians.

Lyme disease

Lyme disease is a new infection for obstetricians. It was first
described in 1977 and given its name because of a clustering
of children with suspected juvenile rheumatoid arthritis in
Lyme, CT, USA.116 It is caused by a tick-borne spirochete, Bor-
relia burgdorferi, and is spread by the bite of infected ticks,
including Ixodes dammini, or related ixodid ticks.117 It is a
multisystem disorder that usually begins in the summer with
a spreading skin eruption to be followed weeks to months later
by cardiac, neurologic, or arthritic abnormalities. Unfortu-
nately for the obstetrician, this is a transplacental infection
that can result in intrauterine fetal death or impairment of
cerebral function because of in utero-acquired central nervous
system infection.118,119 Fortunately, this pathogen is suscepti-
ble to antibiotics so that cure can be achieved, particularly
when an early diagnosis is made.
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Table 50.4 Classification of diarrhea.

Toxigenic diarrhea Caused by Vibrio cholerae and toxigenic
Escherichia coli

Invasive bacterial Caused by Shigella species, nontyphoidal
diarrhea Salmonella species, enterohemorrhagic

E. coli, enteroinvasive E. coli,
Campylobacter jejuni, Vibrio
parahaemolyticus, Yersinia enterocolitica,
noncholera vibrios

Viral diarrhea Caused by rotavirus, caliciviruses, including 
the Norwalk virus, astrovirus, and enteric
adenovirus

Parasitic diarrhea Caused by Giardia lamblia, Entamoeba
histolytica, Cryptosporidium parvum,
Cyclospora cayetanensis, Isospora belli, and
Balantidium coli
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The diagnosis of Lyme disease depends on the obstetrician’s
clinical awareness, backed up by appropriate laboratory
testing. In the United States, most of the cases to date have
been clustered in three areas: the north-east, from Massachu-
setts to Maryland; the Midwest in Wisconsin and Minnesota;
and the west in California and Oregon. Clinically, the disease
begins as a red macule or papule at the site of the tick bite,
and this lesion spreads. Concomitant with this, the patient
complains of malaise, fatigue, headache, chills, and fever. This
is not the flu to be dismissed by physician admonitions “to
take fluids and acetaminophen, get to bed, and let nature take
its course.” These women need to be examined meticulously
for skin lesions. Blood should be drawn for IgM antibodies.
One study indicated that immunoblotting was superior to
indirect enzyme-linked immunosorbent assay (ELISA) tests for
diagnosing early Lyme disease.120 Patients with Lyme disease
do not have a positive regain test result for syphilis (e.g., a
Venereal Disease Research Laboratory test), but they can
crossreact with other treponemal tests and have a positive flu-
orescent treponemal antibody absorption test result.121 In non-
pregnant women, the treatment of choice would seem to be
tetracycline, which gives superior results to erythromycin, par-
ticularly in the prevention of the major late complications,
myocarditis, meningitis, and arthritis.122 In pregnancy, phe-
noxymethyl penicillin would seem to be the drug of choice for
early disease. For patients who are first diagnosed with late-
onset arthritis, ceftriaxone seems to be the drug of choice
because of its long half-life.123

Other tick-borne diseases

There are a number of other tick-borne diseases seen in the
United States. These are identified in Table 50.5.124 Prevention
is the approach of choice. Pregnant women should be advised
to wear long-sleeved shirts, long pants, and closed-toe shoes
in areas where tick exposure is likely. Walking on cleared trails
away from bush vegetation is also helpful. If a tick bite occurs,
an embedded tick should be removed by tweezers, with a slow
steady pressure, perpendicular to the skin. If symptoms occur,
the obstetrician should be consulted. Table 50.5 provides some
general treatment guidelines. Tetracycline, frequently the drug
of first choice, is not used in pregnant women.

HIV in pregnancy

A quarter of a century after first coming to national attention,
the HIV epidemic has entered a phase that can be described
in a paraphrase of the famous opening line of Dickens’ Tale
of Two Cities, “it is the best of times, it is the worst of times.”
This is particularly true of maternal–child issues. In the devel-
oped world, where access to the full array of antiviral thera-
pies can be assured, the prognosis for infected individuals has
improved dramatically, and the birth of an HIV-infected child
has become a relative rarity. Unfortunately, the same cannot
be said for those areas of the world where 95% of HIV-
infected individuals reside. In those settings, where the epi-
demic continues to expand, most HIV-infected individuals are
condemned to substandard care and a concomitant poor prog-
nosis. However, great efforts are being expended to alter that
trend, and there are success stories even in the developing
world. Obstetricians in the United States, by dint of their
ability to utilize the most effective therapies, have an obliga-
tion to keep abreast of this rapidly changing field in order to
guarantee their patients the best prognosis and the greatest
likelihood of giving birth to an uninfected child. In this
section, we will briefly review the epidemiology and patho-
physiology of HIV, but will focus on the clinical aspects of the
disease in order to enable clinicians to provide state of the art
care to their patients.

Epidemiology

According to United Nation statistics, close to 30 million
people were alive with HIV infection in 2003. During that
year, nearly five million new infections were recorded, and
almost three million people died. Women now comprise about
half of all HIV-infected individuals, and there are approxi-
mately 2000 new infections of children under the age of
15 years (the vast majority secondary to mother-to-child trans-
mission) every day. These infections are not evenly dispersed
across the globe. Over 95% of infections occur in sub-Saharan
Africa. However, if recent projections prove correct, the bulk
of new infections will be occurring in other parts of the world
by the end of this decade. It is now predicted that India,
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Table 50.5 Other tick-borne diseases in the USA.

Disease Causative agent Classification Region Treatment

Rocky Mountain spotted fever Rickettsia rickettsii Bacteria South-east, West, south central Chloramphenicol
Ehrlichiosis Ehrlichia chafeenis Bacteria south central, south Atlantic Chloramphenicol
Relapsing fever Borrelia sp. Bacteria West Erythromycin
Tularemia Francisella tularensis Bacteria Arkansas, Missouri, Oklahoma Gentamicin
Colorado tick fever Coltivirus sp. Virus West Supportive care
Babesiosis Babesia sp. Protozoa North-east Oral quinine plus clindamycin
Tick paralysis Toxin Neurotoxin North-west, south Removal of tick
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Nigeria, China, Ethiopia, and Russia (in decreasing order of
new infections) will have as many as 70 million infected indi-
viduals within 5 years.

Perhaps as important as these numbers are the opportuni-
ties that exist to alter the course of the epidemic. It has been
projected that, if several preventive steps are taken, as many
as 29 million infections (63% of all new infections) can be
avoided by the year 2010.125 These interventions include vol-
untary HIV counseling and testing in order to raise awareness
of the need for risk reduction and to help to bring the disease
into the open, behavioral interventions to build motivation
and risk-reduction skills, treatment of sexually transmitted
diseases to reduce the likelihood that unprotected sex will
result in HIV transmission, antenatal antiretroviral regimens
to decrease mother-to-child transmission (MTCT), and drug
treatment and programs to distribute sterile needles and
syringes to help prevent the spread of HIV among injecting
drug users. It is estimated that preventive services currently
reach only a small minority of people at risk in developing
countries. Achieving the aforementioned preventive goals will
require at least a fourfold increase in global spending to
US$4.8 billion in developing countries by 2005, and US$5.85
billion by 2007. In contrast, total spending from all sources
in 2002 on HIV prevention efforts in those countries was
approximately US$1.2 billion.

In the United States, the CDC estimates that 40000 new
HIV infections occur every year.126 From the beginning of 
the epidemic in 1981 to 2000, an estimated 1.3–1.4 million
Americans have been infected with HIV, and approximately
one-third (450000) of those have died. Despite declines in the
number of new infections since the 1990s, the number of indi-
viduals alive with HIV infection is greater than ever before. It
is further estimated that, as of 2000, between 850000 and
950000 people are alive with HIV. While the number of HIV-
infected children born in the United States has dropped dra-
matically in the wake of new antiretroviral therapies and
modifications in obstetrical practices (vide infra), challenges
remain. As many as one in eight HIV-infected women do not
receive prenatal care, and one in nine is not tested for HIV
before giving birth.

Virology and pathophysiology

HIV-1 and HIV-2 are members of the lentivirus subfamily of
Retroviridae and are single-stranded ribonucleic acid (RNA)
enveloped viruses that have the ability to become incorporated
into cellular deoxyribonucleic acid (DNA).127 HIV preferen-
tially infects cells with the CD4 antigen, particularly helper
lymphocytes, but also macrophages, cells of the central
nervous system and, according to some evidence, cells of the
placenta.128 At least two other cell-surface molecules help HIV
to enter the cells. These coreceptors for HIV, called CXCR4
and CCR5, are receptors for chemokines.129 It has also been
reported that individuals who are homozygous for a 32-
basepair deletion at the CCR5 gene are less likely to acquire

HIV, while those who are heterozygous for the deletion
progress less rapidly if infected. Once the virus is internalized,
its RNA is released from the nucleocapsid, and is reverse tran-
scribed into proviral DNA. The provirus is inserted into the
genome and then transcribed into RNA; the RNA is trans-
lated, and virions assemble and are extruded from the cell
membrane by budding. The virus is composed of core (p18,
p24, and p27) and surface (gp120 and gp41) proteins,
genomic RNA, and the reverse transcriptase enzyme sur-
rounded by a lipid bilayer envelope.

Untreated, HIV infection leads to progressive debilitation of
the immune system, rendering infected individuals susceptible
to opportunistic infections (e.g., Pneumocystis carinii pneu-
monia and central nervous system toxoplasmosis) and neo-
plasias (e.g., Kaposi’s sarcoma) that rarely afflict patients with
intact immune systems. For an HIV-infected patient with one
of several specific opportunistic infections, neoplasia, demen-
tia encephalopathy, or wasting syndrome, the diagnosis of
acquired immunodeficiency syndrome (AIDS) is assigned. In
1993, the CDC changed the case definition to include all indi-
viduals with HIV infection whose CD4 counts drop below 200
CD4 lymphocytes/µL as well as HIV-infected individuals with
advanced cervical cancer, pulmonary tuberculosis, and recur-
rent pneumonia.130

At the time of initial infection, there is an immediate viremia
of substantive proportions (up to a billion viral particles
turned over per day) and an equally impressive immune
response with similar levels of T-cell turnover.131 After the
initial viremia, the level of virus returns to a “set point.” The
level of virus in the plasma at that time can provide an esti-
mate of the probability that an individual, if left untreated,
will develop AIDS within 5 years. Antibodies are usually
detectable 1 month after infection and are almost always
detectable within 3 months. Evidence of immune dysfunction
may be followed by clinical conditions ranging from fever,
weight loss, malaise, lymphadenopathy, and central nervous
system dysfunction to infections such as herpes simplex virus
or oral candidiasis. Studies of infected individuals have noted
that, 5 years after infection was confirmed, up to 35% had
progressed to AIDS.132,133 It should be noted that these statis-
tics antedate the use of highly active antiretroviral therapy
(HAART), which has been shown to have a significant effect
on the course of HIV disease.

Management of the HIV-infected 
pregnant women

Appropriate management of HIV-infected pregnant women
requires an understanding of testing, monitoring, and medical
therapy. The last issue is the most complex and the most
rapidly changing. In order to stay abreast of those changes,
the International AIDS Society134 and the Public Health
Service135 provide continuing updates, the latter on a website,
to which the reader should refer as new drugs and protocols
emerge. The Public Health Service (“AIDSinfo”) website also
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provides guidelines specifically for the care of pregnant
women.

Testing
A great deal can now be offered to HIV-infected individuals.
As will be detailed below, therapy is now available that can
reliably reduce both disease progression and MTCT. All the
available treatments work best when they are initiated before
clinical disease or advanced immune compromise occurs. It is
a bit disheartening to realize that many people still do not
learn their serostatus until they have reached an advanced
stage of illness. Similarly, while some MTCT can be prevented
even when HIV infection is not diagnosed until labor, success
rates are much higher if longer term therapy is employed.
Thus, it is essential that obstetricians ascertain the serostatus
of all their patients as early in pregnancy as possible. “Opt-
in” testing is the most common testing strategy employed in
the United States. It requires counseling and written consent.
However, it is neither the most successful nor the currently
recommended strategy for testing. In the antepartum setting,
identification of infected women is best accomplished using a
“routine” right-of-refusal approach and employing standard
ELISA and Western blot technologies. The use of standard
testing technologies provides among the most sensitive and
specific testing algorithms available for any infection. The
right-of-refusal (“opt-out”) approach respects pregnant
women’s autonomy, but does not explicitly or implicitly either
stigmatize women who are offered the test or dissuade women
from being tested. The opt-out approach is associated with
greater testing rates than the opt-in approach. Medical record
surveys, laboratory data, and population-based surveys
(1998–2001) report 85–98% HIV testing rates in surveyed
areas using the opt-out approach, compared with testing rates
ranging from 25% to 83% in surveyed areas using the opt-in
approach.136

Despite the implementation of routine testing protocols in
prenatal settings, there will still be circumstances in which
rapid testing will play an important role. It is estimated that
40–85% of infants infected with HIV are born to women
whose HIV infection is unknown prior to delivery.137 A
number of studies have been published that demonstrate the
ability of antiretroviral therapy, even when first introduced in
the intrapartum or immediate neonatal period, to prevent
some cases of pediatric HIV infection.138 In the intrapartum
period, the testing technology involves rapid testing. A rapid
test is an HIV screening test with results available within
hours. When selecting a rapid HIV test for use during labor
and delivery, it is important to consider the accuracy of the
test and the site (i.e., hospital laboratory versus point of care
testing in labor and delivery) at which testing will be per-
formed. Tests that require serum or plasma (e.g., Reveal) are
more suitable for use in the laboratory, whereas tests that can
be performed with whole blood (e.g., OraQuick, Uni-Gold)
without specimen processing can be performed more easily in
the labor and delivery unit.139 Performance evaluations on

three United States Food and Drug Administration (FDA)-
approved rapid HIV tests (OraQuick, Reveal, and Uni-Gold)
indicate a sensitivity of 100%, 99.8%, and 100% [ 95% con-
fidence interval (CI)], respectively, and a specificity of 99.9%,
99.1% (serum), and 99.7% (95% CI) respectively.140 Despite
the fact that rapid tests may be associated with more false-
positive results than standard tests (particularly in low-preva-
lence communities), there are several steps that should be
taken whenever a positive result is received. The patient
should be informed that the preliminary screen suggests that
she might be positive and her neonate might therefore be
exposed so that a follow-up is being performed. Consent
should be obtained to initiate therapy immediately for her and
her neonate, and advice should be offered not to breastfeed.
Finally, her pediatrician should be informed of her status.

Monitoring
The advent of HAART has made HIV, in many ways, a
chronic illness similar to diabetes. Just as no clinician would
think about managing a diabetic woman without ongoing
assessments of their disease state and the impact of their
therapy (e.g., monitoring of blood glucose levels), so no HIV
specialist would be able to manage his/her patient without
tracking their immune status, viral status, and viral resistance
as appropriate. The first two measures let the provider know
how far advanced the disease is and how rapidly it is pro-
gressing. The last test, used in circumstances in which there is
evidence that treatment is not being met with complete
success, can help the clinician to choose the best regimen to
use in a variety of clinical circumstances.

During pregnancy, viral load status should be determined
every month until the virus is no longer detectable. Viral load
should drop by approximately 1–2 logs per month if effective
therapy is being used. Once the virus is no longer detectable,
testing can be performed every 3 months. The higher the viral
load, the longer it will take to become undetectable. However,
in all circumstances, the viral load should become unde-
tectable within 6 months of starting therapy. The CD4 count
can be used to decide when it is necessary to institute pro-
phylaxis for opportunistic infections. No such medications are
required if the CD4 count is higher than 200/µL. If such
therapy is begun at a lower count, but the CD4 count rises
back above 200/µL consequent to HAART, the prophylaxis
can be discontinued once the count has remained over that
threshold for 6 months.

Failure to achieve the “undetectable” benchmark often
reflects the development of a resistant organism. The life cycle
of HIV predisposes to mutations and, hence, resistance
because of the combination of the rapid turnover of HIV
(107–108 rounds of replication/day) and the high error rate of
reverse transcriptase when replicating the nearly 10000
nucleotides present in the HIV genome. When incompletely
suppressive drug regimens are used, they provide the evolu-
tionary pressure that selects those mutations that cause re-
sistance to antiretroviral agents. The number of mutations
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required to cause a clinically relevant effect varies with the
agent in question. Thus, the rate at which resistance develops
will depend on the number of mutations necessary to create a
significant change in susceptibility.

While obstetricians have often used culture and sensitivity
testing in order to choose appropriate antimicrobials, antivi-
ral resistance testing can be a bit more complicated. However,
as randomized trials have demonstrated that individuals
assigned to study arms with access to resistance test results
have a greater reduction in viral load after the initiation of
salvage therapy, obstetricians should familiarize themselves
with these tools.141 Currently, two types of testing are avail-
able, genotypic and phenotypic, each with distinct advantages
and disadvantages.142

Phenotypic testing is a measure of the activity of the virus
under a particular set of conditions, whereas genotyping pro-
vides a molecular biologic snapshot of the viral structure. Phe-
notypic tests compare the ability of the virus to replicate in
various concentrations of an antiretroviral drug with its ability
to replicate in the absence of the drug.143 Resistance is related
to the ability of the virus to overcome treatments aimed at
viral activities needed for replication, i.e., reverse transcription
and at the protease gene. Genotypic testing seeks to detect
mutations in the genes that encode reverse transcriptase and
protease formation by the virus. These tests establish the
nucleotide sequence (ergo the amino acid sequence) of the
portion of the viral genome coding for reverse transcriptase
and protease. Point mutations in the virus result in the substi-
tution of amino acids in the proteins produced, i.e., reverse
transcriptase or protease. The significance of these point muta-
tions is determined by correlating specific mutations with phe-
notypic resistance, as measured by viral susceptibility assays
and correlation with clinical response to therapy. Obstetri-
cians should interpret and act upon the results from both types
of tests in consultation with an expert in the field.

Certain limitations are present for both genotypic and phe-
notypic assays. As most HIV-infected individuals have several
circulating viral quasispecies, the assays may not detect resist-
ant species that constitute 20% or less of the population. This
issue may be especially important for evaluating resistance to
drugs that a person took in the past but is no longer receiv-
ing, as wild-type virus, being fitter, may have overgrown the
mutant strain in the interim. It also means that resistance
testing is more useful for ruling out, than for ruling in, ther-
apies to be utilized in a given patient. That is because the
absence of resistance may merely reflect the re-emergence of
the wild-type strain. In that circumstance, the assays will not
detect the minority mutant strain. However, if the patient is
re-exposed to the offending agent, the resistant strain may
again attain dominance. Drug resistance testing is not advised
for persons with viral load of < 1000 copies/mL, as amplifi-
cation of the virus is unreliable.

There are several defined circumstances in which clinicians
should utilize these tests. The most common indication for
testing is treatment failure. Treatment failure is defined as the

failure to attain an undetectable level of virus or the persist-
ent presence of virus after it had become undetectable. If it
has been determined that failure has occurred, resistance
testing should be performed before the failing regimen is dis-
continued. This is to prevent the overgrowth of wild-type
strains that might occur after the regimen is discontinued, such
that resistant strains would not be detected even though they
might be “lying in wait” for the reinstitution of some com-
ponents of the regimen. Resistance testing can also be helpful
in the setting of an individual who has recently seroconverted.
It has been reported that a substantial percentage of new infec-
tions are with organisms that are resistant.144 If testing can be
performed before a wild-type virus overgrows the infecting
strain, the clinician will have an opportunity to choose an
initial regimen that will have a high probability of success
against the infecting virus.

Medical therapy: when to start
Once a diagnosis of HIV infection has been made and the indi-
vidual’s clinical, virologic, and immune status has been
assessed, the clinician must determine whether antiretroviral
therapy is appropriate. Given the cost, toxicities, and incon-
veniences of therapy, a clear advantage in prognosis should 
be shown before the commitment to lifetime treatment is
made.

If the patient has severe immune compromise or a clinical
diagnosis of AIDS, then the decision is clear. Randomized clin-
ical trials have demonstrated a survival benefit with the use of
antiretroviral therapy in those circumstances.145 For less
severely compromised individuals (i.e., asymptomatic individ-
uals with CD4 cell counts ≥ 200/µL), the data are not as clear
cut; there are no definitive data from prospective, randomized,
controlled studies. Instead, inferences must be drawn from
observational studies, as well as what is known about the con-
sequences of moderate degrees of immune deficiency, and the
long-term safety of antiretroviral drugs. The largest study,
which analyzed data from more than 10000 patients, con-
cluded that prognosis could be best predicted by CD4 cell
count and HIV RNA response after 6 months of treatment,
independent of pretreatment values.146,147 Another study ana-
lyzed data from 1464 patients from several clinics in the
United States and found that, after 4 years of follow-up,
patients with baseline CD4 cell counts between 200/µL and
350/µL who started antiretroviral therapy had lower mortal-
ity rates than those who waited until their CD4 cell count was
below 200/µL.148 These data agreed with the results of 
another study that reported the outcomes of 1173 patients
who had received therapy for at least 90 days.149 Again, those
who initiated therapy with a CD4 cell count below 200/µL
had a higher risk of disease progression even if a durable viro-
logic suppression was achieved. A Canadian cohort found a
similar association between lower CD4 cell count and prog-
nosis, but also noted that a baseline HIV RNA level higher
than 100000 copies/mL was independently associated with
death.150
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Thus, delay in the initiation of therapy carries with it some
risk of poorer prognosis. However, there are countervailing
considerations. These include concerns over the long-term
safety of therapy, toxic effects, potential cardiovascular con-
sequences, and the negative impact of fat maldistribution on
quality of life. These outcomes may be present at different fre-
quencies dependent upon the drug regimen employed.151,152

Additionally, some treatment complications (e.g., lipoatrophy)
may be more frequent and severe when therapy is initiated at
lower CD4 cell counts.153

In sum, these data from observational cohorts strongly
suggest that antiretroviral therapy may decrease the incidence
of potentially life-threatening conditions. That finding in con-
junction with long-term safety data on some regimens, and the
availability of newer drugs that are safer and easier to take,
would support the initiation of therapy before HIV-related
disease becomes clinically manifest.

In reviewing all the aforementioned data, the International
AIDS Society drew several conclusions.134 They felt that
therapy should be recommended for all patients with symp-
tomatic HIV disease, although in rare circumstances initiation
can be delayed. For example, treatment of potentially life-
threatening opportunistic diseases, or conditions that require
drugs that are difficult to co-administer with antiretroviral
drugs (e.g., tuberculosis or hepatitis C virus co-infection), or
can lead to an immune reconstitution syndrome following the
initial CD4 cell count increase, may take precedence over
immediate initiation of antiretroviral therapy. They also rec-
ommend antiretroviral treatment initiation before CD4 cell
counts reach 200/µL. However, initiation of therapy in
patients with CD4 cell counts below 350/µL but above 200/µL
should be individualized. They cite as an example of an indi-
vidual in whom it would be reasonable to defer therapy,
someone with a low HIV RNA level, stable CD4 cell count
(or one that is declining slowly, e.g., a loss of fewer than 50/µL
per year), and someone who is reluctant to start therapy. Con-
versely, they would be more aggressive with an individual with

plasma HIV RNA levels above 100000 copies/mL or a CD4
cell count loss of more than 100µL/year. Finally initiation of
therapy is generally not recommended for patients with CD4
cell counts between 350/µL and 500/µL, but it may be con-
sidered in cases with high plasma viral load or a rapid decline
in CD4 cell count.

More recently, the Panel on Clinical Practices for Treatment
of HIV Infection convened by the Department of Health and
Human Services135 modified their recommendations for when
to initiate therapy for asymptomatic treatment-naïve patients
with CD4 cell counts > 350 cells/µL. The viral load recom-
mendation at which to defer or to consider therapy was
increased from 55000 to 100000 copies/mL. They based this
change on the belief that, even at those CD4 and viral load
levels, the chance of disease progression is relatively low.

Medical therapy: what to start (see Table 50.6)
Over the last several years, arrays of antiretroviral therapies
have come on the market. They vary in price, efficacy, and
toxicity. Some are inappropriate for use in pregnancy. The
obstetrician should be comfortable with a few regimens that
are most appropriate for use in pregnancy and be liberal in
consulting with experts in HIV infection in those circum-
stances (e.g., resistance) in which their usual choices are no
longer appropriate.

While the choice of initial regimen is influenced by several
factors that may be unique to a given patient, including
comorbid conditions and concomitant medications, in general,
certain initial regimens are preferable to others, at least as evi-
denced by data from controlled clinical trials. Additionally,
some of the newer formulations of medications should
improve adherence.

A HAART regimen using a non-nucleoside reverse tran-
scriptase inhibitor (NNRTI) is often the initial regimen of
choice because of convenience, superior virological suppres-
sion, lower rates of toxic effects, and fewer interactions
between drugs than seen with regimens that utilize a boosted

903

Table 50.6 Currently used antiretroviral drugs.

Drug Dosage Side effects Pregnancy category

Zidovudine 100 mg 6 times per day Anemia, gastrointestinal upset, headache, myopathy C
Didanosine > 60 kg: 200 mg b.i.d.; Pancreatitis, diarrhea, peripheral neuropathy B

< 60 kg: 125 mg b.i.d.
Zalcitabine 0.75 mg t.i.d. Peripheral neuropathy, pancreatitis, stomatitis C
Lamivudine 150 or 300 mg b.i.d. Minimal toxicity C
Stavudine > 60 kg: 40 mg b.i.d.; Peripheral neuropathy, pancreatitis C

< 60 kg: 30 mg b.i.d.
Indinavir sulfate 800 mg q8h Nephrolithiasis, drug interactions, hyperbilirubinemia C
Saquinavir mesylate 600 mg t.i.d. Gastrointestinal disturbances B
Ritonavir 600 mg b.i.d. Gastrointestinal disturbances, paresthesias, drug interactions B

Reprinted from ref. 21, with permission.
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protease inhibitor. However, during pregnancy, that approach
may require modification because the preferred NNRTI,
efavirenz, is contraindicated in women who are or wish to
become pregnant because of potential teratogenicity. Nevi-
rapine (NVP), which is a reasonable option under other cir-
cumstances, has the disadvantage of potential toxic effects 
that are particularly common among pregnant women with
relatively high CD4 counts (> 250/µL). Delavirdine, another
NNRTI, is not generally recommended for initial regimens
because of insufficient data.

The alternative to an NNRTI backbone in a HAART
regimen is a protease inhibitor backbone. Some of these regi-
mens involve two PIs with one drug acting to “boost” the
availability of the other. Regimens that are ritonavir boosted
are often recommended because of the improvement in PI
pharmacokinetics and potency. That combination has good
rates of sustained response and low rates of viral resistance.
The boosted regimen with the most supporting literature is
lopinavir/ritonavir,154 although there is no compelling evidence
that this combination is dramatically superior to other boosted
regimens such as atazanavir and low-dose ritonavir, and the
latter regimen may have less metabolic toxicities (plasma lipid
abnormalities). Other choices such as nelfinavir, unboosted
atazanavir, and the combination of fosamprenavir and low-
dose ritonavir have lower potencies and, consequently, less
utility as first-line therapy.

A large number of nucleoside reverse transcriptase inhibitor
(NRTI) combinations are available for use as the backbone of
HAART regimens in nonpregnant women. These include
zidovudine (ZDV) plus lamivudine or emtricitabine, tenofovir
plus lamivudine or emtricitabine, or emtricitabine plus
didanosine. In pregnancy, the first choice is ZDV plus lamivu-
dine. There are a few combinations that should be avoided.
Combining stavudine and ZDV is contraindicated; combina-
tions of stavudine and didanosine or combinations with zal-
citabine are not recommended because of increased toxic
effects.

Prevention of transmission

Drugs
Since the results of ACTG 076 were first reported in 1994
(monotherapy with ZDV reduced MTCT from 25.5% to
8.3%), it has been apparent that antiretroviral therapy can
substantially reduce the rate of MTCT. Those initial reports
demonstrated that single drug therapy that is administered
over a long period of time (it was administered from 14 weeks’
gestation until term) could prevent two-thirds of transmis-
sions. Since that time, research has advanced in two directions.
In the developing world, there have been a large number of
studies designed to see whether cheaper, shorter regimens
could have benefits similar to those seen with more expensive,
cumbersome approaches. In the developed world, the focus
has been on improved efficacy, as opposed to reduced cost.
Both avenues of research have borne fruit.

Abbreviated regimens of ZDV alone, as well as ZDV in con-
junction with 3TC (lamivudine), have been shown to prevent
some cases of MTCT.155 The most dramatic result, from the
perspective of simplicity and cost, came from the HIVNET
012 trial, which documented the efficacy of oral NVP when
given just twice, once in the intrapartum period and once to
the neonate.156 Subsequent studies have highlighted the public
health risks attendant on this approach. Fairly high frequen-
cies of resistant virus in the postpartum period have been
reported among mothers who have used NVP in the intra-
partum period and, more alarmingly, there is some evidence
that women who took NVP to prevent MTCT were more
likely to fail NVP-based HAART when they became eligible
for treatment later in life.157

In the United States, data accumulated fairly quickly
demonstrating that the results obtained with monotherapy
could be exceeded with more aggressive antiretroviral therapy.
As HAART became the standard of care for HIV infection,
several authors noted that those pregnant women who were
on HAART for their own care had remarkably low rates of
MTCT, independent of the mode of delivery (vide infra). These
data were all the more dramatic because those women on
HAART were, by definition, women with more advanced
disease and thus those who would otherwise be expected to
have relatively high rates of MTCT. In fact, there are now pre-
liminary data, summarized in the next section, indicating that
HAART therapy per se may be as efficacious as Cesarean
section in preventing MTCT.

In determining which regimen should be used for the pre-
vention of MTCT, the first question to be asked is what
regimen does the mother need for her own health, and is there
any need to modify that regimen in order to minimize rates of
MTCT? If the patient meets the criteria for antiretroviral
therapy (as detailed above), then she should be on a HAART
regimen. There is no place for monotherapy for women who
have advanced immune compromise, high viral load, or clin-
ical illness. The obstetrician should review the regimen that
the patient is taking. If it is effective (viral load is unde-
tectable), then it should only be changed if some component
of the regimen is contraindicated in pregnancy (e.g.,
efavirnez). If it is failing, then it should be changed, taking
into consideration both the results of resistance testing and the
safety of individual agents for use during pregnancy.

Mode of delivery
When considering the optimal mode of therapy for HIV-
infected women, the obstetrician must be cognizant of both
maternal interests and fetal interests. Therefore, the clinician
must consider minimizing the risks of both perinatal trans-
mission of HIV-1 and the potential for maternal and neona-
tal complications. Evidence of the potential benefit of
Cesarean section for reducing MTCT antedates the use of anti-
retroviral therapy. Studies from that era showed substantive
reductions in transmission (55–80%) when surgery was per-
formed before labor or rupture of membranes occurred.
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The most compelling data from that time were observa-
tional data from a meta-analysis and from an international
randomized study. The former included observations from 
15 prospective cohort studies, including more than 7800
mother–child pairs, and found that the rate of perinatal HIV-
1 transmission among women undergoing elective Cesarean
delivery was significantly lower than that among similar
women having either nonelective Cesarean or vaginal delivery,
regardless of whether they received ZDV, the only antiretro-
viral in use at the time.158 In the latter, transmission was 1.8%
among women randomized to elective Cesarean delivery,
many of whom received ZDV.159 Because the trial was under-
powered (it began prior to ZDV treatment, and a background
rate of transmission of 25% was anticipated), significant dif-
ferences in the subgroup analysis (mode of delivery stratified
by receipt of ZDV) could not be obtained. However, in all
analyses, the differences between rates of transmission by
mode of delivery were dramatic and consistent. Finally, in
both the meta-analysis and the trial, nonelective Cesarean
delivery (performed after the onset of labor or rupture of
membranes) was not associated with a significant decrease in
transmission compared with vaginal delivery. The American
College of Obstetricians and Gynecologists’ (ACOG) Com-
mittee on Obstetric Practice, after reviewing these data, issued
a Committee Opinion concerning route of delivery recom-
mending consideration of scheduled Cesarean delivery for
HIV-1-infected pregnant women. However, as data were also
available demonstrating low rates of transmission, independ-
ent of mode of delivery, when the viral load was < 1000
copies/mL, the committee limited their recommendation to
those women with HIV-1 RNA levels > 1000 copies/mL near
the time of delivery.160

Transmission, viral load, and combination 
antiretroviral therapy
As noted, the studies mentioned above were performed on the
cusp of the era of HAART. Give the dramatic reductions in
MTCT that have followed in the wake of these therapies, it is
becoming increasingly difficult to document an effect of oper-
ative delivery above and beyond that which can be obtained
with medical therapy alone. For example, independent of the
specific regimen used, when a woman has a viral load under
1000 copies/mL and is on some therapy, her transmission rate
apparently drops into the low single digits. In a study of
women with HIV RNA levels below 1000 copies/mL at or
near delivery, maternal antiretroviral therapy, primarily ZDV,
was the most significant predictor of transmission risk
[adjusted odds ratio (AOR) 0.12, P < 0.001], but any Cesarean
delivery, scheduled or urgent, was also associated with a
reduced risk of transmission (AOR 0.09, P = 0.028).161 The
association between Cesarean section and lower transmission
did not control for the receipt of ZDV, and it is not counter-
intuitive to think that those providers who used Cesarean
section may also have been more likely to employ antiretro-
viral therapy. However, current standard for medical therapy

is no longer ZDV alone, and it is far from certain that HAART
cannot replicate the benefits of operative delivery.

That is not to say that there are not some data that con-
tinue to suggest a benefit for Cesarean section even in the
HAART era. In an Italian study evaluating risk factors for
transmission, the risk of transmission was reduced with elec-
tive Cesarean delivery (AOR 0.54, 95% CI 0.29–1.02) com-
pared with other modes of delivery even after adjustment for
type of antiretroviral therapy and other risk factors, but not
including HIV RNA levels. Among women receiving any anti-
retroviral therapy, transmission occurred among 13 (2.4%) of
553 women undergoing elective Cesarean delivery and 10
(4.4%) of 229 with other modes of delivery (P = 0.13).162 In
the European Collaborative Study, elective Cesarean delivery
was associated with a reduced risk of transmission (AOR 0.42,
95% CI 0.27–0.67) even after adjustment for antiretroviral
therapy and maternal CD4+ lymphocyte count. HIV RNA
levels were not included in the model. Of note, the transmis-
sion rate among women on combination antiretroviral therapy
regardless of mode of delivery was 1.7% (2/118).163 Taken
together, these studies suggest a benefit from elective Cesarean
delivery among women on antiretroviral therapy, but the
majority of the women in all these studies were receiving ZDV
monotherapy rather than current combination regimens.
Where specified, the risk of transmission among women on
HAART was under 2%, making it difficult to detect potential
differences in transmission by mode of delivery in this subset.

Even the most recent data fail to clarify the proper role for
Cesarean section in the era of HAART, with some suggesting
a role for Cesarean section even in the presence of HART, and
others seeming to demonstrate that HAART alone will have
maximal benefits. Thus, data from PACTG 367,164 including
2756 women, do not demonstrate any benefit from elective
Cesarean delivery among either women with HIV RNA levels
below 1000 copies/mL or those on multiagent antiretroviral
therapy. Specifically, women with HIV RNA levels under 1000
copies/mL on multiagent therapy had transmission rates of
0.8% with elective Cesarean delivery and 0.5% with all other
delivery modes (OR 1.4, 95% CI 0.2–6.4), and those on
single-agent therapy, usually ZDV, had a transmission rate of
4.3% after elective Cesarean delivery and 1.8% with all other
delivery modes (OR 2.5, 95% CI 0.04–50.0). Women on mul-
tiagent therapy with HIV RNA levels over 1000 copies/mL
near delivery had a transmission rate of 3.6% with elective
Cesarean and 2.3% with other delivery modes (OR 1.6, 95%
CI 0.6–4.3). The transmission rate among all women on mul-
tiagent antiretroviral therapy was 1.3% (34/2539). Data from
the 4377 women who participated in the European Collabo-
rative Study165 yielded strikingly divergent results, suggesting
a reduction in perinatal transmission of HIV with scheduled
Cesarean delivery even among women on HAART or with
undetectable HIV RNA levels. While the overall transmission
rate among women on HAART was a reassuringly low 10 out
of 678 (1.5%), a logistic regression, adjusting for antenatal
antiretroviral therapy, CD4+ lymphocyte count, gender, and
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time period, revealed that scheduled Cesarean delivery was
still associated with a reduced risk of transmission (AOR 0.51,
95% CI 0.31–0.82). Even among the 481 women with unde-
tectable HIV RNA levels at delivery, 51% of whom were on
HAART, scheduled Cesarean delivery was associated with an
OR of transmission of 0.11 (95% CI 0.03–0.37). Thus, despite
accumulating experience with Cesarean section in the HAART
era, it is still unclear whether there are uniform benefits of
elective Cesarean delivery. Hence, consideration must be given
to the increased risk to the mother of Cesarean compared with
vaginal delivery.

Maternal risks by mode of delivery

Obstetricians are fully familiar with a rich literature that
details the excess morbidity, specifically infectious and hem-
orrhagic, attendant on Cesarean birth relative to vaginal deliv-
ery among HIV-uninfected women. In general, postpartum
infections are approximately five to seven times more common
after Cesarean delivery performed after labor or membrane
rupture compared with vaginal delivery.166,167 The risks asso-
ciated with elective surgery, while still greater than for vaginal
deliveries, are much less dramatic, to the point that more and
more women are electing that mode even for uncomplicated
births.168

In recent years, the types of studies that demonstrated the
relative risk of morbidity associated with Cesarean section
have been repeated among HIV-infected women. Not surpris-
ingly, Cesarean section was still associated with greater rates
of infectious morbidity, although the severity of the morbid-
ity was not remarkable. For example, in the European trial in
which HIV-1-infected women were randomized to Cesarean
section or vaginal delivery, no major complications occurred
in either the Cesarean or the vaginal delivery group, although
postpartum fever occurred in fewer women who delivered
vaginally (1.1%) than in women who delivered by Cesarean
delivery (6.7%; P = 0.002).159 Similarly, an analysis of nearly
1200 women enrolled in an American cohort of HIV-infected
pregnant women (WITS) demonstrated an increased rate of
postpartum fever among women undergoing elective Cesarean
delivery compared with spontaneous vaginal delivery, but
hemorrhage, severe anemia, endometritis, or urinary tract
infections were not increased.169 In PACTG 185, only
endometritis, wound infection, and pneumonia were increased
among women delivered by scheduled or urgent Cesarean
delivery, compared with vaginal delivery.170 In these studies,
elective Cesarean sections were performed for obstetrical indi-
cations (e.g., previous Cesarean delivery or severe preeclamp-
sia), not for prevention of HIV-1 transmission. That factor
may have contributed to higher complication rates than might
be seen when scheduled Cesarean delivery is performed solely
to reduce perinatal transmission. However, even in cohorts
weighted toward women who underwent elective surgery
expressly to reduce rates of MTCT, fever was still increased
after Cesarean compared with vaginal delivery.171 In a multi-

variate analysis adjusted for maternal CD4+ count and
antepartum hemorrhage, the relative risk of any postpartum
complication was 1.85 (95% CI 1.00–3.39) after elective
Cesarean delivery and 4.17 (95% CI 2.32–7.49) after emer-
gency Cesarean delivery, compared with that for women deliv-
ering vaginally. Febrile morbidity was increased among
women with low CD4+ counts.

Some researchers have now included comparisons of HIV-
infected and -uninfected women in their assessments of oper-
ative risk. A European study performing such an analysis
found that, among HIV-infected subjects, minor complications
(anemia, fever, wound infection, curettage, endometritis,
urinary tract infection) occurred in 16.8% of women deliver-
ing vaginally and 48.7% of those with Cesarean delivery,
while major complications occurred in none of the women
with vaginal delivery and 3.2% (5/158) of those with elective
Cesarean delivery.172 These frequencies were increased com-
pared with matched HIV-uninfected women, but the relative
difference between vaginal and Cesarean deliveries was similar
in HIV-infected and HIV-uninfected women.

Several other studies have compared postoperative compli-
cations between HIV-infected women and similar HIV-unin-
fected women.172–179 While two studies found similar outcomes
among HIV-infected women compared with control sub-
jects,180,181 many more detected an increased risk of one or
more complications, albeit predominantly minor complica-
tions, among the HIV-infected women. Cases of pneumonia
were seen among HIV-infected women in four of the studies,
while no cases occurred in the HIV-negative women. In those
studies that included an assessment of immune status, an
increased risk of complications was seen among women with
a lower CD4+ lymphocyte count or percentage.

Timing of scheduled Cesarean delivery
Once a decision has been made to perform an elective
Cesarean delivery for the purpose of preventing HIV-1 trans-
mission, it should be scheduled at 38 weeks, as per current
ACOG guidelines. This recommendation stands in contrast to
that organization’s recommendations for HIV-1-uninfected
women, in which case ACOG recommends that scheduled
Cesarean delivery without confirmation of fetal lung maturity
should be scheduled at 39 completed weeks or the onset of
labor in order to minimize the chance of complications in the
neonate.182 Delivery at 38 weeks, as is currently recommended
for HIV-infected women, rather than at 39 weeks, entails a
small absolute increase in risk of development of infant respi-
ratory distress requiring mechanical ventilation.183,184 This
increased risk must be balanced against the potential risk of
labor or membrane rupture, and attendant increased rates of
MTCT, if delivery is delayed until 39 weeks of gestation. The-
oretically, the risks associated with births a week earlier than
standard could be mitigated by maturity studies. However,
amniocentesis in not recommended in these circumstances for
fear of contamination of the amniotic sac by maternal HIV,
which could pose a risk of consequent fetal infection. Thus,
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ACOG also recommends that the timing of delivery be based
on the best clinical estimate of dating.160 Women should be
informed of the potential risks and benefits to themselves and
their infants in choosing the timing and mode of delivery.

Intrapartum management
If a decision has been made to effect delivery via scheduled
Cesarean delivery, then antiretroviral therapy should be part
of the preoperative protocol. Intravenous ZDV should begin
3 h before surgery, according to standard dosing recommen-
dations, and the infant should receive ZDV for 6 weeks after
birth.185 Other maternal drugs should be continued on sched-
ule as much as possible to provide maximal effect and mini-
mize the chance of development of viral resistance. Oral
medications may be continued preoperatively with sips of
water. Medications requiring food ingestion for absorption
could be taken with liquid dietary supplements, but consulta-
tion with the attending anesthesiologist should be obtained
before administering in the preoperative period. If maternal
antiretroviral therapy must be interrupted temporarily in the
peripartum period, all drugs (except for intrapartum intra-
venous ZDV) should be stopped and reinstituted simultane-
ously to minimize the chance of resistance developing.

As noted above, infectious morbidity is an important con-
sideration, and consideration should be given to the initiation
of prophylactic antibiotics. If vaginal delivery is planned, and
if labor is progressing and membranes are intact, artificial
rupture of membranes or invasive monitoring should be
avoided. These procedures should be considered only when
obstetrically indicated, and the length of time for ruptured
membranes or monitoring is anticipated to be short.

The most problematic clinical dilemmas involve circum-
stances in which the fetus may be exposed to prolonged
periods of membrane rupture. If a vaginal delivery had been
planned, i.e., the viral load is low, then continuing antiviral
therapy and aggressively moving toward vaginal delivery
seems the most appropriate management plan. However, if a
Cesarean section was planned, it is unclear how long after
membranes rupture that Cesarean section will continue to
offer a benefit with regard to a lowered MTCT rate. Much of
the data linking duration of rupture to increased risk of trans-
mission antedate the use of antiretroviral therapy, and their
utility for predicting events in the HAART era is therefore
limited.186,187 The data from more recent studies are less
uniform in conclusion. Among women receiving ZDV, some
studies have shown an increased risk of transmission with rup-
tured membranes for four or more hours before delivery,188

but others have not.189 If a Cesarean section had been indi-
cated and the patient appears shortly after ruptured mem-
branes, it would seem reasonable to proceed expeditiously
toward operative delivery, making sure that intravenous ZDV
is started as quickly as possible. If the patient ruptures mem-
branes when she is preterm, then the clinician must balance
the potential gain in reduced prematurity-related morbidity
from an anticipated latent phase versus the risk of MTCT that

would be encountered by waiting. The further forward from
the time of periviability the rupture occurs, the more Cesarean
delivery shortly after rupture would be favored.

Postpartum management
The first management decision that the obstetrician and par-
turient confront in the immediate postpartum period is
whether to continue the medications the woman had been on
during pregnancy. If the woman had been on HAART prior
to pregnancy and her viral load had continued to be sup-
pressed throughout gestation, then she should be maintained
on the same regimen at least until she re-establishes contact
with her primary HIV care provider. Alternatively, if the
patient had not met criteria for HAART during the prepreg-
nancy period, but had been started merely as part of a strat-
egy to reduce the risk of MTCT, the discontinuation of therapy
would be appropriate. In that circumstance, all medications
should be discontinued simultaneously to avoid prolonged
exposure to monotherapy and the consequent risk of devel-
opment of resistant virus. It should be noted that certain
agents have much longer half-lives than others so that, even if
all drugs are stopped concurrently, the possibility of a period
of de facto monotherapy cannot be completely dismissed.

After the patient has been discharged, with suitable instruc-
tions about antiviral medication, the obstetrician must assure
appropriate follow-up both by an HIV specialist and by a
provider who can provide family planning advice.

Summary recommendations

• All pregnant women should be given the opportunity to
ascertain their HIV serostatus as early in pregnancy as possi-
ble. The preferred testing algorithm involves the “opt-out”
approach, in which women are routinely informed that they
will be tested unless they specifically request to opt out.
• The physician’s primary responsibility is to maximize the
health of his/her pregnant patient. Women’s viral load and
CD4 counts should be monitored and HAART administered
per standard recommendations. If her viral load and CD4
results do not, unto themselves, justify HAART therapy, con-
sideration should still be given to aggressive therapy in order
to minimize the likelihood of MTCT.
• While HAART is probably the most effective regimen for
MTCT prevention, there are circumstances (e.g., viral load less
than 1000 copies/mL) in which alternatives might be accept-
able. As a minimum for the reduction of perinatal HIV-1
transmission, ZDV prophylaxis according to the PACTG 076
regimen is recommended unless the woman is intolerant of
ZDV.
• Plasma HIV-1 RNA levels should be monitored during preg-
nancy according to the guidelines for management of HIV-1-
infected adults. The most recently determined viral load value
should be used when counseling a woman regarding mode of
delivery.
• Perinatal HIV-1 transmission is reduced by scheduled
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Cesarean delivery among women with unknown or high 
HIV-1 RNA levels who are not receiving antiretroviral therapy
or are receiving only ZDV for prophylaxis of perinatal trans-
mission. The benefit among women on HAART is unproven.
Given the low rate of transmission among this group, it is
unlikely that scheduled Cesarean delivery would confer addi-
tional benefit in the reduction of transmission.
• Management of women originally scheduled for Cesarean
delivery who present with ruptured membranes or in labor
must be individualized based on duration of rupture, progress
of labor, plasma HIV-1 RNA level, current antiretroviral
therapy, and other clinical factors. The woman’s autonomy to
make an informed decision regarding route of delivery should
be respected and honored.

Sexually transmitted diseases 
in pregnancy

Although STDs have been recognized for more than three mil-
lennia and have played major roles in the history of civiliza-
tion, the last three decades have brought the greatest progress
in our understanding of this rapidly expanding field. Advances
in microbiology and immunology have made our comprehen-
sion of their pathogenesis and amplified treatment options
more sophisticated.

Despite these breakthroughs, the epidemic of STDs remains
unabated in America.190–192 In 1993, the Institute of Medicine
(IOM) in their report, The Hidden Epidemic: Confronting
Sexually Transmitted Diseases, estimated that 12 million new
cases of STDs occurred annually in the United States at an
estimated annual cost of US$17 billion.190 Subsequently, in
1998, the American Social Health Association (ASHA) sug-
gested that 15 million new cases of STDs were occurring each
year in the United States.191 Recently, Weinstock et al.192

increased the estimate of new STD cases to nearly 19 million
annually. In particular, this trend has had far-reaching impli-
cations on the reproductive health of women.

Not only is there a resurgence of traditional STDs, but new
ones have been added to the list (Table 50.7). Unfortunately,
many of these new STDs are either incurable or associated
with serious sequelae in women. Chlamydia trachomatis has
been associated with infertility,193 ectopic pregnancy,191,194–196

and a host of adverse perinatal outcomes;197 human papillo-
mavirus (HPV) is associated with genital squamous cell carci-
nomas;198 HSV becomes a chronic infection; and HIV is
ultimately fatal and had become one of the five leading causes
of death in women of reproductive age by 1991.199 Many of
these infections have been associated with abortion, preterm
delivery, premature ruptured membranes, and amnionitis.
Finally, many of these agents, including HIV, HSV, N. gonor-
rhoeae, Chlamydia, and Treponema pallidum, can be trans-
mitted to the fetus or newborn.

As might be expected, all the STDs regularly occur in preg-
nancy, with varying effects on mother, fetus, and neonate. This

section focuses on issues related to gonorrhea, syphilis,
Chlamydia, HPV, HSV, and Trichomonas in pregnant women
and their fetuses.

Gonorrhea

Gonorrhea is perhaps the oldest known STD, with references
to its symptoms dating back to numerous ancient civilizations.
It was not until relatively recent times that the disease’s effects
in women were first described.

Gonorrhea, caused by the Gram-negative diplococcus, Neis-
seria gonorrhoeae, is the second most commonly reported
communicable disease in the United States with over 335 000
cases reported in 2003.200 As a result of under-reporting, it is
estimated that approximately 750000 cases actually occur
annually in the United States. In 2003, for the first time, the
reported gonorrhea rate among women (118.8 per 100000)
was greater than that reported for men (113 per 100000).200

N. gonorrhoeae infects both columnar and transitional
epithelium, including the endocervix, urethra, anal canal,
pharynx, and conjunctivae. Local spread in women results in
endometritis, salpingitis, and bartholinitis; systemic manifes-
tations include arthritis, dermatitis, endocarditis, meningitis,
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Table 50.7 Sexually transmitted pathogens.

Bacterial agents
Neisseria gonorrhoeae
Chlamydia trachomatis
Gardnerella vaginalis
Haemophilus ducreyi
Shigella sp.
Group B streptococci
Treponema pallidum

Mycoplasma agents
Mycoplasma hominis
Ureaplasma urealyticum

Ectoparasites
Phthirius pubis
Sarcoptes scabiei

Viral agents
Human papillomavirus
Herpes simplex virus
Hepatitis B virus
Cytomegalovirus
Molluscum contagiosum virus
Human immunodeficiency virus

Protozoan agents
Trichomonas vaginalis
Entamoeba histolytica
Giardia lamblia

Fungal agents
Candida albicans
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myocarditis, and hepatitis. Humans are the only natural host
for this organism, and the only known forms of transmission
are sexual and vertical.

Epidemiology
A number of risk markers for gonorrhea have been identified.
These include young age (younger than 25 years), nonwhite
race, early onset of sexual activity, low socioeconomic status,
unmarried status, urban dwelling, illicit drug use, and prosti-
tution. According to the CDC, 60% of reported cases of gon-
orrhea occur in the 15- to 24-year age group with the
gonorrhea rate among women (125/100000) similar to that
of men (124/100000).200 From 1975 through 1997, a dra-
matic (74%) decrease in gonorrhea was reported. However, in
1998, an 8.9% increase occurred and, since that time, rates
have plateaued until 2003 when they began to increase again.

Increasingly resistant strains of N. gonorrhoeae have
occurred.201 These resistant strains include penicillinase-
producing N. gonorrhoeae (PPNG), high-level chromosomal
resistance to penicillin, plasmid-mediated tetracycline resist-
ance (TRNG), chromosomally mediated resistance to
cephalosporins, tetracycline, spectinomycin, and amino-
glycosides and, most recently, N. gonorrhoeae resistant to 
fluoroquinolones.

Pathogenesis
Similarly to other infections, the initial step in the pathogene-
sis of gonococcal infection is adherence of N. gonorrhoeae
to mucosal cells lining the genitourinary tract. Pili and other
surface proteins, including porin protein (Por), opacity-asso-
ciated proteins (Opa), and reduction modifiable protein
(RmP), mediate this attachment.202–204 Additional gonococcal
virulence factors include lipopolysaccharides,204 immunoglob-
ulin A,202 and iron-repressible proteins involved in iron
uptake.204 After the organism attaches to mucosal cells, it
enters the cell by endocytosis. It releases endotoxins, causing
widespread cell damage.

Clinical manifestations
The clinical presentation depends on the site of inoculation,
duration of infection, and whether the infection has remained
local or has spread systemically. The percentage of women
with asymptomatic infection ranges between 25% and
80%.205,206 Gonococcal infections in pregnant patients are
commonly asymptomatic.

Anogenital gonorrhea
Acute symptomatic anogenital infections in women are char-
acterized by dysuria, increased urinary frequency, increased
vaginal discharge secondary to an exudative endocervicitis,
abnormal menstrual bleeding, or anorectal discomfort. Most
women who become symptomatic do so within 3–5 days of
inoculation or during menstruation. Inflammation of the
Skene’s or Bartholin’s glands is usually unilateral and acute in
nature. Only 15% of all women with gonorrhea have exten-

sion of infection to the upper genital tract, although this is
rarely seen during pregnancy.

Localized extragenital gonorrhea
The majority of patients with pharyngeal infections are
asymptomatic. The most common signal is a mild sore throat,
and erythema, lesions, and a tonsillar or pharyngeal exudate
may be present. Pharyngeal infection is more common during
gestation.207

Gonococcal conjunctivitis, as the result of direct sexual
contact or indirect autoinoculation, is rare and heralded by
the acute onset of severe inflammation and purulent exudate.

Disseminated gonococcal infection
Disseminated gonococcal infection (DGI) occurs in 1–3% of
adult infections, and 80% of these cases are in women.208,209

Most women with DGI develop symptoms either during preg-
nancy or while menstruating. The majority of N. gonorrhoeae
isolates recovered from patients with DGI are sensitive to
antibiotics but resistant to complement-mediated bactericidal
activity in normal serum.

There are two distinct clinical syndromes found in DGI: an
early bacteremic and a later arthritic stage. Patients with dis-
seminated infection rarely complain of genital symptoms. Bac-
teremic patients complain of fever, chills, malaise, and skin
lesions. The initial dermatologic manifestation most fre-
quently involves the distal extremities, including the palms and
soles, with up to 20 lesions. Lesions are characterized as small
vesicles that become first pustular, then necrotic, and finally
heal spontaneously. Endocarditis, meningitis, and toxic hepa-
titis are infrequent complications of this phase. The arthritic
phase is typically symptomatic and involves the knees, ankles,
and wrists, with purulent tenosynovitis. The pain is thought
to be secondary to deposition of immune complexes. Without
treatment, symptoms usually resolve in approximately a week;
the infection may either become chronic or progress to septic
arthritis and joint destruction.

Maternal and fetal risks
The association between maternal gonorrheal infection and
ophthalmia neonatorum has been appreciated for over a
century. Before routine administration of silver nitrate, this
disease occurred in 10% of newborns. The institution of
routine neonatal prophylaxis reduced this rate dramatically.
Gonococcal infection is transmitted to 30–35% of babies who
pass through an infected cervix.210 After an incubation period
of between 4 and 21 days, bilateral purulent conjunctivitis is
the usual manifestation, with rapid progression to corneal
ulceration, scarring, and blindness in the absence of treatment.

Subsequently, gonococcal infection during gestation has
been linked to a wide variety of perinatal complications.
Postabortal and postpartum endometritis occur more fre-
quently in women with untreated gonococcal cervicitis at the
time of delivery. Intra-amniotic infection has also been
described and is characterized by inflammation of the fetal
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membranes, placenta, and umbilical cord; it results in mater-
nal fever, leukocytosis, and fetal infection.211–214 A chronic,
low-grade infection may ensue, with resultant intrauterine
growth retardation (IUGR).214 Whether infection predisposes
to or is the result of premature rupture of the membranes
(PROM) remains controversial. Preterm delivery is the cus-
tomary outcome, and both mother and infant are at risk of
continued infection and sepsis. The incidence of preterm deliv-
ery in women with untreated cervical gonorrhea has been
recorded to be as high as 67%.211

Laboratory diagnosis
Although the Gram stain of urethral discharge is both sensi-
tive and specific in men, it has two major disadvantages in
women: asymptomatic patients are not tested, and the test 
has poor sensitivity in women. Thus, the diagnosis of gono-
coccal infection in women requires the identification of N.
gonorrhoeae at infected sites. Available methods include
culture, immunochemical detection, or molecular diagnostic
techniques.

Selective plates, such as Thayer–Martin, provide optimal
conditions for isolation of the organism. N. gonorrhoeae
forms oxidase-positive colonies that can be differentiated from
other Neisseria species by their ability to dissimulate glucose
but not maltose, sucrose, or lactose.

The traditional method of gonorrhea detection in women
was culture of the cervix and any other symptomatic site.
During pregnancy, cultures should be obtained from all
patients at the first antenatal visit and again in the third
trimester in those at high risk of infection. Factors identifying
those at high risk include sex with a symptomatic partner, mul-
tiple sex partners, other STDs, bleeding induced by cervical
swab, Medicaid as a method of payment, age at first inter-
course less than 16 years of age, and low abdominal or pelvic
pain.215

With the introduction of nonculture assays for the detection
of N. gonorrhoeae, these newer methodologies have replaced
culture.204 Nonamplified DNA probe tests (e.g., Gen-Probe
Pace 2) were the first widely accepted alternative to culture
and became the most common nonculture method for the
detection of N. gonorrhoeae in the United States.204 Non-
amplified DNA probes have a sensitivity of 89–97% and a
specificity of 99%. Nucleic acid amplification tests have
become available more recently and include PCR, ligase chain
reaction (LCR), and transcription-mediated amplification
(TMA). These amplification methods have excellent sensitiv-
ity and specificity.

Treatment
Anogenital and pharyngeal infection

The factors to consider in the treatment of uncomplicated
anogenital gonococcal infection are: (1) the incidence in many
urban areas of resistant strains of N. gonorrhoeae; (2) the
availability of effective single-dose agents against N. gonor-

rhoeae; (3) the coexistence of chlamydial infection in up to
30% of patients; and (4) the absence of a rapid, reliable, inex-
pensive means of making the diagnosis of C. trachomatis.216

Patients with gonococcal infections should be treated with reg-
imens effective against both pathogens. The CDC recommen-
dations are listed in Table 50.8.201 For pregnant women, the
recommended regimens include ceftriaxone or cefixime plus
erythromycin.

Alternative cephalosporins for the pregnant patient include
cefotaxime, ceftizoxime, cefotetan, and cefoxitin. For patients
who cannot tolerate cephalosporins, spectinomycin is the pre-
ferred alternative. It covers resistant strains of N. gonor-
rhoeae; unfortunately, it is ineffective against pharyngeal
infection. Both doxycycline and the quinolones are con-
traindicated during pregnancy because of their effects on the
fetus.

The incidence of treatment failure among those treated with
ceftriaxone or cefixime is extremely rare, obviating the need
for test-of-cure for N. gonorrhoeae. These women should be
screened for reinfection after 2–3 months. Women undergo-
ing other treatment regimens should have follow-up cultures
performed 7–14 days after completion of therapy. These cul-
tures should be obtained from the rectum as well as the cervix,
because 25% of female treatment failures harbor organisms
only in the rectum. Any gonococcal isolate recovered after
treatment failure should be tested for antibiotic sensitivity,
because the incidence of resistance is high. These patients
should be treated with a single dose of ceftriaxone.

All women diagnosed with gonorrhea should undergo sero-
logic testing for syphilis and screening for C. trachomatis, 
and be offered confidential counseling and testing for HIV
infection.

Extragenital disseminated infection
Inpatient treatment is advisable for patients with DGI, partic-
ularly those with endocarditis, meningitis, synovial effusions,
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Table 50.8 Centers for Disease Control 2002 recommended
treatment guidelines for uncomplicated anogenital gonorrhea during
pregnancy.

Recommended regimens
Ceftriaxone, 125 mg i.m. once

or
Cefixime, 400 mg p.o. in a single dose

plus
Erythromycin, 500 mg p.o. q.i.d. for 7 days

or
Amoxicillin 500 mg p.o. q.i.d. for 7 days

Alternative regimens
Spectinomycin, 2 g i.m. in a single dose
Cefotaxime, 500 mg i.m. once
Ceftizoxime, 500 mg i.m. once
Cefotetan, 1 g i.m. once
Cefoxitin, 2 g i.m. once
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or compliance problems. CDC recommendations for treat-
ment include ceftriaxone, ceftizoxime, cefotaxime, or spectin-
omycin (Table 50.9).201 All regimens should be continued for
24–48h after improvement begins. Therapy can then be
switched to oral cefixime to complete a 7-day course.
Although the value of continued inpatient observation of 
pregnant patients to reduce the risk of adverse perinatal 
outcomes has not been demonstrated, it may be advisable. 
The treatment of meningitis and endocarditis infections 
due to N. gonorrhoeae involves high-dose intravenous treat-
ment with ceftriaxone (1–2g every 12h) for 2 and 4 weeks
respectively.

Syphilis

Syphilis is a chronic, debilitating systemic infection caused by
the spirochete Treponema pallidum and characterized by
infrequent but severe and varied exacerbations.

When untreated, the natural history of this infection may
encompass several decades. Two major stages are designated,
early and late, and each of these is further separated. The
phases of early syphilis are incubating, primary, secondary,
and early latent. Late syphilis progresses from late latent to
tertiary.

Epidemiology
Globally, there has been a steady decline in the incidence of
syphilis since 1960. Both the United States and Europe expe-
rienced syphilis epidemics during World War II. Starting in
1982, there was an overall reduction in its incidence, due pri-
marily to the fear of HIV and the use of safer sexual practices
in men having sex with men.217 Alarmingly, the incidence
among inner city heterosexuals, particularly in New York City,
Florida, Texas, and California, began rising in 1987 and
peaked in 1990.217 A disproportionate number of these cases
were women, which led to a dramatic rise in the prevalence
of congenital syphilis.218–220 Since the peak in 1990, the
reported primary and secondary syphilis rates declined by

90% from 20.34 cases per 100000 population to 2.12 per
100000.200 The 2000 rate was the lowest since reporting of
syphilis began in 1941. Unfortunately, since 2000, the rate of
primary and secondary syphilis has increased for three con-
secutive years, and the 2003 rate (2.5 per 100000) was 19%
higher than that reported for 2000.200 The good news is that,
despite a 62% increase among men, there has been a 43%
decrease among women.221 In 2003, there were 34270 total
reported cases of syphilis in the United States.200

Gestational and congenital syphilis tend to occur in young,
nonwhite, unmarried, poor, inner city dwellers with insuffi-
cient antenatal care.

As with primary and secondary syphilis, the rate of con-
genital syphilis declined sharply from the peak of 107.3 per
100000 population in 1991.221 During 2003, a total of 413
cases of congenital syphilis were reported in the United States
compared with 412 cases in 2002.200

Pathogenesis
Syphilis is efficiently transmitted during sexual contact, with
60% of partners acquiring the infection after a single sexual
encounter. Spirochetes require a break in the integument in
order to gain access to the host. Microscopic tears in genital
mucosa occur almost universally during sexual intercourse.
There follows a mean incubation period of 21 days, with a
range of 10–90 days. The organism sets up a local infection
and eventually disseminates widely via lymphatic drainage.
Wherever it lodges, it stimulates an immune response.

Clinical manifestations
The manifestations of syphilis are wide ranging, involving
nearly every organ system. The degree of clinical expression
clearly reflects the immune status of the host. With an intact
immune system, 60% of patients remain in the latent phase.

Primary
The first sign of primary infection is the development of a
single, nontender lesion (chancre) at the site of entry. The most
customary sites of infection in women include the vulva,
introitus, or cervix. Extragenital sites include the lips, tongue,
tonsils, breasts, and fingers. The syphilitic chancre is a pain-
less, dull red macule, which becomes a papule and then ulcer-
ates. Ulcers are rounded, with a well-defined margin and a
rubbery, indurated, weeping base. The ulcer persists for
3–6 weeks without treatment and then heals spontaneously.
Painless unilateral or bilateral inguinal lymphadenopathy
often develops a week after the appearance of the lesion.
Nodes are small, rubbery, and nonsuppurative.

Secondary
The symptoms of secondary syphilis typically emerge
3–6 weeks later. By this time, the infection is widely dis-
seminated, and most symptoms are due to immune complex
deposition. Nonspecific complaints include fever, malaise, sore
throat, headache, musculoskeletal pains, and weight loss.
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Table 50.9 Centers for Disease Control 2002 recommended
treatment guidelines for disseminated gonococcal infection during
pregnancy.

Recommended inpatient regimen
Ceftriaxone, 1 g i.m. or i.v. q.d.

Alternative inpatient regimen
Ceftizoxime, 1 g i.v. q8 h

or
Cefotaxime, 1 g i.v. q8 h

or
Spectinomycin, 2 g i.m. q12 h

Recommended ambulatory follow-up regimen
Cefixime, 400 mg p.o. b.i.d.
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A classic faint macular rash develops over the trunk and
flexor surfaces in the vast majority of infected individuals. Its
lesions are pink, rounded, and ordinarily less than 1 cm in
diameter. The rash spreads over the whole body, including the
palms and soles, and becomes first dull red and papular, then
squamous. Superficial ulcerations called mucous patches
appear in the mucous membranes in 30% of patients. Also,
generalized lymphadenopathy is present in the majority.

Latent
By definition, this stage lacks clinical manifestations. The early
latent phase (less than 1 year) has been associated with recur-
rence of secondary mucocutaneous lesions, and these lesions
are infectious. Although late latent syphilis (more than 1 year)
cannot be transmitted sexually, vertical transmission to the
fetus persists.

Tertiary
One-third of untreated patients develop tertiary syphilis. This
is characterized by involvement of the cardiovascular, central
nervous, or musculoskeletal systems. The presence of gummas
in various tissues designates late benign tertiary syphilis.
Aortic aneurysms and aortic insufficiency are characteristic
cardiovascular lesions, whereas generalized paresis, tabes dor-
salis, and optic atrophy with the Argyll Robertson pupil that
accommodates, but does not react to, light are all features of
neurosyphilis.

Laboratory diagnosis
The gold standard for diagnosis of early syphilis is the detec-
tion of treponemes on darkfield examination of ulcer scrap-
ings or tissue samples. The test is inexpensive and easy, and
provides immediate results. The reliability of this test is pro-
portional to the skill of the person performing it. The lesion
should be cleansed thoroughly with saline and scraped firmly
to collect serum. If no spirochetes are apparent, the test should
be repeated twice to increase sensitivity. Although a positive
test result is diagnostic, a negative one does not preclude the
possibility of infection.

Indirect diagnosis of syphilis can be made with the use of
two types of serologic tests. Nontreponemal tests such as the
Venereal Disease Research Laboratory (VDRL) test and rapid
plasma regain (RPR) show reactive results approximately
2 weeks after development of the initial lesion. Both measure
anticardiolipin antibody. In secondary syphilis, the VDRL titer
is usually greater than or equal to 1 to 16. After successful
treatment, the VDRL should decrease fourfold in 3 months
and eightfold in 6 months. It should be nonreactive 1 year
after therapy for primary infection, and 2 years for secondary
disease.

Treponemal-specific tests include the fluorescent treponemal
antibody absorbed (FTA-ABS) assay and microhemagglutina-
tion assay for antibody to T. pallidum (MHATP). More sensi-
tive (70–90%) than nontreponemal tests, these tests become
reactive at approximately the same time as the primary lesion

develops and are used to confirm the serologic diagnosis of
syphilis. Unfortunately, these test results remain positive for life.

The diagnosis of latent syphilis is made on the basis of two
elevated nontreponemal serologic test results taken at least
1 year apart. A further diagnostic workup includes evaluation
of the cerebrospinal fluid (CSF).

The CDC recommends that all pregnant women should be
screened for syphilis at their first prenatal visit.201 Where pre-
natal care is problematic, the RPR card test screening (a rapid
screen for syphilis) is recommended when pregnancy is diag-
nosed and treatment given if positive.201 For women at high
risk of syphilis and in populations with a high prevalence of
syphilis, additional serologic testing at 28 weeks’ gestation and
at delivery is recommended.201

Patients with neurologic or ophthalmic signs of symptoms,
evidence of tertiary syphilis, treatment failure, or HIV infec-
tion with late latent syphilis of unknown duration should have
CSF obtained to test for neurosyphilis.

The diagnosis of neurosyphilis is challenging, because no
one test is reliable. The CSF should be tested for cell count,
protein, and with the VDRL test. An elevated count of greater
than 5 white blood cells/µL is a relatively sensitive indicator
of active infection. A positive CSF VDRL result is diagnostic
for neurosyphilis.

Treatment
In 1943, penicillin was found to be effective in treating
syphilis. To date, no resistance has developed. The goal in
therapy is to provide continuous, low-level concentrations of
penicillin in infected tissues. It is still the preferred drug in ges-
tational and congenital syphilis, as well as neurosyphilis.
Women with history of penicillin allergy should undergo skin
testing to validate the sensitivity and proceed with desensiti-
zation and penicillin therapy for optimal results.222,223

Treatment regimens in pregnancy are listed in Table 50.10.
Alternative regimens in nonpregnant patients include tetracy-

912

Table 50.10 Centers for Disease Control 2002 recommended
treatment guidelines for syphilis in pregnancy.

Early syphilis recommended regimen (primary, secondary, and early
latent syphilis)

Benzathine penicillin G, 2.4 million units (U) i.m. once 
(1.2 million U in each buttock)

Late latent and tertiary syphilis recommended regimen
Benzathine penicillin G, 7.2 million U total administered as three

doses of 2.4 million U i.m. given 1 week apart for three
consecutive weeks

Neurosyphilis recommended regimen
Aqueous crystalline penicillin G, 12–24 million U administered

2–4 million U i.v. q4h for 10–14 days

Neurosyphilis alternative regimen
Procaine penicillin, 2.4 million U i.m. daily with
Probenecid, 500 mg p.o. q.i.d., both for 10–14 days
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cline and doxycycline, both contraindicated during pregnancy.
Pregnant patients who are allergic to penicillin should be
treated with penicillin after desensitization.222,223

The Jarisch–Herxheimer reaction is an acute reaction,
apparently provoked by the release of prostaglandins during
the initiation of treatment for primary or secondary infec-
tion.224 The reaction must be differentiated from penicillin
allergy. It occurs within 24h of receiving the first dose of
antibiotic and is characterized by fever, malaise, headache,
musculoskeletal pain, nausea, tachycardia, and exacerbation
of skin lesions. Although the reaction is more common in
primary disease, its symptoms are more severe with second-
ary disease. Fluids and antipyretics are recommended for
symptomatic relief. Pregnant women are at risk of preterm
labor and intrauterine fetal demise.

Maternal and fetal risks
Pregnancy does not appear to alter the course of syphilis;
however, T. pallidum adversely affects pregnancy. It crosses
the placenta and has been associated with preterm delivery,
stillbirth, congenital infection, and neonatal death, depending
on the timing of infection. The majority of infants with con-
genital syphilis are born to mothers with early syphilis or sec-
ondary infection. Fetal infection during the first and second
trimesters carries significant morbidity, whereas third-
trimester exposure results in asymptomatic infection.225,226

Paley225 initially reported that approximately 50% of the preg-
nancies in which the untreated syphilitic infection was of less
than 2 years’ duration resulted in living nonsyphilitic infants.
On the other hand, Fiumara et al.227 reported that, with
untreated primary or secondary syphilis, 50% of the infants
were premature, stillborn, or died as neonates, and the remain-
ing 50% developed congenital syphilis. With early latent
syphilis, 20–60% of infants were normal, 20% premature,
and 16% stillborn; 40% had congenital syphilis. For late
untreated syphilis, the congenital syphilis rate was 10%, still-
birth rate was 10%, premature rate was 9%, and healthy
infants made up 70%. More recently, studies have confirmed
the significant adverse effect of untreated syphilis on preg-
nancy outcome.228,229 Rici et al.,228 in Miami, reported a 34%
incidence of stillbirth, 85% prematurity, and 21% IUGR.
Overall, 68% of liveborn infants in this series had significant
clinical disease. MacFarlin et al.,229 in Detroit, noted a 28%
incidence of preterm birth. In this report, eight (75%) out of
12 women who received no antibiotic treatment for syphilis
were delivered of stillborn infants; overall, stillbirth compli-
cated 10 out of 72 (13.9%) women in the congenital syphilis
group. These authors also documented an alarmingly high rate
of failure of current therapy to prevent the development of
congenital syphilis.

Infants with early congenital syphilis are usually asympto-
matic at birth, but develop symptoms at 10–14 days of life. A
maculopapular rash arises and often desquamates or becomes
vesicular. Many develop a flu-like syndrome with a copious
nasal discharge, commonly referred to as “snuffles.” Other

symptoms include oropharyngeal mucous patches, lym-
phadenopathy, hepatosplenomegaly, jaundice, osteochondri-
tis, iritis, and chorioretinitis.226,227 Untreated early congenital
syphilis progresses to the late phase, marked by Hutchinson
teeth, mulberry molars, deafness, saddle nose, saber shins,
mental retardation, hydrocephalus, general paresis, and optic
nerve atrophy.

Pregnant women undergoing treatment for syphilis are at
minimal risk of intrauterine fetal demise. Those who develop
Jarisch–Herxheimer reactions are at increased risk of preterm
labor.

Prevention
As noted previously, the accessibility of early and complete
antenatal care with routine screening and adequate treat-
ment for this infection is critical for prevention. Careful post-
treatment follow-up is essential for controlling the spread of
syphilis. Treatment failure is difficult to distinguish from rein-
fection. Patients should be examined and tested serologically
at 3 and 6 months. If signs and symptoms persist or if non-
treponemal antibody test results have not decreased appro-
priately after therapy, patients should undergo evaluation of
their CSF and be retreated as warranted.

Partner tracing is particularly important in syphilis, given
its prolonged course and multiple asymptomatic phases. In
women with primary syphilis, all partners in the last 3 months
should be evaluated; this time period should extend to
12 months for those diagnosed with secondary syphilis.

All patients with syphilis should be screened for other STDs,
including confidential counseling and testing for HIV. Patients
with coexistent HIV infection should be evaluated more fre-
quently and treated for neurosyphilis in the event of any signs
of persistent infection.

Chlamydial infections

Chlamydia trachomatis is the most frequently diagnosed bac-
terial STD in the United States, with an estimated prevalence
of more than 4 million cases and an annual cost of more than
US$1 billion.200,230,231 In addition, chlamydia is the most com-
monly reported infectious disease in the United States with
877478 cases of genital chlamydial infection reported in
2003.200 Lower genital tract infection predisposes nonpreg-
nant women to pelvic inflammatory disease (PID), and preg-
nant women to a variety of maternal and neonatal infections.

Epidemiology
C. trachomatis is the causative agent of trachoma, the leading
preventable cause of blindness in the developing world. In the
United States, it is most frequently manifested as genital tract
infections in the adult and inclusion conjunctivitis and pneu-
monia in the neonate.

It has been estimated that between 20% and 40% of sexu-
ally active women in the United States have been exposed to
C. trachomatis. Cervical infection rates range from 5.5–22.5%
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of asymptomatic women attending family planning clinics to
34–63% of women with mucopurulent cervicitis.232 The
prevalence among pregnant women depends on the popula-
tion sampled, varying from 2% to 37%.232

Chlamydial infections tend to occur in women at high risk
of other STDs, with infection rates proportional to the number
of sexual partners and inversely proportional to age. Risk
markers in pregnant women include age less than 20 years,
unmarried status, low socioeconomic status, residence in inner
cities, late presentation for prenatal care, the presence of other
STDs, and the findings of mucopurulent endocervicitis or non-
bacteriuric pyuria.233–236 Up to two-thirds of women with cer-
vical chlamydial infection are asymptomatic, creating a large
reservoir for both horizontal and vertical transmission.232

Pathogenesis
There are 15 recognized C. trachomatis serotypes, eight of
which appear to cause oculogenital infection.233 The organism
is classified as an obligate intracellular bacterium, requiring
viable columnar or pseudostratified columnar epithelial cells
for survival and multiplication. The bacterium has an inter-
esting life cycle lasting 48–72h. The elementary body is the
form of the organism capable of infecting cells, whereas the
reticulate body is the metabolically active, multiplying form
responsible for producing the characteristic inclusions. The
long growth cycle of C. trachomatis requires long-term
therapy.

Clinical manifestations
The incubation period for genital chlamydial infections ranges
from 6 to 14 days. A variety of clinical manifestations, from
bartholinitis to PID with peritonitis and perihepatitis, have
been described. The most common perinatal syndromes are
described briefly here.

Endocervicitis
The most commonly infected site in the female genital tract is
the endocervix. As mentioned previously, the majority of
infected women are asymptomatic. Findings on physical
examination extend from normal to cervical erosion and
mucopurulent cervicitis. Requisite components of the diagno-
sis of mucopurulent cervicitis include endocervical friability,
erythema or edema, the presence of yellow or green endocer-
vical mucopus, and more than 10 polymorphonuclear 
leukocytes (PMNs) per high-power field of a cervical Gram
stain.

Acute urethral syndrome
Chlamydial infection has also been implicated in the etiology
of 25% of patients with acute urethral syndrome. Such women
present with dysuria and increased urinary frequency in the
face of sterile urine. Also, many report oral contraceptive use,
recent contact with a new sexual partner, and a prolonged
symptom duration of up to 14 days.237 Although C. tra-
chomatis can sometimes be cultured from the urethra, it is

more frequently recovered from the endocervix of these
patients.

Endometritis
It has been well established that the incidence of postabortion
endometritis is higher among women with chlamydial cervici-
tis.238–242 Because up to 35% of women with chlamydial cer-
vical infection who undergo elective termination develop
endometritis, antibiotic prophylaxis is recommended for high-
risk women.

The association between chlamydial infection and postpar-
tum endometritis is more controversial. Although some
authors have found such an association,243–246 others have
not.247–249

Acute pelvic inflammatory disease
The association between maternal lower genital tract C. tra-
chomatis infection, neonatal inclusion conjunctivitis, and the
subsequent development of postpartum PID has been recog-
nized for 70 years.250 Chlamydial PID can also occur during
pregnancy, although its incidence appears to be extremely
rare.251–254 Pregnancy confounds the diagnosis, given the fre-
quency of adverse gastrointestinal complaints and a physio-
logic leukocytosis among normal pregnant women, and the
low prevalence of gestational PID. Because the rate of fetal
wastage approximates 50% in pregnancies complicated by
PID, prompt administration of appropriate broad-spectrum
antibiotic coverage should be initiated once the diagnosis has
been entertained.254

Maternal and fetal risks
Vertical transmission rates secondary to passage through an
infected cervix are as high as 60–70%.232 Inclusion conjunc-
tivitis develops during the first 2 weeks of life in 25–50% of
these neonates, whereas another 10–20% develop chlamydial
pneumonia within 4 months of birth. Although the use of
erythromycin eye prophylaxis has markedly decreased the
incidence of conjunctivitis, this topical preparation gives no
protection against pneumonia.

The role of endocervical C. trachomatis infection in the
development of spontaneous abortion, fetal death, PROM,
preterm delivery, and IUGR is debated. An association with
spontaneous abortion, preterm delivery, and perinatal mor-
tality was initially noted by Martin et al.255 These conten-
tions have remained unsubstantiated in subsequent larger
studies.247,248,256 Interestingly, however, both Harrison et al.248

and Sweet et al.257 have identified a subgroup of pregnant
women with chlamydial infection, those with IgM seroposi-
tivity, who may be at increased risk of PROM and preterm
delivery. One recent retrospective study compared the preg-
nancy outcomes of women with chlamydial infection who
underwent successful treatment with both untreated infected
and uninfected women and found a higher incidence of PROM
and preterm delivery in the untreated infected group.258 Ryan
et al.259 reported that pregnant women with chlamydial infec-
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tion treated with erythromycin had significantly lower inci-
dences of PROM, low birthweight and perinatal death com-
pared with untreated infected women or uninfected control
subjects.

Laboratory diagnosis
The diagnosis of chlamydia has seen phenomenal evolution.
In the past, culture was considered the optimal means of
making the diagnosis of chlamydial infection. However, isola-
tion of C. trachomatis was challenging, because the organism
requires a susceptible tissue culture cell line, using a techni-
cally arduous procedure whereby these cells are inoculated
with specimen and then examined 24–72 h later for the devel-
opment of inclusions.

The first major advancement in making Chlamydia testing
more available was the introduction of chlamydial antigen
detection products in the late 1980s. One is fluorescent mon-
oclonal antibody staining of chlamydial elementary bodies
(MicrotracSyva Co., Palo Alto, CA, USA), and the other is an
ELISA (Chlamydiazyme, Abbott Laboratories, Chicago, IL,
USA). The sensitivities and specificities of both products are
comparable, at more than 90%.232 Their most appropriate use
is in populations with a high prevalence of chlamydial infec-
tion because their positive predictive value decreases markedly
in low-prevalence populations.

These antigen detection tests were largely replaced in the
1990s by methods using DNA probe hybridization (PACE 2
test; Gen. Probe, San Diego, CA, USA). An important advan-
tage of the DNA probe is that it can be used in conjunction
with a probe for the detection of N. gonorrhoeae in a single
swab. As a result, it became the most widely used diagnostic
test for C. trachomatis in the United States.260

Most recently, DNA amplification methodology has been
introduced into clinical practice. Both PCR and LCR tests for
C. trachomatis have excellent sensitivity, specificity, and pos-
itive predictive value.261–263 In comparative studies, PCR and
LCR have performed better than culture, antigen detection, or
DNA probe techniques for the detection of Chlamydia. A
major advantage of these amplification techniques is that they
identify patients with a low inoculum of C. trachomatis.

Treatment
The CDC recommendations for the treatment of chlamydial
genital tract infection during pregnancy are provided in Table
50.11.201 As doxycycline and fluoroquinolones are con-
traindicated for pregnant women, erythromycin base and
amoxicillin are the CDC-recommended regimens for the treat-
ment of chlamydial infection during pregnancy. Cromble-
holme et al.264 were the first group to demonstrate the efficacy
of amoxicillin in preventing vertical transmission of C. tra-
chomatis. In addition, amoxicillin was well tolerated. Subse-
quent, randomized, prospective trials comparing amoxicillin
and erythromycin for the treatment of chlamydial infection in
pregnancy demonstrated treatment success in 85–99% of
amoxicillin-treated patients compared with 72–88% of eryth-

romycin-treated cases (Table 50.12). At the time when the
current CDC guidelines for the treatment of chlamydial infec-
tion were published, the safety and efficacy of azithromycin in
pregnant and lactating women had not been established.201

Thus, azithromycin was suggested as an alternative regimen
for pregnant women. Other alternatives include erythromycin
ethylsuccinate or the option of reducing by half the dose of
erythromycin base or ethylsuccinate but doubling the length
of therapy for patients not able to tolerate the larger dose of
erythromycin.201 Erythromycin estolate is contraindicated 
in pregnancy because it is associated with drug-induced 
hepatotoxicity.201

Prevention
The risks of vertical transmission to newborns, horizontal
transmission to sexual partners, and possible adverse perina-
tal outcomes underscore the need for large-scale screening pro-
grams to detect and eradicate cervical chlamydial infections.
The CDC recommends diagnostic testing for C. trachomatis
at the first prenatal visit and, for those at high risk of con-
tracting this infection, again during the third trimester. Finally,
as with other STDs, it is important to emphasize the impor-
tance of partner screening and treatment, as well as education
about safe sexual practices to avert reinfection.

Human papillomavirus

HPV is a member of the papovavirus family and is composed
of double-stranded DNA. More than 100 types have been
identified, of which 35 primarily infect the genital tract.
Genital HPV types are generally divided into two major
groups based upon their oncogenic potential.265,266 The high-
risk or oncogenic group includes HPV types 16, 18, 31, 33,
35, and 39. The low-risk group includes HPV types 6, 11, 42,
43, and 44. These low-risk HPV types are associated with
genital warts (condyloma acuminata), cervical condyloma,
and some cases of low-grade squamous intraepithelial lesions
(LGSIL).
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Table 50.11 Centers for Disease Control 2002 recommended
treatment guidelines for chlamydial infections in pregnancy.

Recommended regimen
Erythromycin base, 500 mg  p.o. q.i.d. for 7 days

or
Amoxicillin 500 mg  p.o. t.i.d. for 7 days

Alternative regimens
Erythromycin base, 250 mg  p.o. q.i.d. for 14 days

or
Erythromycin ethylsuccinate, 800 mg  p.o. q.i.d. for 7 days

or
Azithromycin 1g p.o. as a single dose
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Among women in the United States today, genital warts
caused by HPV is the most common viral STD.190 Difficulties
in deciphering the molecular biology of HPV slowed our
progress in understanding this infection. Since the 1970s,
however, the association of HPV with genital intraepithelial
neoplasias and squamous cell carcinomas has been widely
publicized, resulting in an increased public awareness of the
problem.

Epidemiology
Sexual transmission of HPV is the primary route of transmis-
sion and results in urogenital and anorectal lesions. The
highest risk groups are sexually active teenagers and young
adults. Transmission rates are high, with 65% of sexual con-
tacts becoming infected.267 Although sexual transmission pre-
dominates, vertical transmission can occur, particularly with
HPV types 6 and 11.

According to the CDC, an estimated 24 million Americans
are infected with HPV and between 500000 and one million
new cases of HPV-induced genital warts occur each year in the
United States.268 Use of PCR technology has shown that the
prevalence of subclinical HPV is higher, and recent studies
have suggested that at least 50% of sexually active women
have been infected with one or more HPV types.265,269 Host
immunity plays an important role in the development of this
infection. Immunosuppressed patients, such as renal trans-
plant recipients and pregnant women, have a higher incidence
of genital warts, and their symptoms are more severe.270

Clinical manifestations
The majority of HPV lesions are subclinical, identified only
with colposcopy, cytology, tissue examination, or in situ
hybridization techniques. They can be found on the vulva,
vagina, cervix, and anorectal region. More recently, PCR tech-
nology has been utilized for the detection of HPV. Exophytic
warts, also called condyloma acuminata, are typically caused
by HPV types 6 and 11. They appear as friable, pink, fleshy
skin appendages that vary greatly in size and are either broad
based or pedunculated. Many lesions, however, are not visible

to the naked eye. These flat endophytic condylomata are found
with the use of colposcopy on the cervix, vagina, and vulva.

Colposcopy uses a lighted, magnification system to view
genital epithelium. A 3–5% solution of acetic acid is applied
to the area to be examined and allowed to absorb. Common
colposcopic findings in HPV infection are irregularly defined
patches that appear shiny and white and are not confined to
the transformation zone. Any suspicious lesion should be
biopsied.

Laboratory diagnosis
The diagnosis of condyloma acuminata is usually made on
clinical grounds. Given the high prevalence of subclinical
disease, cytology, tissue biopsy, and in situ hybridization tech-
niques are often necessary to make the diagnosis.

In the least sensitive of laboratory methods available, cyto-
logic evidence in the form of koilocytosis has been found in
approximately 2% of women receiving Pap smears.271 Cervi-
cal biopsies tested for both koilocytosis and HPV antigen
found that 20% were positive by both methods.272 The most
sensitive detection method for HPV has been DNA in situ
hybridization. One study tested routine Pap smears using this
technique and found that 16% had evidence of HPV types 6,
11, 16, or 18.273

Treatment
Treatment for HPV infection of the genital tract depends upon
the anatomic location of disease (external genitalia/perianal,
cervical, vaginal, or urethral), the clinical presentation of
disease (clinical versus subclinical), and the extent of disease.
The primary goal of treatment of external genital warts
(condyloma accuminata) is to eliminate warts that cause phys-
ical or psychological symptoms or distress.273 However, elim-
ination of genital warts may or may not decrease infectivity
because internal sites (vagina or cervix) and clinically normal
skin may act as reservoirs for infection.274

In most patients, treatment will include wart-free periods of
varying lengths. The CDC notes that there is no evidence indi-
cating that currently available treatment modalities eradicate
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Table 50.12 Amoxicillin versus erythromycin for the treatment of antenatal Chlamydia
infection.

Percentage with treatment success

Authors Amoxicillin Erythromycin P-value

Crombleholme et al. 1990264 63/64 (98%) 55/58 (95%) NS
Magat et al. 1993327 55/65 (85%) 47/65 (72%) NS
Alray et al. 1994328 99/100 (99%) 87/99 (88%) < 0.01
Silverman et al. 1994329 33/39 (85%) 32/38 (84%) NS
Turrentine et al. 1995330 50/55 (91%) 45/53 (85%) NS
Total 300/323 (93%) 266/313 (85%) –

NS, not significant.
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or affect the natural history of HPV infection.201 Visible genital
warts that are not treated may resolve spontaneously, remain
unchanged, or increase in size or number.

For external genital/perianal warts (condyloma acuminata),
the recommended therapeutic measures are listed in Table
50.13. According to the CDC, none of the currently available
treatments is superior to other treatments, and no single treat-
ment is ideal for all patients or all warts.201 Available treat-
ments for visible genital warts are divided into two categories:
(1) patient-applied therapies (i.e., podofilox and imiquimod);
and (2) provider-administered treatments (i.e., cryotherapy,
podophyllin resin, trichloroacetic acid (TCA), bichloroacetic
acid (BCA), interferon, and surgery). Factors influencing
choice of treatment include wart size, wart number, anatomic
site, wart morphology, patient preference, cost of treatment,
convenience, side-effects, and provider experience.201 Many
patients require a course of therapy rather than a single treat-
ment and, thus, it is important that providers have a treatment
plan or protocol for the management of genital warts. The
CDC suggests that the treatment modality should be changed
if the patient has not improved substantially after three
provider-administered treatments or if warts have not com-
pletely cleared following six treatments.201

The use of podophyllin, podofilox, and imiquimod are 
contraindicated in pregnancy. During pregnancy, the best

approach to treatment is removal of lesions by excision, elec-
trocautery, or cryosurgery. TCA application has been used in
pregnancy without adverse effects.275 Laser therapy is another
alternative among pregnant women with extensive disease.

For the treatment of vaginal exophytic warts, the recom-
mendations include: (1) cryotherapy with liquid nitrogen; (2)
TCA or BCA 80–90%; or (3) podophyllin 10–25% in com-
pound tincture of benzoin.201 Because of concern about poten-
tial systemic absorptions, it is best not to use podophyllin in
the vagina. Podophyllin is contraindicated in pregnancy. Pod-
ofilox is not approved for vaginal use as the patient cannot
visualize the lesions for application. For urethral meatus
warts, either cryotherapy with liquid nitrogen or podophyllin
is recommended.201

Maternal and fetal risks
Warty lesions have a tendency to grow and become more vas-
cularized during pregnancy. The only contraindications to a
vaginal delivery are extensive lesions that might result in dys-
tocia and lesions that might bleed heavily with birth trauma.
Although some suggest removal of large warts during preg-
nancy, this practice is of uncertain benefit. Vertical trans-
mission of HPV is rare, but can result in respiratory
papillomatosis in the exposed infant. The exact mode of
spread is unknown. Thus, Cesarean section is not recom-
mended in the presence of genital warts in order to prevent
vertical transmission of HPV.

Prevention
Given the fact that transmission rates are low, and adverse
perinatal outcome unknown, it is not recommended that preg-
nant patients be routinely screened for HPV. Sexual partners
of infected women should be examined for the presence of
warts, and those infected should be schooled in safe sexual
practices to avoid transmission to uninfected partners.

Herpes simplex virus

HSV is a double-stranded DNA virus that is a member of the
Herpesviridae family. Two major serotypes are recognized:
HSV-1 and HSV-2. Genital herpes is an infection caused by
sexual transmission of HSV-1 and HSV-2. Following primary
infection, HSV ascends to the dorsal root ganglion where it
persists in a latent form throughout the host’s lifetime. Subse-
quently, active viral replication and recurrent infection may or
may not occur.

Epidemiology
There are an estimated one million new cases of genital HSV
in the United States each year.191 While approximately 5
million American adults have a history of genital herpes, sero-
logic surveys utilizing type-specific HSV-2 antibodies to gly-
coprotein G have demonstrated a seroprevalence for HSV-2 in
30% of adults; thus, an estimated 45 million Americans have
been infected with HSV-2.191,276–278
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Table 50.13 Centers for Disease Control 2002 recommendations
for treatment of external genital warts.

Recommended treatments
Patient applied
Podofilox 0.5% solution or gel. Apply podofilox solution with a

cotton swab, or podofilox gel with a finger, to visible genital
warts twice a day for 3 days, followed by 4 days of no therapy.
Cycle may be repeated as necessary for a total of four cycles
or

Imiquimod 5% cream. Apply with finger at bedtime, three times a
week for up to 16 weeks

Provider administered
Cryotherapy with liquid nitrogen or cryoprobe. Repeat every

1–2 weeks
or

Podophyllin resin 10–25% in compound tincture of benzoin.
Repeat weekly if necessary

or
TCA or BCA 80–90%. Repeat weekly if necessary

or
Surgical removal by tangential scissors excision, tangential shave

excision, curettage, or electrosurgery

Alternative treatments
Intralesional interferon

or
Laser surgery
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Three types of genital herpes infections are recognized on
the basis of clinical history, serologic testing, and HSV typing.
Primary infection is an initial infection with either HSV-1 or
HSV-2 in an individual without serologic evidence of prior
exposure to either HSV-1 or HSV-2. Nonprimary first clinical
episode is an initial episode (clinical or subclinical) with HSV-
1 or HSV-2 in an individual with serologic evidence of prior
exposure to the other serotype. Recurrent genital herpes is
reactivation of latent virus.

The prevalence of genital herpes based on culture of HSV
in the obstetric population has been estimated at
0.1–4.0%.279–282 However, as noted above, use of specific HSV-
2 antibody has demonstrated that 30% of adults in the United
States have had genital herpes infection. Thus, these older
studies underestimate the prevalence in pregnant women. A
concomitant increase in the incidence of neonatal herpes infec-
tions paralleled the sharp rise in genital herpes infection
among adults in the United States.283 Risk markers for herpes
describe a population much different from the ones at risk for
other STDs; this infection tends to occur in older, well-
educated, married, white individuals.

Pathogenesis
The majority of genital herpetic infections are caused by 
HSV-2, although up to 15% may be due to HSV-1.284,285 HSV
infects susceptible mucosal surfaces. It has an incubation
period of 2–10 days, which is followed by a primary infection
characterized by focal vesicle formation and a pronounced 
cellular immune response. The infection enters a latent 
phase, with the virus ascending peripheral sensory nerves 
and coming to rest in nerve root ganglia. Recurrent exacer-
bations occur intermittently, stimulated by poorly understood
mechanisms.

Clinical manifestations
As noted above, there are three types of herpetic episodes.
Primary infections occur in previously unexposed hosts and
are characterized by multiple, painful, vesicular lesions that
ulcerate, with inguinal lymphadenopathy and flu-like symp-
toms, including fever, malaise, nausea, headaches, and myal-
gias. Symptoms usually persist for approximately 2 weeks,
with viral shedding for approximately 12 days. Nearly 4%
progress to viral meningitis.286

First-episode nonprimary genital herpes occurs in an indi-
vidual with previous nongenital exposure to HSV-1 or HSV-
2. Its presentation is generally much milder than primary
infections.

Recurrent HSV is more frequent after HSV-2 infection.
Approximately one-half of infected individuals experience a
recurrence within 6 months.286 Most of these episodes are
prefaced by a 1- or 2-day prodrome consisting of localized
pruritus, pain, and paresthesias. Systemic manifestations 
are absent. The episode usually lasts approximately half as
long as the primary outbreak, with only 4–5 days of viral
shedding.

Laboratory diagnosis
Until recently, viral culture was the gold standard for diagno-
sis of HSV infection. HSV grows rapidly, and results are gen-
erally available within 48–72h. Cultures are more likely to be
positive among patients with first episodes of HSV infection
and those with vesicles or pustules rather than ulcerative or
crusted lesions. Detection of HSV in culture has been facili-
tated by the use of monoclonal antibodies in immunofluores-
cence or immunoassay tests.287

The introduction of nucleic acid amplification tests such as
PCR has revolutionized the laboratory diagnosis of HSV.
Compared with culture, PCR has excellent sensitivity and
specificity for the detection of HSV. The clinical implications
of PCR detection of low viral load, especially among pregnant
women at term, remain to be determined.

Diagnosis of HSV infection has been further enhanced by
the introduction of type-specific serology.286,288 Identifiable
proteins for each HSV type are present in a characteristic
protein coat; glycoprotein G-1 is associated with HSV-1 and
glycoprotein G-2 with HSV-2. Detection of HSV-2 antibodies
using glycoprotein G technology is virtually diagnostic of
genital herpes infection. Type-specific serologic assays are 
now commercially available. United States FDA-approved
type-specific assays include HerpeSelect-1 ELISA IgG and 
HerpeSelect-2 ELISA IgG and HerpeSelect 1 and 2 Immuno-
blot IgG (Focus Technologies, Cypress, CA, USA).

While serologic screening for HSV-1 and HSV-2 infection in
the general population is not recommended,201 screening may
be useful in counseling couples in which one partner has a
history of genital herpes and the other does not, especially pre-
conception or in pregnant couples.

Maternal and fetal risks
Neither the frequency nor the severity of recurrent genital
herpes is increased during pregnancy.289 Primary episodes of
genital herpes may be more severe during pregnancy.289 Initial
reports demonstrated a threefold increase in spontaneous
abortion with primary maternal HSV infection in early preg-
nancy.290 This association has been questioned more
recently.291 In 1997, Brown et al.291 reported no overall dif-
ferences in mean birthweight, gestational age at birth, inci-
dence of IUGR, stillbirth, or neonatal death with acquisition
of HSV infection during pregnancy. However, these investiga-
tors did demonstrate that acquisition of primary genital herpes
in the third trimester of pregnancy was associated with
preterm birth, IUGR, and substantial risk of neonatal herpes
infection.291

The major adverse impact of genital herpes in pregnancy is
the development of neonatal herpes infection. An estimated
700–1000 cases of neonatal herpes infection occur each year
in the United States, resulting in an incidence ranging from 1
in 3500 to 1 in 5000 births.289 Infection may be transmitted
vertically either transplacentally or perinatally. Fortunately,
transplacental transmission is rare. Neonatal symptoms typi-
cally arise during the first 7 days of life. Death occurs in
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approximately one-third of infants, and neurologic sequelae
are noted in most survivors.293 Perinatal acquisition occurs
either with passage through an infected birth canal or from
contact with orolabial lesions in the parents or hospital
workers.289 The vast majority (> 85%) of neonatal herpes
infection is acquired from an infected maternal genital tract
during the process of labor and delivery.292

During the past two decades, risk factors associated with
transmission of HSV from mother to neonate have been elu-
cidated.289,292 These include: (1) HSV type (HSV-2 > HSV-1);
(2) maternal clinical stage of infection (primary > recurrent);
(3) anatomic site of viral shedding (cervix > labia); (4) use of
fetal scalp electrode; and (5) presence and specificity of
transplacental passively transferred HSV antibodies from
mother to infant. With recently acquired first-episode genital
HSV infection, neonates have a 10-fold greater risk of acquir-
ing HSV infection than infants born to mothers with recur-
rent infection. First-episode genital herpes infection, whether
primary or nonprimary, is associated with neonatal infection
rates of 40% and 31% respectively. Prober et al.294 demon-
strated that passive transplacental passage of maternal anti-
bodies to HSV-2 (but not HSV-1) are protective in a study
reporting that, following exposure to HSV during labor and
delivery, none of 34 infants with antibody present developed
neonatal herpes infection (95% CI 0–8).

Primary HSV infection during pregnancy ranges from
asymptomatic to severe, and may result in transplacental or
intrapartum neonatal infection. It results in a 40% or higher
risk of neonatal HSV infection, depending upon the presence
or absence of maternal antibody to heterologous HSV type.289

With nonprimary first-episode genital herpes, maternal symp-
toms also range from asymptomatic to severe. However,
mainly intrapartum acquisition occurs, and the risk of neona-
tal HSV infection is up to 40%.289 While with recurrent genital
herpes symptoms also range from asymptomatic to severe,
only neonatal infection secondary to intrapartum or postpar-
tum acquisition occurs, and the estimated risk of neonatal
infection is < 1–4%.289 The estimated risk of neonatal herpes
occurring from an asymptomatic mother with a history of
recurrent genital HSV is less than 1 in 1000.289

Until the mid-1980s, the approach for prevention of neona-
tal herpes focused on the use of weekly cultures for HSV start-
ing at 34–36 weeks’ gestation in women with a history of
recurrent genital herpes.

Because weekly maternal vaginal cultures in the third
trimester do not predict viral shedding at the time of delivery,
this approach was abandoned. The Infectious Disease Society
for Obstetrics and Gynecology developed a position paper on
the peripartum management of women with a history of
HSV.295 They made the following suggestions:
• Weekly antenatal cultures should be abandoned.
• In the absence of genital lesions, Cesarean sections should
be performed for obstetric considerations only.
• A culture should be obtained from mother or neonate at
delivery in order to identify exposed infants.

• Women with genital lesions should undergo Cesarean
section, preferably within 6 h of membrane rupture, to prevent
HSV exposure in the neonate.
• The mother should not be isolated from her infant.

Shortly thereafter (November, 1988), the ACOG issued a
Technical Bulletin, which basically concurred with these 
recommendations.296 ACOG stated: (1) cultures should be
done when a woman has active HSV lesions during pregnancy
to confirm the diagnosis; (2) if there are no visible lesions 
at the onset of labor, vaginal delivery is acceptable; (3) 
weekly surveillance cultures of pregnant women with a history
of HSV infection, but no visible lesions, are not necessary 
and vaginal delivery is acceptable; and (4) amniocentesis, in
an attempt to rule out intrauterine infection, is not recom-
mended for mothers with HSV infection at any stage of 
gestation. Until recently, limited experience with active 
herpetic lesions in the face of preterm premature rupture of
membranes (PPROM) suggested that expectant management
may be successful.297,298 More recently, Major299 reported 
a series of 29 patients with PPROM complicated by active
recurrent genital HSV infection. The mean gestational age 
of the women was 28.7 weeks (range 24.6–31 weeks), and 
the mean latency from development of herpes lesions to 
delivery was 13.2 days (range 1–35 days). There were no cases
of neonatal herpes infection among the delivered newborns,
and all neonatal cultures for HSV were negative (95% CI
0–10.4).

Treatment
Because there is no known cure for this virus, HSV becomes
a chronic and usually recurrent infection. Fortunately, there
are antiviral medications now available that reduce the dura-
tion and frequency of HSV outbreaks, reduce symptomatic
HSV shedding, and reduce the transmission of HSV.300–304 Acy-
clovir (Zovirax) is an antiviral agent that inhibits viral DNA
synthesis by interfering selectively with viral thymidine kinase.
Because of its selectivity for HSV-infected cells, acyclovir has
a high margin of safety. It has been shown to ameliorate the
symptoms of primary infections and, when given prophylac-
tically, may reduce the frequency and intensity of recurrences.
The drug is available in three forms: topical, oral, and intra-
venous. The oral preparation is considerably more effective
than its topical counterpart. Oral acyclovir is recommended
by the CDC for the treatment of genital herpes.300 Intravenous
treatment should be reserved for severe infection or immuno-
compromised hosts. More recently, two additional antiviral
agents, valacyclovir and famciclovir, have been approved for
the treatment and suppression of HSV infection.300

The current CDC-recommended treatment guidelines for
herpes simplex virus infections are listed in Table 50.14. If
lesions of first-episode herpes infection are not fully healed,
treatment with antiviral agents can be extended beyond
10 days. Intravenous acyclovir should be reserved for severe
primary outbreaks or disseminated herpes infections. In these
instances, the recommended treatment is acyclovir i.v.
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5–10mg/kg every 8h for 2–7 days or until clinical improve-
ment followed by oral antiviral therapy to complete at least
10 days of therapy.300

Following the first clinical episode of genital herpes, two
alternative approaches are available: episodic therapy with
signs of recurrent outbreak or continuous suppressive therapy.
Episodic treatment has been shown to decrease the proportion
of patients with outbreaks, reduce the duration of symptoms,
and shorten the duration of viral shedding.288 Suppressive
therapy reduces the frequency of genital herpes recurrences by
70–80% among patients with frequent recurrences and, in
many patients, no symptomatic outbreaks occur.288

Interest has focused on the use of acyclovir prophylaxis
during late pregnancy to prevent recurrent herpes simplex
virus infection at delivery.305 Acyclovir is well tolerated in
pregnancy with minimal fetal drug accumulation.306 The 
Acyclovir in Pregnancy Registry assessed data from over 1200
pregnant women exposed to acyclovir with no increases in
drug-related fetal abnormalities attributed to acyclovir use.305

However, long-term developmental outcomes were not evalu-
ated. While the CDC suggested that insufficient data exist to
recommend prophylaxis in pregnancy,300 the ACOG suggest
that use of acyclovir to suppress recurrent HSV infection in
late pregnancy is acceptable.307 ACOG notes that, for women
at or beyond 36 weeks of gestation who are at risk of recur-
rent HSV infection, antiviral therapy may be considered.
However, they caution that such therapy may not reduce the
likelihood of Cesarean delivery. Recently, Sheffield and col-
leagues305 performed a meta-analysis of acyclovir prophylaxis

to prevent HSV recurrence at delivery. They demonstrated that
acyclovir prophylaxis commencing at 36 weeks’ gestation was
effective in reducing clinical HSV recurrences at the time of
delivery [odds ratio (OR) 0.25, 95% CI 0.15–0.40], Cesarean
deliveries for clinical recurrence of genital herpes (OR 0.30;
95% CI. 0.13–0.67), total HSV detection at delivery (OR
0.11; 95% CI 0.04–0.31), and asymptomatic HSV shedding
at delivery (OR 0.09; 95% CI 0.02–0.39).

Prevention
The following recommendations have been suggested for 
the management of genital herpes infection in pregnancy.289

• Women with primary HSV infection during pregnancy
should be treated with antiviral therapy.
• Cesarean delivery should be performed on women with
first-episode HSV infection who have active lesions at the time
of delivery.
• For women ≥ 36 weeks’ gestation with a first episode of
HSV infection during the current pregnancy, antiviral therapy
should be considered.
• Cesarean delivery should be performed on women with
recurrent herpes who have active lesions or prodrome at labor
and delivery.
• Expectant management of patients with preterm labor or
PPROM and active HSV lesion(s) may be warranted.
• For women ≥ 36 weeks’ gestation who are at risk of recur-
rent HSV infection, antiviral therapy may also be considered.
• In women with no active lesions or prodrome during labor,
Cesarean delivery should not be performed on the basis of a
history of recurrent herpes.

Trichomonas vaginalis

Trichomoniasis is a localized genitourinary infection caused
by the protozoon Trichomonas vaginalis.308 It was first
described in 1836 by Donne308 as a nonpathogenic resident of
the genital tract. Its pathogenicity was recognized during the
twentieth century in a novel set of experiments in which
healthy male and female volunteers were inoculated with
organisms and followed to describe the natural history of the
infection.309,310 One of the most prevalent parasites in humans,
it has been found in nearly 10% of healthy women and in up
to 50% of patients screened at STD clinics. It has been esti-
mated that 2–3 million women in the United States contract
the infection annually.311 More recently, Cates191 estimated
that 5 million new cases of trichomoniasis occur each year in
the United States.

Epidemiology
Sexual contact is the primary mode of transmission for T. vagi-
nalis, although the infection can be passed from mother to
female infants during vaginal delivery. Because trichomoniasis
is not a reportable infection, its epidemiology is difficult to
ascertain. As noted above, as many as 5 million new cases of
trichomoniasis occur annually in the United States.191 Screen-
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Table 50.14 Centers for Disease Control and Prevention 2002
recommended treatment guidelines for genital herpes.

Recommended regimens: first clinical episode
Acyclovir 400 mg orally, three times a day for 7–10 days
Acyclovir 200 mg orally, five times a day for 7–10 days
Famciclovir 250 mg orally, three times a day for 7–10 days
Valacyclovir 1 g orally, twice a day for 7–10 days

Recommended regimens: episodic recurrent regimens
Acyclovir 400 mg orally, three times a day for 5 days
Acyclovir 200 mg orally, five times a day for 5 days
Acyclovir 800 mg orally, twice a day for 5 days
Famciclovir 125 mg orally, twice a day for 5 days
Valacyclovir 500 mg orally, twice a day for 3–5 days
Valacyclovir 1 g orally, once a day for 5 days

Recommended regimens: suppression of recurrent episodes
Acyclovir 400 mg orally, twice a day
Famciclovir 250 mg orally, twice a day
Valacyclovir 500 mg orally, once a day*
Valacyclovir 1 g orally, once a day

*Valacyclovir 500 mg once a day might be less effective than other
dosing regimens in patients who have frequent (≥ 10 episodes per
year) recurrences.
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ing studies comparing various populations have discerned that
prevalence parallels the degree of sexual activity ranging from
2–3% in middle-class women to over 50% in women attend-
ing STD clinics.312,313 Prior to the introduction of metronida-
zole, T. vaginalis was responsible for approximately 25% of
clinically evident cases of vulvovaginitis.314 As a result of effec-
tive therapy, approximately 5–10% of vulvovaginitis is cur-
rently attributed to T. vaginalis.313 As might be expected,
barrier contraception has a protective effect, as do oral 
contraceptives.

It appears that asymptomatic infected men may serve as
reservoirs for their female partners. Although only 30–40%
of male partners of infected women carried T. vaginalis, it was
recovered in 85% of female partners of infected men.315

Finally, carriage of this STD is a risk marker for other STDs,
especially gonorrhea, which is 1.4–3.0 times more frequent
among women with trichomoniasis.315,316

Pathogenesis
T. vaginalis is an oval-shaped, moderately anaerobic proto-
zoon. The presence of four flagella and an undulating mem-
brane render it motile. Multiple serotypes, which may
correlate with virulence, have been identified. The parasite
attaches to mucous membranes, but neither enters nor kills the
cells. Instead, it induces a moderate cellular immune response.

Clinical manifestations
It appears that this pathogen confines itself to the genitouri-
nary system. Although most men are asymptomatic, anywhere
from 50% to 90% of infected women become symptomatic
at some time. Host factors, such as vaginal pH, circulating
hormonal levels, the integrity of the normal vaginal flora, and
the presence of menstrual blood, appear to play important
roles in the development of symptoms.

An abnormal vaginal discharge is noted by 50–75% of
symptomatic women. In only 10% of these women is the
exudate malodorous. Pruritus, dysuria, and dyspareunia are
experienced in up to half of them. Low abdominal pain and
lymphadenitis are relatively uncommon complaints.313,315

Physical examination findings are normal in 15% of
infected patients. Vaginal erythema and an excessive vaginal
discharge are present in up to 75%, whereas vulvar inflam-
mation is much less common. The so-called classic findings of
a yellowish-green frothy discharge and strawberry cervix are
relatively uncommon, seen in 25% and 2% respectively.313,315

Laboratory diagnosis
Because clinical manifestations are so nonspecific, the clinician
must rely on laboratory parameters to make the diagnosis.
Most commonly, the diagnosis is made by light microscopic
examination of a saline wet mount. The vaginal pH is ≥ 4.5
in the majority of patients. Performance of a Pap smear makes
the diagnosis nearly 70% of the time.313,315,316

Collection of a sample of vaginal discharge for wet mount
or culture is the diagnostic procedure of choice. Because the

organism attaches only to squamous cells, evaluation of the
endocervical columnar epithelium is positive in only 13% of
women. A cotton swab should be used to wipe both anterior
and posterior fornices. In the preparation of a wet mount, the
swab should then be rubbed across a slide containing a drop
of sodium chloride and immediately overlaid with a coverslip.
Low to medium (100–400 ×) magnification with a light- or
darkfield microscope should be used to examine the material.
More recently, T. vaginalis has been identified as a risk factor
facilitating the transmission and acquisition of HIV.317 Large
numbers of PMNs are generally present. T. vaginalis can be
seen as motile ovoids that appear slightly larger than PMNs.318

The sensitivity of the wet mount ranges between 40% and
80%, matching that of the Pap smear.313,319,320 Culture is the
optimum method currently available for detecting the presence
of T. vaginalis.313 While easily performed, culture for T. vagi-
nalis requires the use of special medium such as Diamond or
Kupferberg. Culture, using a number of selective media, pro-
motes growth in 2–7 days, and is 95% sensitive.313 PCR tech-
nology has also been demonstrated to be an effective method
for the diagnosis of trichomoniasis. However, no FDA-
approved PCR test for T. vaginalis is currently available. 
An FDA-approved DNA probe-based test for T. vaginalis
(Affirm VP III; Becton Dickinson, Sparks, MD, USA) is also
available.321

Treatment
Until 40 years ago, trichomoniasis was a chronic, relapsing
urogenital infection. In the 1960s, the 5-nitroimidazoles,
including metronidazole, were developed and found to be
effective in the treatment of this infection.322 Recent years 
have seen the development of isolated clusters of resistant
organisms.323

Given the colonization of both genital and urinary tracts, a
systemic agent is needed. The original regimen for metron-
idazole therapy lasted 7 days. This has been shortened to a
single oral dose in order to improve compliance, decrease the
total dose, and deal with the problems of alcohol use during
treatment (Table 50.15). Cure with this regimen is achieved in
82–88% of cases, and this increases to 95% when partners
are treated empirically.

Relative resistance of T. vaginalis to metronidazole is doc-
umented.324 For treatment failures, the CDC recommends
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Table 50.15 Centers for Disease Control 2002 recommended
treatment guidelines for trichomoniasis in pregnancy.

Recommended regimen
Metronidazole,* 2 g orally in a single dose

Alternative regimen
Metronidazole,* 500 mg twice daily for 7 days

*Metronidazole cannot be recommended for use in the first
trimester.
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retreatment with metronidazole 500mg twice daily for
7 days.201 If failure occurs again, a single 2-g dose once daily
for 3–5 days is recommended. For patients still having per-
sistent trichomoniasis, the CDC suggests excluding reinfec-
tion, evaluating the in vitro susceptibility of the isolate, and
managing in consultation with an expert.201 In May 2004,
tinidazole (Tindamax) was approved by the FDA for the treat-
ment of trichomoniasis with a suggested treatment regimen of
a single 2-g oral dose.

Metronidazole freely crosses the placenta. Studies of limited
numbers of pregnant women have shown no increased risk of
spontaneous abortion or adverse perinatal outcomes.313 Thus,
the use of metronidazole in pregnancy appears to be safe.
However, some experts prefer to wait until the second
trimester to use metronidazole.201

Maternal and fetal risks
Studies with conflicting results have been published on the
potential association of T. vaginalis with adverse pregnancy
outcomes. In an adolescent, inner-city population with a T.

vaginalis prevalence of 34%, Hardy et al.312 noted that T. vagi-
nalis was associated with low birthweight and preterm birth.
In contradistinction, Mason and Brown,325 in a similar high-
prevalence population, found no association with adverse
pregnancy outcome. In a similar vein, Minkoff et al.326 failed
to find a significant association between T. vaginalis and
preterm labor. Conversely, the Vaginal Infection and Prema-
turity Study demonstrated that T. vaginalis in midpregnancy
was significantly associated with preterm low birthweight (OR
1.6, 95% CI 1.3–1.9).313 However, a recent prospective ran-
domized trial of metronidazole versus placebo sponsored by
the NIH demonstrated that metronidazole treatment of
asymptomatic pregnant women with trichomoniasis (identi-
fied by culture) during the midtrimester resulted in an
increased risk of preterm birth.33

Prevention
Because this infection is sexually transmitted, its diagnosis
should serve as a reminder to test carefully for the coexistence
of other, more dangerous STDs.
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Key points

1 Determine the HIV serostatus of all women as early in
pregnancy as possible. The preferred testing algorithm
involves the “opt-out” approach, in which women are
routinely informed that they will be tested unless they
specifically request to opt out.

2 Women’s viral load and CD4 counts should be
monitored and HAART administered per standard
recommendations. If the woman’s viral load and CD4
results do not, unto themselves, justify HAART
therapy, consideration should still be given to
aggressive therapy in order to minimize the likelihood
of MTCT.

3 While HAART is probably the most effective regimen
for MTCT prevention, there are circumstances (e.g.,
viral load less than 1000) when alternatives might be
acceptable. At a minimum, for the reduction of
perinatal HIV-1 transmission, ZDV prophylaxis
according to the PACTG 076 regimen is recommended
unless the woman is intolerant of ZDV.

4 Plasma HIV-1 RNA levels should be monitored during
pregnancy according to the guidelines for the
management of HIV-1-infected adults. The most
recently determined viral load value should be 
used when counseling a woman regarding mode of
delivery.

5 If HAART is successful, then viral load will drop by
more than 1 log per month, not rebound, and be
undetectable within 6 months.

6 If HAART fails, resistance testing should be performed
before discontinuing the initial regimen and choosing a
new one.

7 Perinatal HIV-1 transmission is reduced by scheduled
Cesarean delivery among women with unknown or
high HIV-1 RNA levels who are not receiving
antiretroviral therapy or are receiving only ZDV for
prophylaxis of perinatal transmission. The benefit
among women on HAART is unproven. Given the low
rate of transmission among this group, particularly
among those with a low viral load, it is unlikely that
scheduled Cesarean delivery would confer additional
benefit in reduction of transmission.

8 Management of women originally scheduled for
Cesarean delivery who present with ruptured
membranes or in labor must be individualized based on
duration of rupture, progress of labor, plasma HIV-1
RNA level, current antiretroviral therapy, and other
clinical factors. The woman’s autonomy to make an
informed decision regarding route of delivery should be
respected and honored.

9 Women who present in labor with unknown HIV
status should be offered rapid HIV testing.

10 If a woman was placed on antiretroviral therapy solely
to prevent MTCT (i.e., she did not meet the criteria for
therapy based on her own clinical, immunologic, or
virologic status), then all medications should be
discontinued once she has given birth.

TCO50  9/15/06  11:01 AM  Page 922



MATERNAL INFECTIONS, HIV, AND SEXUALLY TRANSMITTED DISEASES IN PREGNANCY

References

1 Brabin BJ. Epidemiology of infection in pregnancy. Rev Infect
Dis 1985;7:579.

2 Finland M, Dublin TD. Pneumococcal pneumonias complicating
pregnancy and the puerperium. JAMA 1939;122:1027.

3 Greenberg M, Jacobziner H, Pakter J, et al. Maternal mortality
in the epidemic of Asian influenza, New York City, 1957. Am J
Obstet Gynecol 1 958;76:897.

4 Smale LE, Waechter KG. Dissemination of coccidioidomycosis in
pregnancy. Am J Obstet Gynecol 1970;107:356.

5 American College of Obstetricians and Gynecologists. Immu-
nization during pregnancy. ACOG Committee Opinion No. 282.
Obstet Gynecol 2003;101:207.

6 Brunham RC, Maclean IW, Binns B, et al. Chlamydia tra-
chomatis: its role in tubal infertility. J Infect Dis 1985;152:1275.

7 Brunham RC, Binns B, McDowell J, et al. Chlamydia tra-
chomatis infection in women with ectopic pregnancy. Obstet
Gynecol 1986;67:722.

8 Licciardi F, Grifo JA, Rosenwaks Z, et al. Relation between anti-
bodies to Chlamydia trachomatis and spontaneous abortion 
following in vitro fertilization. J Assist Reprod Genet 1992;9:
207.

9 Centers for Disease Control and Prevention. Recommended
Adult Immunization Schedule – Untied States, October
2004–September 2004. Morbid Mortal Wkly Rep 2004;53:
Q1–4.

10 Gonik B, Fasahn N, Foster S. The obstetrician-gynecologist’s 
role in adult immunization. Am J Obstet Gynecol 2002;1887:
984.

11 Gardner P, Schaffner W. Immunization of adults. N Engl J Med
1993;328:1252.

12 Bentley DW. Immunizations in older adults. Infect Dis Clin Pract
1996;5:490.

13 Mitchell LA, Zhang T, Tingle AJ. Differential antibody responses
to Rubella virus infections in males and females. J Infect Dis
1992;166:1258.

14 Centers for Disease Control and Prevention. Hepatitis B virus: a
comprehensive strategy for eliminating transmission in the
United States through universal childhood vaccination. Recom-
mendations of the Advisory Committee on Immunization Prac-
tices (ACIP). Morbid Mortal Wkly Rep 1991;40.

15 Gershon AA, Takahashi M, White CJ. Varicella vaccine. In:
Plotkin SA, Orenstein WA, eds. Vaccines. Philadelphia, PA: W.B.
Saunders; 1999:475.

16 Centers for Disease Control and Prevention. Prevention and
control of influenza: recommendations of the Advisory Commit-
tee on Immunization Practices (ACIP). Morbid Mortal Wkly Rep
2000;49:1.

17 Sweet RL, Gibbs RS. Immunization. In: Sweet RL, Gibbs RS, eds.
Infectious diseases of the female genital tract. Philadelphia, PA: 
Lippincott Williams and Wilkins; 2002:673.

18 Musher DM. Streptococcus pneumoniae. In: Maudel GI, Bennett
JE, Dolin R, eds. Principles and practice of infectious diseases.
New York: Churchill Livingstone; 2000:2128.

19 Markowitz JS, Pashko S, Gutterman EM, et al. Death rates
among patients hospitalized with community-acquired pneumo-
nia: an examination with data from three states. Am J Public
Health 1996;86:1152.

20 Centers for Disease Control and Prevention. Prevention of pneu-
mococcal disease: recommendations of the Advisory Committee

on Immunization Practices (ACIP). Morbid Mortal Wkly Rep
1997;46:1.

21 Fedson DS, Musher DM, Eskola J. Pneumococcal vaccine. In:
Plotkin SA, Orenstein WA, eds. Vaccines. Philadelphia, PA: W.B.
Saunders; 1999:553.

22 Hillier SL, Nugent RP, Eschenback DA, et al. Association
between bacterial vaginosis and preterm delivery of a low birth
weight infant. N Engl J Med 1995;333:1737.

23 Pastorek JG, Cotch MF, Martin DH, et al. Clinical and micro-
biological correlates of vaginal trichomoniasis during pregnancy.
Clin Infect Dis 1996;23:1075.

24 Thomason JL, Gelbart SM, Anderson RJ, et al. Statistical evalu-
ation of diagnostic criteria for bacterial vaginosis. Am J Obstet
Gynecol 1990;162:155.

25 Schwebke JR, Hillier SL, Sobel JD, et al. Validity of the vaginal
Gram stain for the diagnosis of bacterial vaginosis. Obstet
Gynecol 1996;88:573.

26 Morales WJ, Schorr J, Albretton J. Effect of metronidazole in
patients with preterm birth on preceding pregnancy and bacter-
ial vaginosis: a placebo-controlled double blind study. Am J
Obstet Gynecol 1994;171:345.

27 Hauth JC, Goldenberg RL, Andrews WW, et al. Reduced incidence
of preterm delivery with metronidazole and erythromycin in
women with bacterial vaginosis. N Engl J Med 1995;333: 1732.

28 McDonald HM, O’Loughlin JA, Vigneswaran R, et al. Impact of
metronidazole therapy on preterm birth in women with bacter-
ial vaginosis flora: a randomized, placebo-controlled trial. Br J
Obstet Gynecol 1997;104:1391.

29 Carey JC, Klebanoff MA, Hauth JC, et al. Metronidazole to
prevent preterm delivery in pregnant women with asymptomatic
bacterial vaginosis. N Engl J Med 2000;342:534.

30 Centers for Disease Control and Prevention. 2002 Sexually
Transmitted Diseases Treatment Guidelines. Morbid Mortal
Wkly Rep 2002;51:1.

31 Fouts AC, Kraus SJ. Trichomonas vaginalis: reevaluation of its
clinical presentation and laboratory diagnosis. J Infect Dis
1980;141:137.

32 Jeremias J, Draper D, Ziegert M, et al. Detection of Trichomonas
vaginalis using the polymerase chain reaction in pregnant and
non-pregnant women. Infect Dis Obstet Gynecol 1994;2:16.

33 Klebanoff MA, Carey JC, Hauth JC, et al. Failure of metron-
idazole to prevent preterm delivery among pregnant women with
asymptomatic Trichomonas vaginalis infection. N Engl J Med
2001;345:487.

34 Centers for Disease Control. US PHS/IDSA guidelines for the
prevention of opportunistic infections in persons infected with
human immunodeficiency virus: a summary. Morbid Mortal
Wkly Rep 1995;44:1.

35 Foulon W, Naessens A, Derde MP. Evaluation of the possibilities
for preventing congenital toxoplasmosis. Am J Perinatol
1994;11:57.

36 Demmler GJ. Summary of a workshop on surveillance for con-
genital cytomegalovirus disease. Rev Infect Dis 1991;13:315.

37 Hillier S. Self-diagnosis and over-the-counter treatment. Clinician
1994;12:12.

38 Wiesenfeld H, Macio I. The infrequent use of office-based diag-
nostic tests for vaginitis. Am J Obstet Gynecol 1999;181:39.

39 McCormack WM, Starko KM, Zinner SH. Symptoms associated
with vaginal colonization with yeast. Am J Obstet Gynecol
1988;158:31.

40 Nyirjesy P, Seeney SM, Grody MHT, et al. Chronic fungal vagini-
tis: the value of cultures. Am J Obstet Gynecol 1995;173:820.

923

TCO50  9/15/06  11:01 AM  Page 923



CHAPTER 50

41 Reef SE, Levine WC, McNeil MM, et al. Treatment options for
vulvovaginal candidosis, 1993. Clin Infect Dis 1995;20:80.

42 Pursley TJ, Blomquist IK, Abraham J, et al. Fluconazole-induced
congenital anomalies in three infants. Clin Infect Dis
1996;22:336.

43 Sobel JD. Pathogenesis and treatment of recurrent vulvovaginal
candidosis. Clin Infect Dis 1992;14:148.

44 Ledger WJ. Chronic vulvovaginitis. Infect Dis Clin Pract
1993;2:60.

45 Schulman A, Herlinger H. Urinary tract dilatation in pregnancy.
Br J Radiol 1975;48:638.

46 Nicolle LE, Friesen D, Harding GKM, et al. Hospitalization for
acute pyelonephritis in Manitoba, Canada, during the period
from 1989 to 1992: impact of diabetes, pregnancy, and aborigi-
nal origin. Clin Infect Dis 1996;22:1051.

47 Sweet RL, Gibbs RS. Urinary tract infection. In: Sweet RL, Gibbs
RS, eds. Infectious diseases of the female genital tract. Philadel-
phia, PA: Lippincott Williams and Wilkins; 2002;413.

48 Whalley PJ. Bacteriuria of pregnancy. Am J Obstet Gynecol
1967;97:723.

49 Harris RE. The significance of eradication of bacteriuria during
pregnancy. Obstet Gynecol 1979;53:71.

50 Romero R, Oyarzun E, Mazor M, et al. Meta-analysis of the rela-
tionship between asymptomatic bacteriuria and preterm deliv-
ery/low birth weight. Obstet Gynecol 1989;73:576.

51 Centers for Disease Control and Prevention. Prevention of peri-
natal group B streptococcal disease: a public health prospective.
Morbid Mortal Wkly Rep 1996;45:1.

52 Millar LK, Cox SM. Urinary tract infections complicating preg-
nancy. Infect Dis Clin North Am 1997;11:13.

53 Stamm WE, Counts CW, Running KR, et al. Diagnosis of col-
iform infection in acutely dysuric women. N Engl J Med
1982;307:463.

54 Cunningham FG, Morris GB, Mickal A. Acute pyelonephritis of
pregnancy: a clinical review. Obstet Gynecol 1973;42:112.

55 Cunningham FG, Leveno KJ, Hankins GOV, et al. Respiratory
insufficiency associated with pyelonephritis during pregnancy.
Obstet Gynecol 1984;63:121.

56 Purett K, Faro S. Pyelonephritis associated with respiratory dis-
tress. Obstet Gynecol 1987;69:444.

57 Elkington KW, Greb LC. Adult respiratory distress syndrome as
a complication of acute pyelonephritis during pregnancy; case
report and discussion. Obstet Gynecol 1986;67:185.

58 Jenkins RD, Fenn JP, Matson JM. Review of urine microscopy
for bacteriuria. JAMA 1986;255:3397.

59 Whalley PJ, Cunningham FG, Martin F. Transient renal dys-
function associated with acute pyelonephritis of pregnancy.
Obstet Gynecol 1975;46:174.

60 Millar LK, Wing DA, Paul RH, et al. Outpatient treatment of
acute pyelonephritis in pregnancy: a randomized controlled trial.
Obstet Gynecol 1995;86:560.

61 Brooks AM, Garite TJ. Clinical trial of the outpatient manage-
ment of pyelonephritis in pregnancy. Infect Dis Obstet Gynecol
1955;3:50.

62 Angel JL, O’Brien WF, Finan MA, et al. Acute pyelonephritis: a
prospective study of oral versus intravenous antibiotic therapy.
Obstet Gynecol 1990;76:28.

63 Wing DA, Hendershott CM, Debuque L, et al. Outpatient man-
agement of acute pyelonephritis in pregnancy after 24 weeks.
Obstet Gynecol 1999;94:683.

64 Benedetti TJ, Valle R, Ledger WJ. Antepartum pneumonia in
pregnancy. Am J Obstet Gynecol 1982;144:413.

65 Madinger NE, Greenspoon JS, Ellrodt AG. Pneumonia during
pregnancy: has modern technology improved maternal and fetal
outcome? Am J Obstet Gynecol 1989;161:657.

66 Berkowitz K, La Sala A. Risk factors associated with the increas-
ing prevalence of pneumonia during pregnancy. Am J Obstet
Gynecol 1990;163:981.

67 Hopwood HG. Pneumonia in pregnancy. Obstet Gynecol
1965;28:875.

68 Richey SD, Roberts SW, Ramin KD, et al. Pneumonia compli-
cating pregnancy. Obstet Gynecol 1994;84:525.

69 Stanley SK, Ostrowski MA, Justement JS, et al. Effect of immu-
nization with a common recall antigen on viral expression in
patients infected with human immunodeficiency virus types. N
Engl J Med 1996;334:1222.

70 Bartlett JG, Mundy LM. Community acquired pneumonia. N
Engl J Med 1995;333:1618.

71 Oxorn H. The changing aspects of pneumonia complicating
pregnancy. Am J Obstet Gynecol 1955;70:1057.

72 Maccato ML, Pinell P, Martens MG, et al. Preterm labor and
maternal hypoxia in patients with community-acquired pneu-
monia. Infect Dis Obstet Gynecol 1996;4:221.

73 Butler JC, Hofmann J, Cetron MS, et al. The continued emer-
gence of drug-resistant Streptococcus pneumoniae in the United
States: an update from the Centers for Disease Control and 
Prevention’s pneumococcal sentinel surveillance system. J Infect
Dis 1996;174:986.

74 Mandell LA, Bartlett JG, Dowell SF, et al. Update of practice
guidelines for the management of community-acquired pneumo-
nia in immunocompetent adults. Clin Infect Dis 2003;37: 
1405.

75 Robertson L, Caley JP, Moore J. Importance of Staphylococcus
aureus in pneumonia in the 1957 epidemic of influenza A. Lancet
1958;2:233.

76 Henschke C, Liberman L. Streptococcal empyema: the role of
cross-sectional diagnostic imaging. Infect Surg 1989;8:11.

77 Soper DE, Melone PJ, Conover WB. Legionnaire disease com-
plicating pregnancy. Obstet Gynecol 1986;67:10S.

78 Couch RB. Mycoplasma pneumonia (primary atypical pneumo-
nia). In: Mandell GL, Douglas RG, Jr, Bennett JE, eds. Principles
and practices of infectious diseases, 2nd edn. New York: Wiley,
1985.

79 Landsberger EJ, Hager WD, Grossman JH. Successful manage-
ment of varicella pneumonia complicating pregnancy. A report
of three cases. J Reprod Med 1986;31:311.

80 Espinal MA, Reingold AL, Lavander M. Effect of pregnancy 
on the risk of developing active tuberculosis. J Infect Dis
1996;173:488.

81 Telzak EE, Sepkowitz K, Alpert P, et al. Multidrug-resistant
tuberculosis in patients without HIV infection. N Engl J Med
1995;333:907.

82 Centers for Disease Control and Prevention. Treatment of 
tuberculosis. Morbid Mortal Wkly Rep 2003;52:1.

83 Shin S, Guerra D, Rich M, et al. Treatment of multidrug-resist-
ant tuberculosis during pregnancy: a report of 7 cases. Clin Infect
Dis 2003;36:996.

84 Quagliarello VJ, Scheld WM. Drug therapy: treatment of bacte-
rial meningitis. N Engl J Med 1997;336:708.

85 Luft BJ, Remington JS. Toxoplasmic encephalitis in AIDS. Clin
Infect Dis 1992;5:211.

86 Stafford CR, Fisher JF, Fadel HE, et al. Cryptococcal meningitis
in pregnancy. Obstet Gynecol 1983;62:355.

87 Pastorek JG, Plauche WC, Faro S. Acute bacterial endocarditis

924

TCO50  9/15/06  11:01 AM  Page 924



MATERNAL INFECTIONS, HIV, AND SEXUALLY TRANSMITTED DISEASES IN PREGNANCY

in pregnancy. A report of three cases. J Reprod Med
1983;28:611.

88 Cox SM, Hankins GDV, Leveno KJ, et al. Bacterial endocardi-
tis. J Reprod Med 1988;33:671.

89 Durack DT. Prevention of infective endocarditis. N Engl J Med
1995;332:38.

90 Boggess KA, Watts DH, Hillier SL, et al. Bacteremia shortly after
placental separation during Cesarean delivery. Obstet Gynecol
1996;87:779.

91. Sweet RL, Gibbs RS. Antibiotic prophylaxis in obstetrics and
gynecology. In: Sweet RL, Gibbs RS, eds. Infectious diseases of
the female genital tract. Philadelphia, PA: Lippincott Williams
and Wilkins; 2002:661.

92 Dajani AS, Taubert KA, Wilson W, et al. Prevention of bacterial
endocarditis. Recommendations by the American Heart Associ-
ation. JAMA 1997;277:1795.

93 Smith-Levitin M, Skupski DW. Antepartum mastitis: a case
report. Infect Dis Obstet Gynecol 1995;3:34.

94 Reed C, Killackey M. The acute surgical abdomen in pregnancy.
Infect Surg 1982;1:126.

95 Sweet RL, Gibbs RS. Hepatitis infection. In: Sweet RL, Gibbs
RS, eds. Infectious diseases of the female genital tract. Philadel-
phia, PA: Lippincott Williams and Wilkins; 2002:207.

96 Snydman D. Hepatitis in pregnancy. N Engl J Med 1985;313:
1398.

97 Kuo, G, Choo HJ, Alter GL, et al. An essay for circulatory anti-
bodies to a major etiologic virus of human non-A non-B hepati-
tis. Science 1989;244:362.

98 Esteban JI, Gonzalez A, Hernandes JM, et al. Evaluation of anti-
bodies to hepatitis C virus in a study of transfusion associated
hepatitis. N Engl J Med 1990;323:1107.

99 Iworson S, Norkrans G, Wejstäl R. Hepatitis C: natural history
of a unique infection. Clin Infect Dis 1995;20:1361.

100 Joffe GM. Hepatitis C virus in pregnancy: case reports and lit-
erature review. Infect Dis Obstet Gynecol 1995;3:248.

101 Donahue JG, Munoz A, Ness PM, et al. The declining risk of
post-transfusion hepatitis C virus infection. N Engl J Med
1992;327:369.

102 Kao J-H, Chen P-J, Yang P-M, et al. Intrafamilial transmission
of hepatitis C virus: the important role of infection between
spouses. J Infect Dis 1992;166:900.

103 Novati R, Thiers V, Monforte Ad’A, et al. Mother-to-child trans-
mission of hepatitis C virus detected by nested polymerase chain
reaction. J Infect Dis 1992;165:720.

104 Caredda F, Rossi E, Monforte A, et al. Hepatitis B virus-associ-
ated coinfection and superinfection with della agent: indistin-
guishable disease with different outcome. J Infect Dis 1985;151:
925.

105 Centers for Disease Control. Hepatitis E among US travelers,
1989–1992. Morbid Mortal Wkly Rep 1993;42:1.

106 Krawczynski K. Hepatitis E. Hepatology 1993;17:932.
107 Klein NA, Mabie WC, Shaver DC, et al. Herpes simplex virus

hepatitis. Gastroenterology 1991;100:239.
108 Chatelain S, Neumann DE, Alexander SM. Fatal herpetic hepa-

titis in pregnancy. Infect Dis Obstet Gynecol 1994;1:246.
109 Stauffer RA, Wygal J, Lavery JP. Spontaneous bacterial peritoni-

tis in pregnancy. Am J Obstet Gynecol 1982;144:104.
110 Browne MK, Cassie R. Spontaneous bacterial peritonitis during

pregnancy. Br J Obstet Gynaecol 1981;88:1150.
111 Hamer DH. IDCP guidelines: infectious diarrhea: part 1. Infect

Dis Clin Pract 1997;6:68.
112 Sweet RL, Gibbs RS. Parasitic diseases in pregnancy. In: Sweet

RL, Gibbs RS, eds. Infectious diseases of the female genital 
tract. Philadelphia, PA: Lippincott Williams and Wilkins; 2002:
570.

113 Roberts NS, Copel JA, Bhutani V, et al. Intestinal parasites and
other infections during pregnancy in Southeast Asian refugees. J
Reprod Med 1985;30:720.

114 Lee RV. G.I. parasites: how hazardous in pregnancy? Contemp
Gynecol Obstet 1987;29:137.

115 Nyirjesy P, Kauasya T, Axelrod P, et al. Malaria during preg-
nancy: neonatal morbidity and mortality and the efficacy of
chloroquine chemoprophylaxis. Clin Infect Dis 1993;16:127.

116 Steere AC, Malawista SE, Snydman DR, et al. Lyme arthritis: an
epidemic of oligoarticular arthritis in children and adults in three
Connecticut communities. Arthritis Rheum 1977;20:7.

117 Burgdorfer W, Barbour AG, Hayes SF, et al. Lyme disease – a
tick borne spirochetosia? Science 1982;216:1317.

118 Schlesinger PA, Duray PH, Burke BA, et al. Maternal–fetal trans-
mission of the Lyme disease spirochete: Borrelia burgdorferi. Ann
Intern Med 1985;103:67.

119 Markowitz LE, Steere AC, Benach JL. Lyme disease during preg-
nancy. JAMA 1986;255:3394.

120 Grodzicki RL, Steere AC. Comparison of immunoblotting and
indirect enzyme linked immunoabsorbent assay using different
antigen preparations for diagnosing early Lyme disease. J Infect
Dis 1988;157:790.

121 Magnarelli LA, Anderson JF, Johnson RC. Cross reactivity in
serological tests for Lyme disease and other spirochetal infec-
tions. J Infect Dis 1987;156:183.

122 Steere AC, Hutchinson GW, Rahn DW, et al. Treatment of the
early manifestation of Lyme disease. Ann Intern Med
1983;99:22.

123 Dattwyler RJ, Halperin JJ, Puss H, et al. Ceftriaxone as effective
therapy in refractory Lyme disease. J Infect Dis 1987;155:1322.

124 Spack DH, Liles WC, Campbell GL, et al. Tick borne diseases in
the United States. N Engl J Med 1993;329:936.

125 Gayle HD. Curbing the global AIDS epidemic. N Engl J Med
2003;348:1802.

126 HIV/AIDS update: a glance at the HIV epidemic. Atlanta, GA:
Centers for Disease Control and Prevention. Available at
http//www.cdc.gov/nchstp/od/news/At-a-Glance.pdf. Retrieved
November 22, 2004.

127 Fauci AS, Lane HC. Human immunodeficiency virus (HIV)
disease: AIDS and related disorders. In: Brunwald E, Fauci AS,
Isselbecher KJ, et al., eds. Harrison’s textbook of medicine. New
York: McGraw-Hill, Chapter 309.

128 Maury W, Potts BJ, Rabson AB. HIV-1 infection of the first-
trimester and term human placental tissue: a possible mode of
maternal-fetal transmission. J Infect Dis 1989;160:583.

129 Levy JA. Infection by human immunodeficiency virus: CD4 is not
enough. N Engl J Med 1996;335:1528.

130 Centers for Disease Control. 1993 Revised classification system
for HIV infection and expanded surveillance case definition for
AIDS among adolescents and adults. Morbid Mortal Wkly Rep
1992;41:1.

131 Ho DD, Neumann AU, Perelson AS, et al. Rapid turnover of
plasma virions and CD4 lymphocytes in HIV-1 infection. Nature
1995;373:123.

132 Lifson AR, Rutherford GW, Jaffe HW. The natural history of
human immunodeficiency virus infection. J Infect Dis
1988;158:1360.

133 Goedert JJ, Kessler CM, Aledort LM, et al. A prospective 
study of human immunodeficiency virus type 1 infection and the

925

TCO50  9/15/06  11:01 AM  Page 925



CHAPTER 50

development of AIDS in subjects with hemophilia. N Engl J Med
1989;321:1141.

134 Yenni PG, Hammer SM, Hirsch MS, et al. Treatment for adult
HIV infection. 2004 recommendations of the International AIDS
Society–USA Panel. JAMA 2004;292:251.

135 AIDSinfo.nih.gov.
136 HIV testing among pregnant women – United States and Canada,

1998–2001. Morbid Mortal Wkly Rep 2002;51:1013.
137 American College of Obstetricians and Gynecologists. Prenatal

and perinatal human immunodeficiency virus testing: expanded
recommendations. ACOG Committee Opinion No. 304. Obstet
Gynecol 2004;104:1119.

138 Wade NA, Birkhead GS, Warren BL, et al. Abbreviated regimens
of zidovudine prophylaxis and perinatal transmission of the
human immunodeficiency virus. N Engl J Med 1998;339: 
1409.

139 Rapid HIV antibody testing during labor and delivery for women
of unknown HIV status: a practical guide and model proto-
col. Centers for Disease Control and Prevention. Atlanta, GA:
CDC; 2004. Available at http://www.cdc.gov/hiv/rapid/
testing/materials/.

140 Bulterys M, Jamieson DJ, O’Sullivan MJ, et al. Rapid HIV-1
testing during labor: a multicenter study. Mother–Infant Rapid
Intervention at Delivery (MIRIAD) Study Group. JAMA 2004;
292:219.

141 Durant J, Clevenbergh P, Halfon P, et al. Drug-resistance in HIV-
1 therapy: the VIRADAPT randomized control trial. Lancet
1999;353:2195.

142 Minkoff H. HIV Infections in pregnancy. Obstet Gynecol
2003;101:797.

143 Watts H, Minkoff H. Managing pregnant patients. In: Dolin R,
Masur H, Saag M, eds. AIDS therapy, 2nd edn. New York:
Churchill Livingstone, 2002.

144 Hirsch MS, Brun-Vezinet F, D’Auila RT, et al. Antiretroviral drug
resistance testing in adult HIV-1 infection: recommendations 
of an International AIDS Society–USA Panel. JAMA 2000,283:
2417.

145 Yeni PG, Hammer SM, Carpenter CCJ, et al. Antiretroviral treat-
ment for adult HIV-1 infection in 2002: updated recommenda-
tions of the International AIDS Society–USA panel. JAMA
2002;288:222.

146 Chene G, Sterne JA, May M, et al. Prognostic importance of
initial response in HIV-1 infected patients starting potent anti-
retroviral therapy: analysis of prospective studies. Lancet
2003;362:679.

147 Egger M, May M, Chene G, et al. Prognosis of HIV-1 infected
drug naive patients starting potent antiretroviral therapy: a col-
laborative analysis of prospective studies. Lancet 2002;360: 
119.

148 Palella FJ, Deloria-Knoll M, Chmiel JS, et al. Survival benefit of
initiating antiretroviral therapy in HIV-infected persons in 
different CD4+ cell strata. Ann Intern Med 2003;138:620.

149 Sterling TR, Chaisson RE, Keruly J, Moore RD. Improved out-
comes with earlier initiation of highly active antiretroviral
therapy among human immunodeficiency virus-infected patients
who achieve durable virologic suppression: longer follow-up 
of an observational cohort study. J Infect Dis 2003;188: 
1659.

150 Wood E, Hogg RS, Yip B, et al. Higher baseline levels of plasma
human immunodeficiency virus type 1 RNA are associated with
increased mortality after initiation of triple-drug antiretroviral
therapy. J Infect Dis 2003;188:1421.

151 Robbins GK, De Gruttola V, Shafer RW, et al. Comparison of
sequential three-drug regimens as initial therapy for HIV-1 infec-
tion. N Engl J Med 2003;349:2293.

152 Shafer RW, Smeaton LM, Robbins GK, et al. Comparison of
four-drug regimens and pairs of sequential three-drug regimens
as initial therapy for HIV-1 infection. N Engl J Med
2003;349:2304.

153 Lichtenstein KA, Delaney KM, Armon C, et al. Incidence of and
risk factors for lipoatrophy (abnormal fat loss) in ambulatory
HIV-1-infected patients. J Acquir Immune Defic Syndr
2003;32:48.

154 Carr A, Samaras K, Burton S, et al. A syndrome of peripheral
lipodystrophy, hyperlipidaemia and insulin resistance in patients
receiving HIV protease inhibitors. AIDS 1998;12:51.

155 Study Team. Efficacy of three short-course regimens of 
zidovudine and lamivudine in preventing early and late 
transmission of HIV-1 from mother to child in Tanzania, South
Africa, and Uganda (Petra study): a randomized, double-
blind, placebo-controlled trial. Lancet 2002;359:1178.

156 Guay LA, Musoke P, Fleming T, et al. Intrapartum and 
neonatal single-dose nevirapine compared with zidovudine for
prevention of mother-to-child transmission of HIV-1 in Kampala,
Uganda: HIVNET 012 randomized trial. Lancet 1999;354: 
795.

157 Jourdaine G, Ngo-Giang-Huong N, Le Couer S, et al. Intra-
partum exposure to nevirpaine and subsequent maternal
responses to nevirapine based antiretroviral therapy. N Engl J
Med 2004;351:229.

158 The International Perinatal HIV Group. The mode of delivery
and the risk of vertical transmission of human immunodeficiency
virus type 1 – a meta-analysis of 15 prospective cohort studies.
N Engl J Med 1999;340:977.

159 The European Mode of Delivery Collaboration. Elective
Cesarean section versus vaginal delivery in prevention of vertical
HIV-1 transmission: a randomized clinical trial. Lancet
199;353:1035.

160 ACOG Committee on Obstetric Practice. Scheduled Cesarean
delivery and the prevention of vertical transmission of HIV infec-
tion. ACOG Committee Opinion 1999;219.

161 Ioannidis JPA, Abrams EJ, Ammann A, et al. Perinatal trans-
mission of human immunodeficiency virus type 1 by pregnant
women with RNA virus loads <1000 copies/ml. J Infect Dis
2001;183:539.

162 The Italian Register for Human Immunodeficiency Virus Infec-
tion in Children. Determinants of mother-to-infant human
immunodeficiency virus 1 transmission before and after the intro-
duction of zidovudine prophylaxis. Arch Pediatr Adolesc Med
2002;156:915.

163 European Collaborative Study. HIV-infected pregnant women
and vertical transmission in Europe since 1986. AIDS
2001;15:761.

164 Shapiro D, Tuomala R, Pollack H, et al. Mother-to child HIV
transmission risk according to antiretroviral therapy, mode 
of delivery, and viral load in 2895 US women (PACTG 367). 
Oral presentation at the 11th Conference on Retroviruses and
Opportunistic Infections, San Francisco, CA, February, 2004.
Abstract 99.

165 Thorne C, Newell ML, for the European Collaborative Study.
The continuing conundrum of mode of delivery in HIV-infected
women in the HAART era. Oral presentation at the XV Inter-
national AIDS Conference, Bangkok, Thailand, July, 2004.
Abstract ThOrC1419.

926

TCO50  9/15/06  11:01 AM  Page 926



MATERNAL INFECTIONS, HIV, AND SEXUALLY TRANSMITTED DISEASES IN PREGNANCY

166 Nielsen TF, Hokegard KH. Postoperative Cesarean section 
morbidity: a prospective study. Am J Obstet Gynecol 1983;146:
911.

167 Hebert PR, Reed G, Entman SS, et al. Serious maternal morbid-
ity after childbirth: prolonged hospital stays and readmissions.
Obstet Gynecol 1999;99:942.

168 Minkoff H, Chervenak F. Elective primary Cesarean delivery. N
Engl J Med 2003;348:946.

169 Read JS, Tuomala R, Kpamegan E, et al. Mode of delivery and
postpartum morbidity among HIV-infected women: the Women
and Infants Transmission Study. J Acquir Immune Defic Syndr
2001;26:236.

170 Watts DH, Lambert JS, Stiehm ER, et al. Complications 
according to mode of delivery among human immun-
odeficiency virus infected women with CD4 lymphocyte 
counts of < or = 500/microL. Am J Obstet Gynecol 2000;
183:100.

171 Marcollet A, Goffinet F, Firtion G, et al. Differences in postpar-
tum morbidity in women who are infected with the human
immunodeficiency virus after elective Cesarean delivery, emer-
gency Cesarean delivery, or vaginal delivery. Am J Obstet
Gynecol 2002;186:784.

172 European HIV in Obstetrics Group. Higher rates of post-partum
complications in HIV-infected than in uninfected women irre-
spective of mode of delivery. AIDS 2004;18:933.

173 Semprini AE, Castagna C, Ravizza M, et al. The incidence of
complications after caesarean section in 156 HIV-positive
women. AIDS 1995;9:913.

174 Grubert TA, Reindell D, Kastner R, et al. Complications after
caesarean section in HIV-1-infected women not taking anti-
retroviral treatment. Lancet 1999;354:1612.

175 Maiques-Montesinos V, Cervera-Sanchez J, Bellver-Pradas J, et
al. Post-Cesarean section morbidity in HIV-positive women. Acta
Obstet Gynecol Scand 1999;78:789.

176 Vimercati A, Greco P, Loverro G, et al. Maternal complications
after caesarean section in HIV infected women. Eur J Obstet
Gynecol Reprod Biol 2000;90:73.

177 Rodriguez EJ, Spann C, Jamieson D, et al. Postoperative mor-
bidity associated with Cesarean delivery among human immun-
odeficiency virus-seropositive women. Am J Obstet Gynecol
2001;184:1108.

178 Urbani G, de Vries MMJ, Cronje HS, et al. Complications asso-
ciated with Cesarean section in HIV-infected patients. Int J
Gynecol Obstet 2001;74:9.

179 Avidan MS, Ferrero S, Bentivoglio G. Post-operative complica-
tions after caesarean section in HIV-infected women. Arch
Gynecol Obstet 2003;268:268.

180 Avidan MS, Panburana P, Groves P, et al. Low complication rate
associated with Cesarean section under spinal anesthesia for
HIV-1-infected women on antiretroviral therapy. Anesthesiology
2002;97:320.

181 Panburana P, Phaupradit W, Tantisirin O, et al. Maternal com-
plications after caesarean section in HIV-infected pregnant
women. Aust NZ J Obstet Gynaecol 2003;43:160.

182 ACOG Educational Bulletin. Assessment of fetal lung maturity.
No. 230, November, 1996. Committee on Educational Bulletins
of the American College of Obstetricians and Gynecologists. Int
J Gynaecol Obstet 1997;56:191.

183 Parilla BV, Dooley SL, Jansen RD, Socol ML. Iatrogenic respi-
ratory distress syndrome following elective repeat Cesarean
delivery. Obstet Gynecol 1993;81:392.

184 Madar J, Richmond S, Hey E. Surfactant-deficient respiratory

distress after elective delivery at “term”. Acta Pediatr
1999;88:1244.

185 Centers for Disease Control. Recommendations of the Public
Health Service Task Force on use of zidovudine to reduce peri-
natal transmission of human immunodeficiency virus. Morbid
Mortal Wkly Rep 1994;43:1.

186 Minkoff H, Burns DN, Landesman S, et al. The relationship of
the duration of ruptured membranes to vertical transmission of
human immunodeficiency virus. Am J Obstet Gynecol
1995;173:585.

187 Landesman SH, Kalish LA, Burns DN, et al. Obstetrical 
factors and the transmission of human immunodeficiency 
virus type 1 from mother to child. N Engl J Med 1996;34:
1617.

188 Garcia PM, Kalish LA, Pitt J, et al. Maternal levels of plasma
human immunodeficiency virus type 1 RNA and the risk of peri-
natal transmission. N Engl J Med 1999;341:394.

189 Mofenson LM, Lambert JS, Stiehm ER, et al. Risk factors 
for perinatal transmission of human immunodeficiency virus type
1 in women treated with zidovudine. Pediatric AIDS 
Clinical Trials Group Study 185 Team. N Engl J Med 1999;341:
385.

190 Eng TR, Butler WT, eds. The hidden epidemic: confronting sex-
ually transmitted diseases. Committee on Prevention and Control
of Sexually Transmitted Diseases. Washington, DC: Institute of
Medicine National Academy Press, 1997.

191 Cates W and The American Social Health Panel. Estimates of the
incidence and prevalence of sexually transmitted diseases in the
United States. Sex Transm Dis 1999;26(Suppl.):S2.

192 Weinstock H, Berman S, Cates W, Jr. Sexually transmitted dis-
eases among American youth: incidence and prevalence esti-
mates, 2000. Perspect Sexual Reprod Health 2004;36:1.
http://www.guttmacher-org/pubs/.

193 Westrom L. Incidence, prevalence and trends of acute pelvic
inflammatory disease and its consequences in industrialized
countries. Am J Obstet Gynecol 1980;38:880.

194 Chow JM. Yonekura ML, Richwald GA, et al. The association
between Chlamydia trachomatis and ectopic pregnancy: a
matched-pair, case-control study. JAMA 1990;26:3164.

195 Svensson L, Mardh P-A, Ahlgren M, et al. Ectopic pregnancy and
antibodies to Chlamydia trachomatis. Fertil Steril 1984;44:
313.

196 Brunham RC, Binns B, McDowell J, et al. Chlamydia tra-
chomatis infection in women with ectopic pregnancy. Obstet
Gynecol 1986;67:722.

197 Martin DH, Koutsky L, Eschenbach DA, et al. Prematurity and
perinatal mortality in pregnancies complicated by maternal
Chlamydia trachomatis infections. JAMA 1982;247:1585.

198 zur Hansen H, Schneider A. The role of papillomaviruses in
human anogenital cancer. In: Salzmann NP, Howley PM, eds.
The papovaviridae, the papillomaviruses, Vol. 2. New York:
Plenum; 1987:245.

199 Chu SY, Buehler JW, Berkelman RL. Impact of the human
immunodeficiency virus epidemic on mortality in women of
reproductive age. United States. JAMA 1990;26:4225.

200 Centers for Disease Control Summary of Notifiable Diseases –
United States, 2003. Morbid Mortal Wkly Rep 2005;52:1.

201 Centers for Disease Control and Prevention. 2002 sexually trans-
mitted diseases treatment guidelines. Morbid Mortal Wkly Rep
2002;51:1.

202 Meyer TF. Pathogenic Neisseriae: complexity of pathogen–host
cell interplay. Clin Infect Dis 1999;28:433.

927

TCO50  9/15/06  11:01 AM  Page 927



CHAPTER 50

203 Kellogg DS, Jr, Peacock WL, Jr, Deacon WE, et al: Neisseria gon-
orrhoeae. I. Virulence genetically linked to clonal variation. J
Bacteriol 1963;85:1274.

204 Hook EW, Handsfield HH. Gonococcal infections in adults. In:
Holmes KK, Sparling PF, Mardh P-A, et al, eds. Sexually trans-
mitted diseases. New York: McGraw-Hill; 1999:451.

205 Pedersen AHB, Bonin P. Screening females for asymptomatic
gonorrhea infection. Northwest Med 1971;70:255.

206 McCormack WM, Stumacher RJ, Johnson K, Donner A. Clini-
cal spectrum of gonococcal infection in women. Lancet
1977;2:1182.

207 Corman LC, Levison ME, Knight R, et al. The high frequency
of pharyngeal gonococcal infection in a prenatal clinic popula-
tion. JAMA 1974;230:568.

208 Holmes KK, Counts GW, Beaty HN. Disseminated gonococcal
infection. Ann Intern Med 1971;74:979.

209 Suleiman SA, Grimes EM, Jones HS. Disseminated gonococcal
infections. Obstet Gynecol 1983;61;48.

210 Holmes KK. Gonococcal infection. In: Remington JS, Klein JO,
eds. Infectious diseases of the fetus and newborn infant. Philadel-
phia, PA: W.B. Saunders; 1983:616.

211 Amstey MS, Steadman KT. Symptomatic gonorrhea and preg-
nancy. J Am Vener Dis Assoc 1976;3:14.

212 Sarrel PM, Pruett KA. Symptomatic gonorrhea during pregnancy.
Obstet Gynecol 1968;32:670.

213 Handsfield HH, Hodson A, Holmes KK. Neonatal gonococcal
infection. 1. Orogastric contamination with Neisseria gonor-
rhoeae. JAMA 1973;22:56.

214 Edwards LE, Barrada MI, Hamann AA, Hakanson EY. Gonor-
rhea in pregnancy. Am J Obstet Gynecol 1978;13:26.

215 Phillips RS, Hanff PA, Wertheimer A, Aronson MD. Gonorrhea
in women seen for routine gynecologic care: criteria for testing.
Am J Med 1988;85:177.

216 Sweet RL, Gibbs RS. Sexually transmitted diseases. In: Sweet RL,
Gibbs RS, eds. Infectious diseases of the female genital tract.
Philadelphia, PA: Lippincott-Williams & Wilkins; 2002:118.

217 Nakashim AK, Rolfs RT, Flock MC, et al. Epidemiology of
syphilis in the United States 1941–1993. Sex Transm Dis
1996;23:16.

218 Centers for Disease Control. Congenital syphilis, United States,
1983–1985. Morbid Mortal Wkly Rep 1986;35:625.

219 Centers for Disease Control. Increases in primary and secondary
syphilis, United States. Morbid Mortal Wkly Rep 1987;36:
393.

220 Centers for Disease Control. Summary of notifiable diseases,
United States 1995. Morbid Mortal Wkly Rep 1995;44.

221 Centers for Disease Control. Sexually transmitted disease sur-
veillance, 2003. Atlanta, GA: US Department of Health and
Human Services, CDC, 2004.

222 Ziya PR, Hankins DV, Gilstrap LC, Halsey AB. Intravenous
penicillin desensitization and treatment during pregnancy. JAMA
1986;256:2561.

223 Wendel GD, Stark BJ, Jamison RB, et al. Penicillin allergy and
desensitization in serious maternal/fetal infections. N Engl J Med
1985;312:1299.

224 Cox SM, Klein VR, Wendel GD. The Jarisch–Herxheimer reac-
tion in pregnancy. San Antonio: Society of Perinatal Obstetri-
cians; 1987:abstract 106.

225 Paley SS. Syphilis in pregnancy. NY J Med 1937;37:585.
226 Ingall D, Sanchez PJ, Musher D. Syphilis. In: Remington JS, Klein

JO, eds. Infectious diseases of the fetus and newborn infant.
Philadelphia, PA: W.B. Saunders; 1995:529.

227 Fiumara NJ, Fleming WL, Downing JG, Good FL. The incidence
of prenatal syphilis at the Boston City Hospital. N Engl J Med
1952;247:48.

228 Ricci JM, Fojaco RM, O’Sullivan MJ. Congenital syphilis: the
University of Miami/Jackson Memorial Medical Center Experi-
ence 1986–1988. Obstet Gynecol 1989;74:687.

229 McFarlin BL, Bottoms SF, Dock BS, Isada NB. Epidemic syphilis:
maternal factors associated with congenital infection. Am J
Obstet Gynecol 1994;170:535.

230 Cates W, Jr, Wasserheit JN. Genital chlamydial infections: epi-
demiology and reproductive sequelae. Am J Obstet Gynecol
1991;164:1771.

231 Washington AE, Johnson RE, Sanders LL. Chlamydia tra-
chomatis infections in the United States: what are they costing
us? JAMA 1987;157:2070.

232 Sweet RL, Gibbs RS. Chlamydial infections. In: Sweet RL, Gibbs
RS, eds. Infectious diseases of the female genital tract. Philadel-
phia, PA: Lippincott-Williams & Wilkins; 2002:57.

233 Thompson SE, Washington AE. Epidemiology of sexually trans-
mitted Chlamydia trachomatis infections. Epidemiol Rev
1983;5:96.

234 Schachter J, Stoner E, Moncoda J. Screening for chlamydial infec-
tions in women attending family planning clinics: evaluations of
presumptive indicators for therapy. West J Med 1983;138:375.

235 Arya OP, Mallinson H, Goddaard AD. Epidemiological and 
clinical correlates of chlamydial infection of the cervix. Br J 
Venereal Dis 1981;57:118.

236 Chacko MR, Louchik JC. Chlamydia trachomatis infection in
sexually active adolescents: prevalence and risk factors. Pedi-
atrics 1984;73:836.

237 Stamm WE, Wagner KF, Ansel R, et al. Causes of the acute ure-
thral syndrome in women. N Engl J Med 1980;303:409.

238 Moller BR, Ahoms S, Laurin J, Mardh P-A. Pelvic infection after
elective abortion associated with Chlamydia trachomatis. Obstet
Gynecol 1982;59:210.

239 Westergard L, Philipson T, Scheibel J. Significance of cervical
Chlamydia trachomatis infection in postabortal pelvic inflam-
matory disease. Obstet Gynecol 1982;60:322.

240 Quigstad E, Skaug K, Jerve F, et al. Pelvic inflammatory disease
associated with Chlamydia trachomatis infection after therapeu-
tic abortion. Br J Venereal Dis 1983;59:189.

241 Osser S, Persson K. Postabortal pelvic infection associated with
Chlamydia trachomatis and the influence of humoral immunity.
Am J Obstet Gynecol 1984;150:699.

242 Barbacci MB, Spence MR, Kappus EW, et al. Postabortal
endometritis and isolation of trachomatis. Obstet Gynecol
1986;68:686.

243 Ismail MA, Chandler AE, Beem MO, Moawad AH. Chlamydia
colonization of the cervix in pregnant adolescents. J Reprod Med
1985;30:549.

244 Wager GP, Martin DH, Koutsky L, et al. Puerperal infectious
morbidity: relationship to route of delivery and to antepartum
Chlamydia trachomatis infection. Am J Obstet Gynecol
1980;138:1028.

245 Cytryn A, Sen P, Haingsub R, et al. Severe pelvic infection from
Chlamydia trachomatis after Cesarean section. JAMA
1982;247:1732.

246 Hoyme UB, Kiviat N, Eschenbach DA. Microbiology and treat-
ment of late postpartum endometritis. Obstet Gynecol
1986;68:226.

247 Thompson S, Lopez B, Wong KG, et al. A prospective study of
chlamydial and mycoplasmal infections during pregnancy. In:

928

TCO50  9/15/06  11:01 AM  Page 928



MATERNAL INFECTIONS, HIV, AND SEXUALLY TRANSMITTED DISEASES IN PREGNANCY

Mardh P-A, Holmes KK, Oriel JD, et al, eds. Chlamydial infec-
tions, Vol. 2. Fernstrom Foundation Series. Amsterdam: Elsevier;
1982:155.

248 Harrison HR, Alexander ER, Weinstein L, et al. Cervical
Chlamydia trachomatis and mycoplasmal infections in preg-
nancy. Epidemiology and outcomes. JAMA 1983;250:1721.

249 Sweet RL, Landers DV, Walker C, Schachter J. Chlamydia tra-
chomatis infection and pregnancy outcome. Am J Obstet
Gynecol 1987;156:824.

250 Thygeson P, Mengert WF. The virus of inclusion conjunctivitis:
further observations. Arch Ophthalmol 1936;15:377.

251 Lennon GG. Acute salpingitis during pregnancy. J Obstet
Gynaecol Br Commonw 1948;56:1035.

252 McCord M, Simmons CM. Acute purulent salpingitis during
pregnancy. Am J Obstet Gynecol 1953;65:1136.

253 Acosta AA, Mabray CR, Kaurman RH. Intrauterine pregnancy
and coexistent pelvic inflammatory disease. Obstet Gynecol
1971;37:282.

254 Blanchard AC, Pastorek JG, II, Weeks T. Pelvic inflammatory
disease during pregnancy. South Med J 1987;80:1363.

255 Martin DH, Koutsky L, Eschenbach DA, et al. Prematurity and
perinatal mortality in pregnancies complicated by maternal
Chlamydia trachomatis infections. JAMA 1982;247:1585.

256 Hardy PH, Hardy JB, Nell EE, et al. Prevalence of six sexually
transmitted disease agents among pregnant inner-city adolescents
and pregnancy outcome. Lancet 1984;2:333.

257 Sweet RL, Landers DV, Walker C, Schachter J. Chlamydia tra-
chomatis infection and pregnancy outcome. Am J Obstet
Gynecol 1987;156:824.

258 Cohen I, Veille JC, Calkins BM. Improved pregnancy outcome
following successful treatment of chlamydial infection. JAMA
1990;263:3160.

259 Ryan GM, Abdella JN, McNeeley SG, et al. Chlamydia tra-
chomatis infection in pregnancy and effect of treatment on
outcome. Am J Obstet Gynecol 1990;162:34.

260 Black CM. Current methods of laboratory diagnosis of Chlamy-
dia trachomatis infections. Clin Microbiol Rev 1997;10:160.

261 Sweet RL, Wiesenfeld HC, Uhrin M, Dixon B. Comparison of
EIA, culture, and polymerase chain reaction for Chlamydia tra-
chomatis in a sexually transmitted disease clinic. J Infect Dis
1994;170:500.

262 Loeffelholz MS, Lewinski CA, Silver SR, et al. Detection of
Chlamydia trachomatis in endocervical specimens by polymerase
chain reaction. J Clin Microbiol 1992;30:2847.

263 Schachter J. Noninvasive tests for diagnosis of Chlamydia tra-
chomatis infection: application of ligase chain reaction to first-
catch urine specimens in women. J Infect Dis 1995;172:
1411.

264 Crombleholme WR, Schacter J, Grossman M, et al. Amoxicillin
therapy for Chlamydia trachomatis in pregnancy. Obstet
Gynecol 1990;75:752.

265 Koutsky LA, Kiviat NB. Genital human papillomavirus. In:
Holmes KK, Sparling PF, Mardh P-A, et al., eds. Sexually trans-
mitted diseases. New York: McGraw-Hill; 1999:347.

266 Institute of Medicine Committee on Prevention and Control of
Sexually Transmitted Diseases. The hidden epidemic: confronting
sexually transmitted diseases. Washington, DC: National
Academy Press, 1997.

267 Oriel JD. Natural history of genital warts. Br J Venereal Dis
1971;47:1.

268 US Centers for Disease Control, Division of STD Prevention. Sex-
ually transmitted disease surveillance, 1995. Atlanta: Centers for

Disease Control and Prevention. US Department of Health
Service, Public Health Service, 1996.

269 Winer RL, Lee S-K, Hughes JP, et al: Genital human papillo-
mavirus infection: incidence and risk factors in a cohort of female
university students. Am J Epidemiol 2003;157:218.

270 Halpert R, Fruchter RG, Sedlis A, et al. Human papillomavirus
and lower genital neoplasia in renal transplant patients. Obstet
Gynecol 1986;68:251.

271 Byrne P, Woodman C, Meanwell C, et al. Koilocytes and cervi-
cal human papillomavirus infection. Lancet 1986;1:205.

272 Singer A, Wilter J, Walker P, et al. Comparison of prevalence of
human papillomavirus antigen in biopsies from women with cer-
vical intraepithelial neoplasia. J Clin Pathol 1985;38:855.

273 Lorinez AT, Temple GF, Patterson JA, et al. Correlation of cel-
lular atypia and human papillomavirus DNA in exfoliated cells
of the uterine cervix. Obstet Gynecol 1986;68:508.

274 Beutner KR, Wiley DJ, Douglas JM, et al: Genital warts and their
treatment. Clin Infect Dis 1999;28(Suppl.):S37.

275 Chamberlain MJ, Reynolds AL, Yeomen WB. Toxic effects of
podophyllin application in pregnancy. Br Med J 1972;3:391.

276 Centers for Disease Control. National Disease and Therapeutic
Index (IMS American Ltd.) CDC website.

277 Fleming DT, McQuillian GM, Johnson RE, et al. Herpes simplex
virus type 2 in the United States, 1976 to 1994. N Engl J Med
1997;337:1105.

278 Langenberg AGM, Corey L, Ashley RL, et al. for the Chiron HSV
Vaccine Study Group. A prospective study of new infections with
herpes simplex virus type 1 and 2. N Engl J Med 1999;341:
1432.

279 Bolognese RJ, Cosen SL, Fuccillo DA, et al. Herpes virus hominis
type II infections in asymptomatic pregnant women. Obstet
Gynecol 1976;48:507.

280 Tejani N, Klein SW, Kaplan M. Subclinical herpes simplex geni-
talis infections in the perinatal period. Am J Obstet Gynecol
1979;135:547.

281 Scher J, Bottone E, Desmond E, Simons W. The incidence and
outcome of asymptomatic herpes simplex genitalis in an obstet-
ric population. Am J Obstet Gynecol 1982;144:906.

282 Nahmias AJ, Roczman B. Infection with herpes simplex virus I
and II. N Engl J Med 1973;289:781.

283 Sullivan-Bolyai J, Hull HF, Wilson C, Corey L. Neonatal herpes
simplex infection in King County, Washington. Increasing inci-
dence and epidemiological correlates. JAMA 1983;250:3059.

284 Whitley RJ, Nahmias AJ, Visintine AM, et al. the natural history
of herpes simplex virus infection of mother and newborn. Pedi-
atrics 1980;66:489.

285 Rooney JF, Felser JM, Ostrove JM, et al. Medical intelligence:
acquisition of genital herpes from an asymptomatic sexual
partner. N Engl J Med 1986;314:1561.

286 Corey L, Wald A. Genital herpes. In: Holmes KK, Sparling PF,
Mardh P-A, et al., eds. Sexually transmitted diseases. New York:
McGraw-Hill; 1999;285.

287 Baker DA. Herpes simplex virus infections. Curr Opin Obstet
Gynecol 1992;4:676.

288 Hollier LM, Workowski K. Treatment of sexually transmitted dis-
eases in women. Obstet Gynecol Clin North Am 2003;30:751.

289 Sweet RL, Gibbs RS. Herpes simplex virus infection. In: Sweet
RL, Gibbs RS, eds. Infectious diseases of the female genital tract.
Philadelphia, PA: Lippincott Williams & Wilkins, 2002.

290 Nahmias AJ, Josey WE, Naib ZM, et al. Perinatal risk associ-
ated with maternal genital herpes simplex virus infection. Am J
Obstet Gynecol 1971;110–185.

929

TCO50  9/15/06  11:01 AM  Page 929



CHAPTER 50

291 Brown ZA, Selke S, Zeh J, et al. The acquisition of herpes
simplex virus during pregnancy. N Engl J Med 1997;337:509.

292 Arvin AM, Whitley RJ. Herpes simplex virus infection. In: 
Remington JS, Klein JV, eds. Infectious diseases of the fetus and
newborn infant. Philadelphia, PA: W.B. Saunders; 2001:425.

293 Hutto C, Arvin A, Jacobs R, et al. Intrauterine herpes simplex
virus infections. J Pediatr 1987;110:97.

294 Prober CG, Sullender WM, Yasukawa LL, et al. Low risk of
herpes simplex virus infections in neonates exposed to the virus
at the same time of vaginal delivery to mothers with recurrent
genital herpes simplex virus infections. N Engl J Med
1987;316:240.

295 Gibbs RS, Amstey MS, Sweet RL, et al. Management of genital
herpes infection in pregnancy. Obstet Gynecol 1988;71:779.

296 American College of Obstetricians and Gynecologists. Perinatal
herpes simplex virus infections. ACOG Technical Bulletin 122.
Washington, DC: American College of Obstetricians and Gyne-
cologists, November, 1988.

297 Ray DA, Evans AT, Elliott JP, et al. Maternal herpes infection
complicated by prolonged premature rupture of membranes. Am
J Perinatol 1985;2:96.

298 Utley K, Bromberger P, Wagner L, et al. Management of primary
herpes in pregnancy complicated by ruptured membranes and
extreme prematurity: case report. Obstet Gynecol 1987;69: 471.

299 Major C, Towers CV, Lewis DF, Garite TJ. Expectant manage-
ment of preterm premature rupture of membranes complicated
by active recurrent genital herpes. Am J Obstet Gynecol
2003;188:1551.

300 Centers for Disease Control and Prevention. 2002 Sexually trans-
mitted diseases treatment guidelines. Morbid Mortal Wkly Rep
2002;51:1.

301 Bryson YJ, Dillon M, Lovett M, et al. Treatment of first episodes
of genital herpes simplex virus infection with oral acyclovir. N
Engl J Med 1983;308:916.

302 Reichman RC, Badger GJ, Mertz GJ, et al. Treatment of recur-
rent genital herpes simplex infections with oral acyclovir. JAMA
1984;251:2103.

303 Kaplowitz LG, Baker D, Gelb L, et al. Prolonged continuous acy-
clovir treatment of normal adults with frequently recurring
genital herpes simplex infection. JAMA 1991;265:747.

304 Corey L. Wald A, Patel R, et al. Once-daily valacyclovir to reduce
the risk of transmission of genital herpes. N Engl J Med
2004;350:11.

305 Sheffield JS, Hollier LM, Hill JB, et al. Acyclovir prophylaxis to
prevent herpes simplex virus recurrence at delivery: a systemic
review. Obstet Gynecol 2003;102:1396.

306 Haddad J, Langer B, Astruc D, et al. Oral acyclovir and recur-
rent genital herpes during pregnancy. Obstet Gynecol 1993;82:
102.

307 American College of Obstetricians and Gynecologists. Manage-
ment of herpes in pregnancy. ACOG Practice Bulletin 8. Wash-
ington, DC: ACOG, October 1999.

308 Kampmeier RH. Description of Trichomonas vaginalis by M.A.
Donne. Sex Transm Dis 1978;5:119.

309 Hesseltine HC, et al. Experimental human vaginal trichomonia-
sis. J Infect Dis 1942;71:127.

310 Lancely F, MacEntegart MC. Trichomonas vaginalis in the male:
the experimental infection of a few volunteers. Lancet 1953;4:
668.

311 Rein MF, Chapel TA. Trichomoniasis candidiasis, and the minor
venereal disease. Clin Obstet Gynecol 1975;18:73.

312 Hardy PH, Nell EE, Spence MR, et al. Prevalence of six sexually
transmitted disease agents among pregnant inner city adolescents
and pregnancy outcome. Lancet 1984;8:333.

313 Sweet RL, Gibbs RS. Infectious vulvovaginitis. In: Sweet RL,
Gibbs RS, eds. Infectious diseases of the female genital tract.
Philadelphia, PA: Lippincott, Williams and Wilkins; 2002:
337.

314 Gardner H, Dukes CD. Haemophilus vaginalis vaginitis: a newly
defined specific infection previously classified “nonspecific”
vaginitis. Am J Obstet Gynecol 1955;69:962.

315 Wolner-Hanssen P, Krieger JN, Stevens CE, et al. Clinical mani-
festations of vaginal Trichomoniasis. JAMA 1989;26:45.

316 Honigberg B. Trichomonads of importance in human medicine.
In: Kreier JP, ed. Parasitic protozoa, Vol. 2. New York: Acade-
mic Press; 1978:275.

317 Laga M, Manoka A, Kivuvu M, et al. Nonulcerative sexually
transmitted diseases as risk factors for HIV-1 transmission in
women: results from a cohort study. AIDS 1993;7:95.

318 Rein MF. Clinical manifestations of urogenital trichomoniasis in
women. In: Honigberg BM, ed. Trichomonads parasitic in
humans. New York: Springer; 1989:227.

319 Fouts AC, Kraus SJ. Trichomonas vaginalis: reevaluation of its
clinical presentation and laboratory diagnosis. J Infect Dis
1980;141:137.

320 Krieger JM. Diagnosis of trichomoniasis. Comparison of con-
ventional wet mount preparation with cytologic studies, cultures,
and monoclonal antibody staining of direct specimens. JAMA
1988;259:1233.

321 Spence MR, Hollander DH, Smith J, McCaig L, et al. The clin-
ical and laboratory diagnosis of Trichomonas vaginalis infection.
Sex Transm Dis 1980;7:168.

322 Lossick JG. Treatment of Trichomonas vaginalis infections. Rev
Infect Dis 1982;4:801.

323 Lossick JG, Muller M, Gorrell TE. In vitro drug suscep-
tibility and doses of metronidazole required for cure in cases 
of refractory vaginal Trichomoniasis. J Infect Dis 1986;153:
948.

324 Muller M, Lossick JG, Gorrell TE, et al. In vitro susceptibility
of Trichomonas vaginalis to metronidazole and treatment
outcome in vaginal Trichomoniasis. Sex Trans Dis 1988;
15:17.

325 Mason PR, Brown I. Trichomonas in pregnancy (letter). Lancet
1980;11:1025.

326 Minkoff H, Grunebaum AN, Schwarz RH, et al. Risk factors for
prematurity and premature rupture of membranes: a prospective
study of the vaginal flora in pregnancy. Am J Obstet Gynecol
1984;150:965.

327 Magat AH, Alger LS, Nagey DA, et al. Double-blinded ran-
domized study comparing amoxicillin and erythromycin for the
treatment of Chlamydia trachomatis infection in pregnancy.
Obstet Gynecol 1993;81:745.

328 Alray M, Jolly JR, Moutguin J-M, et al. Randomized compari-
son of amoxicillin and erythromycin treatment of genital chlamy-
dial infection in pregnancy. Lancet 1993;344:1461.

329 Silverman NS, Sullivan M, Hochman M, et al. A randomized
prospective trial comparing amoxicillin and erythromycin for the
treatment of Chlamydia trachomatis in pregnancy. Am J Obstet
Gynecol 1994;170:829.

330 Turrentine MA, Newton ER. Amoxicillin or erythromycin for the
treatment of antenatal chlamydia infection: a meta-analysis.
Obstet Gynecol 1995;86:1021.

930

TCO50  9/15/06  11:01 AM  Page 930



Rheumatologic and connective tissue disorders are multisys-
tem conditions that occur most commonly in women of repro-
ductive age. Therefore, it is not unusual for the obstetrician
to be challenged by patients with autoimmune disorders
seeking preconception counseling or antenatal care. This
chapter addresses the effect of systemic lupus erythematosus,
scleroderma, rheumatoid arthritis, and ankylosing spondylitis
on perinatal outcomes as well as the impact of pregnancy on
the natural course of these conditions. Furthermore, drugs
commonly used to treat these disorders during pregnancy and
lactation are reviewed.

Systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is a chronic autoimmune
disorder of unknown etiology. It has an overall incidence in
the United States of approximately 7 per 100000.1 A strong
predilection for women is observed with a female to male ratio
of 7:1. Furthermore, African–Americans and Hispanics have
an excess risk of two- to fourfold over the background 
population.2

The onset of SLE is often subtle and can compromise 
one or multiple organ systems. Frequently, the disease is 
characterized by periods of disease activity alternating with
quiescence. Systemic signs and symptoms are common and
usually involve fatigue, fever, malaise, and weight loss. The
frequency of involvement of major systems is depicted in 
Table 51.1.

Recently, the American College of Rheumatology (ACR)
has reviewed and modified the 1982 revised criteria for the
diagnosis of SLE (Table 51.2). Positive LE cell preparation 
was removed from the classification, and “positive finding 
of antiphospholipid antibodies” was included among the
immunologic criteria.3,4 If at least four of the 11 ACR criteria
are met (either simultaneously or serially), the diagnosis of
SLE is achieved.

Laboratory evaluation

Antinuclear antibodies (ANA) are the most sensitive screening
laboratory tool for evaluating patients with the clinical suspi-

cion of SLE. Approximately 90% of patients with SLE will
present a positive test for ANA. False positives have been
reported in normal subjects and those with chronic inflam-
matory disorders, other autoimmune diseases, certain drugs,
and viral infections. A negative ANA result makes the diag-
nosis of lupus very unlikely, whereas a positive result (> 1/80)
favors the diagnosis. Antibodies directed against double-
stranded DNA (ds DNA) and Sm have better specificity;
however, they are present in a minority of the patients. Anti-
bodies against ds DNA are present in approximately 60% of
patients suffering from lupus and have been associated with
disease activity and nephritis.5,6 Anti-Sm antibodies are present
in Caucasian and black populations with SLE in approxi-
mately 10% and 30% of the population respectively. It has
also been suggested that these antibodies are associated with
disease activity as well as renal and neurological involvement.7

Although the ability of antibody testing to predict disease
activity is controversial, in general, rising titers of anti-ds DNA
antibodies suggest a two- to threefold increased risk of flare
in the following 3–4 months.6 In some patients, however,
decreasing plasma complement together with other laboratory
abnormalities such as microscopic hematuria, decreased
leukocyte count, and increasing proteinuria are better predic-
tors of lupus exacerbation.7

The presence of anti-Ro (SS-A) and anti-LA (SS-B) anti-
bodies is of recognized clinical significance as they were con-
sistently associated with neonatal lupus. These antibodies are
present in 20–60% of patients with SLE depending on the
techniques used for their detection. Table 51.3 depicts relevant
clinical information for different ANA.

Effects of pregnancy on systemic lupus
erythematosus

The impact of pregnancy on SLE is not fully elucidated. The
fact that this disorder has a clear predilection for female sub-
jects raises the notion that estrogen levels are involved in the
pathophysiology of SLE. Therefore, high estrogen level con-
ditions, such as pregnancy, generate significant concern.8

Overall, the incidence of lupus flares during pregnancy ranges
from 15% to 63%.9 Early uncontrolled studies suggested
exacerbations during pregnancy or the puerperium. More
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Table 51.1 Frequency of organ system involvement in SLE.

System involved Frequency (%)

Systemic 95
Musculoskeletal 95
Cutaneous 80
Hematologic 85
Neurologic 60
Cardiopulmonary 60
Renal 50
Gastrointestinal 45
Vascular 15

Table 51.2 The 1982 revised criteria for the classification of systemic lupus erythematosus.

Criterion Definition

1. Malar rash Fixed erythema, flat or raised, over the malar eminences, tending to spare the nasolabial folds
2. Discoid rash Erythematous raised patches with adherent keratotic scaling and follicular plugging; atrophic scarring may occur

in older lesions
3. Photosensitivity Skin rash as a result of unusual reaction to sunlight, by patient history or physician observation
4. Oral ulcers Oral or nasopharyngeal ulceration, usually painless, observed by physician
5. Arthritis Nonerosive arthritis involving two or more peripheral joints, characterized by tenderness, swelling, or effusion
6. Serositis a) Pleuritis – convincing history of pleuritic pain or rubbing heard by a physician or evidence of pleural effusion

or
b) Pericarditis – documented by ECG or rub or evidence of pericardial effusion

7. Renal disorder a) Persistent proteinuria >0.5g/day or > 3+ if quantitation not performed
or
b) Cellular casts – may be red cell, hemoglobin, granular, tubular, or mixed

8. Neurologic disorder a) Seizures – in the absence of offending drugs or known metabolic derangements, e.g., uremia, ketoacidosis, or
electrolyte imbalance

or
b) Psychosis – in the absence of offending drugs or known metabolic derangements, e.g., uremia, ketoacidosis, or

electrolyte imbalance
9. Hematologic disorder a) Hemolytic anemia – with reticulocytosis

or
b) Leukopenia – < 4000/mm3 total on two or more occasions
or
c) Lymphopenia – < 1500/mm3 on two or more occasions
or
d) Thrombocytopenia – less than 100000/mm3 in the absence of offending drugs

10. Immunologic disorder a) Anti-DNA: antibody to native DNA in abnormal titer
or
b) Anti-Sm: presence of antibody to Sm nuclear antigen
or
c) Positive finding of antiphospholipid antibodies based on: an abnormal serum level of IgG or IgM

anticardiolipin antibodies
or
a positive test result for lupus anticoagulant using a standard method
or
a false-positive serologic test for syphilis known to be positive for at least 6 months and confirmed by 
Treponema pallidum immobilization or fluorescent treponemal antibody absorption test

11. Antinuclear antibody An abnormal titer of antinuclear antibody by immunofluorescence or an equivalent assay at any point in time and
in the absence of drugs known to be associated with “drug-induced lupus” syndrome

From ref 3.
ECG, electrocardiogram.

recent reports have shown contradictory results. While some
authors report no differences in lupus flares during preg-
nancy,10–13 others observed disease exacerbation.14–17

Lockshin et al.13 compared different clinical markers of
disease activity in 33 pregnancies of women with SLE with
nonpregnant women with SLE matched for age, race, organ
involvement, and disease severity. Both groups were followed
for periods of up to 1 year after delivery. No differences
between pregnant and nonpregnant patients were observed;
however, new-onset proteinuria occurred in four pregnant
patients compared with one nonpregnant patient, and 
SLE-related thrombocytopenia occurred more frequently in
pregnant patients. The authors concluded that, although 
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pregnancy complications are frequent, the assertion that 
pregnancy causes exacerbation of SLE remains unproven. In
a subsequent publication concerning 80 women whose preg-
nancies were complicated by SLE, these authors observed that,
if only SLE-specific abnormalities were counted, disease exac-
erbation occurred in less than 13%. 

Other investigators concluded that pregnancy increases the
frequency of flare. Ruiz-Irastorza et al.16 compared the inci-
dence of flare during pregnancy and puerperium in 78 SLE-
complicated pregnancies and 50 consecutive, nonpregnant,
age-matched SLE patients. Additionally, 43 of the pregnant
patients continued attending the lupus clinic for the year after
puerperium, and their course was compared with their course
during pregnancy. The incidence of flare was 65% during
pregnancy and/or the puerperium and 42% in the control
group. The 43 patients controlled after the puerperium flared
more frequently during pregnancy than thereafter. Kidney and
central nervous system involvement was not different between
the pregnancy and control groups. The authors concluded that
SLE tends to flare during pregnancy, especially during the
second and third trimesters and the puerperium. Finally, when
flares occurred, they were not more severe than in non-
pregnant patients. Similarly, Petri et al.15 and Wong et al.14

observed a significant increase in flare incidence associated
with pregnancy. Numerous reasons can explain this lack of
consistency: inadequate control, differences in patient cha-

racteristics, proportion of patients with antiphospholipid 
syndrome (APS), inconsistencies in flare definition, and
methods of assessment of disease activity. Furthermore, phys-
iologic changes of pregnancy such as palmar erythema,
increased urinary protein excretion secondary to increased
renal blood plasma flow, and changes in facial skin 
pigmentation can often lead to overdiagnoses of lupus flare 
in pregnancy.18 Table 51.4 summarizes current studies 
evaluating the impact of pregnancy on the occurrence of lupus
flare.

Patients with lupus nephritis have a small but crucial risk
of permanent renal function deterioration following preg-
nancy. Burkett19 reviewed six retrospective studies including
over 200 pregnancies with lupus nephritis. The authors
observed that 7% of the patients had permanent renal failure,
26% had transient renal function deterioration, and 60% had
no significant change in renal function parameters. Conditions
associated with improved outcomes include prepregnancy
remission of at least 6 months, serum creatinine less than
1.5mg/dL, creatinine clearance of 60mL/min or more, or pro-
teinuria of 3g/24 h or less. In a case–control study, Urowitz
et al.12 concluded that inactive disease at conception was pro-
tective against the occurrence of flare during pregnancy.

Table 51.5 summarizes relevant information about preg-
nancy influencing the natural course of SLE.

Effects of systemic lupus erythematosus on
pregnancy

SLE can affect pregnancy in different ways. It increases the
risk of early and late pregnancy losses owing to hypertension,
renal dysfunction, placental insufficiency, and its association
with antiphospholipid syndrome APS. Furthermore, it is an
important cause of fetal and neonatal heart block. Finally, it
also increases the risk of spontaneous as well as medically indi-
cated preterm labor. In the following sections, the relevant
aspects of such complications are discussed.

Preeclampsia
Women with SLE have an increased risk of developing
preeclampsia with an incidence of 15–32%.11,12,20 Several risk
factors have been identified, such as lupus nephritis, APAS,
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Table 51.3 Antibodies of clinical significance in SLE.

Antibody Frequency (%) Feature

Anti-ds DNA 60–90 Specific for SLE
Associated with activity and

nephritis
Anti-Sm 10–30 Specific for SLE

Lupus nephritis?
Anti-La 20–40 Neonatal lupus
Anti-Ro 20–40 Neonatal lupus
Anti-RNP 10 Mixed connective tissue disorder

Table 51.4 Impact of pregnancy on lupus flare.

Authors Publication year Patients (n) Design Flare incidence

Lockshin et al. 1984 28 Matched Equal
Mintz et al. 1986 75 Unmatched Equal
Urowitz et al. 1993 46 Matched Equal
Wong et al. 1991 22 Unmatched Increased
Petri et al. 1991 37 Unmatched Increased
Ruiz-Irastorza et al. 1996 68 Matched Increased
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and chronic hypertension. However, making the differential
diagnosis between the onset of preeclampsia and the occur-
rence of lupus flare could be a difficult challenge for the ob-
stetrician. Making the differential diagnosis is of utmost
importance because the therapeutic approach differs substan-
tially; while the lupus flare is treated with high doses of
steroids, preeclampsia is most likely treated with seizure pro-
phylaxis, control of hypertension and, eventually, delivery.
Both conditions can coexist in a patient with SLE and, even
when they present as a single complication, both can cause
hypertension, deteriorating renal function, proteinuria, and
edema. Laboratory evaluation can be helpful in making the
differential diagnosis. Mainly, decreased complement levels
(C3-C4-CH50), increased anti-ds DNA, leukopenia, hema-
turia, and the presence of casts in urine raise the suspicion for
SLE flare, while the presence of microangiopathic hemolytic
anemia, abnormal liver function tests, and hyperuricemia most
likely indicate preeclampsia.

Fetal outcome
Most investigations are consistent with the notion that women
with SLE present an excess risk of pregnancy loss. Early ret-
rospective studies21–24 as well as more recent prospective inves-
tigations are consistent with this finding. Petri et al.25

conducted a case–control study to compare the incidence of
pregnancy loss (including spontaneous abortion, miscarriage,
or stillbirth) between women whose pregnancies were com-
plicated with SLE and two control groups. The authors found
a significantly increased risk of 21% versus 14% and 8% in
the control groups. Prospective studies addressing this issue
are in agreement with a median incidence of pregnancy loss
of approximately 20%.11,14,26–31 The incidence of preterm labor
in this population has been reported to be from 20% to
50%.32 In a case–control study, Johnson et al.32 evaluated the
causes of increased preterm delivery in this population. The
authors found that premature rupture of membranes was the
most frequent associated finding, and was present in 39% of
gestations between 24 and 36 weeks’ gestation. The incidence
of intrauterine growth restriction (IUGR) is also increased,
and has been reported in 12–32% of pregnancies complicated
by SLE.14,28,33

SLE complicating pregnancy constitutes a rather heteroge-

neous population, and several risk factors for poor fetal
outcome have been described. Cortes-Hernandez et al.34

recently evaluated clinical and laboratory markers of fetal 
outcomes in 60 patients with SLE and 103 pregnancies. In a
multiple regression model, the authors observed that increased
levels of anti-β2 glycoprotein I, hypertension at conception,
and hypocomplementemia were significantly associated with
pregnancy loss (spontaneous abortions and stillbirth), occur-
ring in 74%, 22%, and 44% of the cases respectively. Fur-
thermore, the presence of anticardiolipin antibodies and
hypertension during pregnancy as well as lupus nephritis was
associated with IUGR and prematurity. Rahman et al.35 also
concluded that hypertension and maternal renal disease are
predictors of poor fetal outcomes. In summary, although most
pregnancies in women with SLE do well, those presenting with 
risk factors need to be monitored aggressively throughout
pregnancy.

Selected patients with immune diseases have an excess risk
of perinatal morbidity and mortality. The most significant
factors influencing outcome are most likely activity of disease
at conception, renal involvement, and the presence of APAS.

Antiphospholipid syndrome: definition, classification,
and epidemiology
APS is an autoimmune disorder frequently associated with
other immunologic-related diseases with significant impact on
perinatal and maternal outcomes. Primary APS occurs in
patients without other immune disorders, whereas the so-
called secondary APS occurs in conjunction with autoimmune
disease, mainly SLE.

Its diagnosis has been a matter of controversy and is still an
ongoing process. Recently, an international consensus has
been generated to orient research efforts and aid in clinical
diagnosis (Table 51.6).36 At least one clinical and one labora-
tory criterion must be met to achieve the diagnosis of APS.
Clinical criteria consist of either vascular thrombosis or 
pregnancy complications, such as one or more unexplained
deaths of a morphologically normal fetus at or beyond the
10th week of gestation, one or more premature births before
34 weeks of a morphologically normal neonate, or three or
more unexplained consecutive spontaneous abortions before
10 weeks of gestation.

Although many antiphospholipid antibodies have been
described, only lupus anticoagulant (LAC) and moderate to
high levels of IgG and IgM anticardiolipins detected on two
occasions separated by no less than 6 weeks are recognized
criteria from the 1999 consensus conference. Laboratory
detection of LAC must follow the guidelines of the Interna-
tional Society of Thrombosis and Hemostasis37 including: (1)
prolongation of at least one phospholipid-dependent coagula-
tion test (e.g., activated partial thromboplastin time, dilute
Rusell’s viper venom time, kaolin clotting time); (2) failure to
correct the initial phospholipid-dependent clotting test when
mixed with normal plasma; and (3) correction of the abnor-
mal coagulation assay when excess phospholipid is added.
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Table 51.5 Effects of pregnancy on the natural course of SLE.

Increased incidence of flare during pregnancy and puerperium is
controversial

Flare is frequent and can occur throughout pregnancy and
puerperium

Women with quiescent disease at conception could have better
outcome

Although onset of definitive renal failure can occur in pregnancy,
patients with lupus nephritis and normal renal function usually
have no long-term effects
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Among patients with antiphospholipid antibodies, excess
vascular and obstetric morbidity is observed when these anti-
bodies react against the phospholipid-binding protein β2 gly-
coprotein I. In contrast, antibodies reacting directly against
negatively charged phospholipids are commonly transient and
associated with intravenous drug exposure.38 Therefore, labo-
ratory detection of the anticardiolipin antibodies must be per-
formed by standardized enzyme-linked immunosorbent assay
(ELISA) methods measuring β2 glycoprotein I-dependent anti-
cardiolipin antibodies.39

To test the Sapporo classification criteria, Lockshin et al.40

studied a total of 243 consecutive patients with the clinical
diagnoses of primary APS, secondary APS, SLE without clin-
ical APS, and lupus-like disease without clinical APS. The
authors reported a sensitivity and specificity of 71% and 98%
respectively. Overall, studies show that concordance of anti-
bodies is not always found. In fact, among patients with the
syndrome, between 50% and 70% have both LAC and
APS.39,41 Anticardiolipin antibodies (ACLA) tend to be more
sensitive, whereas LAC is more specific. Specificity of ACLA
increases with increasing titers and when IgG is present.39 Five
percent of healthy individuals present with ACLA;42 however,
patients with SLE present with these autoantibodies more fre-
quently than the general population, with an incidence of
approximately 12–30%.43,44 Furthermore, among this group,
the occurrence of thrombosis or pregnancy complications has
been reported to be between 50% and 70% at long-term
follow-up.42,45

Fetal loss in the antiphospholipid syndrome
The association of pregnancy loss and APS has been reported
consistently among patients with both primary and secondary
APS.9,46 Rai et al.46 studied the incidence of miscarriages
(median 4) among 20 women with APAS and history of recur-

rent pregnancy loss who declined treatment in the next preg-
nancy and compared them with 100 consecutive women with
recurrent miscarriage (median 4) of unknown etiology. The
authors found a pregnancy loss rate of 90% among untreated
women with APS versus 34% in the control group. In a cross-
sectional study, Ginsberg et al.47 evaluated the association
between pregnancy loss and secondary APS among 42 women.
Patients were considered to be positive for LAC and/or ACLA
only when at least two tests were positive on separate occa-
sions. Significant associations were found between previous
pregnancy loss and both presence of LAC [odds ratio (OR)
4.8] and ACLA (OR 20). Importantly, when patients showed
only transient LAC and/or ACLA, this association was lost.47

Finally, when fetal loss occurs in association with APS, a high
proportion of late (second and third trimester) fetal losses are
observed.48

Complications secondary to placental insufficiency such as
IUGR, stillbirth, preeclampsia, and preterm labor are also
commonly observed in this population.9,39,49 IUGR has been
reported in 15–30% of pregnancies affected by APS.50,51

Abnormalities in tests of fetal well-being have been observed
in as many as 50% of pregnancies with APS,52–54 leading to a
preterm delivery rate of approximately 32–65%.52,53,55–57

Lockshin et al.58 prospectively studied the relationship
between ACLA and the presence of midpregnancy fetal dis-
tress among women with SLE. The authors found that all
women with lupus presenting with abnormal antenatal fetal
testing had abnormal ACLA values, while patients with
normal antenatal test results had low antibody levels.58 Loizou
et al.59 studied the impact of ACLA on fetal outcome among
84 women with SLE. The authors observed that, when anti-
bodies were present, fetal loss tended to occur at a later ges-
tational age (17.4 ± 7.1 weeks) and that 30% of the pregnancy
losses occurred in the third trimester.59

Finally, preeclampsia complicates pregnancies in women
with APS with a frequency of 32–50%.52,53,55–57,60 Although
some authors have observed elevated antiphospholipid anti-
bodies among women who develop preeclampsia, especially at
early gestational age,50 others have not.61

Neonatal lupus syndrome (NLS)
This syndrome occurs rarely in neonates born to mothers with
SLE. It has been described in 1 in 20000 live births in the
general population.62 One or more of the following findings
are characteristic: congenital heart block (CHB), cardiomy-
opathy, cutaneous lesions, thrombocytopenia, and hepatobil-
iary disease. The most frequent and severe finding in NLS is
CHB. The occurrence of this complication is correlated with
the presence of anti-SS-A/Ro and anti-SS-B/La antibodies.
Among mothers with SLE, Ramsey-Goldman et al.63 estimated
a risk for CHB of 1 in 60; however, when anti-SS-A antibod-
ies were present, the risk increased to 1 in 20. Furthermore,
85% of the mothers whose fetuses had CHB and structurally
normal hearts presented with anti-SS-A/Ro and anti-SS-B/La
antibodies.64,65 In a large series of data obtained from the

935

Table 51.6 International consensus statement on preliminary
criteria for the classification of the antiphospholipid syndrome.

Clinical criteria
Vascular thrombosis: one or more episodes of arterial, venous, or

small vessel thrombosis
Complication of pregnancy:
One or more unexplained deaths of a morphologically normal fetus

at or beyond the 10th week of gestation or
One or more premature births before 34 weeks of a

morphologically normal neonate or
Three or more unexplained consecutive spontaneous abortions

before 10 weeks of gestation

Laboratory criteria
Anticardiolipin antibodies IgG or IgM present in blood at moderate

or high levels on two or more occasions at least 6 weeks apart
Lupus anticoagulant antibodies detected in blood on two or more

occasions at least 6 weeks apart, according to the guidelines of
the International Society of Thrombosis and Hemostasis

From ref. 36.
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National Neonatal Lupus Registry, Buyon et al.66 exposed 
relevant information to both support clinical management 
and counsel parents. Among 87 pregnancies with CHB and
positive anti-SS-A/Ro and anti-SS-B/La antibodies, no major
structural abnormalities were observed. The majority of
abnormalities (82%) were diagnosed by ultrasound before
30 weeks of gestation. A significant mortality was found
(19%), most likely occurring in the first 3 months of life.
Although the cumulative 3-year survival was 79%, significant
morbidity was present as 63% required pacemaker placement.
Finally, for women with a previous child with CHB, the recur-
rence rate was 16%.66

The frequency and characteristics of hepatobiliary disease
were reviewed by Lee et al.67 Among 219 cases, 19 (9%) had
a diagnosis of hepatic disease. Most of them (16) were com-
bined with either cardiac or cutaneous manifestations, and
only three were isolated. Three clinical forms were observed:
(1) severe liver failure present during gestation or in the neona-
tal period; (2) conjugated hyperbilirubinemia with mild or no
elevations of aminotransferases, occurring in the first few
weeks of life; and (3) mild elevations of aminotransferases
occurring at approximately 2–3 months of life.

Neiman et al.68 reviewed the feature of cutaneous manifes-
tations in 57 infants born to 47 women who were positive for
anti-SS-A/Ro, anti-SS-B/La, and/or anti-U1-ribonucleoprotein
antibodies. Skin lesions usually emerged after ultraviolet (UV)
exposure around 6 weeks of age and lasted an average of
17 weeks. Most frequently, it was manifested as a periorbital
rash with secondary extension to the scalp, trunk, and extrem-
ities. Most (65%) resolved without sequelae, but 25% had
chronic manifestations such as telangiectasia and skin dyspig-
mentation. Importantly, mothers who delivered a child with a
cutaneous lupus manifestation had an increased risk of having
a newborn with CHB in future pregnancies.68

Clinical management of systemic lupus
erythematosus in pregnancy

Preconception period
Frequently, patients seeking preconception counseling have
been exposed to cyclophosphamide. This cytotoxic drug has
been associated with decreased fertility as well as teratogenic-
ity. Overall, the rate of permanent amenorrhea is approxi-
mately 25%,69 and certain risk factors have been recognized
as being associated with a higher risk. Ioannidis et al.70 found
that age (≥ 32 years) was a strong predictor of ovarian failure
secondary to cyclophosphamide use. Furthermore, the cumu-
lative dose was associated with the successive fertility rate.71

For those patients under treatment, an adequate method of
contraception is mandatory as this drug has been associated
with spontaneous abortion and teratogenicity when used
during the first trimester.72

Evaluation of renal function is of significant relevance
during the preconception period. A 24-h urine collection for
proteinuria and creatinine clearance should be obtained. 

Furthermore, blood samples for complete blood count (CBC),
platelet count, serum creatinine, and liver function tests are
recommended. Disease activity should be determined on clin-
ical grounds as well as with laboratory values such as the pre-
viously mentioned renal function, ANA, C3, C4, and anti-ds
DNA. A remission period of no less than 6 months is recom-
mended. A significant impact on pregnancy management is
determined by the presence of APAS; therefore, anticardiolip-
ins and lupus anticoagulant need to be evaluated. Finally, anti-
SS-A/SS-B antibodies need to be measured as fetal cardiac
conduction anomalies will increase the risk of perinatal death,
especially if they are not recognized.

Prenatal care
Although there are no prospective randomized trials assessing
the best strategy to enhance fetal and maternal well-being,
some general conclusions can be made from the available infor-
mation. During the first two trimesters of pregnancy, women
should be evaluated every 2 weeks and weekly during the last
trimester. At each visit, a urinalysis, blood pressure measure-
ments, maternal weight, and evaluation for signs of flare
should be obtained. A 24-h urine collection for proteinuria and
creatinine clearance as well as serum creatinine and uric acid
should be obtained every 1–3 months. Although there is no
consistent evidence of the clinical value of serial ANA and com-
plement determinations, some authorities recommend this
approach. Normally, complement levels increase during preg-
nancy and with preeclampsia; therefore, this measurement
could help in the early diagnosis of a flare, especially when the
differential diagnosis is preeclampsia.73,74 An early ultrasound
to establish heart activity and accurately date gestational age
as well as an anomaly screen between 18 and 22 weeks is rec-
ommended. After 22–24 weeks of gestation, fetal growth
should be followed with ultrasound every 4–6 weeks. Initia-
tion of nonstress testing is advisable from 28 to 32 weeks
according to individual risk factors. Patients who are at
increased risk of fetal heart block need to undergo echocar-
diogram starting during the second trimester. Some authorities
recommend performing a serial evaluation every 2 weeks
between 16 and 24 weeks of gestation.66 In general, the 
mode of delivery is determined by obstetric indications, 
and vaginal delivery should be attempted. An exception 
could be the delivery of the fetus with bradycardia secondary
to CHB. In this case, fetal pulse oximetry should be considered
for fetal monitoring during labor.75 Figure 51.1 describes dif-
ferent levels of intervention in patients with SLE.

Drug therapy
The drugs most commonly used in the treatment of SLE 
are aspirin and other nonsteroidal anti-inflammatory 
drugs (NSAIDs), antimalarials such as hydroxychloroquine,
corticosteroids, and cytotoxic agents. Many of these drugs
present fetal side-effects and, therefore, the benefits 
should outweigh the risks for them to be administered during
pregnancy.
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Aspirin is commonly used as an analgesic for patients with
rheumatic conditions, and the effects on pregnancy have been
studied extensively. When used during the first trimester, no
teratogenic effect has been identified;76–78 however, aspirin has
been associated with increased incidence of miscarriages.
Acetaminophen, on the other hand, appears to be safe during
the first trimester.79

In a population-based cohort study of 1055 pregnant
patients recruited immediately after a positive pregnancy test,
Li et al.79 evaluated the effects of aspirin, NSAIDs, and acet-
aminophen on pregnancy loss. The authors found an 80%
increased risk of miscarriage among women taking NSAIDs
and aspirin. The association was stronger if the initial NSAID
use was around the time of conception or if NSAID use lasted
more than a week. Prenatal use of acetaminophen was not
associated with an increased risk of miscarriage regardless of
timing and duration of use.79 During late gestation, NSAIDs
and aspirin have been associated with a reduction in amniotic
fluid levels and constriction of the fetal ductus arteriosus.80

Therefore, acetaminophen appears to be safe at any trimester
during pregnancy, and NSAIDs as well as aspirin are better
avoided during the first trimester and after 32 weeks of 
gestation.

Corticosteroids are the other agents frequently used during
pregnancy for patients with SLE. Maternal side-effects sec-
ondary to corticosteroids are gastrointestinal discomfort, fluid
retention and hypertension secondary to the mineralocorticoid
activity, bone demineralization, avascular necrosis, acne, and
gestation diabetes. No teratogenic effect in humans has been
described with these drugs.18 In fact, prednisone, prednisolone,
and methylprednisone only minimally (~ 10%) cross the pla-
centa, as an enzyme with 11-β-ol hydroxylase activity inacti-
vates these drugs. Fluorinated steriods (β-methasone and
dexamethasone) should be avoided when steroids are admin-
istered for maternal indications as they readily cross the pla-
centa. Although theoretical risks exist for suppression of the
hypothalamic–pituitary axis, no such effect has been consis-
tently described in the literature. Finally, when a pregnant
patient receives steroids for at least a month in the year pre-

vious to the delivery, she should receive a stress dose (100mg
of hydrocortisone intravenously) of steroids every 6h to
prevent acute adrenal failure.

Hydroxychloroquine (HCQ) is an antimalarial that has
been used in pregnancy and lactation. This drug interferes
with phagocytic function, leading to interference in antigen
processing. Early reports raised concern regarding potential
fetal ear and ocular side-effects;81 however, recent studies have
shown a lack of teratogenicity or other significant fetal
effects.82–85 Furthermore, recent reports suggest that discon-
tinuing HCQ in high-risk patients may be associated with a
poorer prognosis. Levy et al.86 randomized 20 pregnant
women with SLE to receive either HCQ or placebo. The
authors found improvement in clinical disease scores as well
as fewer flares and lower prednisone doses in the HCQ group.
Gestational age at delivery and Apgar scores were higher in
the HCQ-treated group. Finally, no congenital anomalies as
well as normal neuro-ophthalmologic and auditory evalua-
tions were observed at 1.5–3 years of age. Based on these data,
it would appear prudent to continue HCQ therapy in preg-
nant patients with SLE.86

In general, cytotoxic drugs are contraindicated during preg-
nancy. Azathioprine, however, has been widely used through-
out gestation in patients with renal transplants and is the only
cytotoxic agent that can be considered safe during pregnancy.
For patients with SLE, azathioprine could be indicated when
nephritis is present or in women without renal involvement
requiring maintenance therapy of 15mg or more of pred-
nisone as well as those who have experienced recurrent flares.
It is also effective for patients with skin lesions, pneumonitis,
thrombocytopenia, or hemolytic anemia.87 Early animal88 as
well as clinical studies89,90 suggested an increased incidence of
IUGR; however, most recent series have demonstrated that
azathioprine is well tolerated during pregnancy91 with no 
significant increase in congenital malformations or growth
restrictions.71 Although hematological abnormalities in the
offspring such as neonatal lymphopenia have been described,
they are transient and disappear as the infant ages.92

Cyclosporine A has also been used in pregnant women with
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Level of intervention 

Preconception counseling 
Antenatal care Postpartum care 

Primary                                                            Secondary/tertiary Secondary/tertiary

• Education
• Fertility 
• Folic acid 
• Lupus activity 
• Review medications 
• Evaluate renal function 
• Determine presence of    

APAS 
• Evaluate for anti-

SS-A/SS-B antibodies 
• Evaluate OB history 

• Follow disease activity 
• Attempt early diagnosis 

for preeclampsia 
• If (+)APAS, heparin and 

LDA 
• Follow up renal function 
• Review medications 
• If (+) SS-A/SS-B 

evaluation for CHB 
• Fetal growth monitoring 
• Antenatal testing 

• Breastfeeding 
• Contraception 

Figure 51.1 Levels of intervention in SLE.
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renal transplants and continued during pregnancy in patients
with rheumatic disease when other agents failed. Although
some degree of fetal growth restriction was reported, no ter-
atogenic effect was observed.72 Table 51.7 depicts the mater-
nal and fetal toxicities of frequently used drugs.

Scleroderma

Systemic sclerosis is a connective tissue disorder that affects
women four times more frequently than men with the mean
age of onset in the early forties. This multisystem disorder is
characterized by fibrosis of the skin, blood vessels, gastroin-
testinal tract, lungs, kidneys, and heart. Different degrees of
organ involvement are associated with a wide range of clini-
cal scenarios. Generally, two subsets can be described. In the
diffuse cutaneous scleroderma form, symmetric skin thicken-
ing of extremities, face, and trunk is observed, frequently
accompanied by kidney and other visceral involvement. On
the other hand, in limited cutaneous scleroderma, fibrosis is
usually confined to the skin of the proximal extremities and
face, presenting a symmetrical distribution, and frequently has
features of the CREST syndrome (calcinosis, Raynaud’s phe-
nomenon, esophageal dysmotility, sclerodactyly, and telang-
iectasia). In general, the prognosis of the limited form is more
positive.

Early data, mainly from case reports, suggested that sclero-
derma complicating pregnancy carried an ominous progno-
sis.93 More recent and larger studies suggest that, with careful
planning and intensive monitoring, maternal and fetal prog-
nosis are in general favorable.94 Generally, scleroderma symp-
toms remain unchanged or even improve during pregnancy.95

Gastroesophageal reflux commonly worsens and, if present,
Raynaud’s phenomenon tends to improve.95 Although some
authors suggested that skin thickening could increase post-
partum,72 others found no evidence to support this belief.95

Among pregnant patients with scleroderma, renal crisis is
probably the most problematic complication, and its diagno-
sis represents a difficult challenge. It usually occurs during the
first years following the diagnosis of diffuse scleroderma and
presents with acute onset of severe hypertension, rapidly pro-
gressing renal impairment, daily increases in serum creatinine,
and thrombocytopenia. The differential diagnosis includes
preeclampsia–hemolysis, elevated liver function, and low
platelets (HELLP) syndrome and is based on normal liver
function tests, the rapid progression of renal deterioration
with daily increases in serum creatinine, lack of proteinuria,
as well as a history of diffuse scleroderma diagnosed within
5 years.72,95 Although the use of angiotensin-converting
enzyme (ACE) inhibitors during the second and third
trimesters has been associated with severe fetal toxicity,96,97

these drugs dramatically improve short- and long-term 
outcomes after a renal crisis in patients with scleroderma.
Specifically, they increase survival and decrease the need for
long-term dialysis after a renal crisis.98 Furthermore, if treat-

ment is delayed, irreversible kidney damage or death can still
occur.99 Steen and Medsger99 suggested that, if renal crisis is
suspected, treatment should be started with a serum creatinine
of less than 3mg/dL. Finally, there is no evidence suggesting
that abortion will reverse renal crisis.70 Based on these find-
ings, most authorities suggest that, if renal crisis is diagnosed
in pregnancy, the parents should be counseled and ACE
inhibitors offered as these therapies could be life-saving.

It is currently not possible to determine the impact of preg-
nancy on the development of renal crisis in patients with sys-
temic sclerosis.95

Overall, perinatal outcomes are good for women who
demonstrate stable disease before conception, especially for
patients with localized forms. Preterm labor is the most fre-
quent complication, and recent studies show an incidence of
approximately 30%.95 Although some series have shown an
increased incidence of growth restriction,100 others have not
confirmed this finding.95 The rate of miscarriages was reported
to be increased in older studies. Silman and Black101 in a ret-
rospective study, described a twofold increase in the rate of
spontaneous abortion. Recently, Steen and Medsger102 com-
pared perinatal outcomes in 214 women with systemic scle-
rosis, in 167 women with rheumatoid arthritis (RA) and 105
healthy control subjects, and found no significant differences
in the rate of first-trimester spontaneous abortion.

Rheumatoid arthritis

RA affects approximately 1% of the adult population and is
three times more common in women, predominantly of repro-
ductive age, complicating 1 in every 1000–2000 pregnan-
cies.103 It is a systemic, autoimmune, and inflammatory
disorder that primarily affects synovial tissues. Its etiology is
unknown, and it is characterized by symmetric involvement
of peripheral joints such as metacarpophalangeal, proximal
interphalangeal, wrist, and metatarsophalangeal, with charac-
teristic cartilage destruction and eventual joint distortion. The
affected joints characteristically present with swelling, and are
warm and tender with limitation of movement and morning
stiffness (Fig. 51.2A and B). Extra-articular involvement can
occur including rheumatoid nodules, vasculitis, uveitis, inter-
stitial lung disease, serositis, and Felty’s syndrome. Usually, it
has an insidious onset associated with fatigue, weakness, and
anorexia. The disease has a chronic fluctuating course with
variable degrees of compromise, with some patients having
only a few joints affected and others presenting with signifi-
cant disability. The diagnosis is not made by a single finding,
but rather by the combination of clinical and laboratory find-
ings together with the clinical course. The ACR published the
revised criteria depicted in Table 51.8. These guidelines have
a sensitivity and a specificity of 91–94% and 84%, respec-
tively,104 and are based on the presence of the following char-
acteristics: morning stiffness, arthritis of three or more joint
areas, arthritis of hand joints, symmetric arthritis, rheumatoid
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Table 51.7 Side-effects of drugs commonly used in rheumatologic and connective tissue disorders.

Drug FDA codes for Major maternal toxicities Fetal toxicities Lactation
use in pregnancy

Aspirin C; D in third Anemia, peripartum Premature closure of ductus Use cautiously; excreted at low
trimester hemorrhage, hypertension concentration; doses >1 tablet

prolonged labor (325mg) result in high
concentrations in infant plasma

NSAIDs B; D in third As for aspirin As for aspirin Compatible according to AAP
trimester

Corticosteroids
Prednisone B Exacerbation of IUGR 5–20% of maternal dose
Dexamethasone C diabetes and excreted in breast milk;

hypertension, PROM compatible, but wait 4h if 
dose >20mg

Hydroxychloroquine C Few Few Contraindicated (slow
elimination rate, potential for
accumulation)

Gold C No data One report of cleft palate and Excreted into breast milk (20%
severe CNS abnormalities of maternal dose); rash,

hepatitis, and hematologic
abnormalities reported, but

AAP considers it compatible
D-Penicillamine D No data Cutis laxa connective tissue No data

abnormalities
Sulfasalazine B; D if near No data No increase in congenital Excreted into breast milk (40–

term malformations, 60% maternal dose); bloody
kernicterus if diarrhea in one infant; AAP
administered near term recommends caution

Azathioprine D No data IUGR (rate up to 40%) and No data; hypothetical risk of
prematurity, transient immunosuppression outweighs
immunosuppression in benefit
neonate, possible effect
on germlines of offspring

Chlorambucil D No data Renal angiogenesis Contraindicated
Methotrexate X Spontaneous abortion Fetal abnormalities Contraindicated; small amounts

(including cleft palate and excreted with potential to
hydrocephalus) accumulate in fetal tissues

Cyclophosphamide D No data Severe abnormalities; case Contraindicated; has caused
report: male twin developed bone marrow depression
thyroid papillary cancer 
at 11 years and 
neuroblastoma at 14 years

Cyclosporine A C No data IUGR and prematurity; one Contraindicated because of
case report: hypoplasia of potential for
right leg; not an animal immunosuppression
teratogen and unlikely to be
a human one

ICH, intracranial hemorrhage; AAP, American Academy of Pediatrics; PROM, premature rupture of membranes; IUGR, intrauterine growth
retardation; CNS, central nervous system; IUD, intrauterine device.

Food and Drug Administration (FDA) codes used in pregnancy ratings are as follows: A, controlled studies show no risk. Adequate, well-
controlled studies in pregnant women have failed to demonstrate risk to the fetus; B, no evidence of risk in humans. Either animal findings
show risk but human findings do not or, if no adequate human studies have been performed, animal findings are negative; C, risk cannot be
ruled out. Human studies are lacking, and results from animal studies are either positive for fetal risk or lacking as well. However, potential
benefits may justify the potential risk; D, positive evidence of risk. Investigational or postmarketing data show risk to the fetus. Nevertheless,
potential benefits may outweigh the potential risk; X, contraindicated in pregnancy. Studies in animals or humans, or investigational or
postmarketing reports, have shown fetal risk that clearly outweighs any possible benefit to the patient.

TCO51  9/15/06  1:45 PM  Page 939



CHAPTER 51

nodules, serum rheumatoid factor, and radiographic changes.
Early radiologic changes are less specific and mainly demon-
strate joint effusion and evidence of soft-tissue swelling. Later
on in the course of the disease, more characteristic findings
are observed, such as symmetric involvement, juxta-articular
osteopenia, and loss of cartilages with narrowing of joint
spaces. Serum rheumatoid factor is present in approximately
80% of affected patients,103 but it is not specific. In fact, it is
present in 5% of healthy individuals as well as in patients with

SLE, Sjogren syndrome, and syphilis among others. Other 
frequent laboratory findings during periods of disease activity
are normocytic normochronic anemia, increased erythrocyte
sedimentation rate, C-reactive protein, as well as other acute-
phase reactants.

The beneficial effect of pregnancy on the course of RA has
been known for many years.105 It has been reported that preg-
nancy induces improvement in RA symptoms in approximately
75% of women.106 Recently, Barrett et al.107 examined the influ-
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Figures 51.2 Clinical (A) and radiological (B) evidence of RA lesions. Courtesy of Dr Carlos Perandones, Rheumatology Division, CEMIC,
Buenos Aires, Argentina.

Table 51.8 1987 criteria for the classification of acute arthritis of rheumatoid arthritis.

Criterion Definition

1. Morning stiffness Morning stiffness in and around the joints, lasting at least 1 h before maximal improvement
2. Arthritis of three or more joint areas At least three joint areas simultaneously have had soft-tissue swelling or fluid (not bony 

overgrowth alone) observed by a physician. The 14 possible areas are right or left PIP, MCP, 
wrist, elbow, knee, ankle, and MTP joints

3. Arthritis of hand joints At least one area swollen (as defined above) in a wrist, MCP, or PIP joint
4. Symmetric arthritis Simultaneous involvement of the same joint areas (as defined in 2) on both sides of the body 

(bilateral involvement of PIPs, MCPs, or MTPs is acceptable without absolute symmetry)
5. Rheumatoid nodules Subcutaneous nodules, over bony prominences, or extensor surfaces, or in juxta-articular regions, 

observed by a physician
6. Serum rheumatoid factor Demonstration of abnormal amounts of serum rheumatoid factor by any method for which the 

result has been positive in < 5% of normal control subjects
7. Radiographic changes Radiographic changes typical of rheumatoid arthritis on posteroanterior hand and wrist 

radiographs, which must include erosions or unequivocal bony decalcification localized in or 
most marked adjacent to the involved joints (osteoarthritis changes alone do not qualify)

From Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism Association 1987 revised criteria for the classification of
rheumatoid arthritis. Arthritis Rheum 1988;31:315–324.
MCP, metacarpophalangeal; MTP, metatarsophalangeal; PIP, proximal interphalangeal. For classification purposes, a patient shall be said to
have rheumatoid arthritis if he/she has satisfied at least four or these seven criteria. Criteria 1 through 4 must have been present for at least
6 weeks. Patients with two clinical diagnoses are not excluded. Designation as classic, definite, or probable rheumatoid arthritis is not to be
made.
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ence of pregnancy on disease activity. The authors prospec-
tively analyzed 140 women, of whom two-thirds reported
decreased joint swelling and pain, while 16% experienced total
remission during pregnancy. However, the authors considered
that the influence of pregnancy on disease activity showed
widespread variability. The mechanism for these improvements
is complex and still under investigation. One of the leading
hypotheses is related to the immunologic changes observed in
pregnancy with increased T-helper type 2 responses, which
could potentially counterbalance the exacerbated T-helper type
1 response observed in RA.105 During the puerperium, however,
the relapse rate is approximately 90%.108 Silman et al.109 con-
ducted a case–control study to determine the relationship
between the onset of RA and parturition in 88 women with
recent-onset RA and 144 age-matched control subjects. There
was an increase during th first 3 months postpartum [OR 5.6,
95% confidence interval (CI) 1.8–17.6], which was greater
when RA onset occurred after the first pregnancy. Other inves-
tigators have linked this increased risk specifically with breast-
feeding.110,111 Barrett et al.111 prospectively followed and
compared disease activity during pregnancy and 6 months
postpartum among 49 nonbreastfeeders, 38 first-time breast-
feeders, and 50 repeat breastfeeders. The authors found that
women breastfeeding for the first time had increased disease
activity at 6 months postpartum.111 The considerable increase
in prolactin secretion during breastfeeding together with its
immunoregulatory activity are thought to be involved in the
increase in disease activity or onset among susceptible
women.112 Finally, the risk of adverse perinatal outcome does
not seem to be increased in women with RA.113 The fertility
rate as well as the miscarriage rate is similar to that in the
general population,113 and perinatal outcome is not different
from that of healthy women.114 If general anesthesia is needed
in patients with upper spinal involvement, caution must be
exerted as atlanto-occipital joint luxation is an infrequent but
severe complication. As perinatal outcome is not affected and
RA activity tends to ameliorate during pregnancy, most con-
cerns during the preconception and antenatal period focus on
the safety of the medications.

Treatment

Treatment of RA is usually delivered by a healthcare team
involving a primary-care physician, rheumatologist, and a
physical therapist. The goal of the treatment is initially to
attain remission of symptoms and maintenance of such remis-
sion over time together with adequate joint function.115 Non-
pharmacologic treatment consists of education regarding the
disease and psychological support to help patients to cope
with the chronicity of this condition. Physical therapy is 
necessary to maintain adequate joint range of motion and
includes supervised physical activity to improve muscle
strength and improvement in emotional adjustment.104

In nonpregnant individuals, three groups of agents are avail-
able for the treatment of RA: NSAIDs, corticosteroids, and 

the so-called DMARDs (disease-modifying antirheumatic
drugs), most commonly hydroxychloroquine, sulfasalazine,
methotrexate, leflunomide, etanercept, and infliximab.
Optimal treatment of RA in nonpregnant individuals consists
of starting DMARD therapy within the first 3 months fol-
lowing diagnosis as these agents can arrest or delay the pro-
gression of the disease.116 NSAIDs are useful in decreasing
symptoms especially during the first weeks until a definitive
diagnosis is achieved and DMARDs start acting. However,
these drugs do not decelerate the rate of disease progression.115

Low-dose oral glucocorticoids (< 10mg/day) are effective in
relieving symptoms116 as well as in slowing joint damage.117,118

However, their dose-dependent side-effects limit their long-
term effectiveness. During pregnancy and the preconception
period, patient education and guidance regarding drug side-
effects are of utmost importance in achieving a good perina-
tal outcome. Frequently, the decreased disease activity during
gestation allows patients to treat mild symptoms with anal-
gesics such as acetaminophen, which have been shown to be
safe for the fetus.79 If NSAIDs are needed, they can be used
with caution after the first trimester and up to 32 weeks. As
the potential risk of decreased amniotic fluid is well proven,
it is recommended that follow-up should include the assess-
ment of amniotic fluid volume with ultrasonography during
treatment. When steroids are required to control the symp-
toms of arthritis, they are generally considered to be safe for
use in pregnancy and during lactation. Most DMARDs are
contraindicated during pregnancy, lactation, and the precon-
ception period.104 Methotrexate and leflunomide have signifi-
cant teratogenicity114,119 and therefore should be avoided
during pregnancy. If pregnancy is detected in a woman already
taking these agents, the agents should be discontinued imme-
diately. When preconception planning is possible, either
leflunomide should be stopped 2 years before conception or
cholestyramine washout should be attempted in those women
who desire to conceive sooner.120 Methotrexate should be 
discontinued 3 months before conception.120 Hydroxy-
chloroquine and sulfasalazine can be used cautiously during
pregnancy and lactation.121

Ankylosing spondylitis

Ankylosing spondylitis is an inflammatory condition with
unknown etiology, strong genetic predisposition, and a
remarkable association with human leukocyte antigen (HLA)-
B27. It most frequently affects the axial skeleton; however,
30% of patients can develop peripheral arthritis.122 Its onset
usually occurs during the reproductive years from adolescence
to early adulthood. Characteristically, symptoms arise with
insidious lumbar pain and morning stiffness. Later in the
disease course, decreased spinal mobility can be observed.
Laboratory evaluation has poor specificity and is not diag-
nostic. If isolated, rheumatoid factor and ANA are nega-
tive. Usually, patients are positive for HLA-B27123 and for
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active-phase reactants such as C-reactive protein. Chest radi-
ographs are characteristic, when the disease is well established,
demonstrating evidence of symmetric erosions and sclerosis of
sacroiliac joints (Fig. 51.3). Furthermore, loss of the normal
spine lordosis and squaring of vertebral bodies with calcifica-
tion of the outer fibers of the annulus fibrosus giving the
“bamboo spine” appearance can be seen. Diagnosis of anky-
losing spondylitis is based on the modified New York criteria
of 1984 including: (1) history of inflammatory back pain; (2)
limitation of motion of the lumbar spine in the sagittal and
frontal planes; (3) limited chest expansion; and (4) evidence
of radiographic sacroiliitis. The presence of the first with any
of the other criteria is sufficient for diagnosis.124

Unlike rheumatoid arthritis, ankylosing spondilitis does not
usually undergo remission during pregnancy. Ostensen and
Ostensen125 studied pregnancy performance in 930 patients
with ankylosing spondylitis. The authors found that the mean
age of onset was 23 years, and 21% had onset during preg-
nancy. Disease activity was unchanged in 33%, improved in
31%, and worsened in 33%. Interestingly, the group of

patients with symptomatic improvement had a previous
history of peripheral arthritis and gave birth to a female fetus.
Among patients with active disease at conception, 60% pre-
sented with postpartum flares within 6 months of delivery.125

Women with ankylosing spondylitis can be reassured that the
perinatal outcome is not significantly affected by the
disease.125,126 Ostensen and Ostensen125 observed a rate of mis-
carriage of 15%, with 93% of the deliveries being at term with
a mean birthweight of 3340 g. Cesarean section was per-
formed in 58% of cases. Finally, the authors found no evi-
dence of an increased rate of infertility among women with
ankylosing spondylitis.125 Among offspring of women with
ankylosing spondylitis, 12% had the disease by the age of
18 years. Therefore, children of women with ankylosing
spondylitis seem to have an increased incidence of the disease
over the general population.127

Treatment during pregnancy is oriented to maintaining
functional capacity as well as to ameliorating pain. NSAIDs
can be used with caution, but must be avoided during the first
trimester and during the last 8 weeks of pregnancy.

942

Figure 51.3 Radiological evidence of
sacroiliitis in a patient with ankylosing
spondylitis. Courtesy of Dr Carlos
Perandones, Rheumatology Division,
CEMIC, Buenos Aires, Argentina.

Key points

1 SLE is diagnosed when at least four of the 11 ACR
criteria are met. Approximately 90% of the patients
will be positive for ANA.

2 Either anti-Ro (SS-A) and/or anti-LA (SS-B) antibodies
are present in 20–40% patients with the diagnosis of
lupus, and they are associated with the occurrence of
congenital heart block.

3 Whether pregnancy causes exacerbation of SLE is still
under debate. However, flares occur frequently during
pregnancy and the puerperium, and are not more
severe than in nonpregnant patients.

4 Although most women with lupus nephritis have no
permanent renal deterioration secondary to pregnancy
(60%), some will develop permanent renal failure
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(7%). Inactive disease as well as mild renal dysfunction
at conception are associated with improved outcome.

5 SLE is associated with an increased risk of poor
perinatal outcome, such as early and late pregnancy
loss, IUGR, preeclampsia, preterm labor, and neonatal
complications secondary to complete heart block.

6 The most significant factors influencing outcome are
probably activity of disease at conception, renal
involvement, and the presence of antiphospholipid
syndrome (APS).

7 Primary APS occurs in patients without other immune
disorders, and secondary APS occurs in conjunction
with autoimmune disease.

8 At least one clinical and one laboratory criteria 
must be met to achieve the diagnosis of APS. Lupus
anticoagulant (LAC) and moderate to high levels of
IgG and IgM anticardiolipins detected on two
occasions separated by no less than 6 weeks must be
present to consider diagnosis.

9 APS complicating SLE increases fetal risks of
spontaneous abortion, stillbirth, IUGR, preeclampsia,
abnormalities in tests of fetal well-being, and preterm
delivery.

10 During prenatal care, efforts should be directed to
early detection of maternal complications, such as
preeclampsia, lupus flare, renal function deterioration,
and to fetal well-being including adequate growth,
placental function, and normal heart rate.

11 Women exposed to cyclophosphamide have a rate of
permanent amenorrhea of approximately 25% and an
increased incidence of infertility. Patient’s age at
exposure is an important risk factor. Adequate
contraception is mandatory while undergoing treatment
as this drug is teratogenic.

12 NSAIDs can be used with caution during the second
trimester and up to 32 weeks of gestation to relieve
symptoms.

13 Corticosteroids have no teratogenic effects. 
When required, prednisone or prednisolone can 
be utilized as only 10% of these drugs cross the
placenta.

14 When necessary, hydroxychloroquine can be 
used during pregnancy. It has been shown to 
have no teratogenic effect or significant neonatal
morbidity.

15 Azathioprine can be considered in pregnancy 
when a cytotoxic drug is necessary. Recent studies
demonstrated that it is fairly well tolerated in 
pregnancy.

16 In general, with careful planning and intensive
monitoring, maternal and fetal outcomes are good in
women with scleroderma.

17 Among patients with scleroderma, renal crisis is the
most severe complication. Although ACE inhibitors
have significant fetal toxicity, these drugs could be life-
saving and should be offered to pregnant women with
scleroderma and renal crisis.

18 The diagnosis of rheumatoid arthritis is based on the
modified criteria of the ACR that evaluate the presence
of the following characteristics: morning stiffness,
arthritis of three or more joint areas, arthritis of hand
joints, symmetric arthritis, rheumatoid nodules, serum
rheumatoid factor, and radiographic changes.

19 The course of rheumatoid arthritis shows significant
improvements throughout pregnancy in the majority 
of women. However, most (90%) relapse in the
puerperium and during breastfeeding.

20 The fertility rate as well as the incidence of miscarriage
is not increased in women with rheumatoid arthritis.
Furthermore, perinatal outcome is similar to that in the
general population.

21 When preconception planning is possible, either
leflunomide should be stopped 2 years before
conception or cholestyramine washout should be
attempted in those women who desire to conceive
sooner. Methotrexate should be discontinued 3 months
before conception. Hydroxychloroquine and
sulfasalazine can be used cautiously during pregnancy
and lactation.

22 Diagnosis of ankylosing spondylitis is based on the
modified New York criteria of 1984 including: (1)
history of inflammatory back pain; (2) limitation of
motion of the lumbar spine in sagittal and frontal
planes; (3) limited chest expansion; and (4) evidence of
radiographic sacroiliitis. The presence of the first with
any of the other criteria is sufficient for the diagnosis.

23 Ankylosing spondylitis does not generally undergo
remission during pregnancy, and the few exceptions are
observed in patients with involvement of the peripheral
joints. Fertility and perinatal outcome are not
significantly altered by the disease.
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Pigmentary alterations

The most common change in the skin during pregnancy is
hyperpigmentation, which is most noticeable in more darkly
complexioned individuals.1 While darkening may affect the
normal skin, it is more pronounced in scars, melanocytic nevi,
and ephelides, and particularly in skin and mucosal surfaces
that contain more melanin – genital and axillary skin, areolae,
and the perineum. The linea alba may darken, becoming the
linea nigra.

Melasma or chloasma, the latter term confined to pregnant
women, occurs commonly in pregnancy or in patients taking
oral contraceptive medications. Well-defined hyperpigmented
macules arise on the face in a symmetric distribution, partic-
ularly on the cheeks and forehead. Wood’s lamp examination
highlights the affected skin, but is rarely necessary to estab-
lish the diagnosis. Ultraviolet light exposure enhances the
hyperpigmentation; thus, treatment is directed toward bleach-
ing the epidermal melanin and protecting the skin with 
sunscreens. Combinations of 4% hydroquinone (pregnancy
category C) and sunscreens exist in various formulations.
Topical retinoids (pregnancy category C) and azelaic acid
(pregnancy category B) are reported to possess bleaching
effects beneficial in the treatment of melasma. Delay of treat-
ment until well after delivery is reasonable, as melasma
resolves spontaneously in the majority of patients.

Melanocytic nevi, including Spitz nevi, are reported to
increase in size during pregnancy. One prospectively per-
formed study of photographic documentation of melanocytic
nevi during pregnancy disputes this generally accepted notion
by showing that only a small number of nevi change in size,
with some nevi decreasing in surface area.2 Thus, any
melanocytic nevus undergoing significant change should be
sampled to explore the possibility of melanoma. The exact
incidence of melanoma arising in pregnancy is uncertain, but
the event is rare. Prognosis appears to be the same, based upon
the characteristics of the tumor, as in nonpregnant women

(Tables 52.1 and 52.2).3 Melanoma is the most common cause
of placental metastasis. The risk of fetal metastasis is estimated
to be 22%. This level of disease portends a poor prognosis for
mother and fetus.4,5

Vascular alterations

Spider angioma, capillary hemangioma, pyogenic granuloma,
palmar erythema, varicosities and hemorrhoids, livedo reticu-
laris, gingival hyperemia and hyperplasia, and dependent
edema may arise in pregnancy. Spider angiomas are charac-
terized by a central dilated arteriole with a fine meshwork of
radiating capillary-sized vessels forming a blanching macule
several millimeters in width. Firm pressure on the lesion fol-
lowed by quick release reveals refilling of the lesion from the
central arteriole with rapid spread outward. Persistent lesions
may be destroyed using electric current or vascular laser. Pyo-
genic granuloma is a misnomer for a vascular tumor arising
after minor trauma. The lesion is a lobular capillary heman-
gioma that is exophytic, beefy, and friable. These lesions may
arise on mucosal and skin surfaces. Treatment is indicated to
stop the nearly constant erosion and bleeding, and is best
accomplished by removing the bulk of the tumor surgically
followed by destruction of the feeder vessel. Left alone, pyo-
genic granulomas decrease in size and may involute. Livedo
reticularis is asymptomatic, and is recognized by a lacy
network of red–purple macules with intervening normal skin.
The erythema blanches with pressure. Cold temperatures
exacerbate the appearance of livedo reticularis.

Connective tissue alterations

Striae (striae distensae) arise from stretching of the skin from
various causes and are common in pregnancy. Initially, they
appear as symmetric reddish/purple linear macules with evo-
lution to depressed skin-colored patches. Striae may itch. In
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association with pregnancy, the lesions arise most commonly
on the abdomen, but they may develop on other sites, includ-
ing breasts, thighs, hips, and buttocks. Striae arise most com-
monly in the third trimester and have been associated with
vaginal lacerations during delivery.6 While striae may fade
over time, topical therapy with tretinoin cream 0.1% and
application of pulsed-dye laser at 585 nm may improve their
appearance.7,8 Unrelated to the appearance of striae, skin tags,
or acrochordons, may proliferate during pregnancy. Skin of
the neck, axillae, and groin are typical sites.

Hair and nail alterations

Hirsutism is defined as the development of a male pattern of
hair growth (terminal and/or vellus) in a woman, while hyper-
trichosis is defined as an increased amount of hair. Both con-
ditions may arise during pregnancy, but neither condition
warrants concern or treatment. For persistent hair abnormal-

ities after delivery, topical application of eflornithine or the use
of hair removal lasers may provide benefit.

Telogen effluvium is a shedding of hair that begins roughly
2–4 months after delivery, lasts for 2–4 months, and resolves
over many months without intervention. A minority of
patients progress to chronic telogen effluvium. In this disor-
der, anagen hairs, which normally account for 90–95% of all
hairs, cycle into telogen. Telogen hair shafts are wispy, small,
and nonpigmented and, thus, the appearance of hair loss
ensues.

Changes in the appearance of the nail plate of fingers and
toes are common. The nail plate may become brittle, and some
patients report an increased rate of nail growth. The most
common nail plate abnormality of significance is the develop-
ment of Beau’s lines in one or, more typically, several nails.
Beau’s lines are transverse depressions in the surface of the nail
plate that arise from physiologic changes in the nail matrix.
The Beau’s lines will grow distally with continued nail growth,
resulting in a normal nail plate after many months.
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Table 52.1 Melanoma TNM classification.

T classification Thickness Ulceration status

T1 ≤1.0mm a: Without ulceration and level II/III
b: With ulceration or level IV/V

T2 1.01–2.0mm a: Without ulceration
b: With ulceration

T3 2.01–4.0mm a: Without ulceration
b: With ulceration

T4 >4.0mm a: Without ulceration
b: With ulceration

N classification No. of metastatic nodes Nodal metastatic mass

N1 1 node a: Micrometastasis*
b: Macrometastasis†

N2 2–3 nodes a: Micrometastasis*
b: Macrometastasis†
c: In transit met(s)/satellite(s)

without metastatic node(s)
N3 4 or more metastatic nodes, or matted nodes, or in transit

met(s)/satellite(s) with metastatic node(s)

M classification Site Serum lactate dehydrogenase

M1a Distant skin, subcutaneous, or nodal metastases Normal
M1b Lung metastases Normal
M1c All other visceral metastases Normal

Any distant metastasis Elevated

Reprinted with permission from Bolognia JL, Jorizzo JL, Rapini RP, et al. Dermatology. London: Mosby, 2003.

*Micrometastases are diagnosed after sentinel or elective lymphadenectomy.

†Macrometastases are defined as clinically detectable nodal metastases confirmed by therapeutic lymphadenectomy or when nodal metastasis
exhibits gross extracapsular extension.
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DERMATOLOGIC DISORDERS DURING PREGNANCY

Dermatoses of pregnancy

The dermatoses of pregnancy are a group of skin conditions
unique to pregnancy or directly related to the products of con-
ception (Table 52.3).

Polymorphic eruption of pregnancy

Polymorphic eruption of pregnancy (PEP), also known as pru-
ritic urticarial papules and plaques of pregnancy, is the most
common of the pregnancy dermatoses.

Clinical presentation
Pruritic urticarial papules appear first on the abdomen, often

in the striae gravidarum, then progress to involve the thighs,
buttocks, arms, and trunk (Fig. 52.1).9 Periumbilical skin 
is characteristically spared, as are the face, palms, soles, 
and mucous membranes. Papules may coalesce into plaques,
sometimes surrounded by a pale halo10 and occasionally sur-
mounted by pinpoint vesicles that do not progress to bullae.11

In some cases, there are annular or target-like lesions. Exco-
riations are unusual despite the often marked pruritus. PEP
presents in the third trimester, most commonly around the
35th week.9,10 Occasionally, the presentation is postpartum,
usually within 10 days,12 although in one case, PEP appeared
4 weeks after delivery.13 Primigravidas comprise about three-
quarters of PEP cases.9,11,14 In multiple pregnancies, PEP
appears to be more common, and may occur earlier and be
more severe.10,15–17
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Table 52.2 Proposed stage groupings for cutaneous melanoma.

Survival (%)* Clinical staging† Pathologic staging‡

T N M T N M

0 Tis N0 M0 Tis N0 M0
IA 95 T1a N0 M0 T1a N0 M0
IB 90 T1b N0 M0 T1b N0 M0

T2a T2a
IIA 78 T2b N0 M0 T2b N0 M0

T3a T3a
IIB 65 T3b N0 M0 T3b N0 M0

T4a T4a
IIC 45 T4b N0 M0 T4b N0 M0
III§ Any T N1 M0 M0

N2
N3

IIIA 66 T1 N1a M0
T1 N2a

IIIB 52 T1-4b N1a M0
T1-4b N2a
T1-4a N1b
T1-4a N2b
T1-4a/b N2c

IIIC 26 T1-4b N1b M0
T1-4b N2b
Any T N3

IV 7.5–11 Any T Any N Any M1 Any T Any N Any M1

Reprinted with permission from Bolognia JL, Jorizzo JL, Rapini RP, et al. Dermatology. London: Mosby, 2003.

*Approximate 5-year survival as a percentage.

†Clinical staging includes microstaging of the primary melanoma and clinical/radiologic evaluation for metastases. By convention, it should be
used after complete excision of the primary melanoma with clinical assessment for regional and distant metastases.

‡Pathologic staging includes microstaging of the primary melanoma and pathologic information about the regional lymph nodes after partial
or complete lymphadenectomy. Pathologic stage 0 or stage IA patients are the exception.

§There are no stage III subgroups for clinical staging.
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Course
PEP is self-limited, with most cases clearing prior to or within
1 week of delivery. In a typical course, the eruption evolves
over 1–2 weeks and fades over the following 2–4 weeks. PEP
rarely lasts beyond 6 weeks postpartum.12 Resolution is not
clearly tied to delivery,18 although in one severe case, early
delivery led to prompt resolution of symptoms.19 PEP rarely,
if ever, recurs in subsequent pregnancies.

Epidemiologic features
With an estimated incidence ranging from 1:150 to 1:240

pregnancies,11,20 PEP is the most common of the pregnancy-
specific dermatoses. PEP is not thought to be familial,
although there is one case report of its occurrence in two sets
of sisters.21 There has been no association with particular
human leukocyte antigen (HLA) subtypes.10

Pathogenesis
The pathogenesis of PEP is unknown. Given its association
with abdominal striae and presentation late in pregnancy,
maternal and/or fetal weight gain have been theorized to play
a role, but the evidence for this has been contradictory.14,22,23
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Table 52.3 Key features of the dermatoses of pregnancy.

Incidence Key signs/ Presentation Diagnosis Course Risks to Recurrence Treatment
symptoms mother or

fetus

PEP 1:150–160 Abdominal 36–39 weeks, Clinical Self-limited, No No Symptomatic
urticarial rarely Negative with Systemic 
papules favoring postpartum DIF resolution steroids in 
striae, in 6 weeks severe cases
periumbilical
sparing

CP 1:100–200 Pruritus ± jaundice >30 weeks in Clinical Resolution Yes, fetal Yes Symptomatic
80% Elevated with distress UDCA

serum delivery. Delivery
bile salts Pruritus

remits
before
laboratory
values
normalize

PG 1:40000– Periumbilical Second and Clinical Remission Yes, low Yes Systemic 
60000 urticarial third Skin in third birthweight, Flare with steroids

papules, trimesters biopsy trimester small for OCP or
vesicles, bullae Positive with dates, menses

DIF postpartum prematurity
flare.

Resolution
in 2–6
months

IH Rare Grouped sterile Second and Clinical Resolution Yes, Yes Systemic 
(case pustules, favor third Skin with placental Flare with steroids
reports) flexural areas, trimesters biopsy delivery insufficiency OCP or Delivery or 

constitutional Negative menses termination
symptoms DIF

PP 1:300 Red papules, most Third Clinical Resolution No Rare Symptomatic
excoriated, on trimester by 3
trunk and months
extremities postpartum

PFP Case Small follicular Third Clinical Resolution No Unknown Symptomatic
reports papules and trimester with

pustules on the delivery
trunk

PEP, polymorphic eruption of pregnancy; CP, cholestasis of pregnancy; PG, pemphigoid gestationis; IH, impetigo herpetiformis; PP, prurigo of
pregnancy; PFP, pruritic folliculitis of pregnancy; DIF, direct immunofluorescence; OCP, oral contraceptive pills; UDCA, ursodeoxycholic acid.
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DERMATOLOGIC DISORDERS DURING PREGNANCY

Fetal DNA has been identified in the skin lesions of PEP, sug-
gesting that a maternal immune reaction to fetal DNA may
play a role in PEP, but this has not been proven.24 Interest-
ingly, fetal microchimerism has been detected in the blood of
nonpregnant women as much as 27 years postpartum,25 and
there is one report of PEP-like lesions 28 years postpartum in
a woman with a prior history of PEP.26

Diagnosis and differential diagnosis
The diagnosis of PEP is a clinical one, as there is no confir-
matory diagnostic test. No consistent laboratory or hormonal
abnormalities have been associated with PEP,27 and the
histopathology is nonspecific, with negative direct immuno-
fluorescence (DIF). The most important differential diagnosis
is pemphigoid gestationis (PG), as the urticarial lesions of PG
can be clinically and histopathologically indistinguishable
from PEP. Only DIF can reliably distinguish these entities
when the clinical picture is unclear. Other differential diag-
noses include contact dermatitis, drug eruptions, erythema
multiforme, and viral exanthems.

Prognosis
The prognosis for mother and baby is excellent. Aside from
pruritus, there appear to be no risks to the mother. Likewise,
there have been no reports of adverse outcomes for the babies
of mothers with PEP. To date, there has been a single case
report of a transient PEP-like eruption in a newborn whose
mother was diagnosed clinically with PEP; however, because
DIF was not done on either the mother or the baby, PG could
not be definitively ruled out.28

Management
As PEP is self-limited, treatment is aimed at controlling 
symptoms. Moderate- to high-potency topical steroids are
helpful in the majority of cases. Antihistamines have been
variably helpful. In severe cases, systemic steroids may be
required. One severe case of PEP was delivered early via
Cesarean section, with resolution of symptoms within 
hours.19

Pemphigoid gestationis

PG, also known as herpes gestationis and gestational pem-
phigoid, is an autoimmune blistering disorder similar to
bullous pemphigoid, but is unique to pregnancy.

Clinical presentation
In classic PG, pruritic urticarial papules and plaques 
appear on the periumbilical skin and evolve into vesicles 
and tense bullae within days to weeks (Figs 52.2–52.5). 
Eventual palmoplantar involvement is common, but the face
and mucous membranes are usually spared. Acute onset has
been reported infrequently.29 In some cases, pruritus may
precede the rash, or the rash may consist only of urticarial
lesions, never developing typical vesiculobullous lesions.29

Barring secondary infection, the lesions typically heal without
scarring.30

PG typically presents in the second or third trimester, with
an average onset at 21 weeks.11 Up to 20% of cases may begin
in the postpartum period, usually within 3–5 days after deliv-
ery. Although there are case reports of PG presenting up to
35 days postpartum, the diagnosis of PG is suspect if presen-
tation is delayed for more than a few days.30–32

Course
In the third trimester, there may be relative remission or even
clearance of the rash, but the vast majority will flare after
delivery.11,29,30 Most cases will clear within 2–6 months,
although postpartum duration of disease varies.31,32 In excep-
tional cases, disease activity has been reported to last one to
several years after delivery.11,33–35 PG may appear in any preg-
nancy, but generally recurs thereafter, skipping fewer than
10% of subsequent pregnancies.29–31 Thirty percent of PG
cases occur in primigravidas.11 Recurrent episodes tend to
occur earlier and to be more severe and prolonged.30 Recur-
rent eruptions may or may not share the same morphology. In
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Figure 52.1 Polymorphic eruption of pregnancy. Erythematous
papules on the abdomen, sparing the umbilicus. Excoriations are
present here, but are not typical. Image courtesy of Susan Mallory,
MD.
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other words, a typical eruption may be followed by one with
urticarial lesions only, and vice versa.30 Flares may occur with
oral contraceptive pills and menses.36

Epidemiologic features
PG is a relatively rare disorder, and estimations of its incidence

have varied widely from 1:170020 to 1:50000–60000 preg-
nancies,29,30 the latter being the more recent estimates. The
incidence has been estimated at 1 :4500 in Mexicans,37 and
PG is reported to be distinctly uncommon in African–Ameri-
cans.30 The incidence in different populations appears partly
to reflect the prevalence of the HLA haplotypes that have been
associated with PG, most prominently the DR3 and DR4
alleles.38 Some authors have reported an increase in other
autoimmune diseases in PG patients, particularly Graves’
disease.39 PG has also been reported in association with 
hydatidiform mole and choriocarcinoma,40,41 suggesting 
that placental tissue is a prerequisite for the development of
PG.30

Pathogenesis
PG is caused by an autoantibody to a component of the base-
ment membrane zone. Most patients with PG have an anti-
body to collagen XVII, a hemidesmosomal protein also known
as bullous pemphigoid antigen 2. It is unclear what leads to
the development of these autoantibodies in pregnancy, but the
finding of anti-HLA antibodies in women with PG suggests
that a maternal response to the placenta may play a role.42,43

Some theorize that abnormal expression of major histocom-
patibility complex (MHC) class II molecules on the placenta
may lead to a maternal immune response against the 
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Figure 52.2 Pemphigoid gestationis. Urticarial plaques with small
vesicles. Image courtesy of Susan Mallory, MD.

Figure 52.3 Pemphigoid gestationis. Typical periumbilical
involvement. Image courtesy of Jeffrey Callen, MD.

Figure 52.4 Pemphigoid gestationis. Urticarial plaques surmounted
by tense bullae. Image courtesy of Jeffrey Callen, MD.
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placental basement membrane zone, which then leads to cross-
reaction in the skin.44

Diagnosis and differential diagnosis
Clinically, the diagnosis of PG can suggest itself readily in a
case with classic features; however, not all cases are straight-
forward, and routine laboratory and histopathology data can
be unrevealing. The main source of confusion can be in 
distinguishing the urticarial lesions of PG from those of PEP.
Laboratory values tend to be normal in PG, although there
may be peripheral eosinophilia.30 Routine histopathology may
reveal typical subepidermal bullae with eosinophils, but the
urticarial lesions of PG are only reliably distinguished from
PEP on the basis of DIF.45 DIF reveals C3 deposited in a linear
fashion along the basement membrane zone in 100% of
patients, and immunoglobulin (Ig)G can be seen in up to
25%.46 The main differential diagnosis is PEP, but urticaria,
contact dermatitis, erythema multiforme, bullous drug erup-
tion, and other autoimmune blistering disorders such as
bullous pemphigoid or dermatitis herpetiformis may also be
considered depending on the clinical setting.

Prognosis
Maternal risks include the postpartum flare, sometimes severe,
and a high likelihood of recurrence with subsequent pregnan-
cies. But, most importantly, PG has been associated with an
increased incidence of fetal risks, including prematurity, low
birthweight, and small size for gestational age.36,46,47 Early
onset or severity of maternal disease does not appear to predict
fetal outcome.47 In addition, up to 10% of newborns may get
a transient, nonscarring bullous eruption11 that usually
resolves within 2 weeks.29,31,47,48 The eruption in the newborn
is thought to be due to passive transfer of the maternal anti-

basement membrane zone antibodies, which are eventually
cleared from the baby’s circulation.

Management
Systemic steroids are usually required to control symptoms
during pregnancy and the postpartum flare, and may be
required for up to 6–10 weeks postpartum.29 In milder cases
or in newborns, topical steroids alone may be sufficient. A
variety of therapies have been reported to be helpful in severe
or refractory cases, including plasmapheresis,49,50 immunoa-
pheresis (a variant of plasmapheresis),51 high-dose intravenous
immunoglobulin (IVIG),52 IVIG in combination with
cyclosporine,53 goserelin,54 cyclophosphamide,55 ritodrine,56

and minocycline57 or doxycycline58 with nicotinamide.

Impetigo herpetiformis

Impetigo herpetiformis (IH) is an extremely rare noninfectious
pustular dermatosis that occurs exclusively in pregnancy.
There has been considerable debate regarding its status as a
disease sui generis or variant of pustular psoriasis.59

Clinical features
Erythematous patches with groups of pinpoint pustules at the
margins appear first in the groin, axillae, and neck, and later
generalize. The face, hands, and feet are usually spared, but
mucous membranes may be involved. Subungual pustules may
lead to nail plate separation and fragmentation.60 Pruritus is
not prominent. The patient with IH is systemically ill, and may
have fever, malaise, diarrhea, and vomiting. IH typically pres-
ents early in the third trimester, although presentation in the
first trimester61 and 1 day postpartum62 has been reported.
Patients with IH rarely provide a personal or family history
of psoriasis.

Course
IH typically resolves with delivery, but postpartum exacerba-
tion was reported in one case.63 Lesions dry, then desquamate,
and heal without scarring, but postinflammatory hyperpig-
mentation is typical. Recurrences are common in subsequent
pregnancies and generally occur earlier and are more severe
than the initial episode.60,64 Oral contraceptives may also pre-
cipitate a recurrence.65

Epidemiologic features
IH is extremely rare, with less than 200 cases reported in the
world literature. Although IH has not generally been consid-
ered to be a genetic disorder, there have been a handful of
familial cases.66–68

Pathogenesis
The etiology of IH is unknown. Although hypocalcemic states,
including hypoparathyroidism,64,69 have been associated with
both IH and pustular psoriasis, it is unclear what role hypocal-
cemia plays in the disease.
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Figure 52.5 Pemphigoid gestationis. The characteristic tense bullae
seen in PG. Image courtesy of Jeffrey Callen, MD.
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Diagnosis and differential diagnosis
The diagnosis can be confirmed by biopsy, which shows fea-
tures identical to that of pustular psoriasis. DIF is negative.
Elevated leukocyte counts and erythrocyte sedimentation rates
are common, with hypocalcemia and hypoalbuminemia less
frequently noted. Cultures from intact pustules are negative,
although secondary infection can occur. Differential diagnoses
may include herpes gestationis, pustular psoriasis, drug erup-
tion, subcorneal pustular dermatosis, dermatitis herpetiformis,
and infections. Interestingly, acrodermatitis enteropathica was
eventually diagnosed in one patient who was initially thought
to have IH.70

Prognosis
Patients with IH can be quite ill and must be monitored for
secondary infection. When present, hypocalcemia can lead to
tetany, seizures, and delirium. With subsequent pregnancies,
patients risk earlier and more severe recurrences. In some
cases, patients with IH have gone on to develop more typical
pustular psoriasis.59,71 Risks to the fetus are considerable and
are those associated with placental insufficiency, namely still-
birth, neonatal death, and fetal abnormalities.60

Management
Systemic steroids are the treatment of choice, along with appro-
priate supportive care and treatment of secondary infection.
Severe or refractory cases may necessitate early delivery or ter-
mination.72,73 Other treatments reported to be effective have
included cyclosporine,74 etretinate,75 photochemotherapy,76

isotretinoin with photochemotherapy,59,63,73 methotrexate,62 and
a mestranol–ethynodiol combination.61 One patient with
hypocalcemia was treated with systemic steroids but improved
only after calcium and vitamin D were administered.64

Cholestasis of pregnancy

Cholestasis of pregnancy (CP), also known as intrahepatic
cholestasis of pregnancy, gestational cholestasis, and prurigo
gravidarum, is a condition characterized by pruritus and intra-
hepatic cholestasis, with or without jaundice, occurring late in
pregnancy.

Clinical presentation
Unlike the other dermatoses of pregnancy, CP has no primary
skin lesions, but may present with excoriations in more 
severe cases. CP typically presents with pruritus on the palms
and soles that later spreads to include the trunk, extrem-
ities, and face. Pruritus can be mild or severe and is often
worse at night. There may or may not be associated bio-
chemical abnormalities. In a minority of patients, jaundice can
follow the pruritus by 2–4 weeks.77 CP presents in the third
trimester, with over 80% of cases presenting after
30 weeks,77,78 and may follow a previous pregnancy without
CP. A personal or family history of gallbladder disease is some-
times noted.78

Course
CP usually remits within 1–2 weeks of delivery, with the pru-
ritus resolving before the biochemical abnormalities, which
can take 4–6 weeks to normalize. Up to 70% of subsequent
pregnancies may be affected by CP.77

Epidemiologic features
CP is present in populations worldwide, but with significant
geographic variation in frequency. In most European and
North American countries, the incidence has ranged from
0.5% to 1%.20,79,80 Higher rates have historically been
reported in Sweden and Chile,77 but this is now thought to
reflect nutritional factors.81,82

Diagnosis and differential diagnosis
The diagnosis of CP is largely clinical, with laboratory 
tests used to support the diagnosis and rule out other diseases.
Elevated serum bile acids are the most sensitive and most com-
monly seen laboratory finding,83 but elevations in transami-
nases, alkaline phosphatase, and conjugated bilirubin may
also be present. Because pruritus can precede laboratory
abnormalities by several weeks, repeat testing may be war-
ranted.78,84 Skin biopsy is not useful, as there are no primary
lesions. A few patients with CP have had liver biopsies, 
which have showed only mild cholestasis without sign-
ificant inflammation or necrosis.81 The differential diagnosis 
is broad and, depending on the clinical presentation, 
may include entities such as scabies, eczema, hepatitis,
urticaria, other liver or biliary disease, early PEP, or early 
PG. When jaundice is present, it is essential to rule out viral
hepatitis, which is the most common cause of jaundice in 
pregnancy.85

Pathogenesis
The pathogenesis of CP is unclear, but likely to be multifac-
torial. A genetic component is suggested by the observation of
familial clusters of cases77 and the finding that sisters and
mothers of patients with CP are 12 times more likely to
develop CP than control subjects.86 In addition, recent work
has pointed to an association with the multidrug resistance
protein 3 (MDR3) gene.87 Hormonal factors are also likely to
be important in CP, as estrogens can reduce hepatocyte bile
acid secretion, and progesterone metabolites can intensify the
estrogen effect by reducing hepatic clearance of estrogens.88

Finally, dietary factors have been implicated in studies in
Chile, where the seasonal and yearly incidence of CP has cor-
related with selenium levels.82

Prognosis
The risks to the mother are generally minimal and limited to
severe pruritus. However, postpartum hemorrhage has been
reported, likely due to vitamin K deficiency as a result of mal-
absorption in the setting of prolonged cholestasis.89 The risk
of fetal complications is substantial and may include fetal dis-
tress, meconium staining, and preterm labor (up to 44%).89,90

954

TCO52  9/15/06  11:03 AM  Page 954



DERMATOLOGIC DISORDERS DURING PREGNANCY

Perinatal mortality has ranged from 3% to 11% of cases.89,90

A recent report describes possible “bile acid pneumonia”
causing respiratory distress in three newborns born to mothers
with severe CP, and suggests that bile acid accumulation may
impair the function of surfactant in the lungs.91 The severity
of maternal disease does not predict fetal outcome,89 but
earlier onset of pruritus has been associated with spontaneous
prematurity.92

Management
The goal of treatment is to control the pruritus and minimize
fetal complications. In mild cases, symptomatic treatment with
emollients, anti-itch lotions, and antihistamines may suffice.
In more severe cases, systemic therapy may be required, and
those aimed at reducing serum bile acids have had the most
success in treating the pruritus and normalizing the laboratory
abnormalities. Several recent studies have documented the 
efficacy of ursodeoxycholic acid (UDCA) in this regard.93–97

It remains to be seen whether treatment with UDCA will 
affect fetal outcome. Other treatments have been variably
effective in reducing pruritus and/or bile acid levels, including
S-adenosyl-L-methionine,93 ultraviolet light (UVB),88 activated
charcoal,98 dexamethasone,99 cholestyramine,100,101 phenobar-
bital,100,101 ondansetron,102 and guar gum.103,104 Prophylactic
vitamin K may decrease the rate of postpartum hemorrhage.78

Some authors advocate elective early delivery, as most sin-
gleton intrauterine deaths have occurred after 37 weeks of 
gestation.92

Miscellaneous eruptions in pregnancy

These entities are less well characterized, and it is unclear
whether they represent truly separate diseases or are part of a
poorly understood spectrum of overlapping disorders.

Pruritic folliculitis of pregnancy

Pruritic folliculitis (PF) of pregnancy was first described in
1981 in six patients with sterile follicular pustules appearing
on the trunk in the latter half of pregnancy.105 No maternal or
fetal morbidity has been reported, and the rash has cleared
spontaneously after delivery in all cases. The etiology is
unknown. Serum androgen levels were elevated in one case,106

but a more recent study reported normal androgen levels in
12 PF patients.107 Treatment is symptomatic.

Prurigo of pregnancy

Prurigo of pregnancy (PP) is usually a diagnosis of exclusion.
PP presents in the second or third trimester with excoriated
papules predominantly on the trunk and extensor aspects of
the extremities. Resolution may come quickly after delivery or
occur more slowly over weeks to months. The etiology is
unknown, but some cases may represent other undiagnosed
pregnancy- and nonpregnancy-related dermatoses. Treatment
is symptomatic.

Approach to the patient

Pruritus is common in pregnancy,108 and the differential diag-
nosis is broad, encompassing not only the specific dermatoses
of pregnancy, but many conditions that cause pruritus with or
without rash in the nonpregnant population (Tables 52.4 and
52.5). It is especially important to exclude the dermatoses of
pregnancy that are associated with fetal complications, chiefly
PG and CP (see Fig. 52.6). Given the fetal risks associated with
PG and CP, some have recommended a laboratory evaluation
in all patients with itching during pregnancy, and a skin biopsy
with DIF when there is an associated rash.20
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Table 52.4 Common skin disorders that may cause pruritus in pregnancy.

Category Skin disorder Clinical features

Allergic/atopic Urticaria (hives) Transient wheals
Atopic dermatitis Scaly plaques with lichenification. Often coexists with allergic rhinitis and asthma
Contact dermatitis Pattern of rash often suggestive
Drug reactions History of drug ingestion or change in medication. Morphology varies

Infection/infestation Scabies Excoriated papules favor fingerwebs, areola. Burrow is diagnostic
Infectious folliculitis Follicle-based pustules. May follow hot-tub exposure
Tinea (ringworm) Annular or round scaly plaques. May have affected child or pet
Other arthropod bites Scattered excoriated or urticarial papules. Flea bites usually on legs. Chigger bites

favor areas where clothing fits tightly. Head or pubic lice in characteristic location
Others Psoriasis Scaly red plaques on extensor limbs, scalp. May be generalized

Pityriasis rosea Oval plaques with fine scale on trunk. May be preceded by a larger “herald patch”
Miliaria (prickly heat) Tiny vesicles appear in hot weather
Polymorphous light eruption Pink papules, papulovesicles on sun-exposed areas of arms, chest. Appears in spring 

or after sunny vacation in winter. Improves over summer
Xerosis Dry skin
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Table 52.5 Some causes of pruritus without rash.

Medications (e.g., opiates)
Drug reactions
Hepatitis
Cholestatic or obstructive biliary disease
Chronic renal failure
Malignancy (especially lymphoma)
Hyperthyroidism
Iron deficiency
Acquired immunodeficiency syndrome

DIF –

DIF +

No

No

Yes

Yes

Pruritus
in 

pregnant woman

Skin lesions? Jaundice? 

Rule out systemic 
causes of pruritus 

Rule out hepatitis 

May have increased
serum bile acids, 
transaminases, 
bilirubin

Cholestasis
of pregnancy

Consider dermatoses 
common in nonpregnant 
women 

Predominant  type 
of lesion? 

Excoriations
+/– prurigo nodules

Urticarial Bullous Pustules

Periumbilical 
sparing 

Mixed 
or confusing 

Periumbilical Rule out other 
bullous disorders 

Rule out infection

Urticarial papules 
and plaques 
favoring striae
Vesicles may be 
present

Polymorphous
eruption

of pregnancy 

Skin biopsy + DIF

Systemically ill? 

YesNo

Urticarial papules 
and plaques, bullae 

Pemphigoid
gestationis  

Follicular papules 
and pustules on 
trunk 

Pruritic 
folliculitis

of pregnancy

Prurigo
of pregnancy

Mostly excoriated 
papules on trunk 
and extremities 

Red plaques with 
grouped pustules 

Impetigo 
herpetiformis

Figure 52.6 Approach to the pregnant patient with pruritus.
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Key points

1 Hyperpigmentation is the most common pigmentary
alteration in pregnancy, and is most pronounced in
scars, nevi and ephelides, and genital, mucosal, and
axillary skin.

2 Melasma or chloasma generally resolves spontaneously
after delivery, but may recur with oral contraceptive
use.

3 Moles or ephelides that change in size during
pregnancy should be biopsied to rule out melanoma.

4 Bleeding from pyogenic granuloma may require
treatment with surgical excision and cautery.

5 Striae have been associated with vaginal laceration
during delivery.

6 Telogen effluvium usually occurs 2–4 months after
delivery and resolves over many months.

7 Polymorphic eruption of pregnancy (PEP) is
characterized by pruritic urticarial papules and plaques
favoring the striae and sparing periumbilical skin.

8 PEP is more common in primigravidas and presents in
the third trimester.

9 PEP is not associated with maternal or fetal risk and
resolves spontaneously postpartum.

10 Pemphigoid gestationis (PG) is characterized by pruritic
urticarial plaques that evolve into vesiculobullae, often
appearing first on periumbilical skin.

11 PG is caused by autoantibodies to components of the
basement membrane zone.

12 Recurrence of PG with subsequent pregnancies is the
rule.

13 Fetal risks associated with PG include prematurity and
small size for gestational age.

14 Diagnosis of PG is confirmed by skin biopsy with
direct immunofluorescence.

15 Impetigo herpetiformis (IH) is a rare pustular eruption
similar to pustular psoriasis that occurs in the latter
half of pregnancy.

16 Cholestasis of pregnancy (CP) can present with or
without jaundice or biochemical abnormalities (chiefly
increased serum bile salts).

17 CP presents in the third trimester and remits within
2 weeks of delivery.

18 Pruritus in CP may resolve before the laboratory values
normalize.

19 Fetal risks associated with CP include preterm labor,
fetal distress, and increased perinatal mortality.

20 Evaluation of the pregnant woman with pruritus
should include a consideration of the causes of pruritus
in nonpregnant women.
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In the USA, benign gynecologic masses account for more than
1 million hospital admissions per year.1 Benign masses may
occur in pregnancy, and their management is complicated by
the risk to the fetus. Knowledge of the natural history of these
masses during pregnancy is essential to their proper manage-
ment. Cancer during pregnancy is unusual. As a result of phys-
iologic changes that normally occur in pregnancy, cancer
during pregnancy may be more advanced because the diagno-
sis is not recognized as early as it might otherwise have been.
However, stage-for-stage, cancer during pregnancy is no more
virulent than cancer occurring in the nonpregnant state. The
routine interruption of pregnancy to influence cancer pro-
gression has not been established.

Benign masses in pregnancy

Uterine myomas

Myomas are very common in the general population, espe-
cially in nonwhite women.1 They are a frequent cause of infer-
tility, and are less prevalent among pregnant women than
among the same age group of nonpregnant women. Myomas
that cause hospitalization are mostly seen in women aged
40–45 years. Complications occur in about 10% of pregnan-
cies with uterine myomas.2

Estrogen receptors are amplified in myomas compared with
normal myometrium.3 Several other hormone receptors also
appear to be amplified in myomas. Estrogen has been thought
to stimulate the growth of uterine myomas, but the precise
mechanism is not well understood. Traditionally, it was
believed that uterine myomas will grow during pregnancy, but
this has been challenged by several prospective studies.4–6

Nongrowing myomas can cause symptoms during pregnancy
as a result of the enlarging uterus displacing them out of the
pelvis. Symptoms may develop as asymptomatic myomas com-
press abdominal organs.

Uterine myomas can undergo central necrosis and degener-
ation, causing localized pain at the site of known myoma.
Degenerating myomas can provide a culture medium for path-

ogenic organisms with occasional leukocytosis and super-
imposed infection. Myomas are thought to increase the 
frequency of preterm labor and premature rupture of mem-
branes. They have been implicated in first-trimester sponta-
neous abortions,7,8 and large cervical and lower uterine
segment myomas can cause obstructed labor.6,9

Placental abruption, postpartum hemorrhage, and retained
placenta are thought to be complications of uterine myomas
during pregnancy. However, several studies failed to show sta-
tistically different rates of these complications compared with
the general population.6,9 One study showed that women with
leiomyomata are at increased risk of second-trimester sponta-
neous abortion.10

Management of myomas in pregnancy

Myomas can cause pain through degenerative changes or by
direct compression of adjacent organs. Most of the symptoms
can be managed medically in pregnant women. Symptomatic
treatment with acetaminophen or opioid analgesics usually
provides relief. Several studies have shown that nonsteroidal
anti-inflammatory drugs can be used successfully in pregnancy
for management of the symptoms.2,11 However, these drugs
have known fetal risks and should be used with caution during
pregnancy.12 Hydration and antibiotics can be used if infec-
tion is suspected. Medical management is the primary means
of treatment in pregnancy. Surgical management is usually
avoided during pregnancy. There are very few studies and 
no randomized trials available on the safety of myomectomy
in pregnancy.13–15 Myomectomy during pregnancy is best
avoided in all but the most extreme circumstances, such as
torsion of a pedunculated myoma or when a malignancy is
suspected.

Adnexal masses in pregnancy

Benign adnexal tumors are sometimes associated with normal
pregnancies. Clinical features suspicious for malignancy, par-
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ticularly ovarian cancer, include the presence of a fixed mass,
lymphadenopathy, ascites, and constitutional symptoms such
as pain, abdominal distention, dyspareunia, frequency, or con-
stipation.16,17 Sonographic features of adnexal masses suspi-
cious for malignancy include size greater than 6 cm, thick
septations, papillary projections, complex echogenicity, and
the presence of ascites.18,19 The negative predictive value of
sonography as a method of excluding malignancy appears to
improve in pregnancy.20 Magnetic resonance imaging (MRI)
and computed tomography (CT) have been used to distinguish
benign from malignant ovarian masses in pregnancy. These
modalities may prove particularly useful in the evaluation of
adenopathy and tumor invasion. To date, there is little evi-
dence to link exposure to diagnostic MRI with adverse fetal
effects.21,22

The most common benign pelvic masses in pregnancy are
persistent corpus luteum cysts, benign cystic teratomas,
paratubal cysts, cystadenomas, and pedunculated myomas.
Although the vast majority of benign pelvic neoplasms dis-
covered during pregnancy are present before the beginning of
the pregnancy, the hormonal changes of pregnancy, particu-
larly the production of human chorionic gonadotropin (hCG),
are associated with luteomas, theca-lutein cysts, hyperreactio
luteinalis, and large solitary luteinized follicular cyst of 
pregnancy.

Corpus luteum of pregnancy

The corpus luteum is the most common hormone-producing
tumor of pregnancy. The corpus luteum of pregnancy is a
physiologic cyst in which granulosa-lutein cells in the post-
ovulatory ovarian follicle are stimulated by placental chori-
onic gonadotropin production to produce progesterone. 
The corpus luteum maintains progesterone production until
approximately 9 weeks’ gestation, when placental proges-
terone production is sufficient to maintain the pregnancy.
They are unilateral, sonolucent structures contiguous with the
ovary. Corpus luteum cysts can complicate pregnancy if they
undergo torsion or spontaneous rupture. Asymptomatic
corpus luteum cysts typically regress during the second
trimester and are completely absent by the third trimester. If
a corpus luteum is removed before 9 weeks’ gestation, exoge-
nous progesterone is administered.

Luteoma

Luteomas of pregnancy are solid tumors that are character-
ized by hypertrophy of ovarian stroma. This hypertrophy may
be secondary to stimulation by hCG. They are frequently bilat-
eral and multinodular. Elevated levels of testosterone accom-
pany luteomas in at least 25% of cases, although other
hormones may be responsible for maternal virilization.23–25

When maternal virilization is present, female fetuses are at risk
of virilization. The female fetus is usually not at significant
risk of labioscrotal fusion because placental aromatization of

maternal androgens is not usually overwhelmed by androgen
production until fusion is complete.26,27 There does not appear
to be any association between luteomas and multiple gesta-
tion or gestational trophoblastic disease. Expectant manage-
ment is recommended.28 Luteomas can occasionally recur;
therefore, preconception counseling is necessary for women
with a history of luteoma.29

Hyperreactio luteinalis

Hyperreactio luteinalis is a benign, non-neoplastic enlarge-
ment of theca-lutein cysts, most likely due to stimulation by
hCG.30 Hyperreactio luteinalis is strongly associated with con-
ditions that produce abnormally elevated hCG, such as mul-
tiple gestation, gestational trophoblastic disease, and ovarian
hyperstimulation syndrome.31 Hyperreactio luteinalis is
usually bilateral and multicystic with stromal edema. Ovarian
enlargement can be massive. Although maternal androgen
excess is occasionally present, virilization of female fetuses
rarely occurs.32,33 Life-threatening ascites, electrolyte abnor-
malities, thromboembolism, intravascular depletion, hemo-
concentration, renal failure, and pleural effusion with
respiratory difficulties may be present when hyperreactio
luteinalis complicates ovarian hyperstimulation syndrome or
gestational trophoblastic disease. In addition to supportive
measures, uterine evacuation may be necessary to reverse
hCG-induced ovarian stimulation in such cases. In milder
cases, expectant management is appropriate because hyperre-
actio luteinalis and theca-lutein cysts usually resolve shortly
after delivery.

Cancers in pregnancy

Incidence

Data reflecting the incidence of cancers during pregnancy are
scant because of a lack of information accrued by population-
based tumor registries. Estimates of cancer during pregnancy
vary considerably (Table 53.1). The uterine cervix remains the
most common site for neoplasia to develop in pregnancy.34

The breast is the second most common site for malignancy
that occurs during pregnancy.35 The frequency distribution of
other cancers during pregnancy such as leukemia, lymphoma,
and cancers of the ovary, vulva, vagina, skin (melanoma),
brain, and gastrointestinal tract reflects that of cancer occur-
ring in all women in their reproductive years.36

The study by Haas37 reporting the incidence of cancer 
during pregnancy compared with that in control nonpregnant
women suggested that there may be a significantly reduced
incidence of cancer in pregnancy. These data were from a pop-
ulation-based epidemiologic study in the German Democratic
Republic. As women grew older, the 5-year age group
observed-to-expected ratios of pregnancy-associated cancers
increased from 0.22 for women aged 15–19 years (1.9 cancers
per 100000 live births) to 1.40 (232.4 cancers per 100000
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live births) for those aged 40–44 years (Fig. 53.1). The fre-
quency of occurrence, in descending order, was cervical cancer,
breast cancer, ovarian cancer, lymphoma, melanoma, brain
cancer, and leukemia.

A fear expressed by pregnant patients is that the cancer
might spread to the fetus. Information collected during 
the past two decades suggests that transplacental metastasis 
is extremely unusual, and metastases to the fetus are so 
rare as to preclude this as an indication for termination of a
pregnancy. The most common malignancy to be associated
with fetal metastases is malignant melanoma. The reported
number of cases in the literature of such an event is fewer 
than 30.38

Surgery in pregnancy

Patients may undergo successful surgical procedures when
they are pregnant without jeopardizing the fetus. In general,
surgery should be delayed until the second trimester, which
seems to be the safest time in terms of avoiding patients going
into labor. Spontaneous abortion frequently occurs when
surgery is performed in the first trimester, and premature labor
has been associated with surgery in the third trimester. Corpus
luteum function is replaced by the placenta after the 12th week
of gestation. Pathologic ovaries may be removed safely once
the patient has entered into the second trimester.

In preparing the patient for a surgical procedure, simple
technical considerations may have an important impact on the
success of the operation. For example, placing the patient in
a lateral position to avoid vena cava and aortic compression
is an important factor in considering the anesthetic conse-
quences of surgery.39,40 Anesthesiologists must always act as if
a pregnant woman has a full stomach, as progesterone relaxes
the gastroesophageal sphincter, and pyloric displacement by
the gravid uterus impedes gastric emptying.41

Radiation in pregnancy

Radiation is commonly employed in the routine management
of cancers that may occur in pregnancy. Deleterious effects
that the fetus may experience from being exposed to radiation
therapy have been recognized for many years.42–44 Production
of genetic mutations by radiation in the laboratory was doc-
umented as early as 1927, but data directly applicable to
humans are scant.45 Three phases of pregnancy must be con-
sidered with regard to radiation damage.46 The preimplanta-
tion phase lasts for approximately 7–10 days and represents
the time from fertilization to the implantation of the blasto-
cyst into the uterine wall. Spontaneous abortion is the most
likely consequence of an embryo being exposed to radiation
in the preimplantation phase. For many patients, the preg-
nancy may not be clinically recognized.47 Organogenesis, the
period from the first to the 10th week of gestation, represents
the most sensitive time for the fetus with regard to radiation
injury.46 This is the time of major organ formation and the
time when the fetus is most susceptible to teratogenic agents.
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Table 53.1 Estimate of cancers occurring in pregnancy.

Site Estimated incidence Authors

Skin, melanoma 2.8/1000 Smith and Randal237

Cervix
Carcinoma in situ 1/767 Sokol and

Lessmann34

Invasive 1/2205 Sokol and
Lessmann34

Breast 1/3000 Benedet et al.35

10–39/100 000 Wallack et al.47

Vulva 1/8000 Nugent and
O’Connell229

Ovary 1/9000 Nugent and
O’Connell229

1/25 000 Ribeiro and Palmer230

Leukemia Less than 1/75 000 Applewhite et al.231

1/100 000 Haas37

Hodgkin’s disease 1/1000 Riva et al.234

1/6000 Morgan et al.;235

Stewart and
Monto236

Colorectal 1/100 000 Fisher et al.;232

Clark et al.233
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Invasive cancer

150
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100 000

live births
100

50

0
15–19 25–29 35–39

20–24 30–34 40–44
Age (years)

Figure 53.1 Overall incidence of cancer occurring in pregnancy by
age and incidence of carinoma in situ and invasive cervical cancer
(modified from ref. 37).
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However, the central nervous system, the eyes, and the
hematopoietic system remain highly sensitive to the effects of
radiation throughout the entire pregnancy. Radiation has been
associated with microcephaly, the most common malforma-
tion observed in humans exposed to high-dose radiation
during pregnancy, and mental retardation.48 In general, such
effects are seen in fetuses exposed to amounts greater than
50 rad of low-energy-transfer (LET) radiation. Embryonic
exposure to 5 rad or less is rarely associated with anomalies.48

The actual radiation dose rates are extremely important in
assessing the risks to the fetus for developing growth retarda-
tion, malformations, or death.

Pregnant women exposed to radiation therapy of 250 rad
or greater during the first 2–3 weeks of gestation have an
increased risk of spontaneous abortion but not a dramatic risk
of severe congenital anomalies.49 However, once patients 
are exposed to such radiation during the third to 10th weeks
of gestation, multiple congenital anomalies including low
birthweight, microcephaly, mental retardation, retinal degen-
eration, cataracts, and genital and skeletal malformations 
have been reported.49 Radiation exposure between the 
11th and 20th weeks has been associated with a significant
decline in anomalies. Exposure after the 20th week of gesta-
tion is usually limited to anemia, skin pigmentation changes,
and dermal erythema. The risks of growth retardation and
abnormalities of the eye and central nervous system (CNS)
increase throughout the latter period of fetal radiation expo-
sure. It has been suggested that fetuses exposed to radiation
doses higher than 10 rad should be considered for therapeu-
tic abortion.46

Pelvic irradiation for the management of malignancies, par-
ticularly cervical lesions in pregnancy, will result in fetal
demise and will usually lead to spontaneous abortion. The
fetus may receive only minor exposure when supradiaphrag-
matic irradiation is given, particularly if such radiation is
tapered so that the internal scatter is minimal during the first
trimester of pregnancy. Proper shielding equipment can sig-
nificantly reduce the radiation dose to the fetus.50 However, as
the fetus grows, its exposure to supradiaphragmatic radiation
increases. Such radiation may not be appropriate in the more
advanced stages of pregnancy.

Chemotherapy and pregnancy

Prior experience supported the concept that cytotoxic
chemotherapy should not be administered to patients, espe-
cially during the first trimester of pregnancy. This was because
of the high incidence of spontaneous abortion following expo-
sure to chemotherapy and the teratogenic effects of these
agents on the developing fetus.51,52 However, as anecdotal and
small series reports have accumulated, it appears that,
although certain drugs must be avoided during early preg-
nancy, others might be life-saving and might not cause con-
genital anomalies in the fetus53–56 (Table 53.2). Prematurity

and low birthweight are frequent complications of chemother-
apy exposure in any trimester of pregnancy. However, the 
fear of exposure in the second and third trimesters of preg-
nancy resulting in congenital anomalies no longer appears 
to be a major concern, provided that the selection of drugs is
appropriate.51,52 The long-term neurologic consequences of
intrauterine exposure to chemotherapeutic agents has yet 
to be established. Children who have been born after in 
utero exposure to chemotherapeutic agents during the second
and third trimesters have not been noted to have significant
congenital abnormalities. One study of 17 children exposed 
in utero to chemotherapy for the management of maternal
acute leukemia revealed no fetal malformations. The children’s
growth and development, school performance, intelligence
tests, neurologic examinations, and hematologic evalua-
tions (with a follow-up period ranging from 4 to 22 years)
were normal.56 Another study of 16 pregnant women 
treated for non-Hodgkin’s lymphoma reported similar
results.54

Physiologic effects of pregnancy may have an impact on the
efficacy and toxicity of chemotherapeutic agents. For example,
renal blood flow, glomerular filtration rate, and creatinine
clearance increases may lead to increased clearance of drugs
from the body.57 It has been suggested that amniotic fluid 
may act as a pharmacologic third space for such drugs as
methotrexate, analogous to ascites or pleural effusions which
may then increase methotrexate toxicity.58 Gastrointestinal
absorption of drugs may be decreased owing to delayed gastric
motility. The distribution and kinetics of antineoplastic agents
may be substantially affected by the physiologic increase in
body water in a pregnant woman in association with a 15%
increase in plasma volume and changes in plasma protein con-
centrations.59 Drugs that cross the placenta have low molecu-
lar weight, high lipid solubility, are nonionized, and are
loosely bound to plasma proteins.58,60,61

In assessing the teratogenic effects of chemotherapeutic
agents administered in pregnancy, it must be kept in mind 
that up to 3% of children have associated major congenital
anomalies and 9% have minor anomalies in pregnancies 
not complicated by cancer treatments or exposure to a
chemotherapeutic agent.62

Congenital anomalies have been noted in patients treated
with alkylating agents in the first trimester of pregnancy but
not in the second and third trimesters.51 Cisplatin has become
the most important drug in the management of gynecologic
malignancies.63

Antimetabolites are cell cycle specific and interfere with
DNA, RNA, and some coenzymes. Aminopterin and
methotrexate act as abortifacients for patients when adminis-
tered during the first trimester.34,51 Only one congenital
anomaly was observed in 56 patients exposed to other
antimetabolites during pregnancy.52 Second- and third-
trimester exposure to a variety of antimetabolites resulted in
no congenital anomalies in 37 fetuses. Thus, antimetabolites
other than amethopterin and aminopterin may be relatively
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safely used in the management of cancer during 
pregnancy.

Antibiotics such as actinomycin D, doxorubicin, daunoru-
bicin, bleomycin, mitomycin C, and mithramycin have been
used relatively safely in the second and third trimesters of
pregnancy. Recent data suggest that doxorubicin and
daunorubicin may be relatively safe when used in the first
trimester of pregnancy, but the follow-up information on chil-
dren exposed in utero remains extremely limited.64,65

Vinca alkaloids are cell phase-specific agents that cause
mitotic arrest. These agents include vincristine, vinblastine,
VP-16, and VM-26. A limited experience with exposure to
vinca alkaloids suggests that only one of 15 pregnancies
exposed during the first trimester was associated with a con-
genital anomaly. No anomalies were seen in 11 patients
treated later in pregnancy.51,52

The reported rate of fetal malformations when exposed to
combination chemotherapy in the first trimester (16%) is
similar to that of single-agent therapy.51,66–68 Theoretically, the
incidence could be reduced to 6% by removing folate antag-
onists in common with radiation therapy.53 Doll and col-

leagues53 summarized the findings of 71 patients treated with
single-agent therapy in the last two trimesters and of 79
patients treated with combination therapy; they identified one
child in each treatment group with a congenital anomaly.
Thus, second- and third-trimester chemotherapy appears to be
safe with regard to teratogenicity in the fetus.53 Nevertheless,
a 40% incidence of low birthweight was reported by Nichol-
son51 when fetuses were exposed to chemotherapy in utero.
Other complications may occur in the fetus exposed to cyto-
toxic chemotherapy in addition to teratogenicity, death, and
stunted growth.69 Anemia, leukopenia, and thrombocytopenia
may occur in the fetus as a result of bone marrow suppression
and leukopenia, or immune suppression may lead to second-
ary infection.55 Timing of chemotherapy in relation to the
anticipated delivery must be carefully assessed. Deliveries
should occur when the mother is not bone marrow suppressed.
Breastfeeding is discouraged in patients who are receiving
cytotoxic chemotherapy, although the data supporting this are
weak.69 To date, there have been no reports of children devel-
oping leukemia after in utero exposure to chemotherapeutic
agents.
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Table 53.2 Chemotherapeutic agents and reported associated anomalies by trimester.

Chemotherapeutic agents Mechanism of action Reported significant
anomalies by trimester*

1st 2nd 3rd

Alkylating agents
Melphalan, chlorambucil, cyclophosphamide, triethylene Cell-cycle nonspecific; forms cross Yes† No No

thiophosphoramide, cisplatin, carboplatin, carmustine linkages with DNA
(BCNU), chloroethylcyclohexyl nitrosourea, 
methyl-CCNU, busulfan

Antimetabolites
Amethopterin (methotrexate),‡ aminopterin, 5-fluorouracil,‡ Cell-cycle specific; structural analogue Yes$ No No

cytosine arabinoside, 6-thioguanine, 5-azacytidine, of precursor purine and 
hydroxyurea, hexamethylmelamine, l-asparaginase pyrimidine bases; lead to

nonfunctional DNA and cell death
Antibiotics
Actinomycin D, doxorubicin, daunorubicin, bleomycin, Cell-cycle nonspecific; interferes with No No No

mitomycin C, mithramycin DNA-dependent RNA synthesis;
cell death from lack of RNA and
an inability to produce cell proteins

Vinca alkaloids
Vincristine, vinblastine, etoposide (VP-16), teniposide Cell phase specific Yes No No

(VM-26)
Glucocorticoids
Cortisone, prednisolone, prednisone, methylprednisolone, Inhibition of DNA, RNA, and protein Yes¶ No No

dexamethasone synthesis

*Reports of anomalies are limited and should be viewed with caution.

†Chlorambucil syndrome: renal aplasia, cleft palate, skeletal abnormalities.

‡Abortifacients in first trimester.

$Aminopterin syndrome: cranial dysostosis, hypertelorism, anomalies of the external ears, micrognathia, cleft palate.

¶Cleft lip, cleft palate.
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Assessing fetal maturity

The early delivery of a child has been incorporated into the
management strategy in treating pregnant cancer patients.
This strategy requires that sophisticated newborn special care
units be available for maintaining premature infants. The sur-
vival rate for infants treated in the Newborn Special Care Unit
at Yale–New Haven Children’s Hospital for the years 1994
through 2003 is presented in Fig. 53.2. The data presented are
typical of those reported from newborn intensive care units in
the United States.

Antenatal corticosteroid therapy has been shown to
decrease complications related to organ immaturity such as
respiratory distress syndrome, intraventricular hemorrhage,
and necrotizing enterocolitis. They are most effective if deliv-
ery occurs from 1 to 7 days after the initiation of therapy. Tests
of fetal lung maturity, such as the lecithin/sphingomyelin (L/S)
ratio, are important in determining the timing of delivery.70

Cervical cancer

Invasive cervical cancer is on the decline in the United States.
Effective Pap smear screening techniques in combination with
colposcopy for directed biopsies have allowed physicians to
recognize the presence of malignancy early and to treat
patients with simple office procedures. Although the decline
in invasive cancer is evident in the United States, an increase
in cervical intraepithelial neoplasia (CIN) has occurred as a
result of widescale cytologic screening.71,72 The cervix remains
the most common site for precancerous and cancerous changes
in pregnancy (see Table 53.1 and Fig. 53.1). Epidemiologic
studies suggest that women who develop CIN and invasive
cancer in pregnancy tend to be married at an earlier age, have

an earlier age of diagnosis of CIN and invasive cancer, and
have a higher parity than a control population.73–75 The most
common histologic types of cancer occurring in the cervix are
squamous cell. Four case reports of a small cell neuroen-
docrine carcinoma arising in the uterine cervix in pregnancy
have been reported.76

Cervical intraepithelial neoplasia

The presence of CIN in pregnancy is usually identified by Pap
smear and confirmed by colposcopically directed biopsies. It
is the policy at Yale–New Haven Hospital to use colposcopy
to evaluate patients with abnormal Pap smears in pregnancy
and to limit the biopsy to the site that has the worst colpo-
scopic appearance. In general, colposcopy will show the entire
transformation zone, as the squamocolumnar junction tends
to be present well out on the exocervix during pregnancy.
Cone biopsies of the cervix are avoided, as they are associated
with hemorrhage, abortion, and premature labor.77 It has been
a successful policy at Yale–New Haven Hospital to biopsy the
worst colposcopically identified site and, if the cervical biopsy
and Pap smear are consistent, to follow the patient through-
out the pregnancy with Pap smears every 3 months. Patients
are reevaluated at approximately 36 weeks’ gestation with
repeat colposcopy and Pap smears to be as certain as possible
that the lesion has not progressed. Cotton-tip applicator sticks
are used to obtain endocervical cytologic specimens in preg-
nancy. The preference for the cotton-tip applicator stick is to
avoid disrupting the fetal membranes with the wire-like tip of
the cytobrush. Adenocarcinomas arising in association with
carcinoma in situ of the exocervix are easily visualized in preg-
nancy and may be readily biopsied.77 In the 30 years that this
policy has been practiced, only one case of a stage IB cancer
of the cervix has occurred in a patient initially assessed to have
a precancerous lesion. That patient was recognized at delivery
to have an invasive lesion and was subsequently successfully
managed with a type III radical hysterectomy and bilateral
deep pelvic lymphadenectomy.

If the assessment at 36 weeks remains consistent with CIN,
the patient and her physician are advised that the patient may
deliver vaginally. No attempt is made routinely to perform
Cesarean hysterectomies in the management of CIN if further
pregnancies are desired. Assessment of precancerous changes
can be readily carried out 8–12 weeks following delivery.

Microinvasive cancer of the cervix

Microinvasive cancer of the cervix is defined as a lesion that
has only microscopically penetrated through the basement
membrane. The current International Federation of Gynecol-
ogy and Obstetrics (FIGO) staging system is seen in Table
53.3. Confirmation of the presence of stage IA1 or stage IA2
microinvasive cancer is important in distinguishing it from
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Figure 53.2 Newborn special care unit survival statistics, Yale–New
Haven Hospital.
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frankly invasive cancer. In general, patients with microinva-
sive cancer identified by abnormal Pap smears should undergo
routine colposcopic assessment. The confirmation of the
extent of disease is extremely important in pregnancy and may
require a more extensive biopsy in the form of a hemicone
biopsy or a cone biopsy of the cervix. If surgical margins are
histologically free of disease on the cervical biopsy, patients
may safely continue with the pregnancy as long as they are
willing to be assessed with frequent Pap smears and col-
poscopy. Stage IA2 patients have more extensive microinva-
sive cancer. Once again, the issue is related to the margins of
the biopsy used to establish the diagnosis and the patient’s
desire to preserve the pregnancy and her fertility. Those
patients with stage IA1 microinvasive cancer who wish to
undergo prompt therapy are usually successfully managed
with a simple hysterectomy and leaving the ovaries in place.
Those with stage IA2 cervical cancer are recommended to
undergo a type II modified radical hysterectomy. Patients who
wish to have definitive surgery performed following comple-
tion of pregnancy may be delivered vaginally with a subse-
quent hysterectomy (stage IA1) or may be delivered by
Cesarean section followed by modified radical hysterectomy
(stage IA2).

Invasive cancer

The identification of invasive cancer of the cervix requires
prompt treatment, except for patients in the late second or

third trimester, when one may briefly delay therapy until fetal
viability is established. Sood et al.78 reported on 11 women
with cervical cancer diagnosed in pregnancy who underwent
surgical treatment in the third trimester with a mean planned
delay in therapy of 16 weeks. None of these patients experi-
enced a recurrence. Patients with stage IB and stage IIA cer-
vical cancer recognized in the first trimester of pregnancy are
routinely recommended to be treated with a type III radical
hysterectomy and bilateral deep pelvic lymphadenectomies.
This approach affords the patient the opportunity to preserve
ovarian function and have a more pliable vagina compared
with patients treated with radiation therapy.

Patients with more advanced cervical cancer are routinely
recommended to be treated with radiation therapy concurrent
with weekly cisplatin.79–81 External beam radiation therapy
has generally been employed first and will induce spontaneous
abortion. Intracavitary radiation follows completion of the
external beam radiation regimen. Radiation therapy is a
known abortifacient when treating pelvic malignancies. Abor-
tion following initiation of radiation exposure occurs more
rapidly in the first trimester than in the second.82 In general,
the plan of management at Yale–New Haven Hospital for cer-
vical cancer is to use external beam radiation first and not to
attempt to deliver the fetus prior to initiation of therapy. There
are no data to suggest that delivering the fetus through an irra-
diated cervix affects the course of the disease. However, 13
pregnant women with squamous cell carcinoma who delivered
vaginally were subsequently diagnosed to have the same type
of malignancy in episiotomy sites.83,84
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Table 53.3 International Federation of Gynecology and Obstetrics (FIGO) cervical cancer staging classification.

0 Carcinoma in situ, intraepithelial carcinoma; cases of stage 0 should not be included in any therapeutic statistics for invasive carcinoma
I Carcinoma is strictly confined to the cervix (extension to the corpus should be disregarded)
Ia Preclinical carcinoma of the cervix, i.e., those diagnosed only by microscopy
Ia1 Minimal microscopically evident stromal invasion
Ia2 Lesions detected microscopically that can be measured; the upper limit of the measurement should not show a depth of invasion of

more than 5 mm taken from the base of the epithelium, either surface or glandular, from which it originates; a second dimension,
the horizontal spread, must not exceed 7 mm; larger should be staged as Ib

Ib Lesions of greater dimension than stage Ia2, whether seen clinically or not; preformed space involvement should not alter the staging
but should be specifically recorded so as to determine whether it should affect treatment decisions in the future

II Carcinoma extends beyond the cervix but has not extended onto the pelvic wall; the carcinoma involves the vagina, but not as far as the 
lower third

IIa No obvious parametrial involvement
IIb Obvious parametrial involvement
III Carcinoma has extended onto the pelvic wall; on rectal examination there is no cancer-free space between the tumor and the pelvic wall;

the tumor involves the lower third of the vagina; all cases with a hydronephrosis or nonfunctioning kidney should be included, unless
they are known to be due to another cause

IIIa No extension onto the pelvic wall, but involvement of the lower third of the vagina
IIIb Extension onto the pelvic wall or hydronephrosis or nonfunctioning kidney
IV Carcinoma has extended beyond the true pelvis or has clinically involved the mucosa of the bladder or rectum
IVa Spread of the growth to adjacent organs
IVb Spread to distant organs

Reprinted from Staging Announcement: FIGO Cancer Committee. Gynecol Oncol 1986;25:383, with permission.
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Advanced stage cervical cancer has a particularly poor
response to standard radiation therapy. A major effort in the
past few years has resulted in the development of neoadjuvant
chemotherapy protocols for the management of such disease.85

It may be appropriate to consider a role for neoadjuvant
chemotherapy in the management of locally advanced cervi-
cal cancer, particularly in situations where definitive treatment
will be excessively delayed in order for the fetus to reach via-
bility. In reviewing the 5-year survival for pregnant women
with stage I and II cancers treated in pregnancy compared with
those patients not pregnant at diagnosis, the survivals were
74.5% and 47.8%, respectively, compared with 76.5% and
55% for overall 5-year survival in the FIGO annual report.86

Stage III and IV disease did worse in pregnancy, with 16.2%
compared with 27.9% survival in the FIGO annual report.86

The treatment for cervical cancer remains unsatisfactory in the
advanced stages, particularly in pregnancy, and bold new ini-
tiatives will be necessary for managing this common cancer in
pregnant women.

Breast cancer

Breast cancer may be difficult to diagnose during pregnancy
and lactation due to the anatomic changes in the breast
parenchyma associated with the preparation for lactation.
Only 3% of breast cancers occur during pregnancy, but it is
the second most common site for invasive cancer in a preg-
nant woman.87

Pregnancy-associated cancers are defined as those diagnosed
simultaneously or within 1 year after pregnancy. A number of
studies have demonstrated that breast cancer presents at a
more advanced stage because of the delay in diagnosis.81,88–90

The median duration of symptoms before treatment is
15 months in the pregnant patient compared with 9 months
in nonpregnant premenopausal women.91

The breasts should be examined at the first prenatal visit
and thereafter if there have been any concerns noted either by
the patient or by the physician during the initial examination.
With rare exceptions, any mass discovered during pregnancy
should be evaluated.

An ultrasound evaluation may be helpful. If the mass is
obvious, a fine needle aspiration (FNA) can be performed.92

For most patients, an open biopsy on a day surgery basis
under local anesthesia is appropriate. Sedation is not neces-
sary and, therefore, there is no risk to the developing fetus.
Because of the increased engorgement and vascularity during
pregnancy, absolute hemostasis must be achieved, and a pres-
sure dressing should be applied and left in place for 48 h.
Open biopsy can also be performed during lactation. The
breasts are emptied early in the morning of the day of surgery,
and the procedure is again performed under local anesthesia.
A pressure dressing is left in place for a few hours. Temporary
leakage may occur during breastfeeding, but this soon 
disappears.

Biopsy material should be sent to the pathologist in a fresh
state, and the tissue should be submitted for estrogen and
progestin receptor analysis as well as DNA studies. Steroid
hormone receptors may not be detected during pregnancy.
Pregnancy, in fact, may depress levels of detectable estrogen
and progestin receptors, resulting in a false-negative study
because high circulating levels of estrogen and progesterone
hormones associated with pregnancy result in many more
occupied receptor sites.93

Earlier studies of breast cancer diagnosed during pregnancy
uniformly suggested a poor prognosis. Data now show a
similar prognosis for breast cancer patients who are pregnant
compared with their nonpregnant counterparts when con-
trolled for stage.94–98 Other studies have noted that younger
women with shorter intervals from pregnancy to cancer diag-
nosis appear to have a poorer prognosis.88 Guinee et al.99 eval-
uated 407 women younger than 30 years of age and found
that those cancer patients who were diagnosed during preg-
nancy had a significantly greater risk of dying from breast
cancer than those who had never been pregnant. When
adjusted for tumor size and axillary node status, the risk was
reduced only slightly.97 The authors concluded that concurrent
or recent previous pregnancy adversely affects survival of
breast cancer in young women. Chung et al.100 evaluated 6571
breast cancer patients in Rhode Island and divided them into
age groups of 10-year intervals. These researchers concluded
that women 40 years of age and younger had a worse 5-year
cancer-specific survival rate compared with their older 
counterparts, except in stage I breast cancers (Table 53.4).
Anderson et al.101 conducted a retrospective analysis of young
women (younger than 30 years of age) and observed them
throughout 20-year intervals. Improved survival rates were
found in patients treated during the “modern era,” probably
as a result of less extensive surgical procedures and the intro-
duction of cytotoxic chemotherapy.101

Once the diagnosis of carcinoma has been confirmed,
prompt treatment is essential. During the first trimester, mod-
ified radical mastectomy is the treatment of choice. Breast con-
servation treatment poses several problems including potential
fetal injury from the effects of radiation.102 If the patient insists
on breast conservation, wide local excision and axillary dis-
section may be performed and radiation postponed until after
delivery. The alternative is termination of the pregnancy and
immediate institution of radiation therapy.

During the third trimester, it may be more reasonable to
complete local treatment, i.e., wide local excision and axillary
dissection, and to delay radiation therapy until after delivery.
If the patient chooses modified radical mastectomy, this can
be delayed until after delivery if the cancer was diagnosed
during the third trimester. Appropriate tests should be
obtained to insure maturity of the fetus before delivery. The
role of sentinel node evaluation during pregnancy needs to be
defined.

If axillary dissection reveals lymph node involvement, adju-
vant therapy must be considered. This is standard treatment
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for node-positive premenopausal patients and may be consid-
ered in selected node-negative patients. Biologic response
modifiers have been administered in pregnancy without
adverse effects.103–106

The final decision whether to use adjuvant chemotherapy
rests with the patient after she has received appropriate coun-
seling. In cases of locally advanced cancer, the decisions are
even more difficult because chemotherapy and radiotherapy
may be required for palliation. In this situation, pregnancy

termination would be recommended. This is a difficult deci-
sion, and there are no absolutely correct answers. In most of
these patients, life expectancy is severely limited, and a frank
discussion of the issues involved is imperative.

With prompt diagnosis and appropriate treatment, many
patients survive the disease and desire further pregnancies.
Most recurrences of breast cancer appear within the first
2 years, and pregnancy should be avoided during this period.
Some studies have shown no adverse effect of a subsequent
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Table 53.4 International Union Against Cancer and the American Joint Commission on Cancer Staging and End Results Reporting breast
cancer staging classification.

T Primary tumors
T1 Tumor 2 cm or less in its greatest dimension

a. No fixation to underlying pectoral fascia or muscle
b. Fixation to underlying pectoral fascia or muscle

T2 Tumor more than 2 cm but not more than 5 cm in its greatest dimension
T3 Tumor more than 5 cm in its greatest dimension

a. No fixation to underlying pectoral fascia or muscle
b. Fixation to underlying pectoral fascia or muscle

T4 Tumor of any size with direct extension to chest wall or skin
Note: chest wall includes ribs, intercostal muscles, and serratus anterior muscle, but not the

pectoral muscle
a. Fixation to chest wall
b. Edema (including peau d’orange), ulceration of the skin of the breast, or satellite skin 

nodules confined to the same breast
c. Both of the above (a and b)
d. Inflammatory carcinoma

Dimpling of the skin, nipple retraction,
or any other skin changes except those
in T4b may occur in T1, T2, or T3 
without affecting the classification

N Regional lymph nodes
N0 No palpable homolateral axillary nodes
N1 Movable homolateral axillary nodes

a. Nodes not considered to contain growth
b. Nodes considered to contain growth

N2 Homolateral axillary nodes containing growth and fixed to one another or to other structures
N3 Homolateral supraclavicular or infraclavicular nodes containing growth or edema of the arm
M Distant metastasis
M0 No evidence of distant metastasis
M1 Distant metastasis present, including skin involvement beyond the breast area

Clinical stage grouping
Stage I T1a or T1b N0 or N1a M0
Stage II T0 N1b M0

T1a or T1b N1b M0
T2a or T2b N0, N1a, or N1b M0

Stage III T1a or T1b N2 M0
T2a or T2b N2 M0

T3a or T3b N0, N1, or N2 M0
Stage IV T4 Any N Any M

Any T N3 Any M
Any T Any N M1

Reprinted from DeVita VT Jr, Hellman S, Rosenberg SA, eds. Cancer: principles and practice of oncology, 3rd edn. Philadelphia, PA:
Lippincott–Raven, with permission.
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pregnancy even in patients with positive nodes or patients in
whom pregnancy occurred earlier than 2 years after comple-
tion of treatment.107–111 Abortion has not improved survival.108

Ovarian cancer

Most ovarian cancers complicating pregnancy are either bor-
derline malignant potential epithelial cancers or germ cell
malignancies. Invasive epithelial cancers are rare in pregnancy,
and sex cord–stromal tumors occur extremely infrequently. It
can be expected that the incidence of ovarian neoplasms rec-
ognized in pregnancy will increase with the routine use of
diagnostic ultrasound in pregnancy. As a result, more patients
are now being seen in our institution with ovarian masses. A
recent series of adnexal masses reported from the Yale–New
Haven Hospital suggests that ultrasound evaluation is a very
successful way of assessing the nature of an ovarian tumor.112

MRI is useful in further delineating the nature of the ovarian
neoplasm.112,113 Our experience suggests, however, that for
most patients an ultrasound assessment of an adnexal mass is
likely to establish the benign nature of the lesion, with MRI
being used in those patients in whom the ultrasound findings
are equivocal or the lesion cannot be distinguished from a
uterine neoplasm, in particular a uterine leiomyoma.112 Figure
53.3 demonstrates an MRI confirming a uterine fibroid that
was ultrasonographically indistinguishable from an ovarian
tumor associated with a 15-week pregnancy. Figure 53.4
demonstrates a benign cystic teratoma diagnosed in pregnancy
by MRI techniques.

Ovarian malignancies occurring in pregnancy are estimated
to complicate 1 in 9000 to 1 in 25 000 pregnancies.114 Ovarian

neoplasms are usually observed in the first trimester and are
operated upon in the second trimester. These lesions tend to
be asymptomatic when recognized. However, torsion is a rel-
atively frequent presentation for a germ cell malignancy of the
ovary and requires prompt surgical intervention. Simple cysts
of the ovary may be followed with serial ultrasound exami-
nations until the cysts resolve. Lesions greater than 6 cm in
diameter, complex cysts (i.e., cysts containing both solid and
cystic elements), and solid tumors are the usual indications for
operative intervention in pregnancy. Figure 53.5 demonstrates
a complex ovarian cyst that proved to be a mucinous carci-
noma of the ovary. Germ cell ovarian malignancies occur 
relatively infrequently in younger women, but must be 
considered in the differential diagnosis of solid or solid and
cystic pelvic masses occurring in pregnancy.115 The more
rapidly growing tumors (i.e., the endodermal sinus tumors and
embryonal carcinoma) may be associated with hemorrhage
and necrosis, giving a rather inhomogeneous appearance to
the mass on ultrasound or MRI scans. Elevated levels of cir-
culating tumor markers may help to distinguish germ cell
tumors from other ovarian neoplasms. However, elevated α-
fetoprotein (AFP) and β-hCG titers are routine in pregnancy,
and such assays may be more confusing than informative in
the preoperative evaluation of patients with pelvic masses.
Similarly, serum lactic dehydrogenase (SLDH) and other liver
enzyme levels may be elevated in nonpregnant women with
solid adnexal tumors that prove to be dysgerminoma.116

However, SLDH and other liver enzymes may be elevated in
the pregnant state unrelated to the presence of a dysgermi-
noma. CA 125, an antigenic determinant made by approxi-
mately 80% of ovarian cancers, may be elevated in early
pregnancy for reasons unrelated to the presence of a 
malignancy.117–119

In general, surgical management of ovarian neoplasms
occurring in pregnancy is delayed until the second trimester,
provided the patient is asymptomatic and the tumor is not sus-
picious for malignancy by diagnostic imaging techniques.
Symptomatic patients and patients with tumors suspicious for
malignancy should promptly undergo surgery to diagnose and
initiate the treatment of the cancer.

Surgical staging

Surgical staging for ovarian cancer in pregnancy should be the
same as that recommended for surgical staging in the non-
pregnant state. However, the pregnant uterus makes assess-
ment of the retroperitoneum much more difficult. A vertical
incision should be used. On entering the abdomen, any free
fluid should be aspirated and sent for cytology. If no free fluid
is present, washings of the paracolic spaces, the pelvis, and
subdiaphragmatic spaces should be obtained. The ovarian
lesion should then be removed and sent for frozen section his-
tologic analysis. Every effort should be made to remove the
tumor intact. The remaining ovary should be carefully
inspected and biopsied. Any peritoneal abnormalities should

970

Figure 53.3 Uterine leiomyoma, T2-weighted sagittal magnetic
resonance image. The low signal intensity of this well-circumscribed
mass (large arrows) and origin from the posterior wall of the gravid
uterus (small arrows) permit a confident diagnosis of a uterine
leiomyoma. (Courtesy of Dr. R. Kier.)
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be sampled. Any retroperitoneal nodularities should also be
sampled. Sampling of periaortic lymph nodes should be
attempted. This can be the most difficult part of the procedure
in pregnancy because of the bulk of the gravid uterus. It is
inappropriate to remove both ovaries when a germ cell
ovarian malignancy is diagnosed by frozen section techniques.
The most common neoplasm in the contralateral ovary of a
woman with a germ cell malignancy is a benign cystic ter-
atoma. However, if both ovaries are involved with malignant
growths and the patient is in the second trimester of preg-
nancy, each ovary should be removed, as the pregnancy will

sustain itself in the second and third trimesters without ovaries
being present.77 Germ cell ovarian malignancies are almost
invariably unilateral. Removing the contralateral ovary does
not affect prognosis for the patient. Recent evidence suggests
that occult dysgerminomas may be present in a grossly normal
contralateral ovary.120 In such a circumstance, it is not neces-
sary to remove the entire ovary. Nonpregnant women with
microscopic dysgerminoma in the contralateral ovary have
subsequently been treated with chemotherapy and have gone
on to conceive normal healthy children. The current FIGO
staging system for ovarian cancer is presented in Table 53.5.

971

A

C

B

Figure 53.4 Mature cystic teratoma of the left ovary. (A) Coronal T1-
weighted magnetic resonance image demonstrates a left ovarian mass (small
arrows) next to the gravid uterus (large arrows). High signal intensity on
T1-weighted images is consistent with the presence of fat within the tumor.
(B) T2-weighted axial image again demonstrates the fatty component of the
tumor (small arrow) floating above fluid (large arrow). On T2-weighted
images, the fat becomes of intermediate signal intensity, whereas the serum
becomes high signal intensity. (C) Axial T1-weighted image demonstrates
the left ovarian mass next to the gravid uterus. Fat floats in the
nondependent portion of the mass (small arrow), whereas fluid within the
mass (large arrow) is dependent within the mass. (Courtesy of Dr. R. Kier.)
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Epithelial ovarian cancer

Borderline malignant potential tumors are the most common
epithelial ovarian cancers in pregnancy.121 Patients with stage
IA and IB borderline malignant potential tumors are ade-
quately treated with surgery alone. More advanced stage
ovarian borderline malignant potential tumors are also treated
surgically, chemotherapy being reserved only for the unusual
group of patients with invasive metastases in association with
borderline malignant potential tumors of the ovary.122

Patients found to have stage I invasive cancers of the ovary
are generally managed conservatively, and the pregnancy is
allowed to go to term. Recent data suggest that, in a non-
pregnant state, patients with stages IA and IB, grades 1 and
2, epithelial cancers of the ovary are adequately treated with
surgery alone.123 Additional adjuvant chemotherapy appears
to play no significant role in improving a very high disease-
free survival. Once the cancer is more advanced than stage 
IB, aggressive cytoreductive surgery is necessary. In general, 
a total abdominal hysterectomy and bilateral salpingo-
oophorectomy, omentectomy, and para-aortic and pelvic
lymph node sampling, and resection of all gross tumor 
is recommended in early-stage ovarian cancer. The patient 
is subsequently treated with platinum-based combination
chemotherapy.

Recent studies with germ cell ovarian malignancies suggest
that platinum-based chemotherapy may be given successfully
in the second and third trimester prior to the fetus reaching
viability.124 Such a strategy may be employed for common
epithelial cancers as well, first recognized to be present in the
second and third trimesters of pregnancy. Malfetano and
Goldkrand125 treated one patient successfully with cisplatin-
based chemotherapy after conservative surgery at 16 weeks’
gestation confirmed the presence of an advanced-stage epithe-
lial ovarian cancer. That patient went on to a vaginal delivery
and a postpartum laparotomy that revealed no evidence of
persistent cancer. In turn, Buckley et al.126 reported on a preg-
nant woman with an advanced ovarian cancer in a pregnancy
complicated by human immunodeficiency virus (HIV) infec-
tion who failed to respond to cytoreductive surgery and 
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Table 53.5 International Federation of Gynecology and Obstetrics (FIGO) ovarian cancer staging classification.

I Growth limited to the ovaries
Ia Growth limited to one ovary; no ascites; no tumor on the external surface; capsule intact
Ib Growth limited to both ovaries; no ascites; no tumor on the external surfaces; capsule intact
Ic Tumor either stage Ia or Ib, but with tumor on the surface of one or both ovaries; or with the capsule ruptured; or with ascites 

containing malignant cells; or with positive peritoneal washings
II Growth involving one or both ovaries with pelvic extension
IIa Extension, metastases, or both to the uterus, tubes, or both
IIb Extension to other pelvic tissue
IIc Tumor either stage IIa or IIb but with tumor on the surface of one or both ovaries; or with the capsule ruptured; or with ascites 

present containing malignant cells; or with positive peritoneal washings
III Tumor involving one or both ovaries with peritoneal implants outside the pelvis and/or positive retroperitoneal or inguinal nodes;

superficial liver metastases equals stage III; tumor is limited to the true pelvis but with histologically proven malignant extension to
the small bowel or omentum

IIIa Tumor grossly limited to the true pelvis with negative nodes but with histologically confirmed microscopic seeding of abdominal
peritoneal surfaces

IIIb Tumor involving one or both ovaries with histologically confirmed implants of abdominal peritoneal surfaces, none exceeding 2 cm 
in diameter; nodes are negative

IIIc Abdominal implants greater than 2 cm in diameter and/or positive retroperitoneal or inguinal nodes
IV Growth involving one or both ovaries with distant metastases. If pleural effusion is present, there must be positive cytology to allot a

case to stage IV; parenchymal liver metastasis equals stage IV

Reprinted from Staging Announcement: FIGO Cancer Committee. Gynecol Oncol 1986;25:383, with permission.

Figure 53.5 Mucinous carcinoma of the ovary. Sagittal
ultrasonogram demonstrates a complex ovarian mass (arrows)
posterior to the lower uterine segment of the gravid uterus.
(Courtesy of Dr. M. G. Tompkins.)
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cytotoxic chemotherapy and who died within 13 months of
her cancer diagnosis.

Germ cell ovarian malignancies

Germ cell ovarian malignancies are infrequently occurring
tumors that present in women in their second and third
decades of life. The dysgerminoma is the most common 
malignancy in pregnancy.127 Management of dysgerminoma
requires removal of the primary tumor and careful surgical
staging, as described earlier. Dysgerminomas are the only germ
cell malignancies of the ovary to frequently (5–15%) involve
both ovaries. Thus, biopsying the contralateral ovary is appro-
priate even if it appears to be grossly normal. Dysgerminomas
also have a tendency to spread to the para-aortic nodes. Every
effort should be made to sample the para-aortic lymph nodes
surgically at the time of the extirpation for the dysgerminoma.

Dysgerminomas are exquisitely sensitive to radiation
therapy and chemotherapy.115 Vincristine, actinomycin D, and
cyclophosphamide (VAC) and bleomycin, etoposide, and plat-
inum (BEP) are extremely effective regimens for the manage-
ment of dysgerminomas.128 Stage IA dysgerminoma may be
treated very effectively with surgery alone.115 Advanced-stage
dysgerminoma should be treated with postoperative
chemotherapy.115 Pregnant women should be given the chance
to maintain the pregnancy if a dysgerminoma is present.
Chemotherapy may be given in the second or third trimesters.
BEP and VAC chemotherapy regimens require only short-term
administration and are given every 3–4 weeks. A Cesarean
section is used to deliver the fetus at the time of fetal viabil-
ity. A second-look procedure may also be performed at that
surgery. The endodermal sinus tumor is the most virulent of
all the germ cell ovarian malignancies. It was associated with
a 2-year survival of 12–19% in the prechemotherapy era. Our
current recommendation for this disease is the BEP regimen.

Other germ cell malignancies include the embryonal carci-
noma, the immature teratoma, choriocarcinoma, and mixed
germ cell tumors. Their management is based on both the
stage of disease and the presence or absence of circulating
oncofetal proteins that can be used as markers for response to
therapy. In general, these malignancies require aggressive
therapy in the form of resection of all viable tumor followed
by intense combination chemotherapy.115 Pregnant women
found to have these tumors in the second and third trimesters
of pregnancy should be offered the opportunity of receiving
chemotherapy during pregnancy as a way of being treated and
not terminating the pregnancy. Christman and colleagues129

have reported a patient with a stage IC, grade 3, immature
teratoma who was successfully treated with a unilateral 
salpingo-oophorectomy at 15 weeks’ gestation and one course
of cisplatin, vinblastine, and bleomycin in her 19th week of 
gestation.129 The patient delivered a normal term infant,
received four more cycles of therapy postpartum, and is alive
and well 61 months from diagnosis. The child has developed
normally.

Sex cord–stromal tumors

Sex cord–stromal tumors are rare tumors that may complicate
pregnancy. The granulosa theca cell tumor is the most
common member of this category and is associated with estro-
gen production.130 The Sertoli–Leydig cell tumor is rare and is
associated with androgen production. Young and colleagues131

reported on 36 sex cord–stromal tumors diagnosed in preg-
nancy. Treatment was limited to removing the tumor. Only one
of these patients has subsequently recurred. Advanced-stage
sex cord–stromal tumors require more aggressive chemother-
apy. Our current recommendation in the nonpregnant state is
a carboplatin and paclitaxel combination.

Hodgkin’s disease

Hodgkin’s disease generally occurs during the reproductive
years, the peak incidence being between the ages of 18 and
30 years.132 It is estimated that one-third of women with
Hodgkin’s disease are pregnant or have delivered within 1 year
of the diagnosis.133,134 As with almost all malignancies associ-
ated with pregnancy, Hodgkin’s disease has not been reported
to be affected by the pregnancy.135–137 It is a disease that is
extremely sensitive to therapy. The cure rate for localized
disease treated with radiation therapy is 80%, and patients
with advanced disease treated with chemotherapy can antici-
pate a long-term disease-free survival of 65%.138,139 Peripheral
lymphadenopathy is the most common presenting symptom
for patients with Hodgkin’s disease. Between 60% and 80%
of Hodgkin’s disease patients have enlarged cervical lymph
nodes. In addition, patients may be asymptomatic or may have
a history of fever, night sweats, weight loss, malaise, and 
pruritus.140

Selection of local radiation or systemic chemotherapy is
based on the staging system (Table 53.6). Staging studies rec-
ommended for a patient with Hodgkin’s disease are done in
an attempt to identify extranodal disease. Pregnant women
may undergo ultrasound or MRI studies of the liver, spleen,
and retroperitoneal lymph nodes to avoid the hazard of diag-
nostic imaging radiation exposure to the fetus. Strategies for
treating patients with stage I and stage II Hodgkin’s disease
are usually radiotherapeutic, with reported 5-year survivals of
89% and 67% respectively.140 Radiation is the only modality
necessary for patients with stage IIIA lymphocyte-predomi-
nant or nodular-sclerosing Hodgkin’s disease. Stage IIIA
disease with other histologic types is treated with radiation
and combination chemotherapy. More advanced disease is
treated with combination chemotherapy.141

The standard mantle field for midline mediastinal radiation
to doses of 4000 rad results in fetal exposure to a degree that
is greater than acceptable.142 It has been recommended that,
in the first trimester of pregnancy, the fetus should not be
exposed to more than 10 rad (0.1 cGy). Internal radiation
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scatter from standard mantle fields cannot be shielded and
would result in a greater exposure rate to the fetus than the
dose recommended for continuation of the pregnancy.141

Patients with pelvic disease or disease localized to the inguinal
or abdominal region should undergo therapeutic abortion
prior to radiation therapy. Similar disease first recognized in
the third trimester would be treated with localized radiation
therapy once fetal maturity was achieved and the infant deliv-
ered. Patients found to have rapidly progressing disease rou-
tinely receive chemotherapy, with the decision for initiating
treatment based on the trimester of pregnancy and the
patient’s desires.

Advanced (stage III and stage IV) Hodgkin’s disease has
been successfully treated with the MOPP regimen – Mustar-
gen (nitrogen mustard), Oncovin (vincristine), procarbazine,
and prednisone.140 Eighty-one percent of patients in the
National Cancer Institute series with previously untreated
stage III and stage IV disease were successfully managed with
only 6 months of treatment.139 The role for chemotherapy in
the management of Hodgkin’s disease in the first trimester of
pregnancy is only beginning to become defined.137 Therapeu-
tic abortion should be offered to those patients in the first 
half of pregnancy who are unwilling to accept an increase 
in risk of adverse fetal outcome potentially attributable to
treatment.

Non-Hodgkin’s lymphoma

Fewer than 50 cases of non-Hodgkin’s lymphomas during
pregnancy have been published.54,140,143 The mean age of
patients with non-Hodgkin’s lymphoma is 42 years, suggest-
ing that most patients are past their childbearing years or are

in a subfertile period of their reproductive life. The most
important prognostic features for non-Hodgkin’s lymphoma
are the histologic type and the stage of disease.141 Non-
Hodgkin’s lymphomas tend to be widely disseminated at the
time of diagnosis and therefore require less elaborate staging
than Hodgkin’s disease. Breast and ovarian involvement is 
frequent, and breast metastases have a particularly bad 
prognosis.144,145

Localized non-Hodgkin’s lymphoma is treated with radia-
tion and has a 50% cure rate. Chemotherapy may also be cur-
ative in this disease.146 Disseminated nodular lymphoma and
chronic lymphocytic leukemia fall into a favorable group of
disseminated non-Hodgkin’s lymphomas. They tend to be rel-
atively indolent.141 Palliative treatment results in survivals of
about 5 years. The unfavorable types of non-Hodgkin’s 
lymphoma have a much shorter life expectancy, although
occasional complete remissions and prolonged survival with
chemotherapy have been reported.147 Because of the aggres-
sive nature of diffuse non-Hodgkin’s lymphoma, aggressive
therapy should not be delayed until fetal maturity. Aviles and
colleagues published the largest experience treating non-
Hodgkin’s lymphoma in pregnancy.54

Acute leukemia

Acute leukemia rarely complicates pregnancy, the incidence
being less than one case in 75 000 pregnancies.57,148 The
disease is usually first recognized in the second or third
trimester.149 A recent review of 72 women with leukemia in
pregnancy from 1975 to 1988 revealed that 64 (89%) had
acute leukemia. Of these 72 women, 44 had acute myeloge-
nous leukemia, 20 had acute lymphocytic leukemia, five had
chronic myelogenous leukemia, one had a hairy cell leukemia,
and two had unspecified leukemias.150 Sixteen (22%) were
detected in the first trimester, 26 (36%) were detected in the
second trimester, and 30 (42%) were detected in the third
trimester of pregnancy. Presenting symptoms are becoming
easily fatigued, bleeding diathesis, or recurrent infections 
that reflect bone marrow failure. Specific physical findings
associated with acute leukemia include sternal tenderness, 
skin pallor, petechiae, ecchymoses, and hepatosplenomegaly.
Patients with acute lymphocytic, myelocytic, or monocytic
leukemia usually have normocytic anemia, normochromic
anemia, mild to marked thrombocytopenia, and 
leukocytosis.140

Pregnancy does not influence the natural history of acute
leukemia.55,150 Substantial improvement in the survival of
women with acute leukemia in pregnancy has occurred with
the use of chemotherapy, radiation therapy, and supportive
care, including blood products, antibiotics, and autologous
bone marrow transplantation.151 Virtually all women treated
with chemotherapy in pregnancy will survive to delivery, and
87% of the fetuses will also survive.140 Intense combination
chemotherapy leads to multiple complications, including
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Table 53.6 Ann Arbor staging classification for Hodgkin’s disease.

I Involvement of a single lymph node region (I) or a single
extralymphatic organ or site (IE)

II Involvement of two or more lymph node regions on the same
side of the diaphragm (II) or localized involvement of an
extralymphatic organ or site (IIE)

III Involvement of lymph node regions on both sides of the
diaphragm (III) or localized involvement of an
extralymphatic organ or site (IIIE), spleen (IIIS), or both
(IIISE)

IV Diffuse or disseminated involvement of one or more
extralymphatic organs with or without associated lymph
node involvement. The organ(s) involved should be
identified by a symbol

A = Asymptomatic
B = Fever, sweats, weight loss >10% of body weight

Reprinted from DeVita VT Jr, Hellman S, Rosenberg SA, eds.
Cancer: principles and practice of oncology, 3rd edn. Philadelphia,
PA: Lippincott–Raven, 1989; with permission.
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severe infections secondary to bone marrow suppression and
the risk of central nervous system leukemia. The latter is
treated with whole brain radiation, intrathecal methotrexate,
or cytosine arabinoside. Hyperuricemia is usually treated with
allopurinol.152

Chronic myelocytic leukemia

Chronic myelocytic leukemia makes up 90% of the chronic
leukemias complicating pregnancy.153,154 Pregnancy does not
adversely affect the natural history of chronic myelocytic
leukemia. Treatment is palliative. Median survival is
45 months. All patients eventually die, most from an acute
blastic crisis resembling myeloblastic leukemia.141 The median
survival is less than 1 year following the development of an
acute blastic crisis.140 Eighty-five percent of chronic myelocytic
leukemia patients have a Philadelphia chromosome, a 9:22
translocation.140 Approximately 96% of pregnant women
with chronic myelocytic leukemia survive to delivery. Fetal
survival throughout the gestation is 84%.140

Melanoma

Pigment-producing melanocytes are found in the base layer of
the epidermis, the mucosa of the gastrointestinal tract, the
vagina, and the pigmented portion of the retina. Malignant
melanoma derives from such cells and, in 90% of cases, orig-
inates in the skin in pre-existing pigmented nevi.155 Malignant
melanoma localized to superficial layers of the skin is associ-
ated with a 50–80% cure rate. Lesions that have infiltrated
into the lowest third of the dermis or that have metastasized
to regional lymph nodes have a 20% cure rate.140

Pregnancy frequently induces a darkening in the appearance
of pigmented nevi, but a bluish or slightly gray appearance to
a nevus requires immediate excisional biopsy. Indeed, pig-
mented nevi that have become darker or irregular in outline
and elevated should always be promptly excised in pregnancy
under local anesthesia. Pregnancy does not change the natural
history of melanoma.156,157 McNammy and colleagues156

reported on 23 patients pregnant at the time of the diagnosis
of melanoma and were unable to show that pregnancy had
any significant influence on the survival of those patients. They
did recommend that subsequent pregnancies be avoided for
the first 3 years following excision of a malignant melanoma.
Wong and colleagues reviewed 66 patients with stage I
melanoma diagnosed during pregnancy and were unable 
to identify any significant difference between the pregnant
population and a control population with regard to the 
location of the primary tumor, the age of diagnosis, Clark’s
level, mean depth of invasion, and histologic type.157 The 5-
year survival for women with melanoma during pregnancy
and for the entire population was 86% and 87% respectively.
Thus, the pregnancy did not influence the survival of the

patients.157 Terminating a pregnancy will not initiate a remis-
sion.158 The clinical significance of estrogen receptor protein
found in malignant melanoma has yet to be established. Clin-
ical trials with an estrogen agonist–antagonist have yet to
demonstrate any benefit in the treatment of malignant
melanoma.140,159,160

Most patients with malignant melanoma present with stage
I disease, disease limited to a primary cutaneous lesion. Stage
I disease is pathologically staged according to Clark’s level of
deepest anatomic invasion or the Breslow system.161,162 Stage
I lesions are usually treated with wide local excisions. Adju-
vant immunotherapy for completely resected stage I and stage
II disease has not shown definite benefit.155 Surgery should be
performed promptly in patients with stage I and stage II
disease, whereas patients with stage III disease can only be pal-
liated. Early delivery of the fetus in the third trimester once
fetal lung maturation has been achieved should be considered
routinely for stage III patients.

Placental or fetal metastases have been reported only 16
times, with four fetal deaths due to transplacental metastases
of malignant melanoma.158 Although malignant melanoma is
the most common malignancy to metastasize to the placenta
and fetus, this is such a rare event as to preclude the recom-
mendation of pregnancy termination for the management of
the disease to avoid transplacental carcinogenesis or to induce
a remission.

Gastrointestinal cancer

Colorectal cancers

Cancers of the gastrointestinal tract rarely complicate preg-
nancy.163 There is no evidence that pregnancy changes the
natural history of colorectal cancer, the most common of 
these neoplasms.164–168 Most pregnant patients with gastroin-
testinal cancers have rectal carcinomas. Approximately 
20% of patients have carcinoma presenting in the sigmoid
colon.169 Unfortunately, diagnosis is frequently difficult in
pregnancy, and there is a considerable delay in diagnosis.
Typical presenting symptoms include severe constipation,
abdominal distention, and rectal bleeding. As most diagnoses
can be made by rectal examination, these symptoms should
be promptly evaluated. Delay in diagnosis can be associated
with intussusception, obstruction, or perforation.168 Carci-
noembryonic antigen (CEA) is routinely elevated in pregnancy
and is of little use in diagnosing colorectal cancers in the
gravid state.170

Early-stage colorectal cancers diagnosed in the first and
second trimester should be treated with prompt surgery, and
the pregnancy should be allowed to go to term.168,171 Patients
with large colorectal lesions with metastases suspected or
present have been allowed to carry the pregnancy until fetal
maturity and have then undergone a Cesarean section and
bowel resection, provided they remained relatively asympto-
matic.169 Most colorectal cancer patients are delivered 
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by Cesarean section, as labor may result in dystocia or 
hemorrhage. Lesions initially identified in the third trimester
are not usually treated until fetal maturity is achieved.171 Stan-
dard therapy for curable lesions is definitive surgery, includ-
ing standard bowel resections, low anterior resections, or
abdominal perineal resections.172

Pancreatic tumors

Pancreatic carcinoma rarely complicates pregnancy and is dif-
ficult to diagnose in the presence of pancreatitis.173,174 Three
cases of pancreatic carcinoma have been diagnosed in preg-
nancy, with the mothers dying soon after delivery.173,174

Stomach tumors

Gastric cancers rarely complicate pregnancy, and their symp-
toms are similar to those normally experienced in pregnancy,
including gastrointestinal discomfort, nausea, and vomit-
ing.175–178 Diagnosis may be made by gastroscopy, which
avoids diagnostic radiation exposure. Maeta179 reported 14
cases of gastric cancer occurring in pregnancy.

Liver tumors

Hepatocellular carcinomas are rare in women and usually
present in postmenopausal women. A literature review
revealed only 28 cases of hepatocellular carcinoma reported
through 1995.179 Hepatocellular carcinoma predominantly
occurs in males, tends to present at a later age in women, 
and decreased fertility is associated with advanced cirrhosis 
(a predisposing factor for hepatocellular carcinoma).180 One
case report of a hepatocellular carcinoma resulted in a mater-
nal death in pregnancy.181 A single case of an extrahepatic
biliary tract carcinoma complicating pregnancy has been
reported.182

Gynecologic malignancies

Uterine carcinoma

Adenocarcinoma of the endometrium is an extremely unusual
disease in pregnant women, as only 8% of endometrial cancers
have been reported to occur in women under age 40 years.183

Infertility has been a factor associated with women who
develop adenocarcinoma of the endometrium. Eleven cases 
of adenocarcinoma of the endometrium associated with 
pregnancy have been reported.184–188 The cases were generally
associated with vaginal bleeding and were found to be well-
differentiated adenocarcinomas. Only one of the patients has
died to date. Standard therapy for patients with adenocarci-
noma of the endometrium is a total abdominal hysterectomy
and bilateral salpingo-oophorectomy. One patient with a
mixed mesodermal tumor of the uterus has also been reported
from Yale–New Haven Hospital.189

Vulvar cancer

Vulvar carcinoma in situ has been increasing, according to
data from the Connecticut Tumor Registry.190 Forty percent of
patients with vulvar carcinoma in situ are under age 40 years.
Thus, it can be anticipated that more women will be diagnosed
in pregnancy to have vulvar carcinoma in situ. The manage-
ment of a vulvar lesion in pregnancy is a wide local excision.
Vulvar carcinoma in situ does not progress rapidly to invasive
cancer unless associated with an immune deficiency. Definitive
therapy in terms of a wide local excision or vulvectomy can
be delayed in most cases until after completion of the 
pregnancy.

Lutz and colleagues191 reported that 5% of women with car-
cinoma of the vulva seen at the Medical University of South
Carolina were diagnosed in pregnancy or within 2–6 months
postpartum. Invasive cancer is usually treated with a radical
vulvectomy. Recently, less extensive surgery has been quite
effective if the tumor is only superficially invasive.192 Exten-
sive vulvectomies may be performed in pregnancy, but the
current trend in the nonpregnant state is to manage microin-
vasive cancer with wide local excision.192,193

Vaginal cancer

Carcinoma of the vagina occurs infrequently and is usually 
a squamous carcinoma presenting in a peri- or post-
menopausal woman. Its management is similar to that of 
cervical cancer. Senekjian and colleagues194 reported on 20
patients who developed clear cell adenocarcinomas of the
vagina in pregnancy. These women had been exposed in utero
to diethylstilbestrol. It was noted that the pregnancy did not
have an adverse effect on clear cell carcinomas of the vagina
or cervix. Perhaps this is due to the fact that, in a previous
report, clear cell carcinomas did not have estrogen and prog-
estin receptors.195

Soft tissue sarcoma

Soft tissue sarcomas rarely complicate pregnancy. The overall
prognosis is poor. No evidence suggests that, if they were suc-
cessfully managed, subsequent pregnancies would be deleteri-
ous to the patient’s health.196,197 Osteogenic sarcoma is the
most frequent sarcoma reported in pregnancy. No survival dif-
ferences were noted in 18 cases of osteogenic sarcoma
managed in pregnancy when they were matched with non-
pregnant women for skeletal tumor location, histologic
appearance, and age.198 Therapeutic abortion has been rec-
ommended in the first trimester for patients exposed to intense
cytotoxic chemotherapy.199 However, it is usually recom-
mended that patients diagnosed in the third trimester undergo
early delivery once fetal maturity has been established.199 A
case of a Ewing’s sarcoma involving the iliac wing diagnosed
at 25 weeks’ gestation appears to have been successfully
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treated with multiagent chemotherapy in pregnancy followed
by a Cesarean section at 34 weeks’ gestation.200

Endocrine tumors

Thyroid cancer

Disorders of the thyroid gland are common in pregnancy, and
thyroid nodules are frequently diagnosed in pregnancy.201

However, the thyroid is an infrequent site for cancer to
develop in pregnancy. Tan et al.201 found three thyroid cancers
among 40 nodules assessed in pregnancy. As the population
delays childbearing, it is possible that more papillary adeno-
carcinomas of the thyroid will be diagnosed in the future, as
the peak distribution for papillary adenocarcinomas occurs in
women aged 30–34 years.202 Patients at high risk of thyroid
cancer include women exposed to radiation therapy to the
head, neck, or chest during childhood.203,204 Most cancers of
the thyroid present as solitary nodules. Most thyroid nodules
appear in the first and third trimester of pregnancy and are
benign.205

The most common type of thyroid cancer to be diagnosed
in pregnancy is the papillary carcinoma or mixed papillary fol-
licular carcinoma. Prognosis is not affected by subclinical
metastases to regional lymph nodes, which are present in
50–70% of patients. Women under age 49 years are expected
to have a 15-year survival rate of 90–95%.203,204 Anaplastic
carcinomas have fulminant courses and rarely complicate
pregnancy, as they occur most commonly in women over
50 years of age. Medullary carcinomas can occur in associa-
tion with the multiple endocrine neoplasia type II syndrome
(medullary thyroid carcinoma, pheochromocytoma, and
parathyroid adenoma), are bilateral, and have only once been
reported in pregnancy.206

Fine needle aspiration biopsies are used to diagnose 
thyroid cancer in pregnancy.201,207 Radionuclide scans are 
contraindicated in pregnancy because of the theoretical 
risk of destroying the fetal thyroid. Fine needle aspira-
tion biopsy is associated with a false-negative rate of only
6%.201,208

As the overwhelming number of thyroid cancers presenting
in pregnancy are histologically well differentiated, there is no
reason to terminate pregnancy or avoid future pregnan-
cies.209,210 Pregnancy does not appear to influence the course
of well-differentiated thyroid cancer.210,211 Thyroid suppres-
sion therapy may be administered until delivery, regardless of
the trimester in which the cancer was diagnosed.202 Patients
should undergo prompt surgery if metastases develop in
regional lymph nodes during suppression therapy or the tumor
is fixed to surrounding tissue and enlarges during suppression
therapy. A subtotal thyroidectomy is usually performed, and
131I should be administered postpartum to avoid the surgical
complication of permanent hypoparathyroidism.212 Extensive
surgery should be avoided during pregnancy, as there is a
chance of miscarriage occurring as a result.213

Patients diagnosed in the first two trimesters of pregnancy
as having a medullary carcinoma should undergo prompt total
thyroidectomy and prophylactic neck dissection, whereas
those diagnosed in the third trimester can await fetal maturity
before definitive surgery. Patients undergoing thyroidectomy
in pregnancy are recommended to receive levothyroxine post-
operatively in a dose sufficient to keep serum thyroid-
stimulating hormone (TSH) low.214

Adrenal tumors

Pheochromocytoma is the most common tumor arising in the
adrenal gland in pregnancy. In the past, it has been associated
with a high maternal mortality (58%) and fetal mortality
(55%).168 However, Harper and colleagues215 reviewed the lit-
erature from 1980 to 1987 and presented 47 cases with
pheochromocytoma diagnosed in pregnancy. The overall mor-
tality was 17% and fetal loss was 26%. MRI may be used to
confirm the presence, laterality, and location of the pheochro-
mocytoma.216 Figure 53.6 shows a pheochromocytoma diag-
nosed by MRI in a 25-week-pregnant patient. Provocative
tests should not be performed, because these might lead to
maternal fatality.217

The management of pheochromocytoma has been surgical
in the first two trimesters and delivery by Cesarean section 
followed by tumor resection in the third trimester.168

Medical management of the disease includes preoperative
adrenergic blockade with oral phenoxybenzamine, to lower
the blood pressure, and propranolol to reduce the heart 
rate and prevent arrhythmias through the adrenergic receptor
blockade.218,219 Stenstrom and Swolin220 have recom-
mended using alpha receptor-blocking agents for the treat-
ment of patients diagnosed as having pheochromocytomas 
in the second and third trimester and delaying surgery 
until fetal viability is accomplished. Armaroli and colleagues221

also reported on the successful management of a mother 
in this fashion. Lyons and Colmorgen222 managed a 
patient throughout her entire pregnancy with adrenergic
blockade.

Parathyroid carcinoma

One case of a parathyroid carcinoma complicating pregnancy
has been reported.223 That patient presented with acute pan-
creatitis at 31 weeks’ gestation, underwent a left parathy-
roidectomy, subsequently delivered a viable infant, and then
had an additional pregnancy.223

Urinary tract malignancies

Kidney tumors

Renal cell carcinoma is the most common malignancy arising
in the urinary tract in pregnancy. Tydings and colleagues224

reviewed 37 cases of renal tumors, 22 of which were renal cell
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carcinoma. Hematuria is the most common presenting
symptom. Nephrectomy with or without radiation therapy is
standard treatment.

Bladder cancers

Bladder cancers have infrequently been reported in preg-
nancy.225–227 The histologic distribution is similar to that in 
the nonpregnant state, with an overwhelming majority being
transitional cell carcinoma followed by squamous cell and
adenocarcinomas.

Central nervous system tumors

Central nervous system tumors rarely complicate preg-
nancy.228 Patients present with headaches and visual distur-
bances. MRI allows for rapid evaluation without radiation
exposure. The overall maternal mortality for patients with
central nervous system tumors is 60%. Therapeutic abortions
have been recommended for patients diagnosed in the first
trimester as having malignant brain tumors because of the
rapid course of such tumors.
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Figure 53.6 Pheochromocytoma in a pregnant
patient. The right adrenal mass (arrows) is very high
signal intensity on this T2-weighted image, consistent
with a diagnosis of pheochromocytoma. (Courtesy of
Dr. R. Kier.)

Key points

1 Medical management is the primary means of treatment
of myoma in pregnancy.

2 The hormonal changes of pregnancy, particularly the
production of human chorionic gonadotropin (hCG),
are associated with luteomas, theca-lutein cyst,
hyperreactio luteinalis, and large solitary luteinized
follicular cyst of pregnancy.

3 Radiation and chemotherapy are commonly 
employed in the routine management of cancers that
may occur in pregnancy, such as cervical cancer, breast
cancer, ovarian cancer, uterine cancer, vaginal
carcinoma, vulvar cancer, and urinary tract
malignancies.

4 Surgical staging for ovarian cancer in pregnancy should
be the same as that recommended in the nonpregnant
state. 

5 Dysgerminoma is a germ cell ovarian cancer, and is the
most common ovarian malignancy in pregnancy.

6 Sex cord–stromal tumors, such as Sertoli–Leydig cell
tumors, are rare during pregnancy.

7 It is estimated that one-third of women with Hodgkin’s
disease are pregnant or have delivered within 1 year of
diagnosis.

8 Non-Hodgkin’s lymphoma, acute leukemia,
gastrointestinal cancers, and thyroid cancers are rare
during pregnancy.
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The problem with pregnancies in
younger and older women

The optimal age for childbearing is debatable. Younger and
older maternal age are considered to be suboptimal for child-
bearing, but it is uncertain whether that adversity is due to
age itself, to biologic factors, or to socioeconomic factors. It
has been taught that older women have more complications
because of an increase in medical complications and risks from
aneuploidy. Younger parous teens have difficulties because of
socioeconomic pressures and, possibly, immature pelvises. In
Fig. 54.1, the relative risks of maternal mortality by age in the
United States from 1979 to 1986 is demonstrated by a J-
shaped distribution with slightly increased risk mortality for
those less than 20 years of age and for those beyond 24 years
of age, rising exponentially.1,2 In actual numbers, pregnancy
complications kill 70000 teenagers a year worldwide.3 At ages
greater than 40 years, risk of mortality is 8.6 times that for
women between the ages of 20 and 24 years. Additionally, low
birthweight is more closely linked with age less than 15 years
and age 40 years and older in New Jersey.4 Maternal age,
either low or high, was included among the list of high-risk
factors that Creasy and colleagues suggested using in a screen-
ing protocol to identify pregnant women at risk of preterm
delivery.5 Therefore, pregnancy for women at the extremes of
reproductive potential may be more hazardous. Physicians
should be aware when counseling patients regarding the
optimal timing of pregnancy. A realistic understanding of the
true risks and reassurances by healthcare providers would be
valuable to women in those reproductive years.

At the same time, it is important to determine whether
adverse outcomes are related to physiology, genetics, or 
psychosocial behaviors. Many epidemiologic studies have 
not been able to control for a multitude of variables such as
smoking, education, socioeconomic status, and race. Conse-
quently, only associations have been identified without direct

cause and effect relationships. Even a focused analysis of out-
comes in Nigeria suggests that poor obstetric outcomes are a
reflection of poor utilization of prenatal care rather than a bio-
logic factor from maternal age.6

The literature also contains studies from a variety of coun-
tries with a multitude of unique problems. Therefore, is the
problem of obstructed labor due to a patient’s young age or
to the inability to perform a Cesarean section, which is a
problem unique to an environment? Reported complications
in the literature worldwide may not be pertinent to the US-
based population in our current healthcare system. In this
chapter, we will discuss the primary issues pertinent to preg-
nancies complicated by teenage mothers and women over the
age of 35 years, drawing data and experience primarily from
Westernized countries’ experiences.

Adolescent pregnancies are a cost to society. Public aid pro-
grams through Aid to Families with Dependent Children,
Medicaid, Food Stamps, WIC programs, home visiting nurses,
and others increase costs; these costs add up to billions of
dollars per annum.7 Older women having pregnancies are also
a cost to society, although these mothers tend to be more
financially secure. Costs accrued to them include those related
to infertility, prenatal diagnosis, and care resulting from
medical complications such as diabetes, chronic hypertension,
and other medical illnesses. The amount is also likely to be in
the billions of dollars annually.

We as physicians should understand the scope of these prob-
lems because we will be asked for consultation. During our
routine practices, we will have opportunities to identify those
at risk of pregnancy at either an early age or a mature age.
We should also be aware of those who are deciding whether
to proceed or not to proceed with a conception. We should 
be prepared to provide proper consultation and guidance
through wise counsel. Ultimately, whether our advice is
heeded or not, it is our responsibility to provide appropriate
prenatal care tailored to the age group in order to ensure the
best neonatal outcomes.
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CHAPTER 54

Adolescent pregnancies

Many resources have been spent on preventing and reducing
the incidence of teenage births. The primary reason for doing
so is the high-risk nature of these pregnancies, resulting in

physical and psychosocial ill-effects to the young mothers. In
addition, there are long-term socioeconomic burdens to
society from the offspring of these often unplanned pregnan-
cies. One other outcome, not well known, is the ill-effect
among the offspring of adolescent mothers. In Sweden, risks
of attempted and completed suicide attempts were higher
among those offspring of teenage mothers (hazard ratio of
2.09 compared with those age 20 years or older, P < 0.0001).8

These risks deserve further study.

Incidence

Teenage pregnancy, often termed adolescent pregnancy, is, by
definition, pregnancy in a patient who is between the ages of
13 and 20 years. In the USA, teenage births peaked in the
1950s and have declined since then9 (Table 54.1). However,
over one million teenagers still become pregnant in the US
each year.10 This is a very high rate for an advanced society
and underscores the inadequate educational efforts that have
been put forth11 (Fig. 54.2). The incidence of unplanned and
unwanted pregnancies among the black teenage population is
51.2%.13 Approximately half are aborted14 (Table 54.2). In
2002, Hispanic teenagers had the highest pregnancy rate (82.9
per 1000) compared with other ethnic groups, surpassing
black women for the first time17 (Fig. 54.3). The proportion
of births to unmarried Hispanic women increased to 43.4%
from 2001 to 2002. In California, Hispanics accounted for the
largest percentage of early and late teenage pregnancies (65%
and 60% respectively). This phenomenon should be recog-
nized and appreciated in order to better understand its socio-
economic impact.18
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Table 54.1 Teenage birth rates in the USA.

Year and age of woman Birth rate Abortion rate Pregnancy rate

Women under age 20 years*
1920 51.4 u. u.
1930 60.1 u. u.
1940 47.9 u. u.
1950 72.3 u. u.
1960 71.8 u. u.
1972 62.9 u. u.
1973 60.5 23.9 98.9
1974 58.7 28.3 101.6
1975 56.8 32.7 104.2
1976 53.9 35.8 104.1
1977 53.9 39.0 107.6
1978 52.5 41.1 108.2
1979 53.4 43.9 112.3
1980 54.2 44.3 113.8
1981 53.2 44.4 112.7
1982 53.4 44.2 112.6
1983 52.4 44.9 112.4
1984 51.6 44.8 111.2
1985 52.1 45.4 112.4
1986 51.3 44.0 109.9
1987 51.7 43.3 109.7
1988 54.2 45.0 114.5
1989 58.6 43.4 118.1
1990 61.6 42.0 120.2
1991 63.2 38.8 118.6
1992 61.7 36.7 114.5
1993 60.5 35.3 111.4
1994 59.7 33.0 107.9
1995 57.4 30.7 102.5
1996 54.7 29.7 98.3
1997 52.3 28.1 93.8
1998 51.3 26.8 91.0
1999 49.7 25.6 87.8
2000 48.6 24.8 85.6
2001 46.1 u. u.

*Statistically significant; u., unavailable data. National Center for Health Statistics (NCHS) of
the US Department of Health and Human Services.

Some more recent reports on teenage pregnancies are posi-
tive. The teenage birth rate for women aged 15–19 years was
61.8/1000 women in 1991, but declined to 43.0/1000 women
in 2002. This is a 30% decrease. In 2002, the teenage birth
rate decreased by 50% among the highest risk ages of
15–17 years; rates for black teenagers decreased by 40%.
According to recent statistics from national surveys in 2001,
sexual activity decreased by 16% from 1991 (54.1%) to 2001
(45.6%); the prevalence of multiple partners decreased by
24%; condom use increased; and sexually transmitted diseases
(STD) decreased.15

Risk behaviors and social factors leading
to teenage pregnancies

Health risk behaviors

In contrast to older mothers, who often obtain prepregnancy
consultation, teenagers rarely seek advice prior to getting
pregnant. Therefore, abusive habits such as alcohol, cigarette,
and drug abuse are not addressed and resolved prior to con-
ception. Although younger teenagers less than 15 years of age
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have inadequate prenatal care, it is the older teenagers,
between the ages of 15 and 17 years, who have a higher inci-
dence of drug and cigarette use as well as a higher incidence
of sexually transmitted disease.19,20 Twenty-five percent of
teenagers report cigarette smoking of more than half a pack
per day,21 and there was a higher correlation between cigarette
smoking and sexual activity. Youths who began using alcohol
and drugs were also more likely to initiate sexual activity
within a year.22

As illegal drug use is prevalent among adolescents and may
account for some adverse outcomes, this relationship was 
evaluated in an Australian study of 456 teenage antenatal
patients. Comparisons were made between a control group, a
marijuana-only group, and a multidrug group. After control-
ling for significant covariates, and in the setting of good ante-
natal care, the only difference in outcome was a significant
linear trend toward an increased incidence of threatened
preterm labor (P = 0.02) in those using illegal drugs.23 There
was no increase in preterm deliveries, preterm rupture of mem-
branes, or poor neonatal outcomes. It is reassuring that,
although illegal drug use and associated behaviors may
increase the likelihood of teenage pregnancies, once pregnant,
those individuals appear not to have significant adverse out-
comes when provided with good antenatal care.

Low socioeconomic status

There is no doubt that low socioeconomic status promotes
adolescent pregnancies because it is a vicious cycle. Poverty
leads to a loss of opportunities, which promotes a lack of
upward social mobility, leading to higher crime and adverse
behaviors such as drug and alcohol abuse. Poverty also pro-
motes poor self-esteem. All this leads to a lack of incentive to
avoid parenthood. Adolescents surrounded by other pregnant
adolescents will consider pregnancy to be the norm, further
promoting adolescent childbearing.7

Poor support from parents or the father 
of the baby

Many teenagers do not obtain psychological support at home.
The needs of teenagers are often not addressed at school and
are inadequately addressed at home. With a national divorce
rate of 50%, it is no surprise that teenagers are not getting the
support they need. Others have shown that those teenagers
with significant support from families through adult role
models, family communication, religion, community involve-
ment, good health practices, some aspirations for the future,
and an ability to make responsible choices had an overall
lower incidence of sexual intercourse or delayed first inter-
course, and had used birth control measures at last sexual
intercourse. Clearly, a strong and meaningful social structure
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Table 54.2 Facts about teenage pregnancies.7,9,15,16

Pessimistic facts about teenage pregnancies
Approximately one million teenage pregnancies occur each year in

the United States
75–95% are unplanned or unwanted
Approximately 50% give birth
13% of all US births are to teenagers
Teenage birthrate in 2002 was 28.5/1000 aged 15–19 years among

whites, 68.3/1000 aged 15–19 years among blacks, and
83.4/1000 aged 15–19 years among Hispanics

Approximately 1 in 16 teenage girls has a baby each year
Birth rate is rising the fastest among girls aged 15–17 years
Approximately one-third to one-half are aborted
18% of teenage girls are sexually active before age 15 years
66% of teenage girls are sexually active by age 19 years
35% do not use contraception at first intercourse
Adolescent girls tend to delay using contraception until 1 year after

initiation of sexual intercourse
The illegitimacy rate is 29.7 per 1000 teenagers

Optimistic facts about teenage pregnancies
Teenage birth rate has declined by 30% over past decade
Black teenage births are down by 40% over past decade
The younger 15- to 17-year-old black teenage births are down by

50% in 2002
Between 1990 and 1999, there was a 22% drop in the abortion

rate
Sexual activity among teenage girls decreased by 16% from 1990 to

2001
Prevalence of multiple partners decreased by 24%
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could have an impact on the timing of teenage behaviors 
that lead to pregnancy. Teenagers with strong parental 
and community support are less likely to become teenage
parents, whereas those whose parents do not openly discuss
contraception and sexual behavior with their children tend not
to use contraception and are more likely to be teenage
parents.24

Poor self-esteem/low achievement in school

It is difficult to determine why some teenagers have low self-
esteem but, when present, it fosters psychosocial behaviors
resulting in teenage pregnancies. Women with low self-esteem
also tend to be poor achievers or underachievers at school.
They also tend to have a higher rate of drug, alcohol, and
tobacco use.25,26 Such individuals are more likely to be influ-
enced by their surroundings and engage in destructive behav-
iors. In today’s society, there are many forces influencing
young, moldable individuals. Most of it comes through the
commercial mass media, movies, TV shows, and magazines.
The perceived accepted norm of sexual freedom is rampant.
It is not surprising that many teenagers believe that premari-
tal sexual intercourse is the social norm. This type of peer pres-
sure pervades, and it is difficult for unguided teenagers to sort
out what is important for them as an individual. By the age
of 19 years, 80% of young women and 87% of young men
have had sexual intercourse.27 Women with low self-esteem
are also less likely to use contraception.

Many girls with poor self-esteem have had a prior history

of sexual or physical abuse, as high as 33%.28–31 This history,
combined with depression, probably increases their willing-
ness to engage in childbearing, perhaps as a means to over-
come their past history and negative feelings. Healthcare
providers should routinely inquire about a history of abuse
when taking care of pregnant adolescents.

Racial factors

Half of all teenage births are to non-Hispanic whites, but
blacks and Hispanic teenagers have almost twice the preg-
nancy rates of whites.32 Blacks have a higher proportion of
preterm and low birthweight births than whites or Hispanics.
At the same time, however, blacks also have a higher mortal-
ity rate among term, post-term, normal birthweight, and
macrosomic infants.33 Hispanics have the lowest risks of
neonatal mortality at term (Table 54.3). Efforts to address the
teenage pregnancy rate, however, should recognize that there
are major differences between racial groups within the United
States, and there needs to be some understanding of the cul-
tural differences that contribute to perinatal and neonatal
adverse outcomes.

In the final analysis, there are several basic facts as to why
teenagers become pregnant: (1) poverty; (2) lack of education,
both higher education and sex education; (3) lack of stable
home environments and caring parents who discuss contra-
ception and sexual behavior with teenagers; (4) health risk
behaviors; (5) poor self-esteem; and (6) race.
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Table 54.3 Odds ratios (ORs) and 99% confidence intervals (CIs) for pregnancy outcomes of non-Hispanic white, Hispanic, African–American
(AA), and Asian women compared with white women aged 20–29 years.18

Pregnancy outcome ORs (CIs) ORs (CIs) ORs (CIs) ORs (CIs) ORs (CIs) ORs (CIs)

White 11–15 White 16–19 White 20–29 Hispanic 11–15 Hispanic 16–19 Hispanic 20–29
Infant death 3.1 (2.1, 4.7) 1.9 (1.6, 2.2) Reference 2.0 (1.5, 2.6) 1.3 (1.2, 1.5) 1.1 (0.98, 1.3)
Neonatal death 2.7 (1.6, 4.7) 1.8 (1.4, 2.2) Reference 2.1 (1.5, 2.9) 1.4 (1.2, 1.7) 1.3 (1.1, 1.5)
Preterm delivery 1.9 (1.7, 2.1) 1.33 (1.3, 1.4) Reference 2.3 (2.1, 2.4) 1.55 (1.5, 1.6) 1.24 (1.2, 1.3)
Low birthweight (< 2500g) 1.8 (1.6, 2.1) 1.3 (1.27, 1.4) Reference 1.8 (1.7, 1.9) 1.4 (1.3, 1.42) 1.2 (1.19, 1.3)
Preeclampsia 1.5 (0.8, 2.8) 1.0 (0.9, 1.1) Reference 0.5 (0.3, 0.8) 0.7 (0.6, 0.8) 0.7 (0.6, 0.9)
Severe preeclampsia 0.5 (0.03, 6.3) 0.9 (0.5, 1.6) Reference 0.4 (0.1, 1.6) 0.6 (0.4, 0.9) 0.7 (0.5, 1.0)
Eclampsia 2.8 (0.2, 39.5) 1.7 (2.3, 2,7) Reference 1.3 (0.2, 9.0) 0.7 (0.2, 1.9) 0.5 (0.2, 1.4)
Pyelonephritis 2.8 (2.1, 3.6) 2.5 (2.3, 2.7) Reference 2.6 (2.2, 3.0) 2.3 (2.2, 2.5) 1.6 (1.5, 1.7)
Infectious complications 3.6 (0.3, 51.9) 2.9 (1.0, 8.3) Reference 2.5 (0.5,13.0) 2.4 (1.0, 5.8) 1.6 (0.7, 3.6)

AA 11–15 AA 16–19 AA 20–29 Asian 11–15 Asian 16–19 Asian 20–29
Infant death 3.4 (2.3, 5.1) 2.5 (2.0,3.1) 2.6 (2.1, 3.1) 1.9 (0.7, 5.2) 1.3 (0.7, 2.2) 1.0 (0.8, 1.2)
Neonatal death 3.2 (1.9, 5.5) 2.3 (1.8, 3.1) 3.2 (2.6, 4.0) 2.8 (0.97, 8.1) 1.5 (0.8, 2.8) 0.9 (0.7, 1.2)
Preterm delivery 3.1 (2.8, 3.5) 2.0 (1.9, 2.1) 1.7 (1.6, 1.8) 3.0 (2.5, 3.6) 2.2 (2.0, 2.4) 1.05 (1.0, 1.1)
Low birthweight (< 2500g) 2.8 (2.4, 3.1) 2.5 (2.3, 2.6) 2.3 (2.2, 2.5) 3.1 (2.5, 3.9) 2.2 (2.0, 2.5) 1.3 (1.2, 1.4)
Preeclampsia 1.3 (0.6, 2.6) 0.9 (0.6, 1.3) 1.2 (0.9, 1.5) 0.7 (0.1, 4.4) 0.1 (0.05, 0.9) 0.3 (0.2, 0.5)
Severe preeclampsia 0.5 (0.04, 6.9) 0.8 (0.3, 1.9) 1.1 (0.6, 2.1) NA NA 0.2 (0.1, 0.7)
Eclampsia NA 0.9 (0.1, 6.4) 1.0 (0.2, 5.1) NA NA 0.5 (0.1, 3.4)
Pyelonephritis 2.1 (1.6, 2.9) 2.5 (2.3, 2.9) 1.9 (1.7, 2.1) 1.1 (0.5, 2.4) 1.3 (0.9, 1.7) 0.6 (0.5, 1.7)
Infectious complications NA 12.1 (4.9, 29.7) 11.0 (4.6, 25.9) NA NA 0.3 (0.02, 4.7)
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Adverse outcomes of 
teenage pregnancies

In the medical literature, the incidence and types of adverse
outcomes resulting from teenage pregnancies vary and remain
inconsistent (Table 54.4). Older literature may not apply to
current practice. The primary reason is that the populations
studied tended to be heterogeneous and, unless there is proper
control of factors such as race, socioeconomic status, and type
of healthcare system, the findings and conditions will likely be
variable. Unlike older patients, adverse outcomes in teenage
pregnancies are not the result of maternal medical illness, as
the majority are young and healthy. Instead, the current liter-
ature supports the understanding that adverse outcomes in
teenagers result from poor psychosocial environments rather
than biologic risks inherent to the adolescent. In other words,
adverse outcomes are more a reflection of a social problem
than a medical problem.

Teenage mortality

Mortality to a teenager secondary to pregnancy is extremely
low. In the past, one of the major causes of maternal mortal-
ity was eclampsia. However, with better recognition of 
hypertension and early intervention, these cases of maternal
mortality are drastically reduced. The mortality ratio (preg-
nancy-related deaths per 100000 live births) for preeclampsia
and eclampsia for all women <20 years of age from 1979 to
1992 was 1.6 compared with 1.5 for all age groups, 3.3 
for women aged 35–39 years, and 6.0 for women aged
40–49 years.34

Perinatal mortality

In California, USA, teenagers had a higher rate of infant and
neonatal deaths than an older control group of white women
irrespective of race, except that Asians had a similar rate to
the control group.18 However, in another study, the perinatal
mortality rate was not increased in adolescents compared with
older women and, in some reports, the data were inconsis-
tent.20,35,36 In a large retrospective review of 21610873 single
births between 1995 and 2000, the overall fetal death rate
after 24 weeks’ gestation was 2.7 per 1000 total births and
was not increased in younger aged women.37

Preterm labor

The incidence of preterm labor in a teenage population is 
variable. There was no difference between young or older 
adolescents compared with women over 20 years of age36 in
one controlled study from Texas, whereas others reported a
higher incidence.38,39

Preterm birth

In a large inner city hospital on the east coast of the USA,
younger adolescents and older adolescents were also found to
have a high risk of preterm delivery compared with older
control subjects.40 A slightly lower rate of preterm birth (14.5%
vs. 17.4%) was seen when black adolescents were compared
with black women in general.19 In a Californian study that con-
trolled for parity, race, and healthcare systems, adolescents also
demonstrated greater risks for preterm delivery at less than
37 weeks’ gestation than an older control group.18 Younger
adolescents had a higher rate of preterm delivery than older
adolescents.41,42 In contrast, in a military population in which
there was equal access to a tertiary care center, young maternal
age was not an independent risk factor for prematurity.43 This
was also the case in an ultraorthodox Jewish population with
social support and medical care.44 In another controlled study,
there was no difference in preterm labor in those aged
16–17 years compared with those aged 20–22 years.36 Thus, it
appears that the data for preterm delivery risk are mixed,
although there is a trend toward an increased risk, most likely
reflecting a lack of control in some studies for factors that influ-
ence the access to, or quality of, medical care.

Preterm rupture of membranes

Despite being high-risk pregnancies, teenage pregnancies do
not appear to have an increased incidence of preterm prema-
ture rupture of membranes.36,45

Low birthweight

Most studies, but not all, reported a higher risk of low 
birthweight and very low birthweight infants from teenage
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Table 54.4 Adverse pregnancy outcomes for adolescents.

Event Risk Reference

Preterm delivery OR 1.41 (1.203–1.90)* 38
RR 1.12 (1.04–1.21)* 40
OR 1.5 (1.2–1.9)* 41
OR 1.02 (0.66–1.58)* 20
OR 1.5 (1.0–2.2) 42

Gestational hypertension OR 2.57 (2.14–3.07)* 46
Gestational diabetes OR 0.19 (0.07–0.50)* 38
Preeclampsia RR 1.33 (1.15–1.54)* 40

RR 1.30 (0.94–1.82) 38
Eclampsia RR 2.23 (1.37–3.66)* 40
Emergency Cesarean section OR 0.45 (0.38–0.58)* 38
Operative vaginal delivery OR 0.46 (0.41–0.56)* 38
Induction of labor OR 0.83 (0.75–0.92)* 38
Postpartum hemorrhage OR 0.83 (0.72–0.95)* 38
Abruption OR 0.71 (0.36–1.24) 38
Placenta previa OR 0.48 (0.15–1.52) 38

OR, odds ratio; RR, relative risk; *significant difference.
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women.18,40,42,46 There is a U-shaped distribution of small
babies, with the highest percentages for teenagers and women
over 40 years.47 Other studies, however, do not show an
increased rate of low birthweight infants in populations in
which there was a commitment to prenatal care.19,36,43,44 There
was only a modest difference between blacks and whites (16%
vs. 9% respectively)47 (Table 54.5).

Preeclampsia/eclampsia

Gestational hypertension has not been definitively shown to
be increased among adolescents when variables such as access
to healthcare are controlled.36,45 However, one serious concern
is the high incidence of preeclampsia. When eclampsia is also
involved, the mortality rate is significantly increased to 1.5 per
100000 live births. Rates of preeclampsia (6.3%) were higher
in teenagers than in adult black (2.5%) and white women
(2.2%) in an inner city, black population on the east coast.19

This was also true for an Atlanta inner city population.40

It was not true, however, on the west coast, primarily in 
California, where there was more standardized healthcare and
a higher standard of living than in inner city Baltimore or
Atlanta.18 Clearly, the environment is an important issue, but
it appears that adolescents, if given proper care, may not be
at increased risk of hypertensive disorders of pregnancy com-
pared with older women of similar race.38 Until the etiology
of preeclampsia is identified, we may not be able to assess risks
unique to the age of a population because of many con-
founding variables.

Cesarean section

It would appear that the Cesarean section rate in teenagers
should be higher because of their immature pelvises. However,
this has not been proven. Although it has been reported by
Moerman48 that the pelvises of girls at menarche had room to
grow, it is not certain that this leads to an obstructed pelvis.
In Moerman’s study, measurements were taken in an antero-
posterior (AP) direction and only three planes at the sacrum,
inlet, and interspinous diameter. These measurements could
not accurately determine differences in the AP diameter or the

curvature of the iliac wings, thus negating their conclusion.48

In another study, bone age was determined by radiographs of
the hand and wrist in adolescents during the puerperium, and
found not to correlate with adverse perinatal or neonatal out-
comes. Therefore, there are no anatomic risks associated with
adolescent childbearing.49

When girls of < 15 years of age were compared with those
between 20 and 22 years, the incidence of Cesarean delivery
was not higher; in fact, it was lower.18,36 The lower rates in
this population would suggest that dystocia or cephalopelvic
disproportion that could result from these less mature pelvises
does not happen often and that these pelvises are not “abnor-
mal” with regard to the ability to deliver a fetus vaginally.
Cesarean delivery, if performed, appears to result from other
causes but not an immature pelvis.

In Nigeria, where there is a very high incidence of adoles-
cent pregnancies, the incidence of symphysiotomies for an
immature, dystotic pelvis is not high. Out of a total of 1013
symphysiotomy procedures performed in Nigeria (3.7%), the
rate was not higher among adolescents, but was actually
higher among older women. In 87.7%, the primary reason for
performing a symphysiotomy was for cephalopelvic dispro-
portion. This suggests that symphysiotomy was not indicated
in a higher percentage of adolescents because of an immature
pelvis.50 Therefore, the concern for an increased risk of dys-
tocia or cephalopelvic disproportion among adolescents may
need to be revisited, perhaps with imaging studies.

Risk factors contributing to adverse
pregnancy outcomes among teenagers

Anemia

Social pressures have influenced outcomes related to weight
gain and nutrition. Anemia among adolescents is rampant,
most likely secondary to poor nutrition. Many studies have
demonstrated a significant incidence of anemia among
African–American adolescents.51 However, adverse pregnancy
outcomes have been inconsistently demonstrated. One study
did find fewer adverse outcomes among those with mild to
moderate anemia, but much more among those with severe
anemia.36,52 There is an equal amount of negative impact from
either low hemoglobin or high hemoglobin levels, i.e., there is
a U-shaped distribution correlating low birthweight neonates
with low and high degrees of anemia compared with those
with normal blood count levels.51 In these cases, the lack of
normal plasma volume expansion, which leads to the higher
hemoglobin levels, causes poor uteroplacental perfusion,
resulting in the low birthweights.52

Poor nutrition

Nutritional intake is clearly a significant problem among
teenagers. Across the nation, there is a serious problem with
eating disorders. The incidence of anorexia among females is
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Table 54.5 Adverse neonatal outcomes for adolescents.

Event Risk Reference

Low birthweight OR 0.93 (0.55–1.57) 20
RR 1.47 (1.31–1.64)* 40
OR 1.25 (1.00–1.56)* 46
OR 2.0 (1.2–3.1)* 42

Very low birthweight RR 1.25 (1.01–1.56)* 40
Perinatal mortality OR 1.83 (0.73–4.60) 20

OR, odds ratio; RR, relative risk; *significant difference.
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15 per 100000 person-years compared with 1.5 per 100000
among males. It tends to be higher among younger females.53

It is more common among white adolescents than blacks or
Hispanics. This may explain why there is a higher risk of
excessive weight gain among non-Hispanic white adoles-
cents,54 and that there are more girls below ideal body weight
at the start of pregnancy. Because this disorder is often asso-
ciated with the individual’s poor body image and low self-
esteem, provision of psychological care is also important in
antenatal clinics. Excess weight gain may induce further
hazards to the fetus if macrosomia is present and there is an
increased risk of long-term health problems and obesity for
the mothers.

In contrast, obesity is an extremely prevalent health issue in
the United States that may be seen with poor weight gain. It
is extremely important for our healthcare system to recognize
the need for skilled providers who can recognize disorders in
the pregnant teenager, provide the appropriate immediate
intervention, and initiate a lifelong educational process.

Late prenatal care

As many as 55% of pregnant adolescents in the United States
do not receive early prenatal care. Factors influencing late
entry to care include unemployment (1.9; 95% CI 1.1–3.5)
lower educational level (1.2; 95% CI 1.04–1.4), and race,
blacks compared with whites or Hispanics (1.9; 95% CI
1.2–3.2).55 There is a clear racial difference, with white women
usually reporting more prenatal visits than black women.56

Unplanned pregnancy is also a risk factor for late prenatal
care.57 Finally, in a study from South Carolina, prenatal care
sought by adolescents correlated with the school term, with a
diminished seeking of care when school was not in session.58

Understanding and accepting these risk factors will enable the
medical and social community to better design clinics that
would successfully encourage adolescents to seek prenatal
care.

Drug use

Cigarettes, alcohol, and illegal drug use among teenagers 
contribute to adverse pregnancy outcomes for a variety of
reasons, including bleeding in pregnancy, fetal alcohol syn-
drome, and the socioeconomic issues related to the drug scene.
Although use has declined since the 1970s,59 a large number
of teenagers still admit to partaking, 17% by questionnaire
self-report and 11% by urine screen60 (Fig. 54.4). Binge drink-
ing and heavy drinking are particularly high among white
teenagers. Black teenagers do not have a significantly higher
rate of drug abuse than white teenagers.61 Healthcare
providers need to question pregnant teenagers regarding drug
abuse and be able to provide treatment and psychosocial
support if needed.

Infection

Infectious complications are higher in teenage pregnancies for
all ethnic groups except for Asians.18 One of the more
common complications is pyelonephritis, highlighting the 
need for increased surveillance for subclinical urinary 
tract bacterial colonization. No difference in chorioam-
nionitis was observed between adolescents and older
patients.36

Teenagers have a high rate of sexually transmitted diseases.
At the first prenatal visit, as many as 23.5% tested positive
for Neisseria gonorrhoeae (1.2%), Chlamydia trachomatis
(13%), Trichomonas vaginalis (8.9%), or Treponema pal-
lidum (1.2%).62 Other investigators found a comparably high
incidence of gonorrhea and chlamydia.63–66 Risk-taking behav-
iors such as inconsistent condom use, concomitant alcohol
abuse, multiple sexual partners, sex with older partners,
nationality, and foreigner status place them at high risk, 
particularly for human immunodeficiency virus (HIV) infec-
tion.62,67 Healthcare providers for pregnant teenagers should
routinely screen for sexually transmitted disease, screen care-
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fully for high-risk behavior, be able to provide counseling, and
encourage condom use. Commitment to condom use among
these adolescents would clearly be increased if they had a good
understanding that lack of use could lead to adverse effects on
their own health.68 Subsequent evaluation of teenagers with
abnormal Pap smears showing human papillomavirus infec-
tion is important because of the possibility of developing cer-
vical dysplasia.

One very sobering reason to work toward educating ado-
lescents against unplanned childbearing is the very real issue
that HIV-positive adolescents are becoming pregnant. This
will be an increasing concern as the number of parentless ado-
lescents continues to increase (estimated that there will be 20
million orphans in Africa by the year 2010) and as they reach
childbearing age. Currently, 33.5 million people globally are
HIV infected. If pregnancies are planned and wanted, women
will continue their HIV treatments and decrease the risks of
transmission. One recent study of Puerto Rican adolescents
reported that all five liveborns from HIV-infected mothers
were HIV negative because the mothers had been on antiviral
agents.69 It is uncertain how successful worldwide attempts
will be to curb this spread.

What can be done about reducing the
incidence of teenage pregnancies?

Sex education

Although unpopular among certain groups in the USA, school
sex education is one of the best means of preventing teenage
pregnancies and their recurrence. Sex education is usually
required in schools. However, to be fully effective, sex educa-
tion in schools should include coverage of the topics of repro-
ductive biology, sexual development, birth control, and other
means of prevention such as abortion.70 Perhaps one of the
reasons for failure is the timing of this education. Marsiglio
and Mott71 reported that 52% of 15-year-old girls have
already initiated coitus before taking sex education classes.

Educational interventions during pregnancy and postpar-
tum may be effective in reducing future teenage pregnancies
for this population. In general, efforts to prevent repeat preg-
nancies have been disappointing, because educational pro-
grams have not targeted these high-risk populations well.72 A
study evaluating five structured postnatal home visits by
nurse-midwives in Australia found a reduced incidence in
adverse neonatal outcomes and a significant increase in con-
traception knowledge.73 As an educational approach is
assumed to be longlasting, it may perhaps be more effective
in the long term in preventing repeat teenage pregnancy.
Although it may be difficult to implement in a large and
diverse society, such programs may be more successful because
we know that, without any intervention, the subsequent preg-
nancy would likely occur within 2 years in approximately half
of those studied.72

School-based clinics

The school environment is one of the best locations in which
to establish classes to educate teenagers about responsibilities
related to sexual freedom.74 It is an environment that reaches
those in the neediest age groups, students will be learning
among their peers, both female and male students can be
reached, and it resides within an atmosphere of learning and
training. Finally, within that environment, interventions may
be undertaken in the form of additional education, counsel-
ing, or introduction to prevention programs. Even more 
successful are those programs in which the community is
actively engaged and contributes.27 Although such programs
have been criticized as a means of encouraging teenagers 
to take advantage of the welfare system, recent legislation 
in many areas of the USA, such as the mandated 2-year return
to work program in Wisconsin, is curtailing and discouraging
such behavior. In time, this will become an ineffective 
criticism.

Another tested concept is providing care in a specialized
teenage pregnancy clinic where nutritional and social issues
are more carefully addressed, where infection is more often
screened for, and where patients are seen with their peers. One
study reported a decreased incidence of preterm labor, preterm
delivery, and preterm premature rupture of the membranes
among those provided with prenatal care at a teenage preg-
nancy clinic. In addition, there was a higher incidence of
breastfeeding and a higher rate of discharge on effective con-
traception. Although not a randomized trial, this effort again
highlights the positive success through close, direct educa-
tional efforts with adolescents.75 A teenage mother is also less
likely to finish her secondary school education and, without
that education, teenagers are likely to continue the vicious
cycle of poverty, social isolation, and repeat teenage pregnan-
cies. Therefore, school-based prenatal care, which has been
shown to reduce the absenteeism and dropout rates (adjusted
OR 0.39; 95% CI 0.15–0.99, P = 0.048), is also a positive
thing.76 It is only through education that teenage pregnancies
can be reduced. Knowledge imparted from school-based
clinics should be fully supported to further decrease the
current teenage pregnancy rate.

Emergency contraception

Although it is debated whether access to emergency contra-
ception promotes unprotected intercourse, it has been shown
that this is not the case as there is no decrease in the age at
first intercourse, nor is there an increase in the incidence of
sexually transmitted diseases. The provision of emergency
contraception may actually encourage young teenagers to seek
pelvic examinations and Pap smear screening.77

Emergency contraception may be taken in the form of com-
bination pills, in two doses 12 hours apart, or progestin-only
pills, in one dose or in two doses 12 hours apart. They are
most effective when taken within 72 hours of unprotected
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sexual intercourse but may be taken up to 120 hours after
intercourse. They reduce the risk of pregnancy by 75–89%.
Another form of emergency contraception includes intrauter-
ine device (IUD) insertion, usually with a Copper T 380A IUD
(Paragard), which is left in place until the patient is certain she
is not pregnant (Table 54.6).

Abortion

Abortion has been practiced as a very effective means of con-
traception for teenagers. Abortion rates increased dramatically
from the mid-1970s to the mid-1980s, from 29% to 42%.7

The proportion of black and white adolescents who obtain
abortions is similar but, because there is a higher pregnancy
rate among blacks, the rate of abortion is higher among 
blacks than among whites. Adolescents who obtain abortions
tend to be better students from higher socioeconomic back-
grounds with a lower dropout rate and higher education
goals.7

Factors that influence abortions include perceptions that
there is a lack of continued involvement from the father of the
baby, a lack of a satisfying relationship with the father of the
baby, a lack of parental involvement, and an existing child.13

Recognizing those teenagers who perceive their pregnancies 
as unplanned and unwanted may enable programs to 
provide better support for them. Adoption remains a viable

option for teenagers, and information should be given 
(Table 54.7).

Contraception

In order to achieve postpartum and continued health for these
teenage mothers, one important issue to address is the con-
traceptive needs of these patients. These teenagers should be
educated regarding their reproductive options and childbear-
ing options. Older studies support the fact that adolescents are
capable of using contraception effectively provided there is a
supportive environment from their mothers and the babies’
fathers. In those cases, subsequent pregnancies were planned
because there was a closer relationship with their boyfriends,
who provided sufficient support.78
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Table 54.6 Emergency contraception.

Pill brand Manufacturer First dose Second dose (12 h later)

Combination hormone pills
Alesse® Wyeth-Ayerst 5 pink pills 5 pink pills
Aviane® Duramed 5 orange pills 5 orange pills
Cryselle® Barr 4 white pills 4 white pills
Enpresse® Barr 4 orange pills 4 orange pills
Lessina® Barr 5 pink pills 5 pink pills
Levlen® Berlex 4 light orange pills 4 light orange pills
Levlite® Berlex 5 pink pills 5 pink pills
Levora® Watson 4 white pills 4 white pills
Lo/Ovral® Wyeth-Ayerst 4 white pills 4 white pills
LowOgestrel® Watson 4 white pills 4 white pills
Nordette® Wyeth-Ayerst 4 light orange pills 4 light orange pills
Ogestrel® Watson 2 white pills 2 white pills
Ovral® Wyeth-Ayerst 2 white pills 2 white pills
Portia® Barr 4 pink pills 4 pink pills
Preven® Gynetics 2 blue pills 2 blue pills
Seasonale® Barr 4 pink pills 4 pink pills
Tri-Levlen® Berlex 4 yellow pills 4 yellow pills
Triphasil® Wyeth-Ayerst 4 yellow pills 4 yellow pills
Trivora® Watson 4 pink pills 4 pink pills

Progestin-only pills
Ovrette® Wyeth-Ayerst 20 yellow pills or 40 yellow pills in one dose 20 yellow pills
Plan B® Barr 1 white pill or 2 white pills in one dose 1 white pill

Table 54.7 Useful resources for pregnant teenagers.

Planned Parenthood 1-800-230-PLAN,
www.plannedparenthood.org

American’s Pregnancy Helpline 1-888-4-OPTIONS
Emergency Contraception Information Project 1-888-NOT-2-LATE
National Abortion Federation 1-800-772-9100
National Adoption Center 1-800-862-3678
Rosie Adoptions 1-800-841-0804
For adoption options and information, www.adoption.com
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Taking care of pregnant adolescents

When an adolescent is first seen for a pregnancy, it is impor-
tant to screen for sexually transmitted diseases, a history 
of any physical or sexual abuse, and a history of substance
abuse. The social environment should be investigated when
possible to determine appropriateness for the future newborn.
A good dietary history is also important and should be 
an opportunity to address nutritional issues, particularly
common ones such as iron and vitamin deficiency. They
should be encouraged to gain the higher acceptable amount
of weight gain if they are starting at below ideal body weight.
Although medically less complex than an older patient,
teenagers are still at risk for pregnancy complications, prima-
rily preterm labor and intrauterine growth restriction. These
should be monitored closely and carefully. In the postpartum
period, close attention should be provided to insure that the
new adolescent mother has proper support for herself and her
fetus, in terms of both financial and nutritional support as well
as psychosocial support. Effective contraception should be
encouraged and education provided to help those with histo-
ries of drug abuse to stay clean for as long as possible. Proper
referrals to support groups will be particularly important for
these teenagers.

Pregnancy in older women aged
> 35 years

Advanced maternal age is defined as greater than age 35 years
based on higher perinatal morbidity and mortality after that
age. That consensus derives from older studies from the 1980s.
Within the past decade, there has been a rise in the number
of births to women over 35 years, and it is now not uncom-
mon to see women over the age of 40 years having pregnan-
cies. There is even an increasing number of pregnant women
over the age of 50 years (Fig. 54.5). Perhaps advanced mater-
nal age should be redefined as greater than 40 years based on
maternal morbidity and mortality, both of which continue to
drop. Many studies have focused on such an age group, but
few studies, if any, have compared the differences between
women over 35 years and those over 40 years. For women
interested in future childbearing, they should be informed that
their pregnancy risks and fertility do start to decline after the
age of 35 years and, hence, it would be prudent to keep the
definition of advanced maternal age as age greater than
35 years in order to initiate awareness for this older popula-
tion without an undue false sense of security.

In a study using a database of 94 346 deliveries in 
Montreal, the average maternal age at delivery increased from
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27 years in the 1960s to 30 years from 1990 through 1993.
The proportion of pregnant women 40 years of age or older
was 2.5% in the 1960s and doubled from the 1970s to the
1990s.79 Women are either delaying their childbearing or
extending their childbearing in order to account for the
increasing numbers of elderly gravid women. The primary
reasons are social changes that have taken place over the past
four decades, including the acceptance of oral contraceptive
technologies, the legalization of abortions, the availability 
of prenatal diagnosis, and the improvements in medical 
care overall such that women with diabetes or hypertension
are now well controlled and able to consider pregnancy
options.

Risks to older women 
having pregnancies

There are some unique risks to pregnancy at an older age,
issues that a woman should know before embarking on a preg-
nancy and physicians should discuss with them in anticipa-
tion. Physicians should recognize that these older women will
enter pregnancy with more medical complications than the
younger patient.80 Women greater than 35 years of age have
a higher incidence of hypertension (2.7%), pre-existing dia-
betes (0.7%), and obesity (6.9%) at the beginning of preg-
nancy.81 Gestational diabetes was also identified in 6.9% of
older women.

Although some older literature suggests that women of
advanced age have more complications, the more recent liter-
ature refutes this. In a study in which women had access to
good medical care within an urban setting and where there
was a higher educational level, adverse pregnancy outcomes
including small for gestational age, perinatal death, and
preterm delivery were not increased compared with younger
women.82

Declining fertility

One of the most important facts that older women should
know, particularly the older nulliparous women, is that fertil-
ity is expected to decline (Fig. 54.6) dramatically after the age
of 35 years.84 Oocyte numbers in a woman’s ovary decline
from several million before birth to only 200000–300000 at
birth, but this decline and its link to infertility are not well
understood. Today, the options for a woman desiring fertility
have increased through assisted reproductive technologies and
include in vitro fertilization (IVF), intracytoplasmic sperm
injection (ICSI), gamete intrafallopian transfer (GIFT), zygote
intrafallopian transfer (ZIFT), oocyte donation, embryo 
donation, and surrogacy, each with a varied but optimistic
success rate.

Risks for aneuploidy

It is well known that, with advancing age, a woman’s risk 
of nondysjunction within the chromatids in her oocytes
increases, leading to trisomies. Other forms of aneuploidy
such as deletions and translocations also increase. In part, this
explains the higher incidence of spontaneous abortions to
women over the age of 35 years.84,85 Several options for pre-
natal diagnosis are available, and proper counseling, from
either subspecialists or genetic counselors, is mandatory
(Tables 54.8 and 54.9).

Multiple gestation

Dizygotic multiples are increased among gestations from older
women (Fig. 54.7). This is influenced by a higher incidence
undergoing assisted reproductive technologies. Among women
aged 50–54 years, the rates of low and very low birthweight,
preterm and very preterm delivery, small for gestational age,
and mortality were higher, but the risks were lower than for
single pregnancies, perhaps because of the higher levels of
healthcare and socioeconomic status in these older women.87

Mortality

Maternal mortality for women over 40 years was 50 per
100000 in 1954, 10 per 100000 in 1985,88 and 8.9 per
100000 live births in the year 2002.89 Recent medical
advances in the past few decades have decreased maternal
mortality significantly. The most common causes of mortality
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now are hypertensive disorders, hemorrhage, and infection.
Pulmonary embolism is also a major cause. The fact that older
women have higher mortality is not surprising because, as they
age, women will have a higher incidence and a prolonged
duration of hypertensive diseases and diabetes and, hence, a
higher likelihood of complications such as hemorrhage and
infection. Some of the mortality risks may also be influenced
by women who have complications after corrected congenital
heart disease, a problem not encountered previously in past
decades.

Maternal mortality clearly rises with increasing maternal
age: 1.4/100000 deliveries for age 20–29 years; 22.1/100000
deliveries for age group 40–44 years, OR 16.2 (95% CI

6.38–41.2); and 166/100000 deliveries for age group
≥ 45 years, OR 121 (95% CI 27–542).90 Mortality is also
influenced by race. Black women over 40 years of age have
the highest pregnancy-related mortality risk ratio, 5.6, com-
pared with white 40+-year-old women, 2.4 (Table 54.1).91 For
older black women, the most common cause of death was
hypertensive disorders of pregnancy followed by hemorrhage
and embolism.2,34

Maternal obstetric complications due to
advanced age

Cesarean sections

Cesarean sections are increased among women over
40 years;82,92–94 in one study, by a factor of 2, 24.3% vs.
11.7%.95 In another study addressing older women aged
40 years and beyond in 24 032 cases, the Cesarean section 
rate was also higher among these women than among the
control population aged 20–29 years (47% vs. 30%). The
reasons for the increased rate of Cesarean sections are not fully
understood. There are other increased findings in study groups
such as birth asphyxia, fetal growth restriction, malpresenta-
tion, and gestational diabetes that may explain the higher 
rates for surgical delivery.96 Mean gestational age were also
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Table 54.8 Risk of Down syndrome in relation to maternal age
(live births).86

Maternal age at Risk Maternal age at Risk
delivery (years) delivery (years)

15 1 : 1580 33 1 : 575
16 1 : 1570 34 1 : 475
17 1 : 1565 35 1 : 385
18 1 : 1560 36 1 : 305
19 1 : 1540 37 1 : 240
20 1 : 1530 38 1 : 190
21 1 : 1510 39 1 : 145
22 1 : 1480 40 1 : 110
23 1 : 1450 41 1 : 85
24 1 : 1400 42 1 : 65
25 1 : 1350 43 1 : 49
26 1 : 1290 44 1 : 37
27 1 : 1210 45 1 : 28
28 1 : 1120 46 1 : 21
29 1 : 1020 47 1 : 15
30 1 : 901 48 1 : 11
31 1 : 795 49 1 : 8
32 1 : 680 50 1 : 6

Table 54.9 Options for prenatal diagnosis.

Nuchal translucency
First trimester screening
Chorionic villus sampling
Preimplantation genetic diagnosis
Second trimester serum biochemical marker screening
Ultrasound to evaluate for markers of aneuploidy
Amniocentesis
Percutaneous fetal blood sampling
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significantly lower. Other reasons could include higher rates
of hypertensive diseases, fetal growth restriction leading to a
higher incidence of fetal distress, or more dysfunctional labor
due to higher parity. Indeed, a retrospective study reported
that risks for emergency Cesarean sections and a need for 
oxytocin utilization were higher in nulliparous women age
35 years or older than in a younger group of women aged
between 25 and 29 years, suggesting that there was more fetal
distress and dysfunctional labor.81,97 In addition, there may be
a higher incidence of infertility and perhaps a higher incidence
of Cesarean deliveries because of these assumed “premium”
pregnancies and a higher unwillingness to take riskier
approaches such as forceps deliveries. It is less likely 
to be related to differences in the maternal pelvis, but 
other factors such as dysfunctional labor from multiparity and
more macrosomic babies could contribute. The rate of
Cesarean sections will need to be monitored as more older
women become pregnant, and counseling regarding this higher
rate should be provided to women in advance of pregnancy
(Table 54.10).

Increased operative vaginal deliveries

Operative vaginal deliveries are higher in older women 
of > 35 years of age than in younger women.94,97 In older
women, the need for oxytocin utilization is also higher.81

The causes of these findings are uncertain, but may be due to

a higher rate of dysfunctional labor, as with the higher
Cesarean section rates, or they may be related to a higher
chance of maternal exhaustion, but that variable is difficult to
quantify.

Preeclampsia/eclampsia

Older women tend to have a higher incidence of preeclamp-
sia and eclampsia. In a Swedish study, women aged 40 years
and older had higher risks of severe preeclampsia.90 Other 
retrospective studies also found a higher incidence in women
aged over 40 years.81,97,98 In 1997, the National Center for
Health Statistics started recording vital data on pregnant
women aged 50–54 years. Their results indicate that women
over 50 years, compared with women aged 20–29 years,
30–39 years, and 40–49 years, have a higher incidence of
chronic hypertension and eclampsia.87 Clearly, hypertensive
diseases, which are more prevalent among older women, con-
tribute to the incidence of preeclampsia and eclampsia, most
likely from the underlying vasculopathy associated with
chronic hypertension.

Postpartum hemorrhage

In a study from London, with a database containing more 
than 80% of all deliveries in a region with > 3.5 million 
population, increasing maternal age grouped from 18–34
years, 35–40 years, and > 40 years was studied, and odds
ratios for postpartum hemorrhage were higher for women
aged 35 years and older.97

Dysfunctional labor

An association between advanced maternal age and dysfunc-
tional labor is not well established. In a retrospective cohort
study of women over the age of 40 years, maternal morbidi-
ties included a higher incidence of abnormal labor patterns.98

However, others reported no increased risk for prolonged
labor or arrest in the second stage secondary to advanced
maternal age.82,99

Induction of labor

The odds for induction of labor are higher for older women
than for younger women.80,97,100 In a study from Ireland,
induction of labor was 28% for women over the age of
40 years, double the rate for the younger women (12.5%).95

In a retrospective cohort study of women over the age of
40 years, maternal morbidities included a higher incidence of
labor induction. There were also more abnormal labor 
patterns, suggesting that older women had more pregnancy
complications near term and labor was more dysfunctional,
requiring more oxytocin.98 The causes of this higher incidence
could not be defined within their clinical setting, as it is not
clear that dysfunctional labor is increased in this age group.
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Table 54.10 Adverse pregnancy outcomes for women aged
> 35 years.

Event Risk Reference

Preterm delivery OR 1.41 (1.24–1.61)* 97
OR 2.0 (1.5–2.8)* 80
OR 1.9 (1.2–2.9)* 101
OR 1.1 (0.5–2.6) 82

Chronic hypertension OR 3.4 (1.6–7.2)* 80
Preeclampsia OR 1.19 (1.01–1.40)* 97
Diabetes OR 2.2 (0.2–20.7) 80

OR 2.63 (2.40–2.89)* 97
Emergency Cesarean section OR 1.59 (1.52–1.67)* 97
Cesarean section OR 7.3 (2.2–16.7)* 94
Operative vaginal delivery OR 1.5 (1.43–1.57)* 97

OR 7.5 (2.2–25.0)* 94
Induction of labor OR 1.04 (1.00–1.08)* 97

RR 1.3 (1.0–1.6)* 100
OR 2.4 (1.6–3.7)* 80

Postpartum hemorrhage OR 1.14 (1.09–1.19)* 97
Placenta previa OR 1.93 (1.58–2.35)* 97

OR 1.37 (1.25–1.50)* 100
Abruptions OR 2.3 (1.3–3.9)* 102

OR, odds ratio; RR, relative risk; *significant difference.
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It may be influenced by the physicians’ desire to deliver older
women by their due date because of concerns over the higher
rates of adverse outcomes in older women.

Preterm labor/preterm delivery

Adverse perinatal outcomes for older women were studied and
reported from a Swedish Medical Birth Register in a popula-
tion-based cohort study. Although taken from a Scandinavian
country where 95% or more of pregnant women receive ant-
enatal care, confounding factors related to medical and socio-
economic factors were controlled. Preterm delivery was found
to be increased among older women.101 In another Swedish
study, women aged 40 years and older had higher risks of
preterm labor and preterm birth.90 In retrospective cohort
studies of women over the ages of 35 or 40 years, preterm pre-
mature rupture of membranes and preterm labor were identi-
fied more frequently compared with younger women.80,81,96,97

Some of this may be attributable to assisted reproductive tech-
nologies, which are more commonly utilized among older
women, as well as the higher rates of multiple gestations
resulting from this utilization. However, one study of well-
educated women with higher socioeconomic status did not
identify an increased risk of delivery prior to 33 weeks’ 
gestation.82

Placenta previa

The incidence of placenta previa is increased for women over
the age of 40 years, 3% vs. 0.92%.95 This accounts for a
higher incidence of antepartum hemorrhage. In another
Swedish study, women aged 40 years and older had a higher
risk of placenta previa.90 In a study from London, higher odds
ratios were noted for placenta previa and postpartum hemor-
rhage in older women.97 Data from the National Center for
Health Statistics on pregnant women aged 50–54 years also
reported a higher incidence of placenta previa.87 These 
findings reflect a higher incidence of multiparity,98 uterine
myomas, or uterine scarring from prior surgeries, which could
explain the higher incidence of placenta previa.99,101

Antepartum bleeding

Antepartum bleeding is more frequent for women over
40 years (8.23% vs. 2.8%).95 This was also reported in other
retrospective cohort studies.81,98,102 Because abruptions are
more frequent among women aged over 40 years than among
younger patients, 2.03% vs. 0.13%,95 and placenta previa is
more common, they could contribute to this higher rate of
bleeding. Older women also have higher risks for vasculopa-
thy, and recognized bleeding from abruptions and placenta
previa may occur more frequently.100

Adverse perinatal outcomes due to
advanced maternal age
Early and late fetal loss

Early pregnancy loss is more common among older women
because of the increased risk of aneuploidy (Fig. 54.6). As
many as 50% of first-trimester spontaneous abortions are 
the result of chromosomal abnormalities.103 Although first-
trimester loss is approximately 15% after recognized preg-
nancy in younger women, it may be as high as 25% in women
aged over 40 years.104

Although the fetal death rate decreased from the 1960s to
the 1990s, the fetal death rate increased with increasing mater-
nal age. Women aged 40 years or older had twice the fetal
death rate compared with women younger than 30 years, even
after controlling for recognized coexisting conditions that con-
tribute to fetal death.79 This death rate included congenital
malformations. Factors contributing to fetal death are influ-
enced by maternal age because those factors include multiple
gestation, hypertension, diabetes mellitus, placenta previa,
placenta abruption, previous abortion, and previous fetal
death. The cause of these fetal deaths is uncertain, but it is
very possibly related to increasing maternal vascular disease
with increasing age.

Low birthweight

Low birthweight is another adverse perinatal outcome for
older women studied and reported from the Swedish Medical
Birth Register in a population-based cohort study. As stated
earlier, although taken from a Scandinavian country where
95% or more of pregnant women receive antenatal care, con-
founding factors related to medical and socioeconomic factors
were controlled. Adverse outcomes included very low birth-
weight and very preterm delivery.97,101 Others have reported a
rate of 10.15% for low birthweight infants in older women
versus 5.92% for those less than 40 years of age.95 Women
over 50 years, compared with women aged 20–29 years,
30–39 years, and 40–49 years, had an increasing incidence of
low birthweight infants. The rates of very preterm and small
for gestational age neonates as well as fetal mortality were sig-
nificantly higher for women aged over 50 years, possibly
related to assisted reproductive technologies.87 In another ret-
rospective study of nulliparous women aged 35 years or older
and a younger group of women between the ages of 25 and
29 years, the older aged women had higher incidences of
neonatal complications, including lower birthweight and
neonatal intensive care unit (NICU) admissions.81 This is not
surprising because older women tend to have a higher inci-
dence of medical complications. Whether this is enhanced by
age itself is still somewhat controversial, although there 
are several studies suggesting that age, in and of itself, is a 
predisposing factor, perhaps resulting from suboptimal 
uteroplacental blood flow from underlying maternal vascular
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disease.101 In most of these studies, smoking was a controlled
variable. One other complication is placenta previa, which
may be increased in multiparous women related to increased
parity, uterine myomas, and uterine scarring from prior sur-
geries, and may be responsible for low birthweight infants
(Fig. 54.8, Table 54.11).

Fetal death

Perinatal mortality rate (500 g and over in the first week of
life) was 28.6 per 1000 live births for older women compared
with 10.8/1000 for younger women. This persisted even when
corrected for congenital malformations (18.7 vs. 7.5%).95

Others have confirmed higher adjusted odds ratios for peri-
natal mortality, perinatal death, and intrauterine fetal death

with increasing maternal age.37,90,97 Suboptimal uteroplacental
blood flow from underlying maternal vascular disease may be
responsible for the increase in perinatal mortality101 as well as
the increase in chromosomally abnormal fetuses.

Other adverse outcomes

Other more common adverse outcomes include admission to
the intensive care unit in 16.2% of neonates from women over
40 years compared with 12.5% of neonates born to women
aged less than 40 years.81,98 Low Apgar scores and meconium
were also found among these neonates from older women.98

Intrapartum late decelerations or scalp pH of less than 7.2 are
more frequent among women aged over 40 years (16.1% vs.
8.6%).95

Taking care of older patients

The elderly gravida deserves special attention. First of all,
genetic counseling should be provided to all gravidas over
35 years of age at delivery. Options for prenatal diagnosis
should be discussed in detail and offered in a timely manner.
A detailed history and physical examination should be per-
formed to determine the presence of other medical disorders
and family history that may place the patient at increased risk
of complications, i.e., cardiovascular disease, autoimmune
disease. Any medical illness or chronic disease should be eval-
uated and followed closely, e.g., elevated blood pressure.
Appropriate consultation with medical specialists should be
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Figure 54.8 Crude rates for fetal morbidity
and mortality among singletons by maternal
age in the United States, 1997–1999 (from
ref. 87 with permission).

Table 54.11 Adverse neonatal outcomes for women aged 
> 35 years.

Event Risk Reference

Fetal death at > 24 weeks
Age 35–39 years RR 1.23 (1.17–1.30)* 37
Age 40–44 years RR 1.62 (1.48–1.76)* 37
Age 45–49 years RR 2.40 (1.77–3.27)* 37

Fetal death OR 1.41 (1.17–1.70)* 97
Low birthweight OR 1.28 (1.20–1.36)* 97

OR, odds ratio; RR, relative risk; *significant difference.
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obtained when necessary and in conjunction with a 
maternal–fetal medicine subspecialist. There should be a low
threshold to screen for disorders such as diabetes and thyroid
disease. Carers should be knowledgeable about their patients’
medications and impact on the fetus and pregnancy. Fortu-
nately, most older patients have more normal balanced diets,
and the more educated patient will be easily convinced to
abandon bad habits such as cigarette smoking. It should not
be forgotten that psychosocial support is as important for the
older gravida as it is for the adolescent patient. Perhaps it is

even more important as there is a tendency to believe that
older women have planned pregnancies and therefore do not
require additional psychosocial support. However, fear of an
abnormal fetus, concerns about raising a child at an older age,
and anxiety over the integration of a child into an established
career path may be encountered more often in today’s times.
Finally, preparation for the birth and subsequent childrearing
issues should not be forgotten when taking care of the elderly
gravida.
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Key points

1 Pregnancy at the extremes of reproductive age is more
hazardous than that not at extreme ages.

2 Adverse outcomes from pregnancies at the extremes of
maternal age are influenced by a multitude of variables
that must be controlled in order to determine the real
risks from younger or older maternal age.

3 Over one million teenagers become pregnant in the
USA each year.

4 The teenage pregnancy rate in the USA far exceeds that
in most developed countries.

5 The teenage birth rate decreased to 43/1000 women in
2002.

6 The highest rise in teenage pregnancies is among
Hispanics.

7 Adverse pregnancy outcomes among adolescents are
not due to biologic risks secondary to their age, but to
poor psychosocial environments.

8 Risk factors that contribute to teenage pregnancies
include black and Hispanic race, substance abuse, low
socioeconomic status, lack of support from parents or
the father of the baby, poor self-esteem, and poor
school performance.

9 The major risk to adolescents from pregnancy is
preeclampsia.

10 Adverse outcomes not clearly shown to be increased in
adolescents include maternal mortality, perinatal
mortality, preterm labor, preterm birth, preterm rupture
of membranes, low birthweight, and Cesarean section.

11 Risk factors contributing to adverse pregnancy
outcomes in teenagers include anemia, poor nutrition,
late prenatal care, drug use, and infection.

12 Teenage pregnancies may be reduced through sex
education, school-based clinics, emergency
contraception, regular contraception, and abortion.

13 Delayed childbearing is more acceptable today because
women have better access to contraception, abortion is
a realistic option, prenatal diagnosis minimizes the
risks of having an abnormal child, and improvements
in medical care enable older women to consider
pregnancy.

14 Risks to older gravidas result primarily from
underlying medical illnesses such as hypertension and
diabetes.

15 Access to good healthcare will minimize an older
woman’s pregnancy risks.

16 Older women have a clear and well-documented
decline in fertility, whereas their risk of aneuploidy
rises.

17 Older gravidas need to be counseled that they have an
increased risk of multiple gestation, mortality, Cesarean
section delivery, operative vaginal delivery,
preeclampsia, eclampsia, postpartum hemorrhage,
dysfunctional labor, induction of labor, preterm
delivery, placenta previa, and antepartum bleeding.

18 The increased risk to older women of Cesarean section
delivery is not clear, but could be related to higher
rates of fetal growth restriction, maternal medical
illness complications, failed inductions, and possibly a
lower threshold for operative delivery from a perceived
concern for the older pregnant woman.

19 Older gravidas need to be informed that they have
increased neonatal risks, including early fetal loss, low
birthweight, fetal death, admission to the intensive care
nursery, low Apgar scores, meconium, and fetal distress
in labor.

20 Older pregnant women would benefit from care from a
team of physicians, including maternal–fetal
subspecialists, internal medicine subspecialists, and
social workers.
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The ability to evaluate the medical literature and to incorpo-
rate findings into clinical practice has become a cornerstone
of medical education. Increasingly, practice guidelines are
based on reliable evidence of clinical efficacy and cost-
effectiveness. Evidence-based medicine is the process of sys-
tematically finding, appraising, and using contemporaneous
research findings as the basis for clinical practice.1 The
purpose of this chapter is to review the epidemiologic and sta-
tistical tools needed to evaluate medical literature. Clinicians
can then recommend practice patterns based on the strength
of the evidence.

Epidemiology

Understanding the strengths and weaknesses of study design
and the quality of evidence provided is critical in evaluating a
research article. Epidemiology is concerned with the assess-
ment of exposure and outcome. Exposure may be to a drug,
treatment, therapy, surgical procedure, or genetic factor and
the related outcome may be disease, morbidity, mortality, or
side-effects. The basic design strategies used in epidemiologic
research can be broadly characterized according to whether
the investigation focuses on describing the distributions of
disease (descriptive epidemiology) or on elucidating the deter-
minants of disease (analytic epidemiology).

Descriptive epidemiology describes the general characteris-
tics of exposure and outcome, particularly in relation to
person, place, and time. Indices of person include basic 
demographic factors such as age, race, sex, marital status, or
occupation as well as lifestyle factors such as diet or use of
medication. Characteristics of place refer to the geographic
distribution of an outcome such as variations among or within
countries or between urban and rural areas. Descriptive
studies may examine seasonal patterns or compare outcomes
from different time periods. Data for descriptive studies come
from diverse sources such as census records, vital statistics
records, and hospital charts and office records (clinical data).
Because information about many of the characteristics of

person, place, and time is readily available, descriptive studies
can be performed relatively quickly and inexpensively. There
are three main types of descriptive study: correlational studies,
case reports (or case series), and cross-sectional studies.

Correlational studies use data from entire populations to
compare exposures and outcomes among different groups
during the same period of time or in the same population at
different times. An example is the evaluation of folic acid
intake and incidence of neural tube defects. Although corre-
lational studies are useful for the formulation of hypotheses,
they cannot be used to test hypotheses because of a number
of limitations inherent in their design. Correlational studies
refer to whole populations rather than individuals, so it is
impossible to link an exposure to an outcome in an individ-
ual person. To test a hypothesis, it is necessary to carry out
analytic studies of individuals.

A case study is the most basic type of descriptive study of
an individual, consisting of a careful, detailed report of an
intervention and outcome in a single patient. The simple case
report can be expanded into a case series, describing the char-
acteristics of a number of patients with a given exposure and
outcome. Although case studies and series may suggest a 
correlation between exposure and outcome, it is impossible 
to distinguish among alternative explanations without study-
ing an adequate sample of individuals using an appropriate
comparison group.

Cross-sectional surveys simultaneously assess the status of
individuals with respect to the presence or absence of expo-
sure and outcome. Because exposure and outcome are assessed
simultaneously, cross-sectional surveys cannot always identify
the time sequence of exposure and outcome. As with the other
types of descriptive studies, cross-sectional surveys are useful
for raising the possibility of an association rather than for
testing a hypothesis.

Analytic epidemiology explicitly compares exposure and
outcome. The investigator assembles a group of individuals
for the express purpose of systematically determining whether
the outcome is different in individuals who are exposed or not
exposed to a factor of interest. The use of an appropriate 
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comparison group allows the testing of epidemiologic
hypotheses in analytic study designs. Analytic epidemiology
can be further divided into two strategies: observational and
interventional. The major difference lies in the investigator’s
role. In observational studies, the investigator merely observes
the natural course of events, recording the exposure and
outcome status of each individual. In interventional studies,
the investigator allocates the exposure and then follows the
subjects for the development of the outcome. Observational
studies can be further divided into case–control and cohort
studies.

In a case–control study, the levels of exposure of a case
group or series of patients who have a particular outcome of
interest are compared with those of a control group who do
not have the outcome. Cohort studies classify subjects based
on their exposure to a particular factor, and then study each
group for the development of a particular outcome. An
example of a cohort study is the examination of a potential
relationship between diabetic control in the first trimester of
pregnancy and the incidence of congenital anomalies. The risk
factor is an abnormal glucose level in the first trimester, and
the disease outcome is the presence or absence of a congeni-
tal anomaly. A relationship between blood sugar control in the
first trimester and birth defects can also be examined using the
case–control method. The cases are women with diabetes who
had babies with congenital anomalies; control subjects are 

diabetic women who deliver normal infants. The exposure
(outcome measure) to be compared in the two groups is blood
sugar control in the first trimester, which can be determined
by measuring hemoglobin A1c levels, for example. In this
example, although the hemoglobin Alc levels are collected
prospectively, the study is still analyzed as a case–control 
(retrospective) study.

Table 55.1 gives the basic design details of cohort and
case–control studies, and Table 55.2 summarizes their relative
strengths and weaknesses. Although often maligned, the
case–control method has many advantages. There is a poten-
tial for bias in a case–control study but, if it is well constructed
and executed, it has a great potential for economically yield-
ing valid conclusions.

Interventional studies, often referred to as clinical trials, are
studies in which the investigator assigns exposure and then
follows the subjects for outcome. A comparison group is used,
which may involve subjects under another treatment, test, or
placebo.

Randomized controlled clinical trials, considered to be most
reliable in terms of the evidence they provide, involve an inves-
tigator assigning subjects at random into an experimental
group and a control (placebo or standard therapy) group. If
an alternative experimental treatment is given to the com-
parison group, the study is called a (randomized) comparative
clinical trial. Randomization minimizes any potential con-
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Table 55.1 Study design.

Cohort study Case–control study

Disease No disease Total Disease No disease

Risk factors A B A + B Risk factors a b
No risk factors C D C + D No risk factors c d

Total a + c b + d
Cohort studies compare A/(A + B) vs. C/(C + D) Case–control studies compare a/(a + c) vs. b/(b + d)

By convention, A, B, C, and D represent the total population; a, b, c, and d represent samples of the population.

Table 55.2 Relative strengths and weaknesses of observational study design.

Cohort studies Case–control studies

Strengths Enable direct estimation of disease rates More economical
Less subject to recall bias Can be completed in shorter time-frame

Weaknesses More likely to be biased in determining disease frequency Greater risk of recall bias
Require large sample size, particularly if disease is rare Identification of appropriate control group may be more difficult
More expensive
May require very long time if induction time for disease

development is long
May pose ethical dilemmas if exposure could be removed
Subject to losing subjects in follow-up
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founding factors and ensures that participants are as similar
as possible with respect to all variables except for the inter-
vention of interest.

Evaluation of epidemiological studies

Precision, validity, and bias

Both precision and validity are important concepts in a criti-
cal literature review of study design. Validity refers to the
extent that the outcome variable actually measures the effect
of interest. High validity implies a lack of systematic error 
or bias. Precision refers to the consistency or closeness of
repeated measurements of outcome to each other. Note that it
is possible to have high precision and poor validity or vice
versa. Kleinbaum and colleagues2 helped to clarify the con-
cepts of precision and validity with a target-shooting analogy:
“Validity is concerned with whether or not one is aiming at
the correct bull’s-eye; precision is concerned with individual
variation from shot to shot, given the actual bull’s-eye that is
being considered.”

Assessments of validity often refer to indicators of internal
and external validity. Internal validity generally refers to valid-
ity within the study group itself and the larger group from
which it is drawn. It is influenced by aspects of study design
that include the subject selection, quality and appropriateness
of exposure and outcome measures, and the presence of con-
founding factors. Limitations in internal validity most often
result from selection, information, or confounding biases.
External validity refers to the extent to which findings can be
generalized to a wider population. External validity is most
influenced by the comparability of the pool of potential study
participants with the population for whom the generalization
is intended. For example, the findings of a study conducted in
an academic medical center may not apply to other clinical
settings. Some investigators view external validity as nonex-
istent, believing that little justification exists for generalizing
study results beyond the study population.

There are a seemingly infinite number of potential sources
of bias that can arise in epidemiological studies. Much of an
epidemiologist’s effort is spent in attempting to identify and
overcome sources of bias. Sackett3 discusses a number of the
most frequently encountered causes of bias.

Confounding

A confounding factor (or confounder) can be defined as a risk
factor for disease, other than the exposure under study, that
is unequally distributed between the cases and the compari-
son or control groups. Confounding is a form of bias that can
occur in both case–control and cohort studies and can lead
the unwary investigator to inaccurate conclusions. Table 55.3
gives four characteristics of a potential confounding variable,
as described by Rothman.4 Many factors, including age, race,
and socioeconomic status, are risk factors for prematurity.

When these risk factors are linked with the exposure of inter-
est they may be confounding factors. For example, in a study
of the efficacy of home uterine contraction monitoring in pre-
venting prematurity, women who have insurance may be more
likely to use such a device and, therefore, without careful
development of eligibility criteria, the control group might
include more women of a lower socioeconomic status. Because
socioeconomic status is an index of risk for prematurity and,
in this study, is linked with the exposure of interest (home
monitoring), such a study would be confounded by the dis-
tribution of socioeconomic status. Table 55.4 lists techniques
that can be used in the design or analysis stages of a study to
reduce the effects of confounding.

Screening tests

Screening tests are the basic tools of the clinician. The funda-
mental concepts of screening tests are the same regardless of
the test, e.g., an analysis of a hematocrit or the identification
of patients at risk for premature labor. In any population,
some people have a certain disease and others do not; the chal-
lenge is to identify the diseased individuals at the earliest
opportunity.

Sensitivity is the probability of correctly identifying a sick
individual. Specificity is the probability of correctly identify-
ing a healthy individual. For example, if a normal hematocrit
is defined as being above 40%, the specificity of the test is
poor because many healthy people would be missed. Con-
versely, if an abnormal hematocrit is defined as being less than
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Table 55.3 Rothman’s four characteristics of a potential
confounding variable.4

A risk factor for disease but not necessarily an actual cause of the
disease

Linked to the exposure under study

Cannot be an intermediate step in the chain of events between the
exposure and the disease outcome

Must be associated with both the disease and the exposure under
study

Table 55.4 Techniques to reduce confounding effects.

Restriction limits the admission criteria into the study with respect
to known potential confounding factors

Matching involves comparison (control) groups that are identical to
cases with respect to the matched variables (this  approach may
be very costly and requires a specialized matched analysis)

Randomization involves assigning subjects to different study groups
on a random basis, in an effort to distribute known and
unknown confounding factors equally among groups
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30%, the sensitivity is poor because many anemic people
would be excluded. Defining the normal cutoff value affects
both the sensitivity and specificity of a screening test but in
opposite directions.

The positive predictive value is defined as the proportion of
individuals with a specific risk factor who have the disease.
The negative predicative value is the converse, i.e., the pro-
portion of those without the risk factor who are disease free.
The relationship between sensitivity, specificity, and predictive
values is shown in Table 55.5. The predictive value of a screen-
ing test depends on the sensitivity and specificity of the test as
well as the prevalence of the disease in question. Thus, the 
predictive value is not a measure of the test’s accuracy. The
positive predictive value may be low because the test results
do not adequately reflect the true disease status or because the
disease prevalence is low. The same statistical measures are
used to evaluate diagnostic tests, although the numeric values
for a given test will differ in the two settings because the appli-
cable population will be different. For a full discussion of the
statistical principles of screening and diagnostic tests, includ-
ing the design of studies to evaluate them, see Pepe.5

Null hypothesis: type I and type II errors

The null hypothesis is the focus of statistical testing in bio-
medical research. In two-group comparisons, this hypothesis
generally stipulates that there is no difference between the two
groups with respect to the mean of a variable of interest. Thus,
rejection of the null hypothesis implies an identifiable differ-
ence in the group means beyond what might be reasonably
attributed to chance.

The common decision-making tool for evaluating the null
hypothesis is the P-value, i.e., the probability that a difference
at least as great as that observed would occur by chance if 
the null hypothesis were true. Although other criteria may 
be used, the most frequently applied convention is that a 
P-value of less than 0.05 leads to rejection of the null hypoth-
esis. If the P-value is greater than 0.05, and therefore not 
significant, the null hypothesis is not rejected. The maximum
P-value that will be declared significant is called the alpha level
of the hypothesis test. Table 55.6 defines the possible 
errors in decision-making that can occur. Type I and type II

errors have a clear relationship. The level of either error
depends on the cutoff value chosen to define significance.
Thus, the type II error is larger if the type I error is reduced
and vice versa.

Power and sample size

The power of a test is its ability to detect a difference between
the groups being tested at a given level of statistical signifi-
cance. In other words, it is the probability of rejecting the null
hypothesis given that the alternative is true. For a given sta-
tistical probability distribution, the five factors listed in Table
55.7 are related such that, given four of the five, one can solve
for the fifth. This implies that the power is not an absolute
value but, for fixed alpha, standard deviation and detectable
difference is a (non-linear) function of sample size (and vice
versa).

The major factor under the control of the cohort study
investigator is generally the sample size. As the sample size is
increased, it is possible to detect smaller differences with a
given power. In a case–control study, both increasing the
sample size and improving the ratio of control subjects to case
subjects enhance study power.6–8 In some settings, the meas-
urement procedures can be modified in ways that reduce the
variance.

The failure to consider statistical power is one of the most
frequent errors in study design.9,10 Freiman and colleagues11

reported an analysis of 71 “negative” randomized controlled
clinical trials published in peer review journals and found that
50 (70%) of the trials used had insufficient power to detect a
50% improvement in outcome with the treatment. Similarly,
DerSimonian and colleagues12 reported the results of a survey
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Table 55.5 Relationship of sensitivity, specificity, and predictive
values.

Risk factors Disease No disease

Yes a b
No c d

Predictive value negative = d/(c + d); predictive value
positive = a/(a + b); sensitivity = a/(a + c); specificity = d/(d + b).

Table 55.6 Possible types of error associated with hypothesis
testing.

Statistical testing Truth (null Truth (null 
decision hypothesis true) hypothesis false)

Do not reject null No error Type II error (β)
hypothesis

Reject null hypothesis Type I error (α) No error (1 − β =
power)

Table 55.7 Factors relating to power and required sample size of a
specific statistical test.

Alpha level (type I error)
Power (1 – type II error)
Difference to detect at specified power
Standard deviation
Sample size
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of methods in 67 clinical trials published in four prestigious
journals; the statistical power of the trial for detecting treat-
ment effect was discussed in only 12% of the articles. For
practical purposes, sample size and power calculations are
most often derived from commercial computer software pro-
grams or existing references.7,8,13–16 These calculations should
always be based on the same statistical methods that the inves-
tigator plans to use for data analysis at the conclusion of 
the study.

Comparative measures of effect

In epidemiology, common comparative measures of effect
include the absolute risk difference, the risk ratio (relative
risk), the odds ratio, and the attributable proportion. These
might be used, for example, to assess the effect of maternal
smoking (exposure) on the risk of premature birth.

The risk difference is the proportion of diseased individuals
among the exposed subjects minus the proportion of diseased
individuals among the unexposed subjects.

The risk ratio is the proportion of diseased individuals
among the exposed subjects divided by the proportion of dis-
eased individuals among the unexposed subjects.

The odds ratio (OR), or relative odds, is the ratio of the
odds of disease in exposed individuals relative to the unex-
posed, or, equivalently, the ratio of the odds of exposure
among diseased individuals relative to healthy individuals. The
OR is often used as an approximation of the risk ratio for
case–control studies, in which the risk ratio cannot be meas-
ured directly. This approximation is a good one when the
prevalence of the disease is low (the “rare disease assump-
tion”). For further details, see Cornfield’s landmark publica-
tion17 or most epidemiologic texts.

The attributable proportion (or etiologic fraction) is an
expression of the proportion of the cases of disease resulting

from exposure. It combines risk factor prevalence with the risk
ratio to better assess the public health impact of the associa-
tion. A full discussion may be found in Benichou.18

The null value for the risk difference and attributable risk
is 0, whereas the null value for the risk ratio and OR is 1.
When a confidence interval crosses these values, the null
hypothesis is not rejected at the given level of significance. For
example, a relative risk of 3.2 (95% confidence limits from
0.8 to 4.0) is not statistically significant at a P-value of less
than 0.05.

Statistical testing and confidence intervals

A number of factors must be taken into account in selecting
the best statistical test or group of tests. All statistical test pro-
cedures are founded in probability theory, and the validity of
each test is intimately linked to assumptions about how the
data relate to the probability underlying the test. Features of
the study design and data are also important in statistical
testing, including the nature of the exposure and outcome vari-
ables, the distribution of values of the variables under study,
whether matching was included in the study design, whether
measures are independent or repeated for a particular 
individual, and the potential confounding factors for each
association tested.

For the purposes of critical literature review, Table 55.8 out-
lines categories of statistical tests that are used in examining
various combinations of exposure (explanatory) and outcome
(response) data or variables. A categorical or discrete variable
is able to assume only a finite or countable number of out-
comes. One example is marital status, where the outcome can
be single, married, divorced, or widowed. A continuous vari-
able such as weight, height, or gestational age can take on any
value within a specified interval or continuum. Although Table
55.8 helps to narrow the choice of statistical tests to the appro-
priate group, the process of selecting the best test requires a
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Table 55.8 Alternative univariate and multivariate statistical methods used in hypothesis testing of continuous and/or categorical data.

Exposure (explanatory) Outcome (response) variables
variables

Categorical Continuous

Single
Categorical Contingency table (chi-squared or Fisher’s exact text) Z-statistic, Student’s t-test, ANOVA, or nonparametric

or normal approximation (Z-statistic) analogs
Continuous Z-statistic, Student’s t-test, ANOVA, or nonparametric Linear regression, correlation coefficient

Multiple*
Categorical Stratification or loglinear analysis or logistic regression ANOVA
Continuous Logistic regression Multiple regression
Mixed Logistic regression ANCOVA

ANCOVA, analysis of covariance; ANOVA, analysis of variance.
*Adapted from ref. 29.
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broader knowledge of the principles of study design and bio-
statistical testing.

To choose the optimal statistical test, the investigator must
consider the question being asked, the study design, the nature
of the variables, and the assumptions of the different statisti-
cal test procedures. Because the appropriate use of statistical
tests is not a trivial task, we recommend that statistical testing
be performed by an individual with expertise in biostatistics
and that investigators actively cultivate a collaboration 
with such an individual. A number of excellent general texts
cogently discuss the principles of biostatistics that are relevant
to clinical research.19–24 The take-home message concerning
epidemiologic analyses was stated well by Schoolman et al:25

“Good answers come from good questions, not from esoteric
analyses.”

Some authors argue that confidence intervals should be
reported to the exclusion of hypothesis testing and P-values.
However, there is a one-to-one relationship between confi-
dence intervals and hypothesis testing, and the choice of which
to report should be tailored to the context of the study. Mea-
sures of effect and 95% confidence intervals (consistent with
P = 0.05) offer the advantage of being more informative than
P-values alone but, given the point estimate and standard
error, it is possible to calculate confidence intervals of what-
ever confidence limit is desired. A more extensive discussion
is provided by van Belle et al.24

Multiple comparisons

Some investigators appear to approach each epidemiologic
study as a series of statistical tests in the quest for a P-value
less than 0.05. These “fishing expeditions” are often char-
acterized by indiscriminate statistical comparisons that are 
frequently unfounded in prior hypotheses or biological plausi-
bility. The criticism of this approach is based on the increasing
probability that a “statistically significant” P-value is likely to
be obtained by chance alone (i.e., in the absence of biological
significance) if repetitive statistical tests are performed. This
phenomenon is called an alpha (type I) error. If the significance
level is set at 5% (P < 0.05), the expected frequency of this
event is 1 in 20 tests performed. Incomplete reporting of sta-
tistical methods further complicates the interpretation of “sig-
nificant” P-values; there is an apparent publication bias
favoring positive results and leading to a reluctance to report
the multiple “insignificant” comparisons that may accompany
a single statistically significant association.

The multiple comparison criticism is best avoided by limit-
ing statistical testing to factors about which a hypothesis has
been formulated a priori and for which a biologically plausi-
ble explanation exists. Investigators are also encouraged: (1)
to include detailed descriptions of the statistical methods and
negative results as part of manuscripts that might otherwise
focus only on a positive association,26 and/or (2) to make more
stringent requirements for significance or adjustments to the
P-value obtained through multiple comparisons.23

Some epidemiologists view these comparisons as instru-
mental in the generation of new hypotheses. Feinstein and
Horwitz27 state: “Although agreement has not been reached
on when and how to adjust the statistical levels of significance
in a study in which multiple agents have been investigated
without preceding hypotheses about them, the results of such
studies should be viewed not as conclusions but as tentative
hypotheses to be confirmed by further research.”

Suggestions by Pocock and colleagues28 for hypothesis
testing in the clinical trial may be useful in avoiding the issue
of multiple comparisons and other statistical considerations.
All the preceding recommendations imply that investigators
must define a priori a coordinated policy for the statistical
aspects of a clinical trial; this should reflect a consistency of
intent throughout the trial (beginning with trial design) on
issues such as the primary study question and endpoint defi-
nitions, and throughout its conduct, analysis, interpretation,
and reporting.

Multivariate analysis

Stratification is one of the major approaches used in control-
ling confounding factors in categorical data analysis. This
approach offers the dual advantages of straightforward cal-
culable results and ease of visual inspection of the data. Strat-
ified data may be analyzed by standardization (standardized
mortality–morbidity ratios) or summary (Mantel–Haenszel
test) methods. Limitations of stratified analyses include their
dependence on categorical delineation of the confounders and
(given a finite number of subjects) their difficulty in accom-
modating more than a few factors simultaneously without the
data becoming too sparse. For example, if one wished to strat-
ify an analysis of birthweight by the mother’s socioeconomic
status (SES), insurance type, and a dichotomous indicator of
whether or not she received regular prenatal care, the stratum
representing low SES, no health insurance, and regular pre-
natal care might have very few infants whose data would then
unduly influence the results of the analysis.

Multivariate analyses, most appropriately used as com-
plements to stratified analysis, offer a number of potential 
benefits. They can control for a greater number of variables
simultaneously, facilitate the exploration of interrelationships
between covariates, and provide a model that enables the cal-
culation of the odds of disease for a particular individual.

Advances in computing technology in the past three decades
have led to advances in the statistical methodology and acces-
sibility of multivariate procedures. Among the methods
encountered frequently in the clinical and epidemiologic liter-
ature are multiple linear regression, logistic regression, loglin-
ear analysis, mixed-effects models and generalized estimating
equations (GEE) for longitudinal data, and the (Cox) propor-
tional hazards model for censored time-to-event data. General
information about the appropriate application and interpre-
tation of each of these procedures is discussed in van Belle and
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colleagues.24 Care is needed when assessing the adequacy of
data to meet the assumptions underlying the various methods,
as well as when evaluating model fit and interpreting the
results. It is strongly recommended that investigators requir-
ing analysis using these methods engage the collaboration of
a statistician who is well versed in the procedures.

Causal inference

A widely accepted principle of epidemiology is that “the most
one can hope to show, even with several studies, is that an
apparent association cannot be explained either by design bias
or by confounding effects of other known risk factors.”30

Investigators are often cautioned with the maxim: “associa-

tion does not imply causation.” Nevertheless, criteria for
assessing the likelihood that a given association is causal are
often helpful.

Most students of medicine first become familiar with the
concept of assessing causality when they are exposed to Koch’s
postulates. Hill proposed the epidemiologic criteria for causal-
ity shown in Table 55.9,31 partially in response to a discussion
of Koch’s work. The merits of these criteria have been subject
to considerable academic debate, but Hill’s guidelines provide
a reasonable starting point when considering causal inference.

Breslow and Day’s text30 discusses the derivation of 
Hill’s criteria that are thought to be most relevant to clinical
studies, i.e., dose–response, specificity of risk to disease sub-
groups, specificity of risk to exposure subcategories, strength
of association, temporal relation of risk to exposure, lack of
alternative explanations, and considerations external to the
study.

A brief introduction to the causal criteria relevant to clini-
cal studies cannot begin to address the many thought-
provoking historic and contemporary discussions on the
subject of causality and causal inference. Some theorists have
proposed alternative criteria, whereas others believe that no
role exists for causal criteria. Rothman32 has provided a stim-
ulating debate on causality by contemporary thinkers who
refer to Popperian (deductivist), Bayesian (subjective proba-
bilist), and frequentist (statistical) viewpoints. Additional dis-
cussion is presented in a recent paper by Rothman and
Greenland.33
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Table 55.9 Hill’s causal criteria.31

Strength of association
Consistency
Temporality
Biologic gradient
Plausibility
Coherence
Experimental evidence
Analogy

Key points

1 Understanding a study’s strengths and weaknesses of
design and the quality of evidence that it provides is
critical in evaluating a research article.

2 The basic design strategies used in epidemiologic
research can be broadly divided into descriptive
epidemiology or analytic epidemiology.

3 Descriptive epidemiology describes the general
characteristics of exposure and outcome, particularly in
relation to person, place, and time.

4 Analytic epidemiology explicitly compares exposure
and outcome.

5 Analytic epidemiology can be further divided into two
strategies: observational and interventional.

6 Observational studies can be further divided into
case–control and cohort studies.

7 Interventional studies, often referred to as 
clinical trials, are studies in which the investigator
assigns exposure and then follows the subjects for
outcome.

8 Randomization minimizes potential confounding
factors and ensures that participants are as similar as

possible with respect to all variables except for the
intervention of interest.

9 Validity refers to the extent that the outcome variable
actually measures the effect of interest.

10 Precision refers to the consistency or closeness of
repeated measurements of outcome to each other.

11 A confounding factor (or confounder) can be defined
as a risk factor for disease, other than the exposure
under study, that is unequally distributed between the
cases and the comparison or control groups. The
effects of confounding can sometimes be reduced by
careful study design and analytic methods.

12 The predictive value of a screening test (or diagnostic
test) depends on the sensitivity and specificity of the
test as well as the prevalence of the disease in question.

13 The P-value associated with a test of hypothesis is the
probability that a result at least as great as that
observed would occur by chance if the null hypothesis
were true.

14 The power of a test is its ability to detect a difference
between the groups being compared at a given level of
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statistical significance. In other words, it is the
probability of rejecting the null hypothesis given that
the alternative is true. The failure to consider statistical
power is one of the most frequent errors in study
design.

15 The odds ratio is often used as an approximation of
the risk ratio for case–control studies, in which the risk
ratio cannot be measured directly. This approximation
is a good one when the prevalence of the disease is low
(the “rare disease assumption”).

16 The process of selecting the best statistical test requires
a broader knowledge of the principles of study design
and biostatistical testing. Because the appropriate use
of statistical tests is not a trivial task, it is
recommended that statistical testing be performed by
an individual with expertise in biostatistics and that
investigators actively cultivate a collaboration with
such an individual.

17 There is a one-to-one relationship between confidence
intervals and hypothesis tests; the context should

provide a guide as to which is appropriate to report in
a given situation. The former emphasizes the estimation
of effect size, whereas the latter is a decision-making
tool.

18 Investigators should define a coordinated policy for the
statistical aspects of a clinical trial that reflects a
consistency of intent from the design of a trial through
its conduct, analysis, interpretation, and reporting.

19 Multivariate modeling is complex. Care is needed when
assessing the adequacy of data to meet the assumptions
underlying the various methods, as well as when
evaluating model fit and interpreting the results. It is
strongly recommended that investigators requiring
analysis using these methods engage the collaboration
of a statistician well versed in the procedures.

20 Although investigators are cautioned to always keep in
mind the maxim “association does not imply
causation,” criteria exist for evaluating the likelihood
that a relationship between a risk factor and a disease
is causal.
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Sexual relations of expectant and new parents are of great
medical and psychological significance. Sexual activity during
pregnancy might harm the fetus, and pregnancy, birth, and
breastfeeding might impair maternal sexual health. Sexuality
can be a problem for (expectant) parents, but becoming 
a mother or a father can also improve sexual health and 
relationships.

This chapter presents information from several recent
reviews1–7 and new publications.

Sexual development during pregnancy
and the first year postpartum

Genital physiology and sexual responsiveness

In the first trimester of pregnancy, breasts are very sensitive
and may hurt easily. In the first and second trimesters, genital
vasocongestion increases during sexual excitement and
leakage of urine with orgasm is not unusual. In the third
trimester, vasocongestion is generally increased and influenced
little by sexual excitement. Lubrication and orgasm are inten-
sified in pregnancy, but climax may sometimes be accompa-
nied by cramps. In the third trimester, vaginal contractions are
weaker and sometimes tonic muscle spasms occur. Postorgas-
mic contractions usually stop after about 15 min.1,4

In the first 6–8 weeks postpartum and during breast-
feeding, the sexual arousability of mothers is physiologically
reduced, the walls of the vagina are thinner, and orgasm is less
intense. Breastfeeding women may ejaculate milk during
climax. After about 3 months, or on cessation of breastfeed-
ing, these changes regress; some women then experience
orgasm more intensely than before. On resumption of inter-
course, women mostly perceive their vaginal tension to be
unchanged or tighter; at 3–4 months postpartum, vaginal
tension is mostly unchanged but is reduced in about 20% of
women. About 6–12 months after birth, sexual responsiveness
is reduced in 40–50% of mothers and in about 20% of
fathers.1,6

Sexual interest and initiative

Generally, female sexual interest remains unchanged or
decreases slightly in the first trimester of pregnancy, and
decreases sharply at the end of the third trimester; however, it
is remarkably variable, especially in the second trimester.5

Male sexual interest mostly remains unchanged until the end
of the second trimester, when it decreases sharply. Female
interest in tenderness remains unchanged or increases in preg-
nancy. The preferred erotic and sexual activities tend to
remain unchanged during pregnancy and after birth, but
vaginal stimulation becomes less important in the second and
third trimesters.1 At 3–4 months postpartum, female sexual
interest is reduced in most cases compared with the time
before pregnancy, but is subsequently very variable. Men
appear to be sexually uninterested postpartum more often
than women.1

With most couples, men show more sexual initiative before,
during, and after pregnancy than women.1 Female coital activ-
ity during pregnancy and postpartum is sometimes motivated
by a concern about the partner’s sexual satisfaction and faith-
fulness.1

Sexual activity

Coital activity in pregnancy declines slightly in the first
trimester, is variable in the second trimester, and declines
sharply in the third trimester. Most couples practice inter-
course up to the seventh month, with coital activity occurring
in about one-half to three-quarters in the eighth month, and
around one-third in the ninth month. On average, the last
coitus occurs 1 month before delivery. About 10% of women
abstain from coitus once pregnancy is confirmed. The use of
the male superior position declines during pregnancy, and
other positions are practiced more often (side-by-side; rear
entry; female superior, but only in the second trimester). In the
second trimester of pregnancy, sexual intercourse occurs about
4–5 times per month.1,8,9

56 Sexuality in pregnancy and the
postpartum period
Kirsten von Sydow
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On average, intercourse is resumed 6–8 weeks after the birth
in Europe and the USA (16.5 weeks in Nigeria). In the third
month postpartum, 88–95% of couples practice intercourse,
and, by the 13th month, coital activity occurs in 97% of
couples. Coital activity postpartum is highly variable. Com-
pared with the prepregnancy period, coital frequency is
reduced during the first year after the birth. About 84–90%
of couples use contraceptives postpartum, mostly the oral con-
traceptive pill or condoms.1,8–10

Nongenital physical tenderness is first unchanged and then
decreases continuously from the sixth month of pregnancy
until 3 years postpartum. On average, noncoital sexual
contact is resumed 3 weeks after the birth, usually before inter-
course is resumed. Anal intercourse is practiced by only a
minority during pregnancy. The course of most heterosexual
activity (e.g., coital activity, French kissing, manual genital
stimulation) and female masturbation mostly follows a “stan-
dard pattern” characterized by a decrease during pregnancy
(especially during the third trimester) and no or very low activ-
ity in the first 3 months postpartum; this is then followed by
a slight increase. During late pregnancy and the first weeks
postpartum, fellatio is practiced more often than cunnilingus.
Male masturbation activity is stable throughout pregnancy
and the postpartum period.1,8,9

Sexual enjoyment and orgasm

Before pregnancy, 76–79% of women enjoy inter-
course (7–21% do not enjoy intercourse at all). In the first
trimester of pregnancy, this decreases to 59%; in the second
trimester, it increases to 75–84%; and in the last trimester, 
it decreases again to 40–41%. More than one-half of 
women enjoy sexual intimacy with their partner in the 
first year after giving birth, with 18–20% partially enjoying it
and 24–30% not enjoying it at all. Father reports the same
data.1

Before pregnancy, or in women aged under 30 years, the
cumulative incidence of orgasm varies from 51% to 87%,
with 10–26% of all women remaining nonorgasmic during
their entire lives. Results describing female orgasm in preg-
nancy are contradictory. In the third trimester, 54% of 
sexually active women report having an orgasm with the last
coitus.1 On average, the first orgasm postpartum occurs after
7 weeks. Only 20% of women have a climax during the first
coitus postpartum, rising to 75% (about the same as before
pregnancy) 3–6 months after the birth. The preferred methods
for reaching orgasm mostly remain unchanged. Both genders
prefer manual stimulation, oral stimulation, intercourse, and
masturbation.1,11

Erotic aspects of the parent–infant relationship

Touching is necessary for the baby and, for both baby and
mother, mostly pleasurable (data regarding fathers are not
available). The physical contact with the baby can be accom-

panied by erotic feelings, especially during breastfeeding. 
One-third to one-half of breastfeeding mothers describe it as
an erotic experience. One-quarter have guilt feelings resulting
from their sexual excitement, and some even stop nursing
because they are afraid of the sexual stimulation.1

Risks and benefits of sexual activity
during pregnancy

Large representative studies have observed no overall as-
sociation between birth complications (perinatal mortality,
preterm birth, premature rupture of the membranes, low
birthweight) and either coital activity or orgasmic frequency.
However, intercourse using the male superior position and
intercourse in women with certain genital infections are asso-
ciated with an elevated risk of preterm delivery.1,4,12–18 In
healthy women, there is no significant relationship between
the frequency of intercourse and genital infections. Pregnant
women whose partners have a sexually transmitted disease
(STD), have extramarital relationships, or inject drugs should
use condoms; unfortunately, however, they usually do not.4

Few studies4,6,19,20 associate cunnilingus during pregnancy with
the very rare complication of venous air embolism, which can
occur if air is blown into the vagina.

The benefits of sexual activity during pregnancy have only
occasionally been researched, but at least one study1 has found
that sexual activity and enjoyment in pregnancy is associated
with higher subsequent evaluations of relationship stability,
tenderness, and communication at 4 months and 3 years 
postpartum.

Sexual problems and dysfunctions

Epidemiology

During pregnancy, one-third to one-half of all expectant
parents fear harming their baby. Men also fear harming 
their partner, and women worry about the sexual satisfac-
tion of their partner or about orgasmic uterine contrac-
tions (only during the third trimester). Less frequently, 
expectant mothers suffer from dyspareunia (painful 
intercourse) or men report difficulty in ejaculating during
intercourse.1,6,21,22

Only 12–14% of both partners report having no sexual
problems postpartum. Many mothers and fathers are afraid
to resume intercourse. More than 50% of all women experi-
ence pain during their first intercourse after birth, with 41%
still suffering from dyspareunia at 3 months postpartum. This
is reduced to 22% at 6 months postpartum, and remains at
this level until 13 months postpartum. About 57% of women
are worried about the sexual satisfaction of their partners, and
around one-fifth of couples have problems with contraception
or milk leakage from breastfeeding mothers. Long term, the
sexual relationship of at least one-third of all couples 
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worsens, although it improves for one-quarter of new
mothers.23

About 4–28% of fathers have extramarital relationships
during pregnancy and in the first months postpartum, whereas
women do so only rarely. In West Africa, postnatal marital
coital abstinence is associated with an increased risk of male
extramarital affairs and unprotected extramarital sex.1,23–25

Etiology of sexual problems and dysfunctions

It would appear that female sexual problems and decreases in
sexual activity, interest, and enjoyment during pregnancy and
the postpartum period are related to the physical processes of
pregnancy, delivery, and breastfeeding. However, only some of
the observable changes can be attributed to physiological
processes. Sexual behavior and problems during the transition
to parenthood are influenced by a complex interplay of bio-
medical, psychological, and social–marital factors, similar to
the situation in other phases of the life cycle (Tables 56.1 and
56.21,7,10,23,25–28).

The degree of perineal trauma is strongly related to post-
natal dyspareunia in a dose-dependent manner (no perineal
damage, 11% coital pain; unstitched tears, 15% pain; stitched
tears, 21% pain; episiotomy, 40% pain) and is also associated
with sexual behavior postpartum. The risk of postbirth dys-
pareunia is highest for women who undergo assisted vaginal
deliveries (vacuum extractor, forceps), intermediate for
women with spontaneous vaginal deliveries, and lowest fol-
lowing Cesarean sections. Women who undergo a Cesarean
section resume intercourse somewhat earlier than women who
deliver vaginally.1,2,8,10,23,29–32

Breastfeeding (at months 1–4 postpartum) is accompanied
by reduced coital activity, sexual desire, and sexual satisfac-
tion in women and their male partners. Mothers who breast-
feed long term resume intercourse at a later time, are slightly

less sexually interested, suffer from coital pain more often, and
enjoy intercourse to a lesser degree. The cessation of breast-
feeding has a positive effect on sexual activity, but no effect
on sexual responsiveness or orgasm. The negative impact of
breastfeeding on maternal (and paternal) sexuality results
from changes in the hormonal status of the mother, which
influences desire and lubrication, and from the changed
“meaning” of the breasts (nutritional versus sexual) for both
partners.1,8,10,23,33

It should be borne in mind that sexual activity, tenderness,
and sexual satisfaction generally decline with increasing rela-
tionship duration, in childless couples as well as in parents.1

Diagnosis of sexual problems and
dysfunctions, their prevention 
and treatment

Gynecological and obstetrical intervention 
and advice

The use of an episiotomy is strongly related to postbirth dys-
pareunia, even more so than spontaneous perineal tears, and
its use should be reduced and restricted as far as possible to
specified indications.1,31

Although the majority of gynecologists believe that they
spontaneously discuss sexuality with their pregnant patients,
two-thirds of all women questioned in various industrialized
countries do not remember discussing sexuality in pregnancy

Table 56.1 Factors associated with decreased sexual interest,
activity, and enjoyment and increased sexual problems during
pregnancy.

Biomedical factors
Tiredness
Worry that the fetus could be hurt during intercourse
Dyspareunia
Backache
Woman’s low physical attractiveness (self and partner evaluation)

Psychosocial factors
Mental symptoms (depressed mood, emotional lability)
Prepregnancy sexual history and sexual symptoms (e.g.,

dyspareunia)
Negative or ambivalent feelings about the pregnancy

Couple/relationship factors
Low relationship satisfaction

Table 56.2 Factors associated with decreased sexual interest,
activity, and enjoyment and increased sexual problems during the
postpartum period.

Biomedical factors
Degree of perineal birth trauma (tears, episiotomy)
Assisted vaginal delivery
Tiredness
Kegel exercises not performed
No reliable method of contraception

Psychosocial factors
Mental symptoms (depressed mood, emotional lability)
Prepregnancy sexual history and sexual symptoms (e.g.,

dyspareunia)
Poor childhood relationship with father (e.g., good relationship only

with mother)

Couple/relationship factors
Low relationship satisfaction (in women and men)

Attributes of the baby and the mother–child relationship
Male babies: mothers of boys are perceived by their partners as

being less tender during the postpartum months than mothers of
girls

Mothers with a rigid and overprotective relationship to their baby
Breastfeeding
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with their gynecologist. About 76% of expectant mothers feel
that sexuality should be discussed, with 45% finding that the
information given by medical staff about sex during pregnancy
was insufficient. Approximately 49% of women who talked
to their doctor about sexuality in pregnancy raised the issue
first, with 34% feeling uncomfortable in bringing up the topic
themselves. Women who do not ask their gynecologists sexual
questions during pregnancy more often experience an intensi-
fication of their sexual feelings than women who do ask
because doctors often give restrictive advice. Alternative coital
positions or alternatives to intercourse (e.g., mutual hand
stimulation) are only very rarely mentioned by doctors. No
doctor mentioned that sex could improve during pregnancy,
and only 8–10% of women abstained from intercourse
because of medical advice.1,4,11,21

Intercourse and/or orgasm should be avoided by expectant
mothers who have certain pregnancy complications (Table
56.3). If a woman’s partner may be infected with an STD,
including HIV, a condom should always be used. STD infec-
tion in the mother can lead to miscarriage or stillbirth, or can
be harmful to the embryo/fetus. However, for the majority of
healthy pregnant women and their partners, there is no reason
to “forbid” sex, even in the last weeks before birth.1,4,6

Many gynecologists are uncertain about what sexual advice
to give when problems occur in pregnancy. Nearly all agree
that intercourse should be avoided during and after bleeding,
but there is no agreement as to how long the period of absti-
nence should be and when the ban on intercourse can be
reversed, e.g., after vaginal bleeding has stopped. Similarly,
recommendations vary with regard to the sexual consequences
of premature contractions, and some doctors fail to give
restrictive advice when it is necessary, e.g., in cases of incom-
petent cervix or vaginal infection. There is a lack of medical
knowledge concerning sexuality and the management of preg-
nancy complications, and medical textbooks rarely contain
information on this subject.4,21 Uncertainty and a lack of train-
ing in couple/sexual counseling might be reasons why doctors
neglect this topic. Discussions about sexual problems are not
included in routine antenatal care and, if they do occur, the
male partner is usually not included.1,4

Post birth, maternal and child health services in Europe and
the USA focus more on the child than on the mother. Health

professionals do not always have the awareness, knowledge,
and skills to deal with postnatal sexual problems.29 Postbirth
medical advice about sexuality usually focuses only on con-
traception, which is discussed at 76% of 6-week postnatal
visits; topics such as intercourse, perineal problems, pain, and
sexual interest are not mentioned and these problems are not
recognized in the great majority of women.29 About 22% of
new mothers desire medical advice because of perineal or
coital problems; three-quarters who need help actively seek it,
whereas 8% feel that they have not received adequate help.10

Many couples wish to receive more information about bodily
changes and sexuality postpartum, and 30% say that sexual
counseling might have been helpful.1

Practical recommendations for giving medical advice about
sexuality during pregnancy and postpartum are summarized
in Table 56.4.1,4

Healthcare policy and prevention

At the final 6- to 8-week postnatal visit, only about one-half
of all new mothers have resumed sexual intercourse. Women’s
sexual health problems extend well into the first postnatal year

Table 56.3 Indications for coital and orgasmic abstinence during
pregnancy.

Vaginal bleeding
Abdominal pains
Rupture of the membranes
Premature dilation of the cervix
History of premature delivery, heightened risk of premature labor
Placenta previa
Placental insufficiency
Incompetent cervix
Multiple pregnancy

Table 56.4 Recommendations for taking a sexual history and giving
the patient sexual information.

If possible, include the partner

Put open questions and listen to the answers
Pregnancy: the current emotional, marital, and sexual situation, and

the information needs of the woman and her partner
Postpartum: sexual interest, behavior, coital pain, or incontinence

Give information about normal changes during the transition to
parenthood
Pregnancy: some women (and men) have no sexual interest,

whereas, in others, sexual interest is intensified
Postpartum: some mothers experience erotic feelings during

breastfeeding and some fathers are jealous about breastfeeding.
Vaginal dryness may be associated with breastfeeding

Acknowledge patients’ and partners’ fears and uncertainties and
respect their inner limitations
The aim is a sexual life that both partners and, from the medical

and parental point of view, the baby are contented with. This
also includes the option of sexual abstinence

Give technical advice about the range of sexual options
Tenderness, noncoital sexual activities (e.g., manual and oral

stimulation, masturbation) and, during pregnancy, alternative
coital positions (female superior, rear entry/“spoon,” use of
pillows)

Instruct the patient in self-help
Post birth: self-inspection of the vulva with a hand mirror and

insertion of a finger to test for healing; vaginal muscle-toning
(Kegel) exercises

Be sensitive for sexual and nonsexual domestic violence
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and sometimes even longer.1,29,30 Consequently, a 6-month
postbirth checkup that includes questions about sexuality, for
example “Have you already resumed intercourse?,” “How did
it feel?,” “Do you have any perineal problems?,” and other
taboo topics such as incontinence would be more helpful in
identifying the full range of problems women may experience
after childbirth.

A new prenatal program designed to decrease the poten-
tially negative effects of parenthood on the quality of marital
relationships had positive effects on postpartum satisfaction
and the sexual aspects of marriage compared with a tradi-
tional prenatal education program.34

Counseling, psychotherapy, and intervention

Perineal pain may be decreased by the resolution of inflam-
matory processes using therapeutic ultrasound.35 If sexual
problems persist after gynecological treatment has been suc-
cessfully completed (e.g., coital pain from episiotomy scars)
and the woman has terminated breastfeeding, a closer look at
the psychological situation and the relationship of both part-
ners is necessary. It is also helpful if the doctor or midwife is
able to assess the psychosocial and sexual situation of patients

and, if necessary, refer them to mental health professionals for
marital counseling or psychotherapy. This is in the interests
not only of the parents but also of the newborn baby, whose
life may be affected if his/her parents live in an unhappy rela-
tionship or get divorced.

Research implications can be found in two extensive
reviews.1,7

Conclusion

In summary, sex is of little relevance for most new breast-
feeding mothers during the first 3 months postpartum because
adaptation to motherhood requires all of their energy, involves
profound psychosocial and hormonal changes, and results in
a lack of sleep. Male sexual activity is also reduced during this
phase of life but to a lesser degree. There is remarkable vari-
ation in female and male sexual behavior during pregnancy
and the later postpartum stages (months 4–12). On average,
all heterosexual activities tend to decline during pregnancy;
they reach a point near zero in the immediate postpartum
period and then slowly start to increase again.

Key points

1 During the last weeks of pregnancy and the first 2 or 3
months postpartum, female sexual activity is universally
very low or nonexistent.

2 In every other phase of the transition to parenthood,
female sexual activity is very variable depending on the
physical and mental health of the (expectant) mother,
her sexual and nonsexual biography, the relationship of
the couple, and her life circumstances.

3 Healthy women and their partners can stay sexually
active during the entire pregnancy; however, sexual
activity in pregnancy should be discouraged if certain
problems occur (e.g., vaginal bleeding).

4 Intercourse is resumed on average about 6–8 weeks post
birth, but it can be many months later.

5 Sexual problems (e.g., dyspareunia) are very common
during the first year postpartum but are often not
recognized by doctors, nurses, and midwives.

6 Postbirth sexual problems are often related to perineal
trauma (assisted deliveries, episiotomy, tears),
breastfeeding, marital problems, and prebirth sexual
problems of the couple.

7 Patients feel that doctors rarely discuss sexual issues
during pregnancy and the postpartum period, although
most gynecologists believe that they have done so.
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Psychiatric disorders are common in pregnant and postpartum
women yet they often go undiagnosed and untreated. Approx-
imately one-quarter of pregnant and postpartum women may
have a psychiatric disorder, but the majority of these patients
do not receive adequate treatment as part of their obstetric
care. In addition to the distress associated with mental illness,
pregnant women with psychiatric disorders report more
somatic symptoms and are at an increased risk for poor obstet-
rical and neonatal outcomes. Women suffering from a severe
depressive illness or psychosis are also at risk for suicide, the
leading cause of maternal death through the first postpar-
tum year.

All women should be asked early in pregnancy about any
history of psychiatric disorders and use of psychiatric med-
ications, and screened for current psychiatric disorders. If
present, management plans should be initiated to decrease
both complications from the illness and the high risk of recur-
rence following delivery. Management of psychiatric disorders
is complicated by pregnancy and the potential risk to the fetus,
but collaboration between obstetric providers and psychia-
trists can provide effective treatments.

This chapter will provide obstetricians and perinatologists
with a clinically relevant overview of psychiatric issues that
may be confronted in caring for pregnant and postpartum
women. It covers depressive disorders, anxiety disorders, 
psychiatric emergencies, and special treatment challenges
including bipolar disorder, somatization, denial of pregnancy,
capacity to parent, and pregnancy after loss.

Depressive disorders

Epidemiology
Depressive disorders are common in pregnancy, affecting
9–23% of antepartum women1–6 and 12–16% of postpartum
women.7,8 Of these, an estimated 3–11% suffer from the most
serious form of depression, major depressive disorder.5,6

Although these prevalence rates are similar to those seen in
nonpregnant women of childbearing age, pregnant women are

more likely to be seen by a physician, increasing the opportu-
nity for diagnosis and treatment. Table 57.1 lists the depres-
sive disorders that an obstetrician is likely to encounter.

There are common risk factors for the development of 
antenatal and postpartum depression (see Table 57.2), with
additional risks for postpartum depression based on prior
depressive episodes. Women with a history of depression have
a 25% risk of developing postpartum depression,5 whereas
those with a history of postpartum depression have a 50%
chance of it recurring and should be monitored closely
throughout pregnancy and the postpartum period.

Untreated antenatal and postpartum depression have been
shown to have a detrimental effect on both maternal and fetal
outcomes (Table 57.3). Direct and indirect mechanisms of
association have been hypothesized. Maternal psychosocial
factors have been shown to affect neuroendocrine activity9,10

and uterine blood flow,11 both of which may play a direct role
in adverse outcomes such as low birthweight, prematurity, and
preeclampsia. Both maternal depression and anxiety have been
linked to adverse health behaviors (e.g., poor nutrition and
smoking),12 which in turn contribute to adverse pregnancy
outcomes. In one study,13 depressed pregnant women were 4.1
times more likely to be smokers than nondepressed pregnant
women. Attempts to quit smoking during pregnancy may be
thwarted in the presence of comorbid depression,13,14 and ces-
sation attempts may increase the risk for relapse of depression
in individuals with a previous history.15

Clinical presentation
Table 57.1 lists the typical course and features of the disor-
ders outlined below.

Antenatal depression
Antenatal depression is characterized by classic depressive
symptoms (Fig. 57.1, DSM-IV16); however, it may be over-
looked because many of the symptoms of depression (e.g.,
sleep and appetite disturbance and low energy) are also
normal symptoms of pregnancy. Clinical features that are not
symptoms of normal pregnancy and which support the 

57 Psychiatric problems during pregnancy
and the puerperium
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diagnosis of depression include depressed mood, anhedonia,
guilt, hopelessness, and suicidal thoughts.

Postpartum depression
Postpartum depression is also characterized by classic depres-
sive symptoms (Fig. 57.1, DSM-IV) and often has an insidi-
ous onset in the 6 months following delivery. Patients may be
ashamed to reveal how badly they are feeling to their doctor
as the postpartum period is expected to be a joyful time for
the new mother. Postpartum depression is a serious form of

Table 57.1 Depressive disorders.

Syndrome Onset/course Possible features Management

Antenatal depression: 9–23% Before conception or during Must have depressed mood or For mild to moderate
of pregnant women pregnancy anhedonia lasting at least 2 depression with minimal role

May progress to postpartum weeks impairment, refer for
depression Loss of interest and pleasure, sleep counseling or bright light

disturbance, appetite change, therapy
guilt, decreased concentration, For depression with
suicidal ideation significant role impairment,

add treatment with an
antidepressant

Postpartum blues: 50–70% of Peaks 3–5 days after delivery Crying spells, emotional lability, Reassure and educate
postpartum women Resolves <2 weeks irritability, anxiety,141 Monitor for resolution141

hypochrondriasis141 Encourage family to offer
emotional and social support

Postpartum depression: 12–16% Within 6 months of delivery Classic depression symptoms For mild to moderate depression
of postpartum women7,8 Insidious onset lasting at least 2 weeks (same with minimal role impairment,

as antenatal depression above) refer for counseling or bright
May also include intrusive thoughts light therapy

or fears of harming infant For depression with
significant role impairment,
add treatment with an
antidepressant

Hospitalization when
warranted

Postpartum psychosis:* 0.5% Within 3 weeks of childbirth Delusions, confusion, Emergency referral
of postpartum women Abrupt onset hallucinations, agitation, to psychiatrist

Women with bipolar insomnia, disorganized Medical workup to rule out
disorder are at high risk thinking underlying etiology

*See section on psychiatric emergencies.

Table 57.2 Risk factors for developing antenatal and postpartum
depression.18

Family or personal history of depression, anxiety disorder, or
bipolar disorder

Limited social support
History of physical, emotional, or sexual abuse
Cigarette smoking or alcohol or substance use
Current financial, occupational, health, or relationship stressors
Abrupt discontinuation of an antidepressant before completing a

full course of treatment

Table 57.3 Risks of untreated depression

Antepartum risks
Increased physical pain and discomfort115

Increased use of cigarettes, alcohol, and other drugs124,125

Inadequate self-care and poor compliance with prenatal care28

Peripartum risks
Low birthweight (< 2500 g)126,127 and SGA infants127

Preeclampsia128

Preterm delivery (< 37 weeks)127

Operative delivery129

Postpartum risks
Difficulty breastfeeding130

Poor growth and failure to thrive131,132

Decreased IQ in infants and children42

Missed pediatric outpatient appointments and increased emergency
room visits133

Marital and relationship difficulties134

Depression in children43

SGA, small for gestational age.
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depressive illness that requires management and should not be
confused with the “baby blues.”

Postpartum blues
Postpartum blues, or “baby blues,” are a common phenome-
non, affecting 50–70% of postpartum women. Characteristic
symptoms include crying spells, emotional lability, and irri-
tability, peaking 3–5 days post delivery. These symptoms are
usually mild and self-limited, usually resolving within 2 weeks.

Management
The high prevalence of depressive disorders warrants 
screening of all pregnant and postpartum women. Self-report
screening instruments, such as the PRIME-MD Patient 
Health Questionnaire 9-item (PHQ-9; Fig. 57.2A), can easily
be incorporated into obstetric care to facilitate diagnosis 
and treatment or referral. When establishing a diagnosis,
potential underlying etiologies such as hypothyroidism, nico-
tine withdrawal, substance use, and current abuse must be
considered.

Management of depression during pregnancy depends on
both the severity of symptoms and degree of impairment (Fig.
57.2A and B). The optimal treatment for antenatal and post-
partum depression minimizes the risk to the fetus and neonate
while limiting morbidity from untreated psychiatric illness in
the mother.17 Support groups and interpersonal psychotherapy
[with a counselor such as a licensed clinical social worker
(LCSW) or a PhD psychologist] have been found to be effec-
tive in cases of mild depression with minimal impairment.8,18–20

Additionally, a trial of light therapy (e.g., sitting in front 
of a broad-spectrum light each morning for approximately

15–60min) may be warranted.21–23 The duration of exposure
should be decreased if side-effects of hypomania or nausea
emerge. Social support for the patient is also very important,
with the involvement of family and friends if possible.

Antidepressant treatment may be necessary in cases of
major depression with impaired role functioning. Carefully
conducted observational studies of human fetal and neonatal
exposure to therapeutic doses of many psychotropic medica-
tions in pregnancy and lactation have been largely reassur-
ing,24–28 although no randomized trials of antidepressants in
pregnancy have been conducted. For many antidepressants
that have been studied29,30 there has been no reported increase
in the frequency of major malformations over the baseline rate
of 2–4% found in the general population. However, first-
trimester exposure to the most anticholinergic selective sero-
tonin reuptake inhibitor (SSRI), paroxetine (Paxil), may be
associated with a mildly increased risk for major congenital
malformations, particularly cardiovascular malformations.31

SSRIs are widely used in pregnancy; prescribing information
for commonly used SSRIs for which antenatal exposure data
are available are listed in Table 57.4. Tricyclic antidepressants
(TCAs) have also been widely used in pregnancy. Certain
TCAs have been labeled as pregnancy category D by the Food
and Drug Administration (FDA), but pooled available data
suggest that these drugs are likely to be safe for use during
pregnancy.25,26 Among the TCAs, desipramine and nortripty-
line are preferred because they are less anticholinergic and the
least likely to exacerbate the orthostatic hypotension that may
occur during pregnancy. Avoid using TCAS in patients prone
to taking impulsive overdoses or in patients with cardiac con-
duction delays. Prospective data on the use of mirtazapine,

A Five (or more) of the following symptoms have been present during the same 2-week period and represent a change from 
previous functioning. At least one of the symptoms is either (1) depressed mood or (2) loss of interest or pleasure (anhedonia)

Note: do not include symptoms that are clearly due to a general medical condition (or pregnancy)

(1) Depressed mood nearly every day for most of the day, as indicated by either subjective report (e.g., feels sad or empty) or 
observation made by others (e.g., appears tearful). Note: in children and adolescents, can present as irritable mood 
(2) Markedly diminished interest or pleasure in all, or almost all, activities nearly every day for most of the day (as indicated by 
either subjective account or observation made by others) 
(3) Significant weight loss when not dieting or weight gain (e.g., a change of more than 5% of body weight in a month), or 
decrease or increase in appetite nearly every day. Note: in children (and pregnancy), consider failure to make expected weight 
gain 
(4) Insomnia or hypersomnia nearly every day 
(5) Psychomotor agitation or retardation nearly every day (observable by others, not merely subjective feelings of restlessness or 
being slowed down) 
(6) Fatigue or loss of energy nearly every day 
(7) Feelings of worthlessness or excessive or inappropriate guilt (which may be delusional) nearly every day (not merely self-
reproach or guilt about being sick) 
(8) Diminished ability to think or concentrate, or indecisiveness nearly every day (either by subjective account or as observed by 
others) 
(9) Recurrent thoughts of death (not just fear of dying), recurrent suicidal ideation without a specific plan, or attempted suicide or 
a specific plan for committing suicide 

In addition:

B The symptoms do not meet criteria for a mixed episode (of bipolar disorder with simultaneous mania and depression) 
C The symptoms cause clinically significant distress or impairment in social, occupational, or other important areas of 
functioning 
D The symptoms do not result from the direct physiological effects of a substance (e.g., a drug of abuse, medication) or a 
general medical condition (hypothyroidism) 
E The symptoms are not better accounted for by bereavement, i.e., after the loss of a loved one, the symptoms persist for longer

than 2 months or are characterized by marked functional impairment, morbid preoccupation with worthlessness, suicidal 

ideation, psychotic symptoms, or psychomotor retardation 

Figure 57.1 DSM-IVR diagnostic criteria
for a major depressive episode.16
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nefazodone, and trazodone are not currently available.28

Monoamine oxidase inhibitors (MAOIs) are generally avoided
during pregnancy because of their potential to precipitate a
hypertensive crisis in the event that tocolytic medications are
necessary.28 Severely depressed patients with acute suicidality
or psychosis, or women who wish to avoid extended exposure
to psychotropic medications during pregnancy, may also be
effectively treated with electroconvulsive therapy (ECT).32,33

A transient neonatal discontinuation syndrome has been
reported in babies born to women taking antidepressants at
term.34 Although this syndrome is rare, it is recommended that
newborns with recent in utero antidepressant exposure be
monitored for symptoms of tachypnea, respiratory distress,
desaturation upon feeding, hypoglycemia, poor tone, and
weak or absent cry for at least 48 h after birth,34,35 and that
supportive care be appropriately administered. If the risk of
maternal illness does not outweigh the risk of neonatal with-
drawal, a tapering of the maternal antidepressant dose in the
days or weeks before birth may help minimize the risk of
symptoms from neonatal discontinuation syndrome. If this is
done, the normal antidepressant dose should be resumed
immediately following delivery. Neonates of smokers are at an
additional risk for withdrawal from nicotine.36,37

The decision whether to breastfeed while taking antide-
pressants should be discussed with the patient before delivery.
The American Academy of Pediatrics endorses breast milk as
the ideal form of nutrition for the newborn, citing both phys-
ical and emotional benefits.38 Significant data exist document-

ing the low excretion of SSRI and TCA39 antidepressants in
breast milk (see Table 57.4).40 Minimal concentrations of ser-
traline, paroxetine, and nortriptyline in breast milk make them
the preferred antidepressants in breastfeeding.40 If women take
an antidepressant in pregnancy, it is recommended that the
same antidepressant be continued during lactation to limit the
infant’s exposure to a single medication.41

Antidepressant medication may be initiated and monitored
by the obstetrical provider or the consulting psychiatrist (see
antidepressant treatment tips, Table 57.5). Treatment choices
must balance the risks associated with untreated depres-
sion42,43 against the potential risks from treatment with anti-
depressants. It is the treating physician’s responsibility to give
accurate and up-to-date information on the reproductive
safety of pharmacological treatment and to help the patient
make an informed decision regarding treatment.28 A resource
list at the end of this chapter includes registries that maintain
up-to-date information on antidepressant use in pregnancy. If
medication is initiated, depressive symptoms should be
reassessed at each appointment (with the PHQ-9) and the dose
adjusted accordingly (see Table 57.4). Once the depression is
in remission (a score < 5 on the PHQ-9), treatment should be
continued for a full 6–9 months.44,45 After a full course of
treatment, medication should be gradually tapered and dis-
continued over 2–4 weeks with careful observation for reemer-
gence of symptoms. A patient who has experienced more than
two major depressive episodes may require maintenance anti-
depressant treatment to remain depression free.46,47

(A) 

Over the last 2 weeks, how often have you been bothered by any of the following problems?
Please check the box that corresponds to your response:

Not
at all

<0>

Several 
days

<1> 

More than
half the days

<2>

Nearly
every day

<3>

Scoring instructions:
If at least one of 3a and 3b in dark gray area is checked < YES> and at least five total of 3a 

through 3i in total shaded area are checked < YES> ‘you’ may benefit from treatment for depression. 

PHQ-9 Copyright © 1999 Pfizer Inc. All rights reserved. Reproduced with permission.
PRIME MD TODAY is a trademark of Pfizer Inc.

(B)

If you checked off any problems on questions above, how difficult have these problems 
made it for you to do your work, take care of things at home, or get along with other people?

Not difficult at all Somewhat difficult Very difficult Extremely difficult  

a. Little interest or pleasure in doing things
b. Feeling down, depressed, or hopeless
c.  Trouble falling or staying asleep, or sleeping too much
d. Feeling tired or having little energy
e. Poor appetite or overeating
f.  Feeling bad about yourself – or that you are a failure or
have let yourself or your family down
g. Trouble concentrating on things, such as reading the
newspaper or watching television
h. Moving or speaking so slowly that other people could
have noticed? Or the opposite – being so fidgety or restless
that you have been moving around a lot more than usual
i. Thoughts that you would be better off dead or of hurting
yourself in some way
        

Figure 57.2 (A) PHQ-9: depression screen; (B)
role impairment screen.
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Anxiety disorders

The most common psychiatric disorder in women is anxiety
disorder; approximately one in three women suffer from an
anxiety disorder at some time in their life.48 Anxiety disorders
include generalized anxiety disorder, panic disorder, obses-
sive–compulsive disorder, social and other phobias, and post-
traumatic stress disorder. Although the evidence shows that

untreated anxiety disorders are associated with poor obste-
trical outcomes49 (see Table 57.6), limited data exist that
examine the impact of pregnancy and the postpartum period
on the course of many of these disorders. It does appear that
the postpartum period is a time of elevated risk for an exac-
erbation of anxiety-related symptoms.50 Obstetricians need to
recognize these disorders and understand their management.49

The anxiety disorders for which data exist are discussed
below.

Table 57.4 Administration schedule for selected SSRI antidepressants.

Antidepressants Dose range (mg/day) Initial suggested dose Characteristics and administration schedule

Fluoxetine (Prozac): 10–40 10–20mg every morning Activating: not first choice in patients with ↑ anxiety, but can
pregnancy class C with food (10mg if ↑ be beneficial for patients with fatigue

anxiety) Increase in 10-mg increments at intervals of 7 days
Maintain 20mg for 4–6 weeks before dose increase
Monitor maternal and neonatal weight gain; decrease dose

in week before delivery to aid in neonatal clearance
Sertraline (Zoloft): 50–150 25–50mg q.d. with food Increase in 25–50mg increments at intervals of 7 days as 

pregnancy class C (25mg if ↑ anxiety) tolerated
Maintain 100mg for 4–6 weeks before dose increase
Extensively studied for use in breastfeeding; minimal amounts

transfer into breast milk, and milk can be discarded 8–9h
after dose to further minimize exposure142

Paroxetine (Paxil): 10–50 10–20mg q.d. with food The most anticholinergic of the SSRIs
pregnancy class D* (10mg if ↑ anxiety, Avoid first-trimester exposure when possible*

every morning) Sedating: good choice for patients with ↑ anxiety
Increase in 10-mg increments at intervals of 7 days up to a

maximum of 40mg/day
Maintain 20mg for 4–6 weeks before dose increase
Monitor the newborn for transient neonatal discontinuation

syndrome143,144

Of the SSRIs, this passes least into breast milk and is 
virtually undetectable145

Citalopram (Celexa): 10–40 10–20mg every morning Increase in 10-mg increments every 7 days as tolerated
pregnancy class C with food (10mg if Maintain 20mg for 4–6 weeks before dose increase

↑anxiety) This medication has been widely prescribed in Europe during
pregnancy and lactation

*Preliminary results of two recent studies indicate that paroxetine increases the risk of congenital malformations, particularly cardiovascular
malformations. Patients taking paroxetine who become pregnant or who are currently in the first trimester of pregnancy should be alerted to
the potential risk to the fetus. Discontinuing paroxetine therapy or switching to another antidepressant should be considered for these patients.
For individual patients, however, the benefits of continuing paroxetine may outweigh the potential risk to the fetus. Paroxetine should generally
not be initiated in women who are in the first trimester of pregnancy or in women who plan to become pregnant.31

Table 57.5 Antidepressant treatment tips.

Rule out bipolar disorder (e.g., episodes of high energy, little need
for sleep, excessive spending); if present, refer to psychiatry for
management

For anxious patients, begin with lowest possible dose and increase
very slowly

Resume a medication that worked previously (if safe in pregnancy)
Use a single antidepressant medication41

Use the same medication in pregnancy and lactation24

Table 57.6 Risks of untreated antepartum anxiety.

Low birthweight136

Preeclampsia128

Premature rupture of membranes137

Preterm delivery138

Operative delivery137,139

Increased risk for behavioral/emotional problems in children140
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can include unwanted aggressive thoughts toward the infant.
To relieve the distress caused by the obsessions, the patient
feels compelled to perform ritual behaviors to prevent bad
things from happening.

Management
Patients with OCD should be referred for psychiatric treat-
ment. Treatment will usually include higher doses of SSRIs 
and behavioral therapy to help the patient decrease her 
compulsions.67

Post-traumatic stress disorder

Epidemiology
Lifetime rates of post-traumatic stress disorder (PTSD) in
women range from 10.4% to 13.8%.49,51,68 The exact rates in
pregnancy are unknown, but one study69 found a 7.7% preva-
lence of PTSD in economically disadvantaged pregnant
women. PTSD in pregnancy has been associated with an
increased incidence of miscarriage, hyperemesis, and preterm
labor.70 PTSD often occurs alongside generalized anxiety dis-
order,69 depression, and substance abuse.49 PTSD in women is
most often a sequela of sexual assault,51,68 and women with a
history of sexual assault may attempt to avoid reminders of
the trauma such as intrusive procedures in prenatal care.69

Clinical presentation
Women with PTSD suffer from intrusive recollections of an
experienced or witnessed life-threatening traumatic event.
Recollections can present as flashbacks, nightmares, sympa-
thetic nervous system arousal, emotional numbing, or global
hyperarousal, and patients will make great efforts to avoid
stimuli that trigger reminders of the trauma.16 In preg-
nancy, labor pains may induce flashbacks and dissociative
exacerbations.71

Management
Evidence-based treatment for PTSD includes SSRIs, which
have been shown to be more effective than placebo. Cognitive
behavioral therapy (CBT) and eye movement desensitization
have also been shown in randomized controlled trials to be
effective. The obstetrician should avoid precipitating trauma
by intrusive medical procedures whenever possible,69 and
should provide the patient with verbal information before the
initiation of any procedure or touch.

Psychiatric emergencies

Psychiatric emergencies are most likely to occur in the first
month postpartum,72,73 but may arise at any point in the
course of obstetric care. Four major conditions should be
regarded as emergencies requiring immediate psychiatric con-
sultation: psychosis, delirium, suicidal ideation, and homici-
dal ideation.

1027

Panic disorder in pregnancy

Epidemiology
The prevalence of panic disorder in women is approximately
1–3% in community samples and 3–8% in primary care
samples.51 Pregnancy does not appear to be protective; panic
symptoms often continue throughout pregnancy and worsen
postpartum without treatment.49,52–54 Approximately 50% of
patients with panic disorder have comorbid major depression.
In some cases, the first symptoms of panic disorder begin fol-
lowing birth.55 In a prospective study56 of pregnant women
with pre-existing panic disorder, 7 out of 10 continued to have
symptoms throughout pregnancy. In this study, treatment with
an SSRI during the third trimester and postpartum was effec-
tive in preventing postpartum exacerbation of the disorder.57

Clinical presentation
A panic attack is characterized by “out of the blue” episodes
of terror and may be indistinguishable from symptoms of a
heart attack with a pounding heart, chest pain, shortness of
breath, sweating, and nausea.16 Classically, panic attacks
occur without warning and often wake an individual from
sleep. The location where an attack occurs may become asso-
ciated with precipitating the episode, and phobias and avoid-
ance may ensue in an effort to avert further attacks.

Management
The obstetrician generally refers a patient with panic disorder
for treatment. Treatment with medication during pregnancy
generally consists of an SSRI, beginning with a very low dose.
When initiating SSRI treatment, some psychiatrists will also
provide benzodiazepines for breakthrough panic attacks. In
addition, cognitive behavioral therapy has been shown to be
as effective as medication (SSRIs, high-potency benzodi-
azepines, and tricyclic antidepressants) and more effective
than placebo in multiple randomized controlled trials.

Obsessive–compulsive disorder

Epidemiology
Obsessive–compulsive disorder (OCD) has a lifetime preva-
lence of approximately 2.5% for both women and men,58 but
prospective studies identifying the prevalence in pregnant and
postpartum women are lacking.59 A connection between preg-
nancy, childbirth, and obsessional states has long been recog-
nized,60,61 and women are more vulnerable to the onset of
OCD during pregnancy and following childbirth.62–65 In addi-
tion, women with pre-existing OCD who miscarry are at a sig-
nificant risk for an exacerbation of symptoms.66

Clinical presentation
OCD is characterized by the presence of obsessions (e.g.,
excessive concern with dirt or germs)59 and compulsions (e.g.,
checking locks and windows, repetitive handwashing, or other
ritualistic behaviors).16 In the postpartum state, the obsessions
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Psychosis and psychotic disorders

The term psychosis refers to a gross impairment in reality
testing characterized by the presence of auditory or visual hal-
lucinations or a false fixed belief system.16 Psychosis may occur
as a result of an organic precipitant or a major mental illness
(e.g., schizophrenia, schizoaffective disorder, bipolar disorder,
major depression, and delusional disorders). The evaluation
for a primary episode of psychosis must rule out any under-
lying medical illness (e.g., metastatic brain tumor, endocrine
or metabolic disorder, electrolyte disturbance, medication- or
substance-induced effect).

Epidemiology
Psychotic psychiatric disorders occur in less than 2% of
women aged from 18 to 44,74 and the prevalence is similar in
pregnant and nonpregnant women of childbearing age.75 The
annual incidence in pregnancy is 7.1 cases per 100000 preg-
nancies.76 Because newer antipsychotic medications induce less
hyperprolactinemia, more women taking antipsychotics are
now becoming pregnant. Schizophrenia has been associated
with preterm delivery, low birthweight, and small for gesta-
tional age (SGA) infants.77–79 In addition, there is an increased
risk of stillbirth80 and neonatal death.78,79,81 Offspring of
women with schizophrenia have an 8- to 10-fold higher risk
of developing the disorder than the general population.82

Postpartum psychosis affects 2 out of 1000 new mothers72

and most often has an abrupt onset within the first 2 weeks
after birth. Women with bipolar affective disorder have a 100-
fold greater risk of developing a postpartum psychosis than
women with no previous psychiatric history.83–86 In addition,
women with bipolar disorder are at a higher risk for post-
partum depression than women with a history of unipolar
depression. Postpartum psychotic exacerbations occur in 25%
of women with a prior history of schizophrenia,87 and for
women with a prior episode of postpartum psychosis the esti-
mates of recurrence in subsequent pregnancies range from
20% to 90%.88,89

Clinical presentation
The essential features of a psychosis are hallucinations or delu-
sions. Psychotic individuals may behave bizarrely and have
disorganized thoughts and speech but generally remain cogni-
tively oriented to person, place, time, and situation. The
majority of postpartum psychoses are affective (i.e., manic or
depressive psychoses) and may present with perplexity, con-
fusion, and prominent delusions and hallucinations.90–94

Family members may report waxing and waning episodes
(generally more characteristic of delirium), with the patient
appearing well one moment and psychotic the next.88 The
patient may also experience somatic psychotic symptoms (e.g.,
tactile, olfactory, and visual hallucinations) that are generally
more characteristic of a psychosis precipitated by a brain
tumor or withdrawal from a substance.93 Mothers with post-
partum psychosis rarely express hostility toward the newborn

but may harbor potentially dangerous delusional thoughts
(e.g., believing that the infant is “evil” or “would be better off
dead”).

Management
Regardless of the underlying etiology, the presence of psy-
chosis constitutes a psychiatric emergency. Judgment is so seri-
ously impaired in the presence of delusions or hallucinations
that the obstetrician should be concerned about the risk for
suicide or homicide. Command auditory hallucinations, in
which a patient hears a voice directing her actions, are par-
ticularly worrying. In addition to requesting an immediate
psychiatric evaluation to assess the current risk for suicide or
homicide, the obstetrician should contact a concerned family
member who can assist with a history and disposition. The
patient must not be left unsupervised while awaiting psychi-
atric evaluation and appropriate disposition. A thorough
medical workup including vital signs, electrolytes, urine drug
screen, and physical and neurological examinations is neces-
sary. Obtaining an accurate past psychiatric and substance use
history is also critical in guiding the appropriate intervention
and treatment. Tables 57.7 and 57.8 list the pharmacological
treatment considerations in psychosis.

Ideally, a woman with a past history of psychotic disorder
will obtain a preconception consultation with both an obste-
trician and a psychiatrist to evaluate whether she should
remain on antipsychotic medication throughout the pregnancy
or discontinue it during gestational periods of highest risk.95

Typical antipsychotics, including chlorpromazine and thiori-
dazine, have the longest history of use in pregnancy; there are
fewer safety data available for the newer atypical antipsy-
chotics, including olanzapine and clozapine, and these drugs
have been associated with an increased risk of glucose intol-

Table 57.7 Treatment considerations in psychosis.94

Infants born to psychotic women (on no medication) have twice the
normal rate of malformations25

No treatment regimen is completely safe146

The risks of harm associated with exposure to antipsychotics in
utero or through breastfeeding are unknown146,147

Discontinuing antipsychotic treatment during pregnancy is
associated with a 65% relapse rate148

The risk of avoiding medication may outweigh any treatment-
associated danger

Avoid neuroleptics during the first trimester when possible149,150

Avoid low-potency antipsychotics (chlorpromazine) with orthostatic
hypotension and sedation146

Use high-potency traditional antipsychotics (haloperidol or
flupenazine) at the lowest effective dose

Use a single antipsychotic medication
Monitor newborn for perinatal syndrome; motor restlessness,

tremor, hypertonicity, abnormal movements, and difficulty with
feeding151
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erance and weight gain during gestation. All antipsychotics
have been placed in pregnancy category C by the FDA. At
present, the newer atypical agents do not demonstrate any
evident safety advantages in pregnancy and lactation com-
pared with older, more typical neuroleptic agents.94

If an acutely psychotic patient conceives, her mental state
may deteriorate resulting from the stress of pregnancy. She is
at risk for incorporating her bodily changes into her delusional
thinking such as believing that fetal movement is caused by
“snakes growing in her belly.” In circumstances of acute psy-
chosis, the risk of deterioration and noncompliance with pre-
natal care must be weighed against the risk of exposure of the
fetus to medication. Generally, symptoms are rapidly con-
trolled with antipsychotic medication, keeping the patient and
fetus safe. Once stable, the medication dose can be gradually
reduced.96 For patients with treatment-resistant psychosis
during pregnancy or those who do not wish to expose the fetus
to medication, ECT has been used and appears safe if both
the mother and fetus are carefully monitored.97 Women with
postpartum psychosis who are at risk of harm to themselves
or others require immediate psychiatric hospitalization.
Ideally, they should be admitted with their infants whenever
possible.

Delirium

Delirium refers to a state of acute cerebral insufficiency result-
ing from an underlying medical emergency and is associated
with high morbidity and mortality. Delirium is rare in obstet-
rics but may be seen in cases of sepsis, severe anemia, hypoxia,
and electrolyte disturbance. Alcohol and benzodiazepine with-
drawal may also precipitate a potentially life-threatening delir-
ium with elevated vital signs. The classic symptoms of delirium
are a waxing and waning course of disorientation, bizarre per-
ceptual disturbances, and psychomotor agitation or retarda-
tion. Patients with delirium will often be unable to draw the
hands on the face of a clock.

Suicidal ideation

Suicide is the leading cause of maternal death in the first post-
partum year.98,99 Patients with delirium, psychosis, bipolar dis-
order, and severe depressive illness are at a heightened risk for
suicide.98 Delirium and psychosis pose a serious risk of suicide
as the patient may act swiftly with little or no warning. In one
study, nearly one-half of mothers who committed suicide had
been admitted to a psychiatric hospital following a previous

Table 57.8 Specific pharmacological treatment considerations in psychosis.94

Exposure data

Conventional (typical) antipsychotics152

Phenothiazines
Thorazine (clorpromazine) Long history of use in pregnancy for hyperemesis gravidarum

Use between weeks 4 and 10 increases risk of anomalies to 4 in 1000153,154

Thioridazine (Mellaril) Not associated with a higher rate of malformations154

Fluphenazine (Prolixin) Not associated with a higher rate of malformations154

Trifluoperazine (Stelazine) Not associated with a higher rate of malformations154

Perphenazine (Trilafon) Not associated with a higher rate of malformations154

Buterophenone Exposure data
Haloperidol (Haldol) Low dose used in hyperemesis not associated with malformations155,156

Elevates prolactin

New (atypical) antipsychotics: limited data available
Clozapine (Clozaril),157 Does not appear to increase teratogenic risk94

used in treatment of Risks for agranulocytosis in fetus are unknown
refractory schizophrenia Contraindicated in breastfeeding; may cause sedation, decreased suckling, restlessness or irritability, seizures,

and cardiovascular instability157,158

Monitor for hyperglycemia and excessive weight gain
Accumulates in fetal serum and breast milk more than maternal serum159

Olanzapine (Zyprexa) Does not appear to increase teratogenic risk94

Lower prolactin levels than with other antipsychotics; increases fertility
Monitor for hyperglycemia and excessive weight gain

Risperidone (Risperdal) Elevates prolactin
Limited data available

Quetiapine (Seroquel) Limited data available
Aripiprazole (Abilify) Limited data available
Ziprasidone (Geodon) Limited data available
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childbirth, but healthcare providers caring for them in subse-
quent pregnancies were frequently unaware of their histories.
Suicidal ideation may be expressed passively (“I’d be better
off dead”) or actively (“I would like to drive my car off the
bridge”). It is important to inquire as to whether the patient
has envisioned a method by which to take her own life,
whether she has the means to do so, what has prevented her
from acting on her feelings, and whether she feels safe not to
act on them now. The obstetrician should request an emer-
gency psychiatric consultation to evaluate the need for med-
ication and/or hospitalization.

Homicidal ideation

As with suicide, homicide is a serious risk in delirium and
other psychotic states because the patient may act suddenly
and without warning, often in response to command halluci-
nations. In general, the expression of homicidal thoughts
should be taken at face value as a plea for immediate help.
The obstetrician should request an emergency psychiatric con-
sultation as to the need for hospitalization and the application
of the mandatory duty to warn potential adult victims and
protect potential child victims.100

Miscellaneous treatment challenges

Bipolar disorder (manic depressive disorder)

Epidemiology
Bipolar disorder is a serious, recurrent psychiatric illness with
a lifetime prevalence of above 1% for women and men.48

Studies examining the specific prevalence of this disorder in
pregnancy do not exist. The postpartum period represents the
time of highest risk for symptom exacerbation and 40% of
women with bipolar disorder experience postpartum mania 
or depression.85,101 A history of postpartum exacerbation
increases the risk of postpartum episodes in subsequent preg-
nancies. Recent studies have shown that puerperal prophylaxis
with a mood stabilizer reduces the rate of recurrence to
10%.102–104 Given the risks associated with a postpartum
bipolar episode for both mother and newborn, the use of pro-
phylactic mood stabilizers is advised.85 Suicide is also a grave
concern, with actual suicide carried out by 10–15% of indi-
viduals with the most severe form of bipolar disorder.99

Clinical presentation
Bipolar disorder is characterized by alternating episodes of
depression and mania. Symptoms of mania may include an
elated or irritable mood, having high energy and requiring
little sleep, grandiose ideas of self-importance, rapid and pres-
sured speech, spending excessive amounts of money, a high
libido, and poor impulse control.16

Management
The management of bipolar disorder during pregnancy and
postpartum is challenging and should be undertaken by a psy-
chiatrist with expertise in women’s mental health, in close col-
laboration with the patient’s obstetrician. Mood stabilizers
such as valproic acid (Depakote) and carbamazepine (Tegre-
tol), which are routinely prescribed to manage bipolar disor-
der, are neurotoxic (see Table 57.9) and associated with
significant rates of malformation (e.g., neural tube defects,
craniofacial anomalies, growth retardation, microcephaly, and
heart defects).105,106 Lithium, although less teratogenic than
once thought, is associated with a 0.1–0.2% risk for Ebstein’s
anomaly when taken during the first trimester. To date, lam-
otrigine (Lamictal) appears to be the safest mood stabilizer in
pregnancy but data are limited. Antipsychotics are safer than
most other mood stabilizers. Mood stabilizers are frequently
discontinued during conception and early pregnancy in an
attempt to avoid the windows of greatest risk to the develop-
ing fetus (see Table 57.10); the mother should be closely mon-
itored during this time. For women who wish to breastfeed,
proactive planning should be undertaken by the patient, psy-
chiatrist, and pediatrician, who will review the latest evidence
regarding the potential risks and benefits. The cautious
approach85 for a bipolar woman who wishes to breastfeed (on
a mood stabilizer during the final weeks of pregnancy) is to
pump and discard her breast milk for the first 2 days follow-
ing delivery. This allows a “washout” period for the infant’s
immature system before initiating breastfeeding. After these
first 2 days, lactation consultants and supportive pediatricians
are instrumental in assisting the newborn to take the breast
rather than a bottle. The breastfeeding mother must be knowl-
edgeable about the signs and management of potential toxic-
ity in her newborn.

Eating disorders

Anorexia nervosa and bulimia complicate approximately 1%
of pregnancies;107 they affect 4.5 million American women
overall108 and are a risk factor for hyperemesis gravidarim.
Most women attempt to hide their eating disorder and may
not spontaneously reveal their behavior to the obstetrician.
Detection is important, however, as eating disorders are asso-
ciated with miscarriage, low birthweight, intrauterine growth
retardation (IUGR), preterm delivery, Cesarean birth, low
Apgar scores,108 and a higher frequency of postpartum depres-
sion.109 Anorexia is also associated with a high mortality rate,
which is frequently attributed to cardiac failure and severe
electrolyte abnormalities.108 All women with hyperemesis
gravidarim should be screened for comorbid eating disorders.

Clinical presentation
The prevalence of anorexia nervosa in women between the
ages of 15 and 29 is approximately 0.1%110 and appears to
be increasing. It is characterized by a 15% reduction in weight
below the normal range, an intense fear of gaining weight, and
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a distorted body image. In nonpregnant women, one criterion
for diagnosis is the lack of menses for 3 months.16 Binging,
purging, and laxative use are often present and increase the
risk for cardiac irregularities. Women may attempt to conceal
their weight loss from healthcare providers and may try to
wear shoes or have heavy items in their clothing when being
weighed.

The prevalence of bulimia in women ranges from 1% to
3.8%111,112 and consists of recurrent episodes (at least two
times per week for 3 months) of uncontrollable binge eating
with inappropriate compensatory behavior to prevent weight
gain. These compensatory behaviors include self-induced vom-
iting; misuse of laxatives, diuretics, enemas, or other medica-
tions; and excessive exercise.16 Women with bulimia may be
of normal weight, underweight, or slightly overweight.

Table 57.9 Pharmacological treatment considerations in bipolar disorder.

Medication Organ dysgenesis Clinical management Breastfeeding85

Lithium: considered Ebstein’s anomaly occurs in 1 in High-resolution ultrasound with fetal Expert opinion ranges from strong
first-line treatment 20000 of the general echocardiography at 16–18 weeks statements against breastfeeding 
option in population, and 1 or 2 in 1000 to aid in decision-making163 while taking lithium to supporting
pregnancy101,160 offspring of lithium users, Increase dose in second trimester a mother’s informed choice122

although the absolute risk Decrease dose in labor Many have breast fed without 
remains small161,162 Maintain adequate hydration complication with careful 

Observe the neonate for signs of monitoring of infant’s and 
toxicity,163 and “floppy baby” mother’s blood levels, complete 
syndrome, and manage blood count (CBC) and thyroid 
supportively status, and a rapid reduction in 

dose exposure when infant has 
fever, dehydration, or diarrhea164

Valproate: avoid in First-trimester exposure 4mg of folic acid per day before and Usually compatible with 
pregnancy if associated with neural tube during pregnancy105 breastfeeding164,170

possible defect (5–9%) Measure B12 level before folate Infant serum levels range from 
Effect occurs 17–30 days supplementation101 undetectable to 40% of maternal

post conception Observe neonate for heart rate serum levels
Risk is dose related decelerations;165 withdrawal Half-life in neonates is 47h; in 

symptoms of irritability, jitteriness, infants from 10 days to 2 months,
feeding difficulties, abnormal half-life is 9–22h171

tone;166 liver toxicity,167

hypoglycemia,168 and low
fibrinogen levels169

Carbamazepine: avoid Neural tube defect (0.5– 20mg of oral vitamin K per day in Usually compatible with 
in pregnancy if 1%),172,173 craniofacial defects the last month of pregnancy174 breastfeeding164,170

possible (11%), fingernail hypoplasia Can cause fetal vitamin K deficiency; Infant serum levels range from 6% 
(26%), and developmental administer 1mg i.m. of vitamin K to 65% of maternal serum 
delay (20%)172 to exposed neonates101 concentrations85

Risk worse when co- Monitor for hepatic 
administered with valproate173 dysfunction164,175,176

Lamotrigine: approved Risk for major malformation Increase dose in second trimester Infant serum levels range from 23%
as a maintenance appears to be similar to the Decrease dose in labor177 to 33% of maternal serum 
therapy for bipolar general population rate Observe neonate for hepatotoxicity concentrations
disorder (about 2%) and skin rash

Gabapentin More research is needed before safety in pregnancy and breastfeeding can be clarified178

Oxcarbazepine More research is needed before safety in pregnancy and breastfeeding can be clarified178

Table 57.10 Associated risks in bipolar disorder.101

Potential risks of pharmacotherapy in pregnancy
Neural tube defects (window of risk: 17–30 days after conception)
Heart defects (window of risk: 21–56 days after conception)
Lip/palate defects (window of risk: 8–11 weeks after conception)
Craniofacial defects (window of risk: 8–20 weeks after conception)
Neurobehavioral teratogenicity from exposure after the first

trimester

Pregnancy and recurrence risks
Abrupt discontinuation of a mood stabilizer (1–14 days) led to a

100% relapse of illness
Slow taper over more than 2 weeks (15–30 days) led to a 62% risk

for relapse
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An atypical eating disorder occurs in women with diabetes
who withhold their insulin to lose weight. Clinical signs
include disparate hemoglobin A1c levels and dramatic weight
fluctuations over time. Recognition of this maladaptive
pattern of weight control is of critical importance as it is asso-
ciated with extremely high rates of diabetic complications.108

Management
Obstetricians should routinely calculate prepregnancy body
mass index (BMI)113 and ask patients about any current or past
history of eating disorders. Women with a BMI below
18 kg/m2 before pregnancy will need to gain extra weight in
the early part of pregnancy to prevent fetal growth restric-
tion.114 For pregnant women with an eating disorder, it is
important to screen for comorbid depression.109 It is also
helpful to query the patient about her preferences for weight
measurements (e.g., allowing the patient to face away from
the scale or not informing her of the result unless it is signif-
icantly low).113 The patient should be comanaged with a team
of eating disorder specialists in dietetics and mental health.

Somatization

Patients with multiple physical complaints who lack organic
findings are challenging to the physician. Pregnant women
with current depressive and anxiety disorders have signifi-
cantly more somatic symptoms such as nausea, headaches,
shortness of breath, and discomfort with intercourse than
pregnant women without these disorders.115 In addition,
depression and anxiety are associated with a general amplifi-
cation of the normal physical symptoms of pregnancy (both
pregnancy-related and other physical symptoms).115

When a patient complains of multiple unexplained physical
symptoms and she does not have depression or an anxiety dis-
order, she may have somatization disorder. The DSM-IV cri-
teria for somatization disorder include a history of many
physical complaints beginning before the age of 30 and occur-
ring over a period of several years, resulting in the seeking of
treatment or significant impairment in social, occupational, or
other important areas of functioning. The symptoms must
include: (1) pain in at least four different parts of the body;
(2) at least two gastrointestinal symptoms; (3) at least one
sexual symptom; and (4) one neurological symptom. The
physical symptoms cannot be fully explained by a known
medical condition or substance, or are in excess of what would
be expected.16 Management should include avoiding unneces-
sary medical tests, offering reassurance, and scheduling addi-
tional time for patient visits to allow time to address her
physical complaints through physical examination. Healthcare
providers should avoid prescribing analgesic and anxiolytic
substances. In addition, the healthcare provider may offer
nonjudgmental education that the patient’s body may be
exquisitely sensitive and “oversignaling” the normal physical
changes associated with pregnancy. Some patients benefit from
CBT where they relearn how to interpret bodily cues.

1032

Denial of pregnancy

Denial of pregnancy116 is a heterogeneous condition called an
“adjustment disorder with a maladaptive denial of a physical
condition.”117 It can be associated with continued menstrua-
tion-like bleeding (use of oral contraceptives may contribute)
throughout the pregnancy, causing the woman to believe she
cannot be pregnant. Denial, an unconscious defense mecha-
nism, can appear when a woman is confronted with an
unwanted or unintended pregnancy. This defense mechanism
is common in children and immature adults during times of
severe external stress and internal conflict.

When a woman beyond 20 weeks’ gestation is informed of
a pregnancy for which she has been completely unaware, she
may feel embarrassment and guilt.118 The patient may feel that
she has put her fetus at risk by not seeking prenatal care and
by failing to alter her lifestyle appropriately. Immediately fol-
lowing the diagnosis, the care team should address the psy-
chosocial stressors associated with the denial. Psychiatric
assessment and counseling are indicated to evaluate the
patient’s parenting skills and support network, and whether
she is prepared and capable of caring for her child.

Capacity to parent

When it is feared that a newborn will be at risk if a parent is
allowed to take the child home and/or a previous history of
child abuse or neglect exists, a maternal competency evalua-
tion in the immediate postpartum period may be warranted.
Risk factors involve both maternal and newborn features (see
Tables 57.11–57.13). A comprehensive assessment including
evaluations by psychiatry,119 nursing, neonatology, and social
work departments will provide a better understanding of the
mother’s capacity to parent and will guide appropriate inter-
ventions for the future.120

Pregnancy after loss

Carrying a pregnancy following a previous pregnancy or
neonatal loss is associated with significant distress and anxiety
for the woman and her partner.55,66,121 Table 57.14 lists rec-
ommendations for managing a pregnancy following a previ-
ous loss.

Resources

The following websites can be accessed to obtain further infor-
mation:
1 AED (Antiepileptic Drug) Pregnancy Registry, Genetics &
Teratology Unit.85 Registry for pregnant women who are using
antiepileptic drugs. World Wide Web URL: http://www.
aedpregnancyregistry.org.
2 The Motherisk Program.122,123 A counseling service for preg-
nant and lactating mothers on the safety and risk of drugs,
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chemicals, radiation, and infections to the fetus and neonate.
World Wide Web URL: http://www.motherisk.org.
3 Emory Women’s Program.41 A website with links to many

support groups, reproductive safety registries, or other
women’s health websites. World Wide Web URL: http://www.
emorywomensprogram.org.

Table 57.11 Risk factors for maternal incompetence.120

Psychiatric problems
Major mental illness with lack of insight
Munchausen syndrome by proxy
Drug or alcohol dependence
Severe personality disorder

Cognitive problems
Mental retardation

Medical and neurological problems
Major medical illness (e.g., heart failure or AIDS)
Motor deficit (e.g., stroke, spinal cord injury)
Sensory impairment (e.g., blindness or deafness without adequate

compensation)

Problems with maternal–infant relationship
History of child abuse or removal of child from custody
Unwanted or unplanned pregnancy
Lack of interest in infant and verbal threats

Lack of support
Homelessness
Social isolation
No heat or utilities

Past problems in social/family relationships
Maternal childhood history of abuse
History of violence
Previous infanticide

Table 57.12 Risk factors for maltreatment of infants.120

Major medical problems requiring constant medical attention
Cardiorespiratory monitoring
Tube feeding or poor feeders
Oxygen needed at home
Difficult temperament
Physical or intellectual defects
Prematurity

Table 57.13 Predictors of good parenting.120

A positive attitude toward the pregnancy
Prepared for infant
Supportive partner
Good parental role models
Realistic expectations of an infant
Appropriate response to infant’s cues

Table 57.14 Management of pregnancy following previous loss.

Acknowledge the distress55

Address fears about the current pregnancy
Frequent prenatal visits121

Additional support through telephone contact121

Reassuring check of fetal heart tones
Reassuring ultrasound

Key points

1 Women suffering from a severe depressive illness or
psychosis are at risk for suicide, the leading cause of
maternal death through the first postpartum year.98

2 About 9–23% of antepartum women suffer from
depression characterized by feelings of anhedonia, guilt,
hopelessness, and possible suicidal thoughts.

3 Antepartum depression is associated with increased
physical pain and discomfort,115 smoking, alcohol and
other drug use,124,125 and poor participation in prenatal
care.28

4 Antepartum depression is associated with low
birthweight,126,127 SGA infants,127 preeclampsia,128

preterm delivery,127 and operative delivery.129

5 During the postpartum period, 50–70% of women
experience transient postpartum blues.

6 During the postpartum period, 12–16% of women
suffer from postpartum depression.

7 Women with a previous history of depression have a
25% risk for developing postpartum depression.

8 The abrupt discontinuation of an antidepressant before
a full course of treatment is associated with a
significant risk for the relapse of depression.

9 Women with a history of postpartum depression have a
50% chance of it recurring and should be monitored
closely throughout pregnancy.

10 Postpartum depression is associated with difficulty in
breastfeeding,130 poor growth of the infant as well as
failure to thrive,131,132 decreased IQ in infants and
children,42 missed pediatric outpatient appointments
and increased emergency room visits,133 marital and
relationship difficulties,134 depression,43 and violence in
children.135

11 Minimal concentrations of sertraline, paroxetine, and
nortriptyline in breastmilk make them preferred
antidepressants in breastfeeding.40
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12 Anxiety disorders are common in women and 
are associated with low birthweight,136 preeclampsia,128

premature rupture of membranes,137 preterm 
delivery,138 operative delivery,137,139 and increased 
risk for behavioral/emotional problems in 
children.140

13 Women with bipolar disorder have a significant risk for
postpartum psychosis, depression, and mania.

14 Puerperal prophylaxis with a mood stabilizer 
decreases the rates of postpartum bipolar exacerbations
to 10%.

15 Prescribing an antidepressant medication to a woman
with bipolar disorder who is not on an antimanic agent
can precipitate mania.

16 Eating disorders are associated with miscarriage, low
birthweight, IUGR, preterm delivery, Cesarean birth,
low Apgar scores, and postpartum depression.

17 An atypical eating disorder in diabetics who withhold
their insulin for weight control is associated with
widely fluctuating weight and hemoglobin A1c levels,
and significant morbidity and mortality.

18 The onset of OCD often occurs in the postpartum
period.

19 Women with post-traumatic stress disorder may
experience flashbacks and dissociative episodes during
obstetrical procedures and labor.

20 Schizophrenia is associated with preterm delivery, low
birthweight, SGA infants, stillbirth, and neonatal death.
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Ethics is an essential dimension of maternal–fetal medicine.1–3

In this chapter, we develop a framework for physicians’ clin-
ical judgment and decision-making regarding the ethical
dimensions of the medical care of pregnant women and
fetuses. We explain the ethical concept of the fetus as a patient
and identify its implications for maternal–fetal medicine in a
preventive ethics approach. This approach appreciates the
potential for ethical conflict and adopts ethically justified
strategies to prevent those conflicts from occurring. Because
the professional liability crisis has become the dominant legal
concern for obstetrician–gynecologists, our discussion of legal
issues focuses on medical malpractice.

Medical ethics and law

Ethics is the disciplined study of morality. Medical ethics is the
disciplined study of morality in medicine and concerns the
ethical obligations of physicians and healthcare organizations
to patients as well as the obligations of patients themselves.4

The approach to medical ethics has been secular since the eigh-
teenth-century European and American Enlightenments;5 it
makes no reference to God or revealed tradition, but focuses
on what rational discourse requires and produces. Therefore,
medical ethical principles (Figs 58.1–58.3) should be under-
stood to apply to all physicians, regardless of their personal reli-
gious and spiritual beliefs.6 Medical ethics and law have been
closely related since Thomas Percival’s Medical Ethics appeared
in 1803.7 Percival’s early version of this text was entitled
Medical Jurisprudence.8 Criminal law sets the boundaries of
acceptable behavior, whereas civil law plays a large role in reg-
ulating drugs and devices, licensing physicians and healthcare
organizations, regulating insurance companies and employer-
provided health plans, and regulating medical practice.

The informed consent process

The close relationship of ethics and law is illustrated by
informed consent. This process involves three sequential

autonomy-based behaviors on the part of the patient: (1)
absorbing and retaining information about her condition and
the alternative diagnostic and therapeutic responses to it; (2)
understanding the information (i.e., evaluating and rank-
ordering those responses, and appreciating that there could be
benefits and risks of treatment); and (3) expressing a value-
based preference. The physician has a role to play in each of
these three behaviors. They are respectively: (1) to recognize
the capacity of each patient to deal with medical information
(and not underestimate that capacity), provide information
(disclose and explain all medically reasonable alternatives, i.e.,
supported in beneficence-based clinical judgment), and recog-
nize the validity of the values and beliefs of the patient; (2) to
not interfere with but, when necessary, assist the patient in her
evaluation and ranking of diagnostic and therapeutic alterna-
tives for managing her condition; and (3) to elicit and imple-
ment the patient’s value-based preference.4

The legal obligations of the physician regarding informed
consent were established in a series of cases during the twen-
tieth century. In 1914, Schloendorff v. The Society of The New
York Hospital established the concept of simple consent, i.e.,
whether the patient says “yes” or “no” to medical interven-
tion.9,10 This decision is still quoted today in the medical and
bioethics literature: “Every human being of adult years and
sound mind has the right to determine what shall be done with
his body, and a surgeon who performs an operation without
his patient’s consent commits an assault for which he is liable
in damages.”9 The legal requirement of consent further
evolved to include disclosure of sufficient information to
enable patients to make informed decisions about whether to
say “yes” or “no” to medical intervention.9,10

There are two legal standards for such disclosure. The pro-
fessional community standard defines adequate disclosure in
the context of what the relevantly trained and experienced
physician tells patients. The reasonable person standard,
which has been adopted by most states, goes further and
requires the physician to disclose “material” information, i.e.,
what any patient with that particular condition needs to know
and what the lay person of average sophistication should not
be expected to know.10 The reasonable person standard has
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emerged as the ethical standard, and specialists in mater-
nal–fetal medicine are urged to adopt it.4 Using this standard,
the physician should disclose to the patient: (1) her diagnosis
or that of the fetus (including differential diagnosis when only
that is known); (2) the medically reasonable alternatives to
diagnose and manage the condition; and (3) the short-term
and long-term benefits and risks of each alternative.

As a rule, the result of the informed consent process should
be implemented. When the patient refuses to accept any of the

alternatives supported in beneficence-based clinical judgment,
the physician is ethically and legally obligated to engage in
what is known as “informed refusal.” This legal and ethical
obligation arose from the 1980 case of Truman v. Thomas in
California.10,11 Dr. Thomas had delivered several of Mrs
Truman’s babies and, on the delivery of her last child, recom-
mended that she have a Pap smear. She refused to have this
test until she could pay for it and did not accept Dr. Thomas’s
offer to perform it without charge. Mrs Truman subsequently
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The principle of beneficence

The principle of beneficence requires one to act in a way that is expected reliably to produce the 

greater balance of benefits over harms in the lives of others. To put this principle into clinical  

practice requires a reliable account of the benefits and harms relevant to the care of the patient 

and of how those goods and harms should be reasonably balanced against each other when not 

all of them can be achieved in a particular clinical situation, such as a request for an elective 

Cesarean delivery.  In medicine, the principle of beneficence requires the physician to act in a 

way that is reliably expected to produce the greater balance of clinical benefits over harms for 

the patient.
Figure 58.1 The principle of beneficence.

Nonmaleficence

Nonmaleficence means that the physician should prevent causing harm and is best understood

as expressing the limits of beneficence. This is also known as “primum non nocere” or “first do

no harm.” This commonly invoked dogma is really a latinized misinterpretation of the

Hippocratic texts that emphasized beneficence while avoiding harm when approaching the

limits of medicine. 
Figure 58.2 Nonmaleficence.

The principle of respect for autonomy

The principle of respect for autonomy requires one always to acknowledge and carry out the 

value-based preferences of the competent adult patient, unless there is compelling ethical 

justification for not doing so, e.g., prescribing antibiotics for viral respiratory infections. The 

female or pregnant patient increasingly brings to her medical care her own perspective on what  

is in her interest. The principle of respect for autonomy translates this fact into autonomy-based 

clinical judgment. Because each patient’s perspective on her interests is a function of her values 

and beliefs, it is impossible to specify the benefits and harms of autonomy-based clinical 

judgment in advance. Indeed, it would be inappropriate for the physician to do so, because the 

definition of her benefits and harms, and their balancing, are the prerogative of the patient. Not 

surprisingly, autonomy-based clinical judgment is strongly antipaternalistic in nature. 
Figure 58.3 The principle of respect for
autonomy.
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presented to Dr. Thomas with advanced cervical cancer from
which she died. In the malpractice action brought by her sur-
vivors, Dr. Thomas stated that he did not tell Mrs Truman
about detectable presymptomatic changes in her cervix indica-
tive of cervical cancer or that he was concerned that she could
die from such disease. The California Supreme Court ruled
that, because the risks were of clinical salience to Dr. Thomas
(they were the motivation for his offering the Pap smear), he
should have informed Mrs Truman about these risks so that
her refusal would be informed. This case changed practice and
introduced the concept of informed refusal into medical law
and ethics.

The ethical and legal obligation of the physician in the
matter of informed refusal is very clear and not difficult to
fulfill. The law requires that the patient be informed about the
medical risks he or she is taking by the refusal of treatment.
The risks that should be disclosed are those that are salient in
clinical judgment: if they are important to the physician, i.e.,
they motivate the physician to offer or recommend a diag-
nostic test or therapy, they are salient. Any discussion, espe-
cially regarding the risks of refusal, should be thoroughly
documented in the patient’s chart. Preventive ethics requires
that disclosure of risks be followed by a strong recommenda-
tion that the patient reconsider his or her refusal. This pre-
ventive ethics approach avoids the need to abandon the
patient, keeps lines of communication open, and sends a pow-
erful signal of concern to the patient from the physician about
the medical folly of refusal.

The fetus as a patient

The ethical principles of beneficence and respect for autonomy
play a complex role in maternal–fetal medicine. There are
obviously beneficence- and autonomy-based obligations to the
pregnant patient: the physician’s perspective on the pregnant
woman’s health-related interests provides the basis for the
physician’s beneficence-based obligations to her, whereas her
own perspective on those interests provides the basis for the
physician’s autonomy-based obligations to her. The fetus
cannot meaningfully be said to possess values and beliefs
because of an insufficiently developed central nervous system.
Thus, there is no basis for saying that a fetus has a perspec-
tive on its interests and there can be no autonomy-based obli-
gations to the fetus. Hence, the language of fetal rights has no
meaning and therefore no application to the fetus in obstetric
clinical judgment and practice despite its popularity in public
and political discourse in the USA and other countries.4 Obvi-
ously, the physician has a perspective on the fetus’s health-
related interests and can have beneficence-based obligations to
the fetus, but only when the fetus is a patient.

One prominent approach for establishing if the fetus is a
patient has involved attempts to show whether the fetus has
independent moral status; this is the first sense of the concept
of the fetus as a patient. For the fetus to have independent

moral status, one or more characteristics that the fetus pos-
sesses, in and of itself and therefore independently of the preg-
nant woman or any other factor, must generate and therefore
ground obligations to the fetus on the part of the pregnant
woman and the physician. Many fetal characteristics have
been nominated for this role, including the moment of con-
ception, implantation, central nervous system development,
quickening, and birth. There is considerable variation among
ethical arguments about when the fetus acquires independent
moral status. Some take the view that the fetus has independ-
ent moral status from the moment of conception or implan-
tation.12 Others believe that independent moral status is
acquired in degrees, resulting in “graded” moral status,13 or
that the fetus never has independent moral status while it is
in utero.14

Despite the ever-expanding theological and philosophical
literature on this subject, there is no single authoritative
account of the independent moral status of the fetus. This is
not surprising because there is no single method that would
be authoritative for all of the markedly diverse theological and
philosophical schools of thought involved in this endless
debate; debates about such a final authority within and
between theological and philosophical traditions would have
to be resolved in a way satisfactory to all, an inconceivable
intellectual and cultural event. Therefore, there is no stable or
clinically applicable meaning of the fetus as a patient in terms
of its independent moral status. As a result, we abandon these
futile attempts to understand the fetus as a patient in terms of
its independent moral status and turn to an alternative
approach that makes it possible to identify ethically distinct
senses of the fetus as a patient and their clinical implications
for directive and nondirective counseling.

Analysis of this second sense of the concept of the fetus 
as a patient begins with the recognition that it is not neces-
sary to possess independent moral status to be a patient.
Rather, being a patient means that one can benefit from 
the applications of the clinical skills of the physician. Put 
more precisely, a human being without independent moral
status is properly regarded as a patient when two condi-
tions are met: (1) that human being is presented to the physi-
cian, and (2) clinical interventions exist that are reliably
expected to be efficacious, i.e., they are expected to result in
a greater balance of clinical benefits over harm for the human
being in question.15 This second sense of the concept of the
fetus as a patient is called the dependent moral status of the
fetus.

The authors have argued elsewhere4 that beneficence-based
obligations to the fetus exist when the fetus is reliably expected
to later achieve independent moral status as a child and
person. In other words, the fetus is a patient when the fetus
is presented for medical interventions, whether diagnostic or
therapeutic, that can be reasonably expected to result in a
greater balance of good over harm for the child and person
the fetus can become during early childhood. The ethical sig-
nificance of the concept of the fetus as a patient, therefore,
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depends on links that can be established between the fetus and
it later achieving independent moral status.

The viable fetal patient

Viability is one such link between the fetus and it later achiev-
ing independent moral status. However, it must be understood
in terms of both biological and technological factors; it is only
by virtue of both factors that a viable fetus can exist ex utero
and thus achieve independent moral status. The fetus is a
patient when it is viable, i.e., when it is of sufficient maturity
that it can survive into the neonatal period and achieve inde-
pendent moral status with the requisite technological support
and when it is presented to the physician.

Viability exists as a function of biomedical and technologi-
cal capacities, which are different in different parts of the
world. Consequently, there is no worldwide uniform gesta-
tional age to define viability at the present time. In the USA,
we believe viability presently occurs at approximately 24
weeks’ gestation.16

When the fetus is a patient, directive counseling for fetal
benefit is ethically justified. In clinical practice, this involves
one or more of the following: recommending against the ter-
mination of pregnancy; recommending against nonaggressive
management; or recommending aggressive management.
Aggressive obstetric management includes interventions such
as fetal surveillance, tocolysis, Cesarean delivery, or delivery
in a tertiary care center when indicated. Nonaggressive obstet-
ric management excludes such interventions. Directive coun-
seling for fetal benefit, however, must also take into account
the presence and severity of fetal anomalies, extreme prema-
turity, and obligations to the pregnant woman.

It is crucial to appreciate that, in obstetric clinical judgment
and practice, the strength of directive counseling for fetal
benefit varies according to the presence and severity of anom-
alies. As a rule, the more severe the fetal anomaly, the less
directive counseling should be for fetal benefit. In particular,
when lethal anomalies such as anencephaly can be diagnosed
with certainty, there are no beneficence-based obligations to
provide aggressive management. Such fetuses are dying
patients; counseling should be nondirective in recommending
between nonaggressive management and termination of 
pregnancy, but directive in recommending against aggressive
management for the sake of maternal benefit.17 By contrast,
third-trimester abortion for Down syndrome or achondropla-
sia is not ethically justifiable because there is a high probabil-
ity that the future child will have the capacity to grow and
develop as a human being.18,19

Any directive counseling for fetal benefit must occur in the
context of balancing beneficence-based obligations to the fetus
against beneficence- and autonomy-based obligations to the
pregnant woman. Any such balancing must recognize that a
pregnant woman is obligated only to take reasonable risks of
medical interventions that are reliably expected to benefit the

viable fetus or later child. A unique feature of obstetric ethics
is that the pregnant woman’s autonomy influences whether, in
a particular case, the viable fetus ought to be regarded as being
presented to the physician.

Obviously, any strategy for directive counseling for fetal
benefit that takes into account obligations to the pregnant
woman must be open to the possibility of conflict between 
the physician’s recommendation and a pregnant woman’s
autonomous decision to the contrary. Such conflict is best
managed preventively through the informed consent process
as an ongoing dialogue throughout a woman’s pregnancy, 
augmented as necessary by negotiation and respectful 
persuasion.4,20

The previable fetal patient

As technological factors cannot result in the previable fetus
becoming a child, the only possible link between the previable
fetus and the child it can become is the pregnant woman’s
autonomy. The previable fetus has no claim to the status of
being a patient independently of the pregnant woman’s auton-
omy; the link between the previable fetus and the child it can
become can only be established by the pregnant woman’s deci-
sion to confer the status of being a patient on her previable
fetus. The pregnant woman is free to withhold, confer, or,
having once conferred, withdraw the status of being a patient
on or from her previable fetus according to her own values
and beliefs. The previable fetus is presented to the physician
as a function of the pregnant woman’s autonomy.4

If a pregnant woman refuses to confer the status of being a
patient on her previable fetus, counseling regarding the man-
agement of her pregnancy should be nondirective in terms of
continuing the pregnancy or having an abortion. If she does
confer such status in a settled way, beneficence-based obliga-
tions to her fetus come into existence and directive counseling
for fetal benefit becomes appropriate. Just as for viable fetuses,
counseling must take into account the presence and severity
of fetal anomalies, extreme prematurity, and obligations owed
to the pregnant woman.

For pregnancies in which the woman is uncertain about
whether to confer such status, the authors propose that the
fetus be provisionally regarded as a patient. This justifies direc-
tive counseling against behavior that can harm a fetus in sig-
nificant and irreversible ways, for example substance abuse,
especially of alcohol, until the woman decides whether to
confer the status of being a patient on the fetus.

In particular, nondirective counseling is appropriate in cases
of what we term near-viable fetuses, i.e., those that are 22–23
weeks of gestational age, for which there are anecdotal reports
of survival. In our view, aggressive obstetric and neonatal
management should be regarded as clinical investigation (i.e.,
a form of medical experimentation) and not a standard of
care. There is no obligation on the part of a pregnant woman
to confer the status of being a patient on a near-viable fetus

1042

TCO58  9/16/2006  11:36  Page 1042



ETHICAL AND LEGAL DIMENSIONS OF MEDICINE OF THE PREGNANT WOMAN AND FETUS

because the efficacy of aggressive obstetric and neonatal man-
agement has yet to be proven.

Legal considerations

Black’s Law Dictionary defines malpractice as “an instance of
negligence on the part of a professional.”21 Negligence is a tort
or civil wrong whose elements are: (1) a duty recognized by
the law; (2) a failure on the part of the person to conform to
the standard required; (3) a reasonably close connection
between the conduct and the resulting injury, known as the
“proximate or legal cause;” and (4) actual loss or damage to
the interests of another.22 The court provides a remedy for this
civil wrong in the form of equity or money damages.

The duty to the patient arises from the physician–
patient relationship and is generally considered to be a 
contractual duty implied from the actions of the parties 
rather than one expressed in written form.22 This relationship
ends with the consent of both parties, dismissal of the physi-
cian, or when the services of the physician are no longer
needed.22

Good Samaritan legislation has been enacted in 49 US states
and the District of Columbia to encourage physicians to
render aid in emergency situations.23 In general, these statutes
were designed to safeguard the physician by “protecting them
from liability for any injury they cause or enhance.” These
statutes generally do not apply to doctors who provide emer-
gency services in the ordinary course of their activities or to
doctors who have a pre-existing duty to the injured party.
Often, these laws also do not protect an obstetrician who
attends the emergency delivery of a woman with whom the
physician has no physician–patient relationship if that deliv-
ery occurs in a hospital setting.24

Standard of care

In a medical malpractice action, the standard of conduct for
the physician is usually expressed as “the minimum knowl-
edge, skill and care ordinarily possessed and employed by
members of the profession in good standing.”22 For those 
who are specialists, the standard is modified accordingly.22

Therefore, a physician who has met the applicable legal stan-
dard will not be liable for an honest mistake in judgment even
if the clinical outcome is poor.

The standard of care in a medical malpractice action is
usually established by expert testimony of other physicians
who are limited by the state of medical knowledge at the time
of the incident.25 In contrast, after-acquired knowledge is
admissible when assessing causation of the injury.26 In the
early 1960s, courts recognized that, because of the wide dis-
semination of medical information by journals and at specialty
conferences, the practice of medicine was similar throughout
the country.26

Most medical malpractice cases require the testimony of an
expert to establish the standard of care. Expert testimony is
very different from that given by a lay witness; lay witnesses
are allowed to testify only to that which they actually per-
ceived through their own senses. This allows jurors to use their
own life experiences to better assess whether witnesses’ testi-
monies are credible. Experts, however, are allowed to testify
about events that they have not witnessed and about matters
that are outside the general knowledge of most jurors.27 There-
fore, courts have sought to prevent abuses by establishing cri-
teria for the reliability of medical testimony.

The Supreme Court’s decision in the case of Daubert v.
Merrill Dow established what have become known as the
Daubert factors for the admissibility of medical testimony in
federal courts.28 These are: (1) whether the expert’s technique
or theory can be or has been tested; (2) whether the technique
or theory has been subject to peer review and publication; (3)
the known or potential rate of error of the technique or theory
when applied; (4) the existence and maintenance of standards
and controls; and (5) whether the technique or theory has been
generally accepted in the scientific community.28 Before
Daubert, which was based on the federal rules of evidence,
courts used what was known as the Frye standard, under
which expert testimony was admissible only if it was based
upon techniques or procedures that were “generally accepted
in the medical community.”29 In the case of Daubert, the 
plaintiffs offered the testimony of eight expert witnesses
regarding the teratogenicity of Bendectin (an antinausea drug),
whereas the medical literature was overwhelmingly adverse to
the plaintiff’s position.28 The Supreme Court opined that
courts should act as gatekeepers to exclude expert testimony
that is unreliable. Daubert challenges can take two forms.28

The first is a challenge made to the expert in a motion 
for summary judgment (a motion to dismiss the case because
there are no triable issues of fact). In this motion, the defense
asks the court to dismiss the case by arguing that the plain-
tiff’s case has no merit because it is based on an expert’s
opinion or theory that is not scientifically reliable. The second
form is a pretrial motion (motion in limine) to preclude the
expert from testifying.28 In either case, the court can decide to
hold a separate hearing either before or even during a trial
before deciding whether to allow the expert to testify before
the jury.28

In cases in which the jury is considered capable of deter-
mining whether negligence occurred without the benefit of an
expert opinion, the doctrine of res ipsa loquitur applies.30 In
such cases, the harm to the patient could not ordinarily have
occurred without the negligent conduct of the defendant, and
the thing or things that caused the harm must have been in
the exclusive control of the defendant. The burden in such
cases then shifts to the defendant to prove that he or she did
not commit the negligent act.30 An example of this type of case
would be an instrument left in an abdomen during a surgical
procedure.
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Causation

There must also be a causal link between the conduct and the
harm that results. The proximate or legal cause in a medical
malpractice action is usually expressed as a “reasonable
medical probability” that the conduct was a “substantial
factor” in bringing about the harm.31 Most jurisdictions require
that there is more than a 50% probability that the alleged
conduct caused the harm,31 e.g., in a typical cerebral palsy 
case, plaintiffs will allege that, despite other potential causes,
the damage to the infant was most likely the result of hypoxia
at birth. The requirement is often not met when the plaintiff
has a pre-existing condition and alleges a lost opportunity 
for cure, such as an obstetrician’s failure to recognize pre-
mature labor or failure to treat a woman who suffered from 
an amniotic fluid embolism. In Falcon v. Memorial Hospital, 
a Michigan court held that a woman who suffered an amni-
otic fluid embolism could recover for negligent treatment 
even though there was testimony that, had she been given the
proper treatment, she would have had only a 33% chance of
survival.32

Other birth-based causes of action are wrongful pregnancy,
wrongful birth, and wrongful life. In a wrongful pregnancy
action, one or both parents of a child born following a negli-
gently performed sterilization procedure can bring suit on
their own behalf for the costs of having an unplanned child.
Most US jurisdictions recognize this cause of action.33

In a wrongful birth action, the parents of an unhealthy 
child born following negligent genetic counseling or negligent
failure to diagnose a fetal defect or disease bring suit 
for the costs of having to raise and care for an impaired 
child, arguing that they were wrongfully deprived of the 
ability to avoid or terminate a pregnancy to prevent the 
birth of a child with the defect or disease.34 Most states allow
recovery for the “extraordinary expenses of raising a child
with a birth defect.”34 In a wrongful life action, an unhealthy
child born following either a negligently performed steriliza-
tion of one of his or her parents, or negligent genetic coun-
seling or testing, argues that he or she has been damaged by
being born at all.34 To date, most courts have rejected this
cause of action.

New York has recently recognized a separate cause of action
for emotional distress on behalf of the mother in the absence
of an independent injury to her. In Broadnax,35 the Court of
Appeals (the highest New York state court) held that medical
malpractice resulting in miscarriage or stillbirth entitled the
mother to damages for emotional harm. In Sheppard-Mobley
v. King, the Supreme Court, Second Department, Appellate
Division, held that malpractice resulting in the birth of a
severely impaired child was a violation of the duty of care to
the mother and also entitled her to damages for emotional
harm.36 The Court of Appeals later rejected this cause of
action.37

Damages

The monetary damages awarded in an obstetrical malpractice
suit involving a child with cerebral palsy can be enormous. In
New York, recent jury verdicts of $90 million and $112
million in brain-damaged baby cases have made headlines and
are frequently cited as evidence of a crisis.38 It should be rec-
ognized that many, if not all, of these large verdicts are
reduced on appeal.38 Many trial lawyers also enter into what
is known as a “high–low” agreement whereby the parties
agree on a high settlement value in the event of a plaintiff’s
verdict and a low value for a defendant’s verdict.38 Such agree-
ments protect plaintiffs from a lengthy appeals process and
are typically set close to the limits of the insurance policy avail-
able for that case. In the case of the $112 million jury verdict
noted above, the plaintiffs actually received $6 million because
such an agreement was made just prior to jury deliberations.38

Impact of obstetrical malpractice on physicians

In 2003, a professional liability survey by the American
College of Obstetricians and Gynecologists (ACOG) found
that 76.3% of obstetricians had a least one claim filed against
them during their career. The average number of claims
against all respondents was 2.64, and 29.6% had at least one
claim filed during their residency.39 In the same survey, 14%
of respondents said that they no longer practice obstetrics, and
12.3% had decreased the level of high-risk obstetrical cases
that they take because of liability concerns.39

Tort reform

Tort reform in the medical malpractice context has primarily
focused on enacting legislation designed to discourage lawsuits
by placing a cap on pain and suffering or by making it more
difficult to file a claim, as well as by replacing litigation with
another system of compensation for injured parties such as a
no-fault system.40 In California, the use of a $250000 cap has
resulted in insurance premium increases that are less than one-
third of those in states not using caps.41 In Florida, a no-fault
system for compensation reduced the number of tort claims
for premature labor and delivery, injury, and death by
16–32%, but the total claims frequency rose by 11–38% when
no-fault claims were added to tort claims.42 It should be noted
that because of the narrow statutory definition for “birth-
related neurological injury,” many children, including many
premature infants, did not qualify for coverage.

As most medical malpractice lawsuits are brought in state
rather than federal courts because of jurisdictional issues, pro-
cedural reforms enacted in the different states and influenced
heavily by political support from various interest groups will
undoubtedly influence obstetrical malpractice insurance pre-
miums in the future.
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Conclusion

In this chapter we have provided a general ethical and legal
framework for maternal–fetal medicine. Implementing this
framework on a daily basis is essential for creating and sus-

taining the physician–patient relationship in obstetrics and
gynecology. This framework emphasizes preventive ethics, i.e.,
an appreciation that the potential for ethical conflict is built
into clinical practice, and the use of such clinical tools as
informed consent and negotiation to prevent such conflict
from occurring.
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Key points

1 Medical ethics and law have been closely related since
at least the early nineteenth century.

2 The informed consent process implements the ethical
principle of respect for autonomy in the decision-
making process between physicians and patients.

3 Simple consent concerns whether the patient accepts or
refuses treatment.

4 Informed consent concerns whether the patient’s
decision about treatment is adequately informed and is
voluntary.

5 The professional community standard requires the
physician to provide information to the patient that
any adequately trained and experienced physician
would provide.

6 The reasonable person standard requires the physician
to provide information that any patient with that
particular diagnosis needs in order to make an
informed decision.

7 The previable fetus is a patient solely as a function of
the pregnant woman’s autonomy and has no
independent claim to this moral status.

8 The viable fetus is a patient when it is able to exist ex
utero, with full technological support, and when it is
presented to the physician.

9 When the fetus is a not a patient, counseling about the
management of pregnancy should be nondirective.

10 When the fetus is a patient, counseling about the
management of pregnancy should be directive with the
weight of recommendations a function of both the fetal
patient’s and the pregnant woman’s interests.

11 Malpractice is an instance of negligence on the part of
a professional. The elements of malpractice are duty,
breach, causation, and damages.

12 The duty to the patient arises from the
physician–patient relationship and is generally
considered to be a contractual duty implied from the
actions of the parties rather than one expressed in
written form.

13 Good Samaritan legislation may not protect an
obstetrician who attends the emergency delivery of a
woman in a hospital setting.

14 In a medical malpractice action, the standard of
conduct for the physician is usually expressed as “the
minimum knowledge, skill and care ordinarily
possessed and employed by members of the profession
in good standing.”

15 For those who are specialists, the standard is modified
accordingly.

16 Most medical malpractice cases require the testimony
of an expert to establish the standard of care.

17 In the case of Daubert v. Merrill Dow, the Supreme
Court established what have become known as the
Daubert factors for the admissibility of medical
testimony in federal courts.

18 Daubert challenges can take two forms: (1) a motion
for summary judgment, or (2) a pretrial motion to
prevent the expert from testifying.

19 The proximate or legal cause in a medical malpractice
action is usually expressed as a “reasonable medical
probability” that the conduct was a “substantial
factor” in bringing about the harm.

20 Wrongful pregnancy is an action brought on behalf of
one or both parents for the costs of raising an
unplanned child and is often brought after a negligent
sterilization procedure.

21 Wrongful birth actions are brought on behalf of the
parents of a child who is unhealthy and who claim that
they were wrongfully denied the chance to terminate
the pregnancy. Most states allow recovery for the
extraordinary expenses associated with raising such a
child.

22 Most states have rejected wrongful life actions where
an unhealthy child argues that he or she has been
damaged by being born at all.
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Bleeding in the third trimester is common. The most impor-
tant cause is placental abruption (also called abruptio placen-
tae), which has an incidence of approximately 0.6% in the
USA and an associated risk of stillbirth of 12%. Placenta
previa, which can also cause bleeding in the third trimester,
occurs with a frequency of 0.3%. There is a significant asso-
ciation of Cesarean section with placenta previa and placenta
accreta. Vasa previa is a rare but important cause of vaginal
bleeding and occurs in 1 in 3000 to 5000 pregnancies.
However, in approximately 50% of cases of vaginal bleeding,
the etiology is either unexplained or assumed to result from
local lesions.

Placenta previa

Introduction

Placenta previa is defined as a placenta implanted in the lower
segment of the uterus presenting ahead of the leading pole of
the fetus. It occurs in 2.8 to 4.0 out of 1000 singleton preg-
nancies1,2 and 3.9 out of 1000 twin pregnancies1 and repre-
sents a significant clinical problem in terms of the need for
hospitalization, potential need for blood transfusion, and risk
of premature delivery. The incidence of hysterectomy in
women who have undergone a Cesarean section because of
placenta previa is 5.3%, which represents a relative risk of 33
compared with women undergoing Cesarean section without
placenta previa.3 Perinatal mortality rates are 3–4 times higher
than in normal pregnancies.4 This is principally because of the
association of placenta previa with preterm birth;5 however,
even after 37 weeks’ gestation, the risk of neonatal mortality
from placenta previa is still double that of babies born without
previa.6 The risk factors for placenta previa2,7,8 are listed in
Table 59.1. Placenta previa does not appear to be associated
with significant fetal growth restriction4,8 and has a negative
association with pregnancy-induced hypertension.8

Diagnosis

Placenta previa classically presents with painless vaginal bleed-
ing. The traditional classification of placenta previa describes
the degree to which the placenta encroaches upon the cervix.
This categorization into low-lying, marginal, partial, or com-
plete placenta previa9 was originally based on digital palpita-
tion through the cervix. In modern practice, the diagnosis of
placenta previa is usually made in asymptomatic women
found to have a low-lying placenta on routine ultrasonogra-
phy, and digital vaginal examination may be completely
avoided.9 The superior accuracy of transvaginal sonography
(TVS), which can measure the actual distance between the 
placental edge and the internal cervical os, has rendered the
traditional classification obsolete,10 and the “sonic” finger
obviates the need for the “double-setup” examination except
in very rare circumstances.11 Transvaginal sonography enables
reclassification of placental position in up to 60% of cases
compared with transabdominal sonography (TAS).12–15 The
inherent inaccuracies of TAS include poor visualization of the
posterior placenta,16 interference of the fetal head with visu-
alization of the lower segment,17 obesity,18 and under- or over-
filling of the bladder.19,20 For these reasons, the diagnosis of
placenta previa by TAS is associated with a false-positive rate
of up to 25%21 (Figs 59.1 and 59.2). Accuracy rates for TVS
are high (sensitivity 87.5%, specificity 98.8%, positive pre-
dictive value 93.3%, negative predictive value 97.6%), estab-
lishing it as the “gold standard” for the diagnosis of placenta
previa.22 A small randomized trial23 has confirmed the benefit
of TVS compared with TAS. TVS has also been shown to be
safe in the presence of placenta previa,22,24 even when there is
established vaginal bleeding. It is also possible to accurately
image the placenta using magnetic resonance imaging (MRI),
a superior technique to TAS,25 but MRI may not provide any
benefit over TVS.

Prediction of placenta previa at delivery

The occurrence of placenta previa is common in the first half
of pregnancy (Fig. 59.3) and its persistence to term will depend
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on the gestational age at diagnosis and the definition employed
for the exact relationship of the internal cervical os to the pla-
cental edge on TVS.20,26–31 The results of these studies are sum-
marized in Table 59.2. The data suggest that a placental edge
that overlaps the internal os by less than 10mm on TVS at
any time before 24 weeks is highly unlikely to be associated
with a placenta previa at term. The process of placental
“migration,” or relative upward shift of the placenta as a
result of differential growth of the lower segment, is continu-
ous into the late third trimester.20,23,32 (Fig 59.4). For this
reason, it is reasonable to carry out repeated imaging every 4
weeks until delivery. Vaginal delivery is possible when, at any
gestational age, the distance from the placental edge to the
internal os is greater than 20mm.10,32 Transperineal or
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Table 59.1 Selected risk factors for placenta previa.

Risk factor Typical odds ratio (OR)

Maternal age ≥ 40 (vs. < 20) 9.1
Illicit drugs 2.8
≥ 1 previous Cesarean section 2.7
Parity ≥ 5 (vs. para 0) 2.3
Parity 2–4 (vs. para 0) 1.9
Prior abortion 1.9
Smoking 1.6
Congenital anomalies 1.7
Male fetus (vs. female) 1.1
Pregnancy-induced hypertension 0.4

Table 59.2 Persistence of placenta previa at delivery based on various gestational ages at TVS and overlap distances of the placental edge.

Reference no. Number of patients Gestational age (weeks) Overlap (mm) Incidence [n (%)] Previa at delivery (%)

27 1252 9–13 ≥ 16 20 (1.6) 25
29 2158 10–16 ≥ 14 34 (1.6) 18
28 6428 12–16 ≥ 15 156 (2.4) 5.1
26 351 11–14 ≥ 23 – 8
20 2910 15–24 ≥ 10 – 38
30 3696 18–23 ≥ 15 57 (1.5) 19

18–23 ≥ 25 10 (0.3) 40
31 8650 20–23 > 0–10 99 (1.14) 50

11–24 – 63
≥ 25 – 100

Figure 59.1 Transabdominal scan of
placenta covering cervical os at 28 weeks’
gestation. Note the full bladder at top right.
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translabial ultrasound can provide a higher diagnostic accu-
racy than TAS and may be a useful alternative when TVS is
not available.33

The need for Cesarean section at term is predicated by the
distance from the os to the placental edge, and by clinical fea-
tures (e.g., presence of unstable lie and/or bleeding). Four
studies have examined the likelihood of Cesarean section in

cases of placenta previa based on the distance from the os to
the placental edge on the last ultrasound before delivery.10,33–35

The last scan was performed at a mean of 35–36 weeks’ ges-
tation, and a distance of > 20mm was associated with a high
likelihood of vaginal delivery (range 63–100%). It has been
suggested that below this cutoff distance of 20mm, the pla-
centa should be defined as “low-lying” rather than as a previa;
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Figure 59.2 Transvaginal scan of the above
case with an empty bladder. The placental
edge no longer covers the os. At follow-up,
the placental edge moved further away and
resulted in vaginal delivery.

Figure 59.3 Transvaginal scan at 16 weeks
showing a 20-mm overlap of the placental
edge. By 25 weeks, the placenta was no
longer low lying.
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this is to avoid the bias of physicians performing an elective
Cesarean section based on the report of a previa,34 and to
enable these cases to be managed in the high expectation of a
vaginal delivery.

A distance of between 20 and 0mm from the os to the pla-
cental edge on the last scan results in a higher likelihood of
Cesarean section. This distance may be further subdivided:
from 10 to 0 mm, a Cesarean section is required in most cases
but vaginal delivery is possible depending on clinical features;
and from 20 to 11mm, the likelihood of significant hemor-
rhage is reduced, and delivery by Cesarean section varies and
may be driven by the physician’s prior knowledge of the ultra-
sound finding.34,35 In this latter group, trial of labor may be
appropriate in the absence of an unstable lie or bleeding,34

although more data in the form of prospective studies are
required. In all cases where the placenta overlaps the os by
any amount (greater than 0mm) on the last scan before deliv-
ery, delivery by Cesarean section is necessary.32–35 This group
may be defined as “complete placenta previa.” A classification
of placenta previa is given in Table 59.3, describing the like-
lihood of Cesarean section according to the distance from the
placental edge to the internal os near term.

Management

A policy of expectant management, pioneered by MacAfee,36

continues to be the standard with the focus on bedrest and
avoiding preterm birth. This approach has reduced preterm
birth and perinatal mortality;37 however, preterm delivery
remains a problem with 46% of women diagnosed with pla-

centa previa delivering preterm.4 The requirement for pro-
longed bedrest in hospital associated with this conservative
approach is very stressful for women38 and is increasingly
being questioned. The difficulty lies in predicting the likeli-
hood of bleeding in the individual patient.39 Almost three-
quarters of all women with placenta previa experience at least
one episode of bleeding, at a median gestational age of 29
weeks, but the majority remain stable for a prolonged period
and will not deliver until a median of 36 weeks.40 However,
the clinical outcomes of placenta previa are highly variable
and cannot be predicted confidently from antenatal events.41

A number of retrospective studies40 have provided evidence for
the safety and cost-effectiveness of outpatient management of
placenta previa41,42,43 culminating in a randomized controlled
trial of inpatient versus outpatient management of placenta
previa.44 The evidence suggests that outpatient management is
an acceptable alternative for selected patients.
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Table 59.3 Likelihood of Cesarean section based on placental-edge
to internal-os distance on last scan prior to delivery performed at an
average of 35 weeks’ gestation.

Distance Cesarean section

Overlapping 100%
< 10mm 84%
> 10mm and < 20mm 40%
> 20mm 16%

Figure 59.4 Transvaginal scan of placental
edge 7mm from the internal os posteriorly
at 30 weeks’ gestation in a woman
presenting with vaginal bleeding. The fetal
head is on the left. Migration continued and
vaginal delivery occurred at 39 weeks.
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Tocolytic therapy has been shown to prolong pregnancy in
symptomatic women.45,46 However, in a small study using
home uterine monitoring, uterine contractions did not appear
to be a major factor in the onset of bleeding, and tocolytic
therapy did not alter the clinical course.47 Further studies into
the potential benefits of prolonging pregnancy using cervical
cerclage are required.48–50

When carrying out a Cesarean section, a low transverse
uterine incision is usually possible. If available immediately
prior to incision, an examination by ultrasound will allow the
operator to avoid cutting through the placenta, which can then
be peeled aside and the nearest window of membranes located
and entered. The frequency of blood transfusion, either ante-
natally or peripartum, is fairly low, and autologous blood
donation is not feasible for most patients.51 Two retrospective
studies have concluded that regional anesthesia is safe for
Cesarean section,52,53 and one small randomized trial has sug-
gested that epidural anesthesia is superior to general anesthe-
sia with regard to maternal hemodynamics.54

Placenta previa/accreta

The association between a previous Cesarean section and pla-
centa previa and placenta accreta/percreta (pathological
adherence of the placenta) is well recognized. The incidence
of placenta previa increases with the number of previous deliv-
eries by Cesarean section,55,56 and there is a suggestion that
the incidence of previa is rising because of the increasing
Cesarean section rate.57 The mechanism of causation of previa
by a previous scar is poorly understood but may be the result

of reduced differential growth of the lower segment, resulting
in less upward shift in placental position as pregnancy
advances.58 Certainly, the increasing Cesarean section rate has
resulted in an increased incidence of placenta accreta which,
in a 1997 study,57 occurred in 1 in 2500 deliveries. The rela-
tive risk of placenta accreta in the presence of placenta previa
is 2065-fold higher than in women who have a normally sit-
uated placenta.57 The risk of placenta accreta in the presence
of placenta previa increases dramatically with the number of
previous Cesarean sections, with a 25% risk for one prior
Cesarean section and more than a 40% risk for two prior
Cesarean sections.56 Placenta accreta is a significant condition
with a high potential risk for hysterectomy and a maternal
death rate reported at 7%. Prenatal diagnosis may be benefi-
cial in preparing for delivery.59–61 A number of imaging tech-
niques including ultrasonography61–63 and color Doppler64–67

(Fig. 59.5) are helpful in making a prenatal diagnosis of pla-
centa accreta. Dynamic contrast MRI can differentiate chori-
onic villi and decidua basalis, and can provide excellent
contrast between the placenta and myometrium anywhere
within the uterus68–70 (Fig. 59.6).

The key diagnostic imaging features described in placenta
accreta are summarized in Table 59.4. Conservative treatment,
leaving the placenta in situ, may be a useful management
option71 (Table 59.5).

Vasa previa

In vasa previa, the fetal vessels cross within the membranes
between the internal os and the presenting part, usually the
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Figure 59.5 Transabdominal scan of
placenta accreta. There is loss of the
hypolucent zone between the placenta and
myometrium, multiple lacunae (Swiss
cheese appearance), and abnormal
vasculature extending into the bladder wall.
The case was managed by classical
Cesarean section; the placenta was left 
in situ and resorbed spontaneously.
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fetal head. It is an uncommon form of placental anatomy,
occurring in 1 out of 3000–5000 pregnancies.72 It primarily
occurs in two settings: a velamentous cord insertion or a suc-
centuriate lobe on the opposite side of the internal os from the
main placental structure. Because fetal vessels within the mem-
branes are unprotected by Wharton’s jelly, they are prone to
compression during labor and may tear when the membranes
rupture, resulting in severe fetal heart rate abnormalities
accompanied by slight or moderate vaginal bleeding leading
to fetal exsanguination.

Vasa previa is strongly associated with a low-lying pla-
centa,73 even when a second-trimester placental location sub-
sequently converts to normal.74 Ultrasound imaging including
Doppler, color Doppler, and power Doppler technology with
TVS, now offers the possibility of predicting vasa previa well
before the onset of labor although, at present, screening for
vasa previa would not be considered to be part of routine care.
In two large case series, the specificity and sensitivity of a pre-
natal diagnosis was excellent.72,75 The survival rates of infants
with a prenatal diagnosis was 97% compared with 44% in
those not diagnosed before delivery.76 The protocol for ultra-
sound identification and management of vasa previa is shown
in Table 59.6.

Placental abruption

Placental abruption is defined as a complete or partial sepa-
ration of the placenta prior to delivery and is accompanied by
hemorrhage into the decidua basalis. The incidence of pla-
cental abruption is approximately 0.6% in singleton preg-
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Figure 59.6 MRI of anterior placenta with
loss of the retroplacental space and invasion
of the placenta into the myometrium
superior to the bladder.

Table 59.5 Management options in placenta accreta/percreta.

Hysterectomy
Avoid incision of placenta or attempted removal
Use of cell saver
Deliberate cystotomy to assist bladder mobilization
Placement of ureteral stents
Hypogastric artery ligation or embolization/balloon occlusion

Uterine conservation
Classical Cesarean section avoiding placenta
Leave placenta in situ if no hemorrhage
Prophylactic radiological hypogastric artery embolization/balloon

occlusion
Attempt placental removal if bleeding occurs
Control bleeding by: circumferential sutures over placental site,

prostoglandin F2-alpha myometrial injection, ligating uterine
pedicles and/or ovarian vessels, uterine packing

Table 59.4 Ultrasound features of placenta accreta.

Hypoechoic zone between myometrium and placenta less than 2 mm
Disruption of the hyperechoic uterine serosa–bladder interface
Lacunar spaces (Swiss cheese) in placental parenchyma
Prominent vessels extending from placental base to uterine wall
Dilated blood vessels and turbulent blood flow in lacunae
Abnormal blood vessels linking the placenta and bladder with

diastolic flow
Focal extension of placental tissue beyond the uterine serosa
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nancies and 1% in twin pregnancies,77 although quoted rates
vary widely from 0.1% to 2.7%.78 The wide range of reported
incidences may be explained by the different criteria used for
diagnosing placental abruption as well as the increased recog-
nition of milder forms, for example complete, partial, or mar-
ginal placental detachment (Fig. 59.7). Perinatal mortality
occurs in 11.9% of cases of abruption compared with 0.8%
of all other births.79 Older case series report a perinatal mor-
tality rate of up to 21%.80 Abruption is associated with a
nearly ninefold increase in the risk of stillbirth;81 the case 
fatality rate, expressed as the number of abruptio-stillbirth
cases per 100 total placental abruption cases, is reported to
be 5.3%80 to 7%.82 Abruption accounts for more than 8% of
all cases of perinatal mortality.79 The high mortality rate
results, in part, from its strong association with preterm deliv-
ery; in a large population study, 55% of the excess perinatal
deaths with abruption resulted from early delivery.79 Placen-
tal abruption appears to be occurring more frequently proba-
bly because of increased ascertainment and reporting.82–84 The
risk of preterm birth in women with abruption ranges from
39.6%80 to 50%79 compared with 9.1% for women without
abruption. Abruption is also significantly associated with fetal
growth restriction, which occurs in 14.3% of cases of placen-
tal abruption and 8.1% of cases without abruption;80 this
association is stronger for term than for preterm babies. At
each gestational age, the relative risk of abruption is highest
among babies in the lowest weight percentile and progressively

declines with increasing weight. This effect is slightly greater
for term babies than for preterm babies, thus, at about 36
weeks’ gestation, a baby weighing less than those within the
first percentile for weight had a relative risk of abruption of
9.8 compared with a baby weighing more than those in the
90th percentile.79 The excess in perinatal mortality rate in
cases of abruption increases toward term both in relation to
gestational age79 (Fig. 59.8) and to birthweight79 (Fig 59.9)
compared with pregnancies without abruption. Even in babies
weighing around 4000g, who have the best chance of 
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Table 59.6 Protocol for diagnosis of vasa previa.52

Attempt to visualize cord insertion in all cases
High index of suspicion with low-lying placenta or succenturiate

lobe
Sweep across the lower uterine segment to look for velamentous

vessels
Color or power Doppler with TVS to further investigate suspicious

cases
Ascertain whether pulse rate maternal or fetal on Doppler
Follow-up sonograms if vessels identified over or near the cervix
Cesarean delivery if vasa previa confirmed in later pregnancy

Preplacental

Retroplacental

Subchorionic

Figure 59.7 Sites of periplacental
hemorrhage that have been described
sonographically. Subchorionic hemorrhage
may be remote from the placenta but is
thought to arise from marginal abruptions.
The term preplacental hemorrhage has been
chosen to describe both subamniotic
hematoma and massive subchorial
thrombosis. Intraplacental hemorrhages
(intervillous thrombi) may also be identified
but are difficult to distinguish from placental
lakes or other intraplacental sonolucencies.
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Figure 59.8 Gestational age-specific perinatal mortality rate (plotted
on a logarithmic scale) in pregnancies with and without abruption,
in the USA, in 1995 and 1996 (reproduced from ref. 79, with
permission).
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survival, the excess perinatal mortality rate due to abruption
is increased 25-fold.

Risk factors

Table 59.7 shows the etiological fractions for a number of
factors that are significantly associated with the occurrence of
abruption.85 The factor in this study with the highest etiolog-
ical fraction is the presence of a male fetus, which has an asso-
ciated risk of 16.3%. The next most important determinant is
severe growth restriction. The association between placental
abruption and advanced maternal age is inconsistent and may
be more a factor of parity.86 Smoking is an important pre-
ventable cause of abruption;77,87–89 a meta-analysis of a large
number of studies on smoking in pregnancy90 showed that
there was a strong concordance in the finding of a twofold
increased risk of abruption in women who smoke. The results
suggest that between 15% and 25% of placental abruption
episodes could be prevented if women stopped smoking ciga-
rettes during pregnancy. The analysis included five studies
where dose–response relationships showed a two- to threefold
increase in the incidence of abruption in women who smoked
more than 20 cigarettes per day (Table 59.8).

Maternal hypertension is a major risk factor for placental
abruption,77,78,85,91,92 and women with preeclampsia are twice
as likely to develop placental abruption as normotensive
women.78 At least two studies91,92 did not find an increased
risk of abruption in chronically hypertensive women, although
they did confirm the important effect of severe preeclampsia
and superimposed preeclampsia. An interaction between
smoking and hypertensive disorders is also well known.
Overall, the incidence of placental abruption in women with
hypertensive disorders in pregnancy is 10%.93 In severe
preeclampsia or eclampsia, quantitative proteinuria and
degree of blood pressure elevation are not predictive of pla-
cental abruption.94 A paradoxical effect of smoking is also well
known in that the risk of mild and severe preeclampsia is
reduced by one-half in smokers.95 However, women who
smoked and were hypertensive had an almost eightfold
increased risk of abruption compared to women who had
neither condition.90,91,95 Cocaine is a potent cause of placental
abruption and may have a high prevalence in some areas.96 Up
to 10% of women using cocaine may experience abruption,97
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Figure 59.9 Birthweight-specific perinatal mortality rates (plotted
on a logarithmic scale) in term pregnancies (≥ 37 weeks) with and
without placental abruption, in the USA, in 1995 and 1996
(reproduced from ref. 79, with permission).

Table 59.7 Etiological fractions for significant determinants of
abruption.

Determinant Etiological fraction

Male fetus 0.163
Severely small for gestational age 0.064
Unmarried 0.054
Age > 35 years 0.053
Smoking > 10 cigarettes per day 0.042
Preeclampsia 0.038
Rupture of membranes > 24h 0.032
Chorioamnionitis 0.026
Prepregnancy hypertension 0.015
Pregnancy-induced hypertension without 0.010

albuminuria

From ref. 85, with permission.

Table 59.8 Meta-analysis of the joint effects of cigarette smoking
and hypertensive disorders on the risk of placental abruption.

Hypertensive disorder Nonsmokers Smokers

None 1.0 (referent) 1.4 (1.2, 1.5)
Chronic hypertension 2.8 (2.5, 3.2) 5.2 (2.7, 10.0)
Mild preeclampsia 0.9 (0.6, 1.2) 2.3 (1.6, 3.3)
Severe preeclampsia 4.1 (2.8, 6.0) 5.9 (3.4, 10.3)
Chronic hypertension with 2.0 (0.7, 5.4) 7.8 (2.4, 25.9)

preeclampsia

From ref. 90, with permission.

Data are given as odds ratio (95% confidence interval).
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and its effect appears to be related to vasoconstriction in the
placental bed.98 Rupture of the membranes,77,99 and associated
chorioamnionitis, and birthweight discordance in twins also
have a significant impact on the likelihood of abruption.100

The typical odds ratios (ORs) for factors associated with
abruption are given in Table 59.9. Overall, however, an etio-
logical factor is present in less than one-half of cases85 and the
majority of placental abruption occurs in women with no
established risk factors. Placental abruption remains, there-
fore, difficult to predict and is largely unpreventable. A com-
bination of risk factors may allow the identification of a group
of women at high risk of abruption in whom increased sur-
veillance may be appropriate.101

Pathogenesis

The association of abruption with poor fetal growth suggests
that the origins of abruption may extend back to the earliest
stages of pregnancy. The chronic process underlying abruption
may also contribute to the risk of preterm delivery.3 Patho-
logical studies suggest that abruption is associated with abnor-
mal placental vasculature, thrombosis, and reduced placental
perfusion.102 A high incidence of inherited thrombophilias is
noted in patients with abruption, and in particular there is an
increased prevalence of mutations in the genes coding for
Factor V Leiden, homocysteine, activated protein C resistance,
and antiphospholipid antibodies.103,104 Postpartum women
who have experienced placental abruption should be consid-
ered for screening for the presence of these factors.105

For women who have experienced placental abruption, the
risk of recurrence in subsequent pregnancies is observed to be
10–15% (i.e., 30-fold increased risk),78 although in one study
the risk was found to be increased 100-fold.106 In cases with
two previous abruptions, the OR of a third abruption was
36.5.107

Management of moderate to severe abruption

Approximately 30% of women presenting with bleeding in the
third trimester are diagnosed with definitive placental abrup-
tion.108 Hurd and co-workers108 reported the outcome of 59
cases of abruption prospectively managed in a selective
manner; the clinical features are described in Table 59.10. The
mean diagnosis to delivery time in patients with a clinical pres-
entation consistent with abruption was 2 h and 54 min, and
the Cesarean section rate was 52%.109 Clinical management
decisions in cases of moderate to severe placental abruption
must be individualized and aggressive plans for delivery made
if there is evidence of fetal distress or maternal hemodynamic
instability or coagulation disorders. Minimizing the interval
between presentation and delivery may be important.110

Knab111 found that almost 70% of all cases of perinatal mor-
tality occurred in infants who were delivered more than 2 h
from the time of diagnosis. In one series of 33 women with
clinically overt placental abruption associated with fetal
bradycardia, death or cerebral palsy occurred in 33% of the
cases; a diagnosis to delivery interval of 20 min or less was
associated with substantially reduced neonatal morbidity and
mortality compared with delivery at 30 min (OR of 0.44).108

There is some evidence that women diagnosed with concealed
abruption, with an absence of vaginal bleeding, have a higher
stillbirth rate, perhaps because of a delay in diagnosis.111 In
most cases, blood eventually escapes from behind the mem-
branes or past an impacted fetal head and bleeding occurs.
Fetal heart rate abnormalities are common in abruption,
occurring in 58% of cases.112 Cesarean section rates in this
study were 71%, and undergoing a Cesarean section signifi-
cantly reduced the odds of perinatal death to 0.1. Abruption
may also present as backache associated with a nontender
uterus.113 Although being a very subjective clinical measure,
the estimation of degree of placental separation can be used
to assess the risk of stillbirth and preterm delivery80 (Fig.
59.10). Women with severe hemorrhage are more likely to be
classified as having over 50% placental separation. The pres-
ence of severe hemorrhage may serve as a reliable marker for
the severity of placental abruption.80 Management principles
for severe abruption are given in Table 59.11.
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Table 59.9 Factors significantly associated with placental abruption.

Factor Typical odds ratios

Severely small for gestational age 3.99
Cocaine use 3.92
Chorioamnionitis 2.61
Premature rupture of membranes 2.44
Alcohol 2.29
Chronic hypertension 2.21
Oligohydramnios 2.09
Twins 2.06
Smoking 2.00
Preeclampsia 1.9
Parity > 3 1.6
Maternal age > 35 1.37
Unmarried 1.27

Table 59.10 Clinical presentation in 59 cases of moderate to severe
abruption.

Vaginal bleeding 78%
Fetal distress 50%
Uterine tenderness/back pain 66%
High-frequency contractions 17%
Uterine hypertonus 17%
Unexplained preterm labor 22%
Dead fetus at admission 15%
Perinatal death of fetus alive at admission 18% (9 out of 50)

Adapted from ref. 108.
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Mild abruption

A rapid Cesarean section appears to be beneficial for acute
cases of placental abruption; however, less severe cases, par-
ticularly those presenting well before term, may be managed
more conservatively.109,116 In women presenting preterm, either
with vaginal bleeding in the absence of uterine tenderness, or
fetal distress, or in whom there was a retrospective diagnosis
of abruption, 26% delivered on the day of admission, 50%
delivered within 3 days and, of the remainder, about one-half
delivered 15 or more days after admission. Some were treated
with tocolytics although this practice is controversial and no
benefit was seen in an uncontrolled study of 95 preterm
women.117 Bond and co-workers118 expectantly managed 43
cases of abruption at less than 35 weeks’ gestation and
achieved a mean prolongation of pregnancy of 12 days, but
the Cesarean section rate was still high at 75%.

Where vaginal delivery is pursued, amniotomy may be ben-
eficial in hastening delivery. Oxytocin may likewise be helpful
and there is no evidence that the latter increases complica-

tions.118,119 Many cases of unexplained vaginal bleeding, which
occur in up to 6% of the obstetric population, may result from
marginal placental separation.88 Vaginal and cervical lesions
should also be excluded. The prognosis is generally good
although patients should be followed in case of recurrence.
Unlike abruption, the lack of association with smoking sug-
gests the possibility of a distinct pathological process in these
cases.88

Ultrasound diagnosis

Negative findings on ultrasound do not exclude the possibil-
ity of significant placental abruption. Scholl116 reported 
ultrasound visualization of a clot in only 25% of placental
abruption cases and found that ultrasound was unhelpful in
management. In a series of 110 women who underwent ultra-
sonic examination for suspected abruption after 22 weeks’
gestation, umbilical artery resistance indices on Doppler were
in the normal range in 79% of cases and direct visualization
of abruption was only possible in 20%.120

Glantz and Purnell121 found a sonographic detection rate of
only 11% for abruption but, in general, abnormal ultrasound
findings were predictive of a more adverse outcome. Abrup-
tion may appear as a sonolucent area of blood (Fig. 59.11) or
as a more echogenic picture of an organized blood clot (Figs
59.12 and 59.13). Fetal mortality may be as high as 75%
when a retroplacental hemorrhage of greater than 60mL is
present.122

Trauma

Fetal death occurring as a result of injury during pregnancy is
often preceded by placental abruption.123 Abruption was
diagnosed in 6.8% of injured pregnant women and fetal death
occurred in 3.4% of trauma victims.124 However, the injury
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Figure 59.10 Adjusted relative risks with 95% confidence intervals of the association between extent of placental separation and stillbirth and
preterm delivery, Mount Sinai Hospital, NY, 1989–1996 (reproduced from ref. 80, with permission).

Table 59.11 Management principles for severe abruption.

Fetal assessment for viability, welfare, and size (growth restriction is
common)

Estimate severity of abruption (uterine tone, hardness, pain, amount
of vaginal bleeding)

Maternal assessment for hypovolemia and coagulation status
Early aggressive treatment of suspected disseminated intravascular

coagulation114

Kleihauer–Betke test and Rhesus status should be checked as
fetal–maternal hemorrhage is present in up to 30% of cases,
particularly in traumatic abruption115

Expedite delivery of a live fetus with a low threshold for Cesarean
section

TCO59  9/16/2006  11:37  Page 1058



BLEEDING IN THE THIRD TRIMESTER

1059

Figure 59.11 Sonolucent, retroplacental
portion of the placenta identified by the
markers ‘+’ and ‘×’, indicative of an area of
abruption at least 2 weeks after the
occurrence.

Figure 59.12 A large organizing hematoma
in the placenta anteriorly at 29 weeks’
gestation. The fetal head is in the lower
right of the picture. Emergency Cesarean
section was performed shortly after this
picture was taken because of spontaneous
fetal heart rate decelerations and a healthy
fetus was delivered.
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Figure 59.13 Placenta and 225mL of
retroplacental blood clot from the same case
as in Fig. 59.11.

severity score in pregnant trauma victims is poorly predictive
of placental abruption and fetal death. Even relatively minor
injuries were associated with adverse pregnancy outcomes.124

Traumatic abruption was more likely in car accidents occur-
ring at speeds above 30 miles per hour.125 The importance of

correct seatbelt restraints for pregnant women should be
emphasized.126,127 Placental abruption following trauma may
be asymptomatic and a high index of suspicion should be
maintained;128 it is recommended to carry out fetal monitor-
ing for a minimum of 4h.115

Key points

1 The most important cause of bleeding in the third
trimester is placental abruption (with an incidence of
approximately 0.6%), followed by placenta previa
(with an incidence of 0.3%).

2 Major risk factors for placenta previa include: maternal
age with an odds ratio (OR) of 9.1, prior Cesarean
section (OR 2.7), multiparity (OR 2.3), and smoking
(OR 1.6).

3 Transvaginal sonography (TVS) obviates the need for
the “double-setup” examination and has become the
“gold standard” for the diagnosis of placenta previa.

4 Vaginal delivery is possible when the distance from the
placental edge to internal os is greater than 20 mm on
TVS at any gestational age.

5 A Cesarean section is necessary when the placenta
overlaps the internal os by any amount after
approximately 35 weeks’ gestation.

6 A placental edge lying within 20 mm of the os but not
overlapping requires individualized management but
vaginal delivery is possible.

7 The risk of placenta previa in any pregnancy increases
with the number of previous deliveries by Cesarean
section.

8 In any pregnancy, the risk of placenta accreta in the
presence of placenta previa increases dramatically with
the number of previous deliveries by Cesarean section
with a 25% risk for one Cesarean section and more
than a 40% risk for two.

9 Prenatal diagnosis of placenta accreta by ultrasound or
magnetic resonance imaging (MRI) may be beneficial in
preparing for delivery.

10 Vasa previa is strongly associated with a low-lying
placenta, and color Doppler with TVS now offers the
possibility of prediction of vasa previa well before the
onset of delivery.

11 Placental abruption is associated with a nearly nine-
fold increase in the risk of stillbirth compared with
pregnancies without abruption.

12 Major risk factors for placental abruption include:
cocaine use (OR 3.9), chorioamnionitis (OR 2.6),
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All approaches to the systematic assessment of labor are
grounded in the concept that it is possible to evaluate the
progress of labor by analyzing the relationships among 
cervical dilation, fetal descent, and elapsed hours in labor.1–7

This kind of graphic analysis forms the basis for clinical 
decision-making in dysfunctional labor but it must be used 
in conjunction with other obstetric data. Thus, information
about pelvic architecture, uterine contractility, fetal size, 
position, and attitude, and the state of fetal oxygenation 
must be integrated with labor curve data if the obstetrician 
is to make the most informed and appropriate clinical 
judgments.

To a large extent, intrapartum decision-making is a process
of estimating seriatim the probability of a safe vaginal deliv-
ery as updated information is obtained during the course of
labor. All of the clinical data used in reaching decisions about
obstetric interventions (especially the use of oxytocin, 
conduction anesthesia, Cesarean section, and instrumental
delivery) should be viewed from this perspective.

Normal cervical dilation

The relationship between cervical dilation and the time
elapsed in labor is described by a sigmoid-shaped curve (Fig.
60.1).1–3 Dilation is traditionally divided into a latent phase
and an active phase. The latent phase extends from the onset
of labor until the upward inflection in the curve and is asso-
ciated with little incremental change in dilation. Enhancement
in the rate of dilation begins at the onset of the active phase,
during which most cervical dilation occurs. A gradual increase
in dilation (the acceleration phase) initiates the active phase
and leads, usually in about an hour, to a period of more rapid
and linear dilation (the phase of maximum slope). During the
terminal part of the active phase, the deceleration phase, dila-
tion appears to slow. In fact, the cervix continues to open at
a constant rate but, as it retracts around the head (which has
begun to descend) to achieve complete dilation, its movement
is directed cephalolaterally. This change cannot be appreciated

readily by examination with the fingers, because only radial
changes in distance can be determined.

By convention, full cervical dilation is considered to be
10cm. This is a clinically useful approximation; however,
because the cervix does not generally dilate to more than the
largest diameter of the object passing through it, full dilation
for most term babies is somewhat less, whereas for excep-
tionally large babies it may be more. This issue is of particu-
lar importance when interpreting the labor curves of very
premature fetuses whose head diameter may be considerably
less than 10cm; in these cases, the curve of dilation is neces-
sarily foreshortened.

In general, the labors of multiparas are shorter than those
of nulliparas, with a shorter latent phase and more rapid rates
of dilation and descent in the active phase and second stage.3

Criteria for all multiparas are the same, irrespective of how
many babies they have had.1–3 Multiparas who have had all
previous babies by Cesarean section should be judged by nul-
liparous criteria during labor.8

Latent phase

During the latent phase, the cervix is prepared for the more
rapid dilation that will occur later.3,9,10 Physical changes take
place that can be appreciated clinically; these constitute what
has been referred to as ripening or maturation of the cervix
and, in some patients (particularly nulliparas), occur largely
or completely before the onset of labor. The duration of the
latent phase is inversely proportional to the degree of prela-
bor cervical maturation. The palpable softening, effacement,
and anterior rotation of the cervix in the pelvic axis that occur
during the latent phase are prerequisites for entering active
phase dilation.

Measurement of the duration of the latent phase requires
knowledge of the time of onset of labor, which cannot always
be determined with certainty. It is reasonable to use the time
at which the patient began to perceive regular uterine con-
tractions as an approximation. The latent phase tends to be
shorter in multiparas than in nulliparas, a consequence, at
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least in part, of the fact that multiparas tend to begin labor
with more cervical dilation. For the same reason, the latent
phase is often shorter in multiple gestations, hydramnios, or
after removal of a cervical cerclage.

During the latent phase, the cervix dilates slowly (maxi-
mally 0.5cm/h) or not at all. The shift to active phase often
occurs at approximately 5cm of cervical dilation,11 but it can
be misleading to identify this transition by the absolute degree
of dilation. For example, the conversion from latent to active
phase may occur at 3cm of dilation, especially for patients
who began labor with the cervix closed. The transition to
active phase may not occur until about 6 or 7cm of dilation
in multiparas who began labor with the cervix dilated 4 
or 5cm.

Active phase

Except for the usually brief acceleration and deceleration
periods, cervical dilation during the active phase is linear and
much more rapid than in the latent phase. To determine nor-
mality, clinical assessment of labor requires measuring the
speed at which the cervix dilates during the active phase.
When two observations of cervical dilation have been made
during this period of linear change, the slope of the dilation
line can be calculated. Once established, this rate tends to be
constant for each individual (i.e., if the labor is normal, dila-
tion continues at the same rate until the deceleration phase is
reached). Abnormalities of active phase are defined by devia-
tions from this projected rate of dilation. These deviations can
be readily identified if serial observations of cervical dilation
and fetal station are plotted on square-ruled graph paper.
Observation and calculation of slopes are relatively simple.1

Paradigms exist in order to use the graphic system without the

need for calculations;4–6 some electronic medical records auto-
mate these calculations.

Full cervical dilation occurs when the cervix retracts to the
widest diameter of the presenting part. Usually the cervix
retracts symmetrically but sometimes a segment lingers, par-
ticularly anteriorly, in the presence of deflexed attitudes of the
head. Full dilation should not be diagnosed until the entire
cervix has retracted spontaneously to or beyond the widest
diameter of the leading part of the fetus.

As indicated previously, during the phase of maximum slope
of dilation, descent of the fetus normally begins; during the
terminal period of dilation, descent of the fetus tends to accel-
erate as the widely dilated cervix retracts around the present-
ing part.

Normal fetal descent

As the cervix dilates in late active phase, resistance to fetal
descent decreases and the force of uterine contractions,
coupled after complete dilation with active maternal bearing-
down efforts, begins the expulsion of the fetus. By the time of
complete cervical dilation, descent has usually become linear
and, during the second stage, normally proceeds in this way
until the presenting part encounters the pelvic floor. The effi-
ciency and normality of the descent mechanism can be judged
from the rate of descent. If the relationship between fetal
descent and elapsed time in labor is plotted graphically, it is
apparent that descent also has a latent phase during which
little in the way of descent occurs under most circumstances
(Fig. 60.1). The degree of descent that has occurred before the
onset of labor has prognostic importance for the probability
of vaginal delivery. In fact, an unengaged head at the onset of
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labor is associated with a considerably increased risk for
Cesarean delivery.12

Considerable descent may sometimes occur during the
latent phase. Multiparas often commence labor with the pre-
senting part at a relatively high station, and appreciable
descent takes place in the latent phase. Of utmost importance
in this regard is that lack of fetal descent before active phase
labor is not evidence of a labor aberration or of fetopelvic 
disproportion.

Uterine activity in labor

Initially, contractions are often mild and somewhat irregular;
they become progressively more intense, frequent, and regular
as the latent phase progresses. However, this is not always the
case and a broad range of contraction patterns may be
observed in the normal latent phase, including very intense
and frequent contractions. It is usually impossible to identify
the transition from latent phase to active phase labor solely
on the basis of uterine activity.

During the active phase, contractions are generally more
frequent and of greater amplitude and duration than in the
latent phase. However, a large spectrum of contractile patterns
exists during normal labor13 and there is no reliable or pre-
dictive means to identify dysfunctional dilation or descent by
observing uterine activity. Consequently, the clinical identifi-
cation of dysfunctional labor should be based primarily on
aberrations in the graphic patterns of labor. This approach
allows a continuous assessment of and provides an unequiv-
ocal language for communicating labor progress.14

Abnormal labor

Latent phase dysfunction

A prolonged latent phase (Figs 60.2 and 60.3; Table 60.1) is
diagnosed when the latent phase exceeds 20h in nulliparas or
14h in multiparas.3,10,15 It is most likely to occur when labor

begins with the cervix minimally effaced and dilated. The
latent phase is particularly susceptible to the inhibitory effects
of narcotics and anesthetics, which may predispose to pro-
longation of this period of labor.

The diagnosis of a prolonged latent phase may lack preci-
sion because of the difficulty in ascertaining the exact time of
labor onset. It is important to recognize that the latent phase
may normally be quite long. A prolonged latent phase is not
a predictor of active phase disorders, nor does it have a strong
association with cephalopelvic disproportion. It may some-
times occur as a result of a contractile abnormality that could
become apparent later. Ignorance about the normal course of
the latent phase may lead to unnecessary Cesarean section
under the erroneous assumption that continuous progress
should be expected in all phases of labor or that very long
labors are always abnormal.

Treatment of prolonged latent phase consists of maternal
sedation or active efforts to stimulate uterine contractility (Fig.
60.3). Stimulation with oxytocin effectively converts a pro-
longed latent phase to an active phase in 85% of cases and
this response generally occurs within 3h. A similar proportion
of patients respond favorably to narcotic sedation (“thera-
peutic rest”). After a dose of morphine sulfate, the patient
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Figure 60.2 Schematic showing various disorders of dilation
(broken lines) compared to a normal pattern of dilation (solid line).
(A) prolonged latent phase; (B) protracted active phase; (C) arrest of
dilation; (D) prolonged deceleration phase.

Table 60.1 Dysfunctional labor patterns.

Dysfunction Nulliparas Multiparas

Disorders of dilation
Prolonged latent phase > 20 h duration > 14 h duration
Protracted active phase Dilation at < 1.2 cm/h Dilation at < 1.5 cm/h
Arrest of dilation 2 h without progress in active phase 2 h without progress in active phase
Prolonged deceleration phase > 3 h duration > 1 h duration

Disorders of descent
Protracted descent Descent at < 1 cm/h Descent at < 2 cm/h
Arrest of descent 1 h without progress after active descent has begun 1 h without progress after active descent has begun
Failure of descent No descent by deceleration phase or second stage No descent by deceleration phase or second stage

onset onset
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Figure 60.3 Paradigm for management of prolonged latent phase, diagnosed when the latent phase exceeds 20h in a nullipara and 14h in a
multipara. Oxytocin stimulation and narcotic sedation are equally effective. Choice depends on the patient’s preference and the presence of
risks that would accrue if the labor were prolonged.
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often sleeps for several hours and awakens in active phase
labor. Having had a respite from many hours of painful con-
tractions, she may be more eager and better prepared to cope
with the physical and emotional demands of the active phase.
Approximately 10% of women persist in a desultory latent
phase after the effects of the narcotic have abated; in these
cases oxytocin stimulation is still necessary. Another advan-
tage of therapeutic rest is that it allows the identification of
the approximately 5% of women diagnosed with prolonged
latent phase who are in false labor;3,15 their contractions abate
completely after narcotic treatment.

The choice between uterine stimulation and therapeutic rest
depends on the clinical situation. There are concerns that fetal
deoxygenation may occur after treatment with some narcotic
drugs;16,17 however, no adverse outcomes have been reported
after treatment of prolonged latent phase with narcotics, and
the approach does not seem to be associated with an increased
rate of neonatal depression. Active intervention with oxytocin
should be used whenever a fetal or maternal condition exists
that could be jeopardized by prolonging the labor, unless there
is a clear contraindication to its administration. Similarly,
when there is a reason to minimize the duration of labor, it is
reasonable to intervene during the latent phase, even before
the normal endpoint. The presence of prolonged rupture of
membranes, preeclampsia, early intrauterine infection, or
certain acute maternal illnesses favors an approach of active
stimulation of labor. Finally, the mother’s wishes should be
taken into consideration; some women prefer oxytocin stim-
ulation, whereas others prefer the interposition of some rest
into the arduous and stressful experience of birth.

Active phase dysfunction

Two abnormalities of active phase dilation have been identi-
fied (Figs 60.2, 60.4, and 60.5; Table 60.1). A protracted
active phase is diagnosed when cervical dilation progresses lin-
early after commencement of the active phase but at a rate
below the established limits of normal.18 Arrest of dilation
occurs when cervical dilation ceases for 2h during the active
phase19 (although this is the standard definition, there is evi-
dence that even an hour of well-documented arrest may be of
clinical importance and should prompt evaluation20). The 
term prolonged deceleration phase may be used to describe
protracted or arrested labor during the terminal period of 
cervical dilation.3 The time limits for the duration of the decel-
eration phase are 3h in nulliparas and 1h in multiparas. The
obstetric conditions associated with protraction and arrest dis-
orders are similar, but the therapeutic approaches differ (Figs
60.3 and 60.4). All active phase disorders commonly occur in
association with cephalopelvic disproportion, malpositions
(especially persistent occiput posterior or transverse), exces-
sive sedation or anesthesia, chorioamnionitis, or deciduitis.
Myometrial dysfunction, which may be primary or a conse-
quence of the preceding factors, also contributes.

In the evaluation of any active phase dysfunction, a thor-

ough examination of the patient is necessary to identify 
any associated or predisposing conditions. Clinical
cephalopelvimetry is useful in ascertaining the likelihood of
disproportion. An experienced clinician can accurately evalu-
ate the dynamic as well as the static aspects of fetopelvic fit.
In addition to determining the architectural characteristics of
the pelvis, this examination should confirm the fetal position
and attitude, along with the degree of cranial bone molding
and caput succedaneum formation. Use of the Müller–Hillis
maneuver (vaginal examination during the peak of a contrac-
tion, in advanced cervical dilation, with gentle fundal pressure
applied) provides a useful assessment of the degree of descent,
rotational tendencies, and attitudinal changes that are likely
to occur with subsequent contractions.21 If disproportion
seems unlikely and fetal head position is normal, it is neces-
sary to carry out an assessment of uterine contractility and
search for infection and possible pharmacological inhibition
of labor. The risk of dysfunctional active phase labor may be
increased in older mothers22 but diagnosis and therapy should
not be influenced by maternal age.

Available evidence suggests that when protraction disorders
arise de novo, they are not amenable to correction by stimu-
lating uterine contractions.3 If, however, the protraction dis-
order has resulted from some inhibitory influence, oxytocin
may prove beneficial. For example, if the protraction disorder
was provoked by conduction anesthesia or by other drugs that
have the potential to inhibit contractility, oxytocin infusion
may override these inhibitory influences and restore normal
dilation. By contrast, a protraction disorder that has arisen in
the absence of these inhibitory factors probably would not
benefit from uterine stimulation, irrespective of the degree of
contractility present.

Protraction disorders are sensitive to many inhibitory
factors and may be exacerbated or even converted to arrest
disorders under some circumstances, for example after an
excessively large dose of analgesia or conduction anesthesia.
Deliberate rupture of the fetal membranes (amniotomy) as a
treatment for protraction disorders has not been proven to be
beneficial, and it may sometimes worsen the situation by pre-
cipitating an arrest of dilation.3,23

Arrest of dilation may evolve during a protracted or a 
previously normal active phase. This dysfunction requires 
the same kind of evaluation as for protraction disorders, with
the understanding that an arrest of labor is more commonly
associated (at least 40%) with cephalopelvic disproportion.3,19

Therapy also differs because arrest disorders may respond 
to oxytocin augmentation of uterine activity. In the presence
of an arrest, cephalopelvic relationships must be evaluated
carefully and a judgment made about the probability of 
disproportion. If the evidence for fetopelvic disproportion 
is considerable, especially if uterine activity is normal, it 
may be appropriate to deliver by Cesarean section. If the 
pelvis is deemed probably adequate, stimulation of 
uterine activity with close maternal and fetal surveillance is
reasonable.
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Figure 60.4 Paradigm for management of protracted active phase, diagnosed when dilation is progressive but occurs at < 1.2 cm/h in nulliparas
and < 1.5 cm/h in multiparas. A good response to oxytocin is defined as one in which dilation is maintained at the same or improved rate.
Oxytocin is useful in this disorder when the slow progress is related to the presence of factors that may inhibit contractility (e.g., infection,
drug effects). CPD, cephalopelvic disproportion.
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as a postarrest slope that is equal to or greater than the prearrest slope. A poor response usually requires Cesarean delivery.
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Sometimes arrest disorders resolve without the need for
oxytocin or operative intervention. This may occur sponta-
neously or as the result of an abatement of inhibitory factors.
The use of maternal ambulation, warm baths, anxiolytic
drugs, or psychoprophylactic techniques has advocates, but
the efficacy of these techniques has not been proven.

There are three possible outcomes of oxytocin infusion for
an arrest disorder: absence of any further change in dilation
or descent, progress that is as good as or better than that
before the arrest, or progress at a rate that is lower than the
prearrest rate. About 85% of the patients who respond to oxy-
tocin do so within 3h of treatment.3,24 If there has been no
return to the prearrest slope after this interval, delivery by
Cesarean section is usually necessary.

If oxytocin results in cervical dilation that is at least as rapid
as before the arrest, the likelihood of eventual vaginal deliv-
ery is high. If dilation resumes at a rate slower than before the
arrest, it is likely that disproportion or an insurmountable
problem with uterine contractility is present. The use of an
intrauterine pressure catheter is often desirable to document
the change in uterine activity in response to oxytocin and to
warn when excessive stimulation is occurring. The goal of any
treatment must be individualized but, in general, firm con-
tractions (approximately 50mmHg at peak intensity) that
occur every 2–3min indicate sufficient contractility. Quantita-
tive measures of contractility, such as Montevideo units, are
thought by some to be helpful in guiding oxytocin therapy,
but the relationship between these assessments of contractil-
ity and the likelihood of a change in cervical dilation or fetal
descent is not reliably predictable. Whatever approach to the
assessment of contractility is used, it is important to remem-
ber that the use of oxytocin may increase the likelihood of
fetal hypoxemia. Therefore, continuous fetal heart rate mon-
itoring and close observation of uterine contractility are
required when uterotonic drugs are used. It also appears that
dysfunctional labor may precipitate abnormal fetal heart rate
patterns.25

The potential benefit of artificial rupture of membranes in
labor is controversial. Although rupture of membranes can
induce labor in many individuals, its influence on labor that
is already established is less certain. Some studies have shown
a modest shortening of active phase labor in response to
rupture of membranes.23,26 Although amniotomy may increase
uterine work,27 a beneficial effect on dysfunctional labor has
not been proven. Many clinicians believe that rupture of the
membranes is effective in terminating arrest disorders but
objective data have failed to verify this.28 It is, nevertheless,
reasonable to rupture membranes when an arrest disorder has
been identified. The few patients who respond do so promptly;
it is therefore generally inappropriate to wait longer than
approximately 60min to determine whether rupture of mem-
branes has been successful in altering the pattern of labor
progress.

When conduction anesthesia is employed, it should gener-
ally begin during the active phase of dilation. To have a

minimal effect on labor progress and provide pain relief when
most required, an epidural anesthetic should be given during
the acceleration phase of labor. When it is properly adminis-
tered, it has little or no inhibitory effect on the progress of
normal cervical dilation or fetal descent. Anesthesia is more
likely to slow labor progress if administered during the latent
phase or in the presence of a protraction or arrest disorder.
This does not mean that conduction anesthesia is contraindi-
cated in such circumstances; it may be beneficial for pain relief
but it should also be recognized that it might prolong the
latent phase or create an active phase abnormality requiring
the administration of oxytocin.

Although there is evidence that the use of epidural analge-
sia is associated with an enhanced likelihood of Cesarean
section, this has not been a universal finding.29,30 Epidural
anesthetics do have the potential to prolong labor or even to
induce abnormalities in dilation or descent but these effects
depend to a large extent on the anesthetic technique. The type
of drug used, the dose given, and the time and method of
administration all determine the influence on labor. Further-
more, the outcome is determined largely by the clinical atti-
tude of the obstetrician. For example, if the physician believes
that the second stage of labor must always be terminated after
2h, operative delivery would be more common in patients
whose second stage is prolonged by epidural analgesia.
However, a physician who understands that such prolonga-
tions are usually innocuous would not feel compelled to inter-
vene. Therefore, epidural analgesia administered with a proper
regard for the clinical situation will generally have no signifi-
cant adverse impact on labor progress or mode of delivery.

The second stage of labor

The first stage of labor, which extends from the onset of labor
to complete cervical dilation, serves to ready the parturient for
expulsion of the fetus from the uterus. Having been prepared
by the physical and biochemical changes that result in cervi-
cal ripening, uterine contractions produce rapid cervical dila-
tion. The cervix retracts around the presenting part in order
to dilate maximally and descent begins. Thus, during the
second stage of labor (from complete dilation to delivery), the
focus of interest changes from cervical dilation to descent of
the fetus. The process of fetal expulsion is evaluated from the
characteristics of the descent curve. The rate at which active
descent occurs is influenced by several factors including:
uterine contractile force; voluntary maternal expulsive 
efforts; fetal size, position, and attitude; deformability of 
the fetal head; pelvic architecture; and the characteristics of
the pelvic floor.

Three descent disorders have been identified: protracted
descent, arrest of descent, and failure of descent3,7,31,32 (Fig.
60.7; Table 60.1). All are associated with similar obstetric con-
ditions and are, in many respects, analogous to the protrac-
tion and arrest disorders of dilation. Ascertainment of the
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significance of descent abnormalities requires considerable
clinical insight and experience because assessment must
include determination of fetal position and attitude, molding,
and the evolving mechanism of labor in relation to the
patient’s pelvic form. Identification of the station of the pre-
senting part may be difficult if considerable scalp edema or
molding of the head is present. Suprapubic palpation of the
head, as well as vaginal examination, may be necessary to
determine whether true descent of the head has occurred as
opposed to molding with advancement to the leading edge but
no descent of the biparietal diameter.

Thorough cephalopelvimetry and an evaluation for other
associated obstetric problems are both necessary when descent
disorders are diagnosed. Analogous to disorders of active
phase dilation, the best evidence suggests that oxytocin stim-
ulation of uterine activity is generally not beneficial in the
presence of protracted descent, but an arrest or failure of
descent may respond.

Cephalopelvimetry

Clinically astute obstetricians and midwives take pride in their
knowledge of pelvic architecture and its influence on labor.
Although radiographic pelvimetry is now used infrequently,
accurate clinical pelvimetry is still required to make proper
judgments about labor.

The knowledge of pelvic architecture and its relationship to
labor should be used as a complementary technique to the
analysis of labor curves. This approach makes it possible to
explain the observed mechanism of labor, to judge the effects
of labor on the fetal skull, and helps to make a reasonable and
informed judgment concerning the advisability of uterine stim-
ulation or operative intervention.

The value of an interpretation of cephalopelvic relationships
and an evaluation of the labor curves cannot be overestimated
as a means of providing a safe outcome of dysfunctional labor.
For an optimal assessment of labor, both cephalopelvic rela-

tionships and labor curves must be considered together rather
than individually. For example, a narrowed midpelvis with a
molded head impinging on the inlet in the presence of a failure
of descent makes the probability of safe vaginal delivery
remote. Similarly, an arrest of descent with a posterior posi-
tion in a midpelvis with prominent ischial spines (making
internal rotation difficult) and a forward lower sacrum (resist-
ing further descent without rotation) also suggests an insur-
mountable problem. The use of oxytocin would not be
recommended in either case. If these disorders of labor
occurred in the presence of a more favorable pelvic structure,
spontaneous delivery would be more likely and uterine stim-
ulation safer.

Duration

The question of whether the length of the second stage should
be a consideration in the timing of delivery has been a per-
sistent theme in obstetrics. Although some data appear to
show a direct relationship between duration and morbidity,
several lines of evidence suggest that it is not appropriate to
terminate labor merely because an arbitrary period of time has
passed in the second stage, as long as the labor progress and
fetal heart rate patterns are normal.33–35 This does not imply
that long second stages are always innocuous; they are more
commonly associated with dysfunctional descent patterns that
often require prompt evaluation and treatment. Decisions
about management in the second stage must be based on a
careful evaluation of the maternal and fetal condition and of
the progress of descent.

The possible influence of epidural analgesia on the progress
of descent during the second stage is of particular importance.
Epidural anesthetics can potentially delay descent in three
ways: by inhibiting perineal sensation and the mother’s 
reflexive urge to bear down; by reducing uterine contractility;
or by compromising motor function and reducing the effec-
tiveness of the mother’s voluntary pushing efforts. Any poten-
tial delay of descent will depend on several factors including
the dose and nature of the anesthetic agent and the mode of
administration. When the minimum effective dose of epidural
anesthetic is used (with an appropriate consideration of the
clinical situation), few significant inhibitory effects on labor
should be anticipated except for a modest lengthening of the
second stage in some cases. As long as fetal oxygenation
remains adequate, there is no danger in allowing such 
prolongation.

Concerns about the long-term health of the pelvic floor have
also led some obstetricians to minimize second stage duration.
There is conflicting evidence as to whether there is a relation-
ship between the length of the second stage and the likelihood
of pelvic floor problems later in life.36,37 Alternatives to a long
second stage instrumental vaginal delivery (or Cesarean
section) confer other risks to the mother and fetus, and the
optimal approach to prevent the development of pelvic floor
problems later in life is yet unclear.
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Figure 60.6 Schematic showing possible disorders of descent. (A)
failure of descent; (B) protracted descent; (C) arrest of descent.
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Second stage
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Figure 60.7 Paradigm for management of the second stage. Progress is assessed by the rate of descent rather than elapsed time. Fetal position,
station, attitude, and molding should be determined at each examination. A good response to oxytocin given for arrest of descent is defined as
a postarrest slope equal to or greater than the prearrest slope. CPD, cephalopelvic disproportion.

TCO60  9/16/2006  11:38  Page 1074



NORMAL AND ABNORMAL LABOR

Conclusions

The disciplined approach to the management of labor advo-
cated in this chapter emphasizes the need to use objective clin-
ical information to optimize decision-making.38 It is evident,
nevertheless, that the process of assisting women with child-
birth requires the practitioner to integrate such objective data
with the spectrum of psychosocial features unique to each
individual’s labor. A woman’s attitudes and expectations con-
cerning pregnancy are conditioned by her social and cultural
background and by her experiences during gestation. Conse-
quently, no universal formula exists for the provision of emo-

tional support; rather, the practitioner must respond to the
patient’s needs, encouraging her to express her questions,
fears, or concerns and discussing them in an honest and reas-
suring way.

The obstetrician cannot guarantee a good outcome for every
childbirth but, through the application of the principles
expressed in this chapter, can promise to seek the best outcome
possible for the mother and fetus in the safest possible way.
This should occur in the context of a birth experience that is
emotionally enriching for the parturient and her family and
that treats the laboring mother with the requisite gentleness,
dignity, and compassion demanded by the process of giving
birth.
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Key points

1 A graphic analysis of dilation and descent is required
to determine whether or not labor progress is normal.

2 Intrapartum decision-making is a process of
continuously reassessing the probability of safe vaginal
delivery.

3 Factors involved in estimating the feasibility of safe
delivery include: the pattern of dilation and descent;
uterine contractility; fetal size, position, and attitude;
and the state of fetal oxygenation.

4 The first stage of labor includes the latent phase and
the active phase.

5 The latent phase extends from labor onset to the
beginning of the active phase, which is marked by an
increase in the rate of cervical dilation.

6 The active phase ends with complete cervical dilation.
This signals the start of the second stage of labor,
which ends with delivery of the fetus.

7 In a normal labor, dilation will be linear through most
of the active phase.

8 A prolonged latent phase is one that is longer than
20 h in a nullipara or 14 h in a multipara.

9 A prolonged latent phase is treated by stimulation with
oxytocin or by maternal sedation.

10 A protracted active phase is one in which dilation is
progressive and linear, but at a rate below normal.

11 A protracted descent is one in which active descent is
progressive and linear, but at a rate below normal.

12 Protraction disorders do not respond to oxytocin
except when they have been caused by some inhibitory
factor such as anesthesia or infection.

13 A prolonged deceleration phase is one that 
is longer than 3 h in nulliparas and 1 h in 
multiparas.

14 Cephalopelvic disproportion, second stage disorders,
and shoulder dystocia should be considered in cases of
prolonged deceleration.

15 A failure of descent occurs when no descent is
observed from early labor to the onset of the
deceleration phase or the second stage. It is the labor
disorder that has the strongest association with
cephalopelvic disproportion.

16 The normality of dilation and descent cannot 
be ascertained from the pattern of uterine 
contractility.

17 All protraction and arrest disorders may be associated
with cephalopelvic disproportion, malposition,
intrauterine infection, excess analgesia or anesthesia, or
deficient uterine contractility.

18 Most patients with arrest disorders who respond to
oxytocin will do so within 3 h of treatment.

19 Artificial rupture of membranes can induce labor;
however, it is not certain whether it can reliably
enhance an established labor dysfunction.

20 Properly administered epidural anesthesia should have
little effect on the course of labor except for some
lengthening of the second stage.

21 It is not appropriate to terminate labor simply because
an arbitrary period of time has elapsed in the second
stage.

22 Upright or squatting postures may enhance descent in
some labors.
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Operative vaginal delivery (OVD) is an endangered species. In
the animal kingdom, the label of “endangered species” implies
that, unless special measures are adopted, extinction may
result. Metaphorically, OVD may become extinct if current
statistical trends continue unabated. Proper training in OVD
techniques during residency is necessary but not sufficient.
Those techniques, once learned, must be practiced to maintain
this vitally important skill. The purpose of this chapter is to
present the current status of both forceps delivery and vacuum
extraction as options intermediate between spontaneous
vaginal and Cesarean delivery. Recommendations regarding
how to interdict the progression toward extinction of OVD
will be made at the close of the chapter, but a return to the
“halcyon days” (of even a decade ago) is unlikely.

History

It is instructive, in view of the above-stated purpose of exam-
ining the current status of OVD, to briefly review the past.
The use of forceps dates back some 400+ years, whereas the
use of the vacuum extractor (VE) began only in the 1950s
(although James Young Simpson, after whom Simpson forceps
are named, experimented with a VE device in the mid-1800s).
A glance at the crude design (Fig. 61.1) of the original Cham-
berlen forceps can give the modern practitioner some per-
spective on the improvements introduced over four centuries.
During the 1700s, Levret and Smellie contributed the pelvic
curve, and Tarnier elucidated the principle of axis traction in
the 1800s. Kielland, Barton, and Piper designed and “field
tested” their special instruments in the 1900s. More subtle
design changes such as the pseudofenestrated blades developed
by Luikart1 and the divergent forceps proposed and used by
Laufe also occurred in the last century. In the mid-1950s,
Malmstrom invented a practical VE device, which included
rigid steel cups of various sizes. In 1973, Kobayashi intro-
duced a soft-cup product made of silicone rubber. Subtle
refinements in cup design and construction as well as vacuum-
generating equipment took place over the next three decades.
Importantly, the commercialization and marketing of VE

devices vastly exceeded anything that ever characterized the
development of a new forceps. It is interesting to consider
whether business interests affected the reversal of the ratio of
forceps to vacuum operations between 1980 and 2000, or
whether this was based solely on scientific or clinical grounds.
In 1980, the rates of forceps to VE procedures in the United
States was 18 to 1.2 By 1990, it was 3 to 2 and, in 2000, it
was 1 to 2, and will likely swing further to the VE side. In
1952, more than half of all the babies in the United States
were delivered by forceps. By 2002, that proportion had fallen
to 2.3%! In fact, even combining forceps and VE accounted
for only 5.9% of all deliveries in 2002,3 and it is this datum
that prompted the “endangered species” analogy. The steady,
even precipitous, decline in OVD paralleled an unprecedented
increase in Cesarean deliveries worldwide, but especially in the
United States. However, it is naïve to attribute the former to
the latter without examining the problem more closely.

In the first half of the twentieth century, Cesarean delivery
was dangerous for mothers. Refinements in blood banking,
anesthesia, antibiotic availability, and hospital-based child-
birth all made possible a 1950 report4 of 1000 consecutive
Cesarean deliveries without a maternal death. By 1980,5 that
number had grown to 10 000 consecutive Cesareans with no
maternal mortality. The focus of care shifted from maternal
outcome to perinatal outcome, and difficult instrumental
vaginal deliveries came under scrutiny. Even by 1950,
Cesarean delivery was an option that only minimally increased
maternal risk, but reduced the neonatal risk associated with
difficult vaginal delivery. In the 1970s and 1980s, the Cesarean
rate escalated by far more than could be accounted for by the
small number of difficult vaginal deliveries. The threat of lit-
igation began to influence capable, well-trained practitioners
to consider their own risk in addition to those of mother and
baby in choosing a route of delivery when it appeared that
spontaneous delivery was not an option. Studies conducted in
the last 10–15 years called attention to pelvic floor damage
with OVD,6 to risk associated with vaginal breech delivery7

and vaginal birth after Cesarean section (VBAC),8 and to
infant birth trauma associated with OVD.9 The contribution
of other factors, such as regional anesthesia and the presence
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of family members in the delivery room, to the declining fre-
quency of OVD is difficult to evaluate. Pediatricians and
neonatologists focus on only one of the two patients whose
interests must be considered in selecting the route of delivery,
so they may favor Cesarean delivery to improve the outcome
for the neonate. More recently, women themselves have
requested elective repeat and even elective primary Cesarean
delivery. All of these factors, and more that have not been
cited, account for the shrinking percentage of OVD performed
in 2005. Are these few procedures sufficient to train residents,
and later to maintain proficiency?

Training

The written word (this chapter, for example) can impact on
an operator’s skill to only a limited degree. In the foreword to
his renowned textbook on forceps,10 Dr Edward Dennen
advised that the trainee be given a series of “painstaking lec-
tures” on the subject of forceps delivery, then “drilled exten-
sively” on the manikin. Then the intern is allowed to do an
easy case under direct supervision. After that, the volume of
work would increase according to the individual’s ability and
interest. In Dennen’s practice lifetime, the “volume of work”
was enormous. He reported on over 13000 forceps deliveries.
The problem now is obvious: there is no volume of work. Res-
idents in training perform few procedures. Then, when they
graduate, most perform even fewer. The median number of
OVD procedures in 1 year reported by candidates preparing
to take their oral board examination was five!11

Some opinion leaders in the field of obstetrics and gynecol-
ogy12 have written that elective forceps is no longer consid-
ered to be an indication. Others defend the practice, some
when conditions for outlet forceps are met, others who sanc-
tion elective low forceps as well. This author strongly supports
the performance of elective outlet forceps both in residency
training and after graduation, to acquire and maintain profi-

ciency, respectively. Support for this procedure is predicated
on adherence to the definitions outlined in Table 61.1.

It has been said that “experience is not a substitute for train-
ing; it serves only to increase confidence, not skill.”13 This is
a thought-provoking criticism of an accreditation system that
places undue emphasis on numbers of procedures of whatever
type rather than the quality of training in that procedure.
Admittedly, the latter is harder to evaluate.

A regimental approach to training is advocated by the
author, following the recommendation of the senior Dr
Dennen: lectures (e.g., those outlined in Table 61.2), manikin
practice, followed by graduated degree of difficulty progress-
ing from easy outlet forceps, then to low forceps without rota-
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Figure 61.1 Chamberlen forceps.

Table 61.1 1988 American College of Obstetricians and
Gynecologists’ classification of forceps and vacuum.

Outlet forceps
Scalp is visible at introitus without separating labia
Fetal skull has reached pelvic floor
Sagittal suture is in anteroposterior diameter or right or left 

occiput anterior or posterior position
Fetal head is at or on perineum
Rotation does not exceed 45°

Low forceps
Leading point of fetal skull is at station ≥ +2 cm* and not on the 

pelvic floor
Rotation of ≤ 45° (left or right occiput anterior to occiput 

anterior, or left or right occiput posterior to occiput posterior)
Rotation of > 45°

Midforceps
Station above + 2 cm but head engaged

High forceps
Not included in classification

*Station is measured in cm from the ischial spines to the perineum
(0 to +5 cm).
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tion; from there, to low forceps with 45–90° rotation and,
finally, to low forceps with 90–180° rotation and carefully
selected midforceps procedures. Augmenting this training
approach is instruction in the use of forceps at Cesarean deliv-
ery for fetuses in cephalic or breech presentation and the
routine use of Piper forceps to the aftercoming head at vaginal
breech delivery. Some clinicians believe that experience with
both forceps and VE should be provided to residents and, if
clinical volume is adequate, such an approach has merit. At
the University of Texas-Houston LBJ Hospital residency
program, experience with forceps is disproportionately
emphasized. This stems from the author’s firm belief that a
graduate proficient in the use of forceps can readily master the
technique of VE with only a few cases, whereas the reverse is
not achievable.

Case selection and choice of instrument

These two areas are closely related, and they require a working
knowledge of both the art and the science of OVD. Indica-
tions and prerequisites are readily tabulated (Tables 61.3 and
61.4), but the art demands more than running through a
“pilot’s checklist.” 14 The course of labor, maternal and fetal
status, adequacy of anesthesia, exact diagnosis of the position
of the fetal head (including attitude, caput, molding, asyn-
clitism, and station of the presenting part) and, of great impor-
tance, the maternal pelvic architecture must all be assessed and
integrated to arrive at a decision to attempt OVD. It is highly
recommended to document this assessment, especially the 
clinical pelvimetry, in the maternal medical record prior to
embarking on the procedure, if time permits.15 As part of the

OVD training at the author’s institution, the position of the
fetal head is ascertained at every vaginal examination from
6cm right up to the time of application of an instrument or,
more commonly, just prior to spontaneous delivery of the
head. Moreover, clinical pelvimetry is recorded for the major-
ity of laboring women, but especially for those diagnosed with
a labor abnormality or candidates for OVD. Dr Dennen
referred to this as “constant alertness;” without it, inaccurate
assessments are made and the risk of injury to either patient
increases.

The art of clinical pelvimetry is vanishing from modern
training programs. In all but a small percentage of cases, the
inability to deliver spontaneously is followed by immediate
resort to Cesarean delivery without considering an attempt at
OVD. Pursuing such a course perforce renders clinical
pelvimetry meaningless. In his article16 entitled “Midforceps
delivery: a vanishing art” (parenthetically, if it was vanishing
in 1963, it is of historical interest only in many programs
today), Danforth meticulously describes the characteristics of
the four pelvic types of Caldwell and Moloy, not only at the
inlet but at all levels traversed by the presenting part. This
article is strongly recommended for required reading in a
modern OVD training program.

From the foregoing discussion, case selection can be a
daunting task, literally requiring years of practice. It would be
naïve to think, given the complexity of the case selection
process, that a single instrument could be chosen for all clin-
ical problems. In the randomized clinical trials comparing
forceps with VE, the student of OVD is led to believe that
there are only two choices. However, there are 5–10 com-
monly used forceps from which to select. Vacuum proponents
can select from a number of different cup designs, tailored in
some cases to the position of the fetal head. The choice of an
instrument for OVD is different for the trainee than for the
experienced operator. If the trainee is exposed to one or only
a few instruments during residency, he or she is likely to rely
on that instrument even when better choices are available.
Trainees should be encouraged to make the instrument fit the
clinical situation, not vice versa. Table 61.5 contains some ele-
mentary guidance with respect to choosing an instrument.
Only after residency is it reasonable to allow experience or
“comfort” to be a major factor in instrument selection. In
addition to Table 61.5, the following clinical case scenario is
included to illustrate the combined tasks of case selection and
choice of instrument.
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Table 61.2 Sample lecture schedule for operative vaginal delivery
(repeat every 2 years).

1 Clinical pelvimetry
2 Basic forceps
3 Advanced forceps
4 Forceps you almost never see
5 Principles of vacuum extraction
6 Maternal and perinatal complications

Table 61.4 Prerequisites for forceps application.

Experienced operator in attendance
Engagement of the fetal head
Knowledge of the position of the fetal head
Completely dilated cervix
Clinically adequate pelvis
Adequate anesthesia

Table 61.3 Indications for forceps or vacuum delivery.

Fetal indications
Nonreassuring fetal heart rate pattern
Premature separation of placenta
Prolapsed cord

Maternal indications
Protracted second stage
Maternal exhaustion
Certain maternal conditions
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A primigravid woman at 41 weeks’ gestation is admitted to
labor and delivery with a diagnosis of premature rupture of
membranes at term. Oxytocin induction is begun. The active
phase of labor is protracted and, after 2h of the second stage,
the fetal head is at +2 station, 60° LOA, with moderate asyn-
clitism. Caput is present over the anterior parietal bone, but
molding is insignificant. Clinical pelvimetry confirms a
gynecoid pelvis with blunt ischial spines and a hollow sacrum.
The estimated fetal weight is 3600g and fetal heart tones are
reassuring. After counseling, the woman states that she would
like to avoid a Cesarean delivery if possible (yes, women still
do say this). Her pain relief is satisfactory with an effective
epidural anesthetic. She is fatigued from 2h of voluntary
expulsive effort that began immediately after complete dila-
tion was diagnosed. Is this case appropriate for OVD? The
woman is unlikely to achieve spontaneous delivery secondary
to fatigue. She would like to avoid Cesarean section. Factors
such as asynclitism and epidural are amenable to operative
correction. A VE would be likely to fail because of the diffi-
culty of obtaining proper cup placement and a resulting ten-
dency to pop off. Luikart forceps represent an ideal choice.
The pseudofenestrated blades are unlikely to leave forceps
marks on the fetal face. The sliding lock permits correction of
asynclitism. The overlapping shanks do not distend the per-
ineum the way that parallel shanks would. The bar built into
the handle of the left branch prevents undue compression of
the fetal head. All these advantages were cited by Luikart in
his 1940 article.17 Interestingly, several major birthing centers
in the city of Houston do not even have Luikart forceps in
their armamentarium!

It should be obvious that case selection and choice of instru-
ment require sound clinical judgment and broad experience.
Even under favorable circumstances, all these intricacies only
set the stage for the most critical step: proper execution of the
delivery.

Technique – forceps

This section can only serve as a springboard to provide both
the resident and the young practitioner with the impetus to
read more and practice more in an effort to develop and refine
their clinical skills. Procedure-specific textbooks are available
to enrich the knowledge of proper technique but, analogous
to hitting a golf ball or playing the piano, there is no substi-
tute for practice. A few pointers are suggested to guide the

beginner through narrow straits (pun intended) that have been
encountered by all who claim to be experienced in OVD. To
intrigue the reader with more than a modicum of experience,
some of these points are not available in other sources.

As noted in a now superseded ACOG Technical Bulletin on
OVD,18 the ART of forceps is an acronym that stands for
application, rotation, and traction. Of these, application is the
most important, for inability to apply the forceps effectively
sabotages the whole procedure. A decidedly worse circum-
stance is to place the forceps inaccurately and fail to recog-
nize the error prior to either rotation or traction. Three of the
previously referenced “pointers” pertain to application:
1 For a head that is at 60° LOA, as in the example, the pos-
terior, in this case left, blade should be applied first. The fingers
of the protecting (right) hand should extend beyond the toe
of the blade and should assist in maintaining the cephalic
curve of the blade in contact with the contour of the fetal skull.
Once the blade has been inserted to the appropriate depth,
pressure with the index and middle fingers of the right hand
on top of the blade should direct it to a position slightly infe-
rior to the posterior (left) lambdoid suture. This is the easy
blade to place! The anterior (right) blade should be held
obliquely, not vertically, with the handle in the right hand
extending toward the left groin of the woman. The handle
should then be lowered in contact with the woman’s left thigh
as the thumb of the left hand advances the heel of the blade
into the pelvis. Almost immediately, the right cephalic promi-
nence of the fetal head will be encountered and this structure
(not really a structure but a feature of the fetal frontal bone)
will cause difficulty in rotating the blade into the anterior, right
upper quadrant of the pelvis where it needs to be. The secret
is to press the handle laterally and inferiorly with the right
hand, thereby bringing the blade away from the forehead of
the baby. Simultaneously, the index and middle fingers of the
left hand positioned under the right blade should lift it into
its final position just below the anterior (right) lambdoid
suture. Prior to checking the application, asynclitism (if
present) should be corrected using a sliding lock, a key feature
of Luikart and Kielland forceps.
2 The three standard checks proposed by Dennen presuppose
the use of a fenestrated blade in order to check depth of appli-
cation. No more than one fingerbreadth should be able to be
inserted into the posterior aspect of the fenestra (window) of the
blade. This check cannot be performed with either a solid blade
or a pseudofenestrated blade. Therefore, gauging depth of
insertion requires assessment of the distance between the upper
border of the heel of the blade and the bony head. This distance
should be < 2cm. The other two checks should be made as rec-
ommended by Dennen: the sagittal suture should bisect the
plane of the shanks, and the posterior fontanelle should be one
fingerbreadth above (anterior to) the plane of the shanks.
3 Not mentioned by Dennen, but readily accessible to the oper-
ator, is the relationship of the upper aspect of each blade to the
lambdoid sutures. The lambdoid suture on each side should be
palpable above the upper aspect of the blade for occiput ante-
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Table 61.5 Selection of instrument.

Outlet or low, parous woman, no molding – Tucker–McLane
Outlet or low, nullipara, molding – Simpson, Simpson–Luikart
Low or mid with asynclitism – Luikart
Low with rotation – Kielland, Barton
Aftercoming head – Piper, Laufe, Kielland
Face – Simpson, Kielland
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rior positions. Furthermore, the distance from the upper aspect
of the blade to the lambdoid sutures should be equal and 
symmetric. When either lambdoid suture cannot be palpated
separately from the top of the blade, the possibility of an unde-
sirable, brow–mastoid application should be considered. Trac-
tion should not be initiated until the application is corrected.

Once a proper application has been achieved, checked, and
determined to be correct, rotation to the anterior (OA) can be
undertaken. For conventional forceps with a pelvic curve, the
handles should transcribe a wide arc, while the toes of the
blades (out of view of the operator) transcribe a narrow arc.
Two pointers are relevant:
1 The handles should not occupy the midsagittal plane prior
to attempting rotation. Instead they should point to the mater-
nal leg on the same side as the fetal occiput.
2 Rotation of the handles in a wide arc can be accomplished
with one hand. The fingers of the other hand should be placed
in the lambdoid suture adjacent to the posterior aspect of 
the anterior lambdoid suture to assist with and monitor the
rotation.

Last but not least is traction. Modern forceps have no strain
gauge attached to them, and the size and strength of modern
operators vary substantially. Force can be wasted against the
posterior aspect of the pubic bone, or force may be directed
too far posteriorly for too long, thus putting the external anal
sphincter at risk of tearing. Two very important pointers apply
to traction on the forceps:
1 Every operator, regardless of experience, should use a Bill’s
axis traction handle on at least a few occasions to gain an
appreciation of how descent of the fetal head affects the direc-
tion of traction. This principle is illustrated diagrammatically
in the 1994 ACOG Technical Bulletin.18

2 The control of the delivery once the occiput is under the
symphysis is the responsibility of the operator. Raising the
handles too high risks vaginal sulcus as well as periurethral
lacerations. Failure to raise the handles enough puts the anal
sphincter at risk. Forceps add 8% to the volume of the fetal
head passing through the introitus. Once the fingers of the
dominant hand have secured the chin of the fetus through the
maternal soft tissue, the forceps should be removed, ideally in
the opposite order to the way they were placed, before com-
pleting the delivery of the head. An episiotomy of appropri-
ate size and type can aid in decreasing traction force and
protecting maternal anatomy. Maternal morbidity such as
deep perineal lacerations (third- and fourth-degree extensions)
can be significantly diminished by the skill of the operator.
Some reports attribute morbidity to the instrument and neglect
the fact that the instrument may not have been used properly
to effect delivery.

Technique – vacuum extraction

Just as with forceps, proper technique with the VE can minimize
maternal and neonatal morbidity. Proper cup placement over

the vertex of the fetal skull, symmetrically covering the skull
both side-to-side and anteriorly to posteriorly, is a critical
aspect of VE. Asymmetric cup placement may inappropriately
extend the head and present a larger diameter to the maternal
pelvis, thereby leading to detachment of the cup and possibly
failure of the procedure. Most series in the literature report a
higher failure rate for VE than for forceps delivery. Imparting
torque to the cup, even the soft cup, should be avoided. Exclud-
ing maternal soft tissue from the suction cup is essential. Trac-
tion perpendicular to the plane of the biparietal diameter (BPD)
of the fetal head requires practice. Total duration of the extrac-
tion as well as number of pop-offs should be monitored care-
fully. Traction should be intermittent, as with forceps, and
coordinated with the woman’s voluntary expulsive effort. Most
importantly, traction should be associated with visible progress
in descent of the fetal head. Despite its increasing popularity,
there is the potential for serious neonatal morbidity with the use
of the VE. Some of this serious morbidity is related to poor tech-
nique, and other morbidity is related to reluctance on the part
of the operator to abandon the procedure when problems are
encountered. The very serious subaponeurotic hemorrhage will
be considered later in the chapter.

Maternal and perinatal outcome 
for OVD

At present, both forceps and vacuum extractors are acceptable
and safe instruments for OVD.19 Better quality evidence than
currently exists is needed to determine the proper place for
OVD in the future. For example, there are no randomized con-
trolled trials (RCTs) of OVD with Cesarean delivery, the
logical comparison group. In contrast, there are RCTs for
vacuum versus forceps, but these trials are hampered by small
sample size, by the incorrect assumption that there are only
two instruments being compared (vacuum and forceps, but
not which vacuum or which forceps), and by the unprovable
notion that operators have equal skill and experience with
both instruments. There are also some studies classified as
level II evidence that will be reviewed. Regrettably, much of
the literature on OVD is consigned to level III evidence, and
much of that is limited by small sample size. Analyses of large
databases also suffer from potentially serious limitations: the
reliability of the data collection, the omission in the database
of an important datum such as indication for OVD, and the
span of time covered by the database, which could obscure
important changes in practice.

There are several additional considerations in examining
outcomes of OVD:
1 What are the important outcomes?
2 What is the appropriate comparison group?
3 When was the study done? Does it reflect current practice?
4 Where was the study conducted? In a country with a com-
parable threat of litigations? In an institution where most
OVDs are performed by residents?
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Clearly, there are more questions than answers, but it is still
necessary to examine and critique what evidence exists. One
significant restriction is imposed on this literature review: only
studies reported after the 1988 ACOG classification of forceps
deliveries was adopted will be considered.

Table 61.6 contains the maternal and neonatal outcomes
most commonly cited as morbidity in reports on OVD. The
frequency of the complications listed in the table is highly vari-
able among reported studies, and also variable according to
the method of delivery, forceps versus vacuum. Moreover, the
morbidity is not only attributable to the instrument but also
to the skill of the operator, maternal and fetal characteristics,
and indication for delivery. Some generalizations reported in
the literature regarding the morbidity of forceps and VE pro-
cedures fail to account for skill, degree of difficulty, and sever-
ity of the injury. Selected examples from recent publications
serve to illustrate these points.

Maternal morbidity

A systematic review of 10 randomized trials of forceps versus
vacuum concluded that VE is associated with less maternal
trauma than forceps.20 The largest single trial21 in that review
confirmed that maternal injuries were more common with
forceps. However, in that study, all deliveries were performed
by residents supervised by maternal–fetal medicine fellows.
Nineteen cases assigned to the forceps group were abandoned
because of poor forceps application. Whether injuries that
occurred should be attributed to the instrument or to opera-
tor skill is unclear.

In a retrospective study,22 Damron and Capeless reported

that third- and fourth-degree lacerations occurred more often
with forceps (54%) than with VE (27%). In contrast, de
Parades et al.23 noted anal sphincter injury in less than 13%
of forceps deliveries, but did not compare their results with
VE procedures. In the latter report, all deliveries were per-
formed by trained obstetricians. Operator skill likely con-
tributes more to the outcome than the instrument used.

A small RCT by Fitzpatrick and colleagues24 found that
“altered fecal continence” was more common in the forceps
group at a follow-up visit 3 months postpartum. Conversely,
at 5-year follow-up, Johanson et al.25 found no significant dif-
ferences in either bowel or urinary dysfunction between
women delivered by forceps or those delivered by VE. Thus,
length of follow-up also affects the frequency of maternal 
morbidity. If maternal morbidity was consistently worse for
forceps, which some of the above-mentioned reports refute,
one would still have to weigh the neonatal morbidity prior to
recommending “the instrument of first choice.”

Neonatal morbidity

A large database analysis by Towner and colleagues9 con-
firmed that the frequency of neonatal intracranial hemorrhage
is nearly the same for VE as for forceps. However, most cases
of subgaleal hemorrhage reported have been associated with
VE. As opposed to maternal perineal trauma, subgaleal bleed-
ing is a potentially life-threatening complication in the infant.
Cephalohematomas do not cross suture lines because they are
limited by the periosteum of individual cranial bones. Sub-
galeal bleeds involve the subaponeurotic layer of the scalp, can
expand in all directions, and can even extend downward into
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Table 61.6 Maternal and neonatal morbidity from OVD.

Maternal Neonatal

Short term Short term
Deep perineal lacerations (third and fourth degree) Low Apgar score Skull fracture
Vaginal lacerations Acidosis Ocular injury
Cervical lacerations Facial nerve palsy Scalp trauma
Urinary retention Brachial plexus palsy Jaundice
Vulvovaginal hematomas Intracranial hemorrhage Cephalohematoma
Symphyseal separation Subgaleal hemorrhage Cervical spine injury
Lumbosacral plexopathies

Long term Long term
Damage to pelvic floor resulting in: Intellectual handicap
Urinary incontinence Cerebral palsy
Fecal incontinence Other permanent neurologic handicap
Pelvic prolapse

Cystocele
Rectocele
Enterocele
Uterine prolapse

Note: Cesarean delivery is also associated with significant maternal and neonatal morbidity.
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the neck. This space can accommodate almost the entire cir-
culating blood volume of the infant. Most concerning is the
fact that subgaleal hemorrhage can complicate VE deliveries
that are described as easy with no pop-offs and involving no
prolonged traction.

Shoulder dystocia is associated with brachial plexus injury.
Several studies show that shoulder dystocia occurs more 
frequently after VE than after forceps deliveries. Once again,
the explanation for this observation may not lie with the
instrument itself, but rather with such variables as indication
for use, starting station, or inability to successfully apply
forceps.

Clearly, the selection of an instrument for OVD is more
complex than balancing maternal and neonatal morbidity. The
clinical situation and the training and experience of the oper-
ator should be the primary determinants of choice of instru-
ment. Nevertheless, studies that compare the results of forceps
with VE deliveries are valuable, and further investigation is
needed.

OVD versus Cesarean delivery

In the author’s opinion, a more important question is the com-
parison of OVD with Cesarean delivery. As noted previously,
there has never been an RCT conducted to resolve this
dilemma. The most frequent indication for OVD in the past
was elective or prophylactic vaginal delivery. Now, with OVD
numbers dwindling substantially, most are indicated, not elec-
tive. Drife26 raised the concern that indicated OVDs are not
all difficult and, further, that many easy deliveries were
enrolled in clinical trials.

Only two investigations have attempted to compare diffi-
cult vaginal delivery with Cesarean delivery. The first, by
Bashore et al.,27 compared 358 forceps deliveries with 486
Cesarean deliveries for similar indications. Maternal febrile
morbidity occurred in 25% of the Cesarean group, compared

with 4% in the forceps group, and women undergoing
Cesarean were transfused more frequently. All infants in the
forceps group were occiput transverse or occiput posterior at
the start of the procedure and, except for two, were at +2 to
+3 station (on a 5-cm scale). Thus, most were low forceps
according to the ACOG classification, and easy outlet forceps
were completely excluded. A more recent attempt to define
“difficult” forceps is the study by Murphy and colleagues28

from the UK. All women in both the vaginal and the Cesarean
delivery groups were completely dilated. The study design was
retrospective. Only those women whose deliveries took place
“in theater” (in the operating room) were included. Thus, dif-
ficulty was not defined specifically by either station or rota-
tion. Women in the Cesarean group (n = 209) experienced
major hemorrhage more often than those in the OVD group
(n = 184); within the OVD group were 58 forceps, 67 VE, and
59 combined forceps and VE deliveries. Overall neonatal mor-
bidity was low.

Conclusions

In the introduction to this chapter, it was stated that recom-
mendations would be made to preserve the performance of
indicated OVD and prevent what clearly appears to be a
pathway toward extinction. Elective instrumental delivery
should continue to be offered to women who meet the 
requirements. This experience should be supplemented in
training programs by instruction from the podium and on
manikins. The graduate obstetrician should insure that hard-
earned skills do not diminish over time; therefore, he or she
should continue to perform both indicated and elective pro-
cedures and monitor the results. Only through training and
practice can we confidently offer our patients an option inter-
mittent between spontaneous vaginal delivery and Cesarean
section.
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Key points

1 The frequency of operative vaginal delivery has
declined steadily over the last 40 years.

2 The use of elective outlet forceps is still justifiable
today.

3 It is advisable to write a preoperative note that includes
pelvic examination findings before performing
operative vaginal delivery.

4 Luikart forceps are an appropriate choice to correct
asynclitism.

5 One important prerequisite for forceps application is
an exact knowledge of the fetal position.

6 The most important check to confirm proper forceps
application is to ascertain that the sagittal suture
bisects the plane of the shanks.

7 Use of a Bill’s axis traction device is recommended for
the new operator to appreciate the direction of
traction.

8 Forceps should be removed prior to delivery of the
fetal head.

9 The critical principle in vacuum extraction is proper
cup placement.
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10 The frequency of neonatal intracranial hemorrhage is
approximately the same for both vacuum and 
forceps.

11 At 5-year follow-up, there were no significant
differences in either fecal or urinary incontinence for
women delivered by forceps compared with those
delivered by vacuum.

12 Randomized trials of forceps versus vacuum did not
demonstrate conclusively which should be the
“instrument of first choice.”

13 The most important variables in classifying forceps or
vacuum deliveries are station and rotation.

14 The primary function of Kielland forceps is rotation.

15 Vacuum extraction is associated with a much greater
risk of subgaleal bleeding than forceps.

16 Twice as many vacuum procedures are performed in
the United States compared with forceps deliveries.

17 One of the hazards of OVD is damage to the pelvic
floor.

18 Selective use of episiotomy rather than routine use is
advocated for operative vaginal delivery.

19 Candidates for the oral board examination report
minimal (< five procedures/year) experience with
operative vaginal delivery.

20 The most important requirement for operative vaginal
delivery is proper training during residency.
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Epidemiology and demography

Definitions

Traditionally, pediatricians have defined prematurity as having
a birthweight of 2500g or less. Today, this is more commonly
known as low birthweight (LBW) in a liveborn infant.1

According to the World Health Organization, a preterm birth
is any birth, regardless of birthweight, which occurs up to 
37 menstrual weeks’ gestation.2 Williams Obstetrics defines
preterm birth as a birth occurring before 38 menstrual weeks’
gestation.3 In this chapter, preterm is used to describe a fetus
or pregnancy up to 37 weeks’ gestation, based on the best
obstetric criteria.

The lower gestational age limit for a preterm birth, whether
the baby is born alive or dead, is 20 weeks. This lower limit
is based on traditional medical definitions3 and some statutory
legal definitions of stillbirth,4 rather than on clinical utility
(i.e., the neonate’s ability to survive).5,6

Importance of subject

Preterm birth is one of the most important issues in repro-
ductive medicine; in 2002, the preterm delivery rate was
12%.7 It is directly responsible for 75–90% of all neonatal
deaths that are caused by lethal congenital malformations.8,9

Preterm birth also accounts for the vast majority of perinatal
mortality and both short- and long-term neonatal morbidity.
The major diseases of the preterm infant result from organ
immaturity, and the incidence and severity of disease are
inversely related to gestational age.10 These conditions include
respiratory distress syndrome (RDS), patent ductus arteriosus,
necrotizing enterocolitis (NEC), hyperbilirubinemia, intraven-
tricular hemorrhage (IVH), retinopathy of prematurity, and
neonatal sepsis. Previously, if preterm infants survived, they
faced a high risk of significant long-term handicap (blindness,
deafness, cerebral palsy, or mental retardation). Today, only
7.5% of very LBW (VLBW) infants (less than 1500g) have a
condition that results in a major handicap. Neonatal survival
has been reported as early as 22–23 weeks’ gestation. In the

last 20 years, the break-even or 50% survival rate dropped
from 25–26 weeks’ gestation or a birthweight of 750g,11 to
24 weeks or 600g;12,13 the mortality rate in infants weighing
from 501 to 600g was 71%, whereas it was 89% for infants
weighing from 401 to 500g13 (Fig. 62.1). Although the overall
handicap rate of these infants was high, the severe handicap
rate in survivors was about 30%.13

Epidemiology

LBW is a surrogate measure for the health of any community
or nation. LBW is one of the strongest determinants of infant
mortality and morbidity; thus, it continues to be closely mon-
itored. The classification of LBW births is summarized in
Table 62.1.11 Many mildly preterm infants have birthweights
of 2500g or more (35–36 weeks); conversely, many moder-
ately LBW infants (1500–2499g) are actually full term. In
some series, nearly one-half of LBW infants were considered
term.14 The concepts of preterm birth and LBW differ in their
pathogenesis but share many predisposing factors (Table
62.2)15 and, as such, these phenomena are often considered
together. It is noteworthy that impaired fetal growth does not
exert the same force on neonatal and infant mortality as early
gestational age.

The national distributions of LBW and prematurity are
markedly skewed.16 More than 60% of all LBW infants weigh
2000g or more at birth, a time when survival is extremely high
and neonatal morbidity is very low. Moreover, nearly 85% of
preterm births occur at 32 weeks or more,17 a time when
uncorrected gestational age-specific mortality is 4% or less.
Neonatal mortality and severe morbidity tend to be most
prevalent in the late second trimester and early third trimester,
a period that accounts for fewer than one in six preterm births.

Despite decades of advances in reproductive medicine and
large reductions in the rates of neonatal and infant mortality,
the incidence of LBW and VLBW births has not decreased
(Fig. 62.2).7 The rate of LBW births declined during the 1970s
and early 1980s. From a low of 6.7% in 1984, it increased to
a rate of 8% in 2002, its highest level since 1975.16 The inci-
dence of VLBW births also increased from 1.2% to 1.5%,
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whereas the national preterm birth rate increased steadily
from 10.2% to 12%.7

Racial disparity between black people and 
white people

The incidence of LBW and VLBW infants differs substantially
between black people and white people.17 The incidence of
preterm birth is 17.4% in black people and 11.0% in white
people,17 and this racial disparity increases as gestational age
at delivery decreases (Fig. 62.3).17

The reasons for these demographic differences are complex
and relate to socioeconomic and biological differences between
races. It had been assumed that socioeconomic disadvantages
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Table 62.1 Birthweight categories.

Category Weight (g)

Low birthweight < 2500
Very low birthweight < 1500
Extremely low birthweight or very, very low ≤ 1000

birthweight
Incredibly low birthweight ≤ 750

From ref. 11, with permission.
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were primarily responsible for the substantial difference in rates
but, after controlling for some confounding socioeconomic
variables, investigators found that the twofold increase in the
relative risk for LBW infants remained.15 In fact, the rate of
VLBW births in low-risk black women was 1.7 times higher
than that of high-risk white women. According to Papiernik

and colleagues,18 these differences can be explained, in part, by
biological differences in gestational length.

According to Naeye,19 urogenital infections represent the
largest single category of black–white disparity in perinatal
mortality. Black women have higher rates of lower urogenital
tract infection than other ethnic groups. These infections
include sexually transmitted infections such as syphilis, gon-
orrhea, chlamydia, and trichomoniasis.20 Black women also
have a higher incidence of nonsexually transmitted urogenital
tract colonization and infections, including bacteriuria, bacte-
rial vaginosis, group B streptococcal infections, and genital
mycoplasmas;21 the rate of bacterial vaginosis in black women
ranges from 20% to 50% compared with 7% to 30% in white
women. Although these infections may account for up to 35%
of the difference in perinatal mortality between black people
and white people, racial differences in reported sexual behav-
ior do not account for the difference in rates of infections.

Epidemiology and etiology

Many epidemiological risk factors are not etiological per se,
but are simply markers identifying patients at increased risk
for preterm birth. Table 62.3 lists the identifiable causes most
proximate to preterm birth. Most spontaneous preterm births
do not belong to the idiopathic category; only after known or
suspected causes are eliminated should patients be diagnosed
with idiopathic preterm labor. More recent studies have shown
that clinically evident membrane rupture, medical or obstetric
maternal complications, or fetal complications account for
approximately 70% of preterm births.9,22,23

A study by Amon and colleagues9 showed that most infants
at highest risk (less than or equal to 1000g) are born prema-
turely as a result of etiological factors that are currently not pre-
ventable. Although placental pathology was not systematically
studied, 82% had a major identifiable associated finding, thus
classifying only 18% as idiopathic preterm birth.9

Subclinical intra-amniotic infection or accelerated fetal pul-
monary maturation remain undiagnosed unless an assessment
is carried out by amniocentesis;24–26 the incidence of idiopathic
preterm labor would be lower than the 30–50% that is often
quoted if amniocentesis were performed more often. When a
comprehensive evaluation, including placental pathology,
immunopathology, and intrauterine infection, is combined
with clinical factors, up to 96% of patients have a potentially
identifiable etiology and more than 50% of patients have two
or more proximate causes.27 The remainder of this chapter
focuses on spontaneous preterm labor with intact membranes,
a small portion of which is idiopathic.

Pathophysiology

The pathophysiology of preterm labor is unknown. This is not
surprising because the normal mechanisms that initiate partu-
rition spontaneously at term are also unknown. However,
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Table 62.2 Categories of maternal risk for low birthweight.

Economic
Poverty
Unemployment
Maternal father’s poor socioeconomic status
Uninsured, underinsured
Poor access to prenatal care
Poor access to food

Cultural–behavioral
Low educational status
Poor healthcare attitudes
No or inadequate prenatal care
Cigarette, alcohol, drug abuse
Age of < 16 years or > 35 years
Unmarried
Short interpregnancy interval
Lack of support group (husband, family, church)
Stress (physical, psychological)
Poor weight gain during pregnancy
Black race*

Biological–genetic–medical
Previous low birthweight infant
Mother low weight at birth
Black race*
Low weight for height
Short stature
Poor nutrition
Chronic medical illness
Inbreeding (autosomal recessive?)
Intergenerational effects

Reproductive
Multiple gestation
Premature rupture of membranes
Infections (systemic, amniotic, extra-amniotic, cervical)
Preeclampsia or eclampsia
Uterine bleeding (placental abruption, placenta previa)
Parity (0 or > 5)
Uterocervical anomalies
Fetal disease
Anemia or high hemoglobin
Idiopathic premature labor
Iatrogenic prematurity

From ref. 15 with permission.

* Black race is a risk factor for both growth retardation and
premature birth. The risk is twice that for white people and remains
present when confounding social and economic variables are
controlled. Classification of risk for black people as cultural and
biological is due to the uncertainty of the role of these variables.
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there is extensive literature available on the biomolecular
processes closely involved with the phenomenon of labor.
Factors produced locally within the placenta, chorioamniotic
membranes, and decidua, together with biochemical messages
from the fetus, act in some complex manner to initiate normal
spontaneous labor.

In all mammalian species tested, prostaglandin production
increases during and perhaps even before labor. In many
species, the three most temporally related uterine events
antecedent to the onset of spontaneous labor are cervical
ripening, formation of gap junctions, and an increase in 
oxytocin receptors. Fundamentally, these mechanisms must
bring about myometrial contraction by regulating the free
intracellular cytosolic calcium concentration in myometrial
cells. Myometrial cells contract when the concentration of
calcium increases, and relax when the concentration
decreases.28

Another key regulator of myometrial contractility is the
phosphorylation (causing contraction) and dephosphory-
lation (causing relaxation) of myosin light chains. Cellular
tocolytic mechanisms include the regulation of myosin phos-
phorylation, cyclic adenosine monophosphate (cAMP) re-
gulation of myosin light-chain kinase, regulation of
intracellular free calcium levels, and regulation of adenylate-
cyclase activity.29

Organ communication

Up to 30% of preterm labor may be caused by infection. The
generation of cytokines is considered to be the normal
response to a variety of infectious mediators. One of the host
tissues generating such responses is maternal decidua. Inflam-
matory cytokines are elevated in the amniotic fluid and plasma
of women in preterm labor. Notably, anti-inflammatory
cytokines such as interleukin 10 (IL-10) do not appear to be
present in substantial quantities. Animal models have verified
that bacteria, bacterial cell-wall products, and inflammatory
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Figure 62.3 Percentage of live preterm
births by race. Created from data from 
ref. 17.

Table 62.3 Proximate factors and causes associated with preterm
birth.

Iatrogenic preterm delivery
Physician error

Maternal causes
Significant systemic medical illness
Significant nonobstetric abdominal pathology
Illicit drug abuse
Severe preeclampsia or eclampsia
Trauma

Uterine causes
Malformation
Acute overdistention
Large myomata, degenerating myomata
Deciduitis, decidual thrombosis and hemorrhage
Idiopathic uterine activity

Placental causes
Placental abruption
Placenta previa
Marginal placental bleeding
Large chorioangioma

Amniotic fluid causes
Oligohydramnios with intact membranes
Preterm rupture of chorioamniotic membranes
Polyhydramnios
Subclinical intra-amniotic infection
Clinical chorioamnionitis

Fetal causes
Fetal malformation
Multifetal gestation
Fetal hydrops
Fetal growth retardation
Fetal distress
Fetal demise

Cervical causes
Cervical incompetence
Cervical foreshortening
Acute cervicitis or vaginitis
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cytokines such as IL-1 and tumor necrosis factor can stimu-
late preterm labor. IL-6 is subsequently released and can
mediate a systemic response. Healing of the inflammatory
process may occur through the actions of IL-10, IL-4, and
transforming growth factors. Dysregulation of the normal
host defense inflammatory response could result in preterm
labor and delivery.30 Placental histology indicates that inflam-
mation only accounts for 30–40% of cases of preterm labor.
The most common noninflammatory lesion of the placenta is
decidual thrombosis and acute atherosis, which may lead to
uteroplacental ischemia and subsequent initiation of preterm
labor.31 This may explain the subset of patients who have 
complications of fetal growth restriction and placental 
abnormalities.

Other factors such as fetal stress and decidual hemorrhage
are also important in preterm labor. Initiators such as peptide
hormones (e.g., corticotropin-releasing hormone) and inflam-
matory mediators may promote the production of uterotonic
factors (e.g., prostanoids and endothelin) that result in con-
tractions and the release of proteases (e.g., collagenases and
elastases), which in turn initiate membrane rupture and cervi-
cal change. Accordingly, extracellular matrix proteins [e.g.,
fetal fibronectin (fFN), also known as oncofetal fibronectin,
and prolactin] in cervicovaginal secretions are elevated. Such
release may lead to further cervical change and disruption of
the tightly regulated maternal–fetal interface, ultimately
resulting in preterm delivery.32

Biochemistry of cervical change

The structure and function of the cervix has been well
described.33 The underlying stroma is predominantly an extra-
cellular connective tissue matrix, mainly made up of type I and
type III collagen. Other important constituents of the matrix
are water, glycosaminoglycans, proteoglycans, dermatan
sulfate, hyaluronic acid, and heparin sulfate. Elastin, the func-
tional protein of elastic fibers, runs longitudinally between
bundles of collagen fibers. The ratio of elastin to collagen is
highest at the internal os. Smooth muscle cells make up
10–15% of cervical tissue, with the greatest number of cells
located just below the internal os, and fewer found toward the
external os.

Controversy exists over whether cervical ripening is prima-
rily a biochemical rearrangement of the extracellular matrix
related to biomechanical factors such as increased intrauter-
ine pressure at the lower segment from the presenting fetal
part or uterine activity, or whether it is due to an inflamma-
tory reaction in which macrophages and polymorphonuclear
cells release enzymes to degrade collagen, which then leads to
proteolytic rearrangement.34 It may be that both theories of
initiation are correct, but one may predominate over the other,
especially in view of the different biomolecular mechanisms
for labor. Apoptosis is a genetically timed event; it may also
be an intrinsic cause of preterm labor, explaining the many
cases of preterm labor in certain families.35

Therapeutic implications of 
pathophysiological subsets

Recognizing the etiological heterogeneity, complexity, and
interactive nature of the underlying biomolecular processes of
preterm labor, Keelan and colleagues36 have elegantly pro-
posed that future therapeutic trials be tailored to the specific
etiological mechanism determined by a battery of preterm
labor tests (Table 62.4). Preterm labor per se is not a disease
in itself but an aberration of timing with diverse underlying
heterogeneity. Consequently, in the future, a careful strategy
of specific biomolecular diagnosis and treatment for preterm
labor will be necessary.

Clinical antecedents to preterm labor
and delivery

Many risk factors antedate the diagnosis of preterm labor, but
unfortunately these factors are not very specific. This lack of
specificity is further compounded by the inability to accurately
diagnose preterm labor. True preterm labor, if left untreated,
implies cervical progression and prompt preterm delivery.
Unfortunately, the overlap with false, nonprogressive, and
episodic preterm labor is considerable.

Traditional risk factor scoring and 
prevention programs

In general, risk scoring quantitatively screens a population for
factors associated with a given outcome or disease. One of the
fundamental principles underlying a screening program of any
type is that there be safe and effective management plans for
identified patients. If individuals can be identified before the
onset of their condition or early in the course of their disease,
preventive measures may be employed to eliminate, lessen, or
even stabilize a condition. Unfortunately, preterm labor and
delivery have been resistant to most prevention and manage-
ment efforts. Methods used to prevent preterm birth are quite
inconsistent and of limited clinical value.37 There are limita-
tions to screening, regionalization, eleventh-hour care, pro-
phylactic and therapeutic antibiotics, bedrest, social and
psychological support, and educational programs.38 Further-
more, there are inconsistencies and a lack of effectiveness, even
among well-staffed, well-funded, and well-organized compre-
hensive prematurity prevention programs.39

Nonetheless, risk scoring can clearly identify a group of
pregnant individuals who are at an increased risk for sponta-
neous preterm labor and birth, and these individual high-risk
patients can then receive high-risk care. Various clinically
based risk scoring systems have been developed to identify
women who have an above-average risk for preterm birth.
However, although spontaneous preterm labor with intact
membranes is treatable with tocolytic agents, it is important
to note that there are still many other proximate causes of
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preterm birth for which short- and long-term tocolysis is con-
traindicated (e.g., antepartum stillbirth, significant maternal
hemorrhage, chorioamnionitis, lethal congenital abnormali-
ties, and eclampsia).

In the USA, Creasy and colleagues40 first popularized a
scoring system of risk factors to predict spontaneous preterm
birth. More than 30 items are divided into four categories:
socioeconomic, prior medical history, daily habits, and current
pregnancy problems. Screening is performed at the initial pre-
natal visit and repeated near the end of the second trimester.
Patients with a score of 10 points or more are considered to
be at high risk.

This system (modified from that of Papiernik41) identified
9% of the study population as high risk at the initial screen-
ing and 13% at the second screening. The prevalence of
preterm birth in this population was 6.1%. The sensitivity of
the high-risk score was 64%, with a positive predictive value
of 30%. This system relies heavily on past obstetric history;
consequently, it is more effective in the multiparous than the
nulliparous patient. The Creasy score was later used in a hos-
pital obstetric population in San Francisco as one part of a
comprehensive preterm birth prevention program with

impressive results although they acknowledged the limitations
of historical controls and the potential for major population 
differences.42

Holbrook and colleagues43 reduced the number of items in
their simplified risk scoring system for the prediction of
preterm labor (not preterm birth) from 37 to 18 without any
significant statistical loss of identification, prevalence, sensi-
tivity, or positive predictive value (Table 62.5). Some 14% of
patients were identified as high risk; the sensitivity was 41%
and the positive predictive value 25%. The modified system
does not require the calculation of a risk score. Twelve factors
are defined as major (any one indicating high risk) and six as
minor (two or more indicating high risk).

Main and colleagues23 performed a similar combined risk
scoring and intervention study. In their prospective study, 132
of 380 patients (35%) were classified as high risk. In the study
population the prevalence of preterm birth was 16.3%. In the
low-risk control subjects the preterm delivery rate was 12.9%,
of whom 78% had preterm labor or premature rupture of
membranes. The sensitivity of the high-risk score was 48%;
the positive predictive value of the high-risk score was 27%.
Of note, of preterm deliveries due to preterm labor in women

1090

Table 62.4 Potential applications of newer therapeautic options for the treatment of preterm labor.

Cause of preterm labor Diagnostic indicators Treatment options

Clinical chorioamnionitis ↑ fFN, IL-6, and ECM proteases Deliver if maternal or fetal condition compromised
Normal free CRH Antibiotics, glucocorticoids
Positive clinical indicators

Subclinical chorioamnionitis ↑ fFN, IL-6, and ECM proteases Antibiotics, PGHS inhibitors/β-mimetics
Bacterial vaginosis Glucocorticoids
Normal free CRH Deliver if maternal or fetal condition compromised

Lower genital tract infection ↑ Vaginal fFN, IL-6, and ECM proteases Antibiotics with regular review
Bacterial vaginosis
Normal free CRH

Idiopathic endocrinopathies ↑ Free CRH, ?↑ fFN Prophylactic progesterone/glucocorticoids
?↑ Salivary E3 Oxytocin antagonists if presenting with PTL
Normal cytokines ?No donor therapy

High risk for PTL History/social factors Prophylactic progesterone
(i.e., previous PTL) ↑ Free CRH at 26wks Prophylactic glucocorticoids

?↑ fFn/salivary E3 If presenting with PTL: OT antagonist/NO/β-mimetics

Decidual hemorrhage Clinical indicators Glucocorticoids
Normal free CRH/salivary E3 If in PTL: glucocorticoids, tocolysis (β-mimetics/PGHS inhibitors) 
↑ ECM proteases unless otherwise contraindicated

Fetal hypoxia/stress ↑ Free CRH Glucocorticoids
↑ Salivary E3 OT antagonist/(β-mimetics/PGHS inhibitors)

Cervical incompetence ↓ fFN, IL-6, and ECM proteases Cervical cerclage
Normal free CRH

From ref. 36, with permission.

↓, Decreased; ↑ increased; ?, query/possible; CRH, corticotropin-releasing hormone; E3, estrone; ECM, extracellular matrix; fFN, fetal
fibronectin; IL-6, interleukin 6; NO, nitric oxide; OT, oxytocin; PGHS, prostaglandin H synthase; PTL, preterm labor.
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with candidacy for tocolysis, more than 50% were classified
as low risk.

In the same report, high-risk patients were randomly
assigned to a comprehensive preterm birth prevention
program or standard high-risk care.23 Unfortunately, the
extensive intervention program failed to lower the incidence
of preterm birth. Preterm delivery occurred in 25% of the
patients in the preterm birth prevention program, compared
with 21% of the high-risk control patients. The authors attrib-
uted these unfavorable results to the high incidence (70%) of
proximate causes of preterm birth not amenable to tocolytic
therapy.

After evaluating 31 studies describing preterm birth pre-
vention programs, Hueston and colleagues44 found that only
six studies had controlled for scientific bias. A meta-analysis
on these studies did not find any benefit for preterm birth edu-
cation programs in preventing neonatal mortality or preterm
birth. However, there was an increase in the diagnosis of
preterm labor.

In a more complex screening process that also includes race,
low prepregnant body mass index (BMI; underweight), and a
poor work environment, the positive predictive value for spon-
taneous preterm birth for nulliparous patients was 28% and
for multiparous patients was 33%.45

Despite the limitations for prevention of spontaneous
preterm labor and birth, risk scoring is an inexpensive index
that can be used readily to identify individual pregnant women
at risk in clinical practice. After identification these women

deserve a more intense workup and ongoing individualized
medical attention. Such women may actually modify their
behavior (e.g., stop smoking and illicit drug use) and decrease
somewhat their risk status. Moreover, such women are moti-
vated to learn how to effectively access health care as and
when their symptoms arise.

Recurrence risk for preterm labor and 
preterm birth

In a middle-class population, a second-trimester abortion was
associated with an increased risk of preterm labor (14%) in
subsequent pregnancies.43 In an indigent population, if the
second-trimester loss occurred between 19 and 24 weeks, the
subsequent preterm delivery rate was approximately 50%.46

One or two first-trimester abortions are not associated with
subsequent preterm labor, but three first-trimester abortions
are associated with an increased risk of preterm labor (12%).43

The recurrence risk for preterm birth varies from 15% to
40% after one previous premature delivery.14,47–50 An inter-
vening term pregnancy markedly decreases the risk of a sub-
sequent preterm birth. The recurrence risk significantly
increases with two or more previous preterm births (Table
62.6).51 The more premature the delivery, the less likely the
subsequent pregnancy is to deliver at term.52

Digital cervical examination

Asymptomatic cervical dilation may represent silent preterm
labor, cervical incompetence, or a normal anatomic variation.
In the general obstetric population, the frequency of preterm
asymptomatic cervical dilation increases as gestation
advances. The risk of preterm birth by gestational age at cer-
vical dilation was studied by Papiernik and colleagues (Table
62.7).53 In two other studies,54,55 cervical dilation was found
to be associated with preterm birth, with a positive predictive
value of 27–28%. In a low-risk population, Stubbs and col-
leagues56 found an association between preterm birth and cer-
vical dilation at 28–32 weeks’ gestation (positive predictive
value 12%). The relative risk for preterm birth with asymp-
tomatic cervical dilation was two- to fourfold higher than the

1091

Table 62.5 Major and minor risk factors of the modified scoring
system for spontaneous preterm labor.

Major factors*
Multiple gestation
Previous preterm delivery
Previous preterm labor, term delivery
Abdominal surgery during pregnancy
Diethylstilbestrol exposure
Hydramnios
Uterine anomaly
History of cone biopsy
Uterine irritability (admission to rule out preterm labor)
More than one second-trimester abortion
Cervical dilation (> 1cm) at 32 weeks
Cervical effacement (< 1cm) at 32 weeks

Minor factors†
Febrile illness during pregnancy
Bleeding after 12 weeks
History of pyelonephritis
Cigarette smoking (>10 per day)
One second-trimester abortion
More than two first-trimester abortions

From ref. 43, with permission.

*Presence of one or more indicates high risk.

†Presence of two or more indicates high risk.

Table 62.6 Risk for recurrent preterm labor.

First birth preterm Second birth preterm Risk for preterm 
birth

No – 4.6

No No 2.6

No Yes 11.1

Yes – 17.2

Yes No 5.7

Yes Yes 28.4

Modified from ref. 52.
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risk for preterm birth with an undilated cervix. Conversely, at
least three previous reports have emphasized that such dila-
tion is a normal anatomic variant, particularly in the multi-
parous patient.57–59 These studies showed no significant
increase in the rate of preterm birth with cervical dilation.

A large multicenter randomized controlled trial in seven
European countries compared the use of “routine” cervical
examination at every prenatal visit with a clinically “indi-
cated” examination in a general obstetric population of more
than 5600 patients.60 There were no significant differences in
the rates of preterm birth, LBW, premature rupture of mem-
branes, admission to neonatal intensive care units, or perina-
tal mortality between the two groups. Although routine
cervical examinations and associated interventions appear
logical to the clinician, this powerful clinical study does not
support routine digital cervical evaluation.

Sonographic cervical evaluation

Digital examination is prone to subjectivity and variation
between examiners. If the cervix is closed, funneling at the
internal os cannot be evaluated digitally. If the cervix is
dilated, placement of the examining finger next to the fetal
membranes may increase the risk of infection or membrane
rupture. Transvaginal sonography appears to provide a rela-
tively noninvasive, more reproducible, accurate, and quanti-

tative description of cervical anatomy. Cervical sonography is
also a better predictor of preterm birth resulting from preterm
labor.61 Transvaginal scanning is preferred to transabdominal
or translabial scanning because of cervical proximity, lack of
obscurity, and increased accuracy; the technique is well
described by Sonek and colleagues.62 The biological variation
in the endocervical length of the cervix resembles a normal
bell-shaped curve. A length of approximately 35 mm repre-
sents the 50th percentile, whereas lengths of 25 and 45 mm
represent the 10th and 90th percentiles respectively. The rela-
tive risk of spontaneous preterm delivery before 35 weeks is
inversely related to transvaginal sonographic cervical length.63

A more thorough ultrasound description of the cervix includes
the parameters shown in Fig. 62.4.64

In a group of expectantly managed patients with funneling
diagnosed at less than 25 weeks’ gestation, a sonographic fun-
neling percentage of more than 50% had a sensitivity, speci-
ficity, and positive and negative predictive values of 80–85%
for the development of preterm birth. In patients with 25–50%
funneling, only 30% delivered preterm.65 In this group, clinical
interventions did occur and so the natural history of funneling
was unknown; however, treatment, when effective, decreases
the magnitude of the positive predictive value.

In practice, it is rare to see a clinically significant funnel if
the functional (residual) cervical length is 30 mm or more.66

Thus, measurement of the degree of funneling becomes more
important as the sonographically apposed endocervical length
shortens. The technique of cervical sonography is compre-
hensively reviewed by Iams66 and Doyle and Monga.67

Home uterine activity monitoring

Home uterine activity monitoring (HUAM) allows the patient
at risk to be physically monitored at home with external toco-
dynamometers. The data are transmitted by telephone to a
central viewing station, where the pattern of uterine activity
is assessed by a nursing service. The nursing service contacts
the patient once or twice daily and prepares a detailed history
on the patient’s current status. Should the service detect abnor-
malities, the physician is notified immediately.
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Table 62.7 Percentage of general obstetric patients with cervical
dilatation of the internal os > 1cm.

Weeks of gestation Percent Total Preterm birth (%)

19–24 2.4 2124 17.3
25–28 4.4 2415 23.4
29–31 10.6 1750 21.6
32–34 12.4 2967 17.4
35–36 22.5 1921 11.1
37–38 32.8 2693 –

Modified from ref. 53.

Internal
cervical os

External
cervical os

Funnel
width

Canal length Funnel
length

Canal
length

Figure 62.4 Cervical length with and without
funneling (from ref.  64 with permission).
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The principal variable that is monitored is the frequency of
uterine activity. Studies have shown that the mean frequency
of uterine contractions per hour rises with increasing time of
gestation.68,69 Some believe that there is a further increase in
frequency from 24 h to 48 h before the onset of true labor.69

However, in a prospective evaluation, Iams and colleagues70

found that the “window of opportunity” for early tocolysis
does not extend beyond 12–24 h before overtly symptomatic
preterm labor occurs. The mean contraction frequency for
women destined to have preterm labor is higher than for those
who deliver at the normal time, but the overlap between these
two groups is high, limiting its positive predictive value.69

Some monitoring devices are extremely sensitive, and
mothers cannot always perceive the measured uterine activity.
In one study,71 only 10% of women correctly perceived 
their contractions more than half of the time, whereas in
another study72 that used a different monitor, 54% of high-
risk patients perceived more than 75% of their contractions.

Initially, a few randomized and nonrandomized trials indi-
cated that preterm birth might be prevented by twice-daily
monitoring of high-risk women together with daily nursing
support and high-quality obstetric care.69,73–75 These studies
demonstrated that the use of HUAM decreased the preterm
birth rate over traditional outpatient care. However, Iams and
colleagues76 and Porto and colleagues77 found that provider-
initiated nursing education and clinical support was the
primary beneficial component of the HUAM program.

The results of some more recent randomized controlled
studies78,79 have shown a benefit of HUAM, whereas others
have shown no benefit.76,80–82 A critical review of the litera-
ture83,84 suggests multiple study design problems including: the
accuracy and reliability of the HUAM device; management of
the control group; the use of intermediate endpoints rather
than preterm delivery or neonatal morbidity or mortality;
double counting of twins; and limiting analysis to subgroups
who developed preterm labor. Accordingly, Corwin and col-
leagues85 reanalyzed all of the patients who were enrolled in
their earlier trial and addressed some of the study design prob-
lems. They found that HUAM resulted in improved pregnancy
outcome, decreased preterm birth and a decreased need for
neonatal intensive care.85

A powerful and meaningful study by Dyson and colleagues86

of a large number of high-risk pregnant women (n = 2422)
investigated whether: (1) adding the HUAM device to daily
nursing contact could reduce the rate of spontaneous preterm
delivery at less than 35 weeks’ gestation; and (2) daily nursing
contact, irrespective of monitor use, would be more effective
than weekly nursing contact. The authors found that adding
the HUAM device to daily contact with the nurse did not
improve either the early detection of preterm labor or the
pregnancy outcome. Moreover, daily nursing contact did not
improve any measure of outcome compared with weekly
nursing contact. The authors concluded that the similarity in
outcome among the three groups was a result of three factors:
(1) the patients received thorough training and a checklist was

used for consistency; (2) women were asked to palpate their
uteri twice daily and to keep a daily log of the number of con-
tractions and symptoms of labor; and (3) each woman was
scheduled for weekly contact with a designated nurse who
reviewed her daily logs and encouraged her to seek assistance
as and when needed.

In conclusion, the bulk of the scientific evidence available
does not suggest that HUAM be considered as the standard
of care, and the American College of Obstetricians and Gyne-
cologists do not recommend this system.87 However, contro-
versy exists as to whether HUAM has an important role to
play in outpatient management.88 Incorporating the time of
day and diurnal pattern of uterine activity into a HUAM
program may provide more accurate and predictive informa-
tion in addition to an assessment of contraction frequency.89

There may be patient subsets that could benefit from HUAM
programs, such as those with advanced dilation and those in
rural settings, who may not have quick access to a perinatal
center.

Fetal fibronectin

Fibronectins are a group of proteins found in plasma, extra-
cellular tissue, and amniotic fluid. Plasma fibronectin helps
regulate oncotic pressure, coagulation, and bacterial opsoniza-
tion. fFN is a unique fibronectin found in the basement mem-
brane near the choriodecidual interface. It is produced by fetal
membranes and is likely to function as an adhesive binding
the placenta and membranes to the decidua. Fibronectin found
in the cervical stroma is distinct from fFN.

fFN is commonly found in cervicovaginal secretions before
20 weeks’ gestation and at term. Its clinical detection at 22–34
weeks at concentrations greater than 50mg/mL is considered
abnormal and indicates choriodecidual disruption. Because
fFN is also found in amniotic fluid, its presence in the vagina
may indicate the presence of amniotic fluid in cervicovaginal
secretions. fFN may leak into the vagina by at least three other
possible mechanisms. First, during the early process of utero-
placental membrane development, fFN is found in the vagina
before completion of the choriodecidual interface. Second, cer-
vical ripening during preterm and term labor, as a result of
biomechanical stress caused by uterine contractions, promotes
the loss of fFN from the interface. Third, inflammation at the
interface may occur during preterm and term labor resulting
in fFN expression in the cervicovaginal fluid.

There is a relationship between the presence of fFN in cer-
vicovaginal secretions and spontaneous preterm birth. Three
categories of patients have been evaluated: symptomatic
patients hospitalized for evaluation of preterm labor, high-risk
asymptomatic patients, and asymptomatic patients taken from
the general obstetric population.90–93

In a large study of patients (n = 763) presenting with symp-
toms of preterm labor, almost 20% tested positive for fFN.94

In these circumstances, the most pressing concern for the
physician is the likelihood of imminent preterm birth; 
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therefore, delivery within 1 week is an appropriate measure
of preterm birth in symptomatic patients. Rapid testing has
increased the usefulness of fFN measurements, with similar
positive and negative predictive values.93 The clinical implica-
tions of this test are summarized in Fig. 62.5. It is important
to note the differences between the pretest positive and nega-
tive predictive values and the post-test positive and negative
predictive values. From a clinical viewpoint, it remains unclear
as to how clinical management should be affected. With a neg-
ative result or with no test at all, the odds of delivering within
a week are extremely low. Correspondingly, 1% of the fFN-
negative group (6 out of 613) delivered a VLBW infant, which
is similar to the expected incidence (1.5%) of VLBW births
from all causes in the total US obstetric population.

Testing for fFN produces numerous false-positive results.
Lukes and colleagues94 found that cervical dilation or manip-
ulation can explain some of the false-positive results, specifi-
cally: cervical dilation, recent sexual intercourse, vaginal
bleeding, recent cervical examination, and uterine contrac-
tions. To improve the accuracy of positive results, specimens

should be obtained before any cervical manipulation and
before advanced dilation or increased uterine activity has
occurred. Faron and colleagues95 noted that test results were
more frequently positive among multiparous than nulliparous
women. The collection technique is illustrated in Fig. 62.6.

The overall rate of fFN positivity in low-risk populations
was found to be 3–4%.96 More than one-half of spontaneous
preterm births before 28 weeks were associated with a positive
fFN test result at 24 weeks.96 This isolated finding appeared to
be promising for the prevention of extremely LBW births.
However, there was also an extremely high false-positive rate
in that 83% of fFN-positive subjects delivered after 28 weeks,
and 75% of fFN-positive patients delivered after 34 weeks.96

The association of a positive fFN test result at the 24-week visit
with spontaneous preterm birth before 34 weeks was as
follows: sensitivity, 23%; specificity, 97%; positive predictive
value, 25%; and negative predictive value 96%.96

fFN has also been proposed as a marker for upper genital
tract infections. In women who delivered very preterm infants,
a positive fFN test result was highly associated with clinical
chorioamnionitis, histological chorioamnionitis, and neonatal
sepsis, all of which were increased further in the presence of
bacterial vaginosis.97 Subsequently, a randomized multicenter
trial with antibiotics was carried out. Unfortunately, of the
asymptomatic women with a positive cervical or vaginal fFN
test between 21 and 25 weeks’ gestation, treatment with
metronidazole plus erythromycin did not decrease the risk 
of spontaneous delivery or result in improved neonatal 
outcomes.98

Urogenital tract infections

There is increasing evidence that urogenital tract infection,
inflammation, or both are associated with and causative of
many cases of preterm labor.99 The association between
asymptomatic bacteriuria and preterm birth is clear;100

untreated asymptomatic bacteriuria may lead to pyelonephri-
tis during pregnancy. In one study,101 treatment of group B
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Test
Without test
fFN negative
fFN positive

Predictive value

Delivery ≤ 7 days

fFN+
19
131
150

fFN–
3

610
613

22
741
763

Delivery > 7 days

+
  2.9%
  0.5%
12.7%

–
97.1%
99.5%
88.3%

Figure 62.5 The predictive value within 1 week of fFN. The
primary endpoint delivery is less than or equal to 7 days. (Modified
from data in ref. 91.)

Cervical os

Posterior
fornix

Figure 62.6 Specimen collection for fFN testing.
Lightly rotate swab across either the posterior
fornix of the vagina or the ectocervical region
of the external cervical os for 10 seconds. This
must be done prior to digital examination;
alternatively, wait another 24h.
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streptococcal bacteria, which indicate heavy colonization of
the lower urogenital tract, resulted in a decreased incidence of
preterm birth. However, in a separate study,102 prenatal treat-
ment of group B streptococci with erythromycin was ineffec-
tive in preventing preterm birth.

Histological chorioamnionitis is more often seen in cases of
preterm birth. Intra-amniotic positive culture results are also
associated with preterm labor and birth and, in many cases,
the same organism is also cultured from the vagina. Therefore,
ascending cervicovaginal bacteria seem to cause deciduitis and
upper genital tract infections.99

The association between bacterial vaginosis and preterm
birth has been clearly demonstrated.103 The relative risk of
preterm delivery is 1.5–3 times higher in patients with bacte-
rial vaginosis than in patients without. Studies have demon-
strated that bacterial vaginosis may be a marker for a treatable
and preventable cause of spontaneous preterm labor. Hauth
and colleagues104 evaluated 624 women at high risk for spon-
taneous preterm labor as defined by one of two clinical char-
acteristics: a previous spontaneous preterm birth and a weight
of less than 50 kg before pregnancy. Out of these high-risk
women, more than 40% had bacterial vaginosis. In this
double-blind placebo-controlled randomized trial, patients
were treated with a 7-day course of oral metronidazole
(500 mg, twice daily) and enteric coated erythromycin
(300 mg, twice daily). Bacterial vaginosis was associated with
a significantly higher rate of preterm delivery at less than 37,
34, or 32 weeks’ gestation, regardless of treatment assignment.
Antibiotic therapy was only associated with a lower rate of
spontaneous preterm birth at less than 37 weeks and only in
women with bacterial vaginosis. Thus, there appears to be no
benefit in treating women without bacterial vaginosis and who
have a very preterm birth (i.e., < 32 weeks).

These findings were similar to those of Morales and col-
leagues105 who studied women with both bacterial vaginosis
and a previous preterm birth, treated with either oral metron-
idazole or placebo. In these two randomized studies, the ben-
eficial effects were demonstrated in asymptomatic women.
Symptomatic patients were not treated within these protocols.

However, contrary to these conclusions and other meta-
analyses, a recent systematic review of all of the literature
found no evidence to support the use of antibiotic treatment
for bacterial vaginosis or Trichomonas vaginalis in reducing
the risk of preterm birth or its associated morbidities in low-
or high-risk women. In fact, for women with T. vaginalis, the
use of metronidazole reduced the risk of persistent infection
but increased the incidence of preterm birth.106

Major symptoms of preterm labor

A host of complaints may herald preterm labor (Table 62.8)
but many of these symptoms are common in normal preg-
nancy and are often dismissed by prenatal care providers;
however, a study comparing the symptoms of women in
preterm labor with the normal symptoms of pregnant women

indicated that there was significant overlap.107 Contractions or
menstrual-like cramps are often the most conspicuous com-
plaint, with only 13% of preterm labor patients giving a 
negative response to all questions about these symptoms.
Approximately 10% of normal pregnant women complained
of painful contractions.

A common set of complaints relates to painless uterine
activity, described as “balling up” and tightening of the uterus.
Some complaints are misinterpreted and consequently misre-
ported by the patient, thus misleading both physician and
patient. These include “gas pains,” intestinal cramps, consti-
pation, and an increase in fetal movements, any of which may
represent undiagnosed actual preterm labor.

In a study of outpatients at increased risk for preterm labor
being monitored by a HUAM program (n = 51), Iams and col-
leagues108 found that only 67% of those who developed
preterm labor were symptomatic. Uterine activity recordings
per se without patient symptoms prompted diagnosis in 24%.
A further subgroup (9%) were asymptomatic and were dis-
covered only when silent cervical dilation was found during
routine cervical examination. However, the numbers in this
study were small and further research is needed.

Vague constitutional symptoms relating to the abdomen and
pelvis may also indicate preterm labor, and it is generally a
good idea to inform patients, especially those at increased risk,
about these vague signs. In addition, a bloody vaginal dis-
charge (bright red, pink, brown, or other discoloration) may
well be the signal of a cervical change. Patients experiencing
any of these preceding symptoms should be encouraged to
contact the physician as soon as possible.

Diagnosis

An accurate diagnosis of preterm labor is difficult until labor
has obviously advanced beyond the point of successful tocol-
ysis. With this caveat in mind, preterm labor can be classified
as threatened or actual. The basis for such a classification is
the difference in prognosis. Approximately 85% of patients
with threatened preterm labor deliver at term, whereas
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Table 62.8 Chief symptoms of preterm labor.

Abdominal pain
Back pain
Pelvic pain
“Gas pain”
Menstrual-like cramps
Vaginal bleeding
Pinkish staining
Increased vaginal discharge
Pelvic pressure
Urinary frequency
Diarrhea
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40–50% of all patients in actual preterm labor deliver at 
term.

The hallmark of threatened preterm labor is uterine activ-
ity. Threatened preterm labor is diagnosed when the patient
has uterine activity but no evidence of cervical changes. Pre-
viously, many of these patients may have been diagnosed as
having painful Braxton Hicks contractions. The change in
terminology is clinically important because it raises an index
of suspicion. The recurrence rate of threatened preterm labor
in a pregnancy is approximately 30%; of these women,
approximately one-half deliver preterm.109

Usually, patients with threatened preterm labor respond to
simple conservative measures (bedrest, hydration, sedation, or
limited doses of subcutaneous terbutaline or nifedipine). Less
commonly, continuous infusion of a tocolytic agent may be
required for unrelenting, significant uterine activity. The prog-
nosis of a term delivery appears to be improved if preterm
labor begins in the third trimester rather than in the second
trimester.

During actual preterm labor (as diagnosed by Ingemarsson’s
criteria110 – Table 62.9), approximately 20% (3 out of 15) of
placebo-treated patients delivered at term, compared with
80% (12 out of 15) of terbutaline-treated patients.110 Patients
with bleeding, uterine malformations, fever, multiple gesta-
tion, and other known causes of preterm labor were excluded.
All patients were given 10 mg of diazepam intramuscularly; if
this had no obvious effect on contractions, treatment was con-
tinued with either terbutaline or placebo.

Creasy111 has modified the Ingemarsson criteria (Table
62.10); these diagnostic criteria are well accepted for nulli-
parous women; however, although there is general agreement
that the same diagnostic criteria can be used for multiparous
women, their prognostic value may be less.

Documenting cervical change requires serial documentation
of cervical status, ideally by the same examiner and under
similar circumstances (e.g., during a contraction). One method

of determining cervical change is by noting changes in the
Bishop score.112 Dilation of the internal cervical os or efface-
ment of cervical length are most significant; other measures of
change, such as consistency and position, seem to be clinically
inadequate for an accurate diagnosis.

Although not part of the diagnostic criteria for actual
preterm labor, fetal station has a prognostic value: the lower
the station, the greater the risk of spontaneous preterm deliv-
ery. A patient who has a lower frequency of documented
uterine contractions with a higher degree of cervical compli-
ance based on the Bishop scoring criteria or transvaginal cer-
vical sonography is at an increased risk for premature delivery.

To be most successful, many practitioners believe that
tocolytic therapy should be started before serial cervical
change is documented. However, a report by Utter and col-
leagues113 disputes this idea of early tocolysis. The authors
compared the preterm delivery rates before tocolysis in 98
patients without serial cervical changes in dilation or efface-
ment (group 1) and 75 patients with serial cervical changes
(group 2). In both groups, the mean dilation before ritodrine
therapy, as well as other risk factors, were the same. The out-
comes of each group were not statistically different, with 50%
of group 2 patients and 40% of group 1 patients delivering at
term. The authors concluded that, even with significant cervi-
cal dilation (up to 3 cm), observation was a reasonable alter-
native until subsequent uterine activity and cervical change
could be determined to indicate ritodrine therapy.

The use of cervical sonography and fFN measurements may
further define who could benefit from tocolysis as the combi-
nation of both a positive fFN and a short cervix was strongly
associated with preterm delivery (Fig. 62.7).114

Managing preterm labor

After a diagnosis of preterm labor is made, appropriate eval-
uations and initial management plans are instituted. The eval-
uation phase has two major parts: first, the need for tocolytic
therapy is assessed, focusing on the specific nature of the
agents to be used and, second, an etiological diagnostic
workup is carried out.

During evaluation, the physician seeks contraindications to
substantially prolonging the pregnancy (Table 62.11). Tem-
porary efforts to inhibit uterine activity (so that antenatal cor-
ticosteroids can be given, the mother can be transported to a
tertiary care center, and conditions for maternal and fetal well-
being can be optimized) must be weighed against the relative
urgency and necessity of delivery.

Ideally, tocolysis should not be given to patients with threat-
ened preterm labor who resolve their uterine activity with con-
servative therapy. In these patients, testing for fFN and
evaluating the cervix for anatomical changes by digital and
sonographic examination may help prevent patients from
undergoing prolonged surveillance and tocolysis. The funda-
mental issue involved in withholding tocolytic agents because
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Table 62.9 Ingemarsson’s criteria for diagnosing preterm labor.

Gestation of 28–36 weeks
Painful, regular, uterine contractions occurring at intervals of less

than 10 min, for at least 30 min, by external tocography
Intact membranes
Cervix effaced or almost effaced and dilated between 1 and 4cm

Adapted from information in ref 110.

Table 62.10 Creasy criteria for diagnosing preterm labor.

Gestation of 20–37 weeks
Documented uterine contractions (4 in 20 min or 8 in 60 min)
Documented cervical change or cervical effacement of 80% or

cervical dilation of 2 cm (or more) 
Intact membranes

Adapted from information in ref. 111.
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of contraindications to therapy is whether the odds of deliv-
ery and its attendant maternal and perinatal risks outweigh
the odds of prolonging the pregnancy with medical interven-
tions and its attendant maternal and perinatal risks.

The lower limit for initiating tocolysis in a favorable can-
didate is approximately 17–20 weeks’ gestation. Different
opinions exist as to what are the upper limits of fetal age and
weight for appropriate tocolytic therapy. In “uncomplicated”
patients, some physicians initiate tocolytic therapy at 36
weeks’ gestation.115 Based on changes in the vascular intracra-
nial anatomy and nursery performance of cardiovascular, pul-

monary, and gastrointestinal systems, few data support an
overly aggressive tocolytic approach at tertiary care centers
beyond the beginning of the 35th week, or an estimated fetal
weight of 2000g, particularly if fetal lung maturity is present.
Once the appropriateness of therapy has been determined, the
physician must take a number of factors into account before
deciding which tocolytic agent to give (Table 62.12).

During the initial evaluation period, some authors recom-
mend performing microbiological cultures (including amniotic
fluid), urine toxicology, and baseline maternal cardiac, hema-
tological, and electrolyte evaluations. While these test results
are pending and the mother and fetus are deemed stable, a
thorough ultrasound examination is done to complete the eti-
ological and prognostic evaluation. Table 62.13 lists the
factors to be assessed by ultrasonography; many of these
factors have a tremendous influence on clinical management.

Fetal age, weight, and growth status

Gestational age is one of the most important determinations
that must be made. Of course, gestational age is not one
number but rather a range of numbers based on the best
obstetric estimate. At best, sonographic fetal age, based on
biometry, is an estimate determined by the mean for a popu-
lation of normally grown and uncomplicated fetuses.

Routine fetal biometric measurements should be performed
including the biparietal diameter (BPD), head circumference,
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Figure 62.7 Frequency of spontaneous preterm delivery according to cervical length (CL), categorized as < 15 mm, 15–29 mm, and ≥ 30 mm,
and vaginal fFN measurement. (From ref. 113.)

Table 62.11 Contraindications to tocolysis.

Absolute contraindications Relative contraindications

Fetal demise Fetal heart rate abnormalities
Lethal fetal anomaly Fetal growth restriction
Severe preeclampsia or eclampsia Preeclampsia not requiring 

requiring immediate delivery immediate delivery
Chorioamnionitis Stable late second or third 

trimester vaginal bleeding
Severe hemorrhage Significant maternal disease

Cervical dilation ≥ 5.0 cm
Progressive structural but 

nonlethal fetal anomalies
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occipitofrontal diameter (OFD), cephalic index, abdominal
circumference (AC), and femur length (FL). After the gesta-
tional age has been assigned, the estimated fetal weight (EFW)
should be calculated; it is recommended to use the formulae
of Shepard and colleagues116 or Hadlock and colleagues117 to
calculate the EFW. In cases of dolichocephaly, fetal age and
weight are underestimated and this finding should be included
in any decision-making.

The determination of EFW also becomes important at the
lower limits of viability. As with gestational age, estimating
fetal weight by sonography carries an inherent error. At the
lower limits of viability, a 10% error in predicted birthweight
usually corresponds to less than 75g. Assuming a fetal weight
gain of 15g per day at 24–25 weeks’ gestation, this is equiv-
alent to ±5 days of average fetal growth. Although some
patients have marked fetal growth restriction, birthweight is
still the cornerstone of immediate neonatal prognosis, partic-
ularly for infants who weigh less than 1000g.5 Accordingly, a
determination of fetal weight is useful for predelivery coun-
seling regarding prognosis and is superior, at times, to 
standard determinations of gestational age at predicting sur-
vival.118 In the same study,118 BPD was even more reliable than

EFW in determining neonatal prognosis, and performed as
well as actual birthweight.

After age and weight have been assigned, intrauterine
growth status should be assessed. Several investigators have
suggested that fetal growth restriction is more common than
expected in the setting of preterm labor.119,120 Westgren and
colleagues121 studied the relationship of idiopathic preterm
labor to fetal growth retardation by assessing the ratio of
femur length to abdominal circumference (FL/AC). Previously,
two groups had found that, between 21 and 42 weeks’ gesta-
tion, the FL/AC was constant (22 ± 2%) and independent of
gestational age.122,123 Westgren and colleagues121 found that
41% of infants who were delivered prematurely after failed
tocolysis had an FL/AC above 23.5 (indicating asymmetric
fetal growth restriction) compared with 5% of patients in
preterm labor who responded well to tocolytic therapy.

A finding of fetal growth restriction is of great clinical rel-
evance and importance in management at the lower limits of
fetal viability (i.e., 22–25 weeks). In these situations, sono-
graphic measurements may underestimate fetal age secondary
to suboptimal growth, and the infant may be erroneously
declared previable. In cases of fetal growth restriction at the
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Table 62.12 Agent-specific contraindications.

Beta-agonist
New York Heart Classification 2 or higher
Cardiac arrhythmias or maternal tachycardia
Severe hypertension
Thyrotoxicosis
Asymmetric septal hypertrophy
Uncontrolled diabetes mellitus
Adrenal tumors
Neurological thromboembolic phenomena

Magnesium sulfate
Myasthenia gravis
Heart block
Certain cardiac rhythm disturbances
Myocardial damage
Severe renal disease (may be used with specific precautions)

Prostaglandin synthesis inhibitors
Maternal:
Hepatic insufficiency
Coagulation disorder
Peptic ulcer disease
Uncontrolled hypertension
Renal disease
Aspirin sensitivity
Fetal:
Oligohydramnios
Gestational age > 32–34 weeks
Monozygotic twins
Discordant twins
Ductal dependent cardiac defect

Table 62.13 Fetal and maternal assessment via ultrasonography.

Fetal evaluation
Age, weight, and growth status
Life and fetal number
Lie, presentation, and position
Well-being
Behavior
Anatomy and sex
Blood and sampling (funicentesis) for rapid karyotype, blood gases,

disease-specific hematologic profiles

Amniotic fluid evaluation
Polyhydramnios
Oligohydramnios
Amniocentesis for infection, fetal pulmonary maturation, fetal

hemolysis

Placental and funic evaluation
Previa
Abruption
Marginal bleed with membrane separation
Location, internal anatomy, contour, thickness, and grade
Umbilical cord insertion sites
Funic presentation
Umbilical artery Doppler

Uterine and cervical evaluation
Defective uterine scar
Uterine septum
Weak lower uterine segment
Cervical length
Cervical dilation
Myomatous uterus
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other end of the prematurity spectrum (32 to 36 weeks), it is
not uncommon to find fetal pulmonary maturity when per-
forming transabdominal amniocentesis.

Fetal number

Preterm labor is at least 12 times more common in multiple
pregnancies than in singleton pregnancies.8 In the USA, there
is a 50% chance that a multiple gestation will be delivered
before 37 weeks.7 More than 50% of all twins and 90% of
all triplets are delivered with LBWs compared with 6% of all
singletons.7

Assisted reproductive technology has led to an increase in
the numbers of twins and higher order multiple gestations.
Twins resulting from selective reduction of higher order mul-
tifetal gestations are born earlier and weigh less than twins
who began their pregnancy as twins. It is not clear why this
occurs but reduced pregnancies have a higher incidence of pla-
cental abruption and spontaneous preterm labor.124,125

Multiple gestations also have a higher incidence of many
other maternal and fetal complications that strongly influence
the management of preterm labor and delivery. These include
complications such as preeclampsia (incidence of 20–33%),
severe polyhydramnios, fetal growth restriction, fetal malfor-
mation, nonimmune hydrops, and twin–twin transfusion 
syndrome. Therefore, a complete sonographic evaluation is
required for appropriate decision-making and choice of drug
therapy in multiple gestations that are complicated by preterm
labor. When using tocolysis combined with fluid therapy, the
risk of pulmonary edema is higher in multiple gestation than
in singleton pregnancies. To prevent pulmonary edema, total
fluid intake should be restricted to 3000mL of salt-free or salt-
poor solutions per 24h.

Malpresentation

Fetal malpresentation is common in patients with preterm
labor and delivery; the incidence of malpresentation is
inversely related to gestational age. Using sonography, it is
possible to detect an associated uterine malformation, placen-
tal abnormality, polyhydramnios, oligohydramnios, or fetal
abnormality. Suspicion of a fetal malformation or genetic syn-
drome is warranted in cases of malpresentation as there is a
higher incidence of fetal malformation in the preterm breech
infant; Nisell and colleagues126 reported an incidence of fetal
malformation of 13.6% in all breech infants born after 28
weeks’ gestation and weighing less than 2500g at birth. Addi-
tionally, Braun and colleagues127 reported a higher incidence
of breech-presenting fetuses in a variety of cases of fetal mal-
formation or neuromuscular dysfunction. These included
hydrocephalus, neural tube defects, trisomy syndromes 18, 
13, and 21, myotonic dystrophy, and other uncommon 
syndromes.

When faced with preterm delivery (from 25 to 34 weeks) of
a breech-presenting fetus in the absence of other clinically 

pertinent maternal or fetal complications, most specialists 
in maternal–fetal medicine usually perform a Cesarean
section, despite the fact that there is little scientific proof to
justify this approach.128,129 It is appropriate to consider per-
forming a Cesarean section for singleton breech-presenting
fetuses estimated to weigh between 600 and 1500g with a ges-
tational age of 24–32 weeks. At less than 600g or less than
24 weeks’ gestation, inherent fetal biology is thought to be a
better predictor of survival or intraventricular hemorrhage
(IVH) than delivery mode.

Individualization of care is necessary regarding the delivery
mode of extremely LBW preterm breech infants. Head
entrapment, which has a reported incidence of 5–10%, may
occur in both vaginal and Cesarean deliveries.130 However,
management of this complication is thought to be easier at
Cesarean section than at vaginal delivery.

Fetal well-being

Fetal well-being during the course of preterm labor is most
commonly assessed using the nonstress test. A classically reac-
tive test is most widely defined as at least two accelerations of
fetal heart rate of 15 beats per minute (b.p.m.) for 15 s during
a 20-min monitoring period. If the criteria for reactivity are
not met, the test is considered nonreactive; this is usually as a
result of fetal sleep cycles, medication, or prematurity, espe-
cially at less than 32 weeks’ gestation. Once sleep cycles or
drugs are eliminated then a further assessment of well-being
is indicated.

Because the contraction stress test is strongly contraindicated
in the presence of preterm labor, the test of choice for further
fetal evaluation is the biophysical profile. Fetal tone, fetal move-
ment, amniotic fluid volume, and fetal breathing movements
(FBMs) are all usually manifested weeks before classic fetal
heart reactivity.131 According to the criteria of Manning and
colleagues,132 fetal oxygenation is sufficient if these four param-
eters are present, regardless of reactivity.

In the setting of preterm labor, modifications of classical cri-
teria for a reactive nonstress test have been described by
Castillo and colleagues.133 By defining reactivity as three 
accelerations of 10 b.p.m., all fetuses tested at 26 weeks were
reactive at the end of the 60-min monitoring period, and
approximately 90% of the 24-week fetuses were reactive.

Umbilical artery reverse diastolic flow can be ominous and
indicates little time for conservative management. Other non-
invasive data are prone to high false-positive rates. Accord-
ingly, if noninvasive data are contradictory with regard to
oxygenation status, particularly in fetuses at high risk for aci-
dosis yet remote from term, funicentesis (percutaneous umbil-
ical cord sampling) can be helpful in the optimal management
of preterm labor. This technique has been well described by
Amon and colleagues.134 If the results of fetal acid–base status
are within the normal range, a few days of expectant man-
agement may be helpful to enable antenatal glucocorticoid
administration.135
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Fetal breathing movements

There seems to be a significant decrease in FBMs during true
labor. Several investigators have observed that the presence or
absence of FBMs may identify the patients in preterm labor
destined to deliver within 2–7 days of diagnosis.136–138 This
prediction is most accurate in uncomplicated preterm labor
without membrane rupture, antepartum hemorrhage, or mul-
tiple gestation, and before the initiation of tocolytic therapy.

In a comparison with fFN testing, measurements of FBMs
were a less reliable indicator of preterm labor than a negative
fFN result or a Bishop score of less than 2.139 The use of
indomethacin for tocolysis is clearly associated with an
increase in FBMs,140 whereas magnesium sulfate may be asso-
ciated with a decrease in FBMs.

In patients who delivered at less than 32 weeks and 
within 24 h of a FBM test, Sherer and colleagues141 found that
severe umbilical vasculitis was less frequent in cases in 
which FBMs were present compared with cases in which
FBMs were absent [8 out of 55 (15%) versus 18 out of 
56 (32%)]. They concluded that histological evidence of 
fetal inflammation is associated with an absence of fetal
breathing but not chorioamnionitis, even in cases with intact 
membranes.

Fetal malformation

There is an increased incidence of fetal malformations in
patients with preterm labor.142 Often, these patients have
advanced preterm labor, spontaneous rupture of membranes,
or vaginal bleeding. In a study of more than 30000 women
who had experienced three singleton births,49 fetal malforma-
tion was most common in infants born prematurely. It was
not uncommon to find multiple congenital anomalies, and the
rate of central nervous system malformations was as high as
8 per 1000 pregnancies. Overall, the relative risk that an infant
with a congenital malformation would be born preterm 
was 2.0.

Therefore, it is important to perform a complete fetal mal-
formation screen during preterm labor. If sonographic evi-
dence suggests aneuploidy, a rapid fetal karyotype may be
useful for optimal medical and obstetric management of labor,
mode of delivery, place of delivery, and neonatal resuscita-
tion.143 If a lethal karyotype is found, tocolysis should be 
discontinued.

Polyhydramnios

Polyhydramnios is an uncommon but important cause of
preterm labor. It occurs as a result of uterine overdistention
and has been defined as an amniotic fluid volume of more than
2000mL. It is usually diagnosed when uterine enlargement is
greater than expected for gestational age and there is an inabil-
ity to palpate fetal parts. Massive uterine overdistention may
result in maternal respiratory compromise and postrenal

obstruction. As many as 40% of patients with polyhydram-
nios experience preterm labor and delivery.144 Sonography is
used to confirm the diagnosis, to help determine the proximate
cause, and to guide therapeutic mechanical relief via reduction
amniocentesis.

Polyhydramnios may be caused by maternal, fetal, or pla-
cental factors, or by a combination of factors. In one study,145

approximately 60% of cases were idiopathic. Maternal causes
include diabetes mellitus and red cell alloimmunization (anti-
D, anti-Kell, etc.); these conditions can be readily excluded
using laboratory tests. Fetal etiologies include a complicated
multiple gestation, nonimmune hydrops, and structural con-
genital malformations. Fetal malformations were found in
75% of cases with severe polyhydramnios compared with
29% of mild cases.145 Central nervous system defects account
for approximately 45–50% of all fetal malformations, upper
gastrointestinal defects represent approximately 30%, and cir-
culatory abnormalities account for approximately 7%. A pla-
cental cause of polyhydramnios is a large chorioangioma, a
benign vascular malformation that acts like an arteriovenous
shunt. Tumors that are large enough to produce polyhydram-
nios and cause preterm labor are rare and associated with fetal
hydrops.

The rate of preterm labor and delivery is related to the
underlying cause rather than to the degree of polyhy-
dramnios: fetuses with congenital abnormalities [16 out of 
41 (39%)] and those of diabetic mothers [10 out of 45 (22%)]
had a significantly higher incidence of preterm birth than 
those with idiopathic polyhydramnios. In contrast, for mild
cases of polyhydramnios, preterm delivery occurred in 37 of
199 (19%), in moderate cases, 12 out of 55 (22%), and in
severe cases, 3 of 21 (14%)], thus indicating no significant 
differences in prematurity for varying degrees of 
polyhydramnios.146

Oligohydramnios

Oligohydramnios is caused by a significant reduction in amni-
otic fluid volume and is easily diagnosed with ultrasound. In
the setting of preterm labor, it may occur as a result of pre-
mature rupture of the membranes, maternal intake of non-
steroidal anti-inflammatory agents, severe intrauterine growth
retardation, or a genitourinary malformation in which fetal
urination into the amniotic cavity is absent. Serial sonography
and invasive procedures can differentiate between these
causes.

The diagnosis of lethal renal diseases is important because
many of these cases may present with fetal distress or mal-
presentation during preterm labor; these are the two most
common fetal indications for Cesarean section. Approxi-
mately 60% of patients with Potter’s syndrome develop
preterm labor, and 40–60% are in breech presentation.147 In
these situations, Cesarean section is performed solely for
maternal indications. Tocolysis is not indicated except for pos-
sible diagnostic evaluation and maternal transfer.
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Fetal gender

A curiosity of preterm birth is an excess of male fetuses, which
has been demonstrated in multiple studies. A more recent
analysis148 found a 7.2% excess of male fetuses among sin-
gleton preterm births of white women with an increased effect
in married women. Male excess was also found in twins born
prematurely to white women but to a lesser degree than 
singletons. Out of 14948 low-risk singleton pregnancies
included in the RADIUS study, male fetuses accounted for a
13.6% population–attributable risk for spontaneous preterm
labor, an even stronger effect than a positive urine culture.149

These data suggest the existence of a mechanism of preterm
birth that is influenced by fetal gender.

Fetal gender has important prognostic significance; female
infants weighing less than 1000g have a significant survival
advantage.5 By regression analysis, Fleisher and colleagues150

found that the lecithin–sphingomyelin (L/S) ratio in female
fetuses reached 2:1 at 33.7 weeks, 1.4 weeks earlier than in
male fetuses. Phosphatidylglycerol first appeared at 34 weeks
in female and at 35 weeks in male fetuses.

Amniocentesis and neonatal outcome

In experienced hands, amniocentesis carries a minimal risk in
the late second trimester or third trimester, and there is no sci-
entific evidence that it stimulates labor. Leigh and Garite26

used amniocentesis during preterm labor to detect subclinical
infection and fetal pulmonary maturity and found that 12%
had positive culture results. These patients presented at earlier
gestational ages and were more likely to have ruptured mem-
branes and to deliver within 48 h of admission than those with
negative culture results. One-third of the patients at 31–32
weeks’ and 50% of those at 33 weeks’ gestation or more had
mature L/S ratios.

The amniotic cavity is normally sterile; thus, isolation of any
organism indicates microbial invasion. Microorganisms can
gain access to the cavity by ascending from the lower genital
tract, maternal hematogenous spread, retrograde fallopian
tube spread, and iatrogenic introduction during invasive pre-
natal diagnostic and therapeutic procedures. The most
common organisms found in the amniotic fluid are Urea-
plasma urealyticum, Mycoplasma hominis, and Fusobac-
terium species.

In a review of 11 studies of transabdominal amniocentesis
in patients with preterm labor and intact membranes, Romero
and Mazor25 found a positive culture rate of 16%. In the
patients with positive culture results, 58% had clinical
chorioamnionitis, 65% were refractory to tocolysis, and 40%
had membrane rupture. The respective rates of these compli-
cations in patients with negative culture results were 7%,
16%, and 4%. Although a large percentage of the microbes
recovered were anaerobic, neonates rarely developed signifi-
cant anaerobic infections. A review of preterm labor patients
with intact membranes found that amniotic fluid infection

occurred at a rate of approximately 13%.149 Approximately
10–15% of neonates in the positive culture group developed
sepsis compared with approximately 2% in the negative
culture group.151

Rapid amniotic fluid tests for infection have been studied.
The most common tests in order of descending sensitivity are
measurements of IL-6 levels, a glucose concentration of less
than or equal to 15mg/dL, a white blood cell count greater
than or equal to 50 cells/µL, and Gram’s stain.152 Leukocyte
esterase and catalase tests have also been performed.153 The
false-positive rates for glucose concentration and white blood
cell counts are high.

The appropriate management of patients with positive
intra-amniotic culture results remains controversial. Some reg-
imens include antibiotics and immediate delivery but, in
others, the fetus is delivered only when there is clear clinical
evidence of infection, particularly in fetuses of 25–26 weeks
or less. For fetuses of 34 weeks’ gestation or more, delivery in
the setting of a positive amniotic fluid culture result appears
reasonable.

In 1990, we analyzed neonatal morbidity in preterm infants
born with mature amniotic fluid tests (Table 62.14).154 The
mothers presented with spontaneous preterm labor and were
potential candidates for tocolytic therapy. We found that
despite pulmonary maturity, RDS and other morbidities still
occurred as an inverse function of gestational age. Hence, pro-
longation of pregnancy should still be attempted even in the
presence of mature amniotic fluid indices for selected patients
at less than 34 weeks’ gestation. It should be noted that none
of the infants had significant RDS at 34 weeks or more. In
1993, Wigton and colleagues155 confirmed our findings regard-
ing the high false maturity rate of pulmonary maturity tests in
the preterm infant with resultant neonatal morbidity.

Konte and colleagues156 found a similar inverse relationship
between neonatal morbidity and gestational age (Table 62.15).
In a more indigent population, Lewis and colleagues157 found
a lower rate of RDS of approximately 15% at 34 weeks, with
a negligible incidence at 35 weeks or beyond. They recom-
mended that delivery be delayed through the 34th week. At
34–36 weeks, Myers and colleagues158 found that fetal lung
maturity testing was a cost-effective procedure. Testing of fetal
lung maturity is biochemically similar between twin and sin-
gleton pregnancies and has the same neonatal prognostic value
for a given gestational age.159

Uterine malformations

A review of pregnancy outcome in 182 women with uterine
anomalies found that preterm labor occurred in approxi-
mately 25% of 265 pregnancies.160 Patients with complete
bicornuate uteri had the highest incidence of preterm labor
(66%), but the number of such patients studied was small
(n = 6). Didelphia and all varieties of bicornuate uteri were
associated with a greater than 20% incidence of preterm labor,
whereas preterm labor occurred in up to 37.5% of patients
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with unicornuate uteri.161 The best fetal survival rate was
found in women with complete septate uteri (86%), whereas
the worst rates were found in women with complete bicornu-
ate (50%) and unicornuate uteri (40%). Uterine anomalies
may be associated with cervical incompetence, malpresenta-
tion, and maternal genitourinary malformations.

Management decisions at the 
lower end of viability

Managing preterm delivery at the lower limits of viability (cur-
rently 22–24 weeks’ gestation) is a vexing problem. The bio-
logical and clinical variables associated with obstetric and
neonatal management that favorably influence neonatal
outcome have been reviewed.5,11,12,118,162–164 It is optimal for
delivery in such cases to occur in immediate proximity to a
neonatal intensive care center.165 When conditions permit,
decisions regarding delivery of a severely preterm fetus (i.e.,
22–26 weeks’ gestation by best obstetric estimate) are ideally

made after the mother has been transported to a tertiary care
center. Highly coordinated predelivery family counseling by
obstetricians and neonatal physicians is recommended to
discuss the prognosis and plan management, thereby mini-
mizing anxiety, confusion, and fear.

Survival rates increase as a function of gestational age and
birthweight. Gestational age-specific survival rates and man-
agement recommendations have been reviewed.166,167 The 
survival rate is 50% at 24 weeks’ gestation, between 60% 
and 70% at 25 weeks, and between 70% and 80% at 26
weeks.13,167–169 Improvements in birthweight-specific survival
from 1983 to 1996 are shown in Table 62.16. Literature
reviews have found that subsequent severe handicap rates in
extremely preterm survivors are about 30%.167,170,171 Of all
extremely LBW nonsurvivors, 70–80% die in the first week of
postnatal life, most in the first few days.11,172

Consideration of Cesarean section for fetal distress should
begin at an estimated gestational age of 24 weeks, an esti-
mated weight of 600g, or both. In infants weighing less than
1000g, survival based on birthweight has tighter confidence
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Table 62.14 Neonatal morbidity in infants born with mature amniotic fluid tests.

Gestational age (weeks)

Complication < 33 (n = 15) 33 (n = 13) 34 (n = 19) 35–36 (n = 35)

RDS 7 (47) 2 (15) 0 0
Air leak 2 (13) 1 (8) 0 0
NEC 1 (7) 3 (23) 0 0
IVH 4 (27) 1 (8) 2 (11) 0
Sepsis 7 (47) 2 (15) 0 0
Blood transfusion 8 (53) 4 (31) 2 (11) 1 (3)
TPN 8 (53) 5 (39) 1 (5) 1 (3)
BWT (mean ± SD) 1563 ± 489 1925 ± 283 2177 ± 259 2442 ± 333

From ref. 154, with permission.

Percentages (in parentheses) are rounded to nearest percent.

BWT, birthweight (g); IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; RDS,
respiratory distress syndrome; SD, standard deviation; TPN, total parenteral nutrition.

Table 62.15 Neonatal morbidity rates by gestational age at birth.

Gestational age (weeks)

Complication 26–27 (n = 16) 28–29 (n = 32) 30–31 (n = 33) 32–33 (n = 44) 34 (n = 40) 35 (n = 36)

Intensive care nursery 16 (100) 32 (100) 31 (94) 40 (91) 29 (73) 8 (22)
RDS 13 (81) 19 (59) 10 (30) 13 (30) 9 (23) 1 (3)
Patent ductus arteriosus 8 (50) 16 (50) 7 (21) 6 (14) 5 (13) –
Sepsis 5 (31) 8 (25) 5 (15) 3 (7) 2 (5) 2 (6)
IVH 5 (31) 4 (13) 1 (3) – – –
NEC 4 (29) 2 (6) 2 (6) 1 (2) – –

From ref. 156, with permission.

Percentages (in parentheses) are rounded to nearest percent.
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intervals than that based on gestational age.168 Accordingly,
intervention based on EFW is a reasonable approach at the
borderline of viability. Outcome based on BPD assessment is
even more superior to EFW and is in line with birthweight.118

An obstetric willingness to perform Cesarean delivery for
fetal indications is associated with an increased rate of sur-
vival and a virtual absence of intrapartum stillbirth.173 This
willingness was an even better predictor of survival than either
the obstetrician’s opinion of viability or actual Cesarean
section;174,175 it results in both a greater likelihood of intact
survival and survival with serious morbidity.

Because of inherent inaccuracies in estimating fetal age and
weight, survival considerations on behalf of the fetus should
begin at between 22 and 23 weeks’ gestation and 450–500g.
The likelihood for survival in these instances is very low (i.e.,
less than 10–20%); therefore, Cesarean section for fetal indi-
cations is best avoided. Survival, if it occurs, generally occurs
regardless of the delivery mode. To protect the mother from
an undue risk of Cesarean section, which has little potential
benefit for the newborn, the mother should be offered all other
available options including transfer to a tertiary care center,
family counseling, standard hydration, fetal monitoring,
maternal positioning, maternal oxygenation, controlled sterile
delivery, and the presence of one or two neonatologists at
delivery. Additional measures include transcervical amnioin-
fusion and acute tocolysis for uterine relaxation.176,177

Tocolytic agents

In the last five decades, a host of drugs have been used in the
attempt to inhibit preterm labor. These include relaxin, beta-

sympathomimetic agents, ethanol, prostaglandin synthetase
inhibitors, organic calcium-channel blockers, magnesium
sulfate, diazoxide, aminophylline, progestogens, and, more
recently, oxytocin analogs that block oxytocin receptors and
nitric oxide donors. Many of the older agents had high success
rates initially, but subsequent reports have shown a reduced
and somewhat limited efficacy.

Beta-sympathomimetic agents

Beta-adrenergic receptors have been described by Lands and
colleagues.178 Beta-1 receptors are predominately found in the
heart, small intestine, and adipose tissue, whereas beta-2
receptors are predominately found in the uterus, blood vessels,
bronchioles, and liver. Some agents (e.g., ritodrine) have been
promoted as having selective beta-2 activity.179 Beta-2 selec-
tive sympathomimetic amines are structurally related to cate-
cholamines and stimulate all beta receptors throughout the
entire body.180 Tachyphylaxis is seen with continued use;181,182

however, a short course of intermittent therapy may provide
a sustained myometrial response.

The side-effects of these agents represent an exaggeration of
their physiological effects. The following complications of the
cardiovascular system are found: peripheral vasodilation with a
decrease in diastolic blood pressure, a positive chronotropic
effect with decreased ventricular filling time, a positive
inotropic effect, and a tendency toward arrhythmogenesis.183

Supraventricular tachycardia, nonspecific T-wave changes, and
transient ST-segment depression all resolve with discontinua-
tion of drug therapy. It is not uncommon to find chest pain with
parenteral administration. These drugs increase oxygen
demand and decrease coronary artery perfusion. They may
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Table 62.16 Improvements in neonatal survival with increasing birthweight in extremely low birthweight infants.

Birthweight (g) Neonatal survival (%)

University of St. Louis University NIH Neonatal NIH Neonatal NIHCD Centers St. Louis University
Tennessee at (1986–1991)† Network Network (1995–1996)§ (1992–1996)¶
Memphis (1988–1989)‡ (1989–1990)‡
(1983–1985)*

400–499 – – – – 11 –
500–599 9 25 18 20 27 48
600–699 23 52 30 41 63 62
700–799 43 59 56 65 74 71
800–899 66 – 65 76 – 85
900–999 64 – – – – 89

*From ref. 11: n = 263, 500–1000 g.

†From ref. 12: n = 156, 500–750 g.

‡From ref. 167: n = 752, 500–1000 g.

§From ref. 166: n = 4438, 401–800 g.

¶Data from Barbara Cohlan MD, Director of Nurseries, St. Mary’s Health Center, and William Keenan MD, Director of Neonatology:
n = 398, 500–1000 g.
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cause myocardial ischemia; however, levels of cardiac isoen-
zymes are not increased. These clinical and electrocardio-
graphic findings may relate directly to drug therapy or indirectly
to electrolyte disturbance per se, rather than to ischemia.184

Maternal cardiac death has also been reported.185–187

Pulmonary edema may occur in a small percentage of
patients treated with parenteral beta-sympathomimetic
agents.183 This life-threatening complication has several pre-
disposing factors: multiple gestation, a positive fluid balance,
blood transfusion, anemia, infection, associated hypertension,
polyhydramnios, and underlying cardiac disease. Ritodrine
causes the retention of salt and water at the level of the
kidney;180 plasma volume expands and the hematocrit level
drops by 10–15%.188 These findings highlight the importance
of refraining from using isotonic fluids throughout ritodrine
therapy, restricting total fluids to less than 3000mL/day, and
maintaining a meticulous fluid intake and output record.
Because betamethasone and dexamethasone are almost devoid
of mineralocorticoid activity, they may be used safely with
beta-mimetics.189

Metabolic complications, such as hypokalemia resulting
from increases in glucose and insulin, hyperglycemia resulting
from glucagon stimulation and glycogenolysis, and an increase
in free fatty acids as a result of lipolysis, are common with
intravenous therapy.190,191 Less common is lactic acidosis and
ketosis,192 and occasionally there have been cases of diabetic
ketoacidosis.193 Ritodrine has less effect on glucose intolerance
than does oral terbutaline.194–196

The effects on uteroplacental perfusion are controversial;
some studies have shown an increase, whereas others have
shown a decrease.197,198 Placental transfer does occur and it is
not uncommon for the fetus to develop a mild tachycardia.
Common effects on the neonate have been limited primarily
to hypoglycemia, occasional ileus, hypocalcemia, and hyper-
bilirubinemia.199 Apgar scores are not significantly affected,200

and long-term follow-up studies have revealed no significant
problems in child development.201–205

Controversy exists as to whether there is an association
between beta-agonist tocolysis and neonatal IVH.206–208

However, a large and very well-designed prospective randomized
placebo-controlled Canadian study of ritodrine tocolysis could
not demonstrate any increased risk of IVH in the group given
ritodrine.209 Sinclair210 noted no difference in the treatment arms
of this study with regard to corticosteroid usage, supporting the
view that beta-agonist tocolysis with and without corticosteroid
therapy does not increase the risk of IVH.

Ritodrine
Favorable reports in 1980 by Barden and colleagues185 and
Merkatz and colleagues211 promulgated the clinical use of rito-
drine in the USA. Ritodrine became the first drug approved by
the Food and Drug Administration (FDA) for the inhibition
of preterm labor. It was reported to have a similar efficacy but
fewer side-effects than previously used tocolytic agents and,
generally, the side-effects were thought to be acceptable. There

was evidence that it prolonged pregnancy and, when com-
pared with control subjects, there was a significant reduction
in the incidence of neonatal death and RDS.211

A subsequent meta-analysis of ritodrine efficacy was per-
formed on 890 women who participated in 16 scientifically
acceptable controlled trials.212 There were significantly 
fewer deliveries in the beta-mimetic group during the first 24
and 48h of therapy, and there was a slight reduction in 
the percentage of preterm deliveries in the group receiving
beta-mimetic therapy. However, there was no significant
reduction in the incidence of LBW infants, respiratory 
distress morbidity, or perinatal mortality. The Canadian trial
found a statistically significant 48-h delay in labor in women
receiving ritodrine as opposed to placebo, and there was a
trend toward improved neonatal survival in women receiving
ritodrine who were randomized at between 24 and 27
weeks.209

Ritodrine infusions should be given according to the guide-
lines in the manufacturer’s package insert185 or according to
the method of Caritis and colleagues.213 Attention should be
paid to contraindications as shown in Table 62.12. Intramus-
cular ritodrine administration has been described214 and con-
sists of three injections of 5–10mg of ritodrine at 2-h intervals.
This method appears to be a safe and effective alternate route
to intravenous therapy.215

To date, beta-agonists have not been shown to be effective
when given as a prophylactic agent. In fact, one meta-analy-
sis has indicated the lack of tocolytic efficacy of standard oral
beta-agonist maintenance therapy.216

A European report of a randomized, double-blind, placebo-
controlled trial of a sustained release ritodrine capsule result-
ing in three daily doses of 80mg of ritodrine found significant
benefits compared with the control group.217 Recurrent
preterm labor occurred much less often in the treatment group
[1 out of 50 (2%) compared with 11 out of 45 (25%)
patients]; and spontaneous preterm delivery occurred less
often (0 out of 50 compared with 4 out of 45 patients).

Terbutaline
Terbutaline is commonly used in the initial management of
preterm labor. Initially, its efficacy was thought to be quite 
significant but subsequent studies have found that it is
limited.110,218,219 Terbutaline has significant, potentially life-
threatening side-effects, similar to those of ritodrine, especially
when given intravenously.183,220

Terbutaline can also be given subcutaneously; the effect is
rapid and there are fewer side-effects.221–223 The ease of admin-
istration and the avoidance of intravenous hydration makes
the subcutaneous route a reasonable alternative. In a com-
monly used regimen, 0.25mg is given subcutaneously every
20–60min until contractions have subsided. Close attention 
is paid to the maternal heart rate and other symptoms, in order
to prevent serious complications. Oral administration of
terbutaline results in widely varying serum concentrations.224

The usual daily dose ranges from 10 to 30mg, with a
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maximum daily dose of approximately 40 mg. Cardiovascu-
lar collapse and peripartum heart failure have been rarely
associated with oral terbutaline therapy.225,226

A more recent development in terbutaline administration is
the use of a continuous subcutaneous infusion pump, although
controversy exists regarding the efficacy of this therapy.227–230

It should be noted that the numbers involved in most of these
studies were small and the results inconclusive. This type of
outpatient therapy is very expensive and invasive; nonetheless,
it has unique features and does ensure round-the-clock 
compliance.

Prostaglandin synthetase inhibitors

Prostaglandin synthetase inhibitors are among the most effec-
tive drugs known for inhibiting preterm labor.231 They are
easily administered and well tolerated by the mother.
However, they have only a limited window of human appli-
cation because of fetal safety.

Out of all the traditional tocolytic agents available,
indomethacin is likely to have the greatest efficacy. Zucker-
man and colleagues232 first reported its clinical use as a
tocolytic agent in the treatment of preterm labor in 1974.
Around 80% of patients responded to 100 mg of
indomethacin administered rectally followed by 25 mg given
orally every 6 h. Other studies showed similar results.233,234

When randomized placebo-controlled studies as well as com-
parison studies were performed, indomethacin (daily dose
range from 100 to 200 mg) was found to be significantly more
effective than placebo235,236 or beta-agonists.237–239 More recent
trials indicate that beta-agonists240–242 and magnesium
sulfate243 have similar efficacy.

Maternal side-effects are minimal and primarily consist of
a gastrointestinal upset, which may require the use of calcium
carbonate (Maalox). Indomethacin is contraindicated in
patients with hematological dysfunction, peptic ulcer disease,
and known allergies; it appears to increase the bleeding time.
It is relatively contraindicated in maternal renal disease.
Indomethacin does not significantly affect uteroplacental per-
fusion244 or Apgar scores.236

The most significant potential complications in the fetus
relate to the premature closure of the ductus arteriosus, right-
sided heart failure, and fetal death.245 The prostaglandin E
series allows the ductus arteriosus to remain patent, whereas
indomethacin tends to transiently constrict the ductus;246,247 it
is much more likely to reversibly constrict the ductus after 31
weeks.248 Irreversible closure of the ductus is more likely at a
much later gestational age, closer to the time of physiological
closure; however, there are case reports of fetal deaths result-
ing from complete ductal closure.249 Sonographic evaluation
of structural fetal anatomy to rule out a ductal-dependent
lesion is thus important before and during therapy of preterm
labor with indomethacin. Use for more than 72 h should
prompt a further evaluation of the ductus and an investiga-
tion to rule out fetal heart failure. Nonetheless, fetal echocar-

diography reports have suggested the relative cardiovascular
safety of indomethacin.250

In the neonate, the most feared complication is persistent
pulmonary hypertension.251 Fetal and neonatal oliguria is not
uncommon;252–254 in fact, idiopathic polyhydramnios may be
treated effectively with indomethacin.255,256 Sonographic sur-
veillance for oligohydramnios is indicated when indomethacin
is used for more than 72 h. There are case reports of neona-
tal bowel perforation,257 and hyperbilirubinemia may occur
because indomethacin can displace bilirubin from the binding
sites of albumin.258 Indomethacin use may also predispose to
NEC and IVH.254,259 However, others260–262 have found no
increase in neonatal complications in prenatally exposed
infants delivered at less than 32 weeks’ gestation. Because of
the variance in fetal safety, one could consider these agents as
second-line therapy, using proper precautions to minimize
fetal and neonatal effects.

The 1980s database suggested that the selective use of
indomethacin before 34 weeks’ gestation caused no substan-
tial and permanent side-effects to the fetus or neonate.263,264

However, since that time, there have been reports that suggest
both short- and long-term side-effects.265,266 More recent find-
ings suggest that sulindac has a more favorable safety profile
than indomethacin, although both have similar degrees of 
efficacy.267–269

More data are being accumulated using cyclo-oxygenase-2-
selective inhibitors (COXIBs), and there may also be a role 
for the newly developed prostaglandin F2 alpha-receptor
antagonists.270

Magnesium sulfate

In 1985, magnesium sulfate was the second most commonly
prescribed parenteral agent for tocolytic therapy in the 
USA after beta-sympathomimetic agents.271 More recent evi-
dence and clinical experience favor magnesium over beta-sym-
pathomimetics with regard to safety and tocolytic efficacy.272

Magnesium sulfate has become the first-line agent of choice
for continuous intravenous tocolytic therapy.

Properly used, magnesium sulfate is safe for both tocolysis
and seizure prophylaxis. Most clinicians monitor reflexes, res-
piration, urine output, and intermittent serum magnesium
levels to prevent the serious complication of hypermagne-
semia. A diminished glomerular filtration rate diminishes the
excretion of magnesium, and continued administration of par-
enteral magnesium sulfate may result in toxicity as serum
levels rise. Fortunately, a fast-acting and safe antidote is
readily available; intravenous injection of calcium gluconate
or chloride rapidly antagonizes the actions of excessive 
magnesium.

Pharmacology
Only 30% of the normal daily intake of oral magnesium 
is absorbed; this absorption occurs in the upper small bowel
by an active process. The National Research Council’s 
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recommended dietary allowance of magnesium for pregnant
women is 450mg daily. Dietary sources of magnesium are
meat, milk, dark-green vegetables, seafood, and chocolate.
The kidney is the major regulator of the serum magnesium
concentration because magnesium is principally excreted in
the urine.273

The mechanism by which hypermagnesemia exerts its relax-
ant effects on smooth muscle differs from that of skeletal
muscle. Smooth muscle undergoes pharmacomechanical cou-
pling mediated by various agonists rather than the electro-
mechanical coupling characteristic of skeletal muscle. Excess
magnesium depresses the peripheral neuromuscular system by
inhibiting acetylcholine release and reducing the sensitivity of
the motor end plate potential. Acetylcholine is unnecessary for
spontaneous contractility of smooth muscle.

The exact mechanism by which magnesium diminishes or
abolishes uterine activity remains unclear. Experimental data
support the view that the extracellular magnesium ion con-
centration affects the uptake, binding, and distribution of
intracellular calcium in vascular smooth muscle.274 Similar
mechanisms may operate in gravid uterine smooth muscle.
Calcium uptake into postpartum myometrial cells appears to
be inhibited by high extracellular magnesium concentra-
tions.275 The extracellular excess of magnesium results in an
increase of 50% in intracellular magnesium concentrations.
The inhibition of calcium channel currents appears to be
related to magnesium-induced tocolysis.276

In general, maternal magnesium sulfate-induced hypermag-
nesemia is associated with increased urinary excretion of both
magnesium and calcium. In the study of Hoff and col-
leagues,277 three-fourths of the elemental magnesium infused
was excreted during the infusion and 90% was excreted
within 24 h of the end of the infusion. The urinary excretion
of calcium was three times that observed in control subjects;
the mean total maternal serum calcium decreased by 12% and
the mean serum ionized calcium by 25%. Acutely, phosphate
and calcitonin levels did not change significantly, but the mean
parathyroid hormone level increased by approximately 25%
from baseline to the end of the infusion.

Maternal side-effects
Tables 62.17 summarizes the major clinical side-effects of
maternal hypermagnesemia, and Table 62.18 gives the critical
serum levels of magnesium needed for some of these effects to
occur. Clinically, respiratory depression from hypermagne-
semia does not occur before the disappearance of the deep
tendon reflexes. The absence of the reflex arc should therefore
serve as a warning sign of impending magnesium toxicity. For
patients who inadvertently receive high doses of magnesium
intravenously over a short period, the initial clinical presenta-
tion may be respiratory or cardiac arrest.278–280

One of the most important side-effects encountered during
standard tocolytic therapy with magnesium sulfate is chest
pain, possibly due to myocardial ischemia. This uncommonly
occurs as a result of magnesium sulfate therapy alone, but

more often there are additional factors. A higher incidence of
cardiorespiratory side-effects occurs in patients undergoing
supplemental drug therapy after failed single-agent
therapy.281,282

A potentially lethal side-effect encountered during magne-
sium sulfate tocolytic therapy is pulmonary edema. It occurs
with an incidence of approximately 1%, compared with 5%
in patients receiving beta-sympathomimetics.283,284 Generally,
these cases are complicated by other factors associated with
pulmonary edema including multiple gestation, polyhydram-
nios, preeclampsia, anemia, blood transfusion, chorioam-
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Table 62.17 Potential maternal effects of hypermagnesemia.

Common side-effects
Loss of deep tendon reflexes
Warmth during infusion
Mild central hypothermic effects
Increase in skin temperature
Cutaneous vasodilation
Nausea, possible emesis

Not uncommon side-effects seen with moderately elevated
serum levels
Somnolence, lethargy, lightheadedness
Visual blurring, diplopia
Dysarthria
Nystagmus
Constipation and dyspepsia

Uncommon side-effects
Potentiation of other neuromuscular blockers
Lengthening of the P-R and QRS interval
Controversial effect on the T wave
Chest pain
Pulmonary edema

Effects seen at very high serum concentrations
Respiratory depression
Cardiac arrest
Profound muscular paralysis
Amnesia
Decreased rate of impulse formation of the sinoatrial node

Rare side-effects
Profound hypotension
Maternal tetany
Hypersensitivity: urticarial reaction
Paralytic ileus

Table 62.18 Critical serum levels for magnesium sulfate.

Therapeutic range 6–8 mg/dL
Loss of deep tendon reflexes 8–12 mg/dL
Respiratory paralysis 12–15 mg/dL
Cardiac arrest > 20 mg/dL

Based in part on information obtained from ref. 277.
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nionitis, positive fluid balance, operative delivery, dual-agent
therapy, and prolonged therapy.285–287 With proper patient
selection, judicious therapy, and close monitoring, the risk of
pulmonary edema can be minimized.209

Perinatal side-effects
Neonatal and fetal side-effects of magnesium sulfate therapy
are summarized in Table 62.19.287 None of the neonatal effects
appears to be due to magnesium alone; they may be related
to confounding variables such as maternal illness, fetal growth
retardation, and prematurity. A decreased bone density is 
seen in magnesium-treated patients compared with control
subjects.288,289

Reports of the effect of magnesium sulfate on fetal behav-
ior are inconsistent.287 Gray and colleagues290 found no sig-
nificant decrease in FBMs after intravenous magnesium sulfate
therapy. Indeed, they found no significant changes in any char-
acteristic of the fetal biophysical profile when magnesium was
used for tocolysis over a 12-h period. However, Sherer291

demonstrated a blunted fetal response to vibroacoustic stim-
ulation in a study of five pregnant women treated with mag-
nesium sulfate for tocolysis.

Because of both maternal heat loss from peripheral vasodi-
lation and a blunted shivering ability, a maternal central
hypothermic effect can occur, with the temperature dropping
as low as 94ºF (34.4°C). The baseline fetal heart rate changes
accordingly as it is very sensitive to maternal temperature, and
a temporary benign fetal bradycardia occurs. Concomitant
accelerations are reassuring and delivery is not indicated.

Efficacy and relative safety
In 1966, Rusu and colleagues292 performed the first therapeu-
tic trials of magnesium as a tocolytic agent. In 1977, Steer and
Petrie293 were the first investigators to publish the results of a
clinical trial evaluating such therapy in English. They studied
71 patients in preterm labor with intact membranes who had
a painful, identifiable contraction pattern with a frequency of
5min or less. Out of these patients, 31 received ethanol and
31 received intravenous magnesium sulfate; the remaining
nine received an infusion of 5% dextrose in water. The 

magnesium group were given a 4-g loading dose of a 10%
solution intravenously, followed by 2g/h. Successful treatment
was defined as the absence of contractions for a 24-h interval.
The success rate was higher in the magnesium group (77%)
than in both the alcohol group (45%) and the control group
(44%). In patients with cervical dilation of 1cm or less, the
respective success rates were 96%, 72%, and 60%. The
respective frequencies of patients remaining undelivered for at
least 1 week were 74%, 42%, and 33%. The authors con-
cluded that magnesium sulfate may become an alternate
method of controlling preterm labor.

In 1982, three studies were published. In a randomized 
trial of tocolytic therapy with magnesium sulfate versus 
intravenous terbutaline, Miller and colleagues294 found that 
magnesium was equally as effective as terbutaline but resulted
in fewer side-effects. Spisso and colleagues295 reported on a
large case series that used magnesium sulfate as the primary
tocolytic agent and concluded that it is effective and has
minimal adverse effects in patients at risk for preterm deliv-
ery. Valenzuela and Cline296 reported on five patients who,
after failing to respond to beta-mimetic agents, were treated
successfully with intravenous magnesium sulfate.

In 1983, Elliott297 reported on 355 patients with and
without intact membranes who were treated with magnesium
sulfate as the primary tocolytic agent. The author found that
magnesium sulfate had a similar efficacy to ritodrine. Failure
to respond to magnesium was often as a result of chorioam-
nionitis, advanced cervical dilation, and placental abruption.
Around 7% of patients experienced side-effects but, of these,
only 2% required discontinuation of medication.

In 1984, Tchilinguirian and colleagues298 performed a 
randomized trial of magnesium sulfate versus intravenous
ritodrine and found a similar efficacy. Beall and colleagues299

performed a randomized trial of ritodrine versus terbutaline
versus magnesium sulfate, using each as a primary agent. 
A crossover arm was used when single-agent primary 
therapy was unsuccessful. They concluded that, in a busy
service, magnesium sulfate was the primary tocolytic agent 
of choice.

In 1987, Hollander and colleagues271 carried out an excel-
lent prospective randomized study analyzing the efficacy and
safety of magnesium sulfate versus ritodrine. All patients were
in preterm labor with intact membranes and associated cervi-
cal changes. Successful tocolysis was defined as cessation of
uterine activity and delay in delivery for 72h or more from
the onset of treatment. The success rates of ritodrine and mag-
nesium sulfate as primary agents were 83% and 91% respec-
tively. When administered as either a primary or secondary
agent, the success rate of ritodrine was 79% and magnesium
sulfate was 88%. A delay in delivery of 1 week or more
occurred in 72% of patients given ritodrine and 75% of those
given magnesium sulfate. The mean serum level of magnesium
required to achieve tocolysis was 6.6 mg per 100mL. The
authors concluded that magnesium sulfate was easy to admin-
ister and clinically efficacious, and that the side-effects were
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Table 62.19 Potential fetal and neonatal effects of
hypermagnesemia.

Controversial effects on fetal heart rate variability
Lack of significant effect on fetal umbilical Doppler studies
Fetal breathing movements decrease
Mean baseline fetal heart rate decreases
Flaccidity, hyporeflexia
Need for assisted ventilation
Weak or absent cry
Transient decreased active tone of neck extensors
Possible transient radiographic bony changes

Modified from ref. 289.
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less alarming than those of ritodrine. They recommended that
magnesium sulfate be used as the primary agent for tocolytic
therapy, with ritodrine as a back-up.

In 1990, Cox and colleagues300 published a randomized trial
comparing magnesium sulfate therapy with no tocolytic
therapy in 156 women thought to be in preterm labor. They
found no significant prolongation of pregnancy in the group
receiving magnesium. Cox and other authors of tocolytic effi-
cacy studies concluded that magnesium sulfate was ineffective
in preventing preterm birth. However, this was not a blind
study. In the control group, only 28% delivered within 24h.
Almost two-thirds of the control patients had a delay in deliv-
ery of at least 1 week, with most remaining undelivered for
more than 28 days. Because the majority of the control group
did not readily deliver soon after admission, most patients in
this study were not in true actual preterm labor. This finding
renders the conclusions of ineffectiveness of magnesium
sulfate therapy as speculative at best.

In 1992, Chau and colleagues301 compared intravenous and
oral magnesium therapy versus subcutaneous and oral terbu-
taline therapy. For short-term tocolysis, no significant differ-
ences were found between the groups. However, magnesium
was associated with a higher rate of term delivery.

In 1995, Hales and colleagues302 evaluated the efficacy and
safety of magnesium sulfate therapy in twins compared with
singletons. The same dosing regimen was used in both groups,
and no differences were found between them in terms of effi-
cacy. Areflexia was less common in the twin group, but other
side-effects were similar. They concluded that higher dosing
was not required in twin gestations. However, tocolysis in
higher order multifetal gestations does appear to require
higher doses.303

When moving the inpatient that responded to intravenous
magnesium therapy to an outpatient situation, many practi-
tioners slowly discontinue drug therapy. In fact, a randomized
trial found that a weaning period was not necessary; retocol-
ysis within 24 h was actually more common in the group
undergoing slow weaning.304

Dual-agent therapy
In 1984, Ferguson and colleagues283 performed the first trial
comparing dual-agent primary therapy of magnesium sulfate
and intravenous ritodrine with intravenous ritodrine and
noted serious side-effects. The study was randomized and the
administration of magnesium versus intravenous fluids was
blinded. The authors concluded that the adjunctive use of
magnesium sulfate with ritodrine was associated with an unac-
ceptable increase in serious side-effects and probably no
increase in efficacy.

In 1984, Hatjis and colleagues305 performed a slightly dif-
ferent evaluation comparing primary ritodrine therapy with
dual-agent ritodrine plus magnesium sulfate in those who
failed primary ritodrine therapy. Treatment-related mater-
nal–fetal complications after dual-agent secondary therapy did
not differ among the groups. The authors concluded that

adding magnesium in pharmacological doses to conventional
ritodrine therapy improved pregnancy outcome in those not
responding to primary ritodrine therapy.

In a 1987 study, Hatjis and colleagues306 randomly assigned
patients in preterm labor to one of two treatment groups. One
group of 32 women initially received ritodrine alone, while
another group of 32 received ritodrine and magnesium sulfate
concurrently. The authors concluded that concurrent admin-
istration of ritodrine and magnesium sulfate was more effica-
cious than ritodrine alone and caused no apparent increase in
adverse side-effects. However, the efficacy conclusion is debat-
able because the ultimate success rates of tocolysis in both
groups were similar.

Diamond and colleagues286 reported on 11 patients who
received additional magnesium therapy for preterm labor after
unsuccessful therapy with ritodrine alone. One patient devel-
oped cardiovascular complications, and pulmonary edema
developed in a patient with a twin pregnancy.

Ogburn and colleagues285 studied the effect on preterm
labor of a combination of magnesium sulfate and ritodrine or
terbutaline in 23 high-risk patients. Pregnancy was prolonged
for at least 1 week in six of the patients (26%). Five (22%)
developed pulmonary edema and, of these, three had twin ges-
tations with intact membranes, and two had premature
rupture of membranes. The authors concluded that combina-
tion therapy may be effective in prolonging some pregnancies
with preterm labor, but only with an increase in maternal risk.
Wilkins and colleagues281 also found significant risks with
dual-agent intravenous therapy.

Careful titration of dual-agent therapy appears to be safe in
some hands.307,308 In one of these studies,307 the increased
safety may have resulted from the low initial drug infusion
rates of intravenous terbutaline and the elimination of the
magnesium bolus.

Other empirical drug combinations containing magnesium
sulfate have been used quite successfully and safely in our
hands (e.g., magnesium sulfate and intermittent oral or sub-
cutaneous terbutaline or oral nifedipine). We and others have
found that the combination of magnesium sulfate and
indomethacin was relatively safe and advocated its use for
patients with advanced cervical dilation.309,310

Long-term therapy
In 1986, Wilkins and colleagues281 reported a normal outcome
in two patients in preterm labor who had been treated con-
tinuously for 6 and 13 weeks with intravenous magnesium
sulfate for tocolysis. In each case, conventional therapy with
intravenous and oral ritodrine failed to abate uterine contrac-
tions and attempts to wean the patients off magnesium sulfate
were unsuccessful. In 1989, Dudley and colleagues311 added
51 patients to the database, successfully supporting long-term
magnesium sulfate therapy. They concluded that there need be
no time limit for treatment and that magnesium sulfate tocol-
ysis may be continued as clinically indicated. However, some
reports have implicated long-term continuous infusion of mag-
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nesium sulfate for tocolysis in the genesis of transient neona-
tal radiographic bony lesions.288,312

Oral magnesium as prophylaxis for preterm delivery
Serum magnesium levels are usually lower in pregnancy than
in the nonpregnant state, and during preterm labor levels
appear to drop still further.313,314 Some authors have suggested
an etiological relationship between low magnesium concen-
trations and preterm delivery.315–317 Oral tocolysis with mag-
nesium oxide and gluconate has been used.318 The mean serum
concentration of magnesium may increase from 1.44 ±
0.22mg per 100mL before oral therapy to 2.16 ± 0.32mg per
100mL after therapy.319

In 1987, Martin and colleagues319 reported on 50 patients
in preterm labor who had undergone successful tocolysis.
One-half received magnesium sulfate followed by oral mag-
nesium gluconate, and the other one-half received intravenous
ritodrine followed by oral ritodrine. The number of patients
who progressed to 37 weeks’ gestation was similar in both
groups, but more of the ritodrine patients suffered side-effects
(40% versus 16% of the non-ritodrine group). The authors
concluded that both oral agents were equally as effective in
prolonging pregnancy to term.

A randomized trial comparing oral terbutaline with mag-
nesium oxide for the maintenance of tocolysis revealed no sig-
nificant difference in efficacy.320 The authors did find fewer
side-effects and a significant cost advantage was apparent with
the magnesium therapy. Another study compared tocolysis
with oral ritodrine, oral magnesium, and no oral mainte-
nance;321 the investigators were unable to demonstrate any
pregnancy prolongation as a result of oral therapy.

Sibai and colleagues322 performed a double-blind ran-
domized controlled study of 400 young primigravid nor-
motensive patients in whom oral daily administration of
365 mg of magnesium aspartate hydrochloride was compared
with an aspartic acid placebo. There were no significant dif-
ferences between the two groups regarding the incidences of
preterm labor, preterm delivery, placental abruption, fetal
growth retardation, preeclampsia, or admissions to the neona-
tal intensive care unit. They concluded that magnesium sup-
plements had no demonstrable benefit in the population
tested; even with a sample size 10 times larger, no decrease in
preterm labor would have been detected in the magnesium
group.

Recommended clinical protocol
Most published studies have used a loading dose of 4g of
intravenous magnesium sulfate followed by doses of 2g/h, but
others323–326 have advocated a 6-g loading dose. The clinical
protocol in Table 62.20, modified from Petrie, allows for fine-
tuning of infusion rates with decreased potential for fluid over-
load and is well tolerated by most patients. Paying careful
attention to contraindications (Table 62.12), and to fluid
intake and output, diminishes the risk of pulmonary edema
and magnesium toxicity.

Magnesium sulfate, cerebral palsy, and infant mortality
Can cerebral palsy be prevented by the use of magnesium
sulfate? In a retrospective epidemiological study, antenatal
exposure to magnesium sulfate in VLBW infants was found
to reduce the incidence of cerebral palsy at 3 years of age or
more.327 However, other investigators have not been able to
find an association between magnesium and a reduced 
risk of cerebral palsy.328 Some clinical investigators have 
found that the cerebroprotective effect is a result of the under-
lying indication for treatment rather than magnesium 
per se. They reported fewer neurological impairments in
infants born to magnesium-treated women with preeclampsia
than infants born to magnesium-treated women with sponta-
neous preterm labor.329 Infection, a common underlying mech-
anism in patients with preterm labor, may be the real
predisposing factor.330,331 Animal models indicate that mag-
nesium deficiency is related to higher levels of IL-1, IL-6,
tumor necrosis factor-alpha, endothelin, and inflammatory
neuropeptides.332

A report from Mittendorf and colleagues333 found an alarm-
ing increase in total pediatric mortality in infants born to
women in spontaneous preterm labor who were randomized
to receive prenatal exposure to magnesium sulfate. After a pre-
liminary analysis, nine out of 10 pediatric deaths were found
to have occurred in the magnesium-exposed group. The causes
of the nine deaths could be categorized as follows: post neona-
tal (4); severe twin transfusion syndrome in a 26-week preg-
nancy (2); multiple congenital anomalies (1); subepicardial
hemorrhage in an 885-g infant who underwent cardiopul-
monary resuscitation in labor and delivery (1); and neonatal
apnea treated after discharge home (1).

The study by Mittendorf and colleagues had tremendous
implications for the use of magnesium sulfate therapy for
tocolysis. Importantly, the authors should have provided a
clear description of all other potentially confounding  vari-
ables to make sure the process of randomization actually func-
tioned as it should in theory; however, they presented very few
data regarding other potential confounders or risk factors. A
barrage of criticism was unleashed from centers around the
world,334–337 and there was general disfavor by guest editorial
writers. Methodological problems of the Mittendorf study
included: scientific bias because the study was not blind, the
presence of deaths not easily related to magnesium, double
counting as a result of an excess number of twins in the mag-
nesium group, the inclusion of randomized patients who did
not actually receive magnesium, and incomplete data on the
control group. Data from other studies have shown no posi-
tive association between magnesium sulfate and neonatal 
mortality.338,339 In fact, the authors found a strong negative
association and stated that magnesium actually conferred a
degree of protection against neonatal death. The Australian
study339 concluded that the pediatric outcome for very low
birthweight infants was improved in women given magnesium
sulfate for preterm labor.
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Nifedipine

A better term for calcium-channel blockers is calcium antag-
onists because they do not completely block calcium influx
into the cell; such an action would be incompatible with life.
Rather, calcium antagonists are used to normalize excessive
pathological muscle contractility and pacemaker activity at the
cardiac, vascular, and uterine tissue and organ levels.340

Nifedipine inhibits uterine activity and has less of an effect
on the cardiac conduction system than verapamil, another
calcium channel antagonist. The mechanism of action of
nifedipine appears to be limited to the inhibition of the slow
voltage-dependent channels regulating calcium influx. Adverse
pharmacological effects include vasodilation, negative inotro-

pism, and sinoatrial or atrioventricular node conduction dis-
turbances. Because it is a potent vasodilator, nifedipine may
cause dizziness, lightheadedness, flushing, headaches, and
peripheral edema.341 Although the overall incidence of side-
effects is 17%, severe effects necessitating discontinuation of
therapy occur in 2–5% of patients.342 The negative inotropic
and dromotropic (affecting cardiac nodal conduction) effects
of nifedipine are minimal. This is largely because of the heart’s
baroreflex response to peripheral vasodilation. Idiosyncratic
reactions to nifedipine are rare.

Nifedipine is rapidly and almost completely absorbed from
the gastrointestinal tract. Absorption after sublingual admin-
istration is rapid but less complete, with levels being measur-
able in the plasma within 5 min.343 The rate of absorption of
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Table 62.20 A clinical recipe to administer magnesium sulfate.

1. 100mL of a 50% solution of magnesium sulfate is easily obtained from readily available products. This volume contains 50g of
magnesium sulfate.

2. 100mL is sterilely removed from a 500-mL bag of 5% dextrose in water. Fifty grams of magnesium sulfate is injected into the remaining 
400mL of fluid for intravenous infusion. It should be noted that 10mL of this final solution equals 1g of magnesium sulfate.

3. A loading dose of 6g is infused over 30min. Perspiration and flushing are observed and occur with a feeling of warmth due to
vasodilatation. These findings are usually noted early during the intravenous infusion and continue to a greater or lesser degree throughout
the infusion. The face, neck, and hands are particularly affected. Nausea and emesis may occur.

4. The initial continuous maintenance rate is 2–3g/h for 60min. One or two doses of subcutaneous terbutaline 0.25mg per dose, may be
used during this interval if there are no contraindications and rapid diminution in uterine activity is desired.

5. Complete and rapid uterine quiescence is unnecessary.
6. The infusion rate is increased in increments of 0.5g/h every 30min until uterine activity begins to decrease or signs and symptoms of

hypermagnesemia occur. These findings include lethargy, somnolence, diplopia, dysarthria, blurred vision, dry mouth, dizziness, and
nystagmus. These effects generally occur at a dose of greater than 2g/h (2.5–4.0g/h). Downward adjustments in the rate by half-gram
increments are generally all that is needed; discontinuation of therapy for side-effects is rarely needed. If necessary, intravenous injection of
1g of calcium gluconate can be used in the symptomatic patient; this will be followed by rapid symptomatic relief.

7. The infusion is continued at the lowest effective rate of 2g/h, whichever is greater, for at least 12h of relative uterine quiescence.
8. Oral beta-sympathomimetic therapy is administered and the magnesium infusion is discontinued. Should uterine activity begin to increase

during this interval, magnesium sulfate infusion should be increased to the effective rate.
9. If the patient cannot be successfully weaned from intravenous magnesium therapy, continuous short-term therapy (24–72h) may be safely

administered, usually at rates of 2–3g/h. During this interval, another attempt at weaning may be attempted.
10. If uterine activity recurs coincident with the conversion from intravenous magnesium therapy to oral beta-sympathomimetic, attempts to

use other tocolytic agents may be instituted.
11. Should discontinuation of magnesium infusion and conversion to an oral tocolytic agent fail to abate increasing uterine activity, continuous

intermediate-term to long-term therapy with magnesium sulfate may be given. In general, cervical dilation will not change significantly
during these therapeutic maneuvers. During long-term magnesium sulfate infusion therapy, the patient can be managed safely in a step-
down unit. The healthcare team should be ready to provide emotional and moral support for patients requiring long-term hospitalization.

12. Most true failures of magnesium sulfate therapy and progressive preterm labor are due to cervical dilatation of >4cm, placental abruption,
or chorioamnionitis.

13. The occasional patient continues to have increased uterine activity, yet has no associated cervical changes while on magnesium sulfate
therapy. Other tocolytic agents may be tried in these cases in an attempt to quiet the uterus.

14. Patients who are refractory to treatment for preterm labor are likely to have an identifiable pathophysiologic process, most notably
amniotic infection or abruptio placentae. An amniocentesis for studies of infection and pulmonary maturity are indicated.

15. Dual-agent combination therapy with intravenous magnesium sulfate and intravenous beta-sympathomimetic agents is not recommended
due to a significantly increased risk of side-effects. However, dual therapy magnesium with oral or subcutaneous tocolytic agents is
reasonable. Combined use of magnesium with nifedipine, indomethacin, or oxytocin analogs may be used but needs further study.

16. In the severely preterm gestation with inevitable delivery due to advanced cervical dilation (4–8cm), aggressive magnesium tocolysis alone
or in combination with other tocolytic agents may be extremely useful in delaying delivery for 24–48h to improve the neonatal survival
advantage by giving antenatal betamethasone.

Modified from ref. 289.
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oral and sublingual capsules varies widely among patients.
Ferguson and colleagues344 have shown that the mean elimi-
nation half-life of nifedipine is 81 ± 26min (range 24–156min)
in patients with preterm labor treated with sublingual nifedip-
ine (bitten and held between molars). Prevost and colleagues345

found that the elimination half-life of nifedipine is 78 ± 30min
(range 24–156min) when it is given as oral capsules in
preeclamptic patients. Within 360min of receiving a 10-mg
oral dose, plasma nifedipine concentrations were undetectable
in 12 out of 15 preeclamptic patients. The lower limit of detec-
tion for nifedipine in their assay was 10ng/mL. The mean ratio
of fetal cord to maternal serum nifedipine was 0.93 ± .20,
whereas the mean amniotic fluid concentration was 53% ±
15% in simultaneously obtained maternal vein samples.

Clinical experience
In 1978, Andersson and Ulmsten346 observed that nifedipine
produced significant pain relief and a decrease in uterine activ-
ity in patients with severe primary dysmenorrhea. A signifi-
cant reduction in uterine activity during menses in normal
women was also observed. In 1980, Ulmsten and colleagues347

first reported on the clinical use of nifedipine for tocolysis,
with favorable results, while in 1985, Kaul and colleagues348

reported on the combined use of nifedipine and oral terbu-
taline for tocolysis. In 1986, Read and Wellby349 performed a
small randomized trial of oral nifedipine versus intravenous
ritodrine versus no treatment, with favorable results in the
nifedipine group.

More recent prospective randomized studies have supported
nifedipine as having a similar efficacy to more commonly used
tocolytic agents. When compared with intravenous ritodrine,
several authors350–353 found that nifedipine was equally as
effective and had diminished adverse effects, namely, nausea,
chest pain, tachycardia, and palpitations. In normotensive
patients, nifedipine caused a statistical decrement in blood
pressure, but one of unlikely clinical significance; this decrease
was much less than that associated with ritodrine. However,
nifedipine was associated with more flushing.

In a study comparing nifedipine with magnesium sulfate as
a first-line agent, Glock and Morales354 found that both treat-
ment regimens were equally as effective and associated with
the same frequency of side-effects. However, patients in the
magnesium group experienced chest pain more often and
needed to discontinue drug therapy. More patients in the
nifedipine group experienced episodes of transient hypoten-
sion, although none was clinically significant. The authors
stressed the need for adequate hydration before the use of
nifedipine tocolysis. Initially, a 10-mg capsule of nifedipine
was given sublingually; if uterine activity persisted, this dose
was repeated every 20min, up to a maximum of 40mg during
the first hour. If tocolysis was successful, oral therapy was ini-
tiated for 48h with a 20-mg dose every 4h. Patients were then
maintained on oral nifedipine, with a 10-mg dose every 8h.
Comparing nifedipine with intravenous ritodrine, Papatsonis
and collegues355 demonstrated the safety and efficacy of

nifedipine. These authors used higher dosages of nifedipine
than all previous studies; short-acting nifedipine was used ini-
tially with up to 40mg in the first hour, followed by a slow
release formulation in dosages of up to 160mg daily.

In the triage treatment of premature uterine irritability and
contractions, a one-time, 30-mg dose of oral nifedipine com-
pared favorably with a subcutaneous terbutaline injection pro-
tocol.356 A tendency toward fewer side-effects was noted in the
nifedipine group.

Nifedipine, as well as terbutaline and ritodrine, has been
associated with drug-induced hepatitis.357 In combination with
magnesium, nifedipine has been rarely associated with neu-
roblockade, an effect that is reversible on administration of
calcium and discontinuation of magnesium.358,359 Rarely,
hypocalcemia can also occur;360 however, combined usage
with magnesium is not contraindicated.

Circulatory effects
Based on animal studies, concerns about the potentially unto-
ward effects on uteroplacental blood flow in humans initially
limited the clinical application of nifedipine during preg-
nancy.361–363 However, the advent of Doppler velocity wave-
form analysis has enabled uteroplacental and fetal blood
circulation to be evaluated. Studies of the effect of nifedipine
in 21 pregnant women with preterm labor using continuous
wave Doppler revealed no significant changes in the pulsatil-
ity index of the fetal middle cerebral artery, umbilical artery,
and the uteroplacental vessels.364,365 Other studies366,367 found
that oral nifedipine reduced blood pressure in preeclamptic
patients remote from term, but this was not associated with
any adverse effects on fetal or uteroplacental circulation when
measured by the Doppler technique.

Clinical implications
Nifedipine has an efficacy profile that is at least as good as
that of beta-agonists and magnesium sulfate. More recently, it
has been reported that nifedipine has an improved efficacy
over ritodrine.355 Its safety profile renders it quite favorable in
comparison with other tocolytic agents.

Progestational agents

Progestational agents have been widely used to prolong preg-
nancy in women who are judged to be at an increased risk 
of miscarriage or preterm birth. The most commonly used
agent is 17α-hydroxyprogesterone caproate (17P). Keirse368

reviewed the literature and noted a significant decrease in the
preterm labor and birth rate in patients given drug therapy.
There was no significant effect on neonatal morbidity or 
mortality. This drug was primarily given weekly in doses of
250–1000mg.

Meis and colleagues369 noted a significant reduction in
preterm delivery with a weekly injection of 250mg of 17P. 
The data are summarized in Fig. 62.8. Therapy was initiated
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at 16–20 weeks’ gestation in multiparous singleton patients
with a history of a spontaneous preterm delivery. Therapy was
more useful for prophylaxis than for inhibiting active preterm
labor. A similar study by da Fonseca and colleagues370 noted

both decreased uterine activity and preterm birth when a 
100-mg progesterone suppository was given daily to high-risk
patients.

A randomized double-blind trial of 29 women by Erny and
colleagues371 compared the effect of a placebo with four cap-
sules of 100mg each of an oral progesterone formulation.
Oral micronized progesterone decreased uterine activity in
80% of the test group compared with 42% of the placebo
group.

A recent meta-analysis noted that one needs to treat a
minimum of eight patients with 17P to prevent one preterm
birth (Table 62.21).372

Oxytocin receptor blockade

The concentration of oxytocin receptors in uterine tissue
increases dramatically just before and during labor.373 Aug-
mented uterine sensitivity to constant serum levels of oxytocin
may result in an increase in uterine activity. Oxytocin recep-
tors are also found in the decidua and stimulation at this level
produces prostaglandins. Consequently, the potential role of
oxytocin antagonists as tocolytic agents has been studied; the-
oretically, they may offer greater specificity with fewer side-
effects than agents in current use.374–376

In randomized placebo-controlled trials of women with
threatened preterm labor, atosiban, a specific competitive
inhibitor of oxytocin-binding oxytocin, reduced and abolished
uterine activity more often than a placebo. Side-effects were
uncommon and consisted of nausea, vomiting, headache, chest
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Figure 62.8 Effects of 17P on preterm delivery at 32 and 37 weeks’
gestation. Patients had a previous history of spontaneous preterm
delivery, and were given weekly injections of 250mg of 17P. There
was a decreased incidence of preterm delivery at < 37 weeks [RR
0.66 (0.54–0.81)] and < 32 weeks [RR 0.58 (0.37–0.91)]. Decreased
incidences of both LBW births and IVH (RR 0.25 (0.08–0.82) were
observed. (From ref. 369.)

Table 62.21 Pooled estimates of premature delivery according to treatment assignment.

Study Treatment group Comparison/control Odds ratio (95% CI)

17P
Papiernik 2/50 (4.0) 9/49 (18.4) 0.18 (0.04–0.91)
Hartikainen-Sorri et al. 15/39 (38.5) 9/38 (23.7) 2.01 (0.75–5.41)
Yemini et al. 5/39 (12.8) 14/40 (35.0) 0.27 (0.09–0.85)
LeVine 2/15 (13.3) 3/15 (20.0) 0.61 (0.09–4.34)
Johnson et al. 2/18 (11.1) 12/25 (48.0) 0.13 (0.03–0.72)
Meis et al. 11/306 (36.3) 84/153 (54.9) 0.47 (0.31–0.69)
Subtotal 137/467 (29.3) 131/320 (40.9)

Fixed-effects model 0.48 (0.35–0.66)
Random-effects model 0.45 (0.22–0.93)

NNT 8 (5–19)
Other progestational agents

da Fonseca et al. 10/72 (13.9) 20/70 (28.6) 0.40 (0.17–0.94)
Goldzieher 0/23 0/31 Excluded

Total 147/562 (26.2) 151/421 (35.9)
Fixed-effects model 0.47 (0.35–0.63)
Random-effects model 0.45 (0.25–0.80)

NNT 10 (6–24)

From ref. 372, with permission.

CI, confidence interval; NNT, number needed to treat (95% CI).

Data are presented as n (%).
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pain, and dysgeusia.377–379 Additional trials to compare the
effects of atosiban with beta-agonists revealed that it has a
similar efficacy but produces a lower frequency of maternal
side-effects.380,381 As it is only available in a parenteral form,
maintenance therapy using a subcutaneous atosiban pump
appears to be the most favorable method of administration.382

Nitroglycerin

Nitric oxide is a potent smooth muscle relaxant, and decreased
synthesis of nitric oxide in the uterus is associated with initi-
ation of labor in animal models.383 In vitro, cyclic guanosine
monophosphate (cGMP) induces myometrial relaxation. Glyc-
eryl trinitrate, also known as nitroglycerin, is a nitric oxide
donor.384 Abouleish and Corn385 presented data on the role of
nitroglycerin in labor and reviewed the literature regarding its
obstetric uses. It has been used effectively in external version
and breech extraction, in cases of retained placenta, in reliev-
ing entrapment of the after-coming head, and in the manage-
ment of uterine inversion. The drug has a rapid onset and a
very short duration of action; it has an extremely short half-
life of approximately 2min. In obstetric situations, intra-
venous nitroglycerin, in doses of 50–500µg, promoted uterine
relaxation within 45–75s and without clinically significant
side-effects. The drug is available in many forms, including
sublingual tablets, sublingual aerosol, transdermal patch, oint-
ment, and the intravenous route. An extended release oral
capsule is also marketed. Fetal perfusion does not appear to
be effected.386

Lees and colleagues387 reported on 13 consecutive patients
who were treated with 10-mg transdermal patches for 24h
after 1h of preterm labor. If uterine activity continued, an
additional patch was applied. Uterine activity generally abated
within 24–48h, with no adverse effect on maternal vital signs
and fetal heart rate. Headache was a relatively common side-
effect.388,389 Nitroglycerin appears to have less serious mater-
nal and fetal cardiovascular side-effects than intravenous
ritodrine.390,391 Recent studies have found nitroglycerin to be
less effective than either magnesium sulfate or beta-agonists,
but better than placebo.392,393

Antenatal glucocorticoids

An initial report by Liggins and Howie394 in 1972 revealed a
significant decrease in RDS and neonatal death in patients
receiving two doses of 12mg of betamethasone 24h apart.
Several subsequent trials have found similar results. The
optimal glucocorticoid preparation and the ideal dose are
unknown, although most studies have used betamethasone or
dexamethasone. These two agents are identical except for a
16-methyl group which is in the alpha position in dexa-
methasone and the beta position in betamethasone. Neither
agent has significant mineralocorticoid activity (as opposed to
hydrocortisone or methylprednisolone). Both drugs result in

elevated plasma glucocorticoid activities for approximately
60–72h and both readily cross the placenta.

Benefits

Data from 12 controlled trials involving more than 3000 par-
ticipants demonstrated that corticosteroids reduced the inci-
dence of RDS in each subgroup examined.395 Reductions in
respiratory morbidity were also associated with reductions in
IVH, NEC, and neonatal death. Fortunately, these beneficial
effects occurred in the absence of strong evidence for adverse
effects of corticosteroids. Patients with premature rupture of
membranes were included in the analysis.

The meta-analysis was updated in 1995, as part of the
National Institutes of Health (NIH) Consensus Conference.396

Beneficial effects were found with a 50% reduction in RDS in
the group receiving antenatal corticosteroids between 29 and
34 weeks. The most dramatic effects (i.e., a 70% reduction)
were noted in infants born 24h after but within 7 days of the
last dose of corticosteroids. A lesser effect (i.e., a 30% reduc-
tion) was noted in those infants who were delivered within
24h of the initial treatment. Neonatal mortality was substan-
tially reduced (i.e., a 40% reduction), particularly in patients
less than 28 weeks, especially when the case fatality for RDS
was high, as seen pre-1980. In this meta-analysis, both male
and female infants benefited and maternal race did not seem
to adversely influence any beneficial response to corticos-
teroids; however, in the largest single randomized study
carried out (the 1981 US Collaborative study397), there were
no benefits for male or white infants. In the meta-analysis,
reductions were also noted in the rates of periventricular and
intraventricular hemorrhage (i.e., a 50% reduction), and NEC
(i.e., a 65% reduction).

Nonrandomized trials have also supported the use of corti-
costeroids in preventing mortality in very preterm gestations
and extremely LBW infants.5,396 Randomized data indicated a
decrease in the severity of RDS before 28 weeks, but not a
decrease in incidence.398

Risks

Data from more than 30000 patients from five large obser-
vational databases in the multicenter network399 reveal that
antenatal corticosteroid exposure was associated with a sig-
nificant increase (30–50%) in neonatal sepsis and NEC, a
finding at odds with the meta-analysis396 and two early ran-
domized trials, one of which was in patients with membrane
rupture.400,401 Sinclair210 incisively critiqued Crowley’s meta-
analysis,396 indicating that many of the substantive random-
ized trials excluded some patients from analysis. This
important critique found that 135 out of 739 infants (almost
20%) were excluded postrandomization from analysis.400

Ohlsson and Fox402 also constructively critiqued the meta-
analysis with regard to IVH; they found missing data, inac-
curacies, and outcome ascertainment bias. They recommended
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that a best-evidence synthesis be used as an intelligent alter-
native to meta-analysis, with a detailed description of each
study.403

Before the 1994 consensus statement,404 concern about the
harmful effects of corticosteroids limited the widespread appli-
cation of this therapy.404 Animal data have suggested that 
corticosteroids result in alterations in immune response, neu-
rological development, and fetal growth. These harmful effects
seem to be limited to studies in which large pharmacological
doses of corticosteroids were used in early gestation, and 
they have not been replicated to any significant degree in the
human database. Data from trials with long-term follow-up
for up to 12 years have indicated that antenatal corticosteroids
do not adversely affect physical growth or psychomotor 
development.404

Short-term effects of transient adrenal suppression, by feed-
back inhibition of adrenocorticotropic hormone, have been
demonstrated in the mother and newborn after prenatal expo-
sure to a single course of corticosteroids.405 Maternal cortisol
levels returned to normal within 48 h of the last dose, and
fetal cortisol levels returned to baseline within 6 days of the
last dose. Other hormones are also transiently suppressed after
a single course of prenatal corticosteroids. Neonatal adrenal
suppression occurs for less than a week as measured by
reduced levels of dehydroepiandrosterone, hydroxyproges-
terone, estrogens, and growth hormone. Nonetheless, the
neonate has a normal cortisol response to stress after one
course of prenatal corticosteroids. It is not known how
hormone levels and the neonatal response to stress are affected
after the longer periods of adrenal suppression that occur with
multiple corticosteroid courses.

Clinical caveats

The benefit of antenatal corticosteroids per se in patients with
preeclampsia and multiple gestations is unknown. In higher
order multifetal gestations, antenatal corticosteroids are asso-
ciated with an increase in uterine contractions.406 In patients
with premature rupture of membranes, a benefit of antenatal
corticosteroids has been demonstrated, but the benefit–risk
ratio was controversial. In general, the benefits from cortico-
steroids for reducing RDS and mortality were additive to those
derived from surfactant. However, it should be noted that an
absence of amniocentesis-determined pulmonary maturity was
not used in any of these trials as a basis for the administra-
tion of corticosteroids; rather, the basis for administration was
gestational age. The risk for RDS varied greatly with gesta-
tional age even with documentation of fetal lung maturity
(Table 62.22).407

The NIH consensus statement concluded that all fetuses
between 24 and 34 weeks’ gestation at risk for preterm deliv-
ery are candidates for antenatal corticosteroid therapy.403

However, to avoid the overuse of corticosteroids in the pres-
ence of risk factors for preterm delivery, some important
caveats are suggested. As a general rule, neither initial nor
repeat corticosteroid injections are indicated for at-risk preg-
nant women whose pregnancies are stable enough to be
managed on an outpatient basis. Initial corticosteroids are
indicated for patients who require hospitalization and have an
increased risk of delivering prematurely in a relatively emer-
gent setting, but repeat courses are generally not. This has
been demonstrated in a large randomized trial.408 For patients
who received their steroids in the remote past, a single rescue
dose may be of benefit.409 For patients who may deliver pre-
cipitously, a benefit has been shown if steroids are given as

1114

Table 62.22 Absolute risk of RDS (%) based on TDx-FLM (fetal lung maturity) II ratio and gestational age.*

TDx-FLM II ratio (mg/g) Gestational age (weeks)

29 30 31 32 33 34 35 36 37 38 39

10 98 97 96 95 92 89 85 80 73 – –
20 94 92 89 85 80 73 65 57 47 38 –
30 85 79 73 65 56 47 38 30 23 17 12
40 64 55 46 37 29 22 17 12 8.7 6.2 4.4
50 37 29 22 16 12 8.5 6.1 4.3 3.0 2.1 1.5
60 16 12 8.4 6.0 4.2 3.0 2.1 1.4 1.0 0.70 0.49
70 5.8 4.1 2.9 2.0 1.4 0.98 0.68 0.47 0.33 0.23 0.16
80 2.0 1.4 0.96 0.67 0.46 0.32 0.22 0.16 0.11 0.07 0.05
90 – 0.45 0.31 0.22 0.15 0.11 0.07 0.05 0.04 0.02 0.02

100 – – 0.10 0.07 0.05 0.03 0.02 0.02 0.01 < 0.01 < 0.01

From ref. 407, with permission.

*These risk estimates reflect the prevalence pattern of RDS across the gestational age range observed in the current study data. The overall
prevalence of RDS in a clinical setting depends on both the prevalence of RDS at each gestational age and the distribution of gestational ages
encountered.
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little as 4h before delivery.410 Patients with active peptic ulcer
disease, active viral infection, active tuberculosis, and either
active or suspected chorioamnionitis should probably not
receive antenatal corticosteroids.

Thoughtful consideration must be exercised in gestational
and pregestational diabetic women. Glucocorticoid therapy is
likely to provoke insulin resistance and a deterioration in dia-
betic control, and the combination of beta-agonists and cor-
ticosteroids may well have an even more marked effect. As
such, fetal hyperinsulinism resulting from hyperglycemia may
actually block surfactant production of type 2 pneumocytes.396

In addition, a case of glucocorticoid-induced ketoacidosis has
been reported in a patient with gestational diabetes in the
setting of preterm labor.411 Glucose values should be closely
monitored and insulin should be either added or significantly
increased to cover the acute effect of antenatal corticosteroids,
which lasts approximately 72h.

Steroids can also affect fetal biophysical parameters.
Changes in the fetal heart rate pattern can occur,412,413 and fetal
movement and breathing can be temporarily affected by
betamethasone.413

Adjunctive therapy

Adjunctive therapy to optimize the perinatal outcome of
impending preterm delivery is fourfold:
1 Administering antenatal corticosteroids together with thy-
roxin or thyrotropin-releasing hormone (TRH) has been advo-
cated to further decrease the risk of RDS, chronic lung disease,
and the number of ventilator days in the neonatal intensive
care nursery.414,415 However, recent studies have demonstrated
that a combination of TRH and corticosteroids provides no
benefit beyond the use of corticosteroids alone.416–418

2 Initial studies have shown that medical therapies, such as
the antenatal administration of phenobarbital and vitamin K,
are useful in the prevention of IVH; however, further confir-
mation is required before they can be accepted as clinically
valuable adjunctive therapies.419–423

3 Administering antenatal antibiotics to patients in preterm
labor, to prolong “subclinically” infected pregnancies and to
prevent neonatal sepsis, outside the accepted standard antibi-
otic regimen for intrapartum chemoprophylaxis for group 
B streptococci, is still controversial and is not established 
practice.424,425 In the NIH randomized double-blind placebo-
controlled study,426 treatment with ampicillin and erythromy-
cin during preterm labor with intact membranes was
ineffective in prolonging pregnancy or decreasing neonatal
morbidity. A meta-analysis427 found no statistically significant
differences in neonatal morbidity or mortality, a finding at vari-
ance with the use of antibiotics in patients with premature
rupture of membranes.428 The meta-analysis427 did find a favor-
able trend toward the reduction of neonatal pneumonia and
NEC, but also a trend toward an increase in neonatal mortal-
ity. They concluded that the data do not support the routine

use of adjunctive antibiotics in patients with preterm labor.
However, most of the studies compared used differing regimens
of antibiotics, rendering the meta-analysis itself somewhat
questionable. In a more recent randomized blind clinical trial,
treatment of patients with threatened preterm labor between
26 and 34 weeks with a combination of ampicillin and metron-
idazole significantly prolonged gestation and decreased admis-
sion to the neonatal intensive care unit.429 There were no
demonstrable effects on maternal and neonatal infectious mor-
bidity. However, several large multicenter studies have failed to
demonstrate a benefit of prophylactic antibiotics in the pre-
vention of preterm labor in at-risk patients.430–432

4 Operative delivery of the very preterm fetus using proce-
dures such as episiotomy, prophylactic forceps, and prophy-
lactic Cesarean section has been studied as a means to prevent
neonatal birth trauma and IVH.433–437 However, prophylactic
operative delivery in the vertex-presenting preterm fetus has
not been scientifically proven to decrease mortality or be of
any significant benefit to the neurological status of the infant,
be it related to intracranial hemorrhage, seizures, or traumatic
injury. Major surgical maneuvers strictly on behalf of the fetus
are best reserved for established indications such as nonreas-
suring fetal heart rate patterns and malpresentation. Even
although Cesarean section is commonly practiced for the
breech preterm fetus, there are no randomized studies that
have shown a benefit from operative delivery.128,129,438,439 As
such, selective vaginal breech delivery, with uterine relaxation
to prevent or treat head entrapment, is not an unreasonable
option in experienced hands.

Preventing preterm birth

Most preterm births result from spontaneous but not idio-
pathic preterm labor. To be able to prevent preterm birth, it
is crucial to be able to predict when it will occur. Predictions
based on risk scoring systems, biochemical markers, and cer-
vical examination are still of limited value; prophylaxis with
bedrest, cerclage, and tocolytic and progestational agents is
also of limited value, and HUAM remains highly controver-
sial, with the bulk of evidence not being very supportive. Pro-
grams for the prevention and early detection of preterm labor
are still being developed because preterm birth remains the
major problem facing modern perinatal medicine.

Advances in risk factor assessment have identified several 
of the strongest known predictors of spontaneous preterm
birth.440 These are a previous spontaneous preterm birth, black
race, low BMI (thinness), a positive fFN test, a foreshortened
cervical length on sonographic evaluation, and the presence of
bacterial vaginosis in women at high risk for spontaneous
preterm birth. A previous spontaneous preterm birth is
strongly associated with a short cervix. Bacterial vaginosis
may be a causal factor or a marker for a causal factor such as
upper genital tract infection. A positive fFN test and a short
cervix are not simple independent antepartum markers of 
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distinct causal pathology; in fact, they are intimately involved 
in the process of labor itself.

Factors that decrease the risk of preterm birth are also
important. Measurement of cervical length using transvaginal
ultrasound was carried out in 85 twin pregnancies at 24–26
weeks’ gestation.441 A cervical length of more than 35 mm ret-
rospectively identified a group of 34 women with a low-risk
twin pregnancy. Only one of these patients was delivered
before 34 weeks, indicating a high positive predictive value of
97%. Identification of twin gestations at low risk allows physi-
cians to be more selective in choosing interventions. More
research on risk-decreasing factors is merited.

Preterm birth prevention programs

Because there is no single treatable factor that can prevent
preterm birth, many investigators have developed compre-
hensive preterm birth prevention programs. These programs
exist at the national, community, and individual physician
level. Papiernik and Breart442 were among the first to institute
such a program; its fundamental components include univer-
sal preterm birth and preterm labor education of patients,
families, staff, and payor sources. Critical to the program’s
success is 24-h access to care, provider-initiated contact, and
a continued commitment to the program. Results are not
achieved overnight and, in fact, may take years to develop; the
French national program was gradually implemented in 1971.
Educational efforts to increase the detection of uterine activ-
ity and decrease physical activity were also provided by the
mass media. Temporary maternity leave with guaranteed job
security supplemented with homecare assistance were integral
to the success of the program.

Although most preterm birth prevention programs have been
ineffective, particularly in indigent populations, a model com-
munity-wide program from West Los Angeles has had promis-
ing results.443 This preterm birth prevention project even targets
women with mildly high-risk factors, and is reported to be cost-
effective in the prevention of prematurity.444

Individualized programs, even in the private practice arena,
seem to have potential value. In a nonrandomized interven-
tion study,445 patients were assigned in rotation to one of five
private practice offices for prenatal care and delivery. In four
offices, standard obstetric care was provided while, in the
remaining office, a prematurity prevention program was used.
Features of the program included visit-by-visit screening,
patient education, transvaginal cervical ultrasound as indi-
cated, outpatient modification of physical activity, graded out-
patient oral and subcutaneous tocolysis, and inpatient
tocolysis for failed outpatient therapy. A preterm prelabor
management matrix was designed for use in the study office
(Table 62.23).445 Infants in the prematurity prevention group
(n = 374) were compared with infants from the other four
groups (n = 1391). Significantly fewer VLBW births [0 out of
374 (0%) versus 23 out of 1391 (1.65%), P < 0.008] and LBW
births [11 out of 374 (2.9%) versus 89 out of 1391 (6.4%),
P < 0.008] were reported in the study office.

Prevention strategies and policies

Prevention strategies can be viewed from either the obstetri-
cians’ or the pediatricians’ viewpoint. There are three levels of
prevention strategy for the mother. Primary prevention focuses
on the entire reproductive-age population and seeks to elimi-
nate known factors associated with preterm birth. Some of
these are summarized in Table 62.24. In addition, it is clear
that there is a benefit in limiting artificial reproductive tech-
nology to single or twin gestations.

The study by Miller and Merritt446 is a prime example 
of the potential impact of behavior modification on prematu-
rity. They studied six modifiable behavioral risk factors that
are significantly related to LBW: low prepregnant maternal
weight for height, low maternal weight gain, lack of prenatal
care, age younger than 17 or older than 35 at delivery, ciga-
rette smoking, and the use of drugs and alcohol. Among 
white women, the risk of a LBW birth was 29% if three of
these variables were present; 10% if two variables were
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Table 62.23 Preterm prelabor management matrix.

Cervical length Symptoms of preterm cervical Increased uterine activity Increased uterine activity
effacement (+1) or funneling (+2) and funneling (+3)

40mm or more (−1) 0 +1 +2
30–39mm (0) +1 +2 +3
20–29mm (+1) +2 +3 +4
10–19mm (+2) +3 +4 +5

From ref. 445, with permission.

The preterm prelabor profile was derived by adding the number in the row heading category to the number in the appropriate column heading
category. For score of 0, no action was required. For score +1, rest was advised. For score of +2, rest and oral tocolysis were prescribed. For
score of +3, rest and oral tocolysis were begun, with tocolysis via subcutaneous pump if symptoms and transvaginal ultrasound findings were
not stabilized. For score of +4, rest and tocolysis via subcutaneous pump were prescribed. For score of +5, hospital admission for intravenous
tocolysis with magnesium sulfate was advised.
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present; 6.7% if one was present; and 1% if none was 
present.

Secondary prevention identifies pregnant patients who are
at increased risk for preterm labor. It then provides education,
monitoring of uterine activity and cervical changes, ready
access to medical care, and medical interventions as necessary
to prolong gestation. These include the use of progesterone
prophylaxis. Some of these strategies are identified in Table
62.25.

Tertiary prevention focuses on 11th-hour intensive perina-
tal care. This includes tocolysis, the use of antibiotics and cor-
ticosteroids, maternal transport to a tertiary care center,
emergency cerclage, the appropriate mode of delivery, and
neonatal intensive care.

Despite scientific advances and the implementation of
various prevention and treatment programs, most proximate

causes of preterm birth remain unpreventable. Even if all of
the appropriately eligible patients (ideally, previous sponta-
neous preterm birth presenting for prenatal care between 16
and 20 weeks) were treated with 17P, there would only be a
very modest reduction in national prematurity.447 Therefore,
large reductions in prematurity are not a reasonable expecta-
tion in the foreseeable future.

Prematurity prevention programs have been applied to 20
million pregnant women in France since the early 1970s, with
women at low risk gaining the greatest benefits. In the USA,
most premature births still occur in low-risk pregnant women
because of factors which are, as yet, unidentifiable; therefore,
prevention strategies may provide the greatest benefits for
these low-risk women.
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Table 62.24 Primary prevention strategies.

Delay childbearing until age 17 years
Delay interpregnancy interval
Eliminate low maternal weight for height
Smoking prevention and cessation
Prevent and detect sexually transmitted diseases, and treat to cure
Detect bacteriuria and treat to cure
Manage fertility to avoid multifetal gestation
Provide or refer for preconceptional counseling
Detect and treat iron-deficiency anemia
Provide or refer for drug abuse prevention and treatment

Table 62.25 Secondary prevention strategies.

Risk assessment in prenatal care
Improved sufficiency of the content of prenatal care
Repeated education regarding warning signs and symptoms of

preterm labor
Early-diagnosis programs
Home uterine activity monitoring, cervical length, oncofetal

fibronectin
Early medical intervention
Medications, surgery, early referral
Reduced maternal physical activity
Maternal work leave
Eliminate barriers to care (access, access, access)
Education, education, education

Key points

1 At 24 weeks’ gestation, the neonatal survival rate is
more than 50%.

2 The risk of preterm birth and/or delivery of a LBW
infant is affected by race.

3 The prediction of a preterm birth is difficult, but risk-
scoring cervical ultrasound and fFN testing can help
determine which patients are at risk.

4 Preterm labor symptoms are often not specific, and
contractions experienced are not always ‘textbook’
contractions.

5 A history of previous preterm birth is a strong risk
factor for recurrent preterm birth.

6 Urogenital tract infections can play a causative role in
preterm labor.

7 Tocolysis may provide neonatal benefits by allowing
maternal administration of steroids and/or transfer to a
tertiary care center.

8 Care should be taken to exclude contraindications to
tocolysis early in the management of preterm labor; a
complete medical history and physical examination is
recommended in order to select the most appropriate
agent.

9 The management of multiple gestations requires
additional precautions to be taken when using
tocolysis.

10 An ultrasound provides important information in the
management of preterm labor.

11 Amniocentesis can be of benefit in the analysis of
patients presenting with preterm labor.

12 Long-term usage of indomethacin requires close moni-
toring of the amniotic fluid index (AFI) and frequent
Doppler studies of the fetal ductus arteriosus flow.

13 Magnesium sulfate is currently the drug of choice for
tocolysis at most institutions.
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Definitions

Prelabor rupture of the membranes (PROM) refers to rupture
of the chorioamniotic membranes before the onset of labor.1

The “latency period” is the interval between PROM and the
onset of labor. There is no agreement about the length of the
interval between rupture of the membranes and the onset of
labor required to diagnose PROM. This period of time has
been proposed in different reports, to last from 1 to 12h.2–9

Some authors have suggested the term “prolonged PROM” to
describe a latency period longer than 24h, but such usage is
uncommon.2,10,11 The consequences of PROM depend on the
gestational age. Therefore, this condition has been classified
as “preterm PROM” or “term PROM,” depending upon
whether the episode occurs prior to or after 37 weeks of ges-
tation.2–12 The term “previable PROM” has been applied to
gestations in which this complication occurs before
23 weeks,12 while “preterm PROM remote from term” refers
to the time-frame between viability to about 32 weeks, and
“PROM near term” is that which occurs between 32 and
36 weeks.12

Frequency, timing, and site of 
membrane rupture

Frequency

Term PROM occurs in approximately 10% of patients, while
the frequency of preterm PROM is 2–3.5%.5,13–17 Preterm
PROM accounts for 30–40% of preterm deliveries and there-
fore is a leading clinically identifiable cause of preterm birth
as well as a major contributor to perinatal morbidity and mor-
tality.2,5,13,14,16–19 It has been estimated that, in the United
States, approximately 150 000 women experience preterm
PROM every year.20

When do membranes normally rupture?

This question was addressed by a collaborative study in which
an effort was made to avoid artificial rupture of the fetal mem-
branes during labor.21 Figure 63.1 shows the proportion of
women with spontaneous rupture of membranes as a function
of cervical dilatation. Most patients had spontaneous rupture
of membranes at the end of the first stage of labor; hence, the
rationale for defining PROM as rupture of membranes before
the onset of labor.

Where is the site of membrane rupture?

The site of rupture is generally located in the most dependent
part of the uterine cavity in close proximity to the cervix. This
has been demonstrated using endoscopy in patients with
preterm PROM.22 After invasive procedures such as fetoscopy,
rupture of membranes can occur away from the cervix.
However, the frequency with which spontaneous rupture of
membranes occurs away from the most dependent part of the
uterus (“high leak”) is unknown.

Fetal membranes
What are the fetal membranes?

The term “fetal membranes” is applied to an anatomic struc-
ture that includes amnion and chorion (which are of fetal
origin) and portions of decidua (of maternal origin). Bell and
McParland proposed to refer to this structure as the “amnio-
chorial–decidual unit.”23 Figure 63.2 displays the microscopic
anatomy of the human amnion and chorion, as described by
Bourne in 1960.24 The amnion is derived from the cytotro-
phoblast and consists of an epithelium, which faces the 
amniotic cavity, a compact layer responsible for most of the
strength of the amnion, as well as a spongy layer interposed
between the amnion and chorion.25–27 The spongy layer allows

63 Prelabor rupture of the membranes
Joaquin Santolaya-Forgas, Roberto Romero, 
Jimmy Espinoza, Offer Erez, Lara A. Friel, 
Juan Pedro Kusanovic, Ray Bahado-Singh, and Jyh Kae Nien
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the amnion to slide over the fixed chorion. The chorion con-
tains several connective tissue layers, of which the outermost
is closely attached to, and often indistinguishable from, the
decidua capsularis. The amniochorial–decidual unit is funda-
mentally an extracellular matrix structure endowed with
unique cellular components: amnion, chorion, and decidua.
Figure 63.3 displays the distribution of collagen and other
extracellular matrix components in the different layers of the
amniochorial–decidual unit.

What are the changes in the fetal membranes
during spontaneous rupture of membranes?

Examination of the chorioamniotic membranes from patients
undergoing elective Cesarean delivery at term with intact
membranes has demonstrated that membranes apposed to the

cervix have localized morphologic changes which have been
referred to as a “zone of altered morphology” (ZAM).28 ZAM
is proposed to encompass an area of about 119 ± 21cm2 29

and is characterized by marked swelling and disruption of 
the connective tissue, thinning of the trophoblast layer, and
thinning or absence of the decidua.28 Moreover, Bell and
McParland23 demonstrated that the ZAM has increased pro-
grammed cell death (apoptosis). A population of mesenchy-
mal cells in the chorion switches their phenotype to activated
myofibroblasts.30 This phenotype has been proposed to emerge
when the extracellular matrix is exposed to stress forces
caused by stretching of the membranes during uterine growth
and uterine contractions. Myofibroblasts are thought to
provide a counteractive contractile force to protect the mem-
branes. Changes in extracellular matrix composition in the
ZAM include a significant decrease in the density of collagens
I, III, and V, and increased expression of tenascin-C31 and
osteonectin.32 These proteins are expressed during tissue
remodeling and wound healing, suggesting that the mem-
branes exhibit a similar response. Increased intrauterine pres-
sure during labor is likely to exert pressure over this weakened
area of the membranes (ZAM), resulting in membrane
rupture. Preliminary observations by Bell and Malak suggest
that the changes in the ZAM are more extensive in preterm
PROM.28,33,34

Biophysical properties of membranes that 
rupture prematurely

A critical question is whether the membranes that rupture pre-
maturely are inherently weaker, and whether such weakness
is generalized or localized. The earliest experiments designed
to investigate this question were probably those performed by
Poppel in 186335 and Duncan in 1869.36 Duncan dropped can-
nonballs onto membranes stretched over a ring to determine
their tensile strength. Since that time, most investigators have
hypothesized that membranes rupturing prematurely are
inherently weaker.
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Figure 63.1 Rupture of membranes as a function of cervical
dilatation and state of labor. Percentage distribution for 517 normal
spontaneous deliveries without medication or maneuvers; vertex
presentation. From ref. 21 with permission from the World Health
Organization.
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Figure 63.2 Histological layers of the
amniochorionic membranes. From ref. 24 
with permission from Elsevier.
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Indeed, during pregnancy, the chorioamniotic membranes
undergo elastic distention or stretch. The intrauterine surface
area increases during gestation (as measured by ultrasound in
vivo); however, the surface area of the membranes, as meas-
ured in vitro, increases to a lesser extent.37 During labor, mem-
brane rupture has been attributed to a generalized weakening
of the membranes due to repeated stretching.38 Evidence in
support of this view is that the tensile strength of membrane
specimens obtained after labor is lower than that of those
obtained by Cesarean delivery in the absence of labor.39

However, despite testing with various devices, it has been
difficult to demonstrate significant differences in the bursting
tension between prematurely ruptured and nonprematurely
ruptured membranes.40–48 Membranes that rupture before
labor have decreased elasticity.41,46 It has been proposed that
these membranes have focal areas of weakness rather than a
generalized weakening.38,47–50 The use of computer modeling
of the biomechanical properties of the chorioamniotic mem-
branes (Lavery’s computer model) suggests that acute or
chronic stress may act on these weaker points and result in
rupture of membranes.47,48

Biochemical studies

Collagen concentration of fetal membranes and PROM

The chorioamniotic membranes are essentially connective
tissue structures.34,51,52 As collagen determines the tensile
strength of fibrous connective tissue, there has been consider-
able interest in investigating collagen biochemistry in the
setting of PROM. Two studies have shown that total collagen
content is reduced in the amnion of women with preterm
PROM.51,52 Skinner and coworkers51 found that total collagen
concentration was lower in the amnion of women with PROM
than in that of women with intact membranes.

Subsequently, Kanayama and colleagues52 reported that
total collagen content was lower in the amnion of patients
with preterm PROM than in those with preterm delivery with
intact membranes. The difference in collagen content in
preterm PROM was attributed to a decrease in type III 
collagen, which provides elastic tensility to tissues. These
investigators could not demonstrate a decrease in total 
collagen content in the amnion of patients with term PROM,

Figure 63.3 Schematic representation of the structure of the fetal membranes at term. The extracellular matrix composition of each layer and
the production sites of matrix metalloproteinases (MMP) and tissue inhibitors of metalloproteinases (TIMP) are shown. From ref. 38 with
permission from the Massachusetts Medical Society.
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suggesting biochemical differences between term and preterm
PROM.

Three other studies have not confirmed a reduction in col-
lagen content in fetal membranes in PROM. Al-Zaid and asso-
ciates40 found no change in total membrane collagen content
(amnion and chorion) in patients with PROM between 30 and
38 weeks of gestation and those with spontaneous or artificial
rupture of membranes at term. Evaldson et al.53 were also
unable to document a difference in total membrane collagen
content between women with preterm PROM and those with
intact membranes at term. However, because there is a pro-
gressive decrease in amnion collagen content with advancing
gestational age,51 it would seem that the amnion tissue for the
control group should have been obtained from women with
preterm delivery without PROM rather than from women 
at term.40,53

Importantly, Vadillo-Ortega et al.54 reported no differences
in total amnion collagen content between women with PROM
and without PROM at term. However, the amnion of women
with PROM contained a higher percentage of soluble colla-
gen (by acid extraction) than the amnion of women with intact
membranes. It is possible that this increase in the percentage
of soluble collagen represents active collagen degradation
before its final digestion. Indeed, the authors found increased
collagenolytic activity in the amnion homogenates of women
with PROM.

Hydroxyproline is the most abundant amino acid present in
collagen, and its concentration is considered to be a parame-
ter of collagen content in a given tissue.55 In addition, there is
evidence of a relationship between hydroxyproline content per
cm2 of amnion and its mechanical properties (such as elastic-
ity and work required to rupture the amnion). The concen-
tration of this amino acid in the amnion decreases with
gestational age.55 There is, however, no evidence that PROM
is associated with a generalized reduction in the hydroxypro-
line content of amnion.55

The inconsistencies among studies addressing the associa-
tion between collagen content in the fetal membranes and
PROM have been attributable to: (1) differences in the type
of samples (amnion versus chorioamnion); (2) the gestational
age at delivery; (3) the sampling site (near rupture site versus
distant from the rupture site); and (4) the units used to
measure the collagen content (per unit weight versus per unit
area of membrane).55

The association of proteolytic activity in the fetal
compartment and PROM
Accumulating evidence supports a role for increased prote-
olytic activity in the mechanisms responsible for PROM.56–81

Artal et al.61 demonstrated that incubation of chorioamniotic
membranes with pseudoamniotic fluid for 24h induced
changes in their mechanical properties that predisposed to
membrane rupture. These changes were prevented by the addi-
tion of protease inhibitors, indicating that enzymatic mecha-
nisms may participate in the weakening of the membranes.
Moreover, Kanayama et al.56 reported that a trypsin-like
bioactivity (measured by a chromogenic substrate assay) was
significantly higher in the amniotic fluid of women with
PROM than in the amniotic fluid of women with intact 
membranes.

Matrix metalloproteinases (MMPs) are proteases that can
degrade several components of the chorioamniotic membranes
(see Table 63.1). The amnion, chorion, and decidua are
sources of MMPs and their tissue inhibitors (TIMP-1 and
TIMP-2).57,58,64,78,82–88 TIMPs act to inhibit the activity of
MMPs by covalently binding to the enzyme, and these
inhibitors are deactivated by reduction and alkylation. Accu-
mulating evidence supports the role of MMPs in both preterm
and term PROM. Indeed, preterm PROM has been associated
with high amniotic fluid concentrations of immunoreactive
MMP-1, MMP-8,84,85 and the active form of MMP-9,86 but
with low amniotic fluid concentrations of the active form of

Table 63.1 Matrix metalloproteinase (MMP) classification and their concentration changes in amniotic fluid from patients with
PROM.57,58,64,78,82–88

MMP type Substrate or MMP inhibition Term PROM Preterm PROM

Collagenases
1 Collagens I, II, III Low High
8 Collagens I, II, III No change High
13 Collagens I, II, III No change

Gelatinases
2 Collagens IV, gelatin Low Low
9 Collagens IV, gelatin High High

Stromelysins
3 Collagens IV, laminin No change No change

MMP inhibitors
TIMP-1 MMP-9, MMP-2, MMP-1, MMP-3, MMP-8 No change No change
TIMP-2 Pro MMP-2, MMP-1, MMP-3, MMP-8 No change Low
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MMP-286 and immunoreactive TIMP-2.88 However, no sig-
nificant changes were reported in the amniotic fluid concen-
tration of MMP-1383 and TIMP-1.89 In contrast, PROM at
term has been associated with high amniotic fluid concentra-
tions of the active form of MMP-9,86 but not of other MMPs
(see Table 63.1).

MMPs may also be implicated in the mechanisms of mem-
brane rupture among patients with polyhydramnios. Indeed,
patients with polyhydramnios have significantly higher 
amniotic fluid concentrations of MMP-1 and MMP-13 than
those with normal amniotic fluid volume after controlling for
gestational age.90

Recent observations suggest that changes in the MMP con-
centration in the fetal compartment may precede the clinical
presentation of PROM. High amniotic fluid concentrations of
MMP-8, between 14 and 21 weeks, have been associated with
a high risk of preterm PROM in the index pregnancy [odds
ratio (OR) 3.4; 95% confidence interval (CI) 1.2–9.9].91

Other proteases and their inhibitors have also been impli-
cated in the mechanisms of membrane rupture. For example,
products of neutrophils, such as neutrophil elastase (NE), are
released into the amniotic fluid during the inflammatory
process and may contribute to the weakening of chorioamni-
otic membranes. NE is a serine protease capable of extracel-
lular degradation of connective tissues including elastin,92

proteoglycans, fibronectin,93 laminin,94 and collagen types I,
III, and IV.95,96 The activity of this enzyme is naturally inhib-
ited by secretory leukocyte protease inhibitor (SLPI)73 and
other protease inhibitors.97 An imbalance between NE 
and its protease inhibitors has been implicated in the mecha-
nisms of membrane rupture. Indeed, preterm PROM is asso-
ciated with a high amniotic fluid concentration of NE, whereas
both term and preterm labor are associated with a reduced 
amniotic fluid concentration of SLPI.98 This is consistent with
a recent report in which a genome-wide approach was used
to identify deficient expression of proteinase inhibitor 3 in
preterm PROM (proteinase inhibitor 3 is an inhibitor of 
elastase).99

A role for the fetus in preterm PROM
Romero et al.100 have proposed that the human fetus plays a
role in preterm PROM. The basic concept is that, when there
is a hostile intrauterine environment, the fetus may initiate
labor with intact or ruptured membranes. However, rupture
of the membranes would accelerate exit from the hostile envi-
ronment, because the initiation of parturition is faster after a
spontaneous “amniotomy.” The evidence in support of this
view is that fetuses with preterm PROM have higher median
plasma concentrations of MMP-9 than fetuses with preterm
labor and intact membranes (preterm PROM: 128.6ng/mL,
range 18.8–1690 versus preterm labor: 93.7ng/mL, range
13.2–738.5; P = 0.04),100 and that this elevation in MMP-9 is
not extended to other markers of the fetal inflammatory
response, such as the fetal plasma concentration of interleukin
(IL)-1β and tumor necrosis factor (TNF)-α soluble receptors.

Moreover, the concentrations of IL-1β, sTNF-R1, and sTNF-
R2 in fetal blood were higher in fetuses with preterm labor
and intact membranes than in those with preterm PROM. This
suggests a dissociation between the behavior of proinflamma-
tory cytokines and MMP-9. If the hypothesis that the human
fetus plays a role in eliciting preterm PROM is correct, then
the question remains: why do some fetuses – even in the pres-
ence of infection – resort to preterm labor with intact mem-
branes and others to preterm PROM? Romero et al.100 have
proposed that the choice of initiating preterm labor with intact
or rupture of membranes depends on environmental and
genetic factors. For example, an insult such as intrauterine
infection may lead to preterm PROM in cases in which there
is a genetic predisposition to overproduction of MMPs, and
to preterm labor with intact membranes if the genetic endow-
ment is to overproduce uterotonic agents.

A role for selective cytokines in maintaining 
membrane integrity
Bryant-Greenwood’s laboratory101–103 has proposed a role for
the cytokine preB-cell colony-enhancing factor (PBEF) and IL-
8 in membrane homeostasis during pregnancy. The authors
reported that the gene expression of PBEF and IL-8 is upreg-
ulated after distention of the membranes in vivo and in
vitro.102,103 PBEF and IL-8 have been proposed to prevent
membrane rupture by facilitating the stretching of the 
membranes. This could be accomplished, among other 
ways, by the antiapoptotic properties of PBEF104 and IL-8.105

Thus, during uterine growth, IL-8 and PBEF will be 
produced, protecting the chorioamniotic membranes against 
apoptosis.101

Rupture of membranes as an 
obstetric syndrome

The current taxonomy of disease in obstetrics is largely based
on the clinical presentation of the mother and not the mech-
anism responsible for disease. For example, the term “rupture
of membranes” refers to the clinical condition in which a
patient is leaking amniotic fluid. However, this term does not
inform the clinician as to whether the condition is caused by
an infection, a vascular insult, a weakness in the structure of
the membranes, trauma caused by an invasive procedure
(endoscopy), or other mechanisms of disease. Romero106 has
proposed that the classification of disease in obstetrics is at a
stage in which we recognize syndromes. The features of these
obstetrical syndromes are: (1) multiple etiologies; (2) chronic-
ity; (3) frequent fetal involvement; (4) adaptive clinical mani-
festations; and (5) predisposition due to gene–environment
interaction.107

Preterm PROM is one of the “great obstetrical syn-
dromes.”106 Multiple pathologic processes can lead to preterm
PROM (see below). The chronic nature of the pathologic
process leading to preterm PROM can be inferred from the
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observations that women with a short cervix (≤ 25 mm),108 a
positive fetal fibronectin (FFN) in vaginal fluid,108 bacterial
vaginosis,108 and bleeding in the first and second trimesters of
pregnancy108–110 are at risk for the subsequent development of
preterm PROM. Fetal involvement has been demonstrated, as
conventional microbiologic techniques have indicated that
10% of all fetuses with preterm PROM show evidence of fetal
bacteremia.111 However, these techniques may underestimate
the fetal attack rate for infection. We have proposed that
PROM is not the result of an accident, but rather a mecha-
nism of host defense in the context of intrauterine infection,
and that spontaneous rupture of membranes occurs to facili-
tate the drainage of an infected cavity (intra-amniotic infec-
tion), as well as to initiate labor (amniotomy is often followed
by the onset of labor in term or preterm gestation). The adap-
tive nature of the response when rupture of membranes is 
not associated with infection remains to be determined.
Finally, there is evidence that genetic factors predispose to
preterm PROM. Polymorphisms for genes coding for 
MMP-1,112 MMP-9,113 and MMP-8114 in the fetus have been
associated with spontaneous rupture of membranes in
case–control studies. Environmental factors, such as bacterial
vaginosis108,115 or a proinflammatory vaginal milieu,116 have
also been associated with PROM. Evidence for a gene–
environment interaction for preterm birth has been demon-
strated between bacterial vaginosis and a polymorphism for
the proinflammatory cytokine, TNF-α.117,118 In addition,
Estrada-Gutierrez et al.119 have suggested that there are factors
in maternal blood which may regulate connective tissue degra-
dation in the amniochorion. However, such evidence is not yet
available for preterm PROM. It is also possible that gene–gene
interactions are operative. The genetic predisposition for
preterm PROM is likely to result from the effect of multiple
alleles, which individually confer a small risk of preterm
PROM. Finally, the possibility of epigenetic changes must also
be considered. Collectively, the evidence reviewed in this para-
graph supports the view that preterm PROM is not a single
condition, but a syndrome.

Mechanisms of disease implicated in 
preterm PROM

Intra-amniotic infection/inflammation

Intra-amniotic infection/inflammation has been implicated in
term and preterm PROM. Preterm PROM is associated with
positive amniotic fluid cultures in approximately 30% of
cases.120 However, when amniocenteses are performed at the
time of the onset of labor, 75% of patients have microbial
invasion of the amniotic cavity (MIAC).121 This suggests that
a fraction of patients may have infection prior to clinical
rupture of membranes and that, in some patients, infection
occurs after membrane rupture. The best evidence indicating
that intra-amniotic infection and inflammation precede
preterm PROM derives from a number of studies in which
amniotic fluid cultures for microorganisms122–124 and pro-

inflammatory cytokines and MMP-8125 were measured in the
amniotic fluid of women undergoing midtrimester amniocen-
tesis. Some women in whom MIAC was detected will present
with preterm PROM shortly after amniocentesis (i.e., hours
or days) or weeks after the procedure.122–124

Vascular pathology
Arias et al.126 reported that histologic examination of the pla-
centa of women who delivered with preterm PROM identified
two major subclusters of patients: those with acute histologic
chorioamnionitis and another group with vascular lesions of
the placenta. Interestingly, sometimes, patients with vascular
lesions also had inflammatory lesions (histologic chorioam-
nionitis).127 The specific vascular lesions included “failure of
physiologic transformation of the spiral arteries,” atherosis,
fibrinoid necrosis of the decidual vessels, and decidual vessel
thrombosis consistent with decidual vasculopathy.128 We have
proposed that some patients who bleed in the first trimester
of pregnancy have a disorder of endometrial hemostasis.129

Vaginal bleeding may predispose to membrane rupture by
causing a separation between the chorioamnion and the
decidua, which weakens the fetal membranes.129 Alternatively,
during the formation of a retroplacental clot, thrombin is gen-
erated.130 This enzyme can stimulate the production of MMP-
1131 and MMP-3130 by decidual cells, and MMP-9, in turn, by
amniochorionic membranes.132 These MMPs can degrade fib-
rillar collagen (type I and III) and other components of the
extracellular matrix of the chorioamniotic membranes133 (see
Table 63.1). The mechanisms responsible for defective
endometrial hemostasis during pregnancy have not been iden-
tified. The observation that the only manifestation of
intrauterine infection may be vaginal bleeding129 indicates an
association between vaginal bleeding in the first and second
trimesters of pregnancy, endometrial bleeding/deficient hemo-
stasis, and intrauterine infection. This association is important
because women with preterm PROM often have clinical or
subclinical abruptions, and histologic examination of the
membranes indicates that acute chorioamnionitis is frequent
in patients with abruption.134

Uterine cervical pathology
Women with operations in the lower genital tract, such as cer-
vical conization135,136 or previous spontaneous abortions,137

are at greater risk of preterm PROM. For example, Buchmayer
et al.137 reported that a history of two or more spontaneous
abortions was associated with an OR of 4.1 (95% CI 2.2–7.8)
for preterm PROM. The pathophysiologic link between cer-
vical pathology and PROM has not been established. We
propose that integrity of the cervix is important to prevent
ascending intrauterine infection and maintain the integrity of
the lower pole of the membranes. Untimely shortening of the
cervix,138,139 loss of the mucus plug, funneling, and dynamic
changes in the cervix may predispose to ascending infection
or the generation of a localized area of weakness in close prox-
imity to the internal cervical os (this process may be unrelated
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to infection, but mediated through an inflammatory process).
Moreover, the loss of the mucus plug may reduce the ability
of the innate system to prevent ascending intrauterine infec-
tion.140–142 This hypothesis would explain the link between a
short cervix and subsequent preterm PROM.108

Acquired or congenital connective tissue disorders
Patients with Ehler–Danlos syndrome are at increased risk of
preterm PROM if they carry an affected fetus.143 This obser-
vation suggests that a connective tissue disorder, which can
affect the membranes (the chorioamniotic membranes are fetal
tissues), may predispose to preterm PROM. However, the
attributable risk of mendelian disorders for preterm PROM is
extremely low. Polymorphisms in the promoter region of genes
encoding for MMPs may also predispose to membrane rupture
(MMP-1,112 MMP-8,114 MMP-9113). Each of these polymor-
phisms may confer a mild to moderate risk, but this risk may
be increased in patients who have a relative deficiency of
vitamin C. There is some evidence that acquired conditions

such as a relative deficiency of vitamin C, which is crucial for
the synthesis of collagen,144 may predispose to preterm
PROM.145,146

Clinical risk factors for 
membrane rupture

A comprehensive analysis of risk factors associated with
preterm PROM was conducted by Harger et al.147 using a mul-
ticenter case–control study. The demographic factors and the
medical, obstetric, gynecologic, and sexual histories of 341
women with preterm PROM (20–36 weeks) were compared
with those of 253 control subjects matched for maternal age,
gestational age, parity, type of care (private versus clinic), and
previous vaginal or Cesarean delivery.147 Multiple logistic
regression analysis demonstrated that three factors associated
with preterm PROM were: (1) previous preterm delivery; (2)
vaginal bleeding during the index pregnancy; and (3) cigarette
smoking (Table 63.2). Similar findings have been reported in
a case–control study of 138 patients with preterm PROM and
267 control subjects. Vaginal bleeding, smoking, and low
socioeconomic class were also found to be independent risk
factors for preterm PROM.148 In a large, multicenter, obser-
vational cohort study, Mercer et al.108 reported the risk factors
for preterm PROM (less than 35 weeks), stratified according
to parity (see Table 63.3). Ladfors et al.,149 in a large cohort
study conducted in Sweden, reported that primiparity (OR
2.0, 95% CI 1.5–2.6), PROM in a previous pregnancy (OR
3.0, 95% CI 1.6–5.5), bleeding in the first trimester (OR 3.0,
95% CI 1.6–5.9), and premature contractions (OR 2.2, 95%
CI 1.2–4.0) were associated with PROM at or near term. In
conclusion, vaginal bleeding, a short cervix (≤ 25mm), a
history of previous spontaneous preterm delivery (with intact
or ruptured membranes), and smoking are risk factors for
preterm PROM in the index pregnancy.

Table 63.2 Clinical risk factors for preterm premature rupture of
the membranes (multivariate analysis).

Risk factors Odds ratio 95% confidence
interval

Previous preterm delivery 2.48 1.40–2.48
Cigarette smoking 2.08 1.37–3.13
No bleeding during pregnancy 1.00 –
First-trimester bleeding 2.38 1.47–3.86
Second-trimester bleeding 4.42 1.62–12.03
Third-trimester bleeding 6.44 1.81–22.91
Bleeding during more than 7.43 2.16–25.60

one trimester

From ref. 147 with permission from Elsevier.

Table 63.3 Risk factors associated with preterm PROM (at less than 35 weeks) stratified by parity.

Risk factor Nulliparous Multiparous

Odds ratio 95% confidence interval Odds ratio 95% confidence interval

Cervical length ≤ 25 mm 9.9 3.8–25.9 4.2 2.0–8.9
Previous preterm birth with preterm PROM – – 4.1 2.0–8.7
Previous preterm labor with intact membranes – – 2.6 1.2–5.3
Working during pregnancy 5.3 1.5–18.7 NS NS
Medical complications 4.2 1.1–16.0 NS NS
FFN (+) NS NS NS NS
BV NS NS NS NS
FFN (+) and absent BV NS NS 9.0 3.6–22.5
FFN (–) and present BV NS NS 2.8 1.2–6.3

FFN, fetal fibronectin; BV, bacterial vaginosis; NS, nonsignificant. Modified from ref. 108 with permission from Elsevier.
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Review of the evidence linking specific risk factors
to preterm PROM

Previous preterm PROM

The risk of preterm PROM in a subsequent pregnancy is 4% if
the patient’s first pregnancy went to term and was not compli-
cated by preterm PROM. In contrast, the recurrence rate of
preterm PROM is 21%, while that of term PROM is 26%.135

These observations are based on the data set from the Collabo-
rative Perinatal Project, in which patients with two successive
singleton pregnancies were studied (n = 5230) (see Table
63.4).135 Several investigators have confirmed the high recur-
rence rate of preterm PROM. For example, Asrat et al.150

reported a 32% (95% CI 23.9–40.5) recurrence risk in 121
patients with previous preterm PROM. Similar observations
were made by Ekwo et al.,151,152 who reported that women with
preterm PROM had a 6.3 times higher risk of recurrence than
those in the control group. Mercer12 reported that women with
prior preterm PROM had a 13.5-fold increase in the risk of
preterm PROM at less than 28 weeks in a subsequent gestation.

Vaginal bleeding
Vaginal bleeding in the index pregnancy is a major risk factor
for preterm PROM.147,148,153,154 Harger et al.147 reported that
vaginal bleeding in at least one trimester occurred in 41.4%
(141/341) of patients with preterm PROM and 17.3%
(44/253) of cases without this complication (P = 0.001). Mul-
tivariate analysis demonstrated that vaginal bleeding remained
a significant risk factor for preterm PROM after adjustment
for other covariates. Vaginal bleeding during the first trimester
was associated with a twofold increase in the risk of preterm
PROM; when occurring during the second or third trimester,
the risk of preterm PROM was increased four- and sixfold
respectively. Importantly, vaginal bleeding occurring in more
than one trimester was associated with a sevenfold increase in
preterm PROM.147 More recently, Weiss et al.109 reported that
the presence of heavy bleeding in the first trimester, defined as
a blood loss similar to menses, was associated with an
increased risk for preterm PROM (OR 3.2%, 95% CI

1.8–5.7). Moreover, Yang et al.110 reported an extensive study
of the relationship between vaginal bleeding and preterm
PROM. Information was collected about the number of bleed-
ing episodes, in which trimester they occurred, and their dura-
tion. The risk factors associated with preterm PROM were:
bleeding in the first trimester only [relative risk (RR) 1.9, 95%
CI 1.1–3.3], multiple bleeding episodes (RR 2.5, 95% CI
1.2–4.9), and duration of bleeding of more than 1 day (RR
2.0, 95% CI 1.1–3.5).

The precise mechanisms by which vaginal bleeding may lead
to preterm PROM are unknown. One possibility is that decid-
ual bleeding with clot formation impairs the nutritional
support of the membranes, subsequent stretching of the weak-
ened area leads to rupture, and the blood clot acts as a nidus
for ascending infection. An alternative explanation is that this
ascending infection may cause deciduitis manifested by vaginal
bleeding. Another potential explanation is that thrombin, an
enzyme released during coagulation, stimulates the production
of matrix-degrading enzymes,130,131 which participate in the
degradation of the chorioamniotic membranes as mentioned
above.

Smoking
Controversy exists regarding the risk of preterm PROM
among smokers. Naeye135 found no association between
smoking and preterm PROM [incidence of preterm PROM 
in smokers and nonsmokers: 5.3% (34/635) versus 6.7%
(43/635), respectively]. On the other hand, Meyer and
Tonascia155 reported that the risk of preterm PROM before
34 weeks was more than three times higher for smokers than
for nonsmokers (Fig. 63.4). Evaldson and associates136 con-
firmed this observation in a case–control study which showed
that people who smoked more than 10 cigarettes per day were
significantly more prone to having preterm PROM than those

Table 63.4 Previous PROM as a risk factor for subsequent PROM
(term or preterm).

First pregnancy Second Second 
pregnancy, pregnancy,
preterm full-term 
PROM (%) PROM (%)

Preterm delivery, with PROM 21 17
Preterm delivery, no PROM 10 13
Term delivery, with PROM 7 26
Term delivery, no PROM 4 17

PROM, premature rupture of membranes. From ref. 135 with
permission from Lippincott Williams & Wilkins.
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Figure 63.4 Risk of premature rupture of membranes (PROM) for
smoking and nonsmoking mothers, according to gestational age at
delivery (admission diagnosis, rupture of membranes only). From
ref. 155 with permission from Elsevier.
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who did not. Harger et al.147 found that smoking throughout
pregnancy doubled the risk of preterm PROM (OR 2.1, 95%
CI 1.4–3.2). Patients who smoked but stopped during preg-
nancy did not have a higher risk of PROM than women who
never smoked (OR 1.6, 95% CI 0.8–3.3). In two case–control
studies, Ekwo et al.151,152 established, after multivariate analy-
sis, that smoking increased the risk of preterm PROM
(adjusted OR 4.9, 95% CI 1.5–16.8 and adjusted OR 7.9,
95% CI 0.9–69.7, respectively). In a study of 307 women with
preterm PROM, Williams et al.156 found that the adjusted rel-
ative risk for preterm PROM of women who had ever smoked
during pregnancy was 1.6 times that of control subjects (95%
CI 1.1–2.4). There was no correlation between the number of
cigarettes smoked per day and the risk of preterm PROM.
Hadley et al.157 reported a case–control study of 133 women
with preterm PROM and 133 matched control subjects and
found that smoking more than 10 cigarettes per day was a sig-
nificant independent predictor of preterm PROM (OR 2.8,
95% CI 1.7–4.6). A dose–response relationship was estab-
lished between smoking and preterm PROM. In conclusion,
the majority of the literature suggests that smoking is a risk
factor for preterm PROM.

Ethnicity
Most of the evidence suggests that individuals of
African–American origin have an increased risk of preterm
PROM. Adams et al.158 reported no differences in the inci-
dence of preterm PROM between Caucasian (n = 1026) and
African–American (n = 842) women. However, African–Amer-
ican women had a higher risk of preterm PROM between 20
and 28 weeks of gestation than Caucasian women (hazard
ratio 3.81, 95% CI 1.04–13.99).158 Schieve and Handler159

reported a study that included 32 017 patients (13 010
African–Americans and 19 007 Caucasians). African–
American women had a higher rate of preterm PROM than
Caucasian women [3.9% (516/13 010) versus 1.7% (325/
19 007), respectively; P < 0.001]. This difference remained
after adjusting for medical insurance type (a surrogate indica-
tor of socioeconomic status). Women of African–American
origin who had Medicaid or a self-payment program had a
relative risk of preterm PROM of 1.8 (95% CI 1.5–2.3) and
an excess risk of 22.9% (in comparison with Caucasian
women). Unexpectedly, the differences between ethnic groups
were even more pronounced among women with private
insurance. African–American patients had a higher rate of
preterm PROM than Caucasians (RR 2.2, 95% CI 1.7–2.8).
The excess risk was calculated to be 24.3%.159 Similar find-
ings have been reported by Meis et al.160 Among women who
delivered low birthweight neonates, those of African–
American origin had a higher risk of PROM than Caucasian
patients (OR 1.82, 95% CI 1.45–2.28).160 In contrast, Odibo
et al.,161 in a study addressing the value of a short cervix in
the prediction of preterm PROM in 321 patients at risk of
preterm delivery, reported that individuals of African–Ameri-
can origin were at increased risk of preterm birth, but not of

preterm PROM. Collectively, these data suggest that
African–Americans are at increased risk of preterm PROM,
but that the excessive risk cannot be explained by socioeco-
nomic status. The relevant question is whether there could be
a genetic predisposition for preterm PROM. For example, For-
tunato et al.162 demonstrated that the fetal membranes of
African–American women produced higher MMP-9 concen-
trations than those of Caucasian women when the membranes
were exposed to bacterial endotoxin. Moreover, Ferrand et
al.113 demonstrated that fetal carriage of a 14 CA repeat in the
promoter of the gene encoding for MMP-9 is associated with
preterm PROM, and Fujimoto et al.112 demonstrated that a
polymorphism in the promoter region of the gene for MMP-
1 (nt-1607) also conferred an increased risk of preterm PROM
(OR 2.29, 95% CI 1.09–4.82). Wang et al.114 studied single
nucleotide polymorphisms in the MMP-8 promoter in
neonates of African–American women. The combination of a
three minor allele haplotype (–799T/–381G/+17G) was asso-
ciated with a significantly higher risk of preterm PROM (OR
4.63, 95% CI 2.01–11.94). In contrast, the combination of
the three major allele haplotype (–799C/–381A/+17C) had a
protective effect against preterm PROM (OR 0.52, 95% CI
0.36–0.75).114 Thus, individuals of African–American origin
may have a genetic predisposition to preterm PROM. Studies
conducted in Hispanics by our group indicate that there are
maternal and fetal haplotypes that appear to increase the risk
of preterm PROM, and that these haplotypes are different
from those previously identified in individuals of
African–American origin.163 Moreover, we have found that
“fetomaternal incompatibility” for certain genes may predis-
pose to preterm PROM. One interpretation of these results is
that there are genetic factors that predispose to PROM, and
that these may vary among ethnic groups.

Sexual intercourse
Naeye and Peters,164 using data from the Collaborative Peri-
natal Project, concluded that coitus during the last month
(9–30 days before delivery) was not associated with preterm
PROM. Subsequently, Naeye135 reanalyzed the data using a
different time-frame for coitus (last 9 days before delivery) and
reported an association between coitus and preterm PROM.

Mills et al.165 reported a study in which patients were inter-
viewed at the time of delivery to determine the occurrence of
sexual intercourse during pregnancy. The authors concluded
that coitus within 1 month of delivery was not associated with
a higher incidence of PROM at any gestational age.

In the multicenter case–control study reported by Harger et
al.,147 the percentage of patients who had sexual intercourse
at arbitrary intervals before PROM (less than 48h, more than
48h but less than 1 week, 1 week to 1 month, and more than
1 month) was higher in the control group than in women with
preterm PROM. These observations are in agreement with the
findings of other authors who used a smaller sample size.166,167

In contrast, Ekwo et al.168 reported the results of a prospec-
tive study in which women were interviewed within 72h of
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delivery. They found that patients with preterm PROM were
more likely to have had sexual intercourse in the missionary
position during the previous 4 weeks when compared with
matched control subjects (adjusted OR 2.4, 95% CI 1.2–5.0).
Other sexual activities were not associated with an increased
risk of preterm PROM. Moreover, no connection was found
between sexual activity and term PROM. We conclude that,
with the possible exception of intercourse in the missionary
position late in pregnancy, little evidence implicates coitus per
se in the etiology of PROM. However, to the extent that sexual
intercourse may be the method of transmission for sexually
transmitted diseases associated with PROM (i.e., Neisseria
gonorrhoeae), this behavior may confer some risk.

Vitamin C and trace elements
Vitamin C is involved in the metabolism of collagen and has
been proposed to play an important role in the maintenance
of the integrity of the chorioamniotic membranes.169 Evidence
in support of this view includes: (1) the rate of PROM is higher
among patients with low maternal plasma ascorbic acid con-
centrations than among those with normal plasma concentra-
tions [14.6% (13/89) in patients with a level of 0.20mg/dL or
less versus 1.4% (1/69) in patients with a level of 0.60mg/dL
or more];170 (2) decreased concentrations of vitamin C in
leukocytes at 20 weeks of gestation have been associated with
the subsequent development of PROM;145 (3) in vitro studies
demonstrated that increasing concentrations of vitamin C in
culture media decreased MMP-1, MMP-2, and MMP-9 
enzymatic activity and concentrations;171 (4) Barrett et al.146

reported a decreased amniotic fluid concentration of vitamin
C in women with PROM; and (5) the total ascorbic acid con-
centration is significantly lower in the amniotic membranes
from patients with preterm PROM than from control subjects
(PROM median: 0.0265mol/g tissue, range 0.008–0.129
versus control median: 0.034mol/g tissue, range 0.009–0.135;
P = 0.01).172

Casanueva et al.169 reported a randomized, double-blind
controlled study of vitamin C supplementation, in which
women with singleton gestations at less than 20 weeks were
randomized to vitamin C supplementation (100mg/day)
(n = 52) or placebo (n = 57).169 Supplementation with vitamin
C was associated with a reduction in the rate of PROM of
74% (RR 0.26, 95% CI 0.078–0.837).

Copper deficiency has been shown to inhibit the maturation
of collagen and elastin, although studies of the association of
copper levels during pregnancy and PROM have shown con-
flicting results. Artal et al.173 reported that, while patients with
term PROM had lower copper concentrations in maternal and
umbilical cord sera than patients with artificial rupture of
membranes during labor, there was no difference in membrane
copper content. These findings were not confirmed by a sub-
sequent study by Kiilholma and colleagues,174 who found no
differences in maternal or fetal serum copper concentrations
between term patients with and without PROM. On the other
hand, umbilical cord (but not maternal) serum copper and

ceruloplasmin levels were significantly lower in patients with
preterm PROM than in those with preterm delivery without
PROM.

Two studies have addressed the relationship between zinc
and PROM. Kiilholma and colleagues174 found no significant
difference in maternal and umbilical cord zinc serum concen-
trations between patients with preterm PROM and those with
preterm delivery with intact membranes. A limitation of this
study is that serum zinc reflects only a minor proportion of
the total body zinc. In another study, a maternal zinc index
was calculated (a sum of measurements of zinc in maternal
blood, scalp and pubic hair, and colostrum) and was found to
be lower in patients with term PROM than in those without
this condition.174,175 On the other hand, magnesium176 and
calcium177 supplementation in pregnancy has no effect on the
incidence of preterm PROM.176,177

Elevated maternal serum alpha-fetoprotein concentration
(MSAFP)
One study reported that women with an elevated second-
trimester MSAFP (more than 2.0 multiples of the median)
have a significantly increased risk of subsequent preterm
PROM (OR 10.4, 95% CI 3.6–29.4),178 while two other
studies demonstrated no such association.179,180 The possible
association between preterm PROM and elevated MSAFP sug-
gests that leakage of fetal proteins into the maternal circula-
tion may predispose to PROM. This, however, remains
speculative.

Previous operations on the genital tract
There are no consistent results on the effect of cervical surgery
on the risk of PROM.181,182 While some studies demonstrated
a higher frequency of PROM among patients with a history
of cervical conization or dilation and curettage
(D&C),135,136,183 other studies could not demonstrate an asso-
ciation between a history of surgical manipulation and PROM
after controlling for confounding variables.147,181,182

Pelvic examinations and PROM
Lenihan184 reported a randomized prospective trial in which
women at 37 weeks of gestation were randomized to either
weekly pelvic examinations or none at all. PROM was more
common in women who underwent repeated pelvic examina-
tions than in the control group [18% (32/174) versus 6%
(10/175), P < 0.001]. In contrast, McDuffie et al.185 performed
a prospective randomized trial of weekly cervical examina-
tions beginning at the 37th week of gestation versus none at
all, and found no differences in the rate of PROM, chorioam-
nionitis, or neonatal infectious morbidity between the two
management policies.

Main et al.186 reported the results of a preterm delivery pre-
vention program in which women at risk of preterm delivery
were randomized to either biweekly pelvic examinations or
standard obstetric care. No significant difference in the fre-
quency of PROM was noted between the two groups [50%
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(8/16) versus 28.6% (4/14)]. This observation was subse-
quently confirmed with a larger sample size.187 Holbrook 
et al.,188 in a retrospective review of patients enrolled in a
preterm birth prevention program that called for weekly cer-
vical examinations between 20 and 37 weeks, found no
increase in rates of preterm PROM, chorioamnionitis, or post-
partum endometritis. While most reports do not seem to
support an etiologic role for digital examination of the cervix
in PROM, the technique of the digital examination is prob-
ably important. An examination in which the endocervical
canal is probed with the examining finger may dislodge or
damage the mucus plug and carry bacteria into close proxim-
ity to the membranes. An examination limited to the fornix
and external os would not carry a risk of this kind. However,
such examination is uninformative for effacement. Sono-
graphic examination can provide information regarding cer-
vical length without the risk of dislodging the mucus plug. We,
therefore, do not see the justification for performing repeated
cervical examinations during pregnancy if ultrasound is 
available.

Colonization and infection of the lower genital tract with
selective microorganisms
Evidence supports an association between endocervical infec-
tion with Chlamydia trachomatis and N. gonorrhoeae and the
development of PROM, but not with colonization with group
B Streptococcus, genital Mycoplasmas, or the presence of bac-
terial vaginosis in low-risk populations and the development
of PROM.111,189 The relationship between colonization/infec-
tion or a change in the bacterial ecosystem and the subsequent
development of preterm PROM is reviewed below.

Bacterial vaginosis and vaginal inflammation
An association between bacterial vaginosis (BV) and preterm
PROM has been reported in some studies, largely in high-risk
patients. However, the results are not consistent. For example,
Kurki et al.115 reported that women with a diagnosis of bac-
terial vaginosis (BV) between 8 and 17 weeks of gestation had
a high risk of preterm PROM (OR 7.3, 95% CI 1.8–29.4). In
the Prediction of Prematurity Study, BV was found to be a
modest risk factor for preterm PROM before 37 weeks108 (see
Table 63.3). These results contrast with those of a large cohort
study of 10 397 women at low risk of preterm delivery, in
which no association was found between BV and PROM.190

An explanation for the inconsistent results is that only a
subset of patients with BV is at risk of preterm birth. Such a
subset may represent patients with vaginal inflammation,
which can be detected by determining the number of neu-
trophils in vaginal fluid. The conventional diagnosis of BV
relies only on the classification of the microbial flora of the
vagina. Using these criteria, approximately 20% of women
will have BV, and most will not deliver a preterm neonate or
have preterm PROM. There is evidence that patients with
vaginal inflammation (with or without BV) may be at risk of
subsequent preterm delivery. For example, Simhan et al.116

reported that patients with vaginal inflammation (defined as
vaginal pH > 5 and more than five neutrophils per oil field) 
in the midtrimester had a higher risk of preterm PROM
remote from term in the index pregnancy (for preterm 
PROM between 24 and 32 weeks: OR 11.7, 95% CI
2.8–49.5). A full discussion of the subject is available for 
interested readers.191

As BV confers a modest risk of spontaneous preterm birth
and preterm PROM, it is not surprising that recent trials in
low-risk patients have not demonstrated that antibiotic treat-
ment can reduce the rate of spontaneous preterm delivery. For
example, a randomized clinical trial conducted by the
Network of Maternal Fetal Medicine Units concluded that
treatment of asymptomatic BV with metronidazole during
pregnancy did not prevent spontaneous preterm deliveries
[metronidazole 5.1% (48/953) versus placebo 5.7% (55/966),
RR 0.9, 95% CI 0.6–1.3] or spontaneous rupture of the mem-
branes [4.2% (40/953) versus 3.7 (36/966), RR 1.1, 95% CI
0.7–1.8].192

In contrast, a recent systematic review conducted by 
McDonald et al.193 reported that, among patients with a history
of preterm delivery, treatment for BV during pregnancy reduced
the risk of preterm PROM (OR 0.14, 95% CI 0.05–0.38). We
interpret the conclusions of this systematic review as indicating
that a subgroup of patients with BV may benefit from treat-
ment. Such patients may be those who deploy an exaggerated
proinflammatory response (hyper-responders) to BV in the
vaginal mucosa or the hyporesponders.116,191

Group B Streptococcus (GBS)
Colonization with GBS is not a risk factor for spontaneous
preterm delivery or preterm PROM. However, once preterm
delivery is impending, colonization is a risk factor for adverse
neonatal outcome.

Regan and colleagues194 reported that PROM before the
onset of labor or contractions was more common in women
with cervical colonization of GBS at the time of delivery than
in noncarriers [15.3% (134/877) versus 7% (411/5829),
P < 0.005]. Matorras et al.195 reported that patients with pos-
itive perineal GBS cultures had a higher rate of PROM than
patients with negative cultures [26.4% (32/121) versus 17.8%
(158/890), P < 0.05]. Among GBS carriers, those who also had
a positive cervical culture had a higher rate of PROM than
those with a negative cervical culture [41.7% (10/24) versus
19% (8/42), P < 0.05].

Patients with PROM had a higher frequency of positive cul-
tures for GBS on admission than those with intact membranes
[15.6% (7/45) versus 3.8% (3/80), P < 0.05].196 Women with
PROM colonized with GBS had increased incidence of
chorioamnionitis, endometritis, and neonatal infections, as
opposed to women with PROM and negative GBS cultures.197

There are inconsistent reports concerning the effect of GBS
colonization and the duration of the latency period in patients
with PROM.197,198 Maxwell and Watson199 reported that
antibiotic treatment of patients with preterm PROM
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(26–33 weeks) and positive cultures for N. gonorrhoeae, GBS,
or both resulted in a similar latency period until delivery and
frequency of postpartum fever as in patients with negative cul-
tures. However, the incidence of pneumonia was higher in
infants born to mothers with positive cervical cultures (OR
6.9, 95% CI 2.1–22.8).199 In conclusion, GBS colonization is
not associated with an increased risk of preterm PROM.200

Therefore, treatment of colonized patients will not reduce the
rate of PROM.

Chlamydia trachomatis
A positive endocervical culture for C. trachomatis is an indi-
cation for treatment. In pregnant women, the rate of positive
cultures has been reported to be 8%.201 Among patients with
positive C. trachomatis cultures, PROM was more common
in those with positive serum IgM than in those with negative
IgM [41.1% (7/17) versus 7.0% (4/53), P < 0.01].201 Similar
findings were reported by Sweet et al.202 A positive C. tra-
chomatis culture at the first perinatal visit was associated with
a relative risk of 2 for preterm PROM and a population attrib-
uted risk of 9%.202 Moreover, Alger et al.196 reported that C.
trachomatis was isolated more frequently from patients with
preterm PROM than from women in the control group [44%
(23/52) versus 15% (13/84), P < 0.01]. Collectively, this evi-
dence suggests that infection with C. trachomatis with a
humoral immune response (positive IgM) is a risk factor for
preterm PROM.

Neisseria gonorrhoeae (NG)
The precise risk for preterm PROM conferred by NG endo-
cervicitis is unknown. This is probably attributable to a long
history of screening and treatment of NG during pregnancy.
An association between NG and PROM has been recognized
clinically based on studies examining the frequency of NG 
isolation at the time of the diagnosis of PROM. For example,
Amstey and Steadman203 reported an association between
PROM and preterm delivery and maternal colonization with
NG. Positive cultures for NG were found in 4.4% of patients
(222/5065). The prevalence of prolonged PROM (more than
24h) was significantly higher in women with positive endo-
cervical, endometrial, or placental cultures for NG than in
women with negative cultures [75% (9/12) versus 37%
(18/49), P < 0.05].204 PROM was more common in women
with positive cultures than in those with negative cultures
[26% (52/198) versus 19% (799/4246), P < 0.01].203,205

However, the prevalence of PROM in women with positive
cervical cultures during pregnancy was not significantly higher
than in a matched control group [28.1% (50/178) versus
25.4% (98/386), not significant].7 Given the standard of prac-
tice to screen and treat for NG, calculations of the attributa-
ble risk and magnitude of risk for preterm PROM are difficult
to make and have limited practical value.

Trichomonas vaginalis (TV)
There is controversy concerning whether colonization with TV
and symptomatic vaginitis caused by this organism predispose

to preterm PROM. For example, Minkoff et al.206 reported a
study in which 233 patients had cultures performed at the time
of their first prenatal visit (mean 13.8 ± 3.6 weeks). The fre-
quency of positive cultures for TV was 14.6% (34/233).
Women who subsequently developed PROM (term and
preterm) had a higher rate of positive cultures for TV in early
pregnancy than women with intact membranes [27.5%
(11/40) versus 12.8% (19/148), P < 0.03]. Stepwise logistic
regression analysis showed that a positive culture for TV was
associated with an “estimated probability” of 1.42 for PROM
(P < 0.03). In the same study, patients with positive vaginal
cultures for Bacteroides species had an estimated probability
of 2.8 (P < 0.03) for preterm PROM. Staphylococcus epider-
midis was associated with an estimated probability of 1.57
(P < 0.02) for PROM.206

Even though a positive culture for TV may be associated
with a modest increase in the risk for spontaneous preterm
delivery, perhaps through preterm PROM, randomized clini-
cal trials of antimicrobial agents in women with positive cul-
tures for TV have not reduced the rate of preterm birth. A
randomized clinical trial in which women (n = 617) were allo-
cated to receive either metronidazole or placebo reported no
differences in the rates of preterm delivery (< 37 weeks) with
PROM between the two study groups [metronidazole 4.4%
(14/315) versus placebo 4.2% (12/289), RR 1.1, 95% CI
0.5–2.3].207 In contrast, the rates of preterm delivery due to
preterm labor and intact membranes were significantly higher
in the metronidazole group [metronidazole 10.2% (32/315)
versus placebo 3.5% (10/289); RR 3.0, 95% CI 1.5–5.9].207

Unexpectedly, a recent study reported that treatment of 
low-risk patients with positive vaginal culture for TV at
23–26 weeks increases the risk of preterm PROM (OR 1.4,
95% CI 1.03–1.8).208 The authors concluded that treatment
of low-risk asymptomatic pregnant women with positive cul-
tures for TV is not recommended.207 Perhaps there is a differ-
ence between asymptomatic women with a positive culture
and patients who have clinical manifestations of vaginitis
caused by TV.

Genetic factors
Preterm PROM could be considered a “common complex dis-
order,” a term used in modern genetics to refer to a condition
resulting from the interaction of genes and the environment.
A complex disorder does not follow the pattern of mendelian
inheritance. The likelihood of the phenotype (i.e., PROM)
may result from gene–gene interaction, gene–environment
interaction, and a combination thereof.

Evidence in support of the genetic predisposition for
preterm PROM is the association between preterm PROM
and Ehler–Danlos syndrome. Barabas209 reported a retrospec-
tive study to determine the birth characteristics of patients
with Ehler–Danlos syndrome. Birth histories were available
for 18 of these patients. The rate of prematurity was 77%
(14/18), and preterm PROM occurred in 92% (13/14) of those
neonates delivered preterm. Of note, only one of the 16 
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unaffected siblings had preterm PROM, and this occurred in
a twin gestation in which one of the twins was affected. In a
recent study, the pregnancy outcome of 46 women with
Ehler–Danlos syndrome was compared with that of 33 unaf-
fected women. There were no significant differences in the fre-
quency of preterm PROM between affected and unaffected
women. In contrast, preterm PROM occurred in 34% (31/91)
of the affected fetuses, compared with 18% (10/55) of the
unaffected fetuses (P = 0.03).143 Several candidate genes have
been associated with preterm PROM, and the results of these
studies are presented in Table 63.5. Collectively, these data
provide additional evidence that the fetal genotype plays an
important role in the occurrence of preterm PROM.

Midtrimester fetal heart rate deceleration and subsequent
preterm PROM
Decelerations in the second trimester may be associated with
the subsequent occurrence of preterm PROM. Indeed, among
patients with a singleton gestation who delivered before
32 weeks, those with decelerations between 24 and 27 weeks
of gestation had a higher frequency of subsequent PROM than
those without decelerations [60.0% (39/65) versus 37.1%
(13/35), P < 0.05].210 The authors concluded that periodic or
episodic decelerations during the late second trimester were
associated with the occurrence of preterm PROM in the index
pregnancy.210 It is unclear why patients destined to have
preterm PROM have a higher frequency of second-trimester
decelerations.

Consequences of premature rupture of
the membranes

The main consequences of preterm PROM are spontaneous
onset of labor leading to prematurity,211–213 infection,120 abrup-
tio placentae,214 fetal death,215 and the oligohydramnios
sequence. This section will review, in detail, these conditions.
One concept that has been generally overlooked is that PROM
carries a risk of maternal death. The prevalence of maternal
death associated with PROM was 0.2% in 1959 and
decreased to 0.03% (1/3400) in 1982.18,216

Preterm parturition

Preterm PROM is associated with impending preterm delivery
in most cases.211–213 Cox and associates211 managed 298
patients with preterm PROM expectantly (no steroids,
tocolytics, and prophylactic antibiotics were administered),
and amniocenteses were not performed. Of the 267 patients
who gave birth to infants weighing ≥ 750g, only 7% remained
undelivered for more than 48h after admission.

Wilson and coworkers212 reported on the outcome of 143
patients with preterm PROM managed expectantly. Eighteen
percent of patients remained undelivered after 1 week of
admission. Maternal febrile infectious morbidity (antepartum

and postpartum) occurred in 10% of patients. The neonatal
death rate was 13.1% (18/137).

The most comprehensive study of the natural history of
preterm PROM was reported by Nelson et al.,213 who evalu-
ated the outcome following expectant management of 511
women with a singleton gestation and preterm PROM
between 20 and 36 weeks. Fifty-two percent of patients deliv-
ered within 48 h, whereas 12.9% remained undelivered after
1 week. The perinatal death rate was 8.4% (43/511). Not sur-
prisingly, most deaths occurred at gestational ages of less than
28 weeks [42.7% (35/82)]. Maternal infection occurred in
21.7%, and the occurrence of fetal death was strongly asso-
ciated with infection. The perinatal mortality was higher in
neonates born to infected mothers with preterm PROM before
28 weeks than after 28 weeks [46.6% (14/30) versus 1.2%
(1/81)], as was also true for infection-related morbidity (36%
versus 19.8%).

Infection

Rupture of membranes may be associated with maternal or
fetal infection. Maternal infection can be expressed as clinical
chorioamnionitis. However, most women who have MIAC do
not have clinical evidence of infection,217 such as fever, leuko-
cytosis, etc. This section will review the prevalence, microbi-
ology, fetal attack rate, frequency of fetal inflammation, and
short- and long-term consequences of infection/inflammation
in preterm PROM.

What is the prevalence of MIAC in PROM?
The prevalence of positive amniotic fluid cultures in women
with preterm PROM is 32.4% (473/1462)120 (see Table 63.6),
and is 34.3% (11/32) in term PROM.218 However, this repre-
sents a minimum estimate of the frequency of infection,
because: (1) Frequency is dependent upon isolation of
microorganisms with standard microbiologic techniques,
which underestimate the true rate of infection. The applica-
tion of molecular microbiologic techniques (cultivation inde-
pendent) has yielded a higher rate of microbial footprints.
Moreover, patients who have a positive polymerase chain reac-
tion (PCR) result for microorganisms, but a negative culture,
have comparable outcomes to those who have a positive amni-
otic fluid culture for microorganisms;219 (2) Amniocentesis is
rarely performed if the patient presents in labor. Yet, there is
evidence that patients with preterm PROM and labor have a
higher rate of MIAC than patients with preterm PROM
without labor;121 and (3) Amniocentesis is less frequently per-
formed in patients who have reduced volumes of amniotic
fluid. Several studies have demonstrated that the lower the
volume of amniotic fluid, the higher the rate of positive amni-
otic fluid cultures.220–222 Normal amniotic fluid has antimicro-
bial properties that have been attributed to the presence of
natural antimicrobial peptides,223–226 such as epithelial227 and
neutrophil defensins.224 Oligohydramnios may be associated
with decreased availability of these antimicrobial peptides
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and, therefore, impaired innate immunity. Alternatively, fetal 
infection/inflammation may lead to redistribution of fetal
blood flow, reduction in fetal urine production, and oligohy-
dramnios. The net effect is that oligohydramnios is associated
with an increased frequency of intra-amniotic infection and
inflammation.

What are the microorganisms isolated in MIAC?
In preterm PROM, genital mycoplasmas (Ureaplasma urea-
lyticum and Mycoplasma hominis) are the most frequent 
isolates from the amniotic fluid, followed by Streptococcus
agalactiae, Fusobacterium species, and Gardnerella vaginalis.
Polymicrobial infection is found in 26.7% (43/161) of
cases111,121,228–232 and an inoculum size greater than 105 colony-
forming units/mL is found in 23% (6/26) of patients for whom
quantitative microbiology was performed.232 The most
common microorganisms isolated from women with term
PROM are U. urealyticum, Peptostreptococcus, Lactobacillus,
Bacteroides species, and Fusobacterium.218 Microorganisms
isolated from the amniotic fluid in women with term and
preterm PROM are qualitatively similar.

What are the consequences of MIAC?
Patients with MIAC are more likely to develop chorioam-
nionitis, endometritis, and neonatal sepsis than patients with
negative amniotic fluid cultures on admission.65,111,121,220,228–241

Table 63.7 shows the rate of these complications in studies in
which antibiotics were not used before delivery. Garite and
Freeman237 reported that the frequency of respiratory distress
syndrome (RDS) was twofold higher in neonates born to

women with positive amniotic fluid cultures than in those born
to women with negative cultures. Two explanations for these
findings can be considered. First, patients with a positive
amniotic fluid culture are generally at a lower gestational age
than those with a negative amniotic fluid culture. Therefore,
the higher incidence of RDS may reflect a greater degree of
prematurity. Second, some cases of respiratory difficulty may
be due to pneumonia rather than RDS.242–244

Is MIAC related to the onset of labor in preterm PROM?
The onset of labor in the setting of PROM has traditionally
been considered an early sign of intrauterine infection. One
study has examined the relationship between MIAC and the
onset of preterm labor in women with PROM.121 Patients in
labor on admission had a higher rate of positive amniotic fluid
cultures than women admitted with preterm PROM but not
in labor [39% (24/61) versus 26% (41/160), P = 0.049].
Moreover, 75% of patients who were not in labor on admis-
sion, but subsequently went into spontaneous labor, had a
positive amniotic fluid culture around the time of onset of
labor.

Zlatnik et al.232 conducted a unique study in which the
results of amniotic fluid cultures were not used in patient 
management. A higher proportion of patients with positive
amniotic fluid cultures delivered within 7 days, compared with
those with negative cultures [positive cultures 89% (8/9)
versus negative cultures: 45% (9/20), P = 0.04]. These data
support a relationship between MIAC and the onset of
preterm labor.

Table 63.6 Microbial invasion of the amniotic cavity in women with preterm premature rupture of membranes as determined by amniotic fluid
studies obtained by transabdominal amniocentesis.

Author Number of Positive culture Mycoplasma Success Clinical chorioamnionitis Neonatal infection
patients numbers (%) culture rate (%) numbers (%) numbers (%)

Garite et al.231 59 9/30 (30.0) No 51 6 (66.6) 2 (22.2)
Garite and Freeman237 207 20/86 (23.2) No 42 11 (55.0) 5 (25.0)
Cotton et al.229 61 6/41 (14.6) No 67 6 (100.0) 1 (16.6)
Broekhuizen et al.233 79 15/53 (28.3) No 67 3 (20.0) 8 (53.3)
Vintzileos et al.220 54 12/54 (22, 2) No – 2 (16.7) 4 (33.3)
Feinstein et al.235 73 12/50 (20.0) No 68 2 (16.7) 5 (41.6)
Romero et al.121 230 65/221 (29.4) Yes 96 – 5 (7.7)
Gauthier et al.238 91 49/91 (53.8) Yes – – –
Coultrip et al.230 29 12/29 (41.4) Yes – 3 (25.0) –
Gauthier and Meyer239 117 56/117 (47.9) Yes – – –
Romero et al.241 110 42/110 (38.2) Yes – 5 (11.9) 20 (47.6)
Font et al.236 74 21/37 (56.8) Yes – – –
Averbuch et al.228 90 32/90 (35.5) Yes – – 7 (21.9)
Carroll et al.111 97 30/82 (36.6) Yes – – –
Gomez et al.250 52 30/52 (57.7) Yes – – –
Hussey et al.555 26 4/26 (15.4) Yes – – –
Rizzo et al.139 124 21/124 (16.9) Yes – – –
Yoon et al.219 154 37/154 (24.0) Yes – 7 (18.9) 10/32 (31.2)
Total 1727 473/1462 (32.4) 49/165 (29.7) 67/277 (24.2)

From ref. 120 with permission of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.
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Are there differences in the inoculum size and type of
microorganisms between women in labor and not in labor
with preterm PROM?
Zlatnik et al.232 reported that four of six patients with a colony
count greater than 104/mL were delivered within 72h, com-
pared with none of three with counts lower than 104/mL.
However, this difference did not reach statistical significance.
Similarly, Romero et al.121 reported that patients with preterm
PROM in active labor on admission had a higher inoculum
size than women not in labor [colony counts higher than 105

were found in 55% (10/18) versus 23% (6/26) respectively;
P < 0.05]. These data suggest a possible relationship between
proliferation of microorganisms and the onset of preterm
labor. On the other hand, the rate of polymicrobial infection
was not different between the two groups. Microbial invasion
limited to Mycoplasma was found in only 8% of patients in
labor versus 20% not in labor.

Can intra-amniotic infection resolve without treatment?
Romero et al.121 performed a second amniocentesis in 12
women who originally had a negative Gram stain of the amni-
otic fluid but a positive amniotic fluid culture. One patient had
a first amniotic fluid culture positive for Fusobacterium
species, but the second amniotic fluid culture obtained at the
time of the spontaneous initiation of labor showed no growth.
It is unclear whether this observation represents a failure of
culture or a true resolution of MIAC. The initiation of labor
and the observation that this patient had histologic chorioam-
nionitis makes the second possibility less likely. In 11 patients,
the microorganisms recovered from the second amniocentesis
were the same as those retrieved from the first, but the colony
count was higher in all instances. This indicates that, once
MIAC has occurred, it has a progressive course. Whether this
is the natural history of intra-amniotic infection in the
midtrimester of pregnancy or in patients who have viral col-
onization of the amniotic fluid is unknown.

Can treatment with antibiotics in patients with intra-amniotic
infection alter the natural history?
This question was addressed by Romero et al.,245 who reported
that the latency period was shorter and the neonatal morbid-
ity higher in a cohort of patients with preterm PROM who
had a positive culture for U. urealyticum (without antibiotic
treatment) than in those with sterile amniotic fluid. Gauthier
et al.246 treated patients with preterm PROM and positive
amniotic fluid cultures for U. urealyticum with a 1-week
course of erythromycin. The latency period and the frequency
of chorioamnionitis and neonatal sepsis in the treated group
were not different from those of patients with sterile amniotic
fluid. The observation that patients undergoing midtrimester
amniocenteses who had a positive fluid culture or positive
antibodies for U. urealyticum followed by preterm delivery,
low birthweight infants, and fetal death suggests that some
infections are chronic in nature.247

Does antibiotic administration to patients with preterm PROM
prevent subsequent microbial invasion or eradicate existing
infection at the time of initiation of treatment?
A recent study investigated the course of MIAC in 46 patients
with preterm PROM.248 All underwent amniocentesis upon
admission, with an 18% prevalence of intra-amniotic inflam-
mation (defined as an amniotic fluid white blood cell count
≥ 100/mm3) and a 15% prevalence of MIAC. Patients without
evidence of intra-amniotic inflammation or MIAC were
treated with ampicillin and erythromycin for 7 days. Those
with intra-amniotic inflammation or MIAC were treated with
ceftriaxone, clindamycin, and erythromycin for 10–14 days.
At the time of the second amniocentesis, six of the seven
patients with a prior diagnosis of MIAC were again positive
for microorganisms. Of 18 patients with intra-amniotic
inflammation, only three showed no evidence of inflammation
after antibiotic treatment. Of note, among patients with no
evidence of intra-amniotic inflammation or MIAC at 

Table 63.7 Rate of infectious complications in premature rupture of membranes.

Main author Amniotic fluid culture positive Amniotic fluid culture negative

Number Chorioamnionitis Endometritis Documented Number Chorioamnionitis Endometritis Documented 
(%) (%) neonatal (%) (%) neonatal 

sepsis (%) sepsis (%)

Romero121 65 – – 7.7 156 – – 0.7
Garite231 9 66.6 33.3 22.2 21 4.7 4.7 0
Vintzileos220 12 16.6 – 33.3 42 9.5 – 0
Broekhuizen233 15 20 33 – 38 0 3 –
Cotton229 6 100 * 17 35 9 * 3
Feinstein235 12 17 – 17 38 5 – 3
Zlatnik232 9 66.6 0 11 20 15 10 0

*Inclusive of chorioamnionitis and endometritis.
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admission, 32% (9/28) developed inflammation despite
therapy. Five of the nine patients in question had positive
amniotic fluid cultures. These observations suggest that sys-
temic treatment with these antibiotics may not alter the
natural course of MIAC in preterm PROM.

Can the fetus be infected in utero? Does this influence the
latency period?
Evidence of fetal infection was provided by Carroll et al.,249

who performed amniocentesis and cordocentesis at the time
of presentation with PROM. The frequency of positive fetal
blood culture was 10.3% (10/97). The authors found that, for
patients with positive amniotic fluid and fetal blood cultures,
the median time to delivery was 2 days (range 1–5 days), com-
pared with 41 days (range 1–161 days) for patients with 
negative cultures in both amniotic fluid and fetal blood. In the
case of patients with MIAC and negative fetal blood cultures,
the median interval to delivery was 9 days (range
1–37 days).249

It is noteworthy that the microorganisms isolated from
septic newborns are similar to those found in the amniotic
fluid. In a study of 221 patients with preterm PROM, six cases
with culture-proven neonatal sepsis were found.121 In five of
these cases, the microorganisms were the same as those found
in the amniotic fluid; in the remaining case, the amniotic fluid
culture 48h before delivery had been negative.121 The practi-
cal implication of this observation is that an amniocentesis
performed before delivery may provide microbiological infor-
mation helpful in guiding antibiotic choice in the newborn.

Can the fetus deploy an inflammatory response?
The first evidence that the fetus can mount an inflammatory
response was reported some years ago.250 The authors coined
the term “fetal inflammatory response syndrome” (FIRS) to
refer to an elevation in the fetal plasma concentration of IL-6
(> 11pg/mL) that was associated with severe neonatal mor-
bidity250 and a shorter cordocentesis-to-delivery interval.251

Fetal microbial invasion or other insults result in a systemic
fetal inflammatory response that can progress toward multi-
ple organ dysfunction, septic shock, and perhaps death in the
absence of timely delivery. Evidence of multisystemic involve-
ment in cases of FIRS includes increased concentrations of
fetal plasma MMP-9,100 an enzyme involved in the digestion
of type IV collagen and in the pathophysiology of preterm
PROM.252 Moreover, several fetal organs including the
hematopoietic system,253–255 adrenals,256 heart,257 brain,258,259

lungs,260,261 and skin262 have been proposed to be target organs
during FIRS.

Pathologic examination of the umbilical cord is an easy
approach to determine whether fetal inflammation was
present before birth. Funisitis and chorionic vasculitis are the
histopathologic hallmarks of FIRS.263 Funisitis is associated
with endothelial activation, a key mechanism in the develop-
ment of organ damage,264 and neonates with funisitis are at
increased risk of neonatal sepsis265 and long-term handicaps,

such as bronchopulmonary dysplasia259 and cerebral palsy.261

Indeed, newborns with funisitis are at more than a twofold
increased risk of IVH266 and have an 11-fold risk of develop-
ment of periventricular echolucencies.267 In the context of
FIRS, the combination of inflammatory changes in the brain
and fetal systemic hypotension may increase the likelihood of
brain injury.268 Collectively, these observations suggest that a
subset of fetuses presenting with preterm PROM have bac-
teremia and/or FIRS that may contribute to fetal organ
damage.

Microbial invasion: cause or consequence of premature
rupture of the membranes?
The traditional view has been that MIAC is the consequence
of membrane rupture. However, evidence suggests that PROM
may be the result of subclinical infection and inflammation.
Naeye and Peters164 reported in 1980 that patients with
preterm PROM 1–4h before the onset of labor had a higher
prevalence of histologic chorioamnionitis than patients who
delivered preterm without PROM (Table 63.8). Because it is
unlikely that inflammation of the chorioamniotic membranes
develops in 4 h, these data suggest that, in these cases, histo-
logic chorioamnionitis precedes rather than follows PROM.
Several lines of evidence suggest that the most likely cause of
histologic chorioamnionitis is subclinical infection. Bacteria
have been recovered from 72% of placentas with histologic
chorioamnionitis.269 Furthermore, we have demonstrated a
good correlation between a positive amniotic fluid culture for
microorganisms and histologic chorioamnionitis.270

MIAC can also be the consequence of PROM. The fre-
quency of positive amniotic fluid cultures increases with time.
Indeed, 75% of patients who were quiescent on admission and
subsequently went into labor had a positive amniotic fluid
culture.121 However, only 25% of these patients had a posi-
tive culture on admission, and the remaining 50% became
positive during the latency period.121 These observations are
consistent with those of Naeye and Peters,164 who showed that
the incidence of histologic chorioamnionitis increases with the
duration of the latency period.

The authors reported that histologic chorioamnionitis
(defined as the presence of 4–15 neutrophils in the chorionic
plate) in PROM was two- to threefold more common when
rupture of membranes occurred just before the onset of labor

Table 63.8 Gestational age at membrane rupture and frequency of
histopathologic chorioamnionitis.164

20–28 29–32 33–37
weeks (%) weeks (%) weeks (%)

Rupture of membranes after 23 15 11
onset of labor

Premature rupture of 48 29 32
membranes 1–4h before 
onset of labor 
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than when it occurred after labor began.164 This suggests that
inflammation (and probably infection) is in many cases not
only a consequence of PROM, but it may also be its cause.

Abruptio placentae

Abruptio placentae occurs more frequently in patients with
preterm PROM than in those with preterm labor and intact
membranes (2.29% versus 0.86% respectively; RR 3.58, 95%
CI 1.74–7.39).214 The same conclusion has been previously
reported in a systematic review271 and a population-based epi-
demiologic study.272 The mechanisms responsible for separa-
tion of the placenta in preterm PROM have not been
determined. Nelson and associates273 proposed that leakage of
fluid after PROM may lead to a disproportion between the
placental and uterine surfaces that would favor placental sep-
aration. Evidence in support of this concept is the observation
that, in the context of preterm PROM, the incidence of abrup-
tio placentae increases with the severity of oligohydramnios
(12.3% for patients with a vertical pocket of 1–2 cm versus
3.5% among those with a vertical pocket > 2 cm).274 However,
two groups of investigators using subjective means to estimate
amniotic fluid volume could not confirm this observation.275,276

An alternative hypothesis to explain the relationship
between abruptio placentae and preterm PROM postulates
that a disorder of decidual hemostasis leads to separation of
the membranes from the decidua, with subsequent compro-
mise of their nutritive support, weakening of the membranes,
and eventual rupture. Indeed, patients with abruptio placen-
tae after preterm PROM have a higher incidence of vaginal
bleeding before rupture and during the latency period than
patients without abruptio placentae. In order to evaluate the
mechanism of abruption-related preterm delivery, Mackenzie
et al.130 studied MMP-3 production and expression in primary
decidual cell cultures incubated in a medium of steroids plus
or minus thrombin. MMP-3, as well as its mRNA, was sig-
nificantly inhibited by estradiol plus progestin versus estradiol
alone. Interestingly, thrombin elicited a dose-dependent rever-
sal of this progesterone inhibition of MMP-3.

Infection/inflammation within the decidua could also facil-
itate premature placental detachment. Indeed, there is an asso-
ciation between histologic chorioamnionitis and abruptio
placentae.134,277 The relative risk of abruption is 9.03 (95% CI
2.80–29.15) when chorioamnionitis is associated with preterm

PROM.214 One mechanism for this link has been proposed by
Lockwood et al.278 Thrombin, an enzyme released during
hemostasis, can enhance IL-8 expression by decidual cells. IL-
8 is a chemokine able to recruit neutrophils. The inflamma-
tory process resulting from neutrophil infiltration could induce
degradation of extracellular matrix and membrane rupture.

Pulmonary hypoplasia

Pulmonary hypoplasia is characterized by a decrease in the
number of lung cells, airways, and alveoli.279,280 Its frequency
is related to gestational age at the time of membrane rupture,
and its presence increases the risk of neonatal death and other
complications such as pneumothorax and persistent pul-
monary hypertension.

Three studies looked specifically at pulmonary hypoplasia
in the context of PROM. Vergani et al.281 conducted a pro-
spective study of patients with PROM before 28 weeks of 
gestation managed conservatively. Pulmonary hypoplasia was
diagnosed at autopsy or in the neonates based on radiographic
findings. The frequency of pulmonary hypoplasia was 28%
(15/54). Gestational age at the time of PROM and presence
of oligohydramnios, but not the latency period, were inde-
pendent predictors of the subsequent development of pul-
monary hypoplasia.281

Rotschild et al.280 studied 88 neonates born to mothers with
PROM occurring before 29 weeks and a latency period of at
least 1 week (Table 63.9). The prevalence of pulmonary
hypoplasia was 16% (14/88). Gestational age at the time of
PROM, but not the duration of the latency period or the sever-
ity of oligohydramnios, was associated with pulmonary
hypoplasia. The risk of pulmonary hypoplasia when PROM
occurs at 19 weeks was 50%, whereas it was only 10% when
the membranes ruptured at 25 weeks (Fig. 63.5). This has been
confirmed by animal experimentation.282

Winn et al.283 prospectively studied 163 patients with
preterm PROM from 15 to 28 weeks of gestation. Pulmonary
hypoplasia was diagnosed at autopsy or by radiographic find-
ings using the same criteria as Vergani et al.281 The incidence
of pulmonary hypoplasia was 12.9% (21/163). The authors
reported that gestational age at rupture of the membranes,
latency period, and either the initial or the average amniotic
fluid index (AFI) had significant influence on the development
of pulmonary hypoplasia.

Table 63.9 Role of pulmonary hypoplasia in neonatal morbidity and mortality.280

Pulmonary No pulmonary Odds ratio P-value
hypoplasia % (no.) hypoplasia % (no.) (95% confidence interval) (by Fisher’s exact test)

Neonatal death 71 (10/14) 11 (8/74) 20.6 (4.5–105) < 0.001
Pneumothorax 64 (9/14) 15 (11/74) 10.3 (2.5–44.8) < 0.001
Persistent pulmonary hypertension 43 (6/14) 11 (8/74) 6.2 (1.4–27.2) < 0.01
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The role of duration of rupture of membranes in the devel-
opment of pulmonary hypoplasia is not clear. Univariate
analysis demonstrated an association between the duration of
rupture of membranes and the occurrence of pulmonary
hypoplasia.281,284–286 However, there is an inverse relationship
between the duration of the latency period and the gestational
age at the time of membrane rupture. Multivariate analysis
has not shown a significant effect of the duration of PROM
in the development of pulmonary hypoplasia.281

Whereas Rotschild et al.280 reported that the severity of
oligohydramnios was not a factor in the development of pul-
monary hypoplasia, both Vergani et al.281 and Winn et al.283

reported that amniotic fluid volume was an independent 
predictor of the development of pulmonary hypoplasia. The
discrepancy between studies may be explained by the: (1)
determination of amniotic fluid volume; (2) exclusion of
patients; and (3) definition of pulmonary hypoplasia.

The mechanisms responsible for pulmonary hypoplasia in
PROM are poorly understood.287–296 Experimental evidence
suggests that oligohydramnios caused by drainage of the 
amniotic cavity leads to pulmonary hypoplasia. Traditionally,
oligohydramnios has been thought to lead to extrinsic com-
pression of the fetal thorax, impairing lung growth. An alter-
native view is that oligohydramnios reduces lung fluid volume,
and this in turn is responsible for pulmonary hypoplasia.
Experimental and clinical evidence supporting the importance
of lung fluid in the pathogenesis of pulmonary hypoplasia
includes the following: (1) chronic tracheal drainage causes
pulmonary hypoplasia in fetal sheep;289 (2) laryngeal atresia
associated with renal agenesis (Fraser syndrome) results in
normal pulmonary development despite severe oligohydram-
nios;294 and (3) oligohydramnios is often associated with
decreased intra-amniotic fluid pressure.295

Several biometric and biophysical parameters have been
used for the antenatal prediction of pulmonary hypoplasia,
including thoracic circumference,296 thoracic circumference
compared with femoral length,297,298 or abdominal circumfer-
ence.299,300 Other methods used include lung length,301 peri-
nasal fluid flow during fetal breathing movements,302

breathing-related modulation of ductus arteriosus flow,303

amniotic fluid volume,281 pulmonary artery Doppler velocime-
try,304 and various formulas.300,305,306 No single index has been
confirmed independently to have adequate sensitivity and
specificity to make it clinically useful.

Serial amnioinfusion has been proposed for the prevention
of pulmonary hypoplasia. Fisk et al.307 performed serial trans-
abdominal amnioinfusion in nine women with midtrimester
oligohydramnios (six with preterm PROM and three whose
fetuses had lower urinary tract obstructions). Preterm labor
occurred in four women between 3 and 12 weeks after the last
procedure. One patient developed clinical chorioamnionitis
2 days after her sixth infusion; there was one case of placen-
tal abruption. At delivery, three of nine fetuses survived, and
five of six neonates who died had normal lung-to-body ratios,
suggesting that this management may decrease the risk of pul-
monary hypoplasia. Evidence of lung hypoplasia was present
in one infant who died and in one who lived. Nakayama et
al.308 have generated experimental evidence that maintenance
of amniotic fluid volume by saline infusion in pregnant rabbits
could prevent pulmonary hypoplasia. The role of serial
amnioinfusion in the clinical management of PROM remains
experimental.

Fetal compression syndrome

The fetal compression syndrome was originally described in
the context of oligohydramnios and renal agenesis.309 Classi-
cally, it includes limb position deformities and craniofacial
defects that are thought to result from physical compression
inhibiting fetal growth and movement.310,311 Nimrod et al.285

reported an incidence of 12% in women with preterm PROM,
most occurring when the latency period was longer than
5 weeks. Blott et al.287 found that 46% (14/30) of infants born
after prolonged membrane rupture (more than 4 weeks) had
limb deformities. The median duration of rupture in the group
with deformities was 28 days, compared with 9 days in infants
without deformities.

Fetal growth restriction

Preterm delivery resulting from patients with preterm labor
and intact membranes or preterm PROM has been associated
with “fetal growth restriction.” Most studies are cross-
sectional and have not separated preterm PROM from
preterm labor with intact membranes.312,313 One interesting
study determined the fetal growth rate for biometric parame-
ters in a cohort of 69 singleton pregnancies complicated with
preterm PROM (24–31 weeks) and who remained undelivered
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Figure 63.5 Curve relating probability of pulmonary hypoplasia to
gestational age at rupture of membranes derived from estimated
logistic equation: Probability of pulmonary hypoplasia =
1/(1 + e–7.27 + 0.38 GAR). From ref. 280 with permission from Elsevier.
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for more than 14 days. The mean growth velocity of the head
and abdominal circumference was significantly lower than
that of the control group (n = 345 normal pregnancies).
Neonates who had intraventricular hemorrhage (IVH),
periventricular leukomalacia (PVL), or cerebral palsy had 
a lower growth velocity than those not affected by these 
disorders.314

Fetal death

The rate of fetal death in preterm PROM is approximately 1%
when this complication is diagnosed after 24 weeks and 15%
if PROM occurs before.20 The etiology of fetal death remains
unknown. Fetal infection, placental abruption, fetal growth
restriction and umbilical cord prolapse or accident (resulting
from compression in cases of severe oligohydramnios) have
been implicated.

Fetal death, in the context of intrauterine infection, has been
attributed to microbial invasion of the fetus, where the unborn
child fails to deploy an inflammatory response sufficiently
intense to stimulate labor. Indeed, histologic chorioamnionitis
(maternal inflammatory response) is nine times more frequent
than funisitis (a fetal inflammatory response) in patients with
stillbirth.315 In this case, in utero fetal death would represent
failure of the host response mechanisms dealing with
intrauterine infection. This concept is supported by a genetic
association study which demonstrated that fetal carriage of the
allele 2 of the gene encoding for the IL-1 receptor antagonist
(IL-1ra) is associated with fetal death.316 An excess of IL-1ra
in the fetal compartment may limit the ability of the fetus to
deploy a proinflammatory response and limit the effectiveness
of the mechanisms available for host defense, including 
the ability to initiate labor to exit a hostile intrauterine 
environment.

Diagnosis of prelabor rupture of 
the membranes

Traditionally, the diagnosis of PROM has been based on 
clinical findings and bedside tests. The following section will
review the accuracy of these tests in the diagnosis of PROM.

Presenting symptoms

The most common presentation of PROM is a watery vaginal
discharge or a sudden gush of fluid from the vagina, as
reported by the patient. Questioning the patient about the
timing of the initial loss of vaginal fluid, color and consistency
of the discharge, and any odor may help to differentiate
PROM from loss of the mucus plug in early labor, vaginal 
discharge associated with infection, normal leukorrhea of
pregnancy, and urinary incontinence (sometimes present in
pregnancy), as well as to determine the presence of blood or
meconium in the amniotic fluid.

Vaginal examination

Evaluation of the patient begins with a sterile speculum exam-
ination. Visualization of a vaginal pool or obvious leakage of
fluid from the cervix into the posterior fornix is considered 
to be evidence that PROM has occurred. Increasing intra-
abdominal pressure may assist in the visualization of this sign.
If no fluid is present in the posterior fornix, the patient can be
re-examined after resting in the supine position to allow for
accumulation of fluid in the posterior fornix. Additionally, a
speculum examination allows for collection of vaginal and cer-
vical cultures and amniotic fluid to assess fetal lung maturity,
while ruling out cord prolapse.

A sterile swab of fluid should be obtained from the poste-
rior fornix and placed on a clean glass slide and on a piece of
nitrazine paper. Amniotic fluid, when put on a slide and
allowed to dry, will show arborization (“ferning”) under the
microscope at low magnification.317 This method has an
overall accuracy of 95%.318 Rare false-positive ferning results
have been described in association with fingerprints on the
slide or contamination with semen and cervical mucus.319,320

False-negative results (5–10%) may be caused by dry swabs
or by contamination with blood.317,321,322 The slide should be
evaluated after at least 10 min of drying to decrease the false-
negative rate.323

Does a digital examination increase the risk of infection?
The traditional view has been that “once an examination has
been performed, the clock of infection starts to tick.” Several
studies have addressed the clinical consequences of digital
examination in the setting of PROM.324–327

Adoni and coworkers324 reported a study in which the
latency period and incidence of chorioamnionitis were evalu-
ated in patients with preterm PROM (26–34 weeks) who
underwent a digital examination or a sterile speculum exam-
ination. The latency period was longer in patients undergoing
speculum examination than in those examined digitally
(9.5 ± 1.5 days versus 3.1 ± 0.5 days, P < 0.005). No signifi-
cant difference in the incidence of chorioamnionitis was
found. Lewis and associates325 prospectively collected data on
271 singleton pregnancies with preterm PROM. The authors
reported that patients who underwent digital examination had
shorter latency periods than those who had speculum exami-
nation (digital examination 2.1 ± 4.0 days versus speculum
examination 11.3 ± 13.4 days, P < 0.0001) (Fig. 63.6).

Sukcharoen et al.327 performed a retrospective study in
which women with preterm PROM had digital examinations
(n = 50) or speculum examinations (n = 65). The authors
reported no differences in latency periods or neonatal out-
comes in the study groups. However, patients who underwent
digital examinations had a higher frequency of chorioam-
nionitis [digital examination 12% (6/50) versus speculum
examination 3.1% (2/65), P < 0.05].

Schutte and colleagues326 retrospectively examined the inci-
dence of neonatal infection in patients with PROM according
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to the interval between initial digital vaginal examination and
delivery. The incidence of neonatal infection was higher in
patients examined more than 24h before delivery than in those
whose first vaginal examination occurred less than 24h before
delivery [33% (11/33) versus 5% (14/280), P < 0.0001].
Although this study has been widely cited in support of the view
that digital vaginal examination increases the risk of infection,
the design of this study constrains the strength of this conclu-
sion. For example, the policy at the institution in which the
study was performed was not to perform digital examinations
in patients with PROM unless delivery was anticipated within
24h. Uterine contractions may have been an early sign of infec-
tion, rather than labor, in some patients.

The only justification for performing a digital examination
is to determine cervical status. In the preterm gestation, this
information rarely alters clinical management but, in the 
term gestation, the cervical state may be a factor influencing
decisions regarding induction. There is a strong relationship
between the results of sterile speculum examination and digital
examination of the cervix. This was demonstrated in a study
in which visual speculum and digital cervical examinations in
women in labor were performed by two separate blinded
examiners within 5min of each other. Visual examination
underestimated actual cervical dilation by only 0.6cm (95%
CI 0.58–0.62).328–330 The major objection to a digital exami-
nation in the setting of PROM is that it may unnecessarily
increase the risk of ascending infection, and the information
it provides can be obtained by sterile speculum examination.

Biochemical studies for the detection of amniotic fluid in 
the vagina
The biochemical properties of the amniotic fluid are the basis
in distinguishing it from other fluids that can be observed in the
vagina (i.e., cervical secretions, urine, and semen). The normal

pH of the vagina during gestation is 4.5–5.5, and that of the
amniotic fluid is 7.0–7.5. Nitrazine paper turns from yellow to
blue when exposed to any alkaline fluid (i.e., pH of 7.0 or
more), and the use of nitrazine paper has been reported to have
an accuracy of 93.3%318 in determining the presence of amni-
otic fluid in the vagina. False-positive results range from 1% to
17% and can result from alkaline urine, blood, semen, vaginal
discharge in cases of bacterial vaginosis, or Trichomonas infec-
tion.331 False negatives may occur in up to 10% of cases.

Additional biochemical tests for the diagnosis of PROM
include diamine oxidase (DAO) activity,332 prolactin
levels,333–335 alpha-fetoprotein (AFP; sensitivity 94.5% and
specificity 95.4%),333,336 and insulin-like growth factor-
binding protein-1 (IGFBP-1).337 AFP has been reported to be
better than prolactin and more practical than DAO assay with
an overall accuracy of 98%.337,338 IGFBP-1 determinations
have a sensitivity of 74.4% and a specificity of 92.6%.339

Overall, the sensitivity, specificity, positive and negative pre-
dictive values of the different diagnostic tests presented today
in comparison with the nitrazine test are good (Table
63.10).340–345 However, the lack of available bedside kits for
these tests hampers their clinical use.

The assay for FFN is useful in the identification of patients
at risk of preterm and term labor and imminent delivery.
However, doubts still exist about its diagnostic value in
PROM.346 Eriksen et al.347 reported that, for the detection of
term PROM, FFN had a sensitivity of 98.2%, but a specificity
of only 26.8%. Although the authors proposed that the false
positives were the result of the detection of small amounts of
amniotic fluid not detected by clinical tests (pool, nitrazine,
and ferning), an alternative explanation is that a positive FFN
detects degradation of the extracellular matrix in the
fetal–maternal interface that precedes the clinical onset of
labor rather than PROM. Support for the hypothesis derives
from the observation that patients without PROM but with
positive cervical FFN are more likely to deliver within 72h
than those with negative cervical FFN.346,348–355 In conclusion,
the detection of cervicovaginal FFN is not specific for PROM.

Transabdominal injection of dye
When the diagnosis of preterm PROM is not clear, a transab-
dominal injection of dye (indigo carmine, Evans blue, fluores-
cein) into the amniotic cavity may be used for
confirmation.356–359 Methylene blue should not be used as it
may cause fetal methemoglobinemia.360–362 A tampon in 
the vagina can document subsequent dye leakage in cases 
of PROM.

Initial assessment of patients presenting
with preterm prelabor rupture of the
membranes

The initial evaluation of a patient with preterm PROM
includes: (1) accurate assessment of gestational age; (2) exclu-
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sion of occult cord prolapse; (3) estimation of fetal weight and
presentation; (4) evaluation of the risk of infection; (5) deter-
mination of lung maturity; and (6) assessment of fetal 
well-being.

Ultrasound examination in the evaluation of
patients with preterm PROM

The initial ultrasound examination aims to: (1) assess fetal via-
bility, biometry, and presentation; (2) quantify amniotic fluid
volume; (3) rule out fetal anomalies; and (4) confirm gesta-
tional age. The sonographic examination of fetuses with
PROM is challenging due to the reduced amniotic fluid
volume. For example, sonographic estimates of fetal weight
have been shown to underestimate the birthweight.363–365

Diagnosis of intrauterine infection in 
preterm PROM

Amniocentesis is used for the evaluation of the microbiologi-
cal state of the amniotic cavity and of fetal lung maturity in
the patient with preterm PROM.366 Results of amniotic fluid
analysis provide a rational approach to the management of
preterm PROM. Patients without evidence of infection/inflam-
mation and lung immaturity could be managed expectantly,
whereas those with evidence of infection could be managed
using algorithms tailored to the gestational age (see section on
Management).

Garite and coworkers231 were the first to propose the use of
amniocentesis in the evaluation of the microbiological state of
the amniotic cavity and of fetal lung maturity in the patient

with preterm PROM. Subsequently, several investigators
reported studies in which amniocentesis had been used in the
management of PROM. Relevant issues are the success rate of
fluid retrieval, the value of the information obtained, and the
risk associated with the procedure.

Table 63.6 gives the success rate of amniotic fluid retrieval
by transabdominal amniocentesis in the published
reports.121,229,231,233–235,237,245 Retrieval rates vary from 49% to
96% in published series. The wide disparity in retrieval rates
is probably attributable to differences in practice among insti-
tutions (e.g., although Garite and associates excluded all
patients with anterior placentas and oligohydramnios, subse-
quent studies have not considered these conditions as 
contraindications for amniocentesis). Better ultrasound tech-
nology, color Doppler, and a skilled maternal–fetal medicine
specialist make amniocentesis possible in most cases of
PROM.

One randomized clinical trial examined the value of amnio-
centesis in preterm PROM.367 Forty-seven patients
(26–34 weeks of gestation with an accessible amniotic fluid
pocket) were randomized to amniocentesis or no amniocente-
sis. Indications for induction of labor included positive Gram
stain of amniotic fluid or mature fetal lungs, as determined 
by a lecithin-to-sphingomyelin (L/S) ratio of more than 2.0 
or positive phosphatidylglycerol (PG). Neonates born to
women who had amniocenteses had a lower incidence of
“fetal stress” during labor (diagnosed by fetal heart rate
tracing) and a shorter hospital stay than those born to women
who were randomized not to have amniocenteses [“fetal 
distress”: 4% (1/24) versus 32% (7/22), P < 0.05; hospital 
stay (median): 8.5 days versus 22 days, P < 0.01]. No 

Table 63.10 Diagnostic indices of detection methods for diagnosis of PROM.

First author Number Site of Method Timing Sensitivity Specificity Positive Negative
of patients inspection (%) (%) predictive predictive

value (%) value (%)

Kishida344 46 Vagina AFP 16–36 weeks 96.9 92.9 96.9 92.9
Fibronectin 87.5 92.9 96.6 76.5
Nitrazine test 81.3 100 100 70

Cervix AFP 100 85.7 94.1 100
Nitrazine test 96.9 57.1 83.8 88.9

Anai343 204 Vagina hCG First trimester 100 64.3 61.5 100
Second trimester 100 91.8 82.8 100
Third trimester 100 96.5 88.9 100

Esim341 141 Vagina hCG Second trimester 86 93 67 97
Third trimester 60 94 79 86

Erdemoglu342 151 Vagina IGFBP-1 20–42 weeks 97 97 – –
Nitrazine test 97 16 – –
AFI < 80mm 94 91 – –

Buyukbayrak340 70 Vagina Prolactin First trimester 25 100 100 0.57
Second trimester 0.66 0.95 0.94 0.74
Third trimester 0.71 0.97 0.96 0.77

AFP, alpha-fetoprotein; hCG, human chorionic gonadotropin; IGFBP, insulin-like growth factor-binding protein; AFI, amniotic fluid index.
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differences in the rate of neonatal sepsis, maternal chorioam-
nionitis, or endometritis were noted between the two groups.
This study had limited power to detect differences in neona-
tal morbidity.

The analyses of amniotic fluid used to detect the presence
of MIAC or intra-amniotic inflammation include: (1) Gram
stain; (2) a quantitative white blood cell (WBC) count; (3)
glucose concentration (Table 63.11); and (4) microbial cul-
tures for aerobic and anaerobic bacteria, as well as genital
mycoplasmas. Patients with a negative Gram stain (read by
experienced personnel) and a high WBC count (more than 
30 cells/µL) are at high risk of having microbial invasion with
genital mycoplasmas, which are not visible on Gram stain
examination. Lower concentrations of glucose in amniotic
fluid (< 10mg/dL) can serve as an additional marker for
MIAC. The results of amniotic fluid culture may take days to
be available. Therefore, most centers rely on the determina-
tion of intra-amniotic inflammation because the outcome of
preterm PROM in patients with intra-amniotic inflammation
is similar to those with MIAC proven with standard micro-
biological techniques.368 Table 63.11 summarizes the diagnos-
tic criteria and predictive values of different amniotic fluid
tests in detecting positive amniotic fluid cultures in patients
with preterm PROM.241 Amniotic fluid IL-6 performed best in
detecting MIAC, as well as in identifying patients at risk of
impending preterm delivery and neonatal complications. We
have shown that amniotic fluid IL-6 is a sensitive test for the
prospective diagnosis of acute histologic chorioamnionitis [IL-
6 of more than 17ng/mL had a sensitivity of 79% (23/29) and

specificity of 100% (21/21)], significant neonatal morbidity
(sepsis, RDS, pneumonia, IVH, BPD, and necrotizing 
enterocolitis), and neonatal mortality [IL-6 of more than
17ng/mL had a sensitivity of 69% (18/26) and a 
specificity of 79% (19/24)].369 Other rapid tests reported for
the detection of MIAC include amniotic fluid catalase,236

alpha1-antitrypsin,65 limulus amebocyte lysate test,240 and 
bacterial PCR.370

Recently, a novel diagnostic test, a rapid bedside enzyme-
linked immunosorbent assay (ELISA) for the detection of
MMP-8 in amniotic fluid, was developed. This kit has been
reported to have high accuracy in the identification of patients
with MIAC and inflammation among patients with preterm
labor and intact membranes.371 Future studies may determine
the utility of this test in the identification of patients with
intra-amniotic infection/inflammation among those with
preterm PROM.

The risk of amniocentesis, when performed by experienced
individuals, appears to be extremely low. Yeast and col-
leagues372 specifically addressed this issue in 91 patients with
preterm PROM in whom amniocenteses were performed. A
retrospective review of neonatal records uncovered no evi-
dence of fetal trauma with any procedure. This study also
found that the incidence of spontaneous labor in patients who
underwent amniocentesis was no different from that of
patients who did not undergo amniocentesis secondary to
oligohydramnios or an anterior placenta. The authors con-
cluded that their study failed to show that amniocentesis may
induce labor.

Table 63.11 Diagnostic indices and predictive values of different amniotic fluid tests in the detection of positive amniotic fluid culture in
patients with premature rupture of the fetal membranes.241,556

Amniotic fluid tests Sensitivity Specificity Positive predictive Negative predictive
(%) (%) value (%) value (%)

Gram stain556 34.8 96.4 88.9 63.9
IL-6 (≥ 7.9 ng/mL)241 80.9 75 66.7 86.4 
MMP-8 (> 30 ng/mL)556 76.1 61.8 62.5 75.6
WBC count (≥ 30 cells/µL)556 55.6 76.4 65.8 67.7
WBC count (≥ 50 cells/µL)241 52.4 83.8 66.7 74 
Glucose (< 10 mg/dL)241 57.1 73.5 57.1 73.5 
Glucose (< 14 mg/dL)241 71.4 51.5 47.6 74.5 
Gram stain + WBC count (≥ 30 cells/µL)556 62.2 76.4 68.3 82.5
Gram stain + glucose (< 10 mg/dL)241 66.7 73.5 60.9 78.1 
Gram stain + IL-6 (≥ 7.9 ng/mL)241 80.9 75 66.7 86.4 
Gram stain + MMP-8 (> 30 ng/mL)556 82.6 61.8 64.4 81
WBC count (≥ 30 cells/µL) + MMP-8 (> 30 ng/mL)556 80 60 62.1 78.6
Gram stain + WBC count (≥ 30 cells/µL) + glucose (< 10 mg/dL)241 76.2 60.3 54.2 80.4 
Gram stain + WBC count (≥ 30 cells/µL) + IL-6 (≥ 7.9 ng/mL)241 85.7 61.8 58.1 87.5 
Gram stain + WBC count (≥ 30 cells/µL) + MMP-8 (> 30 ng/mL)556 84.4 60 63.3 82.5
Gram stain + glucose (< 10 mg/dL) + IL-6 (≥ 7.9 ng/mL)241 85.7 52.9 52.9 85.7 
Gram stain + WBC count (≥ 30 cells/µL) + 92.9 47.1 52 91.4 

glucose (< 10 mg/dL) + IL-6 (≥ 7.9 ng/mL)241

IL, interleukin; WBC, white blood cell; MMP, matrix metalloproteinase. From ref. 241 with permission from Elsevier.
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Assessment of lung maturity

Lung maturity can be assessed from the amniotic fluid
obtained by amniocentesis or from the vaginal pool. The latter
has the advantage of being less invasive and more feasible in
patients with oligohydramnios. Amniotic fluid from the
vaginal pool can be collected in three ways: (1) from the pos-
terior vaginal fornix by sterile speculum examination; (2) in a
clean bedpan maintained under the patient; or (3) using
obstetric perineal pads left in place for 12–24 h to ensure sat-
uration.373–376 The success rate in obtaining fluid within 48 h
with these noninvasive techniques ranges from 54% to
100%.375,376 Using a vulval pad to detect PG, Estol et al.377

found a sensitivity of 88%, specificity of 76%, positive pre-
dictive value of 34%, and negative predictive value of 98%.
Lewis et al.378 investigated the value of a rapid antibody agglu-
tination method (Amniostat FLM) to detect PG in vaginal pool
samples. Thirty-six of 201 patients between 26 and 36 weeks
of gestation had positive PG, and none of the infants born to
these mothers developed RDS. PG was detectable only after
30 weeks of gestation.

The reliability of lung maturity tests from amniotic fluid col-
lected vaginally has been challenged.379,380 This section reviews
the correlation between the L/S ratio and PG results in amni-
otic fluid obtained by amniocentesis and from the vaginal
pool. Shaver and associates373 compared the phospholipid
profile of paired amniotic fluid samples in 28 patients with
preterm PROM. No significant difference was found in 
the concentrations of PG, phosphatidylinositol, phos-
phatidylethanolamine, and phosphatidylserine in amniotic
fluid obtained by the two sampling methods. The L/S ratio
was higher in fluid collected transvaginally than in fluid col-
lected transabdominally, but this difference did not reach sta-
tistical significance (Fig. 63.7). The only phospholipid clearly
increased by vaginal contamination was lysolecithin.

Dombroski et al.381 reported a study in which amniotic fluid
was obtained by amniocentesis in patients at term in labor.
Thirty minutes after artificial rupture of membranes, a vaginal
sample of amniotic fluid was collected. L/S ratios obtained
from amniotic fluid in the vaginal pool samples were signifi-
cantly lower than those obtained by amniocentesis. However,
in 22% (6/27) of cases, L/S ratios were higher in the vaginal
pool samples than in amniocentesis.

Several studies have examined the value of PG determina-
tions in amniotic fluid obtained transvaginally. Stedman et
al.374 reported that, of 25 patients with PROM between 26
and 34 weeks, 60% (15/25) had positive PG and none of their
neonates developed RDS (within 72 h of the test). Among the
newborns of the 10 patients with negative PG, four developed
RDS. Similarly, Brame and MacKenna375 reported no cases of
neonatal RDS in 36 patients with PG found in vaginal fluid.
Table 63.12 shows the frequency of the presence of PG in fluid
obtained from the vaginal pool according to gestational age.
Twelve percent of patients with a gestational age of less than
32 weeks had PG present.378

The possibility that bacterial contamination from vaginal
secretions may lead to false-positive PG results has been raised
by Schumacher and associates,380 who reported that one
patient had PG detected in the fluid from the vaginal pool, but
not in fluid retrieved by transabdominal amniocentesis. The
neonate developed respiratory insufficiency that was attrib-
uted to either RDS or pneumonia (the amniotic fluid culture
was positive for bacteria). These investigators also demon-
strated that bacteria might be a source of PG. Therefore,
excessive bacterial contamination may alter the results of PG
determinations. It would seem prudent to minimize the inter-
val between sample collection and assay in the hope of pre-
venting bacterial growth in the sample.

Three studies have reported neonatal outcome and L/S ratio
results in preterm PROM (Table 63.13).375,376,382 In two of the
studies, a mature L/S ratio was an indication for delivery.376,382

In the third study, the presence of PG was used as an indica-
tion for delivery.375 The data are consistent: with a mature L/S
ratio, the risk of RDS is extraordinarily small. An L/S ratio of
more than 2.0 was found in 103 patients, and none of the
neonates developed RDS.
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Figure 63.7 Scatterplot showing the relationship between
lecithin/sphingomyelin (L/S) ratios of vaginal and amniocentesis
fluid. From ref. 373 with permission from Elsevier.

Table 63.12 Frequency of positive phosphatidylglycerol in vaginal
pool samples.

Gestational age n (%) Gestational age n (%)
(weeks) (weeks)

≤ 28 2/15 (13.3) 26–29 0/16 (0)
29–30 2/19 (10.5) 30 1/14 (7.1)
31–32 4/42 (9.5) 31–32 6/47 (12.8)
33–34 19/97 (19.6) 33–34 16/80 (20)
35–36 20/41 (48.7) 35–36 13/34 (38.2)

Total375 47/214 (22) Total378 36/191 (19)
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In addition to these clinical studies, data generated from
experimental observations provide further support for the lack
of effect of vaginal contamination on the L/S ratio results.
Sbarra and colleagues383 demonstrated that cervical and
vaginal washings are generally devoid of lecithin and sphin-
gomyelin (in 9/10 cases) and, thus, these secretions are
unlikely to alter L/S results. Two studies determined that the
introduction of amniotic fluid (obtained by transabdominal
amniocentesis) into the vagina results in little change in the
L/S ratio.383,384 In most cases (21/23), amniotic fluid had L/S
ratios of more than 2.0 and, therefore, the effect of vaginal
contamination in immature L/S ratios was not adequately
tested.

The available evidence indicates that fetal lung maturity
studies can be performed on amniotic fluid obtained from the
vagina, and that a mature L/S ratio or the presence of PG 
is associated with a very low risk of RDS. Moreover, this 
noninvasive, low-risk approach allows for serial L/S and PG
determinations.

What is the optimal management of patients with a mature
phospholipid profile?
A mature phospholipid test has been demonstrated in approx-
imately 50% of patients with preterm PROM at gestational
ages of less than 34 weeks.229,231,367 Garite and associates231

reported that none of the neonates with an L/S ratio of 1.8 or
greater developed RDS. The incidence of this complication in
neonates with immature L/S ratios was 33% (5/15).

Two randomized clinical trials have been reported thus far.
In the first, 47 patients with preterm PROM (less than
36 weeks) and mature amniotic fluid indices were randomized
to either prompt delivery (n = 26) or expectant management
(n = 21).385 A mature test was defined as an L/S ratio above
2.0 or a foam stability index (FSI) of 47 or more (often from
vaginal fluid). There was no difference in perinatal mortality
between the two groups. There were no cases of RDS in the
expectant management group, but two in the prompt delivery
group. One newborn died from severe hyaline membrane
disease (birthweight 900g, vaginal FSI = 48), whereas the
other neonate survived (birthweight 1700g, vaginal L/S = 2.0).
There were no differences in the rate of neonatal sepsis or
other neonatal complications in the two groups. However, the
only two cases of intracranial hemorrhage (grade not stated)
occurred in the prompt delivery group. Maternal chorioam-

nionitis was more common in the expectantly managed group
than in the delivery group [38% (8/21) versus 8% (2/26),
P < 0.02]. The predictive value of a mature test based on the
FSI was 97% (94/97).

Mercer et al.386 reported the results of a randomized clini-
cal trial in which 93 women with mature amniotic fluid phos-
pholipid studies (vaginal or transabdominal amniocentesis FSI
≥ 47) were randomized to induction of labor with oxytocin or
expectant management (bedrest). Maternal chorioamnionitis
was more frequent in the expectant group. However, this dif-
ference did not reach significance [27.7% (13/47) versus
10.9% (5/46), P = 0.06]. There were no significant differences
in the Cesarean delivery rate or in the incidence of confirmed
neonatal sepsis between the groups. Suspected sepsis was
higher in neonates born to women in the expectant group
[59.6% (28/47) versus 28.3% (13/46), P = 0.003], as was
antibiotic administration and septic workups. However,
neonatologists were not blinded to treatment allocation.

Assessment of fetal well-being

The goal of fetal evaluation is to identify fetal infection/
inflammation or a pathologic process that increases the risk
of antepartum or neonatal death. Methods of fetal surveillance
include nonstress test and the components of the biophysical
profile. This section will examine the experience with each test
in preterm PROM.

Nonstress test (NST)
The differential diagnosis of a nonreactive NST is: (1) prema-
turity; (2) infection; and (3) hypoxia. The interpretation and
significance and management of fetal heart rate decelerations
associated with umbilical cord compression due to oligohy-
dramnios are also a challenge.

Are fetuses of mothers with preterm PROM expected to
have nonreactive NSTs?
Surprisingly, fetuses with preterm PROM between 24 and
37 weeks have a significantly higher incidence of reactive 
tracings than gestational age-matched counterparts with intact
membranes.387–389 This has been attributed to “accelerated
fetal central nervous system maturation” and umbilical vein
compression with resulting fetal heart rate accelerations.390

Thus, lack of reactivity should not be ascribed to prematurity
without further investigation.

A nonreactive NST is frequently observed in fetuses with
MIAC. Table 63.14 presents the diagnostic indices of a non-
reactive NST in the prediction of total infectious morbidity
(i.e., proven or suspected neonatal sepsis, MIAC, and mater-
nal chorioamnionitis). Three studies391–393 have found the NST
to be an insensitive predictor of infection-related outcome. A
major issue is the high false-positive rate (approximately 35%)
of the NST for the detection of infection. Therefore, a 
nonreactive NST is not sufficient to diagnose infection. 
Evaluation of other biophysical parameters and the results of

Table 63.13 Vaginal pool lecithin/sphingomyelin (L/S) ratio and
neonatal outcome.

First author L/S ratio No respiratory Respiratory distress
distress syndrome syndrome

Goldstein382 ≥ 2, < 2 5, 0 0, 3
Golde376 ≥ 2, < 2 26, – 0, –
Brame375 ≥ 2, < 2 72, 36 0, 19
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amniocentesis are recommended before delivery can be indi-
cated (see below).

Assessment of amniotic fluid volume

Is oligohydramnios always present in PROM?

Contrary to what is generally believed, rupture of membranes
is not necessarily associated with oligohydramnios. Jackson et
al.394 noted that the AFI in patients with preterm PROM
remains stable after the membranes rupture, with the mean
AFI on admission being 5.9 ± 2.5cm and on the day of deliv-
ery 5.4 ± 2.0cm. Moreover, Vintzileos et al.395 reported that
65.5% (59/90) of patients with PROM had a vertical pocket
of amniotic fluid > 2cm, while 15.5% (14/90) had a vertical
pocket between 1 and 2cm. Only 19% (17/90) had a vertical
pocket of < 1cm.

Is amniotic fluid volume assessed with ultrasound an index
of impending preterm delivery and infection?
Several studies have examined the relationship between oligo-
hydramnios and outcomes in PROM. Patients with a vertical
amniotic fluid pocket < 1cm have a shorter latency period and

a higher incidence of chorioamnionitis and neonatal sepsis
than those with a vertical pocket > 2cm (Table 63.15).395

Similar findings were reported by Gonik et al.221 Women with
a vertical amniotic fluid pocket of < 1cm had a higher inci-
dence of chorioamnionitis and endometritis than those with
an amniotic fluid pocket of > 1cm. No difference in the dura-
tion of the latency period was found between the two
groups.221

Hadi et al.396 reported that chorioamnionitis occurred in
26.4% of women with an amniotic fluid pocket < 2cm. Sim-
ilarly, Lao and Cheung397 used a cutoff of 2cm as the largest
pocket of amniotic fluid to define oligohydramnios, and found
that the frequency of chorioamnionitis and funisitis was higher
in patients with oligohydramnios than in those without
reduced amniotic fluid volume (chorioamnionitis: 55.3%
versus 29.3%; funisitis: 44.7% versus 16.7%). A reduction in
amniotic fluid volume was also associated with MIAC.

The diagnostic indices of oligohydramnios in predicting
infection in both the mother and fetus are presented in Table
63.16. Collectively, these data indicate that there is an associ-
ation between reduced amniotic fluid volume and maternal or
neonatal infection-related morbidity and MIAC. The reason

Table 63.14 Diagnostic indices of a nonreactive nonstress test (NST) in predicting infectious outcomes.

First author Index of infection Number of Sensitivity Specificity Positive Negative Prevalence
patients predictive predictive of infection

value value (%)

Vintzileos403 Suspected and documented 53 0.94 0.7 0.58 0.96 30
neonatal sepsis

Vintzileos403 Documented neonatal sepsis 53 1 0.59 0.27 1 13
Romero557 Positive amniotic fluid culture 86 0.88 0.75 0.6 0.94 30
Goldstein558 Positive amniotic fluid culture 45 0.89 0.75 0.61 0.94 49
Goldstein558 Last positive amniotic fluid 45 0.85 0.7 0.75 0.82 49

culture before delivery
Carroll391 Positive amniotic fluid culture 74 0.39 0.36 0.28 0.5 38
Carroll391 Positive fetal blood culture 89 0.5 0.41 0.14 0.18 16
*Asrat559 Positive amniotic fluid 108 0.71 0.76 0.55 0.87 29

Gram stain
DelValle392 Chorioamnionitis, suspected and 68 0.38 0.84 0.36 0.15 24

documented neonatal sepsis
Roussis413 Chorioamnionitis, suspected and 99 0.75 0.66 0.3 0.93 16

documented neonatal sepsis
Gauthier393 Positive amniotic fluid culture 111 0.39 0.77 0.7 0.59 49

*Fetal tachycardia >150 b.p.m. and nonreactive NST were used.

Table 63.15 Relationship between amniotic fluid volume and duration of latent period, incidence of chorioamnionitis, and neonatal sepsis.395

Amniotic fluid volume No. of patients Chorioamnionitis Neonatal sepsis Latency of > 48 h Latency of > 7 days

2 cm or more 54 5/54 (9.2%)* 1/54 (1.8%)* 37/35 (82.2%)* 13/45 (28.8%)*
< 1 cm 19 6/19 (13.5%) 6/19 (13.5%) 5/11 (45.4%) 1/11 (9.0%)

*P < 0.05.
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for the high rate of infection in patients with oligohydramnios
is unknown. One possibility is that decreased amniotic fluid
volume may deprive patients of the antibacterial properties of
normal amniotic fluid223–226,398 and, therefore, predispose them
to infection. Alternatively, intra-amniotic infection may alter
amniotic fluid dynamics, leading to a reduction in fluid
volume. Yoon et al.399 proposed that redistribution of 
blood flow away from the kidneys may take place as part 
of the host response to microbial products, perhaps leading 
to oligohydramnios.

Fetal heart rate decelerations and amniotic fluid index
Patients with decelerations have a lower AFI than those
without decelerations (4.32 ± 1.67cm versus 6.47 ± 3.59cm,
P < 0.01).400 This observation suggests that cord compression
due to oligohydramnios may be the mechanism behind vari-
able decelerations observed in patients with PROM.

Fetal breathing movements
Preterm PROM is associated with a significant and prolonged
reduction in fetal breathing movements lasting approximately
2 weeks.401,402 This phenomenon seems to be related to rupture
of membranes per se, rather than to infection, hypoxia, or
intrauterine growth restriction, even though the precise mech-
anisms are unknown. Membrane rupture leads to a reduction
in intra-amniotic pressure and, thus, favors loss of lung fluid.
Teleologically, a reduction in fetal breathing may be a mech-
anism to protect against lung fluid loss and pulmonary
hypoplasia.

Vintzileos et al.403,404 were the first to document an associa-
tion between infection and decreased fetal breathing activity
in preterm PROM. Subsequently, we confirmed these findings
and documented that women with positive amniotic fluid cul-

tures had fewer and shorter episodes of fetal breathing activ-
ity than women with negative amniotic fluid cultures.405 The
total time spent breathing differed dramatically between the
two groups (Fig. 63.8).

The presence of fetal breathing has a very high negative pre-
dictive value (approximately 95%) for MIAC and neonatal
sepsis. However, the absence of breathing activity has a limited
positive predictive value (approximately 50%) for either of
these two outcomes and, thus, it cannot be used as an indica-
tion for delivery (Table 63.17). Therefore, the presence of
breathing indicates that infection is unlikely.

Why should breathing be reduced in cases of infection? The
evidence in support of a role for prostaglandins includes: 
(1) sepsis is associated with increased plasma concentrations
of prostaglandins; (2) prostaglandin administration to fetal
lambs reduces breathing activity;406 and (3) decreased fetal
breathing movements in PROM are associated with increased
concentrations of prostaglandin E2 in fetal plasma obtained
by cordocentesis.407

Fetal body movements
Intra-amniotic infection is associated with a dramatic reduc-
tion in fetal body movements (Fig. 63.8).405 The diagnostic
indices are displayed in Table 63.17.408 Decreased fetal motion
in the context of infection may be the counterpart of the 
reduction in motor behavior observed during the course of
febrile illnesses in adults and children. We have proposed 
that IL-1 and TNF-α released in the course of infection may
be responsible for this phenomenon (R. Romero, personal
communication).

Biophysical profile (BPP)
The BPP has been found to be helpful in the management of
patients with PROM.387,390–393,403,405,409–413 Vintzileos et al.,403

Table 63.16 Diagnostic indices of oligohydramnios in predicting microbial invasion of the amniotic cavity (defined by positive amniotic fluid
cultures) and sepsis.

First author Diagnostic criteria Sensitivity Specificity Positive predictive value Negative predictive value

Microbial invasion of the amniotic cavity
Romero557 Largest pocket < 1cm 0.77 (21/27) 0.66 (39/59) 0.51 (21/41) 0.87 (39/45)
Gauthier393 Largest pocket < 2cm 0.43 (23/54) 0.81 (46/57) 0.68 (23/34) 0.6 (46/77)
Romero560 Amniotic fluid index < 5 0.71 (12/17) 0.89 (32/36) 0.75 (12/16) 0.87 (32/37)
Carroll391 Amniotic fluid index < 5 0.82 (23/28) 0.22 (10/456) 0.39 (23/59) 0.33 (5/15)

Neonatal sepsis
*Vintzileos395 Chorioamnionitis, documented 0.54 (13/24) 0.9 (60/66) 0.68 (13/19) 0.84 (60/71)

and possible neonatal sepsis
*Vintzileos395 Documented neonatal sepsis 0.75 (6/8) 0.84 (69/82) 0.31 (6/19) 0.68 (13/19)
†Gonik221 Clinical chorioamnionitis 0.73 (8/11) 0.68 (19/28) 0.47 (8/17) 0.86 (19/22)
†Gonik221 Documented neonatal sepsis 0.5 (3/6) 0.58 (19/33) 0.18 (3/17) 0.86 (19/22)
†Carroll391 Positive fetal blood culture 1 (14/14) 0.76 (57/74) 0.78 (14/18) 1 (57/57)

*Largest amniotic fluid pocket < 1cm.

†Amniotic fluid index < 5cm.
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using logistic regression analysis, demonstrated that each
component of the BPP contains useful information for the pre-
diction of infection-related morbidity (defined as maternal
chorioamnionitis, possible neonatal sepsis, and proven neona-
tal sepsis). In their first study, a modified BPP scoring system
that incorporated placental grading (with a maximal score of
12) was used. A BPP score of seven or less was much better
than any single component of the BPP in the prediction of
infection-related outcome. Placental grading was the only
parameter that had no predictive value, hence its exclusion
from subsequent studies. The diagnostic indices of a BPP score
≤ 7 (performed 24h before delivery) were: sensitivity 94%,
specificity 97%, positive predictive value 95%, and negative
predictive value 97% in a population with a prevalence of

infection-related outcome of 30%. This study was observa-
tional in nature and, thus, the BPP was not used for patient
management.

Subsequently, Vintzileos et al.414 compared the outcome of
pregnancy in patients managed with serial BPPs with two his-
torical control groups: (1) expectant management without BPP
or amniocentesis; and (2) management with a single amnio-
centesis on admission. A BPP score ≤ 7 on two examinations
2h apart was used as an indication for delivery. An abnormal
score required a nonreactive NST and absence of fetal breath-
ing. The results of this study indicated that patients managed
with daily BPPs had a lower rate of overall neonatal sepsis
(suspected and culture proven) than patients in either control
group. This study did not provide the frequency of other
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Figure 63.8 The total amount of time (in
seconds) of body movements, breathing
movements, and fetal activity according to
the amniotic fluid culture results. Obs.,
observations. From ref. 405 with permission
from Elsevier.

Table 63.17 Diagnostic indices of fetal breathing movements (less than 30-s duration in 30-min observation period) and fetal body movements
(two or fewer body or limb movements in 30 min) in the prediction of infectious outcome.

First author Diagnostic criteria Sensitivity Specificity Positive predictive Negative predictive Prevalence 
value value (%)

Fetal breathing movements
Vintzileos403 Chorioamnionitis, documented 1 (16/16) 0.73 (27/37) 0.61 (16/26) 1 (27/27) 30 (16/53)

and possible neonatal sepsis
Vintzileos403 Documented neonatal sepsis 1 (7/7) 0.59 (27/46) 0.27 (7/26) 1 (27/27) 13 (7/53)
Roberts412 Positive amniotic fluid culture 0.92 (23/25) 0.49 (19/39) 0.53 (23/43) 0.9 (19/21) 39 (25/64)

Fetal body movements
Vintzileos403 Chorioamnionitis, documented 0.5 (8/16) 0.94 (35/37) 0.8 (8/10) 0.81 (35/43) 30 (16/53)

and possible neonatal sepsis
Vintzileos403 Documented neonatal sepsis 0.86 (6/7) 0.91 (42/46) 0.60 (6/10) 0.98 (42/43) 13 (7/53)
Roberts412 Positive amniotic fluid culture 0.32 (8/25) 0.97 (38/39) 0.89 (8/9) 0.69 (38/55) 39 (25/64)
Gauthier393 Positive amniotic fluid culture 0.11 (6/54) 0.98 (56/57) 0.86 (6/7) 0.54 (42/69) 49 (54/111)
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indices of neonatal morbidity (e.g., RDS, IVH, duration of
mechanical ventilation) in the different groups. This issue is
important, as 14 patients who were delivered because of a low
BPP score showed no evidence of neonatal infection and, thus,
could be considered false positives. If intervention was not
associated with an increased rate of other neonatal complica-
tions, management with serial BPPs would seem a reasonable
approach. The investigators found that the BPP had limita-
tions when the interval between the test and delivery was
longer than 24h, and that maternal infection without fetal
infection was not correlated with the results of the BPP
scoring. Vintzileos and Knuppel390 subsequently reported on
111 fetuses with preterm PROM followed with daily BPPs,
and found that, as more of the biophysical activities became
compromised, the higher the incidence of infection-related
complications (Table 63.18).

It is noteworthy that, subsequent to this work, three
studies409,410,413 reported an association between the results of
the BPP and infection-related outcomes, and three others
could not confirm such an association.411,412 Our explanation
for the apparent discrepancy is that studies reporting negative
results used the BPP at less frequent testing intervals (48- to
72-h intervals) than the daily testing used in positive reports.

BPP and the results of amniocentesis
Four studies have examined the relationship between compo-
nents of the BPP scoring and amniotic fluid culture results
retrieved by transabdominal amniocentesis.391,393,405,412 Gold-
stein et al.405 made a key observation linking fetal breathing
and movements with the likelihood of MIAC: (1) the presence
of fetal breathing movements for 30s or more ruled out intra-
amniotic infection; (2) if fetal breathing was absent or lasted
less than 30s and body movements were decreased (lasting 
less than 50s), MIAC was detected in all cases; and (3) in
intermediate cases (normal fetal body movements but com-
promised fetal breathing movements), 64% of women had
positive amniotic fluid cultures.

Roberts et al.412 compared the diagnostic performance of the
BPP with that of total fetal activity (the sum of fetal breath-
ing and body movements in a 30-min period of observation)
in the prediction of a positive amniotic fluid culture. Although
both methods correlated significantly with the presence of
MIAC, the specificity of total fetal activity greater than 10%
was significantly better than that of the BPP (Table 63.19; Fig.
63.9). Gauthier et al.393 reported that the likelihood of a pos-
itive amniotic fluid culture was inversely related to the BPP
score (Table 63.20). However, 61% (33/54) of patients with
positive amniotic fluid cultures had a BPP of eight or more,
which may reflect that their fetuses were unaffected.

Devoe et al.415 examined the ability of the BPP to predict
the latency period in 25 women with PROM between 28 and
30 weeks of gestation. The diagnostic indices of the BPP in
predicting delivery within 72 h are shown in Table 63.21. In
other studies, the sensitivity of the BPP to predict delivery
within 72h varied from 0% to 80%.392,393,403,405,411 The rela-
tionship between a low BPP and the impending onset of labor
can be understood in the context that the FIRS (which may
be reflected as a low BPP score) is followed by the impending

Table 63.18 Relationship between various features of the
biophysical profile (BPP) and infectious outcome.

Group No. of Clinical Neonatal Overall
patients chorioamnionitis infection infection

I* 81 4 (4.9%) 3 (3.7%) 6 (7.4%)
II† 13 3 (23%) 9 (69.2%) 9 (69.2%)
III‡ 17 9 (52.9%) 15 (88.2%) 16 (94.1%)

P = 0.0001 P = 0.0001 P = 0.0001

*Fetuses with reactive nonstress test, or fetal breathing movements,
or both.

†Fetuses with nonreactive nonstress test, absent fetal breathing
movements, normal fetal body movements and tone.

‡Fetuses with nonreactive nonstress test, absent fetal breathing
movements, absent fetal body movements and tone.

From ref. 390 with permission from Lippincott Williams & Wilkins.

Table 63.19 Prediction of positive amniotic fluid cultures:
biophysical profile versus total fetal activity.

Biophysical profile Total fetal activity

Sensitivity 0.92 (23/25) 0.96 (24/25)
Specificity 0.59 (23/29)* 0.82 (32/39)
Positive predictive value 0.59 (23/29) 0.77 (24/31)
Negative predictive value 0.92 (23/25) 0.97 (32/33)

*P < 0.05.

From ref. 412 with permission from John Wiley & Sons Ltd on
behalf of the ISUOG.
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Figure 63.9 Receiver operator characteristic curve for the
association between total fetal activity (open circles) and biophysical
profile (closed circles) to MIAC. From ref. 412 with permission
from John Wiley & Sons Ltd on behalf of the ISUOG.
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onset of labor in patients with preterm PROM. In summary,
there is compelling evidence that a low BPP score is associated
with infection-related outcomes.

C-reactive protein
Several studies have examined the value of C-reactive protein
(CRP) in monitoring the patient with preterm PROM.416–422

Most studies indicate a strong relationship between an ele-
vated maternal serum CRP and the presence of histologic
chorioamnionitis. Diagnostic indices, cutoff values, and the
definition of infection-related morbidity for the different
studies are shown in Table 63.22.

In terms of the prediction of a positive amniotic fluid
culture, Yoon et al.423 compared the performance of maternal
serum CRP and WBC count with that of the amniotic fluid
WBC count in the identification of MIAC, clinical histologic
chorioamnionitis, and significant neonatal morbidity. The

amniotic fluid WBC count was a better predictor than mater-
nal serum CRP in the identification of MIAC.423

DiNaro et al.424 recently provided evidence indicating that
the determination of vaginal fluid CRP can be used in the iden-
tification of the fetus with funisitis, the histologic counterpart
of FIRS. The rationale for this observation is that CRP in
vaginal fluid is thought to be of fetal origin. Thus, an eleva-
tion in vaginal CRP concentration is an indicator of a fetal
acute-phase response.

Thompson et al.425 reported a study of fetal serum CRP
obtained by cordocentesis in patients with preterm PROM. A
fetal CRP of more than 0.8mg/dL was found in five of six
fetuses with positive fetal blood cultures. In contrast, when
the CRP concentration was less than 0.6mg/dL, none of 11
fetuses had positive cultures. These results may extend to the
assessment of fetal plasma and umbilical cord cytokines. Some
evidence indicates that neonates with an elevated umbilical

Table 63.20 Correlation of biophysical score with microbial invasion of the amniotic cavity.

Biophysical profile score 2 4 6 8 10

Negative amniotic fluid culture 0 2 (15%) 3 (27%) 25 (52%) 27 (73%)
Positive amniotic fluid culture 2 (100%) 11 (85%) 8 (73%) 23 (48%) 10 (27%)

%, percentages at each biophysical profile score.

From ref. 393 with permission from Lippincott Williams & Wilkins.

Table 63.21 Diagnostic indices of biophysical profile in predicting delivery within 72h.415

Diagnostic criteria Sensitivity Specificity Positive predictive value Negative predictive value

Absent fetal breathing movements 0.55 1 1 0.31
Absent fetal body movements 0.25 1 1 0.25
Nonreactive nonstress test 0.2 1 1 0.24

Table 63.22 Diagnostic indices of C-reactive protein.

First author Cutoff values Infectious definition Prevalence of Sensitivity Specificity Positive predictive Negative predictive
(mg/dL) infection (%) (%) (%) value (%) value (%)

Evans416 2 Clinical or histologic 69.4 80 100 100 69
Hawrylyshyn419 1.25 Histologic 50 88 96 96 89
Farb417 2 Clinical 29 56 73 45 80

Histologic 21 80 68 40 93
Romem422 2 Clinical 16.3 86 97 86 97
Ismail420 2 Clinical 18 82 55 36 91

Histologic 63 67 81 90 50
Fisk418 2 Histologic 59 50*/92† 81*/73† 79*/73† 53*/92†
Kurki421 1.2 Clinical 22.4 94 50 35 97

Histologic – 72‡ 63‡ 48‡ 83‡
Kurki421 4 Neonatal infection 13 79 43 18 93

*24-h sample to delivery interval.

†12-h sample to delivery interval.

‡Cutoff value 4 mg/dL.
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cord IL-6 (a cytokine that stimulates the production of 
CRP) are at increased risk for the development of short- 
and long-term complications such as PVL,426 cerebral palsy,258

and BPD.369

Management of 
patients with preterm PROM

The management of patients with preterm PROM depends 
on the gestational age at the time of membrane rupture (see
Fig. 63.10).

Previable PROM (< 24 weeks of gestation) 
(see Fig. 63.11)

The major complications of previable PROM are maternal
infection, late abortion/preterm labor, low neonatal survival,
and a high risk of neurologic handicap.427,428 Patients are 
generally offered two options: pregnancy termination or
expectant management. The presence of intra-amniotic
inflammation/infection in amniotic fluid analysis carries a
poor prognosis because of the risk of spontaneous preterm

labor as well as fetal morbidity. A more vexing problem is
when the preterm PROM occurs in a previable gestation, but
delivery occurs when the infant is viable and at very high risk
of death and neurologic handicap if survival is achieved. Table
63.23 demonstrates the outcome of patients before viability.
Management of these patients requires an in-depth discussion
involving the parents, neonatologists, and obstetricians and
careful documentation in the medical record. The value of
antibiotic or corticosteroid administration in previable PROM
has not been established. Leakage of amniotic fluid after
second-trimester amniocentesis should be considered as a 
separate entity from previable PROM. It occurs in 1.2% of
patients and is usually transient in nature.429 The risk of
delayed PROM in these cases is no different from that in the
general population.430

PROM remote from term (24 weeks to 31 weeks
and 6 days of gestation) (see Fig. 63.12)

The management goals are: (1) to exclude intra-amniotic infec-
tion/inflammation; and (2) to institute expectant management
in patients without documented infection/inflammation.

•     Assess gestational age
•     Obstetrical history
•     Assess risk factors for
      PROM
•     Sterile speculum
      examination
•     Nitrazine test and/or
       ferning test
•     Ultrasound examination:
       AFI, estimated fetal
      weight, fetal
      malformations,
      uteroplacental blood flow
•     Urine culture
•     Screen for GBS
•     Cervical cultures:

      Chlamydia, Gonorrhea
      and Mycoplasma species
•     Vaginal smear for Gram
      stain

Initial patient assessment:

PROM

No PROM

Discharge
home

Previable PROM (<24 
weeks of gestation)

(see Fig. 63.11)

Preterm PROM remote 
from term at 24–31 6/7 

weeks of gestation 
(see Fig. 63.12)

Preterm PROM near term 
(32–36 6/7 weeks of 

gestation)
(see Fig. 63.14)

Suspected preterm PROM at <37 weeks of gestation

Figure 63.10 Initial assessment of preterm PROM. AFI, amniotic fluid index; GBS, group B Streptococcus. Modified from Mercer BM. Clin
Perinatol 2004;31:765–782432 with permission from Elsevier.
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Intra-amniotic infection/inflammation and its management
The most accurate method for the diagnosis of intra-amniotic
infection/inflammation is amniocentesis. Once intra-amniotic
infection/inflammation is identified in patients between 24 and
31 completed weeks of gestation, the optimal management is
a challenge: the earlier the gestational age, the more difficult
the dilemma. In patients who are close to 32 weeks of gesta-
tion, delivery would avoid continuous exposure to microbial
products and inflammatory agents, and is unlikely to increase
neonatal morbidity. These patients are managed in our unit
with detailed counseling, antibiotic administration, and deliv-
ery. In contrast, in patients close to 24 weeks of gestation, the
option of parenteral administration of antibiotics is consid-
ered to eradicate intra-amniotic infection and inflammation.
Patients are informed that this alternative may prolong preg-
nancy, eradicate intra-amniotic infection, and reduce the risk
of extreme prematurity, but that it requires intensive surveil-

lance and repeat evaluation of the amniotic cavity to ensure
eradication of microorganisms and reduced intra-amniotic
inflammation (as gauged by the amniotic fluid WBC count).
Despite these interventions, the risks of infection and prema-
turity are not eliminated. Broad coverage is recommended
before the results of cultures are available, and this approach
should be modified once the specific microorganisms involved
are identified. The choice of antibiotics is informed by the
results of microbial cultures. Our choice for broad-coverage
antibiotics includes azythromycin, clindamycin, and ampi-
cillin. We have also used a combination of ceftriaxone, clin-
damycin, and erythromycin for 10–14 days.248 Azythromycin
is included because U. urealyticum is the most frequent
microorganism found in the amniotic cavity.217

Antibiotic treatment aimed at the eradication of intra-
amniotic infection should not be confused with prophylactic
treatment, which is now considered the standard of care for

Previable PROM at <24 weeks of gestation

•      Look for clinical signs of chorioamnionitis and abruption
•      Consider amniocentesis for diagnosis of MIAC and fetal karyotype

Counsel the patient regarding fetal viability and the risk of maternal and fetal
complications

Induction of labor as
appropriate

•      Antibiotic treatment
•      Assess fetal viability and the
       development of pulmonary
       hypoplasia and/or
       oligohydramnios
•      Look for clinical signs of
       chorioamnionitis and abruption
•      Bedrest

Uneventful course until 24 weeks of
gestation: continue management as

PROM remote from term

Expectant management:

Figure 63.11 Management of previable PROM (before 24 weeks of gestation). MIAC, microbial invasion of the amniotic cavity. Modified
from Mercer BM. Clin Perinatol 2004;31:765–782432 with permission from Elsevier.
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patients with preterm PROM, regardless of whether the
inflammatory/infection state of the amniotic fluid is known.
Thus, patients in this gestational age range, without evidence
of infection and inflammation, are given prophylactic treat-
ment with antibiotics (ampicillin and erythromycin).

In summary, the management of PROM between 24 and 31
completed weeks comprises: (1) maternal and fetal inpatient
surveillance in a tertiary medical center; (2) administration 
of corticosteroids to accelerate fetal lung maturity;431 and 
(3) antibiotic administration, which may be therapeutic or
prophylactic.432,433

“Prophylactic” antibiotic administration
Antibiotic administration has now become the standard of
care in patients with preterm PROM. This practice is based
upon the results of several randomized clinical trials, in 
which antibiotic administration was associated with prolon-
gation of pregnancy, a reduced rate of maternal chorioam-
nionitis,434 and a reduced frequency of neonatal morbidity,
measured as “composite neonatal outcome.” 435 This approach

has often been referred to as “prophylactic” antibiotic admin-
istration. However, this may be a misnomer. One-third of
women with preterm PROM have a positive amniotic fluid
culture on admission.120 Furthermore, the frequency of MIAC
increases as the patients are being observed in the antepartum
ward to the point that, at the time of the onset of labor, 75%
of patients will have a positive amniotic fluid culture for
microorganisms.121 These studies were conducted before the
administration of prophylactic antibiotics and demonstrate
that microorganisms are present at admission, and also that
secondary infection of the amniotic cavity occurs during
expectant management. It would be inaccurate to refer to
“prophylactic” administration as therapy instituted with
patients who have a proven infection (one-third of all
patients). Antimicrobial therapy may prolong pregnancy 
by controlling microbial proliferation of an existing 
infection and preventing secondary infection/inflammation.
However, antibiotic administration is not uniformly 
efficacious in eradicating microbially proven intra-amniotic
infection.248

PROM remote from term at 24–32 weeks of gestation

•    Look for clinical signs of chorioamnionitis and abruption
 •    Assess fetal growth, sonographic gestational age, and fetal
      well-being
•    Consider amniocentesis for diagnosis of MIAC and fetal
      karyotype

•   Chorioamnionitis
•   Nonreassuring fetal heart rate
•   Fetal distress

Deliver

•    Prophylactic antibiotics 
•    Consider tocolysis in patients with regular contractions
•    Hospitalization and bedrest
•    Neonatology consult
•    Follow up for signs of maternal infection, abruption and fetal
      well-being (biophysical profile and fetal heart monitoring)

Uneventful course until 32–34 weeks:
Assess fetal lung maturity and consider delivering if maturity is

documented

Initial assessment:

Expectant management:

Development of:

•    Administer corticosteroids

•   Abruption

Figure 63.12 Management of PROM remote from term (between 24 weeks and 31 weeks and 6 days of gestation). MIAC, microbial invasion
of the amniotic cavity. Modified from Mercer BM. Clin Perinatol 2004;31:765–782432 with permission from Elsevier.
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Several investigators have conducted randomized clinical
trials to assess the potential benefits of prophylactic antibiotic
administration in patients with preterm PROM.435–448

Mercer et al.449 reported a randomized clinical trial in which
patients were allocated to receive intravenous ampicillin (2g
every 6h) and erythromycin (250mg every 6h for 48h, 
followed by oral amoxicillin and erythromycin base (every 
8h for 5 days) versus placebos. Recruitment was restricted to
patients with a gestational age ranging between 24 and
32 weeks. GBS carriers were identified and treated, and 
tocolysis and steroids were not administered after randomiza-
tion. The primary outcome of the trial was a composite vari-
able that included any of the following: fetal or infant death,
RDS, severe IVH, stage II or III of necrotizing enterocolitis
(NEC), or sepsis within 72h of birth.449 Antibiotic adminis-
tration was associated with prolongation of pregnancy and a
significant reduction in the rate of RDS (RR 0.83, 95% CI
0.69–0.99), NEC (RR 0.4, 95% CI 0.17–0.95), clinical
chorioamnionitis, and the composite primary outcome, which
is an index of fetal/infant morbidity and mortality (RR 0.84,
95% CI 0.71–0.99). These differences were not demonstrated
in GBS carriers, an observation attributable to antibiotic
administration to patients allocated to the placebo group for
this clinical indication, and thus obscuring the potential effects
of antibiotic administration.449

In the ORACLE study,435 4826 women with preterm 
PROM were randomly assigned to: (1) erythromycin; (2) co-
amoxiclav (amoxicillin and clavulanic acid); (3) erythromycin
and co-amoxiclav; and (4) placebo. The study included
patients before 36 weeks and 6 days from 161 medical centers.
Tocolysis and corticosteroid administration were left to the
discretion of the attending physician. The primary outcome
measure was a composite variable, which included neonatal
death, chronic lung disease, or major cerebral abnormality
before discharge from the hospital.

Among neonates of patients with singleton gestations allo-
cated to erythromycin only, fewer had the primary composite
outcome than those in the placebo group [11.2% (125/1111)
versus 14.4% (166/1149), P = 0.02]. Erythromycin treatment
alone significantly reduced the proportion of patients deliver-
ing within 48 h in comparison with the placebo group. The
combination of erythromycin with co-amoxiclav significantly
reduced the proportion of patients delivering within 1 week
of admission. Similarly, co-amoxiclav administration alone, or
in combination with erythromycin, significantly reduced the
proportion of patients delivering within 48h and within
7 days from admission, compared with the placebo group.435

The neonatal effects of erythromycin treatment included a
reduction in the need for exogenous surfactant, in neonates
needing 21% O2 administration for 48h after delivery, as well
as a reduction in positive neonatal blood cultures.435 Co-
amoxiclav had a similar effect on the proportion of neonates
needing 21% O2 administration for 48h after delivery. Of
note, the rate of suspected and proven NEC was significantly
higher in the group of neonates whose mothers were treated

with co-amoxiclav as a single or combined therapy. The
authors attribute their findings to the wide and nonspecific
effect of this broad-spectrum antibiotic, which may change the
flora of premature neonates and induce the growth of patho-
logic bacteria that induce NEC.435

Lovett et al.450 did not demonstrate an association between
prophylactic antibiotic treatment of patients with preterm
PROM with co-amoxiclav and an increased incidence of NEC
in comparison with placebo. The studies differ in the antibi-
otic regimen, as well as in the gestational age at inclusion and
the number of patients. Therefore, comparison of the studies
is difficult. The recommendation of the investigators in the
ORACLE I trial was to use erythromycin and avoid using co-
amoxiclav in patients with preterm PROM.435 Recently, a sys-
tematic review by Kenyon et al.451,452 confirmed these results.

According to Kenyon et al.,452 the number of patients
needed to treat to prevent one adverse outcome remains high
[chorioamnionitis: 10 (95% CI 7–34); delivery within 48h: 9
(95% CI 6–20); delivery within 7 days: 7 (95% CI 5–15);
neonatal infection: 17 (95% CI 12–50); and abnormal cere-
bral ultrasonography before discharge: 69 (95% CI
35–1842)]. It is possible that the wide confidence intervals
reflect the range of gestational ages of patients included in the
systematic review.

Can antibiotic treatment of women with documented MIAC
alter the natural history of preterm PROM?
The traditional view has been that clinical chorioamnionitis
should be managed by immediate delivery, and this view has
been extended to the management of MIAC.453 There is evi-
dence that both these conditions can be treated in utero
without interruption of pregnancy. Ogita and colleagues454

first reported the successful treatment of established chorioam-
nionitis with antibiotic treatment via a transcervical catheter.
Subsequently, we reported that giving antibiotics to a mother
with preterm PROM at 29 weeks and an amniotic fluid culture
positive for Bacteroides bivius, Veillonella parvula, and 
Peptococcus without clinical signs of chorioamnionitis
resulted in eradication of MIAC.455 In a second case, we were
successful in eradicating U. urealyticum from the amniotic
cavity with antibiotic treatment.456

The effects of antibiotics on the natural history of MIAC in
patients with preterm PROM has been reported by Gomez et
al.248 Patients who underwent amniocentesis upon admission
and those without evidence of intra-amniotic inflammation or
MIAC were treated with ampicillin and erythromycin for
7 days. In contrast, patients with intra-amniotic inflammation
or MIAC were treated with ceftriaxone, clindamycin, and
erythromycin for 10–14 days. Patients who remained unde-
livered after the conclusion of the course of antibiotics under-
went a second amniocentesis. Six of seven patients who had
MIAC at the time of the first amniocentesis still had positive
amniotic fluid cultures for microorganisms after a full course
of antibiotic treatment. Of the 18 patients with intra-amniotic
inflammation, most (15/18) still showed evidence of an ele-
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vated WBC count in amniotic fluid after antibiotic adminis-
tration. Therefore, antibiotic administration did not eradicate
MIAC or intra-amniotic inflammation. Moreover, among
patients with no evidence of intra-amniotic inflammation,
32% (9/28) developed inflammation despite therapy and,
among those without MIAC, 55% (5/9) developed a positive
amniotic fluid culture.248 These data raise important questions
about the effect of antibiotics and the nature of the invading
microorganisms in preterm PROM. Long-term follow-up
studies of infants enrolled in the randomized clinical trials are
urgently needed because antibiotic treatment of intrauterine
infection in animals has been associated with neurologic
lesions similar to PVL. Even though the ORACLE I trial
observed that the number of neurosonographic lesions was
lower in patients who received treatment with erythromycin,
it remains to be proven whether the rate of long-term handi-
cap will be lower in these infants.

Should corticosteroids be administrated to patients with
preterm PROM remote from term?
A systematic review included 13 randomized clinical trials and
demonstrated a reduction in the incidence of RDS, IVH, and
NEC (RR 0.56, 95% CI 0.46–0.70; RR 0.47, 95% CI
0.31–0.70; RR 0.21, 95% CI 0.05–0.82 respectively).457 A
nonsignificant trend of reduced neonatal mortality was
observed. Moreover, no increase in neonatal and fetal infec-
tion was observed.457 Steroid treatment was associated with a
modest, yet significant, increase in the risk of puerperal
endometritis (RR 2.42, 95% CI 1.38–4.24), but no significant
increase in neonatal sepsis. Similar findings were reported by
Crowley458,459 in an earlier meta-analysis, which included
fewer trials.

Clinical investigators have compared expectant manage-
ment with steroid administration for 48h followed by deliv-
ery. However, induction of delivery immediately after steroid
administration is associated with an increased risk of RDS
and, therefore, is best avoided.459

The 1994 National Institutes of Health Consensus Confer-
ence recommended the use of corticosteroids in pregnancies
complicated by preterm PROM with expected delivery
between 24 and 30–32 weeks of gestation.431 This recom-
mendation was based largely on data suggesting that the 
incidence of IVH was lower in neonates exposed to cortico-
steroids.431 The modest increased risk of puerperal infection is
considered to be easy to manage. A meta-analysis comparing
the outcome of treatment with antibiotics and steroids versus
antibiotics without steroids found that steroid administration
diminished the beneficial effects of antibiotics in reducing the
rate of chorioamnionitis, endometritis, neonatal sepsis, and
IVH.460 It seems that this issue requires further study, 
particularly when MIAC has been demonstrated by amnio-
centesis. Steroids may compromise the fetal host response to
microbial products and potentially increase the risk of adverse
outcome.

How many courses of corticosteroids 
should be administered?
Repeated courses of corticosteroids have been used to enhance
their effects. However, recent data, based upon studies in
humans and animals, have raised questions about the safety
of repeated corticosteroid administration. Guinn et al.461

performed a double-blind, randomized, controlled trial, in
which women at risk of preterm delivery received one 
course of betamethasone or dexamethasone at admission, 
and were randomly allocated for subsequent weekly courses
of either betamethasone (n = 256) or placebo (n = 246) 
until 34 weeks of gestation or delivery. There were no signif-
icant differences in the frequency of composite neonatal mor-
bidity (severe RDS, BVD, severe IVH, PVL, proven sepsis,
NEC, or perinatal death) between the study groups [weekly
course 22.5% (56/256) versus single course 28% (66/246),
P = 0.16]. However, when the analysis was stratified by ges-
tational age, patients who delivered between 24 and 27 weeks
and received a single course had a higher rate of composite
neonatal morbidity and severe RDS than those in the weekly
course group. An important limitation of this study is that the
authors did not control for the use of surfactant, which was
more frequent in the single course group [single course 
24% (59/246) versus the weekly course 15.6% (40/256),
P = 0.01].461

In animal experiments, multiple courses of corticosteroids
have been associated with low birthweight in term and
preterm sheep, as well as small head diameters in term
sheep.462 Among human neonates born between 27 and
29 weeks of gestation, repeated courses of betamethasone
were associated with a smaller neonatal head circumference
than those exposed to a single course (multiple courses
25.5 ± 1.6cm versus single course 26.5 ± 1.4cm, P = 0.02).463

Similarly, French et al.464 reported the results of a cohort study
that included 477 singleton infants born at less than 33 weeks
of gestation. The authors performed a multivariate analysis,
which indicated that multiple corticosteroid courses were
associated with a significant reduction in birthweight
(P = 0.01) and head circumference (P = 0.002).464

Tocolysis
Tocolysis has been employed to attempt to delay delivery and
reduce perinatal complications in preterm PROM. Seven ran-
domized clinical trials have studied the effect of tocolysis on
pregnancy prolongation and perinatal outcome. Two trials
addressed the issue of prophylactic administration of oral rito-
drine to patients not in labor,465,466 while four have examined
the effectiveness of intravenous tocolysis in patients with
uterine contractions,467–470 and one has compared short-term
(24h) with long-term tocolysis.467

Levy and Warsof466 randomized 42 women with preterm
PROM to receive oral ritodrine (10mg orally every 4h) versus
no medication or placebo. Drugs were given until the onset of
labor. A latency period of more than 7 days was noted more
frequently in patients receiving ritodrine than in the control

TCO63  9/16/2006  11:40  Page 1165



CHAPTER 63

1166

subjects [47% (10/21) versus 14.2% (3/21), P = 0.04]. The
only perinatal death occurred in the control group. No dif-
ferences in perinatal morbidity or mortality were documented
between groups.

Dunlop and associates465 randomized 48 women to receive
oral ritodrine versus no tocolysis and then subrandomized
each group to receive prophylactic antibiotics (cephalexin)
versus no antibiotics. The result was a four-limb randomiza-
tion with 12 patients per group. Steroids were given to all
patients. No difference in outcome (perinatal mortality and
RDS) was observed between patients receiving ritodrine versus
no tocolysis. Therefore, the evidence is inconclusive as to the
usefulness of oral tocolysis.

Of the four randomized trials of intravenous tocolysis, only
one used a double-blind placebo design.467 The other three
compared tocolysis with bedrest.468–470 Overall, no change in
maternal or neonatal morbidity and mortality was demon-
strated between the study group and the control group. 
Tocolysis, however, resulted in some degree of pregnancy pro-
longation in three of the trials.467,469,470

In the trial by Christensen and coworkers,467 ritodrine
administration was associated with a significant decrease in
the proportion of women delivering within 24h after mem-
brane rupture [ritodrine 0% (0/24) versus placebo 37.5%
(6/16), P < 0.05]. However, no difference in pregnancy pro-
longation after 24h was observed between the treatment
group and the control group. In the study by Weiner and col-
leagues,470 the duration of pregnancy was greater in patients
receiving tocolysis than in those allocated to bedrest [105h
(SD 157h)]. Post-hoc analysis indicated that tocolysis admin-
istration resulted in significant pregnancy prolongation for
patients with gestational ages of less than 28 weeks at the time
of membrane rupture (bedrest 53.4h versus tocolysis 232.8h,
P = 0.05). This was not associated with a demonstrable reduc-
tion in perinatal morbidity or mortality. No difference in preg-
nancy prolongation was noted in patients with a gestational
age greater than 28 weeks. The authors concluded that there
was no justification for tocolysis after 28 weeks of gestation.
An unresolved issue is whether the prolongation observed in
patients with gestational ages of less than 28 weeks (mean pro-
longation 5 days) could have some beneficial effect. Steroids
were not used in this trial.

Garite and associates468 randomized 79 women with a ges-
tational age of 25–30 weeks to receive either intravenous
tocolysis with ritodrine (followed by oral therapy) or expec-
tant management. Steroids were not administered. No differ-
ence in pregnancy prolongation or perinatal morbidity and
mortality was observed between the two groups. It should be
noted that 16 of 39 patients randomized to the tocolytic limb
did not receive the treatment.

Matsuda et al.469 conducted a trial of 81 women with
preterm PROM who were allocated to either intravenous
antibiotics and tocolysis (n = 39: ritodrine and MgSO4 if rito-
drine alone failed) and bedrest (n = 42). Patients with clinical
chorioamnionitis, positive amniotic fluid Gram stain, and fetal

distress on heart rate monitoring were excluded. Steroids were
not used. Patients who received tocolysis and antibiotics had
a longer latency period than those in the control group (longer
than 48h 87% versus 50%; and longer than 7 days, 39%
versus 12%). No differences in the rate of clinical chorioam-
nionitis or proven neonatal sepsis (13% versus 12%) were
noted. However, suspected neonatal sepsis was significantly
higher in the women receiving tocolysis and antibiotics (39%
versus 17%). Given that antibiotic administration results in
prolongation of the latency period, the value of tocolysis
cannot be ascertained.

A randomized trial conducted over a 7-year period in 240
patients with PROM (26 and 35 weeks of gestation) allocated
women to short-term tocolysis (24h i.v.) or long-term tocoly-
sis (24h i.v. followed by oral therapy until delivery).471 Women
were excluded if the Bishop score was 5 or more or if tocol-
ysis failed in the first 24h. No difference was found in the
duration of the latency period between the two groups.
Chorioamnionitis (RR 2.47, 95% CI 1.42–4.66) and post-
partum endometritis (RR 1.74, 95% CI 1.10–2.75) were more
common in those receiving long-term tocolysis; no differences
in neonatal outcome were noted.

Because three of the randomized clinical trials of intra-
venous tocolysis suggest that treatment results in some pro-
longation of pregnancy, it is relevant to determine whether
enough time could be gained to complete steroid administra-
tion and reduce the incidence of RDS.467,469,470 Meta-analysis
of the four trials indicates that tocolysis does result in pro-
longation of pregnancy of more than 48h. However, because
no study has shown an improvement in maternal or neonatal
outcomes, there is no evidence to support the use of intra-
venous tocolysis in women with PROM.

Should a cervical cerclage be removed in a patient who
presents with preterm PROM?
Cerclage removal has been advocated to reduce the risk of
infection-related complications,472 while leaving the cerclage
in place has been recommended to prolong pregnancy.

Yeast and Garite473 reported the results of a case–control
study in which the outcome of patients with a cervical cer-
clage removed after preterm PROM was compared with that
of patients with PROM of a similar gestational age. There was
no difference in the incidence of chorioamnionitis or other
infectious complications and neonatal outcome between the
two groups. The interval between PROM and delivery was
not significantly different between patients with and without
cerclage. Blickstein and associates474 reported similar findings
after comparing the outcome of 32 patients with cerclage and
76 without cerclage. In contrast, Goldman and colleagues475

compared the outcome of 46 women with preterm PROM in
whom the cerclage was not removed with that of 46 women
with preterm PROM without cerclage. Patients with a cerclage
had a significantly shorter PROM-to-delivery interval and
lower gestational age at delivery than patients without the 
cerclage. However, the rates of chorioamnionitis, other 
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infection-related complications, and neonatal outcome were
not different between the two groups. Ludmir et al.476 evalu-
ated the role of immediate cerclage removal in preterm PROM
in 30 women. In 20 women, the cerclage was removed imme-
diately after the diagnosis of ruptured membranes was made,
while in 10 women, the cerclage was retained after the mem-
branes ruptured. Thirty-three patients with preterm PROM
without cerclage served as control subjects. A greater propor-
tion of women with a cerclage left in place delivered after 48h
[90% (9/10) versus 50% (10/20) respectively]. However, peri-
natal mortality was significantly higher in infants born to
women in whom cerclage was retained in comparison with
immediate removal or the control group [70% (7/10) versus
10% (2/20) versus 18% (6/33) respectively]. Seventy-one
percent of the neonatal morbidity was attributable to sepsis.
The authors did not use broad-spectrum antibiotic treatment,
which may explain this observation.476

McElrath et al.477 reported a randomized clinical trial 
conducted over 12 years comparing removal (n = 288) versus
nonremoval (n = 114) of cerclage in patients with preterm
PROM. All patients were treated with antibiotics and corti-
costeroids. Patients with retained cerclage had a lower gesta-
tional age at membrane rupture and delivered earlier than
patients in whom cerclage was removed. However, there was
no difference in the latency period between the groups. Neona-
tal mortality was higher among patients in whom the cerclage
was kept. This difference became nonsignificant when the
analysis was stratified into three gestational age groups (< 28,
28–30, and > 30 weeks). There were no significant differences
in the rate of RDS, IVH, and neonatal sepsis between the study
groups.477

In summary, patients with preterm PROM and a cerclage
could be managed by leaving the cerclage in place and main-
taining close surveillance to detect maternal and/or fetal 
infection.

Home care versus hospital care
Technical Bulletin no. 15 of the American College of 
Obstetricians and Gynecologists suggested that, “management
in hospital or in selected patients at home with careful obser-
vation is feasible” in preterm PROM.478 The potential disad-
vantages of home care include the risk of delivering a preterm
infant outside a tertiary center and the implicit delay in obstet-
ric intervention if fetal distress or infection occurs. The advan-
tages of home care include decreased costs and psychological
benefits to the patient.

Two studies have compared home care with hospital care.
The first, a small, randomized trial of women with PROM at
less than 37 weeks of gestation, had strict criteria for home
care.479 Only patients undelivered after 72h (60% delivered in
less than 72h), in cephalic presentation, with negative amni-
otic fluid culture (by amniocentesis), cervical dilation 
of less than 4cm on speculum examination, and at least 
one amniotic fluid pocket of more than 1cm (22% had 
oligohydramnios) were eligible for participation. Follow-up

included biweekly NST, weekly ultrasound examination, and
corticosteroid administration. Fifty-five patients were ran-
domized, 27 to home care and 28 to remain in hospital. There
was no difference in the latency period, gestational age at
delivery, chorioamnionitis [11.1% (3/27) versus 14.3%
(4/28)], neonatal morbidity [3.7% (1/27) versus 7.1% (2/28)],
RDS [3.7% (1/27) versus 7.1% (2/28)], or neonatal pneumo-
nia [18.5% (5/27) versus 10.7% (3/28)].479

The second study of home care was a retrospective study of
patients with preterm PROM between 20 and 30 weeks of ges-
tation, in which 19 of 21 women undelivered after 7 days were
discharged home.480 All patients had “adequate or slightly
diminished amniotic fluid volume.” Eleven of 19 women deliv-
ered at term. No neonatal deaths occurred, and there was one
case of maternal and neonatal sepsis in a woman managed at
home [she was infected with human immunodeficiency virus
(HIV)]. One case of neonatal sepsis occurred in an infant born
to a woman who was managed in hospital and delivered
preterm.

The data available are insufficient to recommend manage-
ment of preterm PROM outside tertiary care centers. We
believe that fetuses with preterm PROM require careful 
surveillance, which is rarely available outside a hospital 
environment.

When to induce?
Expectant management of patients presenting with preterm
PROM remote from term is the standard of care today.20,432,433

This management significantly reduces the neonatal compli-
cations related to prematurity;20,432,433 however, the longer the
latency period, the higher the risk of chorioamnionitis and
abruption.385,481–483

Cox and Leveno484 performed a prospective study compar-
ing induction versus expectant management of patients pre-
senting with preterm PROM between 30 and 34 weeks. There
were no significant differences in neonatal morbidity.
However, chorioamnionitis was significantly higher in the
expectant management group [2% (1/61) versus 15% (10/68),
P = 0.009]. Of note, 74% (50/68) of the expectant manage-
ment group delivered within 72h.

The timing of delivery is a determinant of the presence of
major, but not minor, composite neonatal morbidity. Indeed,
major composite neonatal complications (RDS, IVH, intuba-
tion, BPD, seizure, NEC, bowel perforation, retinopathy of
prematurity, meningitis, pneumonia, primary pulmonary
hypertension, and patent ductus arteriosus) decrease substan-
tially after 32 weeks of gestation.485 In contrast, minor com-
posite neonatal outcomes (hyperbilirubinemia, transient
tachypnea of the newborn, hyper- or hypoglycemia, and
hyper- or hyponatremia) decrease only after 34 weeks of ges-
tation (Fig. 63.13). Mercer et al.386 demonstrated that, in
patients with preterm PROM, delivery after 32 weeks of ges-
tation was not associated with a significant increase in neona-
tal morbidity. The development of chorioamnionitis, placental
abruption, or a nonreassuring fetal heart rate tracing often
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Figure 63.13 Composite major (solid line, square marks) and minor
(solid line, circle marks) neonatal morbidity rates for infants born
after preterm premature rupture of membranes according to
gestational age of delivery. Composite neonatal major morbidity
was defined as the presence of any of the following: intraventricular
hemorrhage, respiratory distress syndrome, intubation,
bronchopulmonary dysplasia, sepsis, seizure, necrotizing
enterocolitis, bowel perforation, meningitis, pneumonia or primary
pulmonary hypertension, patent ductus arteriosus, or retinopathy of

prematurity. Composite neonatal minor morbidity was defined as
the presence of any of the following: hyperbilirubinemia, transient
tachypnea of the newborn, or metabolic disturbances (hyper- or
hypoglycemia or hyper- or hyponatremia). Outcome data for each
gestational age group were compared with the respective outcome
of a reference group of women with preterm premature rupture of
membranes who delivered at 36 weeks to 36 weeks and 6 days of
gestation. *P < 0.05. From ref. 485 with permission.

Table 63.24 Survival by gestational age in second-trimester
premature rupture of membranes.

First author Gestational age in weeks Survival number (%)

Moretti487 < 20 2/16 (12)
20–22 2/27 (7.4)
23–24 9/35 (25)
25–26 27/46 (58.6)

Major488 19–21 3/6 (50)
21–22 10/15 (66.7)
23–24 21/25 (84)
25–26 21/25 (84)

Hibbard491 < 24 7/18 (38.9)
24–26 19/30 (63.3)

Morales492 < 20 1/15 (67)
20–22 7/30 (23.3)
23–24 31/52 (59.6)

David495 < 20 1/6 (16.7)
20–22 4/21 (19)
23–25 19/43 (44.2)

Rib494 19–22 0/8 (0)
22–23 9/20 (45)
24–26 12/17 (70.6)

requires induction of labor and delivery, regardless of gesta-
tional age.

What are the complications associated with 
expectant management?
This question has been addressed by many studies, and is 
summarized in Table 63.23.486–495 Fetal and neonatal compli-
cations include pulmonary hypoplasia, oligohydramnios
sequence, RDS, IVH, neonatal sepsis, and NEC. Perinatal sur-
vival rates by gestational age in patients with early preterm
PROM are displayed in Tables 63.23 and 63.24. The rate of
stillbirth reached 15–26% in previable PROM; overall, there
were 111 stillbirths and 237 neonatal deaths496 (these figures
exclude the study by Rib et al.,494 in which no distinction was
made between stillbirths and neonatal deaths). Intrauterine
fetal deaths were not systematically reported in all studies.

The main maternal complications of expectant management
of preterm PROM are chorioamnionitis (39%), endometritis
(14%), placental abruption (3%), and postpartum hemor-
rhage due to retained placenta that requires curettage
(12%).489 No relationship between the duration of membrane
rupture and chorioamnionitis has been noted. However, cases
of septicemia requiring a hysterectomy, septic shock, and
maternal death were reported.486–488,490

Expectant management prolonged pregnancy by more than
1 week in 49.8% (254/510),486–491,493,495 more than 2 weeks in
28% (114/407),486,488,489,493–495 and more than 1 month in
19.2% of cases (71/370).486,487,489,490,495 An inverse relationship
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between gestational age at preterm PROM and the latency
period was noted in four studies.486,490–492

PROM near term (32–36 6/7 weeks of
gestation) (see Fig. 63.14)

Mercer et al.386 demonstrated no differences in the maternal
and neonatal outcomes of expectant management and induc-
tion of labor. However, there was a trend toward a higher 
incidence of maternal chorioamnionitis in the expectant man-
agement group.386 Cox and Leveno484 reported a higher inci-
dence of maternal chorioamnionitis. The conventional view is
to perform amniocentesis for fetal lung maturity between 32
and 34 weeks and, if the result is positive, to proceed with
induction of labor in order to reduce maternal morbid-
ity.432,484,497 In cases with negative fetal lung maturity, the man-
agement is not clear. Some physicians will choose expectant
management until 34 weeks, while others will administer cor-
ticosteroids and induce labor 48h later.498 There are not suf-
ficient data in the literature to support either course of action.

In a survey that was conducted in the USA during 2003 among
members of the Society of Maternal Fetal Medicine, 42% will
induce labor in patients presenting with premature PROM and
positive lung maturity at 32 weeks.498 In cases with unknown
fetal lung maturity, 58% will postpone delivery to 34 weeks
of gestation.498 In summary, patients between 32 and 34 weeks
need assessment of lung maturity and, if positive, the patients
should be offered induction of labor. In cases without fetal
lung maturity, there are not sufficient data as to the optimal
management approach. Mercer12 proposed that women with
PROM after 34 weeks should be delivered.

The role of amnioinfusion in preterm PROM
Oligohydramnios is a risk factor for the development of
abnormal fetal heart rate patterns during labor.499 Experi-
mental evidence obtained in rhesus monkeys indicates that loss
of amniotic fluid is associated with the appearance of variable
fetal heart rate decelerations that disappear after fluid volume
is replaced.500 A similar phenomenon has been observed in
women with rupture of membranes. Moberg and coworkers501

•      Gestational age
        between 32 and 34 weeks
•      Negative fetal lung
•      maturity tests

•     Administer corticosteroids
•     Observe until 34 weeks of gestation
•     GBS prophylaxis when appropriate

•     Gestational age
       between 34 and 37 weeks
•     Positive fetal lung
       maturity tests

Development of:

•      Abruption
•      Chorioamnionitis
•      Nonreassuring fetal heart
        rate
•      Fetal distress

Delivery

Initial assessment:

•      Look for clinical signs of chorioamnionitis and
        abruption
•      Assess fetal growth, sonographic gestational age, and
        fetal well-being
•      Between 32 and 34 weeks, consider amniocentesis for
        diagnosis of MIAC and assessment of fetal lung maturity

Near term PROM at 32–36 6/7 weeks of gestation

Figure 63.14 Management of near term PROM (between 32 and 37 weeks of gestation). MIAC, microbial invasion of the amniotic cavity;
GBS, group B Streptococcus. Modified from Mercer BM. Clin Perinatol 2004;31:765–782432 with permission from Elsevier.
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reported that patients with preterm PROM had a higher inci-
dence of Cesarean delivery for fetal distress than patients with
preterm labor and intact membranes [7.9% (21/267) versus
1.5% (2/130) respectively, P < 0.05]. Seventy-six percent of
patients who underwent Cesarean delivery for fetal distress in
the PROM group had fetal heart rate patterns consistent with
umbilical cord compression. Miyazaki and Taylor502 were the
first to report a clinical trial in which saline amnioinfusion was
used in 42 patients in labor with five or more consecutive
repetitive variable decelerations or prolonged decelerations
(< 100b.p.m. for at least 3min) that did not respond to
changes in maternal position and oxygen therapy. Amnio-
infusion provided relief from repetitive variable decelerations
in 67% (19/28) of cases and of prolonged decelerations in
85.7% (12/14).

Subsequently, Miyazaki and Nevarez503 compared amnio-
infusion with standard management of variable decelerations
in 96 patients. Amnioinfusion was associated with a signifi-
cant reduction in the severity and occurrence of variable decel-
erations and prolonged decelerations (amnioinfusion 51%
versus non-infusion group 4.2%, P < 0.01). This effect was
more dramatic in nulliparous patients. A significant reduction
in the incidence of Cesarean delivery for fetal distress was
noted in nulliparous, but not in multiparous, patients.

Nageotte and associates504 compared prophylactic amnioin-
fusion versus no infusion in a randomized clinical trial of 61
women in preterm PROM in early labor. Patients who received
an amnioinfusion had significantly lower incidence of severe
decelerations during both the first and the second stage of
labor. The incidence of Cesarean delivery for fetal distress was
also lower in patients receiving amnioinfusion than in the
control group [3% (1/29) versus 22% (7/32), P = 0.06]. No
umbilical cord pH data were reported.

A meta-analysis of randomized clinical trials using trans-
cervical amnioinfusion has demonstrated that this procedure
is associated with a significant reduction in the rate of
Cesarean delivery (OR 0.48, 95% CI 0.30–0.77), variable
decelerations, 1- and 5-min Apgar score of less than 7, umbil-
ical artery pH of less than 7.20, and meconium aspiration syn-
drome. The reduction in Cesarean delivery may also lead to a
decrease in endometritis.505 Potential complications of intra-
partum amnioinfusion include uterine overdistention, elevated
intrauterine pressure, and amniotic fluid embolism.506 In con-
clusion, the balance of the evidence supports the use of trans-
cervical amnioinfusion in preterm PROM when there are fetal
heart rate abnormalities. However, a recent randomized con-
trolled trial (RCT) in patients admitted at ≥ 36 weeks with
thick meconium staining of the amniotic fluid failed to demon-
strate a beneficial effect of transcervical amnioinfusion.507

The value of transabdominal infusion in the management
of PROM remote from term was assessed recently in a RCT
in which women with PROM between 24 weeks and 32 weeks
and 6 days were allocated to transabdominal amnioinfusion
(n = 17) or expectant management (n = 17). Women in the
amnioinfusion group received weekly serial amnioinfusion of

isotonic sodium chloride if the AFI was below the fifth per-
centile and/or a median pocket of amniotic fluid was < 2cm.
The mean volume infused was 250mL. The transabdominal
amnioinfusion was associated with a lower risk of delivery
within 7 days (RR 0.18, 95% CI 0.04–0.69).508

Another use of amnioinfusion is to improve fetal visualiza-
tion in cases of severe oligohydramnios. Amnioinfusion was
first used by Gembruch and Hansmann509 to improve sono-
graphic imaging in cases of midtrimester oligohydramnios.
Fisk et al.307 reported improved fetal visualization after expan-
sion of the amniotic volume in a significant number of cases
(amnioinfusion was successful in 58/61 cases, enabling sono-
graphic visualization of fetal anatomy in 51 cases). There was
one inadvertent aspiration of fetal blood at 34 weeks of ges-
tation followed by profound bradycardia necessitating deliv-
ery. The neonate died from pulmonary hypoplasia. Four other
fetal losses may have been procedure related.

Prelabor rupture of the membranes 
at term

The management of patients with PROM at term includes: (1)
exclusion of cord prolapse; (2) detection of infection; and (3)
evaluation of fetal well-being. If any evidence exists of fetal
compromise or infection, induction of labor or delivery is the
management of choice. For other patients, the relevant man-
agement issues include deciding between (1) induction or
expectant management and (2) when and how induction
should be undertaken.510–533

The natural history of term PROM is that 90% of women
will be in spontaneous labor within 24h.533 Nulliparous
women have a longer latency period than multiparous
women.516,523,528 Patients with an unfavorable cervix at pres-
entation and those who are not in labor within 6 h of rupture
of membranes generally do not initiate labor spontaneously
within 24 h and represent a management dilemma.532

The largest clinical trial in term PROM517 included 5041
patients who were randomly allocated to four groups: (1)
immediate induction with oxytocin; (2) expectant manage-
ment followed by induction with oxytocin after 4 days; (3)
induction of labor with vaginal prostaglandin E2 (1–2mg, fol-
lowed by i.v. oxytocin; if not in labor in 4h, a second dose 
of prostaglandin E2); and (4) expectant management followed
by induction of labor with prostaglandin E2, if labor had not
begun within 4 days. The primary outcome of the trial was
probable neonatal infection (clinical and laboratory signs).
Secondary outcomes were the need for Cesarean delivery and
women’s evaluation of their treatment. The results showed no
difference in neonatal infection and Cesarean delivery rate
between the induction groups (oxytocin versus prostaglandin
E2). However, the incidence of chorioamnionitis was lower in
patients allocated to induction of labor. Women’s satisfaction
with their obstetric care was higher for those allocated to
induction of labor.
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Mozurkewich and Wolf,524 in their meta-analysis of 23
studies including 7493 women, demonstrated that induction
of labor is superior to expectant management. The meta-
analysis compared three policies: (1) immediate induction with
oxytocin; (2) induction of labor with vaginal or endocervical
prostaglandin E2 gel suppositories or tablets; and (3) expec-
tant management that has sometimes included delayed induc-
tion with oxytocin. The frequency of chorioamnionitis and
endometritis was significantly lower in patients undergoing
immediate induction of labor with oxytocin than in those
managed expectantly (OR 0.67, 95% CI 0.52–0.85 and OR
0.71, 95% CI 0.51–0.99 respectively). The rate of chorio-
amnionitis was significantly higher in patients who received
vaginal prostaglandins than in those induced with immediate
administration of oxytocin, but lower than that of patients in
the expectant management group (OR 1.55, 95% CI
1.09–2.21 and OR 0.68, 95% CI 0.51–0.91 respectively). The
rates of Cesarean delivery and neonatal infection were not dif-
ferent among the three management schemes (Table 63.25).
Based on these data, we endorse a policy of immediate induc-
tion of labor in patients with term PROM. Antibiotic admin-
istration is justified before Cesarean delivery for obstetric
indications or for carriers of GBS.

Tan and Hannah534 performed a meta-analysis of 18 trials
comparing induction of labor with oxytocin versus expectant
management in patients with PROM at or near term. Induction
of labor with oxytocin was associated with a lower risk of
chorioamnionitis (OR 0.63, 95% CI 0.51–0.78), endometritis
(OR 0.72, 95% CI 0.52–0.99), and neonatal infection (OR
0.64, 95% CI 0.44–0.93). Cesarean delivery rates were not sta-
tistically different. Oxytocin was associated with a more fre-
quent use of pain medication and internal fetal heart rate
monitoring. Another meta-analysis of 15 RCTs by Lin et al.535

included: (1) six studies (n = 453) of misoprostol versus placebo
or expectant management; and (2) nine studies (n = 1130) of
misoprostol versus oxytocin for labor induction with term
PROM. Surprisingly, there were no significant differences in the
frequency of chorioamnionitis, neonatal sepsis, or Cesarean
delivery among the study groups. Similarly, a recent systematic
review of induction of labor versus expectant management for
term PROM by Dare et al.536 did not find differences in the rate
of Cesarean deliveries and neonatal infection. However, the fre-
quency of chorioamnionitis and endometritis was higher in the
expectant management group.536

Expectant management at home of patients with PROM at
term is not recommended. This recommendation is based
upon the report by Hanna et al.537 that home care was asso-
ciated with an increased risk of neonatal infections (OR 1.97,
95% CI 1.00–3.90) and Cesarean delivery in patients not col-
onized with GBS (OR 1.48, 95% CI 1.03–2.14).

Novel treatment techniques

Attempts have been made to seal the site of rupture (mostly
in iatrogenic cases). These techniques are at the current time
in developing stages. However, a description is included
because patients or their physician may inquire about these
techniques.

Fibrin glue

Fibrin glue is a mixture of fibrinogen, thrombin, and cell fibrin
that is injected under ultrasound guidance onto the site of
rupture. Genz538 treated 19 patients, with a success rate of
60%. However, Kurz and Hick539 (using the same procedure)
reported a small series in which there were no successes.

Baumgarten and Moser540 used an intracervical approach to
apply the sealant, following a cervical cerclage in 26 women,
with a success rate of 65% (success was defined as the per-
centage of surviving infants). Pregnancy was prolonged for
more than 28 days in six women, and no cases of chorio-
amnionitis were documented. Uchide et al.541 reported a case
of intracervical fibrin glue instillation and cervical cerclage in
which the pregnancy lasted from 24 weeks (time of rupture)
to 31 weeks of gestation. Catalano and Zardini542 reported
five cases in which intracervical instillation of fibrin glue
resulted in successful pregnancy prolongation. Similar results
were found by Sciscione et al.543 in 12 patients (13 fetuses)
with previable PROM using fibrin sealants. All patients had
an increase in the AFI and diminution of leakage. The fetal
survival rate was 53.8%.

Amniopatch

This approach consists of transabdominally injecting platelets
and cryoprecipitate to seal the membranes. The basis for this
approach is that the amnion is avascular and, therefore,

Table 63.25 Pooled odds ratios (ORs) and confidence intervals (CIs) for three treatment policies of term prelabor rupture of the membranes
and outcome variables of interest. From ref. 524 with permission from Lippincott Williams & Wilkins.

Chorioamnionitis Endometritis Cesarean delivery Neonatal infection

OR CI OR CI OR CI OR CI

Oxytocin vs. conservative 0.91 0.51–1.62 0.78 0.50–1.21 1.24 0.89–1.73 0.73 0.47–1.13
Prostaglandins vs. conservative 0.68 0.51–0.91 0.81 0.53–1.23 0.95 0.76–1.20 1.06 0.67–1.66
Prostaglandins vs. oxytocin 1.55 1.09–2.21 0.78 0.23–2.63 0.67 0.34–1.29 1.50 0.91–2.45
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unable to initiate platelet activation, fibrin deposition, and
other events required for wound healing in vascular tissues.
The procedure consists of administering platelets (0.5 units)
followed by cryoprecipitate (a source of fibrinogen). Quintero
et al.544 pioneered this approach in 1996 and subsequently
reported the experience in 28 cases.545 A key observation is
that this approach is successful when applied to rupture of
membranes occurring after procedures such as fetoscopy. The
rate of successful sealing of the membranes is 64% (18/28).
Among the successful cases, one patient had a miscarriage, one
patient terminated the pregnancy due to a chromosomal
abnormality, and one neonate died of meningitis 2 weeks after
discharge from the neonatal intensive care unit. Of the 10
unsuccessful cases, three neonates were alive and well. Some
cases resulted in fetal death (n = 3), voluntary termination of
pregnancy (n = 2), and miscarriage (n = 2). This option can
be offered to patients who have membrane rupture after
amniocentesis, skin biopsies, fetal shunts, and diagnostic oper-
ative fetoscopy. Precise knowledge of the site of rupture is
unnecessary. The hemostatic material does not need to be
injected into the site of rupture, and appears to find its way
to the defect and seals it. The possibility of fetal death must
be explained to patients. This phenomenon has been attrib-
uted to the possible effect of vasoactive agents released during
the course of platelet activation.

Physical barrier to stop leakage

A group from Lithuania evaluated 16 women between 22 and
32 weeks of gestation with PROM in whom a “cervical cup”
was inserted to stop leakage.546 Outcomes were compared
with 19 women with preterm PROM. The average AFI in the
women having the adapter almost doubled, whereas the AFI

did not change in control subjects. No infections occurred in
mothers or infants in either group. The aim of increasing the
amniotic fluid volume was to enable easier amniocentesis.

O’Brien et al.547 had implemented a treatment protocol for
patients presenting with previable PROM including amnioin-
fusion, cervical cerclage, and administration of gelatine sponge
into the amniotic cavity. Eight of 15 fetuses (53%) reached via-
bility, two of whom were intrauterine fetal demise, and six were
discharged home alive. However, three fetuses had talipes equi-
varus and bilateral hip dysplasia, while two fetuses had torti-
colis. This might be an effective, although aggressive, mode of
treatment, but further studies are needed to investigate the
origin of the higher rate of musculoskeletal disorders. A surgi-
cal approach to sealing the membranes in patients with spon-
taneous rupture and no evidence of infection and inflammation
is being explored. The procedure relies on the placement of a
graft with laser welding. This has been attempted in animals,
but the procedure is still experimental in humans.545,548
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Key points

1 Term PROM occurs in approximately 10% of 
patients, while the frequency of preterm PROM is
2–3.5%.

2 The “zone of altered morphology” (ZAM) is an
anatomical structure that includes amnion and 
chorion (of fetal origin) and portions of decidua (of
maternal origin) apposed to the cervix, which
undergoes morphologic changes before the onset of
labor.

3 It has been proposed from biophysical studies of
chorioamniotic membranes of patients with PROM
that the membranes have focal areas of weakness
rather than a generalized weakening.

4 Evidence supports the role of matrix metalloproteinases
(MMPs), proteases that can degrade several

components of the chorioamniotic membranes, in both
preterm and term PROM.

5 Preterm PROM is associated with positive amniotic
fluid cultures in approximately 30% of cases, while
75% of patients have microbial invasion of the
amniotic cavity (MIAC) when amniocenteses are
performed at the time of onset of labor.

6 The most important risk factor for preterm PROM is a
previous preterm delivery.

7 Vaginal bleeding, a short cervix (≤ 25 mm), a history
of previous spontaneous preterm delivery (with intact
or ruptured membranes), and smoking are risk factors
for preterm PROM in the index pregnancy.

8 The risk of PROM in a subsequent pregnancy is 4% 
if the patient’s first pregnancy went to term and was
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Prolonged pregnancy may be defined as any pregnancy that
continues past 294 days.1,2 It is well established that the pro-
longed pregnancy is associated with increased maternal and
fetal morbidity and mortality.3–5 Postdatism implies that the
pregnancy has endured longer than the estimated due date of
40 weeks. The postmature syndrome is associated with
intrauterine growth restriction and occurs when there is pla-
cental insufficiency often caused by an aging placenta.6–8 The
most common cause of the prolonged pregnancy is inaccurate
dating. Ultrasound has proved effective in reducing the
number of inappropriate inductions.9,10 Anencephaly and
adrenal hypoplasia have been associated with prolonged preg-
nancy, and both share a common feature of pituitary insuffi-
ciency, and show an absence of the usually high estrogen levels
that characterize normal pregnancy.11,12 Despite improvements
in pregnancy dating, the prolonged pregnancy continues to
present a significant problem for healthcare providers.

Definitions

Multiple terms including postterm, prolonged, postdates, and
postmature have been used to describe pregnancies exceeding
their due date. The lack of standardized definitions has made
comparison between studies on the prolonged pregnancy
extremely difficult. Postterm or prolonged pregnancy should
be the preferred terminology for the pregnancy extended
beyond 42 weeks. Postmaturity is a neonatal diagnosis and
should be used to describe the infant with recognizable clini-
cal features associated with postmaturity, including peeling,
parchment-like skin, and meconium staining of skin, mem-
branes, and the umbilical cord. In addition, these infants may
also have overgrown nails, well-developed creases on the
palms and soles, abundance of scalp hair, little vernix or
lanugo hair, scaphoid abdomen, and minimal subcutaneous
fat.13,14 Like most medical conditions, the syndrome exhibits
a continuum that varies from mild placental insufficiency to a
more severe medical problem with significant growth restric-
tion and a greater probability of associated hypoxia.

Incidence

Around 20% of women cannot remember their last menstrual
period and, when there is late entry to prenatal care, there is
often confusion regarding the dating of the pregnancy.15 The
incidence of prolonged pregnancy varies from 3% to as high
as 14%, depending on whether first-trimester ultrasound
dating or last menstrual period dating has been used to deter-
mine the estimated date of delivery.10,16 Women with one pre-
vious prolonged pregnancy have a 30% chance of a recurrent
prolonged pregnancy.17 In centers in which patients are seen
early in pregnancy and have ultrasounds in the first trimester,
the incidence of the prolonged pregnancy has been reduced by
half to two-thirds.10,16 Perinatal mortality has been noted to
increase in pregnancies with unknown dates.18 It is possible
that some of these deaths are due to a failure to diagnose the
prolonged pregnancy. It is also important to remember, when
managed conservatively, 40–50% of women will deliver
within 4–5 days of the 42nd week.19

Maternal and fetal risks

Maternal risks

The maternal risks from the prolonged pregnancy are associ-
ated with the increased need for operative delivery in both
spontaneous and induced labor. Controversy remains as to
whether spontaneous labor has a lower incidence of operative
delivery than those patients who require induction.20,21 There
may also be an increase in fetal macrosomia and uteropla-
cental insufficiency, which predisposes the patient to an
increased incidence of operative delivery. Conservative
therapy and awaiting labor may not avoid the need for oper-
ative interventions resulting from these problems.22,23 The
National Institute of Child Health and Human Development
Network of Maternal–Fetal Medicine Units reported that
induction of labor in pregnancies ≥ 41 weeks was not associ-
ated with a significant increase in Cesarean delivery rates 
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compared with awaiting spontaneous labor. In this study, 440
patients with uncomplicated pregnancies at 41 weeks’ gesta-
tion were randomized to either immediate induction of labor
(n = 265) or expectant management (n = 175). The Cesarean
delivery rate was not significantly different in the expectant
(18%), prostaglandin E2 gel (23%), or placebo gel (18%)
groups.24

In the Canadian Multicenter study involving 3407 women
at > 42 weeks’ gestation, there was a statistically significant
lower Cesarean section rate in the induction group of 21.2%
compared with the conservatively managed group with a
Cesarean section rate of 24.5%.25 The higher Cesarean section
rate was felt to be the result of a greater incidence of fetal 
distress in the conservatively managed group. A later cost 
estimate of this trial showed that induction of labor was asso-
ciated with a significantly lower cost (US$2502 versus
US$2684).26 In Table 64.1, data from the Cochrane database
are summarized, and it would appear from these studies that
the prolonged pregnancy is associated with an increased need
for operative vaginal delivery, induction of labor, and
Cesarean section. The study shows that inductions prior to
42 weeks may reduce the need for Cesarean sections.

Fetal and neonatal risks

Multiple studies have demonstrated an increased risk of peri-
natal mortality after 42 weeks.6,16,27–42 Perinatal mortality
reaches its nadir at 39–40 weeks and then increases as preg-
nancy exceeds 41 weeks.43 These deaths occur during the
antepartum, intrapartum, and neonatal period as the result of
events related to either uteroplacental insufficiency or through
the development of fetal macrosomia and commonly associ-

ated birth trauma. During the antepartum period, the fetus
may suffer hypoxic ischemic insults that can result in either
stillbirth or intrauterine growth restriction and the develop-
ment of the postmature syndrome.

Traditional reports of stillbirth rates have commonly used,
as the denominator, the number of deaths per 1000 newborns.
This estimate fails to provide a realistic risk assessment, which
is the number of deaths per continuing pregnancies. Stillbirth
rates should be reported based on a denominator that will
provide the most appropriate statement of risk. Studies have
shown that pregnancies that continue beyond 42 weeks have
an increased risk of stillbirth (see Fig. 64.1A) but, when the
risk of stillbirth is expressed as a function of ongoing 
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Table 64.1 Summary odds ratios for Cesarean section in
randomized trials of elective induction versus expectant
management.*

Group Odds ratio 95% confidence 
interval

By gestational age:
< 41 weeks 0.6 0.35–1.03
> 41 weeks 0.87 0.77–0.99

By parity:
Primigravid 0.75 0.64–0.88
Multigravid

Bishop score < 6 1.02 0.75–1.38
By overall Cesarean section rate:

< 10% 0.89 0.58–1.39
> 10% 0.87 0.77–1.00

By class of induction agent:
Oxytocin 0.85 0.74–0.98
Prostaglandins 0.84 0.65–1.08

Data from Crowley (2000);9 odds ratios < 1 indicate that the
Cesarean section rate was lower in the elective induction group.
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Figure 64.1 (A) The rates of stillbirth (-�-) and infant mortality (—)
for each week of gestation from 28 to 43+ weeks expressed per
1000 live births. (B) The rates of stillbirth (dark gray) and infant
mortality (light gray) in the same population of 171527 singleton
births expressed as a function of 1000 ongoing (undelivered)
pregnancies. Data from Hilder et al.44 (with permission of Blackwell
Science Ltd).
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pregnancies (stillbirth divided by total births), the mortality
rate is even greater. In a retrospective study by Hilder et al.44

of 177527 singleton births (1989–1991), the rate of stillbirths
increases sixfold from 0.35 per 1000 ongoing pregnancies at
37 weeks to 2.12 per 1000 ongoing pregnancies at 43 weeks
(see Fig. 64.1B). This difference was even more striking when
the infant mortality statistics were included, showing an eight-
fold increased risk of pregnancy loss (stillbirth plus death
within the first year of life) from 0.7 per 1000 ongoing preg-
nancies at 37 weeks to 5.8 per 1000 pregnancies at 43 weeks’
gestation (Table 64.2).

The literature has been inconsistent in reporting the fre-
quency and type of antenatal surveillance of the prolonged
pregnancy.2 No single method of fetal assessment has proved
superior in either sensitivity or specificity of fetal evaluation
in the prolonged pregnancy, and there have been no random-
ized, controlled trials in which surveillance was compared
with no surveillance. The Agency for Healthcare Research and
Quality (AHRQ) published an evidence-based report/technol-
ogy assessment on the management of the prolonged preg-
nancy.45,46 A detailed description of the tests used to evaluate
the prolonged pregnancy is undertaken in the chapter entitled
“Normal and abnormal placentation.” This group estimated
that, if the perinatal mortality rate was 1.2 per 1000 births at
41 weeks, a randomized file would need over 40000 women
in each arm to determine a twofold difference in the risk of
stillbirth between two competing methods of surveillance. As
with most tests, there is a tradeoff between specificity and sen-
sitivity. Tests that are more sensitive are usually less specific.
As it has been well established that the probability of adverse
fetal outcome increases with increasing gestational age, then
antepartum tests with high negative predictive values are
needed. Data reported by Bochner et al.47 are consistent with
this concept and showed positive predictive values for adverse
outcomes were better when testing began at 42 weeks (21.1%
versus 11.9% at 41 weeks), but negative predictive values
were worse (98.5% at 42 weeks versus 99.1% at 41 weeks).
Assuming that induction of labor does not carry increased
perinatal risk, planned induction of labor at any gestational

age should always result in fewer adverse perinatal outcomes
than continuing pregnancies with testing strategies.

A fetal mortality rate of 1.12 per 1000 was reported in a
review of 8038 consecutive postterm pregnancies with twice-
weekly antepartum fetal surveillance protocols using nonstress
tests, fluid indices, and biophysical profiles as needed.9,48 As
noted above, most prolonged pregnancies occur as a result of
poor dating and are often not in fact prolonged. Combined
with improved antepartum fetal surveillance, it will be diffi-
cult to show that induction of labor at 41 weeks as opposed
to 42 weeks will significantly improve mortality rates.

Most of the excessive perinatal mortality associated with a
prolonged pregnancy occurs in the intrapartum and neonatal
periods.49 Intrapartum asphyxia and meconium aspiration
were implicated in 25% of the deaths. Also, 5.4 per 1000 post-
term infants compared with 0.9 per 1000 term infants exhib-
ited early neonatal seizures. Meconium aspiration syndrome
is significantly increased in these patients.29,50–54

Fetal macrosomia

It is important to remember that the most common com-
plication of the prolonged pregnancy is fetal macrosomia.
Macrosomia has been defined as newborn birthweights of
either 4000g or 4500g. Macrosomia can result in dystocia
and associated brachioplexus injuries and fractures. In a study
by Pollack et al.,55 21% of the pregnancies beyond 41 weeks
had infants weighing more than 4000g, and 4% of these
fetuses weighed more than 4500g. Labor induction, Cesarean
delivery, fetal macrosomia, and shoulder dystocia are also sig-
nificantly increased.51 The clinical significance of birthweights
between 4000 and 4500g is unclear, but it has been well estab-
lished that shoulder dystocia is greatest for infants weighing
> 4500g.53,56,57

As both mother and fetus are at risk from macrosomia,
attempts have been made to determine fetal weights in pro-
longed pregnancies. Table 64.3 reports on test performance
characteristics for studies outlining the association between
estimated fetal weights and macrosomia, as compiled by
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Table 64.2 Observed relationship between gestational age and stillbirth risk.

Study Location Dates n Stillbirth risk per 1000

Denominator: 1000 deliveries Denominator: 1000 continuing 
in specified gestational week pregnancies

37 38 39 40 41 42 43 37 38 39 40 41 42 43

Yudkin et al. (1987) Oxford 1978–1985 40888 2.14 0.43 1.24 0.42 0.29 1.24
Hilder et al. (1998) London 1989–1991 171527 6.2 3.8 2.2 1.5 1.7 1.9 2.1 0.35 0.56 0.57 0.86 1.27 1.55 2.12
Cotzias et al. (1999) London 1989–1991 171527 – – – – – – – 1.55 1.37 1.19 1.08 1.21 1.30 1.58
Smith (2001) Scotland 1985–1996 700878 – – – – – – – 0.4 0.4 0.5 0.9 1.2 1.9 6.3

From ref. 58.
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Myers et al.58 for the AHRQ publication Management of pro-
longed pregnancy: evidence report/technology assessment no.
53. Chauhan et al.59 compared estimates of fetal weight by 
clinicians using Leopold maneuvers in early labor with ultra-
sound measures with the actual newborn birthweights (see
Table 64.3). In this study, the clinical estimates were signifi-
cantly better at estimating within 10% of actual weight than
ultrasound calculations (clinical 65.4% versus sonographic
42.8%; P < 0.005). Chervenak et al.60 calculated fetal weights
in 317 women followed conservatively for the management of
prolonged pregnancy. In this study, 24% of women had
infants born weighing more than 4000g and, of this group,
22% versus 10% of the control subjects (P < 0.01) had
Cesarean sections for protracted disorders. The sensitivity of
ultrasound for predicting birthweight > 4000g was 61%,
specificity 91%, positive predictive value 70%, and predictive
value 87%. In Table 64.3, we see the effects of test threshold
on outcome prediction.

Gilby et al.61 compared fetal abdominal circumference
measurements of 34–38cm and prediction of birthweight
> 4000g. At 34cm, 38% of the population was selected;
however, when 38 cm was used, only 5% of the population
met this threshold. At the 34-cm threshold, the sensitivity was
99%, while at 38cm, the sensitivity was only 54%. The speci-
ficity was much lower at 65% for the less stringent 34-cm
value, whereas the 38-cm measurement gave a specificity of
97%. The positive predictive values yielded 9% and 37%
respectively. Similar results were obtained from the 1997
O’Reilly-Green and Divon62 study when comparing ultra-
sound weight calculated thresholds (4191–4500g). From these
comparisons, we can determine that stringent thresholds for

the diagnosis of macrosomia yield poor sensitivities but
improved specificities and positive predictive values. The
obvious question is where the threshold for intervention
should be set. In 1996, Rouse et al.63 performed a cost analy-
sis finding that, if Cesarean sections are performed on all preg-
nancies with estimated fetal weights of 4500g, 3695 Cesarean
sections at a cost of US$8 million would be performed to
prevent one permanent brachioplexus injury. There are limited
data to support whether induction of labor in patients with
estimated fetal weights between 4000 and 4500g reduces
newborn or maternal morbidity. Methods for prediction of
birthweights more than 4500g in the routine prolonged preg-
nancy are imprecise. There is no evidence that ultrasound-
guided clinical decision-making can accurately identify
macrosomia and whether the use of this modality can change
clinical outcomes.

Management

While there is no clear consensus as to the most clinically
correct method for the management of the prolonged preg-
nancy in recent times, most physicians now plan inductions at
41 or 42 weeks. While there is an increased incidence of still-
birth with increasing gestational age, this incidence does not
become significant until 42 weeks, and most studies have
shown no clear benefit from the induction of labor versus con-
servative management with aggressive fetal assessment. The
two big questions to be answered are whether induction of
labor before 42 weeks increases the incidence of Cesarean
section and does this approach result in a greater cost than
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Table 64.3 Accuracy of antenatal fetal weight estimation for predicting macrosomia.

Study Screening test Rate of Outcome Rate of Sensitivity Specificity Positive Negative
threshold abnormal threshold outcome predictive predictive

tests event value value

Chauhan et al. (1995) > 4000g 0.21 > 4000g 0.26 0.61 0.92 0.73 0.87
O’Reilly-Green and > 3710g 0.42 > 4000g 0.24 0.85 0.72 0.49 0.94

Divon (1997)
Chervenak et al. > 4000g 0.22 > 4000g 0.26 0.60 0.91 0.69 0.87

(1989)
Pollack et al. (1992) > 4000g 0.20 > 4000g 0.23 0.56 0.91 0.65 0.88
Jazayeri et al. (1999) Abdominal circumference 0.48 > 4000g 0.50 0.89 0.93 0.93 0.90

> 34cm
Gilby et al. (2000) Abdominal circumference 0.05 > 4500g 0.03 0.54 0.97 0.37 0.98

> 38cm
O’Reilly-Green and > 4500g 0.02 > 4500g 0.04 0.22 0.99 0.44 0.97

Divon (1997)
O’Reilly-Green and > 4191g 0.11 > 4500g 0.04 0.83 0.92 0.30 0.99

Divon (1997)
Pollack et al. (1992) > 4500g 0.02 > 4500g 0.04 0.14 0.99 0.33 0.96
Gilby et al. (2000) Abdominal circumference 0.38 > 4500g 0.03 0.99 0.65 0.09 1.00

> 34cm
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conservative therapy? The absolute goal for the management
of the prolonged pregnancy is to reduce newborn morbidity
and prevent all stillbirths, while at the same time keeping the
Cesarean section and operative vaginal delivery rates as low
as possible.

Pregnancy dating

The most important way to minimize the incorrect diagnosis
of postterm pregnancy is to establish accurate pregnancy
dating as early as possible. With accurate dating, making deci-
sions regarding induction or conservative management can be
improved based upon more objective information. The esti-
mated delivery date (EDD), as calculated from the last men-
strual period (LMP), can be used reliably in women with
regular normal menstrual cycles, especially when these women
are seen early in the pregnancy and a detailed history is
obtained during their first visits. It is important to remember
that many women cannot accurately recall their LMP, partic-
ularly when they start prenatal care late in their pregnancies.
In women for whom there is uncertainty regarding their preg-
nancy dating, an ultrasound in the first or second trimesters
should be obtained. The crown–rump length can determine
gestational age to within 5 days.10,64 Most clinicians accept the
variation in ultrasonography generally as ± 7 days up to
20 weeks of gestation, ± 14 days between 20 and 30 weeks of
gestation, and ± 21 days beyond 30 weeks of gestation. The
use of ultrasound dating in these situations has significantly
reduced the false diagnosis of prolonged pregnancy.16,64,65

When the ultrasound measurements differ from the LMP by
more than these ranges, ultrasound estimates of EDD should
be used. Serial measurements of symphysis fundal height may
be useful in identifying the occasional case of growth restric-
tion or macrosomia; however, these measurements are of no
value in establishing gestational age. Again, ultrasound meas-
urements should be obtained when there are variations in the
fundal height before clinical interventions are undertaken.

Induction versus expectant management

Physicians concerned about adverse events in patients beyond
40 weeks’ gestation lean toward induction of labor. A still-
birth occurring during this period is often viewed as prevent-
able among patients and physicians alike, who often believe
that induction of labor may have avoided this untoward event.
In the NIH-sponsored Maternal–Fetal Medicine Network
trial, induction of labor at 41 weeks was compared with
expectant management. The expectant management group’s
surveillance consisted of nonstress testing and amniotic fluid
assessment. There were 265 patients in the induction group
and 175 patients in the expectant management group. The rate
of Cesarean section was similar between the two groups, with
no difference in perinatal deaths.24

In the Canadian Multicenter postterm pregnancy trial by
Hannah et al.,25 singleton pregnancies at 41 weeks or more

were assigned to induction or antepartum monitoring. Patients
in the monitored group were asked to perform kick counts
each day, while receiving nonstress testing three times a week
and amniotic fluid assessment two to three times per week.
The monitored patients were delivered at 44 weeks or the time
at which there were maternal or fetal indications. In this study,
which was performed in 22 hospitals over a period of 5 years,
perinatal morbidity and mortality were not statistically sig-
nificant between groups, whereas Cesarean section rates were
significantly lower in the induction of labor group.

In a study at Parkland Hospital performed by Alexander 
et al.,66 a retrospective analysis assessed 56317 pregnancies
delivered with gestational ages > 40 weeks. These patients
were separated into three groups as determined by the gesta-
tional age at delivery, making 29136 at 40 weeks, 16386 at
41 weeks, and 10795 at 42 weeks. Patients with hypertension,
prior Cesarean, diabetes, fetal malformations, breech presen-
tation, and placenta previa were excluded. Labor complica-
tions including need for oxytocin, prolonged second stage of
labor, overall length of labor, need for forceps delivery, and
Cesarean section all increase with increasing gestational age.
Neonatal outcomes were similar across all three groups. This
study concluded that routine induction at 41 weeks would
likely increase the need for operative obstetrics without chang-
ing neonatal outcome.

In a systematic review with meta-analysis, Sanchez-Ramos
et al.67 reviewed computerized databases, references and 
published studies, and textbook chapters in all languages to
identify randomized, controlled trials evaluating induction
and expected management of labor for postterm pregnancies.
The primary outcome assessments were Cesarean delivery
rates and perinatal mortality. Sixteen studies met the inclusion
criteria, and women allocated to induction management com-
pared with those who underwent expectant management had
lower Cesarean section rates (20.0% versus 22.1%) [odds
ratio (OR) 0.88; 95% confidence interval (CI) 0.78–0.99].
Perinatal mortality rates did not differ significantly between
the groups; however, a sample size of 16 000 patients would
be required for a power of 80% to detect a 50% reduction in
perinatal mortality. This review concluded that a policy of
labor induction at 41 weeks’ gestation for uncomplicated 
singleton pregnancies would reduce Cesarean section delivery
rates without compromising perinatal outcomes.

Similarly, a meta-analysis of 19 controlled trials for pro-
longed pregnancy at or beyond 290 days compared induction
with intention to await spontaneous labor.47 Conservative
management was associated with a higher Cesarean section
rate, 20.6% compared with 19.5%. The OR for perinatal
mortality was 0.18 in favor of induction (95% CI
0.04–0.80).46

Induction of labor

The Bishop score was first reported in 1964 and has been used
since that time as a tool to predict the success of induction.68
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The Bishop score is based on five components: cervical dila-
tion, cervical effacement, cervical consistency, cervical posi-
tion, and the fetal station (see Table 64.4). From Bishop’s
original work, when the score was > 9, 100% of the cases
were successfully induced.69 Studies to date have provided only
limited information that Bishop’s scoring predicts the success
of induction.70 Hendrix et al.71 evaluated Bishop score in
women to determine its ability to predict the success of induc-
tion. This group concluded that the Bishop score was of
limited value in predicting successful induction as there was
no significant difference in the Bishop score between 253
women who delivered vaginally and 38 women who required
Cesarean section. Several groups have reported that the Bishop
score suffers from significant intraobserver variability, which
may explain the poor predictive value of the test.72 Given the
intraobserver variability, the demonstrated poor predictive
power, and the demonstrated success rates of induction pro-
tocols, Bishop scoring in the prolonged pregnancy should have
limited applications.

Induction protocols

Based on current evidence, induction of labor at 41 weeks
should be effective in reducing mortality. Many different
approaches to cervical ripening and induction of labor have
been reported. At present, there is no universally agreed upon
method for the induction of labor. Recently, there has been a
report of a randomized, controlled trial of castor oil for the
promotion of labor. In this study, 52 women given 60 mg of
castor oil were compared with 48 women with no treatment.
In the castor oil group, 57.7% of the subjects went into labor
within 24 h, but only 4.2% of the control patients experienced
labor (P < 0.001).73 Cesarean section rates were 19.2% in the
castor oil group and 8.3% in the nontreatment group
(P = 0.20). The most recent Cochrane review and AHRQ-
evidenced reports on the management of prolonged pregnancy
both felt that this was a significant finding.45

Sweeping or stripping of the membranes is a simple proce-
dure performed during pelvic examination in which a finger
placed in the cervix is swept in a circular fashion detaching
the amniotic membranes from the cervical tissues. This pro-
cedure is felt to initiate labor due to the local release of

prostaglandins when the membranes are detached. Most
studies have shown that sweeping of the membranes can ini-
tiate labor in the term patient.74–81 These studies have failed to
show an increase in any adverse outcomes including infections
or bleeding. Sweeping or stripping of the membranes appears
to be a safe and effective method to aid in the induction of
labor. As it is impossible to predict which patients will not be
delivered at 41 weeks, a policy of stripping of membranes
between 38 and 40 weeks does not seem justified. In those
patients at 40 weeks or more with good pregnancy dating,
consideration should be given to membrane stripping.

There have been a large number of trials that have evalu-
ated the effects of inducing agents in the promotion of labor.
Variations in patient populations and the relatively low
number of women studied in each of these trials make it
exceedingly difficult to arrive at definitive statements about the
benefits and risks of these agents for use in the prolonged preg-
nancy. As a general rule, the more effective these agents are in
initiating labor and shortening induction to delivery times, the
more likely are these agents to produce uterine hyperstimula-
tion and the subsequent associated fetal distress.45

Prostaglandin E2 (PGE2) appears to be more effective than
oxytocin, and misoprostol is more effective than PGE2. Sweep-
ing of the amniotic membranes may decrease the need for
inducing agents.

Summary

Prolonged pregnancy is the preferred term to be used when
pregnancies continue past 294 days. The incidence of pro-
longed pregnancy varies from 3% to 14%, and the most
common cause of the prolonged pregnancy is inaccurate preg-
nancy dating. Approximately 20% of women cannot remem-
ber their last menstrual period. Studies have shown that, when
women obtain prenatal care in the first trimester and have
ultrasound performed when pregnancy dating is in question,
the incidence of prolonged pregnancy is reduced by at least
50%. The postmature syndrome is a neonatal diagnosis made
when newborns exhibit peeling, parchment-like skin, meco-
nium staining of the skin, overgrown nails, abundant scalp
hair, and minimal subcutaneous fat. This condition is likely
the result of uteroplacental insufficiency and is associated with
a greater probability of associated hypoxia. Maternal risks
from the prolonged pregnancy are associated with an
increased need for induction of labor, operative vaginal deliv-
ery, and increased need for Cesarean sections. Induction of
labor at or beyond 41 weeks does not increase the incidence
of Cesarean section and may be associated with a decrease in
stillbirth rates and perinatal morbidity and mortality. As the
incidence of stillbirth is low prior to 42 weeks, antepartum
testing in the low-risk patient is probably not indicated prior
to this time. Cervical ripening may reduce induction to deliv-
ery times, but may also increase uterine hypertonicity and fetal
distress. Every attempt should be made to obtain accurate
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Table 64.4 Components of the Bishop score.

Examination findings Score

0 1 2 3

Dilatation (cm) Closed 1–2 3–4 > 5
Effacement (%) 0–30 40–50 60–70 > 80
Station –3 –2 –1 or 0 +1, +2
Consistency Firm Medium Soft –
Position of cervix Posterior Midposition Anterior –
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pregnancy dating as early as possible. Induction of labor at
41 weeks does not increase Cesarean section rates or preg-

nancy cost and may reduce the incidence of stillbirth and
newborn morbidity and mortality.
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Key points

1 Prolonged pregnancy may be defined as any pregnancy
that continues past 294 days.

2 Prolonged pregnancy is associated with increased
maternal and fetal morbidity and mortality.4–6

3 The most common cause of the prolonged pregnancy is
inaccurate dating.

4 Postterm or prolonged pregnancy should be the
preferred terminology for the pregnancy extending
beyond 42 weeks.

5 Postmaturity is a neonatal diagnosis and should be
used to describe the infant with recognizable clinical
features associated with postmaturity including peeling,
parchment-like skin, and meconium staining of skin,
membranes, and the umbilical cord, with a possible
incidence of overgrown nails, well-developed creases on
the palms and soles, abundance of scalp hair, little
vernix or lanugo hair, scaphoid abdomen, and minimal
subcutaneous fat.14,15

6 Around 20% of women cannot remember their last
menstrual period and, when there is late entry to
prenatal care, there is often confusion regarding the
dating of the pregnancy.16

7 The maternal risks from the prolonged pregnancy are
associated with the increased need for operative
delivery in both spontaneous and induced labor.

8 Induction of labor at 41 weeks does not increase
Cesarean section rates or pregnancy cost and may
reduce the incidence of stillbirth and newborn
morbidity and mortality.

9 Multiple studies have demonstrated an increased risk of
perinatal mortality after 42 weeks.7,17,28–43

10 Perinatal mortality reaches its nadir at 39–40
weeks and then increases as pregnancy exceeds
41 weeks.44

11 Studies have shown that pregnancies that continue
beyond 42 weeks have an increased risk of stillbirth,
but when the risk of stillbirth is expressed as a function

of ongoing pregnancies (stillbirth divided by total
births), the mortality rate is even greater.

12 Assuming that induction of labor does not carry
increased perinatal risk, planned induction of labor at
any gestational age should always result in fewer
adverse perinatal outcomes and testing strategies.

13 Most of the excessive perinatal mortality associated
with a prolonged pregnancy occurs in the intrapartum
and neonatal periods.50

14 Conditions associated with prolonged pregnancy
include intrapartum asphyxia, meconium aspiration,
neonatal seizures,50 fetal macrosomia resulting in
dystocia and associated brachioplexus injuries and
fractures, anencephaly, and adrenal hypoplasia with
pituitary insufficiency.12,13

15 Given the intraobserver variability, the demonstrated
poor predictive power, and the demonstrated success
rates of induction protocols, Bishop scoring in the
prolonged pregnancy should have limited applications.

16 The most important way to minimize the incorrect
diagnosis of postterm pregnancy is to establish accurate
pregnancy dating as early as possible.

17 In women for whom there is uncertainty regarding
their pregnancy dating, an ultrasound in the first or
second trimesters should be obtained.

18 The crown–rump length can determine gestational age
to within 5 days.10,66

19 When the ultrasound measurements differ from the last
menstrual period by more than the ranges shown, then
ultrasound estimates of EDD should be used: up to
20 weeks’ gestation, ± 7 days; between 20 and
30 weeks’ gestation, ± 14 days; beyond 30 weeks’
gestation, ± 21 days.

20 Induction of labor at or beyond 41 weeks does not
increase the incidence of Cesarean section and may be
associated with a decrease in stillbirth rates and
perinatal morbidity and mortality.
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Normal parturients require special anesthetic considerations
because of the physiological changes of pregnancy. Patients in
high-risk categories have concomitant disease states that
increase their risk of morbidity or mortality. Understanding
and evaluating these comorbidities allow for the maximum
provision of safe anesthesia in labor and spontaneous vaginal
delivery or Cesarean section. The goal of maintaining fetal
well-being, maternal cardiovascular stability, and uteropla-
cental blood flow must remain paramount. There are many
high-risk categories but this chapter will focus on the topics
below; recommendations and special considerations for these
commonly encountered high-risk conditions are given.

Obesity

Obesity can be defined as a body mass index of ≥ 30 (BMI;
equal to weight in pounds divided by height in inches
squared × 703, or weight in kilograms divided by height in
meters squared). Extreme or morbid obesity is defined as a
BMI ≥ 40 (see Table 65.1).1 Obesity is associated with
increased morbidity and mortality and with certain disease
states including diabetes mellitus, coronary artery disease, and
hypertension.2 It is also associated with profound physiologi-
cal changes, such as an increase in oxygen consumption,
carbon dioxide production, and alveolar ventilation. An
increase in abdominal mass forces the diaphragm cephalad,
accentuating the decrease in functional residual capacity
(FRC) and expiratory reserve volume (ERV; Fig. 65.1).

In obesity, the work of breathing is increased. The increase
in adipose tissue over the chest wall together with poor lung
compliance resembles a restrictive lung disease. The lithotomy,
supine, and Trendelenburg positions accentuate the reduction
in lung volume. This, together with the decrease in FRC and
ERV, may lead to ventilation/perfusion mismatch, hypoxemia,
and postoperative atelectasis.

The pickwickian syndrome (obesity–hypoventilation syn-
drome) may occur in pregnancy and is characterized by som-
nolence, hypercarbia, right-sided heart failure, and chronic

hypoxemia.3 It may be associated with obstructive sleep apnea
and so difficult airway management should be anticipated.
Obesity is also associated with an increase in gastric volume,
poor gastric emptying, and hyperacidity as well as an
increased risk of aspiration.4

Intravenous narcotics in the laboring obese patient should
be used cautiously because of the risk of respiratory compro-
mise. Continuous lumbar epidural anesthesia is the preferred
regional anesthetic technique for pain relief during labor
although some practitioners use combined spinal epidural
(CSE) or single-shot spinal techniques. All three may be tech-
nically difficult in the morbidly obese patient.

In obesity, anesthesia for Cesarean section and labor must
include a thorough evaluation of the airway. A difficult intu-
bation must be anticipated and planned for. Regional anes-
thesia is preferred to general anesthesia; if general anesthesia
is selected, a rapid sequence induction with endotracheal intu-
bation must be performed. Patients should receive an H2
antagonist and a nonparticulate antacid preoperatively. Extu-
bation should be performed when the patient is awake with
airway reflexes intact.

For Cesarean section, it is appropriate to use regional anes-
thesia to achieve a T4–T6 spinal level; spinal epidural, CSE,
or epidural techniques can be used. Some practitioners advo-
cate a continuous spinal technique if an inadvertent dural
puncture occurs during attempted epidural placement.5 Left
uterine displacement (LUD) and supplemental oxygenby mask
are standard.

Hypertensive disorders in pregnancy

Hypertensive disorders in pregnancy include gestational
hypertension, preeclampsia, eclampsia, preeclampsia superim-
posed on chronic hypertension, and chronic hypertension. The
first three disorders were previously known as pregnancy-
induced hypertension (PIH)6 (see Table 65.2). Most of these
disorders result in hypertension, proteinuria, and edema, and
may cause seizures. Hypertension of 140/90mmHg or more is
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termed mild preeclampsia, whereas a pressure of
160/110mmHg results in severe preeclampsia. These condi-
tions are associated with a decreased blood volume and there
are many implications for the anesthesiologist.7 The remain-
der of this discussion will focus on preeclampsia. The circula-
tion in preeclampsia can be characterized as hyperdynamic
(see Table 65.3).

The standard treatment for preeclampsia is magnesium
sulfate. A 4-g bolus is given intravenously, followed by 2g/h
intravenously. The therapeutic blood levels are 4.0–
6.0mequiv./L. Although magnesium is not specific for
preeclampsia, it has been found to be very effective. Magne-
sium sulfate has a peripheral and a central action, and is used
primarily to treat or prevent seizures. Antihypertensives such
as hydralazine, labetalol, and methyldopa are utilized to
control blood pressure. The HELLP syndrome [a group of
symptoms that occur in pregnant women who have (H)
hemolytic anemia, (EL) elevated liver enzymes, and (LP) low
platelet count] may develop. Monitoring of the central circu-
lation (central venous pressure) or use of a pulmonary artery
catheter may be indicated.

Anesthesia for labor and delivery in the preeclamptic patient
is necessary and desirable; we believe that lumbar epidural
anesthesia is the preferred method. Blood volume is reduced
in preeclampsia and, therefore, before the block is given, infu-
sion of a balanced salt solution begins, with the aim of admin-
istering at least 500cm3. A further infusion may be given if
hypotension occurs after the block takes effect. If a clotting
disorder is present, spinal or epidural anesthesia may be con-
traindicated because of the risk of an epidural hematoma.
Obtaining a prothrombin time, partial thromboplastin time
(PTT), and platelet count is standard practice in the severely
preeclamptic woman. If there are obvious signs such as bruis-
ing or bleeding at the intravenous site, or into the Foley
catheter, an epidural should be avoided. A dramatic drop in
the platelet count over a 2–3h period indicates a worsening
of the preeclampsia and cautious clinical judgment should be
used when deciding whether to place an epidural catheter.
Thromboelastography (TEG) may also be helpful.8 In a retro-
spective survey of Cesarean delivery in severely preeclamptic
patients, Hood and Curry9 found no difference in hemody-
namic effects between those receiving spinal anesthesia and
those receiving epidural anesthesia.

Preeclamptic patients may require a Cesarean section for
delivery and we believe that regional anesthesia is preferable.
For many years, there was a prejudice against regional anes-
thesia because of the fear of profound hypotension. With the
recognition that there is a decrease in blood volume in
preeclampsia and the use of liberal amounts of balanced salt
solution (1000cm3), hypotension is much less of a problem.
The significant work of Wallace and colleagues10 has shown
that spinal, epidural, or general anesthesia can all be used suc-
cessfully for Cesarean section in preeclamptic patients.
General anesthesia is less desirable than regional but may be
necessary if regional anesthesia is not possible; for example

clotting defects may contraindicate regional anesthesia.
General anesthesia carries with it the risks of regurgitation and
aspiration, and also severe hypertension on endotracheal intu-
bation and surgical incision. Antihypertensives should be
given before and after induction if necessary. The anesthetic
technique consists of induction with thiopental, followed by
administration of succinylcholine, intubation, and mainte-
nance with 50% nitrous oxide/oxygen, and 0.5% isoflurane.
A narcotic is given intravenously to the mother after delivery.
Nondepolarizing neuromuscular blocking agents may be
needed for abdominal relaxation. The anesthesiologist must
be aware of the synergistic action of muscle relaxants and
magnesium. Extubation should take place with the patient
awake and with airway reflexes intact.

Prematurity

The premature infant is generally considered to have a gesta-
tional age of 20–37 weeks and a weight of less than 2500g.11

However, some small for gestational age infants with a low
birthweight are born near term. A more appropriate definition
is therefore preterm infant. About 7–8% of deliveries in the
USA are preterm.

It would seem inherently obvious that these small, fragile
infants should not be subjected to the effects of maternally
administered depressants such as narcotics and tranquilizers.
Very little information has been published on this subject,
although one older study12 found no differences in the Apgar
scores of infants when meperidine was used during labor.12

It is recommended, however, that these drugs be kept to a
minimum during labor.13

Mothers in preterm labor are often treated with drugs that
inhibit labor. Ritodrine was popular for several years but has
been associated with pulmonary edema. Magnesium sulfate is
now frequently used for the treatment of preterm labor. The
anesthesiologist must be aware of the effect that this therapy
has on the motor end plate and that it can also alter the
response of vasopressor agents.

Preterm infants should not be subjected to the hazards of
precipitous delivery as this can cause cerebral trauma. Because
of this, and to minimize the use of depressant drugs, lumbar
epidural anesthesia is considered to be the best option for
vaginal delivery.13 Spinal or epidural anesthesia is preferred 
for abdominal delivery, so that neonatal depression can be
minimized.

Cardiac disease

About 1% of all pregnancies are complicated by heart disease,
and 60–80% of these complications are caused by congenital
heart disease.14 The remainder of cases are mostly valvular,
caused by rheumatic heart disease. The New York Heart Asso-
ciation (NYHA) has provided a simple way of classifying the
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Table 65.1 Body mass index.

Normal Overweight Obese

BMI 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

Height (inches) Body weight (pounds)
58 91 96 100 105 110 115 119 124 129 134 138 143 148 153 158 162 167
59 94 99 104 109 114 119 124 128 133 138 143 148 153 158 163 168 173
60 97 102 107 112 118 123 128 133 138 143 148 153 158 163 168 174 179
61 100 106 111 116 122 127 132 137 143 148 153 158 164 169 174 180 185
62 104 109 115 120 126 131 136 142 147 153 158 164 169 175 180 186 191
63 107 113 118 124 130 135 141 146 152 158 163 169 175 180 186 191 197
64 110 116 122 128 134 140 145 151 157 163 169 174 180 186 192 197 204
65 114 120 126 132 138 144 150 156 162 168 174 180 186 192 198 204 210
66 118 124 130 136 142 148 155 161 167 173 179 186 192 198 204 210 216
67 121 127 134 140 146 153 159 166 172 178 185 191 198 204 211 217 223
68 125 131 138 144 151 158 164 171 177 184 190 197 203 210 216 223 230
69 128 135 142 149 155 162 169 176 182 189 196 203 209 216 223 230 236
70 132 139 146 153 160 167 174 181 188 195 202 209 216 222 229 236 243
71 136 143 150 157 165 172 179 186 193 200 208 215 222 229 236 243 250
72 140 147 154 162 169 177 184 191 199 206 213 221 228 235 242 250 258
73 144 151 159 166 174 182 189 197 204 212 219 227 235 242 250 257 265
74 148 155 163 171 179 186 194 202 210 218 225 233 241 249 256 264 272
75 152 160 168 176 184 192 200 208 216 224 232 240 248 256 264 272 279
76 156 164 172 180 189 197 205 213 221 230 238 246 254 263 271 279 287

Table reprinted from National Heart Lung and Blood Institute. World Wide Web URL: http://www.nhlbi.nih.gov.

To use the table, find the appropriate height in the left-hand column labeled “height.” Move across to the given weight (in pounds). The
number at the top of the column is the BMI for that height and weight.

Effect of position on lung volumes

Nonobese Obese
Upright

Obese
Supine

Obese
Trendelenburg

RV

FRC
CC

Figure 65.1 Changes in lung mechanics in obese and nonobese
patients. In obesity, functional residual capacity (FRC) decreases at
the expense of expiratory reserve volume (ERV). Closing capacity
(CC) remains normal. From Vaughan RW. Pulmonary and
cardiovascular derangements in the obese patient. In: Brown BR, ed.
Anesthesia and the obese patient. Philadelphia, PA: FA Davis;
1982:26, with permission.

Table 65.2 Diagnosis of hypertensive disorders complicating
pregnancy.

Hypertensive disorder Characteristics

Gestational hypertension Blood pressure ≥ 140/90 mmHg for 
first time during pregnancy

No proteinuria
Preeclampsia Blood pressure ≥ 140/90 mmHg 

after 30 weeks’ gestation
Proteinuria ≥ 300 mg/24h or ≥ 1+

on dipstick reading
Eclampsia with preeclampsia Seizures that cannot be attributed to 

other causes in a woman
Preeclampsia superimposed New onset proteinuria 

on chronic hypertension ≥ 300 mg/24h
Chronic hypertension Blood pressure ≥ 140/90 mmHg 

before pregnancy or diagnosed 
before 20 weeks’ gestation

Adapted from ref. 6, with permission.
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Table 65.3 Cardiovascular parameters of normal nonpregnant, normal pregnant, and severely preeclamptic women.

Cardiovascular parameter Normal nonpregnancy Normal pregnancy Severe preeclampsia Severe preeclampsia with 
pulmonary edema

Mean arterial pressure (mmHg) 86.4 90.3 130 136
Central venous pressure (mmHg) 3.7 3.6 4.8 11.0
Pulmonary capillary wedge pressure (mmHg) 6.3 7.5 8.3 18.0
Cardiac output (L/min) 4.3 6.2 8.4 10.5
Systemic vascular resistance (dynes) 1530 1210 1226 964

Adapted from Hughes SC, Levinson G, Rosen MA, eds. Shnider and Levinson’s anesthesia for obstetrics, 4th edn. Philadelphia, PA: Lippincott
Williams & Wilkins 2002:300, with permission.

Extreme obesity

36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

172 177 181 186 191 196 201 205 210 215 220 224 229 234 239 244 248 253 358
178 183 188 193 198 203 208 212 217 222 227 232 237 242 247 252 257 262 267
184 189 194 199 204 209 215 220 225 230 235 240 245 250 255 261 266 271 276
190 195 201 206 211 217 222 227 232 238 243 248 254 259 264 269 275 280 285
196 202 207 213 218 224 229 235 240 246 251 256 262 267 273 278 284 289 295
203 208 214 220 225 231 237 242 248 254 259 265 270 278 282 287 293 299 304
209 215 221 227 232 238 244 250 256 262 267 273 279 285 291 296 302 308 314
216 222 228 234 240 246 252 258 264 270 276 282 288 294 300 306 312 318 324
223 229 235 241 247 253 260 266 272 278 264 291 297 303 309 315 322 328 334
230 236 242 249 255 261 268 274 280 287 293 299 306 312 319 325 331 338 344
236 243 249 256 262 269 276 282 289 295 302 308 315 322 328 335 341 348 354
243 250 257 263 270 277 284 291 297 304 311 318 324 331 338 345 351 358 365
250 257 264 271 278 285 292 299 306 313 320 327 334 341 348 355 362 369 376
257 265 272 279 286 293 301 308 315 322 329 338 343 351 358 365 372 379 386
265 272 279 287 294 302 309 316 324 331 338 346 353 361 368 375 383 390 397
272 280 288 295 302 310 318 325 333 340 348 355 363 371 378 386 393 401 408
280 287 295 303 311 319 326 334 342 350 358 365 373 381 389 396 404 412 420
287 295 303 311 319 327 335 343 351 359 367 375 383 391 399 407 415 423 431
295 304 312 320 328 336 344 353 361 369 377 385 394 402 410 418 426 435 443

extent of heart failure. Class I and II patients have a maternal
mortality rate of 1% or less, whereas class III or IV patients
have a maternal mortality rate of 5–15% and a perinatal mor-
tality rate of 20–30%.15 Most deaths from cardiac disease in
pregnancy are parturients with right-to-left shunts or stenotic
heart disease.

Left-to-right shunts occur with congenital lesions such as
patent ductus arteriosus (PDA), ventricular septal defect
(VSD), and atrial septal defect (ASD). These patients usually
tolerate pregnancy well. Early epidural placement with a slow

onset of anesthesia is preferred, using saline for loss of resist-
ance (LOR) instead of air, to prevent paradoxical air emboli.
Epidural analgesia prevents maternal increases in systemic vas-
cular resistance (SVR) and catecholamine levels. Increases in
SVR may lead to pulmonary hypertension. Hypercarbia and
acidosis may lead to an increase in pulmonary vascular resist-
ance and should be avoided.

Eisenmenger syndrome is caused by a left-to-right shunt
which results in an increase in pulmonary artery pressure if
left untreated. This fixed, high pressure can change the
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primary left-to-right shunt into a right-to-left shunt (Fig.
65.2), leading to hypoxemia and right ventricular failure.16

Labor analgesia can be accomplished with a lumbar epidural,
intrathecal opioids, or a pudendal block early in the second
stage of labor. Care must be taken to avoid pain, hypoxemia,
hypercarbia, and acidosis, which will increase pulmonary vas-
cular resistance and increase the right-to-left shunt (Table
65.4). Maintenance of intravascular volume, venous return,
and an adequate SVR is essential. For anticoagulated parturi-
ents in which regional anesthesia is contraindicated, a patient-
controlled anesthesia (PCA) with remifentanil may be a good
option.17

Primary pulmonary hypertension may be treated with sup-
plemental oxygen, inhaled nitric oxide, nitroglycerin,
prostaglandins, or calcium channel blockers. Single-shot
spinal anesthesia should be avoided; slow induction of con-
tinuous epidural anesthesia is preferred. Increases in pul-
monary artery pressures caused by general anesthesia for
Cesarean section can be minimized using a narcotic-based
induction and maintenance technique. The use of pulmonary
artery catheters is controversial.

The most common cyanotic heart lesion is tetralogy of
Fallot. This consists of VSD, overriding aorta, right ventricu-
lar outflow tract obstruction, and right ventricular hypertro-

phy. Care should be taken to avoid a decrease in SVR, as with
single-shot spinal anesthesia, which may cause shunt increase
and a worsening hypoxemia. Labor and delivery analgesia is
best managed with systemic medications and a pudendal
block.18 Spinal opioids can offer a good alternative, and
epidural can be used with caution.18 The goal is to avoid a
decrease in SVR, and to maintain a sufficient venous return
and adequate intravascular volume. Hypotension, straining,
or coughing is best avoided. General anesthesia is usually well
tolerated but hypotension and “bucking” should be
avoided.19,20 It is advisable to maintain a normal or slightly
increased SVR.21

Most mild to moderately symptomatic pregnant patients
with valvular disease tolerate epidural anesthesia for labor and
it is recommended as it eliminates pain and tachycardia.
Patients with severe symptomatic aortic stenosis may not tol-
erate even mild hypotension or tachycardia. During the first
stage of labor, intrathecal narcotics have been used, followed
by a pudendal block in the second stage. Myocardial depres-
sion with halogenated agents during general anesthesia should
be avoided. Maintenance of sinus rhythm, adequate SVR, and
intravascular volume and venous returns are a must.

Peripartum cardiomyopathy is characterized by biventricu-
lar hypokinesis, low cardiac output, and elevated filling pres-
sures. Its onset is often insidious and its etiology is unknown.
The maternal mortality rate is high. Management is support-
ive with treatment of symptomatic heart failure. Vaginal 
delivery or Cesarean section may be facilitated by epidural
anesthesia,21 unless the patient has a contraindication to
regional anesthesia. General anesthesia for Cesarean section
may result in profound myocardial depression.22 Echocardio-
graphy and invasive pressure monitoring can prove invalu-
able. The use of a continuous spinal anesthetic for Cesarean
section in a patient with severe recurrent peripartum car-
diomyopathy has been reported.23

Neurological disease

Multiple sclerosis

Multiple sclerosis is a demyelinating disease of the central
nervous system. It is a progressive disease with intermittent
exacerbations and remissions. The etiology is unknown and
treatment includes symptomatic care and physical therapy.
There is a tendency for remission during pregnancy; however,
in the 3- to 6-month period after delivery there may be an
increase in exacerbations of symptoms.24

The data currently available do not contraindicate re-
gional anesthesia for labor, delivery, or Cesarean section.
There is a high incidence of postpartum relapse, regardless of
the type of anesthesia delivered. A dilute solution of local anes-
thetic, with or without opioid, may be used safely for labor
analgesia.25 Conditions known to exacerbate multiple sclero-
sis, such as stress, infection, and hyperpyrexia, should be
avoided.26

1. Atrial septal defect, or

2. Ventricular septal defect, or

3. Patent pulmonary ductus

Left to right shunt
LARA

Pulmonary hypertension

Right to left or bidirectional shunt

Figure 65.2 Pathophysiology of Eisenmenger syndrome. RA, right
atrium; LA, left atrium. Reprinted from Hughes SC, Levinson G,
Rosen MA, eds. Shnider and Levinson’s anesthesia for obstetrics,
4th edn. Philadelphia, PA: Lippincott Williams & Wilkins;
2002:469, with permission.

Table 65.4 Eisenmenger syndrome: anesthetic considerations.

Avoid decreases in systemic vascular resistance
Avoid decreases in venous return
Avoid increases in pulmonary vascular resistance (e.g., hypercarbia,

acidosis, hypoxia)

Reprinted from Hughes SC, Levinson G, Rosen MA, eds. Shnider
and Levinson’s anesthesia for obstetrics, 4th edn. Philadelphia, PA:
Lippincott Williams & Wilkins; 2002:469, with permission.
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Myasthenia gravis

Myasthenia gravis is characterized by episodes of muscle
weakness, which is made worse by activity. It is an autoim-
mune disorder; antiacetylcholine receptor antibodies are pro-
duced which destroy acetylcholine receptors and produce an
antibody-induced blockade of any remaining receptors.27 This
affects muscles of respiration, laryngeal muscles, and facial
and ocular muscles. The disease does not affect cardiac or
smooth muscle contraction; however, an electrocardiogram
(ECG) should be obtained because there have been reports of
focal myocardial necrosis in patients with myasthenia gravis.28

The degree of bulbar involvement and respiratory compromise
should be thoroughly evaluated. The course of the disease
varies during pregnancy. Anticholinesterases, which increase
the amount of acetylcholine available, are the first line of treat-
ment. Corticosteroids, plasmapheresis (decreases antibody
levels), and thymectomy have been used in the treatment of
myasthenia gravis.

Myasthenia gravis does not affect the first stage of labor;
however, a vacuum-assisted or forceps delivery is often required
for the second stage. Cesarean section should be reserved for
obstetric indications. Drugs that can potentiate muscle weak-
ness, for example magnesium sulfate, should be avoided.

For labor, epidural analgesia is the preferred method of pain
relief.29 Parenteral opioids should be used cautiously to avoid
further respiratory compromise. Plasma cholinesterase activ-
ity is decreased, which may prolong the half-life of ester local
anesthetics if used for epidural analgesia. If the CSE technique
is used, the increased risk of respiratory depression from
intrathecal opioids must be considered.

For Cesarean delivery, regional anesthesia is preferred.30 The
small amount of local anesthesia used for spinal anesthesia
allows either amide or ester local anesthetic agents to be used
safely. General anesthesia may be preferred in patients with sig-
nificant respiratory compromise, in order to secure the airway
and avoid any further respiratory compromise that could be
produced with regional anesthesia.31 Propofol, ketamine, and
thiopental may be used for induction, with rapid sequence
induction being used; however, succinylcholine may not be
metabolized as rapidly. Myasthenia gravis patients are
extremely sensitive to nondepolarizing muscle relaxants, which
should be used cautiously, if at all. Postoperative ventilation
may be required, especially in patients with severe bulbar
involvement. Neuromuscular blockade should be monitored
with a nerve stimulator. It must be remembered that volatile
agents potentiate muscle relaxants. Because symptoms of
myasthenia gravis may worsen postoperatively, the myasthenia
gravis patient should be monitored in an acute care area.

Substance abuse

Many pregnant patients use both legal and illegal drugs that
can have dire consequences on both mother and fetus. 

The following discussion will focus on the commonly used 
illicit drugs.

Opioids

Opioids can be smoked, inhaled, or injected intravenously or
intramuscularly. Heroin appears to be the most common
opioid abused during pregnancy although fentanyl, meperi-
dine, morphine, and methadone are also abused; polysub-
stance abuse is also common.32 Opioid exposure during
pregnancy is associated with preterm labor, chorioamnionitis,
intrauterine growth restriction (IUGR), and placental abrup-
tion. Neonates of opioid addicts can exhibit narcotic with-
drawal, hyperthermia, seizures, and an increased risk of
sudden infant death syndrome (SIDS). Other maternal com-
plications include thrombophlebitis, HIV, AIDS, hepatitis, and 
endocarditis.33

The administration of anesthesia can be complicated by
limited intravenous access and the need for emergency
Cesarean section because of fetal distress. The patient may
present in opioid withdrawal, acutely opioid intoxicated, or
even in opioid overdose. If the newborn of an opioid addict
presents with respiratory depression then the infant should be
given ventilation assistance, but naloxone should not be
administered as this may precipitate acute withdrawal syn-
drome. Regional anesthetic techniques are preferred unless
there is a contraindication;32 however, HIV is not a con-
traindication for regional anesthesia.34 Intravenous drug
abusers are prone to an increased incidence of epidural
abscesses, therefore a neurological assessment should be
carried out before regional anesthesia is administered. The
addict’s daily narcotic dose should be met, and opioid
agonist–antagonists should be avoided. General anesthesia
can be provided with the typical induction agents. Cross-tol-
erance is not a problem during maintenance provided the
patient’s physiological opioid requirements are met.

Cocaine

Cocaine is a local anesthetic of the ester group. Its potent 
sympathomimetic effects (hypertension, vasoconstriction,
myocardial effects) result primarily from inhibition of reup-
take of norepinephrine at nerve terminals.35 Cocaine can cause
complications such as placental abruption, fetal demise in
utero, premature labor and delivery, fetal distress (leading to
emergency Cesarean section), uterine rupture, uteroplacental
insufficiency, and spontaneous abortion. Maternal hyperten-
sion, seizures, and hyperreflexia, as a result of acute cocaine
intoxication, may be confused with preeclampsia/eclampsia.
Smoking “crack” cocaine can lead to significant pulmonary
problems.

Anesthetic considerations revolve around the acutely intox-
icated patient with catecholamine excess, or the chronically
catecholamine-depleted addict. Early placement of labor
epidural will decrease maternal pain, lower catecholamine
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levels, and potentially minimize increases in uterine vascular
resistance (potentially benefiting a compromised fetus).
Hypertension may be treated with hydralazine, labetalol, or
nitroglycerin.36 Small doses of benzodiazepine may prove
helpful. Seizures in the acutely intoxicated patient may be
treated with thiopental and airway protection, oxygenation,
and ventilation. Hypotension may be increased in cocaine
abusers who are volume depleted. Ephedrine may be ineffec-
tive in the catecholamine-depleted cocaine abuser; hypoten-
sion that is refractory to ephedrine can be treated with
incremental doses of phenylephrine.

For Cesarean section, the epidural level can be raised slowly
to achieve a T4 level. Spinal anesthesia can be administered
provided that adequate hydration and LUD are used, and
vasopressors are immediately available. General anesthesia for
Cesarean section in cases of fetal distress can be complicated
by maternal tachycardia, hypertension, arrhythmias, and
myocardial ischemia, and the anesthesiologist should be pre-
pared to treat these complications. Nitroprusside may be
needed if there is a hypertensive crisis.

Key points

1 Patients in high-risk categories have concomitant
disease states that increase the risk of morbidity or
mortality.

2 Obesity is associated with increased morbidity and
mortality, and with disease states, including diabetes
mellitus, coronary artery disease, and hypertension.

3 Obesity increases oxygen consumption, carbon dioxide
production, and alveolar ventilation, and decreases
functional residual capacity and expiratory reserve
volume.

4 In the obese patient, regional anesthesia is preferred for
labor and delivery, including Cesarean section.

5 General anesthesia in the obese parturient requires a
thorough airway examination and an anticipation of a
difficult intubation.

6 Hypertensive disorders in pregnancy include gestational
hypertension, preeclampsia, eclampsia, chronic
hypertension, and preeclampsia superimposed on
chronic hypertension.

7 Wallace and colleagues10 have shown that spinal,
epidural, and general anesthesia can all be used
successfully for Cesarean section in preeclamptic
patients.

8 Delivery of the premature infant is best accomplished
with lumbar epidural anesthesia for vaginal delivery,
and spinal or epidural anesthesia for Cesarean section.

9 Patients with left-to-right cardiac shunts usually
tolerate pregnancy well.

10 The most common cyanotic heart lesion is tetralogy of
Fallot.

11 Peripartum cardiomyopathy is characterized by
biventricular hypokinesis, low cardiac output, and
elevated filling pressures.

12 Data available at present do not contraindicate
regional anesthesia for labor, delivery, or Cesarean
section in patients with multiple sclerosis and
myasthenia gravis.

13 For patients with myasthenia gravis, epidural analgesia
is the preferred method of pain relief during labor.

14 Patients with myasthenia gravis are extremely sensitive
to nondepolarizing muscle relaxants, and these should
be used cautiously, if at all.

15 Heroin appears to be the most common opioid abused
during pregnancy.

16 Opioid exposure during pregnancy is associated with
preterm labor, placental abruption, intrauterine growth
restriction, and chorioamnionitis.

17 HIV is not a contraindication for regional anesthesia.

18 The addict’s daily narcotic dose should be met.

19 Cocaine use during pregnancy can cause complications
such as placenta abruption, fetal demise in utero,
spontaneous abortions, uterine rupture, premature
labor and delivery, uteroplacental insufficiency, and
fetal distress.

20 Ephedrine may be ineffective in the catecholamine-
depleted cocaine abuser.
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The puerperium is typically described as the postpartum
period approximately 6–8 weeks after delivery, during which
time many physiologic changes of pregnancy will revert to
their prepartum state.

Reproductive system

Involution of the uterus is most dramatic on the first day after
delivery. From a uterine weight of about 1100g at term, by
24h postpartum, the uterine fundus is typically palpable near
the umbilicus. Two weeks postpartum, the uterus is no longer
palpated on abdominal examination and, at 6 weeks, it will
return to a weight of less than 100g, although commonly
heavier than the prepregnancy weight. Ultrasound evaluation
of the postpartum uterus suggests a slight increase in puer-
peral uterine size in women delivered via Cesarean, although
little difference in involution is noted between breastfeeding
and formula-feeding mothers.1,2 Some studies suggest an
increased uterine size during the puerperium in multiparous
women, although others do not support this finding.3,4 Fluid
and debris may be noted in the uterine cavity of asymptomatic
women in the midpuerperium.5

Initially, postpartum women experience a discharge of
decidua and blood known as lochia rubra. This becomes more
watery and pale, referred to as lochia serosa and, finally, the
more yellow to whitish lochia alba. Total lochial volume is
estimated at 200–500 mL.6 The mean duration of lochia is
33 days with 15% of women continuing to experience lochial
discharge at 6 weeks postpartum.7 The duration of lochia does
not appear to be well correlated with lactational status.

Painful postpartum uterine contractions are commonly
referred to as “afterpains.” This appears to be more prob-
lematic in multiparous women.8 Breastfeeding mothers fre-
quently note an association of afterpains with nursing
episodes due to oxytocin release. Holdcroft et al.9 noted that
96% of women reported pains during breastfeeding, with the
intensity of these pains being significantly associated with
parity. Mean duration and number of contractions were also

related to parity. Nonsteroidal anti-inflammatory agents such
as ibuprofen may be used for analgesia.

Cervix and vagina

Immediately after vaginal delivery, the cervix has a loose,
pliable tone, and may have several small excoriations. Over
the first week postpartum, the cervix assumes a more typical
gross appearance, although it may remain slightly dilated for
the first few days. Persistent heavy bleeding and a continued
open cervical os should alert the physician to the possibility
of retained placental fragments. Cervical dysplasia may regress
in the postpartum period. Kaplan et al.10 studied 157 women
with antepartum cervical squamous intraepithelial neoplasia
and their subsequent postpartum course. Sixty-two percent of
patients with low-grade antepartum dysplasia had regression,
while only 6% experienced disease progression, although
60% developed recurrent disease within 5 years. All 28 cases
of antepartum high-grade dysplasia in this study persisted
postpartum.

The typical rugated appearance of the vagina is temporar-
ily lost, with it appearing more edematous, vascular, and
smooth after delivery. Rugae typically reappear about 3 weeks
postpartum as these changes resolve. The vagina may initially
appear relatively estrogen deficient in postpartum lactating
women or women using progesterone-only contraception. A
vaginal lubricant may be beneficial if dyspareunia occurs.

Hormonal regulation

Resumption of ovulation and subsequent menses differs
greatly in breastfeeding compared with nonbreastfeeding
mothers. Nonlactating mothers experience ovulation on
average 45 days after delivery with return of menses in many
by 7–9 weeks postpartum. Lactating mothers experience a
delayed and much more variable return to both ovulation and
menstruation, which may relate to specific breastfeeding prac-
tices.11,12 Lactational amenorrhea is useful in predicting the
return of fertility in nursing women. During the first 6 months
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after delivery, women who are amenorrheic and breastfeeding
frequently (≥ 8 times/24h) without giving supplements have a
less than 2% risk of pregnancy.13–19

The control of fertility generated by lactation is incom-
pletely understood. Current theory suggests a prolactin-
mediated dysfunction of the gonadotropin-releasing 
hormone (GnRH) pulse generator in the hypothalamus as the
underlying cause of lactation-related reduction in fertility.20

Urinary system

The urinary system and pelvic floor are altered by pregnancy
and the birthing process. Intravenous fluids and oxytocin
(which is antidiuretic during infusion) may increase postpar-
tum diuresis. Conduction anesthetics may also disrupt neural
bladder control. Urinary retention with overdistention,
urinary tract infection, and stress urinary incontinence are
common transient problems. Dilation of the ureters may
persist for 3 months or more postpartum.21,22

Lactation

Exclusive breastfeeding during approximately the first
6 months of life with continued breastfeeding through at least
the second half of infancy is associated with reduced risk of
adverse outcomes in mother and infant23 (Table 66.1). Envi-
ronmental factors have a marked influence on breastfeeding
success. Obstetric practices must be evaluated for their poten-
tial impact on lactation performance.

Mammary development

Figure 66.1 illustrates the general anatomic structures of the
developed human breast. Recently, ultrasound imaging of the
lactating breast has raised questions regarding the permanent
existence of lactiferous sinuses.24 During pregnancy, lobu-
loalveolar growth increases dramatically. Terminal end buds
differentiate into alveoli composed of a single layer of milk-
secreting epithelial cells surrounding a central lumen. Alveoli
are surrounded by myoepithelial cells and capillaries. The
lumen of the alveoli empty into intralobular ducts, which coa-
lesce to form a central duct in each lobe exiting through one
of 5–9 ductal orifices.

Onset of milk production and early lactation failure
By 16 weeks’ gestation, the breast is fully competent to
produce milk. This is prevented by the high level of circulat-
ing progesterone, which blocks prolactin activation of alfa-
lactalbumin formation. Onset of copious milk production
(lactogenesis stage II or LS-II) begins after delivery of the pla-
centa and subsequent fall in progesterone.25 The mean time
for LS-II is 50–73h postpartum.26 LS-II occurs later following
stressful deliveries27 and in primiparious,28, obese,29–31 and 
diabetic26 women. Delayed onset of LS-II is a risk factor for
premature weaning, and these dyads should be monitored
closely.

Tissue swelling and edema are common during LS-II, but
the experience of painful engorgement varies. Analgesics are
appropriate treatment for pain. Skilled assistance may be
needed to achieve effective latch and efficient milk removal.

Table 66.1 Associations between breastfeeding and risk of adverse outcomes.

Infant risk

Adverse outcome During breastfeeding After weaning Maternal risk

Gastrointestinal and respiratory Decreased127 Decreased if exclusively BF
illnesses for >3 months127,128

Celiac disease Decreased129 Delayed onset/possibly
reduced severity129

Wheezing Decreased130 Decreased130

Urinary infections Decreased127

Diabetes Decreased131,132 Decreased133

Leukemia Decreased134,135

Atopic dermatitis Decreased
Obesity Decreased136,137

Chron’s disease Decreased129

Rheumatoid arthritis Decreased138 Decreased139

Breast cancer Decreased140

Ovarian cancer Decreased141

Bone density Temporary decrease followed by
increase over baseline with 
resumption of menses142,143

Visual acuity Increased127

Cognition/psychomotor performance Increased144,145
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Early lactation failure or partial inhibition of milk produc-
tion can result from primary glandular insufficiency, retained
placenta,25 and severe postpartum hemorrhage resulting in
ischemic pituitary necrosis and Sheehan’s syndrome.32

Regulation of milk volume
Following LS-II, milk production increases to a mean of
750mL/day by 4 weeks after delivery and remains there
throughout exclusive breastfeeding.33 For individual women,
milk volume increases or decreases in response to alterations
in mammary stimulation and the degree of breast emptying.

Prolactin is the primary endocrine regulator of milk pro-
duction. Baseline levels vary with physiological state. Prolactin
increases from 8–14ng/mL prepregnancy to 200–500ng/mL at

term, and declines to 30–40 ng/mL between 180 and 360 days
of lactation. Suckling causes a sharp rise in prolactin levels at
all stages of lactation through at least the second year.34–37

Suckling triggers a prolactin rise, which peaks at 30min and
returns to baseline after 2.5–3.0h. Relationships between milk
production and prolactin levels are not straightforward. This
may reflect numerical or functional differences in prolactin
receptors.

Pituitary release of oxytocin is triggered by suckling, audi-
tory, olfactory, or emotional cues.38 Unlike prolactin, oxytocin
can be released through a conditioned reflex. Milk ejection
results from oxytocin-induced contraction of myoepithelial
cells surrounding the alveoli. Lactiferous ducts then increase
in diameter facilitating milk flow.24

Mammary fat
Nipple

Montgomery’s
tubercules
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Ampulla (lactiferous sinus)
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Figure 66.1 Anatomy of the human breast.
(Copyright 1980 CIBA-GEIGY Corporation.
Reproduced with permission from the
Clinical Symposia by Frank H. Netter, MD.
All rights reserved.)
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Weaning and involution of the mammary gland
Involution of the mammary gland is triggered by prolonged
milk stasis and termination of suckling. Peaker and Wilde39

detected a feedback inhibitor of lactation (termed FIL), which
accumulates during milk stasis and blocks the secretion of
milk constituents. Locally produced serotonin has been iden-
tified as a possible candidate for FIL,40 although additional
milk proteins may be involved.

Composition of human milk

Human milk is a complex, highly structured fluid containing
a wide variety of nutrients and other bioactive factors, which
impact infant growth, development, and immune function. Its
composition is dynamic, varying with duration of lactation,
degree of breast emptying, during a nursing, with the mother’s
diet, with maternal antigen response, maternal genotype, and
other particulars. Changes over the course of lactation appear
to match the changing needs of the growing infant.41 Human
milk components are multifunctional, serving not only as
nutrients but also in a variety of ways that promote infant
health and development. Proteins, for example, are a source
of peptides, amino acids, and nitrogen, but are also involved
in the development of the immune response (immunoglobu-
lins), nonimmunologic defense (lactoferrin, lysozyme), growth
stimulation (neural growth factor), and other functions. Car-
bohydrates provide nutritional support (lactose) and prevent
bacterial adhesion to mucosal surfaces (oligosaccharides).42–46

Human milk oligosaccharides (HMOs) are dietary fibers that
pass through the digestive tract largely intact,47 acting as pre-
biotics and presumably promoting gastric motility. Concen-
trations of HMOs vary over time48–52 and this, along with
variations in the type of oligosaccharides present, may be
genetically determined.44,48,49,53,54

Colostrum, the initial milk produced in the first 3–7 days
postpartum, is uniquely suited for the neonate. It contains a
threefold higher protein concentration than mature milk,
higher concentrations of immunoglobulins, leukocytes, and
other immunologically active proteins, and lower concentra-
tions of lactose, energy, and fat than more mature milk.55

Throughout lactation, the specificity of secretory
immunoglobulin A (SIgA) in milk depends on the mother’s
antigen exposure and response. In this sense, human milk is
location specific. Infants themselves can control the nutrient
content of received milk by varying the degree of breast emp-
tying. Fat content (and calorie density) increases with the
degree of breast emptying, progressing from low-fat
“foremilk” to high-fat “hindmilk” during the course of a feed.
The influence of maternal diet is more pronounced among
malnourished women and relatively minor among those with
normal body nutrient stores. The role of maternal genotype in
milk composition – particularly oligosaccharide and cytokine
content – is the subject of current research.54,56

Maternal diet and milk composition
In well-nourished women, normal dietary fluctuations influ-
ence the flavor and odor of milk, which influences infant
dietary preferences.57 In general, the nutrient content of milk
is more responsive to maternal diet during lactation in mal-
nourished than in well-nourished women.58 Women can and
do produce adequate and abundant milk on inadequate
diets.34 Complicated “rules” about diet during lactation that
fail to consider the mother’s nutrient stores and dietary pref-
erences can undermine maternal resolve to breastfeed.59

Two nutrients may not be supplied in adequate amounts in
milk from normal, well-nourished women: vitamin K60 and
vitamin D.61 Routine intramuscular injection of vitamin K1 at
birth provides all the vitamin K needed. The American
Academy of Pediatrics recommends daily supplementation
with 200 IU of vitamin D to all infants unless they consume
at least 500 mL/day vitamin D-fortified formula or milk.62

Other nutritional deficiencies may be observed in breastfed
infants of severely malnourished or diet-restricted mothers,
including deficiencies in vitamin B12, folic acid, ascorbic acid,
iodine, zinc, and carnitine.63–65 Without supplements, strict
vegans will eventually develop B12 deficiencies and produce
milk deficient in B12.66,67 Infants may become symptomatic
before the mother.67 Although infant symptoms can be par-
tially reversed with B12 shots, neurologic deficits can be irre-
versible. Vegetarians should consume B12 supplements,
particularly during pregnancy and lactation. Other circum-
stances that may lead to B12-deficient breast milk are: (1)
severe maternal malnutrition – particularly if accompanied by
intestinal parasites and resulting nutrient malabsorption;68,69

(2) gastric bypass surgery or partial gastrectomy.70,71 In these
cases, maternal oral supplementation may not be sufficient,
and intravenous vitamin B12 may be required.70

Maternal fat intake affects the relative concentration of milk
fatty acids without appreciably altering total fat content. For
example, while all human milk contains docosahexanoic acid
(DHA), 10-fold elevations can result from increased maternal
dietary intake. DHA is critical for neurologic development. In
a supplementation study, children’s mental processing scores
at age 4 years correlated with maternal intake of DHA and
eicosapentanoic acid during pregnancy.72 Supplementation
during lactation alone has not been found to improve mental
functioning,73 but may improve psychomotor functioning.74

Conversely, milk cholesterol levels do not respond to mater-
nal diet, and are elevated in mothers with familial hypercho-
lesterolemia.75

Milk ascorbic acid (AA) content can be low if maternal
intakes are low, and low (but not average or high) milk AA
can be doubled or tripled by increasing maternal dietary
intake.76 Similarly, maternal dietary intake normally influences
milk iodine content only when maternal status is inadequate77

or iodine intake is extremely elevated.78 Milk iodine is reduced
in healthy mothers who smoke cigarettes,79 and is inversely
related to milk perchlorate levels (an environmental 
contaminant).80
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Contaminants in human milk
Environmental contaminants are ubiquitous. An extensive
review of research on contamination of human milk was pub-
lished by LaKind et al. in 2004.81 In spite of the ubiquitous
presence of contaminants in human milk, breastfed infants are
healthier than infants who are not breastfed. Much work
remains to be done to identify circumstances in which the
adverse effects of milk contaminants may outweigh the
adverse effects of failure to provide human milk.

Exercise and calorie restriction diets during lactation
While postpartum women lose an average of
0.5–1.0 kg/month after postpartum diuresis,82,83 individual
weight loss varies. The myth that breastfeeding assures post-
partum weight loss is prevalent, and prenatal education
regarding the realities of postpartum weight management is
advisable. In the US, each pregnancy increases the risk of
becoming overweight by 60% and the risk of obesity by
110%.84 Failure to return to prepregnancy weight by 6 months
postpartum increases the risk of obesity a decade later.85 In
spite of the estimated 650kcal/day required to support full lac-
tation, breastfeeding has little impact on short-term postpar-
tum weight loss in societies where food is abundant.86 Energy
required for lactation is derived from increased intake in pref-
erence to body fat mobilization.87

Obese women have lower breastfeeding initiation
rates30,88–90 and shorter breastfeeding durations than women
of normal weight. Breastfeeding women who desire to initiate
or increase weight loss may be advised to begin moderate
calorie restriction (500kcal/day) and regular exercise after
breastfeeding is well established. Severe calorie restriction may
be associated with decreased milk production.91 Early warning
signs include infant loss of appetite, irritability, or restlessness,
and maternal fatigue. In all cases, dyads should be closely
monitored for signs of compromised milk production.

Exercise has no apparent impact on milk composition,
excluding a temporary rise in lactate after prolonged, heavy
exercise.92 Mineral content of milk did not change in response
to exercise in a randomized crossover trial comparing the
phosphorus, calcium, magnesium, sodium, and potassium
content of milk from women at rest with milk from the same
women at 10, 30, and 60min after maximal graded exercise.93

Similarly, in well-nourished women, maternal dietary intake
has relatively little impact on milk mineral content.77,94

Larson-Meyer92 published an excellent review on the effect of
exercise on postpartum women and their offspring. Women
should be advised to consume a balanced diet during calorie
restriction to protect their health.

Prenatal and perinatal practices and conditions
that affect breastfeeding

Breastfeeding should be recommended at the initial prenatal
examination. Further education can be offered during prena-
tal care for women planning to breastfeed and those initially

inclined to formula feed. Women with specific concerns such
as breast implants, prior breast surgery, inverted nipples, time
constraints, or lack of confidence should be educated regard-
ing their particular situation. Prior breast reduction or other
surgery involving a periareolar incision should prompt coun-
seling regarding the importance of communicating that infor-
mation to the pediatrician and the need to monitor infant
growth. Multiparous women should be questioned regarding
their prior breastfeeding experiences, and any concerns should
be addressed.

Cigarettes
Smoking cessation is strongly encouraged during pregnancy.
Parents who continue to smoke should do so in an environ-
ment that is away from the newborn. Nicotine and its metabo-
lite cotinine are present in human milk. Urinary cotinine levels
in breastfed infants of smoking mothers have been reported
to be 10-fold higher than those of formula-fed infants.95

Importantly, however, neurologic deficits associated with
maternal cigarette smoking in formula-fed infants were not
observed in a comparison group of infants breastfed for
> 3 weeks.96

Caffeine
Peak caffeine levels in breast milk are reached about 1 h after
ingestion and are typically about 1% of the maternal dose.97

Thus, infants should receive only a very small percentage of
the maternal dose. However, clearance of caffeine in the infant
is slower than in the adult.98 Rare concerns with irritability
and insomnia have been reported, but would be unlikely with
occasional and moderate consumption.

Alcohol
Alcohol consumption should be avoided during pregnancy.
Excessive consumption of alcohol should be avoided by new
parents regardless of the planned infant feeding method
because of the implications for parenting skills. Research has
suggested that the consumption of ethanol has a potentially
deleterious effect on the quantity of breast milk consumed by
the baby. Milk transfer decreased during breastfeeding for 4h
after maternal alcohol consumption and then increased 8–16h
after consumption ceased.99 These studies do not support the
folklore that small amounts of alcohol improve lactation.

In general, after consumption of a relatively small amount
of alcohol and the passage of sufficient time so that the mother
no longer feels the effects of the alcohol, breastfeeding can
resume. Using a nomogram published by Ho et al.,100 a 140-
pound lactating woman would require 2h and 19min after
consuming one drink to achieve a zero level of milk alcohol.

Substances of abuse
Substances of abuse are contraindicated during pregnancy and
lactation. The exception is methadone supplied within the
context of a successful maintenance program. Mothers on
methadone should be monitored carefully and the infant
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observed for methadone withdrawal after delivery regardless
of feeding method. Breast milk exposure may mitigate neona-
tal abstinence syndrome, but is not sufficient to prevent with-
drawal.101 Mothers engaging in continued substance abuse
postpartum should be provided with support services for drug
dependency treatment and counseled not to breastfeed. A
study of breast milk from 11 mothers who admitted using
drugs during pregnancy detected cocaine in six of the speci-
mens.102 It is suspected that cocaine has a high milk to plasma
ratio. Serious adverse effects have been reported. Similarly,
marijuana has a high milk to plasma ratio, suggesting that it
is concentrated in breast milk.103

Medication use
Advice regarding the use of a medication during breastfeeding
should reflect not only the efficacy of the drug in treating the
mother’s condition but also the impact of the drug on lactation
and the breastfed infant. Few studies examine drug use during
lactation, and specialized references are required to formulate
appropriate advice. Those drugs that have been shown to be
safe for use during breastfeeding and/or those used in pediatric
populations are generally preferred. Thus, the drug of choice
for a particular condition may well differ depending on whether
or not the mother is breastfeeding. The healthcare provider
should review available information with the parents and
discuss their individual situation. The age, weight, and health
of the child, in addition to the amount of breast milk in the diet
and any medications the child is taking, should be considered
when choosing which medication is the best choice. Many char-
acteristics of medications influence their potential to pass into
breast milk and then reach and affect the breastfed child. These
include the molecular weight, half-life, pH, protein binding,
lipid solubility, oral bioavailability, and acid stability.

Maternal health problems

Table 66.2 lists circumstances in which breastfeeding is con-
traindicated. Table 66.3 lists concerns regarding breastfeeding
by women with specific diseases.

Thyroid disease
Postpartum thyroid dysfunction is common and, occasionally,
lactation difficulties in the previously successfully breastfeed-
ing mother could be a presenting symptom of thyroid dys-
function. Breastfeeding can be continued during many
treatments for either hypothyroidism or hyperthyroidism.
Radioactive ablation of the thyroid with 131I is not recom-
mended during breastfeeding

Diabetes mellitus
The gestational diabetic will not need further therapy after
delivery, although her infant is still at risk of neonatal hypo-
glycemia, and infant glucose monitoring is warranted within
30min of birth. Some gestational diabetics have previously
undiagnosed diabetes. Therefore, it is recommended that ges-
tational diabetics undergo glucose testing at the postpartum
visit. Insulin can be continued safely during lactation. Met-
formin has been studied in a small number of breastfeeding
women.104 No adverse reactions were noted in the infants.
Owing to the concern over lactic acidosis, use in either 
a mother or an infant with renal dysfunction may not be 
advisable.

Cystic fibrosis (CF)
Recent studies have shown that electrolyte concentrations in
the breast milk of women with CF are within normal limits
as the mammary gland does not reabsorb sodium in excess of
water.105–107 Preliminary information indicates that women
with CF can breastfeed while receiving close monitoring of
their disease.

Maternal phenylketonuria (PKU)
Limited data indicate that a mother with PKU under 
strict dietary control should be allowed to breastfeed.
Although milk phenylalanine concentrations are drama-
tically elevated,108 successful management of PKU and 
breastfeeding have been described with complementary low
phenylalanine infant formula in women using strict dietary
control.109

Table 66.2 Contraindications for breastfeeding.

Condition Contraindication

Substances of abuse (except methadone maintenance Absolute
program and free of other drugs)

Alcohol abuse Absolute
Chemotherapeutic agents Absolute or relative (depending on prior fetal exposure, duration of agent, and 

particular agent involved)
Maternal HIV Absolute in US

Relative in non-US regions with insufficient access to formula or clean water
Maternal HSV infection of nipple Temporary cessation from involved nipple/areola until lesions resolved
Active untreated maternal tuberculosis Temporary until after treatment established
Radioactive 131I therapy Absolute due to long half-life and potential to concentrate in thyroid and breast
Infant galactosemia Absolute
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Human immunodeficiency virus (HIV)
The current estimate of the prevalence of HIV in pregnant 
US women is 1–2 per 1000. Without treatment, the transmis-
sion rate from mother to child related to pregnancy and deliv-
ery is approximately 25%. Antiretroviral therapy with
zidovudine during pregnancy and labor with infant treatment
during the first 6 weeks postpartum and not breastfeeding
reduces the risk of transmission to approximately 6–8%.
Women with an unknown HIV status prior to labor account
for 40% of mother to child transmission of HIV in the US.
Optimal treatment in labor with the use of intrapartum
zidovudine or initiating infant therapy by 48h of life signifi-
cantly reduces the risk of transmission. The recommendation
to avoid breastfeeding should also be provided in this situa-
tion. For women with unknown HIV status upon entry to 
the labor suite, rapid HIV testing could allow for treatment
and recommendations that could significantly improve
outcome.

Support strategy for mother and infant

Intrapartum influences
During an uncomplicated pregnancy and delivery, the infant
can be given to the mother at delivery, and breastfeeding ini-
tiation should be encouraged within the first hour after birth.
Labor companionship and support have been associated with
improved breastfeeding initiation and continuation rates.110–112

Avoidance of unnecessary interventions is recommended.
Having staff trained in lactation support can mitigate poten-
tial obstacles to breastfeeding that may present with compli-
cated pregnancies and/or medical interventions associated
with delivery.

Labor induction and delivery method
Studies evaluating the influence of labor induction on breast-
feeding success reach varying conclusions and may be con-
founded by maternal confidence or intentionality. In a study
by Out et al.,113 women undergoing medically indicated labor
induction were more likely to continue their antepartum inten-
tion to breastfeed than women in the “elective” induction
group. Similarly, emergent Cesarean delivery appears to be a
more significant obstacle to breastfeeding success than non-
emergent Cesarean delivery.114,115 Delayed onset of lactation in
mothers undergoing Cesarean delivery has also been
reported.116 Grajeda and Perez-Escamilla117 found that primi-
parous vaginally delivered women experienced onset of lacta-
tion at day 2.9 on average as opposed to day 3.4 for those
undergoing emergent Cesarean delivery. No difference was
noted related to mode of delivery in multiparas.

Regional anesthesia appears to be associated with improved
lactation performance compared with general anesthesia.118,119

Patient-controlled analgesia with morphine or continuous
extradural anesthesia in the initial postoperative period is pre-
ferred over the use of meperidine because of the association
of meperidine with an adverse effect on infant suckling 
behavior.120

Maternal–infant contact
The vigorous term infant with clear amniotic fluid may be
placed on the maternal abdomen at delivery. The family may
participate in cutting the cord if the situation is deemed appro-
priate. The infant can then be dried, stimulated, and placed
skin to skin with the mother with warm blankets placed over
the dyad to maintain the infant’s temperature. Infant inter-
ventions such as vitamin K injection, the application of 

Table 66.3 Maternal disease and breastfeeding considerations.

Infection Route of transmission Breastfeeding considerations

HIV Blood and body fluids Contraindicated in US and regions where safe alternatives to breast milk are 
available

Hepatitis A Fecal and oral Continued breastfeeding: encourage good hygiene
Hepatitis B Blood and body fluids Continued breastfeeding: infant to receive hepatitis B immunoglobulin (HBIG) 

within 12h of birth and hepatitis B vaccination
Hepatitis C Blood and body fluids Continued breastfeeding: no difference in transmission rate (∼4%) in breastfed

versus formula-fed infants. Some experts recommend temporary interruption of 
breastfeeding when bleeding nipples are present

Cytomegalovirus Respiratory Continued breastfeeding of healthy term infant
Breastfeeding of premature infant during infection deserves individual consideration

Herpes simplex virus Direct contact Continued breastfeeding unless lesions on nipple/areola (see above). Cover lesions in 
potential contact with infant, good hygiene

Varicella virus Respiratory, direct contact Maternal primary infection: infant varicella immune globulin (VZIG) and possible 
vaccination depending on infant age

Maternal shingles: continued breastfeeding, cover lesions in potential contact with 
infant and encourage good hygiene. Consider VZIG
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ophthalmic ointment, newborn screening, and measurements
may be obtained later. The mother can be encouraged to
breastfeed soon after delivery, ideally within the first hour
after birth. A Cochrane review evaluating 17 studies found a
significant positive impact of skin to skin contact on the main-
tenance of infant body temperature, infant glucose levels, and
continued breastfeeding at 1 and 3 months.121

Unless medically indicated, newborn interventions should
be delayed until after the first hour of life. In an ideal situa-
tion, these procedures can be performed in the room of the
new family. The family should be encouraged to room in with
the infant and breastfeed on demand. Rooming in will facili-
tate the acquisition of parental roles and the development of
nonverbal parent–infant communication skills, such as recog-
nition of infant hunger and satiety cues required for success-
ful breastfeeding.

Latch and milk transfer during feeding should be assessed by
trained personnel within 8 h prior to hospital discharge. Pre-
discharge teaching should include the elements listed in Table
66.4. Parents should be advised to report promptly deviations
from normal urine and stool patterns or concerns about low
milk production to the healthcare provider. Breastfed infants
discharged 1–2 days after delivery should return to their
healthcare provider in the first few days after discharge to
assure that the mother’s milk has come in, infant weight loss
has ceased, and jaundice and dehydration are not significant.

Common problems in postpartum care

Mastitis
Mastitis occurs in approximately 9.5% of breastfeeding
women during the first 12 weeks postpartum.122 Risk factors

include unrelieved engorgement or plugged ducts, past 
history of mastitis, and nipple trauma which provides a portal
of entry for the offending organisms. Staphylococcus aureus
is the most common organism cultured from the mastitic
breast.

Signs and symptoms of mastitis include an erythematous,
tender breast, fever, and flu-like symptoms such as myalgia,
nausea, and headache. A localized tender knot in the breast in
the absence of symptoms of infection suggests a plugged duct,
which can be managed with frequent nursing and warm com-
presses. Persistent breast masses should be pursued regardless
of lactation status. More diffuse firmness in both breasts in
the initial week postpartum is suggestive of engorgement and
is usually associated with normal or low-grade fever. The pres-
ence of a fluctuant palpable and tender mass in the mastitic
breast is suggestive of a breast abscess.

Mastitis is treated with a penicillinase-resistant antibiotic
such as Dicloxicillin or a cephalosporin for 10–14 days. If
symptoms do not improve after 24–48 h of therapy, milk
should be cultured for resistant organisms, and the breast
should be re-examined for possible abscess. Nonsteroidal anti-
inflammatory agents such as ibuprofen are useful in pain
control. In addition to antibiotic therapy, breastfeeding should
be assessed, and factors that predisposed to the infection
should be addressed, such as latch difficulties leading to nipple
trauma. Otherwise, the mother may be more likely to experi-
ence a recurrent episode of infection. Breastfeeding the
healthy, term infant during treatment of mastitis should be
continued, and excellent drainage of the infected breast is
important in recovery. Abrupt weaning during mastitis
increases the risk of abscess.

The risk of breast abscess is 0.4% for breastfeeding 
women generally, and 3% for those with mastitis.123

Management of breast abscesses requires the use of antibiotics
with the addition of drainage of the abscess collection. Prior
management using open incision and drainage is being
replaced by repeat ultrasound-guided aspirations of the
abscess either with or without the placement of a drainage
catheter.124–126

Contraception
If the patient is using lactational amenorrhea as a means of
contraception, provision should be made for easy access to
additional contraception at 6 months, or sooner if the need
arises. Nonhormonal contraceptive options do not affect
breast milk composition or quantity. If a hormonal contra-
ceptive is chosen, a progesterone-only alternative has less
potential impact on milk supply. In breastfeeding mothers,
estrogen-containing contraceptive options have the theoretical
concern of adversely affecting milk supply. If a breastfeeding
mother is inclined to pursue an estrogen-containing option,
the lower estrogen dosage appears prudent. The mother
should be counseled regarding the potential for an adverse
effect on milk supply, and the contraceptive should be initi-
ated as late after established lactation as possible.

Table 66.4 Breastfeeding information for new parents.

1 Normal milk production is quite low until after the onset of
lactogenesis stage II between the first and fifth days postpartum

2 Most infants nurse 8–14 times/day in the first 1–2 weeks. This
decreases to 7–10 times/day by 4 weeks

3 Each infant’s “demand” breastfeeding frequency reflects his own
developmental status and nursing skill as well as the mother’s
milk flow

4 After the third day of life, exclusively breastfed infants usually
soak six or more diapers and have three or more stools of 1
tablespoon or greater/day

5 Infant stools normally change from dark (green or brown) to
mustard yellow by the fifth day. This happens after the mother’s
milk “comes in” and the baby begins to receive larger volumes 
of milk, which clears the meconium from the gastrointestinal
tract

6 Healthcare provider should be notified promptly if urine or stool
patterns deviate from norms indicated in items 4 and 5 or if
parents are concerned about adequacy of infant intake or
maternal milk production
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Low milk production
If a mother expresses concern about low milk production in the
early postpartum period, the infant should be evaluated and the
mother assessed for possible causes of failed LS-II (see Onset of
milk production and early lactation failure). If infant status is
normal and the child is exclusively breastfed, maternal concerns
likely reflect misinterpretation of infant behavior. If the infant
is not thriving or is receiving formula supplements, it suggests
that maternal milk volume is low. Medications and over-the-

counter drugs should be reviewed for potential impact on milk
production. If no medical or pharmacologic cause is apparent,
milk volume usually increases in response to increased fre-
quency of breast stimulation (nursing or pumping) and/or the
increased degree of breast emptying (improved infant latch or
breast massage during nursing). Referral to a certified lactation
consultant is appropriate for both perceived and confirmed low
milk production.

Key points

1 In controlled studies, lack of breastfeeding and/or
earlier introduction of supplements and weaning are
associated with increased risk of a variety of adverse
outcomes in mothers and infants (see Table 66.1).

2 Onset of copious milk production (stage II lactogenesis)
begins after delivery of the placenta in response to the
subsequent fall in circulating progesterone. Delay of
lactogenesis stage II beyond day 5 postpartum should
prompt evaluation.

3 Failed lactogenesis can result from primary glandular
insufficiency, retained placenta, or severe postpartum
hemorrhage resulting in ischemic pituitary necrosis and
Sheehan’s syndrome.

4 When engorgement becomes severe, analgesics are
appropriate treatment for pain, and immediate skilled
assistance may be needed to achieve effective latch on
and efficient milk removal.

5 In established lactation, milk volume averages
750 mL/day and increases or declines in response to
alterations in mammary stimulation and the degree of
breast emptying.

6 The nutrient content of human milk is conveyed to the
infant within, and does not exist apart from, a
redundant milieu of anti-infective, growth-stimulating,
and anti-inflammatory agents.

7 Strict vegetarians should consume vitamin B12
supplements during pregnancy and lactation for their
own health and to prevent vitamin B12 deficiencies in
their infants.

8 In spite of the ubiquitous presence of environmental
contaminants in human milk, breastfed infants are
healthier than infants who are not breastfed.

9 Breastfeeding women who desire to lose weight may be
advised to initiate moderate caloric restriction
(500 kcal/day below maintenance levels), consume a
balanced diet, and undertake regular exercise after
breastfeeding is well established.

10 During the first 6 months postpartum, women who are
amenorrheic and breastfeeding frequently (≥ 8
times/24 h) without giving supplements have a less
than 2% risk of pregnancy.

11 Women with specific breastfeeding-related concerns,
such as breast implants, prior breast surgery, inverted
nipples, time constraints, or lack of confidence, should
be educated regarding their particular situation.

12 Advice regarding medication use during breastfeeding
should be formulated only after reviewing information
on that medication, exploring alternative treatments,
and discussing that individual situation with the
parents. The age, weight, and health of the child, in
addition to the amount of breast milk in the diet and
medications the child is taking, should all be
considered when prescribing medication for
breastfeeding women.

13 Maternal contraindications to breastfeeding are rare
and include continued use of substances of abuse, rare
chemotherapeutic and other medications, and maternal
HIV infection. Temporary interruption is warranted
with maternal herpes simplex virus (HSV) involving the
nipple and untreated maternal tuberculosis.

14 Having staff trained in lactation support can help to
minimize the impact of potential obstacles to
breastfeeding, which may present with medically
complicated pregnancies and/or medical interventions
associated with delivery.

15 During an uncomplicated pregnancy and delivery, the
infant can be placed skin to skin with the mother at
delivery with warm blankets covering them, and
breastfeeding initiation should be encouraged within
the first hour after birth.

16 In the initial postCesarean period, patient-controlled
analgesia with morphine or continuous extradural
anesthesia is preferred over the use of meperidine
because of the association of meperidine with poor
infant suckling behavior in the early postpartum
period.

17 New parents should be specifically and carefully
advised of the ranges of normal for volume of
colostrum, time of onset of copious milk production,
frequencies of infant feeding, stooling, and urination,
and the timing of meconium passage, with clear
instructions to contact the care provider should the
infant deviate from expected norms (Table 66.4).
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Prematurity is a major risk factor for neonatal brain injury.
Recent statistics indicate that the rate of premature delivery
has increased during recent decades such that very low birth-
weight (VLBW) infants now comprise approximately 1.5% of
live births and more than 85% of such infants survive.
However, enthusiasm over the improved survival of VLBW
infants is tempered by concern regarding the high risk of neu-
rological morbidity in survivors, e.g., approximately 5–15%
develop cerebral palsy and an additional 25–50% have devel-
opmental disabilities affecting cognitive function, behavior,
and school performance.1–3 In addition, survivors have an
increased incidence of non-neurological problems (e.g., con-
genital anomalies, respiratory infections, and sudden infant
death syndrome).

In this chapter, discussion is limited to a review of the major
types of cerebral injury that occur in premature infants, e.g.,
germinal matrix–intraventricular hemorrhage (GMH–IVH)
and its complications of periventricular hemorrhagic infarc-
tion (PVI) and posthemorrhagic hydrocephalus (PHH),
hypoxic–ischemic injury, and common metabolic distur-
bances. Although hemorrhagic and hypoxic–ischemic injury
are discussed separately, there is a close relationship between
these two major categories of premature brain injury.

Anatomic and physiological features of
the premature brain

The specific patterns of brain injury observed in the prema-
ture newborn are related to unique anatomic and physiologi-
cal features of the immature brain as follows.

Vascular supply of the premature brain

Subependymal germinal matrix
The subependymal germinal matrix is a richly vascularized site
of active cellular proliferation located immediately ventrolat-
eral to the lateral ventricles in the premature brain (Fig. 67.1).

It is a source of neuronal precursors between 10 and 20 weeks
of gestation, followed by production of glioblasts during the
third trimester. These latter elements subsequently differenti-
ate into oligodendroglia and astrocytes. The size of the ger-
minal matrix decreases progressively during gestation until it
has virtually disappeared by term. The immature, fragile,
endothelium-lined vessels have a propensity to rupture,
causing a GMH, which may then break through the adjacent
wall of the lateral ventricles to produce IVH.1,3

Arterial blood supply
The arterial supply of the premature brain is a major deter-
minant of the unique patterns of hypoxic–ischemic injury.
Thus, injury occurs predominantly in the relatively avascular
periventricular white matter in the border zones (watershed
areas) between the long penetrating branches of the middle
and posterior cerebral arteries, in the posterior white matter
around the trigone of the lateral ventricles, and in the border
zones between long penetrators of the middle and anterior
cerebral arteries in the frontal periventricular white matter
around the foramen of Monro. The cerebral cortex is rela-
tively resistant to hypoxic–ischemic insult because of the rich,
interarterial anastomoses of meningeal vessels during early
development of the arterial system.1,4

Venous drainage
Whereas arterial blood supply plays a major role in the genesis
of hypoxic–ischemic injury, the distinctive deep venous
drainage of the premature brain may render particular sites
(e.g., the subependymal germinal matrix) vulnerable to hem-
orrhage. Thus, there is a sharp reversal in the direction of
venous flow at the confluence of the choroidal, thalamostri-
ate, and medullary veins where they form the terminal and
internal cerebral veins, which predisposes to venous stasis.
This, in turn, may cause an increase in intravascular pressure
proximally and capillary rupture, especially in situations asso-
ciated with elevations in venous pressure (e.g., labor, delivery,
and asphyxia).1,3,5,6
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Cerebrovascular autoregulation

Cerebrovascular autoregulation is the homeostatic mechanism
that maintains constant cerebral perfusion over a wide range
of systemic arterial pressures. This mechanism appears to be
incompletely developed in a subset of premature newborns,
resulting in a “pressure-passive” relationship between sys-
temic blood pressure and cerebral perfusion and increased risk
of ischemic and hemorrhagic brain injury.1,3,7

Composition of cerebral tissue

The relatively close packing of cortical neurons and lack 
of Nissl substance in the premature brain makes it difficult to
detect cortical neuronal necrosis after hypoxic–ischemic insult.
Furthermore, the normally high water content in the prema-
ture brain makes it unlikely that cerebral edema plays a major
role in the pathogenesis of hypoxic–ischemic injury. The
propensity for cystic cavitation of periventricular lesions
relates to this relatively high water content, together with 
the paucity of myelin and poor astroglial response of the 
premature brain.1,4 In addition, advances in cellular neurobi-
ology provide increasing evidence that white matter injury in
the premature newborn arises, in part, because of a unique
developmental vulnerability of oligodendrocyte precursor
cells. Cell death and necrosis appear to occur via apopto-
sis.1,4,8,9 This raises the possibility that apoptotic cell death and
white matter injury may be preventable by using free radical
scavengers.10

Major types of cerebral injury in the
premature newborn

Germinal matrix–intraventricular hemorrhage
(GMH–IVH)

As discussed previously, GMH–IVH originates from spread of
GMH into the ventricular system (Figs 67.1 and 67.2). The
incidence of GMH–IVH has declined in recent decades to less
than 20%.3 However, because the incidence of GMH–IVH
correlates closely with the degree of prematurity, the improved
survival of extremely premature infants suggests that
GMH–IVH will remain a significant problem. GMH–IVH
occurs during the first 24h of life in approximately 50% of
cases and before 3 days of age in 90%.1

Pathogenesis
The pathogenesis of GMH–IVH is multifactorial and includes
a combination of intravascular, vascular, and extravascular
factors that are summarized in Table 67.1.
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Figure 67.1 Coronal section of pathological specimen of brain of
premature infant: note paucity of gyri, bilateral germinal matrix
hemorrhage (arrows), and intraventricular hemorrhage.

Figure 67.2 Periventricular leukomalacia on T1-weighted MRI of
premature infant at age 3 days: note germinal matrix hemorrhage
on left (arrow) and layered hemorrhage in third ventricle and
occipital horns of lateral ventricles.

TCO67  9/16/2006  11:43  Page 1222



PREMATURE BIRTH AND NEUROLOGICAL COMPLICATIONS

Diagnosis and clinical features
All premature newborns are at risk of GMH–IVH, particu-
larly those who require mechanical ventilation and/or sustain
hypoxic–ischemic insult or other major systemic complica-
tions (e.g., sepsis, pneumothorax). In infants with severe
GMH–IVH, hemorrhage may be suspected on the basis of
clinical features (e.g., abnormal neurological signs, decreasing
hematocrit, hypotension, bulging fontanelle, and metabolic
acidosis). However, GMH–IVH can be diagnosed on the basis
of clinical criteria alone in only 50% of cases.1 Definitive diag-
nosis requires confirmation by neuroimaging, usually by
cranial ultrasonography (Fig. 67.3). Because extension of
GMH–IVH may occur during the first week, routine screen-
ing by ultrasonography between 7 and 14 days of age is often
performed in all infants < 30 weeks’ gestation in order to
demonstrate the maximal extent of hemorrhage. Subsequently,
serial ultrasound scanning and close clinical surveillance may
be necessary for the identification of potential complications,
e.g., during subsequent months.11

Complications of germinal matrix–intraventricular
hemorrhage

Posthemorrhagic hydrocephalus (PHH)
Progressive ventricular dilation has been reported to develop
in approximately 35% of premature infants with GMH–IVH.
Progressive hydrocephalus with increased intracranial pres-
sure may develop rapidly after major GMH–IVH, either
related to a large volume of intraventricular blood or because
of obstruction or impaired reabsorption of cerebrospinal fluid.
More commonly, progressive ventriculomegaly develops grad-
ually, over several weeks, related principally to obliterative
arachnoiditis in the posterior fossa that obstructs the flow of
cerebrospinal fluid. Such ventricular dilation may resolve or
arrest spontaneously in approximately 65% of cases, usually
within 4 weeks of onset. In the remainder, intervention is
usually required by temporizing measures to drain cere-
brospinal fluid (e.g., serial lumbar punctures, external ven-
triculostomy, placement of a subcutaneous reservoir, subgaleal
shunt) or, rarely, pharmacological interventions with medica-
tions to decrease cerebrospinal fluid production (e.g., aceta-
zolamide). In instances in which progressive ventricular
dilation continues, placement of a permanent ventriculoperi-
toneal shunt may be required.1 When planning intervention,
it is critical to distinguish between progressive hydrocephalus
with increased intracranial pressure and ventriculomegaly
related principally to cerebral atrophy, which is associated
with normal intracranial pressure. In many instances, the two
processes may coexist.3,12 Recent data after 1994 suggest that
the natural history of posthemorrhagic ventriculomegaly may
be evolving, in that the overall incidence has decreased to
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Table 67.1 Pathogenetic factors for intraventricular hemorrhage.

Disturbed cerebrovascular autoregulation
Altered cerebral blood flow (increase or decrease, fluctuating
pattern)
Increased cerebral venous pressure
Disturbance of coagulation
Fragility and poor mechanical support of germinal matrix
vasculature
Increased fibrinolytic activity within germinal matrix
Decreased extravascular tissue pressure

Figure 67.3 Coronal cranial ultrasound at
age 7 days: note resolving germinal matrix
hemorrhage on right (arrow).
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approximately 25% of infants with GMH–IVH. However, in
this cohort, ventriculomegaly arrested or resolved sponta-
neously in only 33%.13

Periventricular hemorrhagic infarction (PVI)
Hemorrhagic necrosis in the periventricular white matter
(PVI) is observed in approximately 15% of infants with IVH,
most commonly in association with large GMH (Fig. 67.4).
These parenchymal lesions may be extensive and are either
unilateral or strikingly asymmetric, often with a fan-shaped
appearance.1,14 Neuropathological and radiological studies
have demonstrated that PVI is not simply an extension of
GMH–IVH, but rather represents venous infarction from
obstruction of flow in the terminal vein in the subependymal
region by an ipsilateral large GMH or GMH–IVH.15 Thus,
this lesion is distinct from secondary hemorrhage into areas
of periventricular leukomalacia (PVL), which is bilateral (dis-
cussed later). However, distinction between the two lesions is
often difficult, and both lesions frequently coexist.16

Hypoxic–ischemic cerebral injury

Complications of intrapartum hypoxic–ischemic insult associ-
ated with preterm delivery, together with a high incidence of
postnatal cardiorespiratory problems (e.g., respiratory distress
syndrome, patent ductus arteriosus, apnea of prematurity),
render the premature infant at high risk of hypoxic–ischemic
cerebral injury. The specific neuropathological patterns relate

principally to the stage of maturation of the immature brain
(Table 67.2).

Selective neuronal necrosis
During the third trimester, neurons in the thalamus, hypo-
thalamus, and brainstem appear to be particularly vulnerable
to hypoxic–ischemic insult.17,18 In one neuropathological
series, pontine neuronal necrosis was documented in 46% of
premature infants with IVH, all of whom had died of respi-
ratory failure.19

Periventricular leukomalacia (PVL)
As discussed previously, ischemic injury in the premature brain
principally involves the periventricular watershed zones of
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Figure 67.4 Coronal cranial ultrasound:
note periventricular hemorrhage infarction
(PVI) on right (arrow).

Table 67.2 Major patterns of hypoxic–ischemic cerebral injury in
the premature newborn.

Pattern Major anatomic location

Selective neuronal necrosis Diencephalon, thalamus, brainstem
Periventricular leukomalacia Periventricular white matter, 

particularly in peritrigonal 
region (bilateral)

Focal/multifocal necrosis Cortex and white matter
Periventricular hemorrhagic Periventricular white matter, 

infarction unilateral or asymmetric
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arterial supply in white matter. In addition, there is often more
diffuse white matter injury related to diffuse loss of early dif-
ferentiating oligodendroglia.1,4 Considerable advances have
been made in the understanding of the pathogenesis of PVL.4,20

Thus, in addition to the role of vascular anatomic factors in
the periventricular region and the pressure-passive cerebral
circulation observed in some unstable premature newborns
(discussed previously), there appears to be an intrinsic vul-
nerability of early, differentiating oligodendrocyte precursors
to attack by free radicals, leading to apoptotic cell death.4,8,9

In addition, there is mounting evidence of direct injury to
white matter from inflammatory mediators (e.g., endotoxins,
cytokines). The possible role of inflammatory factors has been
suggested by epidemiological studies and studies of placental
pathology, which suggest an increased incidence of PVL in
preterm infants of mothers with chorioamnionitis.20–23

Neuropathological studies reveal a spectrum of severity of
PVL ranging from minor reduction in the quantity of myelin
and gliosis to extensive encephalomalacia. Neuropathological
studies have also emphasized the frequent association between
PVL and GMH–IVH in as many as 75% of infants.19

The diagnosis of PVL during the neonatal period cannot 
be based reliably on clinical criteria and must be established
by detection of abnormalities on serial neuroimaging. Cra-
nial ultrasonography may demonstrate transient increased
echogenicity in periventricular white matter during the first
days of life, followed by the development of echolucent cysts
in these regions after several weeks in severe cases and 
ventricular dilation after several months1,24,25 (Fig. 67.5).
However, correlative neuropathological studies have demon-
strated the relatively poor sensitivity of ultrasonography for
detection of PVL (approximately 70% of mild cases are not
diagnosed consistently).26 More recently, studies with mag-
netic resonance imaging (MRI), especially diffusion-weighted
studies, may identify less severe white matter lesions.17,27

The clinical features of PVL in the premature newborn are
variable, and detailed neurological examination may be diffi-
cult in the presence of complex life support apparatus. The
principal long-term neurological sequela of PVL is motor
handicap (e.g., spastic diplegia or quadriplegia). Injury to
optic radiation may result in visual impairment, and more
diffuse white matter injury may result in behavioral distur-
bances and intellectual deficits.1 The possible role of PVL in
causing abnormal cerebral cortical neuronal organization and
significant intellectual deficits, because of either injury to 
subplate neurons or late migrating astrocytes, awaits further
clarification.28

In older children with cerebral palsy who were born pre-
maturely, the clinical suspicion of PVL as the cause can be con-
firmed by documentation of characteristic abnormalities on
brain imaging [computed tomography (CT) or MRI]. Abnor-
malities on CT scans performed after 6 months of age include
ventriculomegaly with irregular ventricular walls and reduc-
tion in the quantity of periventricular white matter, particu-
larly in the peritrigonal region, and prominent sylvian fissures

(Fig. 67.6).29 Similar abnormalities may be recognized with
greater definition by MRI (Fig. 67.7).30

Focal–multifocal brain necrosis
Focal ischemic cerebral lesions associated with arterial occlu-
sion occur uncommonly in premature infants. In one large
series, none was observed in infants who were less than
28 weeks of gestational age. Five percent of all cases of infarc-
tion occurred in infants between 28 and 32 weeks, and 10%
occurred in infants between 32 and 37 weeks of gestation.
Multiple small scattered infarcts, related to occlusion of small
vessels, are more common in this age group than in term
infants.31 Focal cerebral necrosis in the premature brain fre-
quently results in cavitation, with the formation of poren-
cephalic cysts or multicystic encephalomalacia. Neurological
sequelae (e.g., cerebral palsy, mental retardation, and seizures)
are variable and correlate with the anatomic location and the
extent of cerebral injury.1

Bilirubin encephalopathy

Unconjugated hyperbilirubinemia in the newborn may result
in kernicterus, which involves localized staining of basal
ganglia and brainstem nuclei associated with microscopic neu-
ronal destruction. Despite the extensive literature on bilirubin
metabolism, its central nervous system toxicity remains poorly
understood.

Bilirubin staining of the brain has been documented in pre-
mature newborns even at relatively low bilirubin levels, often
in regions of the brain injured by other insults (e.g., PVL). In

1225

Figure 67.5 Coronal cranial ultrasound at age 5 weeks: note cystic
periventricular leukomalacia (arrows) more prominent on the right.
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addition, bilirubin staining without structural neuronal 
injury has been documented in premature infants with mod-
erate hyperbilirubinemia.1,32 Interestingly, sick premature 
newborns do not generally demonstrate the classic neonatal
neurological encephalopathy or later kernicterus. Further-
more, there is no proven definite relationship between mod-
erate hyperbilirubinemia and neurological outcome in
premature newborns. Because extrapyramidal movement
abnormalities are less common in infants born prematurely,
the possibility exists that the maturational stage of the brain
at the time of insult may be critical in determining neurolog-
ical sequelae, as is the case in hypoxic–ischemic cerebral
injury. To date, there is some evidence that hearing loss may
be the major manifestation of bilirubin neurotoxicity in the
premature newborn.1,32, 33

Hypoglycemic brain injury

Transient hypoglycemia occurs commonly in the stressed pre-
mature newborn, often in association with hypoxic–ischemic
cerebral injury. At present, many issues remain unresolved,
including the threshold and duration of significant hypo-
glycemia, as well as the suspected additive and potentiating
effects of hypoglycemia in the context of other types of

insult.34,35 Furthermore, there may be an important role for
glucose in the regulation of cerebral blood flow, in that mod-
erate hypoglycemia has been shown to be associated with a
two- to threefold increase in cerebral blood flow.36 The 
clinical significance of this observation remains to be deter-
mined, e.g., its role in an increased risk of GMH–IVH. Severe
hypoglycemia has become a relatively rare problem in 
most neonatal units because of routine frequent monitoring 
of blood glucose levels and early intravenous glucose 
supplementation.

Prevention and management of
hemorrhagic and hypoxic–ischemic 
brain injury

Although hypoxic–ischemic cerebral injury and GMH–IVH
have distinct pathogenetic mechanisms, in many instances,
similar strategies for intervention are used to decrease both
types of injury. For practical purposes, major approaches to
management are discussed in terms of the timing of interven-
tion, i.e., antepartum, intrapartum, or postpartum (Table
67.3).
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Figure 67.6 Periventricular leukomalacia on axial CT scan at age
2 years: note dilated lateral ventricles with irregular ependymal
border, paucity of white matter, and deep sulci (arrows).

Figure 67.7 Periventricular leukomalacia on T1-weighted MRI at
age 3 years: note ventriculomegaly with irregular ependymal border,
almost complete loss of white matter, and deep sulci abutting
ependyma.
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Antepartum interventions

Prevention of premature delivery
Although the prevention of premature delivery receives
ongoing major attention, current public education programs
and medical interventional strategies appear to be losing
ground, in that the incidence of premature delivery has actually
increased during the last two decades.1–3 Major strategies for
such prevention are discussed in detail elsewhere in this book.

One approach to the prevention of preterm delivery that is
particularly appealing involves the treatment of women with
bacterial vaginosis with antimicrobial agents, which may also
decrease premature rupture of membranes and chorioam-
nionitis, which, in turn, are associated with adverse neonatal
outcome including GMH–IVH and PVL.37

Intrauterine transportation
If premature delivery is unavoidable, concerted effort should
be directed toward transfer of the mother to a high-risk peri-
natal center before delivery to ensure the optimal condition of
the infant at birth as well as the availability of state-of-the-art
neonatal management to minimize postnatal complications.

Prenatal pharmacological interventions
Prenatal pharmacological interventions for the prevention of
premature delivery and, hence, possibly GMH–IVH and its
complications are under investigation.

Antenatal tocolytic therapy
Attempts to stop premature labor by aggressive tocolytic
therapy have been disappointing,38 and there is concern that
tocolytic agents may affect fetal systemic hemodynamics and
cerebral perfusion, thereby increasing the risk of GMH–IVH
and PVL.

Antenatal corticosteroids
Antenatal corticosteroids, administered primarily to induce
fetal lung maturation, thereby reducing the risk of respiratory

distress syndrome, also have the additional beneficial effects
of stabilizing cell membranes in other organs, including vessels
of the germinal matrix.39 Numerous controlled trials indicate
that antenatal corticosteroids reduce mortality as well as the
overall incidence and severity of IVH. Furthermore, even an
incomplete course of antenatal corticosteroid treatment is ben-
eficial in that regard.40 Clearly, there is convincing evidence to
suggest that prompt treatment with antenatal corticosteroids
may be indicated for most women who are at imminent risk
of preterm delivery.

Other medications
Although earlier studies suggested that antenatal phenobarbi-
tal and vitamin K may be associated with a reduction in
GMH–IVH, recent comprehensive reviews of the combined
data from all clinical trials for the Cochrane Database failed
to demonstrate a benefit from either medication. Further well-
designed clinical trials are required to determine the usefulness
of these medications.41,42

Intrapartum management

Because approximately 50% of cases of GMH–IVH occur
within the first 24h of life, careful consideration must be given
to the role of intrapartum factors in the pathogenesis of
GMH–IVH. Mechanical forces on the compliant skull of the
premature infant during uterine contractions and vaginal
delivery may result in considerable perturbations of fetal cere-
bral hemodynamics. Despite earlier conflicting data about the
role of labor and mode of delivery as a risk factor for IVH,
the data suggest that prolonged labor and vaginal delivery may
increase the risk of IVH in very low birthweight infants.43,44

Clearly, further investigations are needed to clarify the role of
specific obstetric factors.

Postnatal interventions

Adequate ventilation of the newborn
Immediate provision of adequate ventilation to prevent
ongoing hypoxemia and hypercarbia is of major importance
in the management of the premature newborn. Major
advances in the management of respiratory distress syndrome
have occurred in recent years. Contrary to initial expectations,
the reported prevalence of IVH in surfactant-treated infants is
higher than in control subjects, related perhaps to fluctuations
in cerebral hemodynamics associated with the rapid changes
in the lung mechanics of surfactant-treated infants.45 The risk
of IVH or PVL associated with newer methods of ventilation
(e.g., high-frequency oscillatory ventilation and nitric oxide
therapy) have not been clarified to date.12

Prevention and correction of hemodynamic disturbances
Rapid fluctuations in systemic hemodynamics may result in
significant perturbations of cerebral perfusion, especially in
the context of impaired cerebrovascular autoregulation in the
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Table 67.3 Prevention and management of cerebral injury.

Antepartum intervention
Prevention of premature delivery
Intrauterine transport
Pharmacological interventions: corticosteroids, others (?)

Intrapartum interventions
Avoidance of prolonged labor (?)
Delivery by Cesarean section (?)

Postnatal interventions
Adequate ventilation
Prevention and correction of hemodynamic disturbances
Correction of coagulation abnormalities
Pharmacological interventions (?): indomethacin
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immature brain. Avoidance of prolonged labor and vaginal
(especially breech) delivery may be significant in this
regard.43,44 Systemic hemodynamic disturbances have been
documented during management in the intensive care setting,
e.g., routine monitoring, handling, tracheal suctioning. The
use of muscle paralysis with pancuronium appears to be par-
ticularly effective in preventing pneumothorax, as well as
abrupt fluctuations in cerebral blood flow associated with 
tracheal suctioning and other routine handling procedures.
Thus, comprehensive analysis of data for the Cochrane Data-
base demonstrated significant reduction in GMH–IVH after
neuromuscular paralysis.46 However, because long-term 
pulmonary and neurological effects are uncertain, routine
pancuronium is not recommended for ventilated newborns.

Correction of coagulation abnormalities
Although abnormal coagulation is a risk factor for the devel-
opment of GMH–IVH, review of combined data from ran-
domized trials has failed to support the routine use of fresh
frozen plasma, albumin, or blood substitutes, in that there was
no reduction in severe GMH–IVH, mortality, or cerebral
palsy.47

Pharmacological interventions
Prophylactic indomethacin, used to treat symptomatic ductus
arteriosus, is associated with a reduction in severe GMH–IVH
and no apparent long-term adverse effects.48

Neurological outcome in the 
premature newborn

The long-term neurological outcome of the premature
newborn is determined principally by the extent of parenchy-
mal hypoxic–ischemic injury and the occurrence of complica-
tions of GMH–IVH (e.g., PHH and PVI), rather than the
occurrence of GMH–IVH itself. The significance of metabolic
derangements (e.g., moderate hyperbilirubinemia, asympto-
matic hypoglycemia) is less well established. The major factors
that may assist in the prediction of neurological outcome are
listed in Table 67.4.

The neurological examination of the premature infant is
often limited by the presence of complex life support appara-

tus. Nevertheless, certain clinical features (e.g., occurrence of
seizures) correlate closely with poor neurological outcome.49

Clinically recognizable seizure activity occurs uncommonly in
the premature newborn because the immaturity of cortical
interconnections tends to impede the propagation of abnor-
mal electrical discharges. Electroencephalography may assist
in the more accurate documentation of seizures. Serial neuro-
logical examinations are also invaluable for accurate predic-
tion of outcome.50

In addition to clinical examination, detailed assessment of
the precise location and extent of cerebral injury by neu-
roimaging is of major predictive value. Thus, follow-up studies
of VLBW infants report severe neurological abnormalities 
in those with major cranial ultrasonographic abnorma-
lities. However, occasionally, if there is only minor parenchy-
mal involvement or if injury is localized to a relatively clini-
cally silent region of the brain, especially the frontal or
occipital regions, the eventual handicap may be surprisingly
mild.1

Several studies have a high incidence of major neurological
sequelae in infants with PHH, especially in those who require
a ventriculoperitoneal shunt. Although poor outcome is
related to concomitant parenchymal injury and in part to
shunt-related complications (e.g., infection, shunt obstruc-
tion), there is increasing evidence that progressive PHH itself
may be detrimental.51,52 The occurrence of major sequelae in
children born prematurely who had abnormal neuroimaging
is not surprising. More concerning is the mounting evidence
of neurodevelopmental abnormalities in children who had
normal neonatal cranial ultrasound scans.53
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Table 67.4 Useful factors for predicting neurological outcome.

Neurological examination (seizures, abnormalities that persist to
40 weeks’ postconceptional age)

Location and extent of periventricular ischemic/hemorrhagic lesions
documented by cranial ultrasonography or computed tomography

Posthemorrhagic hydrocephalus (associated with cerebral atrophy,
surgical drainage required)

? Other metabolic disturbances (e.g., hyperbilirubinemia,
hypoglycemia)

Key points

1 Premature delivery occurs in approximately 1.5% of
live births, and more than 85% of very low
birthweight infants (birthweight < 1500g) survive.

2 The topography of hemorrhagic and hypoxic–ischemic
brain injury in premature newborns relates to unique

anatomic and physiological features of the immature
brain.

3 Diagnosis of the various types of hemorrhagic and
hypoxic–ischemic premature brain injury in the
newborn period can be made on the basis of clinical
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features alone in only a minority of cases. Accurate
diagnosis usually requires confirmation by
neuroimaging, usually cranial ultrasonography. 
Routine screening by ultrasonography is recommended
in premature newborns of < 30 weeks’ gestation
between 7 and 14 days of age and should be repeated
at term.

4 Germinal matrix–intraventricular hemorrhage
(GMH–IVH) originates from hemorrhage from fragile
vessels in the subependymal germinal matrix, which
then ruptures through the wall of the lateral ventricles
to cause IVH.

5 The incidence of GMH–IVH in premature newborns
has declined to less than 20%, and long-term sequelae
are usually related more to its major complications
(posthemorrhagic hydrocephalus and periventricular
hemorrhagic infarction) and to parenchymal ischemic
injury than to GMH–IVH itself.

6 Progressive posthemorrhagic hydrocephalus (PHH), 
related to obstruction of cerebrospinal fluid by
obliterative arachnoiditis in the posterior fossa, 
usually develops gradually over weeks and may arrest
or resolve spontaneously in 35–65% of cases. Such
PHH with increased intracranial pressure must be
distinguished from ventriculomegaly related to 
cerebral atrophy. This distinction may be difficult, 
and both causes of ventricular enlargement may
coexist.

7 Periventricular hemorrhagic infarction (PVI) occurs as a
result of hemorrhagic venous infarction from
obstruction of the terminal vein by ipsilateral large
GMH. It may be visualized on cranial ultrasonography
as a unilateral, fan-shaped lesion with ipsilateral large
GMH.

8 Periventricular leukomalacia (PVL) is the major pattern
of hypoxic–ischemic brain injury in premature
newborns, which results in long-term sequelae of
spastic diplegia and often visual impairment.

9 Periventricular leukomalacia may be distinguished from
periventricular hemorrhage infarction on cranial
ultrasonography, in that it appears as bilateral,
increased echoes in periventricular white matter in the
first days of life, whereas PVI is mostly unilateral.

10 Approximately 70% of mild cases of PVL may remain
undetectable by cranial ultrasonography. MRI,

especially diffusion-weighted studies, may identify less
severe white matter injury.

11 The pathogenesis of PVL relates to hypoxic–ischemic
insult affecting watershed zones of arterial supply in
periventricular white matter in the immature brain.
Impaired cerebrovascular autoregulation, intrinsic
vulnerability of oligodendrocyte precursors to free
radical attack, and direct white mater injury from
inflammatory mediators, e.g., cytokines, endotoxins,
are considered to be major pathogenetic factors.

12 PVL may be followed by reduced volume of cortical
gray matter at term, as documented on MRI studies.
This may account for later cognitive dysfunction.

13 Central nervous system toxicity of unconjugated
hyperbilirubinemia remains poorly understood in
premature newborns, in that they often do not
demonstrate neonatal encephalopathy or classic
features of kernicterus.

14 Hearing loss may be the major manifestation of
bilirubin neurotoxicity in infants born prematurely.

15 The threshold and duration of significant hypoglycemia
that results in cerebral injury as well as its suspected
synergistic effect with hypoxia–ischemia remain
unresolved. Moderate hypoglycemia is associated with
a two- to threefold increase in cerebral blood flow.

16 Antenatal corticosteroids reduce mortality as well as
the overall incidence and severity of GMH–IVH,
perhaps by reducing the risk of hemodynamic
disturbances from respiratory distress syndrome and by
stabilization of vessels in the germinal matrix.

17 Prolonged labor and vaginal delivery appear to
increase the risk of GMH–IVH in very low birthweight
infants.

18 Neuromuscular paralysis with pancuronium in
premature newborns who require mechanical
ventilation is associated with significant reduction in
GMH–IVH.

19 Long-term neurological sequelae in infants born
prematurely correlate closely with the abnormal
neurological examination at term and the extent of
abnormalities on neuroimaging, especially MRI.

20 Approximately 5–15% of infants born prematurely
develop cerebral palsy, and an additional 25–50%
develop cognitive and behavioral difficulties.
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Neonatal adaptation to extrauterine life

At birth, the infant must adapt quickly to the more demand-
ing extrauterine environment, in which he or she must take
control of vital functions such as gas exchange and body tem-
perature regulation. In preparation for birth, many adapta-
tions are initiated in utero, particularly with the onset of labor.
Many of the problems that newborns exhibit over the 
first several days after birth arise from difficulties with this
transition.

Circulatory adaptation

The fetal circulation is characterized by a low systemic resist-
ance and a high pulmonary vasomotor tone. In utero, the pla-
centa serves as the organ for gas exchange. The distribution
of the cardiac output is markedly different between the fetus
and the adult. Approximately 30–40% of the fetal cardiac
output is conveyed through both umbilical arteries to the pla-
centa. This systemic blood has a Po2 of approximately
25–30mmHg and a Pco2 of 40–45mmHg. There is a small,
but progressive, decrease in umbilical arterial Po2 with
advancing gestational age. However, because this is paralleled
by an increase in fetal hemoglobin, the oxygen content of the
blood remains constant.1 After circulation through the pla-
centa, the umbilical venous Po2 rises to 35–55mmHg, whereas
the Pco2 drops to 35–40mmHg. This more oxygenated blood
returns to the right atrium via the umbilical vein and the infe-
rior vena cava. The stream from the inferior vena cava is
directed preferentially across the foramen ovale to the left
atrium, left ventricle, and ascending aorta, thereby perfusing
primarily the head and neck vessels as well as the coronary
arteries. A smaller fraction of the inferior vena cava return
mixes with the superior vena cava flow and passes into the
right ventricle and pulmonary artery. During fetal life, the pul-
monary vascular resistance is high and opposes pulmonary
blood flow. Less than 10% of the fetal cardiac output goes
through the lungs and, on returning through the pulmonary

veins, mixes with more oxygenated blood in the left atrium.
Most of the pulmonary artery blood flow crosses into the
descending aorta through the ductus arteriosus (DA). The high
pulmonary vascular resistance is secondary to the low fetal
Po2, underventilation of the fluid-filled fetal lungs, and the
predominance of prostaglandins promoting increased pul-
monary vasomotor tone.2

At birth, several events determine a rapid change in the cir-
culatory pattern, ultimately separating the pulmonary and 
systemic circuits. With the clamping of the cord, systemic vas-
cular resistance increases. The initiation of lung expansion
increases the alveolar oxygen concentration and the Po2 of the
blood perfusing the lungs. This increase in oxygenation as well
as local production of endogenous vasodilators, such as nitric
oxide (NO) and prostacyclin, result in an increase in pul-
monary blood flow. The increased venous return to the left
atrium via pulmonary veins and the increase in systemic vas-
cular resistance elevate left atrial pressure above that of the
right atrium. This causes a functional closure of the foramen
ovale. Anatomic closure of this structure usually happens in
the weeks following birth, but it may remain open for life. The
increased pressures on the systemic circuit, along with the
decrease in pulmonary artery pressure, reverse the ductal flow
to a predominantly left-to-right shunt. Ductal closure results
from constriction of its spiral musculature in response to a
higher Po2 and predominant stimulation of constrictor
prostaglandins. The decreasing radius of the DA compromises
the nourishment of its endothelium, which ultimately
necroses, obliterating its lumen. Permanent anatomic ductal
closure may occur up to several weeks after birth. When the
DA remains patent, the sustained left-to-right shunt can lead
to substantial pulmonary overflow and pulmonary edema. The
ability of the DA to respond to oxygen and prostaglandins
may be markedly reduced in very immature neonates; hence
the higher incidence of symptomatic DA at lower gestational
ages. Hypoxemia, the lack of lung expansion, and acidosis at
birth are both causes of a persistently elevated pulmonary vas-
cular resistance that can interfere with the transition of the
circulation from the fetal to the adult pattern.

68 Common problems of the newborn
Fernando R. Moya and Matthew Laughon
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Lung expansion and initiation of breathing

The human fetus initiates respiratory movements late in the
first trimester of gestation. Subsequently, these movements
become stronger and more organized and, near term, there is
a pattern of regular breathing at rates similar to those found
after birth. Just before the initiation of labor, fetal breathing
decreases from 75–85% to only about 15–30% of the time.
In preparation for birth, the fetal lungs undergo several
changes. The biochemical maturation of the lung in terms of
surfactant production is discussed elsewhere in this textbook.
In utero, the fetal lungs are filled with a fluid rich in chloride
(> 150mEq/L) and relatively free of protein (< 0.3mg/mL).
The volume of fluid that occupies the alveolar spaces and
airways is similar to the functional residual capacity (FRC)
during the neonatal period, namely 30–35mL/kg body
weight.3 Fetal lung fluid is produced at an hourly rate of
4–6mL/kg body weight. Before delivery, production of fetal
lung fluid decreases and active reabsorption begins. This is sec-
ondary to hormonal changes that occur with the onset of
labor, such as increases in circulating catecholamines and ele-
vations in arginine vasopressin.4 At birth, a small proportion
of the lung fluid that occupies the airways is squeezed out of
the trachea during passage through the birth canal. The major-
ity of the lung fluid is reabsorbed from the alveolar spaces 
into the pulmonary circulation, which increases with lung
expansion in a process involving several ion transporters 
such as Na-K ATPase and epithelial sodium channels (ENaC).5

Approximately 10–15% of this fluid is reabsorbed into the
pulmonary lymphatics. The clearance of lung fluid continues
for several hours after birth.

To expand the lungs at birth, the infant must generate a
large transpulmonary pressure and overcome the resistance of
the fluid-filled airways.3 Initial respiratory efforts can gener-
ate transpulmonary pressures of 80–90cmH2O. This may
explain why the spontaneous occurrence of pneumothorax in
healthy newborns is not uncommon. The FRC is rapidly estab-
lished with the first several breaths; however, this may con-
tinue to expand to a lesser degree several hours after birth.
Infants born by elective Cesarean section have smaller lung
volumes than those observed in vaginally delivered newborns.6

This difference may persist for up to 48h after birth. Infants
born by Cesarean section with preceding labor constitute an
intermediate group. Very immature neonates may have diffi-
culties establishing an adequate FRC with the first few breaths,
particularly if they lack adequate amounts of surfactant. 
The synthesis and metabolism of pulmonary surfactant are
discussed in Chapter 6.

Thermoregulation

In utero, the heat generated by the fetus is dissipated by the
placenta. Because of the higher metabolic rate of the fetus, its
temperature is at or slightly above the maternal core temper-
ature. When there is maternal fever or placental insufficiency,

the ability of the fetus to transfer heat to the mother can be
impaired, and the infant may be born with an elevated body
temperature.

Heat is exchanged by conduction, convection, evaporation,
and radiation. The relative importance of any of these forms
of heat exchange varies, depending on the clinical situation.
For instance, at birth, the infant is delivered from a fluid,
warm environment to cooler and dry surroundings. Hence,
evaporation is the main source of heat loss right after deliv-
ery.7 Unless the infant is dried soon after birth, preferably with
warm towels or blankets, rapid cooling will occur. If the term
infant is not in need of resuscitation or assistance in transition
(suctioning of meconium, poor respiratory effort), close
contact with the mother’s skin may serve to decrease the
surface area for evaporation and to gain heat through con-
duction from the mother. This beneficial effect in temperature
control is in addition to the immeasurable gains that result
from early mother–infant bonding.

The newborn infant is at a significant disadvantage in 
terms of temperature control because of a relatively large
surface area, poor thermal insulation from the environment,
decreased ability to generate heat through physical activity
(shivering thermogenesis), and, especially, no ability to adjust
his or her own protection (clothing) from the thermal stress
of the environment. Preterm and growth-retarded infants are
at an even higher risk of heat loss and hypothermia. Small
preterm infants have an incomplete development of the
stratum corneum of the skin and poor keratinization. The
smaller the infant, preterm or growth retarded, the fewer sub-
cutaneous fat stores it has, which act as insulation from the
environment.

For body temperature to remain constant, heat must be gen-
erated at the same rate at which it is lost. Neonates have dif-
ficulties not only with heat loss, but also with heat production.
Most heat production in the newborn is chemically derived
from the breakdown of high-energy triglycerides (nonshiver-
ing thermogenesis) stored preferentially in brown fat.7 This is
distributed in the subscapular areas, around the great vessels
of the neck and thorax, and around the adrenal glands. Brown
fat has numerous capillaries and sympathetic nerve endings.
In response to catecholamine stimulation, heat generated
through triglyceride breakdown is transferred into the 
circulation for distribution throughout the body. When the
availability of brown fat and substrates is decreased (preterm
or growth-retarded infant) or this mechanism is impaired
(hypoxia, drugs), heat production is markedly decreased and
hypothermia may ensue. The consequences of hypothermia
are hypoglycemia, metabolic acidosis, lethargy, and increased
oxygen requirements. Also, hypothermia has been associated
with a higher mortality at all gestational ages.

After delivery and drying, the newborn should be cared for
in a “neutral thermal environment.” This refers to that envi-
ronmental temperature at which the energy expenditure and
oxygen consumption for heat production and maintenance of
a normal body temperature is the lowest. The neutral thermal

TCO68  9/16/2006  11:44  Page 1233



CHAPTER 68

1234

environment varies inversely with gestational age and postna-
tal age.8

Asphyxia and neonatal resuscitation

During the transition period from fetal life to extrauterine
existence, asphyxia, now more commonly known as either
neonatal or perinatal depression, is one of many adverse
events that may affect the ability of the neonate to survive or
to develop to its fullest potential. Although there is disagree-
ment on the definition of asphyxia or neonatal/perinatal
depression,9,10 the term generally refers to “a condition of
impaired blood gas exchange leading, if it persists, to pro-
gressive hypoxemia and hypercapnia.”11 Most of the dis-
agreements in its diagnosis arise from attempting to define
asphyxia objectively based on Apgar score, fetal heart rate
alterations, umbilical cord blood gases, the presence of neu-
rologic abnormalities during the neonatal period, or a combi-
nations of these and other factors. With this approach,
asphyxia can be diagnosed reliably only in severely depressed
infants. Asphyxia occurs in 2–9 per 1000 births; however, a
recent epidemiologic report demonstrates a 90% decrease in
the diagnosis of asphyxia from 1991 to 2000.12

Mechanisms that result in acute fetal asphyxia usually inter-
fere with the ability of the placenta to exchange oxygen and
carbon dioxide. When poor perfusion of the uteroplacental
circulation (e.g., maternal hypotension) or separation of the
placenta from its insertion (e.g., in abruptio placentae) occurs,
the primary consequence is fetal hypoxemia; superimposed
ischemia may take place. When the umbilical circulation is
compromised (e.g., cord prolapse), the primary consequence
is fetal hypercarbia. The severity and rate of progression of
asphyxia are highly variable. Asphyxiated infants redistribute
cardiac output to the brain, myocardium, and adrenal glands
at the expense of blood flow to less vital areas such as the gut,
kidneys, muscle, and skin. In addition, the resulting hypox-
emia and acidosis may compromise myocardial function to a
point at which cardiac output drops. This compromises
further oxygen delivery to the tissues.

The best approach to the management of asphyxia is pre-
vention and anticipation. Although asphyxia occurs primarily
in high-risk pregnancies, a sizeable proportion of asphyxiated
neonates still present without warning. For this reason, per-

sonnel skilled in initiating resuscitation must be present at all
deliveries.13 At birth, an initial assessment of the infant is
made. If the infant appears depressed, then the initial steps of
resuscitation include: providing warmth; positioning the
infant to open the airway and clearing it as necessary; drying,
stimulating, and repositioning; plus giving oxygen as neces-
sary. If there is a history of meconium in the amniotic fluid,
management may include endotracheal intubation and 
suctioning, although this is now reserved primarily for 
nonvigorous infants14 (see section on Meconium aspiration
syndrome). Moreover, the efficacy of attempting perineal suc-
tioning in the presence of meconium-stained amniotic fluid has
been questioned.15 Subsequent actions are focused on estab-
lishing adequate respirations and circulation, and evaluating
the neonate.16

The Apgar score is a useful method to assess the neonate
during the early period of transition, as well as to evaluate the
response to interventions such as resuscitation (Table 68.1).
Respirations, heart rate, and color are more useful in assessing
neonatal status and need for intervention than the other com-
ponents of the Apgar score. Thus, appropriate interventions
should not be delayed until the 1-min Apgar score is obtained.
A repeat Apgar score must be obtained at 5min after birth in
all infants and every 5min thereafter up to 20min of age or
until the neonate achieves two consecutive scores above 7 if
he/she was depressed at birth. The Apgar score is influenced by
gestational age.17 After performing the initial resuscitative
steps, infants who are vigorous, are breathing spontaneously,
and have a heart rate above 100 need to be observed closely.
Blow-by oxygen must be supplied to those who remain cyan-
otic despite adequate respirations and heart rate. If the infant
is apneic, has inadequate respirations, or has a heart rate below
100, current guidelines recommend initiating positive pressure
ventilation with 100% oxygen.13,16 However, there is increas-
ing evidence that resuscitation with room air is as effective as
100% oxygen and may result in less mortality in near-term or
term infants.18,19 Thus, if resuscitation is initiated with less than
100% oxygen, supplemental oxygen up to 100% should be
administered if there is no appreciable improvement within
90 s following birth.16 A good response is primarily indicated
by rapid increases in heart rate, although improvements in
color and initiation of spontaneous respiratory efforts are also
indicators of a positive response. Persistent or prolonged apnea
may be a sign of asphyxia or depression by narcotics. Nalox-

Table 68.1 The Apgar score.

Sign 0 1 2

Heart rate Absent < 100 b.p.m. > 100 b.p.m.
Respirations Absent Weak cry; hypoventilation Good, strong cry
Muscle tone Flaccid Some flexion Active motion
Reflex irritability No response Grimace Cough or sneeze
Color Blue or pale Body pink; extremities blue Completely pink
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one (Narcan) can be given in neonates with poor or absent res-
piratory efforts exposed to maternally administered narcotics
within 4h of delivery.

When the heart rate is less than 60 beats per minute (b.p.m.)
and there is no rapid response to positive pressure ventilation,
chest compressions must be initiated to maintain an acceptable
cardiac output. After 30s without improvement, epinephrine
should be administered. At this time, endotracheal intubation
must be performed if it has not been done previously. The main
indications for endotracheal intubation are persistent apnea,
need for positive pressure ventilation for several minutes, and
lack of response to resuscitative maneuvers.16

The medications needed for delivery room resuscitation are
listed in Table 68.2. Administration of epinephrine, preferably
intravenously, usually results in a rapid increase in heart rate
and cardiac output. The dose may be repeated after 5 min if
there is no response. Reasons for poor response to epineph-
rine are significant acidosis and hypovolemia. If acidosis is
suspected, an effort should be made to obtain arterial blood
gases. Current guidelines acknowledge that correction of
metabolic acidosis with sodium bicarbonate is controversial.16

Hypovolemia should be suspected when there is a poor
response to resuscitation and evidence of poor perfusion, espe-
cially if there is a history of abruption, tight nuchal cord, or
bleeding. Ideally, group O Rh-negative whole blood should be
used when bleeding and acute anemia are suspected. However,
crystalline solutions such as normal saline and lactated
Ringer’s are more readily available and are usually effective.

Infants who suffer any degree of perinatal depression must
be observed closely during the first 24–48h after birth. Vital
signs, neurologic findings, and functioning of other systems
must be assessed periodically. Multiorgan dysfunction involv-
ing the kidneys, liver, and heart is common among neonates
with severe perinatal depression.20,21 Finally, it is very difficult
to correlate asphyxia, using any definition, with long-term
neurodevelopmental outcome.22–24 Recent clinical trials have

suggested that institution of hypothermia may be of some
benefit in reducing the likelihood of a poor outcome among
term and near-term neonates born with significant depression
and signs of hypoxic–ischemic encephalopathy.25,26

Respiratory problems

Signs of respiratory distress, such as tachypnea, retractions,
nasal flaring, end-expiratory grunting, and cyanosis, may be
the result of many diseases, some of which involve systems
other than the respiratory system (Table 68.3). An adequate
history and thorough physical examination may be sufficient
to suspect or diagnose the etiology of the respiratory distress.
Nevertheless, part of the workup of any neonate with signs of
respiratory distress generally includes obtaining a chest radi-
ograph and determining arterial blood gases, even if there is
no need for supplemental oxygen.

Respiratory distress syndrome

Respiratory distress syndrome (RDS) due to surfactant defi-
ciency and lung immaturity is one of the most common causes
of respiratory difficulty in the neonatal period. Acute and
chronic complications resulting from RDS or its treatment
remain as frequent causes of morbidity and mortality in
neonatal intensive care units.27 The most important risk factor
for the development of RDS is preterm birth. The incidence
of RDS varies inversely with gestational age and can be as high
as 60–70% among infants less than 28–29 weeks of gestation.
Conversely, RDS is seldom seen beyond 38 weeks of gestation.
Additional risk factors are male sex, Cesarean section deliv-
ery, perinatal asphyxia, second twin pregnancy, and maternal
diabetes. Preterm delivery is associated with variable degrees
of immaturity of surfactant metabolism. Infants who develop
RDS have lower amounts of surfactant phospholipids and

Table 68.2 Medications for delivery room resuscitation.

Drug Indication Dose Route

Epinephrine Asystole or heart rate of < 60 despite positive 0.01–0.03mg/kg or 0.1–0.3mL/kg i.v.
pressure ventilation with 100% oxygen of 1 :10 000 solution up to
and chest compressions 0.1mg/kg or 0.3–1mL/kg i.t.

of 1 :10 000 solution 
Sodium bicarbonate Metabolic acidosis 2mEq/kg i.v.

The use of 4.2% solution is
recommended

Naloxone (Narcan) Respiratory depression and maternal 0.1mg/kg
exposure to narcotics in previous 4h The use of 0.4mg/mL or1.0mg/mL i.v., i.t., s.c., i.m.

solutions is recommended
Volume expander: normal Evidence of hypovolemia 10mL/kg i.v.

saline, whole blood

i.m., intramuscular; i.t., intracheal; i.v., intravenous; s.c., subcutaneous.
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proteins in the airway than control subjects.28,29 This defi-
ciency may be the result of abnormalities of surfactant 
synthesis, secretion, reutilization, or combinations of these
factors. Among very immature neonates, there is also sub-
stantial structural lung immaturity. The relative importance of
this aspect has become more apparent with surfactant replace-
ment therapy. Alterations in lung mechanics that persist after
surfactant administration are primarily a reflection of the
anatomic immaturity of the preterm lung. Both surfactant defi-
ciency and structural lung immaturity lead to decreased pul-
monary compliance and atelectasis. Hypoxemia develops as a
consequence of the resulting right-to-left intrapulmonary
shunting. Hypercarbia may also occur due to hypoventilation
of the lungs. Lack of ductal closure is a common finding
among small infants with RDS. This may provide the route
for left-to-right shunting and, potentially, pulmonary edema.
Leakage of pulmonary capillaries due to hyperemia, hypoxic
injury to the alveolar and capillary walls, and volutrauma
(overstretching of lung tissue) gives access to plasma proteins
into the alveolar sacs. Several of these proteins can inhibit 
surfactant function.30,31 Thus, capillary leakage may play an
important role in the pathogenesis of RDS by inactivation of
secreted surfactant.

The clinical signs of RDS are tachypnea, nasal flaring, grunt-
ing, retractions, and cyanosis in room air. Decreased air entry
is found on auscultation. Because these signs are common to
other diseases such as pneumonia and heart disease, the diag-
nosis of RDS is based not only on clinical assessment, but also
on the presence of radiographic findings, such as a diffuse

reticulogranular pattern, poor lung expansion, and air bron-
chograms. Because this radiographic pattern is also observed
with group B streptococcal pneumonia, exclusion of the pos-
sibility of infection is necessary.32 Typically, in neonates 
not treated with exogenous surfactant, the severity of RDS
increases up to 48–72h, followed by a gradual improvement.
This phase is often preceded by or occurs in association with
a marked diuresis. The clinical course of RDS is substantially
modified by the administration of exogenous surfactant;
however, the timing of diuresis is not influenced by this
therapy.33,34

The management of infants with RDS involves general
measures such as maintenance of vital signs and thermoregu-
lation, fluid and electrolyte management, nutritional support,
and correction of hematologic or acid–base abnormalities.
Specific measures consist of oxygen therapy and the use of 
positive airway pressure, either continuously (CPAP) or by
assisted ventilation.35 The goals of this therapy are to main-
tain acceptable arterial blood gases with as little support as
possible, in order to minimize the likelihood of volutrauma
and oxygen toxicity. Because neonates have mostly fetal hemo-
globin, an arterial Po2 between 50 and 70mmHg is sufficient
to saturate 90–95% of the hemoglobin. Higher values are not
needed and can be deleterious. In fact, it is also possible that
arterial Po2 values slightly below 50mmHg (saturation read-
ings generally between 85% and 90%) may be as safe in the
early neonatal period. Infants receiving oxygen or any form
of ventilator assistance must be monitored closely with pulse
oximetry and intermittent blood gas analysis. Also, Pco2

values of less than 40–45mmHg should be avoided because
they have been associated with a higher risk of developing
bronchopulmonary dysplasia.36 The role of high-frequency
ventilation in the management of infants with RDS remains
controversial and is generally reserved for specific instances
such as the presence of severe air leaks and pulmonary inter-
stitial emphysema.37

Administration of exogenous surfactant has become the
standard of therapy for infants with RDS who are intu-
bated.33,38,39 Several types of exogenous surfactant are avail-
able for use in neonates. Currently available surfactant
preparations consist of either synthetic mixtures of phospho-
lipids or extracts of animal lung surfactant; the latter are cur-
rently the most used type (Table 68.4). Animal-derived lung
surfactants contain specific surfactant proteins, which are
important for the function of surfactant. Their animal origin
is of some concern; however, to date, no major significant
immune reaction to these proteins has been demonstrated.40,41

Clinical trials of newer generation surfactants that contain
synthetic peptides that mimic the action of surfactant proteins
have shown substantial efficacy and may become widely used
in the future.42,43 Administration of surfactant can be 
performed at birth (prophylactic) or after RDS has already
been diagnosed (rescue/treatment). With the prophylactic
approach, many infants are intubated and may be given sur-
factant unnecessarily. However, this approach has been shown

Table 68.3 Common causes of respiratory distress in the newborn.

I. Respiratory disorders:
A. Pulmonary diseases

Respiratory distress syndrome
Meconium aspiration syndrome
Transient tachypnea
Pneumonia
Pneumothorax and other air leaks
Developmental anomalies (congenital lobar emphysema, 

chylothorax, pulmonary hypoplasia)
B. Airway obstruction

Choanal atresia
Pierre Robin syndrome

C. Rib cage abnormalities
Asphyxiating thoracic dystrophy

D. Diaphragmatic disorders
Diaphragmatic hernia
Phrenic nerve injury

II. Extrarespiratory disorders:
A. Congenital heart disease
B. Acid–base abnormalities (inherited disorders of metabolism,

other causes of metabolic acidosis)
C. Central nervous system disorders (cerebral edema,

hemorrhage, infection)
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to result in improved survival in very immature infants in sys-
tematic reviews of the subject.44 Soon after intratracheal
administration of a dose of surfactant, rapid improvements in
oxygenation and lung compliance are observed, especially
with preparations containing surfactant proteins or a synthetic
mimic of them. Accordingly, ventilatory support can be
decreased rapidly. Nonetheless, these effects can be transient,
and repeat doses of surfactant may be necessary. Administra-
tion of surfactant, whether as prophylaxis or as rescue
therapy, results in substantial decreases in neonatal mortality
and a markedly lower incidence of air leaks such as pneu-
mothorax, pneumomediastinum, and pulmonary interstitial
emphysema. The occurrence of complications such as intra-
ventricular hemorrhage and bronchopulmonary dysplasia
(BPD), however, has not decreased consistently with surfac-
tant replacement therapy.38,39

Despite widespread availability of surfactant replacement,
RDS and other complications of prematurity continue to be
responsible for a substantial proportion of deaths and mor-
bidity among preterm infants. Thus, all efforts directed toward
prevention of preterm delivery need to be continued and
strengthened. In addition, attempts to accelerate fetal matu-
ration with antenatal corticosteroids must be undertaken
whenever feasible.45 Despite multiple animal studies and
promising preliminary clinical data, the addition of thy-
rotropin-releasing hormone to prenatal corticosteroid therapy
has not been shown to be more effective than corticosteroids
alone to prevent RDS in the era of widespread surfactant use.46

Currently available data strongly suggest that prenatal admin-
istration of corticosteroids followed by postnatal surfactant
replacement for those infants who develop RDS is the best
possible approach to the prevention and treatment of RDS and
its complications.47

Bronchopulmonary dysplasia

Most neonates with RDS recover completely from their lung
disease within the first week after birth. Some, however,
develop a form of chronic respiratory disease called BPD. The
diagnosis of BPD is based on the presence of tachypnea, retrac-
tions, and supplemental oxygen requirement at 28 days after
birth. However, a more stringent diagnostic criterion for BPD
of need for oxygen therapy at 36 weeks adjusted gestational

age has been recommended because it has been shown to be
a more specific predictor of long-term pulmonary morbidity
in very low-birthweight infants.48,49 Associated chest radi-
ographic findings in infants with BPD include interstitial fibro-
sis, cystic changes, hyperinflation, and segmental atelectasis.
The term chronic lung disease of prematurity (CLD) defined
on the basis of clinical criteria (oxygen requirement) only, at
either 28 days of age or 36 weeks adjusted gestational age,
has also been used to describe infants with prolonged needs
for supplemental oxygen due to lung disease. As neonatal
intensive care has become more sophisticated over the past
three decades, the survival of very low-birthweight infants has
increased dramatically, and BPD is now seen in very small
infants who did not have RDS or pneumonia in the first week
after birth.50 This “new BPD” seems to be more the conse-
quence of chronic inflammation, deleterious effects of
cytokines and other mediators, and an arrest of the process of
normal lung development.51 The incidence of BPD or CLD
varies according to the definition used and the population
studied, but is clearly inversely proportional to gestational age.
In a retrospective study of 1625 infants with birthweights
between 700 and 1500 g treated in eight major medical centers
in the United States, the incidence of CLD, defined as an
oxygen requirement at 28 days of age, ranged from 6% to
33% in the different medical centers.52 Within the entire study
population, lower birthweight, white race, and male sex were
identified as risk factors for the development of CLD.

The pathogenesis of BPD is multifactorial.50–52 Oxygen tox-
icity and volutrauma have frequently been implicated in the
pathogenesis of BPD, but it is very difficult to isolate these
factors from the pulmonary immaturity and acute lung injury
for which these treatment modalities are used. Pulmonary air
leaks, pulmonary edema, patent DA, acquired pneumonia,
and poor nutrition are also risk factors for the development
of BPD. More recently, it has been reported that various
cytokines may play a major role in the pathogenesis of BPD.
Moreover, the detrimental effect of these mediators may, in
fact, start in utero.53,54 Pulmonary hypertension and cor pul-
monale can be observed in more advanced forms of BPD.
Infants with BPD also have an increased susceptibility to
severe bacterial and viral infections.

Management of infants with BPD is directed at treating symp-
toms, optimizing lung growth and healing, supporting general

Table 68.4 Composition of exogenous surfactants.

Surfactant Source Contents Initial dose (mL/kg)

Exosurf Synthetic DPPC, hexadecanol, tyloxapol 5
Survanta Minced cow lung with synthetic lipids added Phospholipids, SP-B, SP-C 4
Infasurf Calf lung lavage Phospholipids, SP-B, SP-C 3
Curosurf Pig lung Phospholipids, SP-B, SP-C 2.5
Surfaxin Synthetic, new generation DPPC, PG, synthetic SP-B-like peptide 5.8

DPPC, dipalmitoyl-phosphatidylcholine; SP, surfactant proteins; PG, phosphatidylglycerol.
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growth and development, and preventing complications.55,56

Treatment strategies include chronic administration of oxygen
to attempt to prevent cor pulmonale, aggressive nutritional
support, fluid restriction, use of chronic diuretics, bronchodila-
tors, and environmental measures to minimize the risk of respi-
ratory infection. However, the use of many of these
interventions is not supported by well-controlled clinical
trials.57,58 Nonetheless, they are widely used in neonatal inten-
sive care units. Treatment with postnatal corticosteroids has
been shown to be of short-term benefit primarily for ventilator-
dependent infants with BPD. However, there is increasing evi-
dence of serious adverse neurodevelopmental risks associated
with prolonged postnatal corticosteroid therapy.59,60 Thus, their
use should be extremely limited and should include thorough
parental disclosure of the potential side-effects of their use.

The mortality for infants with BPD has decreased over the
past decades, but morbidity remains high. Most deaths in
infants with BPD are a consequence of cor pulmonale or res-
piratory infections. In survivors, pulmonary function improves
over the first several years of age, although some evidence of
increased airway reactivity persists into early adulthood. The
association between BPD and long-term neurodevelopmental
abnormalities remains a major concern.49 With carefully mon-
itored long-term oxygen therapy to reduce the risk of cor pul-
monale and aggressive management of nutrition and
respiratory infections, the prognosis for infants with BPD may
continue to improve.

Meconium aspiration syndrome

Meconium is composed of desquamated cells from the skin
and gastrointestinal tract, lanugo, amniotic fluid, and various
intestinal secretions, including bile. Whereas meconium is
present in the intestine of immature fetuses, it is rarely found
in amniotic fluid before 34 weeks of gestation. Beyond this
period, meconium can be detected in 10–18% of all deliver-
ies.15,61 In utero passage of meconium can be a sign of matu-
ration, or it may be triggered by fetal hypoxemia and acidosis.
However, there is a poor correlation between meconium stain-
ing of the amniotic fluid and umbilical cord acid–base status.61

Of all infants delivered through meconium-stained amniotic
fluid, between 1% and 9% may develop meconium aspiration
syndrome (MAS).14,15 Many of these cases have delivered
through thick meconium.62,63

The presence of meconium in the airway may interfere with
the initiation of breathing and may be a cause of difficult
resuscitation. In MAS, overall airway resistance is increased,
although the airway obstruction is not homogeneous through-
out the lungs. Segments of the lungs exhibit alveolar overdis-
tention and air trapping, whereas in others, alveolar collapse
predominates. Air leaks (pneumothorax, pneumomedi-
astinum) may frequently be seen among infants with MAS,
particularly those who require mechanical ventilation.14,15

These alterations lead to variable degrees of ventilation–
perfusion abnormalities and intrapulmonary shunting with

resulting hypoxemia.64,65 Infants with severe MAS also develop
respiratory acidosis. Hypoxemia and acidosis can increase pul-
monary vascular resistance and cause right-to-left shunting
through the DA, foramen ovale, or both, a condition known
as persistent pulmonary hypertension of the newborn (PPHN).
This condition may worsen the oxygenation status of the
infant. The presence of meconium in the amniotic fluid is a
known risk factor for the development of PPHN.65 Some
infants who have fatal MAS and PPHN have been shown to
have excessive development of the muscle layer around the
small intra-acinar arterioles of the lung, which predisposes
them to PPHN. It has been suggested that these changes result
from a chronic and often subclinical hypoxemia in utero or
subclinical infection.66,67 Additional factors that play a role in
the pathogenesis of MAS are the chemical pneumonitis
induced by the free fatty acids in meconium.68

Infants with MAS manifest tachypnea and variable degrees
of nasal flaring, retractions, and cyanosis in room air; grunt-
ing is less common. The chest appears to be hyperexpanded,
and aeration may be decreased on auscultation. Meconium
staining of the skin is not uniformly present. Usually, these
infants are appropriately grown. However, they may have a
low ponderal index, because of recent intrauterine weight loss,
or other signs may be present. Radiographic examination
reveals hyperexpansion of the lungs, asymmetric areas of
atelectasis, and areas that may be completely spared. Pneu-
mothorax and pneumomediastinum are frequent findings.

The management of infants with MAS must begin before
delivery. Careful surveillance of fetal well-being is important,
particularly if meconium is found in the amniotic fluid. Deliv-
ery with intact fetal membranes can obscure the detection of
meconium. Detection of meconium in the amniotic fluid man-
dates the need for the presence of a team skilled in neonatal
intubation and resuscitation at delivery.16 Use of a DeLee
catheter to suction the nose and pharynx as soon as the head
is delivered and while it is still on the perineum has not been
shown to reduce the risk of MAS.15 Not all infants with meco-
nium-stained amniotic fluid need to be intubated after birth
for the purpose of suctioning. The best approach for term
infants who have already initiated vigorous respiratory efforts
is probably just observation, regardless of the characteristics
of the meconium.14 Efforts to intubate these neonates may be
more harmful than helpful. Direct visualization of the larynx
and tracheal suctioning is now reserved primarily for infants
in need of resuscitation. Thorough endotracheal suctioning
will not prevent all cases of MAS.69 Furthermore, the use of
amnioinfusion also does not prevent MAS.70 Subsequent man-
agement depends on whether the infant develops clinical signs
of MAS. Adequate oxygenation, correction of metabolic aci-
dosis, and support of the circulation are critical to minimize
the stimuli for pulmonary vasoconstriction. The routine use
of antibiotics in infants with MAS remains controversial.71

Controlled clinical trials have shown improvements in oxy-
genation and a lower need for extracorporeal membrane oxy-
genation (ECMO) with bolus administration of exogenous

TCO68  9/16/2006  11:44  Page 1238



COMMON PROBLEMS OF THE NEWBORN

1239

surfactant to infants with severe MAS, although this practice
remains controversial.72,73 A new approach using lavage with
surfactant may also prove to be of use in established MAS.74

The mortality of infants with MAS used to be as high as
40%, but it has declined dramatically with improvements in
care and the availability of ECMO. Most MAS deaths result
from PPHN or the consequences of asphyxia. Up to one-third
of survivors of MAS may exhibit pulmonary function abnor-
malities later in childhood, such as airway obstruction and
exercise-induced bronchospasm.75,76 Meconium contamina-
tion of the middle ear at birth may also increase the risk of
otitis media in these infants.77 The long-term neurologic
outcome of infants with MAS can be quite variable and is influ-
enced by the presence or absence of signs of perinatal asphyxia.

Persistent pulmonary hypertension of the newborn

Although right-to-left shunting through the foramen ovale and
DA is necessary for fetal survival, persistence of this pattern
of circulation results in marked hypoxemia in extrauterine life.
Hypercarbia, however, is not a consequence of PPHN. Under
normal circumstances, the high fetal pulmonary vascular
resistance progressively decreases after birth. Endogenous
production of nitrous oxide (NO) seems to play a pivotal role
in this process.78 With hypoxemia and acidosis, pulmonary
vascular resistance will remain high, or it may increase if it
had already decreased. Experiments in animal models of
PPHN suggest that a lower expression of the enzyme respon-
sible for endogenous NO production, NO synthase, may
account for the predisposition to develop PPHN in diseases
such as congenital diaphragmatic hernia.79 Pulmonary vaso-
constriction can also be induced by mediators such as throm-
boxane A2 and leukotrienes.80 These mediators may play a role
in PPHN associated with group B streptococcal infections.

Using an anatomic approach, infants with PPHN can be
divided into a group with normal pulmonary vasculature who
develop PPHN because of a transient maladaption (acute
asphyxia, pneumonia), another group in which there is under-
development of the pulmonary vasculature (pulmonary
hypoplasia), and a last group of infants in whom the number
of pulmonary vessels is normal, but in whom development of
the muscle layer around the intra-acinar arteries is excessive.81

In the last two groups, the pulmonary vascular abnormalities
probably develop days or weeks before birth. Clinically,
PPHN has also been classified as primary (i.e., without asso-
ciated disorders) or secondary to respiratory or other diseases
(Table 68.5). A recent study has associated maternal exposure
to selective serotonin reuptake inhibitors with a higher likeli-
hood of PPHN.82 The diagnosis of PPHN should be suspected
when there is a high alveolar to arterial difference of oxygen,
even if there is no hypoxemia (Po2 < 50mmHg). The presence
of right-to-left ductal shunting is established clinically by com-
paring preductal and postductal arterial blood gases or by
showing a lower hemoglobin (Hb) saturation in areas perfused
by postductal blood with simultaneous preductal readings.

The absence of ductal shunting does not rule out PPHN as
this could be occurring at the level of the foramen ovale. The
diagnosis must be done by echocardiography, which also
serves to discount the possibility of congenital heart disease
and assess myocardial contractility.

The treatment of infants with PPHN is controversial.83 In
general, therapy is focused on supporting the systemic circula-
tion by fluid administration and the use of pressor agents, and
a series of measures to overcome hypoxemia and acidosis in
order to decrease the elevated pulmonary vascular resistance.
These have included hyperventilation, alkalization with
sodium bicarbonate, and administration of a variety of other
medications seeking to dilate the pulmonary vasculature (tola-
zoline, chlorpromazine, nitroprusside, prostaglandins, nifedip-
ine, amrinone) and provide sedation and muscle paralysis
(fentanyl, pancuronium). However, there few if any controlled
trials to support the use of most of these therapies.83 A more
conservative approach to avoiding the volutrauma resulting
from attempts to hyperventilate has been suggested.84 With a
conservative approach, survival rates of 80–90% have been
reported in PPHN.85 High-frequency ventilation and ECMO
are additional therapies used to treat infants with PPHN.86,87

Several controlled clinical trials have shown that the use of
inhaled NO therapy improves oxygenation and can reduce the
need for ECMO among term infants with PPHN.88,89

Neurologic abnormalities and hearing loss have been
reported in up to 50% of survivors of PPHN.90,91 However,
severe neurodevelopmental impairment is uncommon. It is not
well known whether these abnormalities result from hypoxia,
associated conditions (hypoglycemia, asphyxia), therapeutic
interventions, or combinations of these factors.92

Transient tachypnea of the newborn

The pathogenesis of transient tachypnea of the newborn (TTN)
is related primarily to lung fluid reabsorption. This respiratory
disease is seen mostly in term or near-term infants but may also
affect premature infants.93 With the onset of labor, lung fluid
production decreases, and its absorption increases under the
influence of catecholamines, vasopressin, and corticosteroids.

Table 68.5 Diseases commonly associated with persistent
pulmonary hypertension of the newborn.

Perinatal asphyxia
Meconium aspiration syndrome
Pneumonia
Respiratory distress syndrome
Polycythemia
Diaphragmatic hernia
Pulmonary hypoplasia
Maternal salicylate use during pregnancy
Maternal selective serotonin reuptake inhibitor use during

pregnancy
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Labor markedly influences pulmonary epithelial ion transport
so that term infants born by Cesarean section without labor
exhibit a delay in the transition from chloride secretion to
sodium absorption. Infants with TTN demonstrate a similar
abnormality.94 Thus, delivery by Cesarean section without
labor constitutes a risk factor for TTN.95 Some infants who
develop TTN have also been shown to have borderline lung
maturity on prenatal amniotic fluid analysis.96 Additional risk
factors are maternal diabetes, prolonged labor, male sex,
macrosomia, and asphyxia.97 This last complication not only
interferes with lung fluid reabsorption, but may also lead to a
variable degree of left or combined ventricular failure.98,99

The manifestations of TTN are tachypnea, retractions,
grunting, and hyperexpansion of the thorax. These signs are
usually manifest by 6–8h after birth. Onset of respiratory
symptoms beyond 24–48h after birth is usually not due to
TTN; hence, other explanations should be sought. The radio-
logic features of TTN are mild hyperinflation, increased inter-
stitial and vascular markings (primarily around the hilar areas),
fluid in the horizontal fissure, and, at times, mild cardiomegaly.
Small pleural effusions, mostly on the right side, can be present.
A pleural effusion, revealed by radiographic examination
where none existed earlier, is more suggestive of infection than
of TTN. The presence of radiographic abnormalities indicative
of delayed clearance of lung fluid is not necessarily associated
with clinical manifestations, especially on radiography per-
formed soon after delivery. There can be variable degrees of
hypoxemia and respiratory acidosis. Treatment consists prima-
rily of supportive therapy and administration of supplemental
oxygen. Oxygen requirements are variable and can be very
high. In addition, some infants may require the use of CPAP or
mechanical ventilation for significant respiratory distress or
blood gas derangements. The association of TTN with PPHN
has also been reported.99 The signs of TTN usually last less than
72 h, and pulmonary sequelae are rare.

Hematologic problems

Fetal erythropoiesis occurs primarily in the liver and bone
marrow and, to a lesser extent, in the spleen. Extramedullary

erythropoiesis may persist for up to 1–2 weeks after delivery.
During the second trimester and early third trimester, over
90% of the hemoglobin of the fetus is HbF, which binds
oxygen more avidly than HbA. The p50 and p90 (i.e., the
partial pressure of oxygen at which 50% and 90%, respec-
tively, of the Hb is saturated) are considerably lower in HbF
than in HbA. The synthesis of HbA increases as the fetus
approaches term, resulting in an increase in total body hemo-
globin mass and a decrease in the proportion of HbF to
50–85% of the total.100 After birth, there is a gradual decline
in circulating HbF levels to about 10–15% at 3–4 months of
age, and less than 2% by 2 years of age. In certain disorders
of HbA synthesis (sickle cell anemia, thalassemia major), the
rate of decline of HbF is much slower. The fetal red blood cell
has a survival of only 80–90 days.

The normal hematologic values for term infants are seen in
Table 68.6. Abnormalities in the white blood cell (WBC)
count, such as leukopenia (< 5000/mL), marked leukocytosis
(> 30000/mm3), and an increase in the immature–mature neu-
trophil ratio (> 0.2–0.3) are suggestive of neonatal infec-
tion.101,102 The platelet count is similar in both preterm and
term infants. Although an occasional healthy newborn will
have less than 150000 platelets/mL, counts below this level
should be considered suspicious; a number below 100000/mL
is definitely abnormal.

Under normal circumstances, the level of Hb in cord blood
is influenced by gestational age and placental transfusion. The
increase in Hb with advancing gestation is associated with a
mild but significant decrease in umbilical venous Po2, ensur-
ing constant oxygen content of the fetal umbilical venous
blood throughout gestation. The pool of blood shared by the
fetus and the placenta may be preferentially transfused to
either of them at the time of delivery. If there is delayed cord
clamping, the infant is held lower than the placenta, or if there
is a hypoxia-induced increase in placental vascular resistance,
the blood volume of the infant may be increased by up to
60%.103,104 Conversely, positioning the infant above the pla-
centa or rapid cord clamping may partially deprive the
neonate of the placental transfusion. This mechanism may
explain the lower cord blood Hb levels observed in neonates
born by Cesarean section.

Table 68.6 Normal hematologic values for term newborns.*

Age Hb (g/dL) Hct (%) Reticulocytes (%) WBC (× 103/mL) Platelets (× 103/mL)

Cord 16.5 ± 3.0 51 ± 9 3–10 18 ± 9 300 ± 150
1–3 days 18.5 ± 4.0 56 ± 9 3–7 15 ± 9† 300 ± 150
1 week 17.5 ± 4.0 54 ± 12 < 2–3 12 ± 5 300 ± 150
1 month 14.0 ± 4.0 43 ± 12 – – 300 ± 150

Hb, hemoglobin, Hct, hematocrit; WBC, white blood cell.

*All values are approximate mean ± 2 standard deviations; from Oski FA, Naiman JL, eds. Hematologic problems in the newborn, 3rd edn.
Philadelphia: W.B. Saunders, 1982; and Avery GB, ed. Neonatology, 3rd edn. Philadelphia, PA: J.B. Lippincott, 1987.

†Values increase 12–24h after birth.
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Anemia

Anemia, defined as a Hb < 13g/dL in term infants, can be the
result of hemorrhage, hemolysis, or decreased red cell pro-
duction (Table 68.7). It is uncommon to see anemia second-
ary to combinations of these factors. Clinical and laboratory
findings that are helpful in establishing the differential diag-
nosis of anemia in the newborn are listed in Table 68.8.

Anemia secondary to hemorrhage
Anemia secondary to hemorrhage is a frequent etiology of
anemia presenting at birth or soon thereafter. Acute blood loss

presents as signs of hypovolemia including lethargy, poor cap-
illary refill, tachycardia, weak pulses, hypotension, or pallor.
Significant blood loss may render an infant unresponsive to
the usual resuscitative maneuvers until the intravascular
volume depletion is restored. Chronic blood loss over a period
of days or weeks permits substantial hemodynamic compen-
sation, so that the main presenting sign is pallor.105 If the hem-
orrhage is external, there is no additional bilirubin load to the
liver once the postnatal breakdown of Hb begins. This is in
contrast to internal hemorrhages (e.g., cephalhematoma) that
contribute to elevations in the serum bilirubin and jaundice
beyond the first 24–48h after birth.

Table 68.7 Common causes of anemia in the newborn.

Hemorrhage Hemolysis Decreased RBC production

External Immune Diamond–Blackfan syndrome
Placenta abruptio ABO Transcobalamin II deficiency
Placenta previa Rh Congenital leukemia
Tumors Minor groups
Cord Maternal autoimmune
Nuchal cord Drug-induced
Velamentous insertion
Fetoplacental Nonimmune
Fetomaternal Infection
Twin–twin transfusion RBC membrane defects

Glucose-6-phosphate 
Internal dehydrogenase deficiency
Cephalhematoma Pyruvate kinase deficiency
Intracranial Hemoglobinopathies
Ruptured liver, spleen
Adrenal
Retroperitoneal
Iatrogenic

RBC, red blood cell.

Table 68.8 Differential diagnosis of anemia in the newborn: clinical and laboratory findings.

Hemorrhage

Acute Chronic Hemolysis Decreased RBC production

Clinical
Pallor (−) to +++ + to +++ + to +++ + to +++
Hepatosplenomegaly (−) (−) to +++ ++ to +++ (−)
Early jaundice (−) (−) ++ to +++ (−)
Hypovolemia + to +++ (−) (−) (−)

Laboratory
Cord hemoglobin Nl or ↓ ↓ to ↓↓↓ ↓ to ↓↓↓ ↓ to ↓↓↓
Bilirubin (cord or day 1) Nl Nl ↑ to ↑↑↑ Nl
Direct Coombs’ test (−) (−) (−) to +++ (−)
Reticulocytes Nl to ↑↑↑ ↑ to ↑↑↑ ↑ to ↑↑↑ Low

↓, mild decrease; ↑, mild increase; ↓↓↓, marked decrease; ↑↑↑, marked increase; (–), absent; +, mild; +++, severe; Nl, normal; RBC, red blood
cell.
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External bleeding may be apparent by history (vaginal
bleeding in the mother in placenta previa) or physical exami-
nation (ruptured umbilical cord). Twin-to-twin transfusion is
a type of external hemorrhage that is seen primarily in mono-
chorionic twins. The donor twin becomes anemic while the
recipient’s Hb is increased. Abnormalities of the umbilical
cord, such as varices, aneurysm, or velamentous insertion,
make it more prone to rupturing; however, a normal 
umbilical cord may also rupture when stretched excessively,
such as in a precipitous delivery, or when attempting to reduce
a very tight nuchal cord. Fetal blood loss may occur with an
intact tight nuchal cord as the umbilical vein is compressed
before the arteries, which continue to direct blood to the 
placenta.

Substantial bleeding may be occult and thus more difficult
to diagnose (fetal–maternal hemorrhage or FMH). FMH is
more likely to happen when there are abnormalities of the pla-
centa or instrumentation such as amniocentesis, Cesarean
section, or external version. Placental abnormalities such as
abruptio placentae, placenta previa, choriocarcinoma, and
chorioangioma have been associated with severe FMH.106 The
diagnosis is confirmed by demonstration of fetal erythrocytes
in the maternal circulation by Kleihauer–Betke staining or
other techniques such as determination of fetal hemoglobin by
flow cytometry. The amount of red blood cells lost into the
mother can be approximated using several formulas, as
reviewed recently by Giacoia.107

Anemia secondary to hemolysis
Hemolytic anemias usually manifest with pallor and early
onset of jaundice, but without signs of hypovolemia. The eti-
ology of hemolysis may be quite variable. ABO or Rh incom-
patibility and infection are the most common causes of
hemolytic anemia in the newborn. Clinical and laboratory
findings useful in differentiating hemolysis from other causes
of anemia are listed in Table 68.8. ABO hemolytic disease has
a wide spectrum from immune hemolysis only, demonstrated
by a decreased RBC survival, to severe anemia and, rarely,
hydrops fetalis.108 It usually affects firstborn infants. The diag-
nosis should be suspected in any newborn with early onset of
jaundice with or without significant anemia. Generally, the
mother is type O and the infant either type A or type B. The
direct Coombs’ test can be positive; however, it is often neg-
ative because of a low antibody titer and because A or B anti-
gens are more sparsely located in the fetal red blood 
cells (RBCs). The hemolysis is less aggressive than in Rh 
isoimmunization.

In contrast, Rh isoimmunization frequently results in more
significant degrees of anemia and hyperbilirubinemia.109 The
severity of the hemolysis increases with subsequent pregnan-
cies with Rh-positive fetuses. At birth, affected infants are gen-
erally anemic and develop rapidly rising indirect bilirubin
levels (> 0.4–0.5mg/h). Hepatosplenomegaly is more common
than in ABO hemolytic disease. A positive direct Coombs’ test
is the rule. The blood smear reveals numerous reticulocytes

and nucleated RBCs, but rare spherocytes. In cases with severe
hemolysis, thrombocytopenia is often found.

Other causes of immune hemolysis should be suspected in
the presence of a positive direct Coombs’ test but compatible
ABO and Rh types between mother and infant. Minor group
sensitization is occasionally a cause of immune hemolysis.110

The maternal history may be suggestive of an autoimmune dis-
order or of the use of medications capable of inducing an
immune hemolytic anemia. In these cases, the maternal direct
Coombs’ test can be positive.

Viral or bacterial infections are the most common cause of
nonimmune hemolysis. These infants usually exhibit signs
such as hepatosplenomegaly, petechiae, cutaneous rash,
growth retardation, and chorioretinitis. Laboratory findings
include thrombocytopenia, leukopenia, evidence of dissemi-
nated intravascular coagulation, and increases in direct 
bilirubin. Abnormalities of the RBC membrane, enzymes, or
hemoglobin are uncommon causes of hemolytic anemia in the
newborn. Their presence should be suspected with a positive
family history, evidence of hemolysis with negative direct
Coombs’ test, and suggestive findings on a blood smear. The
diagnosis is made by identifying the specific defect.

Decreased RBC production
Neonatal anemia due to decreased RBC production is very
uncommon. It should be suspected in the presence of anemia
with a low reticulocyte count (< 2%) not explained by other
obvious causes. Isolated hypoplastic anemia is suggestive of
the Diamond–Blackfan syndrome, which also features physi-
cal anomalies (cleft palate, abnormal thumbs, ocular defects,
short or webbed neck) in 30% of cases. Involvement of WBC
and platelet precursors is found in transcobalamin II deficiency
and congenital leukemia.

Polycythemia

Polycythemia is defined as a spun peripheral venous hemat-
ocrit (Hct) of more than 65%. The site and time of sampling
are critical to make the diagnosis.111 The venous Hct peaks at
2h after birth and then declines;112 capillary samples are
5–10% higher than simultaneously obtained venous samples.
The incidence of polycythemia varies from 1.4% to 1.8% at
sea level and is higher at higher altitudes, in small for gesta-
tional age (SGA) and large for gestational age infants, and 
in term and postterm newborns compared with preterm
infants.113,114 The most common signs and symptoms associ-
ated with polycythemia are plethora, lethargy, tachypnea,
feeding difficulties, hypotonia, and jitteriness. These signs are
also common to other neonatal diseases and are not pathog-
nomonic of polycythemia. Many neonates with venous Hct
above 65% are asymptomatic; the majority of those exhibit-
ing symptoms are hyperviscous.111,115 However, viscosity meas-
urements are not widely available, and it is uncertain what
actually represents hyperviscous values.111,116 The symptoma-
tology in these infants may be secondary to sluggish tissue
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blood flow and to associated problems, such as hypoglycemia,
hypocalcemia, or asphyxia.

Polycythemia may result from either a chronic increase in
the RBC mass or an acute expansion of the circulating blood
volume with subsequent increases in Hct when transudation
to the interstitial compartment occurs (Table 68.9). In utero,
hypoxia stimulates erythropoietin production, which in turn
promotes erythropoiesis (SGA, postmaturity). These infants
are generally not hypervolemic and can have elevated reticu-
locyte counts.117 Conversely, infants with polycythemia due to
transfusion may be hypervolemic.

Although there are no generally accepted criteria for the
treatment of polycythemia, most centers will intervene in all
infants with central venous Hct above 70% or those with Hct
above 65% if they are symptomatic.118 Treatment consists of
a partial exchange transfusion to lower the Hct to a range at
which blood viscosity will also be much lower. The formula
used to calculate the volume to exchange is: volume
(mL) = blood volume × (observed Hct–desired Hct)/observed
Hct, where blood volume is 80–100mL/kg body weight. The
use of normal saline or lactated Ringer’s for the isovolemic
exchange effectively lowers viscosity, although albumin can
also be used.118,119 However, the long-term benefits of partial
exchange transfusion have not been clearly demonstrated. The
long-term outcome of these infants depends on the etiology of
the problem, and the presence of associated conditions that
may also have an effect on neurologic development (hypo-
glycemia, asphyxia, infection). Regardless of treatment,
infants with polycythemia and hyperviscosity are at increased
risk of neurologic deficits and developmental delay.115,120

Hyperbilirubinemia

Although all newborns will have elevated levels of serum biliru-
bin compared with adult standards, not all will have a serum

level exceeding 4mg/dL and become visibly jaundiced.121 The
toxicity of bilirubin results from its binding to key proteins in
the cell and mitochondria, leading to the uncoupling of oxida-
tive phosphorylation and resultant lack of internal energy for
cellular metabolism, although other mechanisms are also
involved.122 This is most crucial in tissues of high metabolic rate
and with little capability of regeneration (e.g., the brain).

Between 75% and 90% of bilirubin is derived from the
breakdown of hemoglobin from either aged RBCs or ineffec-
tive erythropoiesis.123 Bilirubin is bound to albumin in the
bloodstream and transported to the liver. There, it is conju-
gated by glucuronyl transferase and excreted through the bile
into the intestinal tract. After the first week after birth, intes-
tinal bacteria convert the conjugated bilirubin to stercobilin,
excreted in the stool, and to urobilinogen, a water-soluble col-
orless pigment that is excreted into the urine.

Table 68.10 outlines the primary definitions of physiologic
and pathologic jaundice. Pathologic jaundice most commonly
results from excess RBC mass as in polycythemia, or excess
RBC destruction. Examples of excess destruction include
hemolysis (as in hemolytic disease of the newborn), RBC
defects (e.g., spherocytosis), and internal hemorrhages (e.g.,
cephalhematoma). Several factors, such as acidosis, hypoxia,
hypothermia, and medications, reduce binding of bilirubin to
albumin and may interfere with its transport to the liver.123

Decreased conjugation of bilirubin is seen in neonatal hypo-
glycemia and hypothyroidism. Decreased excretion occurs
with certain infections (e.g., transplacental infections, bacter-
ial sepsis, urinary tract infections), genetic enzymatic defects
(e.g., Dubin–Johnson), biliary atresia, cystic fibrosis, galac-
tosemia, and with prolonged use of parenteral nutrition.

All term infants should be examined periodically for the
presence of jaundice.124 Recently, a risk index or score has
been developed to predict which infants will develop a serum
bilirubin > 25g/dL.125 Some authors advocate a system-based
approach to prevent kernicterus by performing universal
screening and plotting the results on an hour-specific nomo-
gram to guide follow-up (Fig. 68.1).126,127 Regardless, the jaun-
diced infant should be carefully evaluated prior to institution
of therapy. A complete blood count (CBC) should be per-
formed looking to ascertain red cell number and morphology.
A high reticulocyte count indicates rapid RBC turnover. If the
direct fraction of bilirubin is elevated, transplacental viral and

Table 68.9 Etiology of neonatal polycythemia.

Increased erythropoiesis Transfusion

Intrauterine hypoxia: Delayed cord clamping
Small for gestational age Intentional
Postmaturity Unassisted delivery
Toxemia Twin–twin transfusion

Hyperinsulinemia: Monochorionic placenta
Maternal diabetes Maternal–fetal transfusion

Beta-cell hyperplasia
Beckwith–Wiedemann syndrome
Chromosomal abnormalities:

Trisomy 21
Trisomy 13
Trisomy 18

Congenital adrenal hyperplasia
Thyrotoxicosis

Table 68.10 Physiologic and pathologic jaundice.

Physiologic Pathologic

Time of onset > 24h < 24h or > 1 week
Peak bilirubin level 8–12mg/dL > 12mg/dL (term)

> 12mg/dL (preterm)
> 5mg/dL/day

Timing of peak 3–4 days > 1 week (term)
> 2 weeks (preterm)
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parasitic infections should be considered. Blood type determi-
nation should be performed on the mother and infant, looking
for incompatibility, primarily within the ABO and Rh blood
group systems. The presence of an antibody should be sought
by performing a Coombs’ test. If no etiology is ascertained, a
urinalysis and urine culture (urinary tract infection), and pos-
sibly a urine-reducing substance test (galactosemia) and a
serum T4 (hypothyroidism) should be performed, even though
these etiologies usually present with jaundice either after feed-
ings (lactose) have been introduced or beyond the first several
days respectively.124

The goal of treatment is to reduce bilirubin encephalopa-
thy, which is the toxicity of an elevated serum bilirubin; this
is commonly called kernicterus. However, the term kernicterus
refers specifically to bilirubin staining of the basal ganglia,
which may be a perimortem or postmortem event.128 No
“toxic” level of bilirubin has been adequately defined.129 His-
torically, a level of > 20mg/dL has been associated with an
increased risk of central nervous system pathology among
term or near-term neonates. However, the basis for this
assumption continues to be questioned.130 The primary thera-
pies for hyperbilirubinemia have been exchange transfusion
and phototherapy. Exchange transfusion has many complica-
tions including thrombosis, cardiac arrhythmias, electrolyte
disturbances, problems of coagulation, and a potential for
infection from the invasive procedure and from the donor
blood. The historical mortality is approximately 1%, with
morbidity as high as 30–79%, although the majority of
adverse events associated with exchange transfusion are labo-
ratory abnormalities and are asymptomatic and treat-
able.131,132 Phototherapy is the mainstay of therapy for
hyperbilirubinemia. Phototherapy causes photoisomerization
of bilirubin molecules into structural isomers that are excreted
through the liver and urine.133 Although phototherapy helps
to slow the rate of rise of bilirubin, once it is discontinued,
there tends to be a 1–2mg/dL rebound in the next 12–24h.

Phototherapy has numerous side-effects, which are listed in
Table 68.11.131,133

Despite the rising tide of technology in medicine, there is
much we presently do not know about the long-range and
more subtle types of developmental influences of bilirubin.129

Hyperbilirubinemia affects each child on an individual basis,
and clinicians must be aware of the possible ramifications that
even moderate levels of jaundice may contribute in very subtle
ways to developmental disability.

Metabolic problems

Hypoglycemia

At the time of delivery, blood or plasma glucose in the fetus
is approximately 80–90% of the maternal concentration. SGA
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Figure 68.1 Nomogram for designation of
risk in well newborns based on the hour-
specific serum bilirubin values. From
Bhutani VK, Johnson LH, Keren R.
Diagnosis and management of
hyperbilirubinemia in the term neonate: for
a safer first week. Pediatr Clin North Am
2004;51:843–861.

Table 68.11 Adverse effects of phototherapy.

Metabolic
Increased insensible water loss
Overheating
Hypocalcemia (white phototherapy)
Decreased riboflavin (blue phototherapy)

Gastrointestinal
Loose, watery stools
Lactase deficiency

Skin
Bronzing
Rashes
Dark-skinned infants pigment faster

Other
? Retinal degeneration
? DNA damage
Electrical shock
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fetuses may have below normal blood glucose values. This has
been attributed primarily to reduced supply across the pla-
centa.134 With cord clamping, the neonate is separated from
the steady supply of maternal glucose and must resort prima-
rily to mobilization of glycogen stores or an exogenous supply
of glucose (feeding, parenteral) to remain normoglycemic.
Maintenance of an adequate circulating glucose concentration
is critical because it is the principal nutrient used by the neona-
tal brain, although use of ketone bodies may also provide
energy to the brain of the neonate. Gluconeogenesis, mainly
through alanine, also contributes to glucose homeostasis after
birth.135 The processes of glycogen breakdown and gluconeo-
genesis are influenced by hormones such as glucagon, growth
hormone, and cortisol, all of which increase markedly after
birth. Epinephrine is not an important regulator of glucose
metabolism at birth; however, its concentration increases with
hypoglycemia. Glucose homeostasis depends not only on its
availability, but also on its rate of use. Imbalances between
glucose availability and the rate at which it is removed from
the circulation result in either hypoglycemia or hyperglycemia.

The cord blood glucose concentration is influenced by the
maternal concentration of glucose during labor and deliv-
ery.136 Maternal hydration with glucose-containing solutions
prior to Cesarean section or during oxytocin induction can
result in maternal and fetal hyperglycemia and fetal hyperin-
sulinemia. This relative insulin excess may precipitate a more
rapid or profound decrease in postnatal glucose concentra-
tions.137,138 An exaggeration of this mechanism is responsible
for the early onset of hypoglycemia in the infants of diabetic
mothers.

In normal term neonates delivered vaginally to healthy
mothers, there is a rapid fall in plasma glucose to
56 ± 19mg/dL (mean ± standard deviation) at 1h and
70 ± 13mg/dL at 3h after birth. Then, plasma glucose values
remain fairly stable for the first week after birth.139,140 Normal
glucose values in preterm infants are slightly less than those
in term infants. Although the definition of hypoglycemia
remains controversial, adoption of pragmatic threshold blood
glucose concentrations when clinical intervention should be
considered has been recommended, particularly in the pres-
ence of neurological signs suggestive of hypoglycemia.141–143

Attention must be paid to whether the values represent plasma
or whole blood glucose, as the former are usually between
10% and 15% higher. The common use of rapid reagent strips
is acceptable for screening and follow-up of blood glucose
levels well within the normal range. However, low values must
be confirmed by laboratory determination of true glucose con-
centrations.144,145 The presence of a high Hct level may inter-
fere with blood glucose determinations using reagent strips.146

The causes of neonatal hypoglycemia are listed in Table
68.12. An altered endogenous glucose production secondary
to lack of glycogen storage is the main reason for the common
occurrence of hypoglycemia in preterm and SGA infants. Both
these groups are also at risk of complications that may
increase peripheral glucose use, such as hypoxia, cold stress,

and infection. Hypoglycemia may also result from endocrine
or metabolic disorders that lead to decreased hepatic glucose
output. As a group, these disorders are uncommon; however,
hypoglycemia is sometimes the presenting manifestation.
Infants with panhypopituitarism are of normal weight and
length at birth, but the finding of hypoplastic genitalia in male
infants (small phallus and scrotum, undescended testis) may
suggest this diagnosis. Hepatomegaly, jaundice, and metabolic
acidosis are all findings suggestive of a metabolic disorder.

Hypoglycemia due to an insulin excess is most often a result
of maternal diabetes. Excessive maternal glucose administra-
tion during labor and delivery may produce a transient neona-
tal hyperinsulinemia and rapid fall in glucose. However,
persistently low glucose values should be interpreted as sec-
ondary to other causes of hypoglycemia. Infants of diabetic
mothers can be large for gestational age, mostly on the basis
of weight, but have a head circumference within normal limits.
They may exhibit mild degrees of organomegaly and signs of
plethora. They are also at high risk of having other metabolic
abnormalities (hypocalcemia, hypomagnesemia), respiratory
distress, and congenital anomalies most commonly involving
the central nervous and cardiovascular systems. Infants of dia-
betic mothers may develop hypoglycemia soon after birth, and
they often remain asymptomatic despite very low glucose

Table 68.12 Common causes of neonatal hypoglycemia.

I. Altered glucose production:
A. Lack of glycogen stores

Prematurity
Small for gestational age

B. Failure of glucose mobilization
Endocrine disorders

Panhypopituitarism
Cortisol deficiency
Glucagon deficiency

Metabolic disorders
Galactosemia
Glycogen storage disease, type 1
Hereditary fructose intolerance
Tyrosinemia

II. Excess glucose utilization:
A. Hyperinsulinism

Infant of diabetic mother
Excess glucose administration during labor/delivery
Erythroblastosis fetalis
Beckwith–Wiedemann syndrome
Beta-cell hyperplasia/nesidioblastosis
Malposition of umbilical arterial catheter (T11–L1)
Leucine sensitivity
Maternal drugs (thiazides, beta-adrenergic tocolytics)

B. Increased peripheral demands
Hypoxia
Cold stress
Infection
Polycythemia/hyperviscosity
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values. Organomegaly and other anomalies (e.g., macroglos-
sia, omphalocele, hemihypertrophy, and abnormal ear lobe
grooves) are suggestive of Beckwith–Wiedemann syndrome.
Hyperplasia of islet cells has been demonstrated in infants
with this syndrome and in those with erythroblastosis fetalis.
In erythroblastosis fetalis, it has been postulated that the
massive hemolysis results in the release of glutathione and
inhibition of circulating insulin, with compensatory islet cell
hyperplasia. Hypoglycemia secondary to any form of beta-cell
hyperplasia may be severe and can persist for several weeks
to months. Increased peripheral use of glucose can be seen
with hypoxia, cold stress, infection, and polycythemia, despite
the presence of adequate glycogen storage and normal insulin
levels.

The management of hypoglycemia begins with recognition
of the factors that place the neonate at high risk of this con-
dition, so that early glucose screening can be instituted.
Attempts to avoid maternal hyperglycemia during labor and
delivery must be stressed. The treatment of neonatal hypo-
glycemia depends on its severity and the availability of the
enteral route. In infants with borderline low values detected
by reagent strip and no contraindication for feedings, a con-
firmatory blood or plasma glucose test must be made followed
by feeding of 5% dextrose or formula. The latter provides
other nutritional sources for energy and gluconeogenesis
besides carbohydrates. If correction to euglycemic levels is
observed with this intervention, feedings should be advanced
as tolerated, and close monitoring of glucose must be contin-
ued for at least 24–48h. Failure to correct glucose levels with
this approach or an inability to use the enteral route are indi-
cations for parenteral glucose administration. Correction of
very low glucose values (< 20–25mg/dL) is best accomplished
by intravenous administration of a minibolus of 200mg/kg 
of glucose followed by a constant glucose infusion of
6–8mg/kg/min.147 The use of boluses of 25–50% dextrose can
result in significant hyperglycemia and rebound hypoglycemia,
and should therefore be avoided. A peripheral vein is the pre-
ferred route for parenteral glucose administration. The umbil-
ical vein can be used for short-term glucose infusion; however,
concerns about infection make it a less desirable route for
long-term use. Glucose administration through umbilical arte-
rial catheters placed between T11 and L1 can result in high
rates of glucose delivered to the pancreatic vessels and reac-
tive hyperinsulinemia, which resolves after withdrawal of the
catheter tip to a lower position. The rate of glucose infusion
should be adjusted to maintain normoglycemia. Feedings
should be given concomitantly with parenteral glucose when-
ever possible, unless they constitute the etiology of the hypo-
glycemia (i.e., galactosemia, tyrosinemia). A high glucose
requirement to maintain normoglycemia is suggestive of
hyperinsulinism and excess glucose use. If rates in excess of
12–15mg/kg/min glucose are required, additional therapy is
indicated. Corticosteroids (hydrocortisone, 5mg/kg/day, or
prednisone, 2mg/kg/day), glucagon (300µg/kg), diazoxide
(10–15mg/kg/day), and epinephrine have been used for the

control of hypoglycemia. Corticosteroids act primarily by
enhancing gluconeogenesis, whereas glucagon and epineph-
rine increase glycogen breakdown. Epinephrine also has a
powerful anti-insulin effect. Diazoxide suppresses pancreatic
insulin secretion. Also, the hormone somatostatin has been
used for control of hypoglycemia when hyperinsulinism is 
suspected.141

The prognosis for infants with neonatal hypoglycemia
depends on its etiology, the presence of clinical signs and asso-
ciated conditions, and the duration of hypoglycemia.
Neonates with significant seizures secondary to hypoglycemia
have a risk of up to 50% of an abnormal neurologic
outcome.142 Abnormal neurologic features observed after
neonatal hypoglycemia include low IQ score, seizure disorder,
and motor deficits (spasticity, ataxia). These features are the
neuropathologic reflection of cortical damage due to the lack
of glucose.148,149 A still unresolved issue is whether marginal
or transient hypoglycemia can lead to or worsen damage. Data
from a study in preterm neonates suggested that, contrary to
general belief, moderate degrees of hypoglycemia can have a
significant effect on long-term neurodevelopmental perform-
ance.150 Whether the same is true for term and postterm
neonates is not known. However, until the safety of moderate
and usually asymptomatic hypoglycemia is demonstrated,
neonates with borderline or mildly decreased glucose levels
should be properly identified and treated expeditiously.

Hypocalcemia

During the second half of pregnancy, there is rapid fetal accre-
tion of calcium at rates of 110–150mg/kg/day. Fetal accretion
of phosphorus and magnesium is also high. The concentra-
tions of these minerals are higher in cord blood than in the
maternal circulation.151 The cord blood levels of hormones
involved in calcium homeostasis are also different from the
mother and reflect attempts by the fetus to maximize bone
mineralization (Table 68.13). A steady decrease in serum

Table 68.13 Approximate mineral and hormonal levels in maternal
and cord blood.

Maternal Cord

Minerals (mg/dL)
Ca 9.2 ± 0.3 10.4 ± 0.5*
iCa 4.5 ± 0.2 5.6 ± 0.3*
P 4.3 ± 1.6 5.8 ± 1.2*
Mg 1.8 ± 0.1 2.0 ± 0.1*

Hormones (% of maternal level)
Calcitonin – 180%
Parathormone – 80–100%
25-OH vitamin D – 80
1-25 (OH)2 vitamin D – 30–40%

*Significantly different from the maternal value.
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calcium and ionized calcium (iCa) is observed after birth,
reaching a nadir at approximately 24 h of age and remaining
low for 48–72 h.152 This decrease in circulating calcium is due
to interruption of the transplacental supply and the predomi-
nance of hypocalcemic hormones such as calcitonin and
glucagon. Both these hormones increase after birth in normal
term neonates, and even further elevations are seen with
neonatal asphyxia.153,154 Unlike small preterm infants, term
neonates are able to increase parathyroid hormone (PTH)
levels in response to decreasing calcium concentrations.155 The
postnatal decrease in serum calcium is also prompted by the
transient endogenous phosphorous load secondary to tissue
breakdown, which cannot be excreted rapidly by the kidneys.

Neonatal hypocalcemia has been defined as a serum calcium
level of < 7–8 mg/dL.156 In a large proportion of sick preterm
infants, serum calcium levels fall to < 7 mg/dL. Because the
physiologically important fraction is the iCa, and its concen-
tration cannot be reliably predicted from total calcium deter-
minations, direct measurement of iCa with new electrodes
suitable for this purpose has been advocated.152 Hypocalcemia
has been classified as early, which occurs in the first few days
after birth, and late, which presents after day 4 or 5. At term,
early neonatal hypocalcemia is most commonly seen in
asphyxiated neonates and infants of diabetic mothers. In
asphyxia, the pathogenesis of hypocalcemia is related to the
large phosphorus load secondary to tissue damage and to
exaggerated increases in calcitonin and glucagon. In these
infants, hypocalcemia may occur despite increased levels of
PTH.154 In contrast, infants of diabetic mothers can show a
decrease in PTH secretion during the first days after birth.157

This has been attributed to fetal and neonatal magnesium defi-
ciency secondary to the chronic maternal loss of magnesium
seen with diabetes. Secretion of PTH depends on magnesium
concentrations. Other infants at risk of hypocalcemia are
those subjected to rapid changes in serum pH, either by cor-
rection of acidosis or by hyperventilation, and those who
undergo exchange transfusions with blood containing citrate
and phosphate as anticoagulants or buffers, which can bind
calcium.158 Late neonatal hypocalcemia may be secondary to
a variety of disorders. Abnormalities of calcium and magne-
sium absorption may present at this time. These may be due
to primary intestinal abnormalities or deficiencies in vitamin
D metabolism. Ingestion of large phosphorus loads (e.g., from
cow’s milk) or deficient renal excretion (renal failure) may
cause hyperphosphatemia and secondary hypocalcemia.
Parathyroid disorders may also present at this time. Primary
hypoparathyroidism is seen in DiGeorge’s syndrome, which
also features abnormal facies, cardiac anomalies (usually
conotruncal or of the aortic arch), and defects in T-cell func-
tion because of thymic hypoplasia. Maternal PTH excess
usually results in transient suppression of neonatal parathy-
roid function.159 Protracted hypocalcemia with varying
degrees of hyperphosphatemia is suggestive of this diagnosis
even in the absence of a positive maternal history.

Neonatal hypocalcemia is often asymptomatic. The signs

suggestive of hypocalcemia are primarily jitteriness and irri-
tability, although apnea or seizures can sometimes occur.
However, they are not specific and can also be elicited by
hypoglycemia, hypomagnesemia, narcotic withdrawal, neuro-
logic disorders, or infection. Chvostek’s and Trousseau’s signs
are uncommon. Heart failure has also been described with
severe hypocalcemia.160 Signs of hypocalcemia are generally
seen only when the iCa falls to very low levels. Disappearance
of the symptomatology with calcium treatment supports the
diagnosis of hypocalcemia. Serial determinations of serum
calcium should be performed in neonates at high risk of
hypocalcemia and those with suggestive signs. Although iCa
measurements are ideal for diagnosing hypocalcemia, they
may not be widely available. Persistently low serum calcium
values constitute an indication for magnesium and phospho-
rous determinations. Total protein and albumin measurements
are also useful because hypoproteinemia is associated with low
serum calcium values; however, in these cases, the iCa is
normal. Although the QT interval of the electrocardiogram
may be prolonged in hypocalcemia, it is generally not useful
in the nursery.161 Chest radiography and echocardiography are
useful when DiGeorge’s syndrome is suspected. Despite the
thymic hypoplasia of these infants, their lymphocyte count
may be normal soon after birth.

Treatment of hypocalcemia is reserved primarily for symp-
tomatic infants. The therapy consists of intravenous adminis-
tration of 10% calcium gluconate (9.4mg of elemental
calcium/mL) in doses of 100–200mg/kg, followed by a con-
tinuous infusion of approximately 400–800mg/kg/day. Intra-
venous calcium gluconate must be administered slowly and
with cardiac monitoring because of the possibility of brady-
cardia. Bolus infusion of calcium gluconate results in marked
and transient elevations in serum calcium and iCa. The
patency of the vein must be ascertained because extravasation
of calcium salts results in skin necrosis. Whether asympto-
matic neonates with low serum calcium (< 7mg/dL), particu-
larly preterm neonates, should be treated is controversial
because serum calcium usually returns to normal values spon-
taneously after the first 3–4 days after birth. Furthermore, con-
trolled studies to evaluate the treatment of hypocalcemia
conducted in sick preterm infants with serum calcium levels
of < 6–7mg/dL have failed to show any significant benefit of
parenteral calcium administration.162,163 These findings suggest
that, for a majority of newborns, hypocalcemia primarily rep-
resents a biochemical abnormality that only merits treatment
in a few of them. If serum calcium remains low beyond
4–5 days after birth, or it is refractory to the usual therapy,
further evaluation is necessary. Oral calcium gluconate or
vitamin D analogs have been used with very limited success
to treat or prevent neonatal hypocalcemia. However, the
majority of infants with low serum calcium levels either are
too sick to be fed or develop hypocalcemia before feedings are
initiated or advanced to substantial volumes. The therapy also
depends on the etiology of hypocalcemia (e.g., use of 
low-phosphorous formula for hypocalcemia secondary to
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hyperphosphatemia, administration of vitamin D for its defi-
ciency, or hypoparathyroidism).

The long-term outcome of neonates with hypocalcemia
depends primarily on the associated problems (asphyxia,
DiGeorge’s syndrome) rather than on the presence of symp-
toms or serum calcium values. If seizures due to late-onset
hypocalcemia are recognized and treated appropriately, the
prognosis is almost invariably normal.164

Hypomagnesemia and hypermagnesemia

Fetal serum magnesium as well as magnesium accretion
increase during the third trimester of pregnancy. Preterm
infants have slightly higher serum magnesium than those born
at term, probably as a reflection of lower renal excretion.
Magnesium and calcium homeostasis is related primarily
through PTH and the exchange of these ions in bone. Acute
changes in serum magnesium concentrations are inversely
related to PTH secretion, but not to calcitonin secretion.165,166

However, a chronic magnesium deficiency with depletion of
tissue stores reduces PTH secretion. This mechanism may be
largely responsible for the hypomagnesemia and hypocalcemia
of infants of diabetic mothers.167,168 Magnesium is actively
transported across the placenta and, after therapeutic use of
magnesium salts in the mother, fetal serum magnesium also
increases to approximately 80–90% of the maternal concen-
tration.169 Under normal circumstances, there is a slow and
small increase in serum magnesium after birth.170 Retrospec-
tive evidence had associated prenatal exposure to magnesium
sulfate with lower rates of cerebral palsy and intracranial hem-
orrhage. However, a recent systematic review does not suggest
a major role for antenatal administration of magnesium as a
useful neuroprotective intervention.171

Neonatal hypomagnesemia is defined as a serum magnesium
level of < 1.6mg/dL.170 It has been described in 9–38% of
infants of diabetic mothers and in SGA infants.172,173 Low
serum magnesium has been reported in up to 30% of infants
with polycythemia; however, a good correlation between Hct
and serum magnesium does not exist. Whether birth asphyxia
is, per se, a risk factor for hypomagnesemia is controversial.
Hypocalcemia often coexists in neonates with hypomagne-
semia. Hypoparathyroidism, hyperphosphatemia, and
exchange transfusions with citrated blood also constitute risk
factors for hypomagnesemia.158 Deficient magnesium absorp-
tion leading to low serum magnesium levels has been described
as a primary disorder and is also seen in infants with 
short gut.

The signs of hypomagnesemia are similar to those of
hypocalcemia. Signs of hyperexcitability soon after birth often
present despite normal serum iCa and glucose.173 The treat-
ment of hypomagnesemia consists of administration of mag-
nesium sulfate 50% (50mg of elemental magnesium/mL) in
doses of 0.05–0.25mL/kg intravenously. Oral supplementa-
tion using the same dose can be used in neonates without
severe signs such as seizures. Only careful follow-up of serum

magnesium is indicated in asymptomatic infants with normo-
calcemia but low serum magnesium levels because hypomag-
nesaemia, with few exceptions, is usually transient.

The upper range of serum magnesium in infancy has been
reported as 2.8mg/dL. However, studies have shown that
normal term infants usually have serum magnesium below
2.4mg/dL.170 Thus, neonatal hypomagnesemia at term is best
defined as serum magnesium above 2.5mg/dL in the first few
days after birth. The pathogenesis of neonatal hypermagne-
semia is almost invariably the use of magnesium salts in the
mother. The adverse neuromuscular effects of magnesium
excess derive mostly from its interference with the acetyl-
choline release at the neuromuscular junction. Clinically, this
translates primarily as muscle weakness and lethargy. These
signs may interfere with gestational age assessment using neu-
rologic signs.174 There is no good correlation between serum
magnesium and presence of signs of hypermagnesemia.
Delayed passage of stools, abdominal distention, and even
meconium plug syndrome have also been described in preterm
neonates of hypertensive mothers with hypermagne-
semia.174,175 Term infants with serum magnesium below
4 mg/dL are usually asymptomatic or exhibit mild hypotonia.
Respiratory depression and apnea may occur with higher
levels, particularly in preterm infants.176 However, asphyxia is
uncommon among term infants born to mothers exposed to
the usual doses of magnesium sulfate. Although hypermagne-
semia suppresses PTH secretion, a decrease in serum calcium
following magnesium sulfate therapy has been observed pri-
marily in the mothers and not in their offspring. Despite the
suppression of PTH in the infant, serum calcium remains
stable or may even increase as a result of an enhanced
exchange of magnesium in the bone surface. The treatment of
hypermagnesemia consists of support of the cardiorespiratory
and renal function as serum magnesium decreases quickly in
48–72h to levels not usually associated with symptoms. More
aggressive therapy, such as exchange transfusion, is not indi-
cated unless there are signs of cardiovascular collapse and
renal failure. In these rare cases, the potential benefits of an
exchange transfusion must clearly outweigh those of support-
ive therapy to justify the use of exchange transfusion.

Sepsis/infection

Sepsis, the common term for any viral, bacterial, or parasitic
systemic infection of the newborn, is seen in approximately
32000 full-term births each year in the United States.177 The
two primary modes of infection in the neonatal period are
transplacental infection of the fetus and ascending infection in
the perinatal period.178 The term TORCH was popularized in
the mid-1970s to denote the transplacental infections of tox-
oplasmosis (TO), rubella (R), cytomegalovirus (C), and herpes
(H). This acronym is easy to remember but, unfortunately, has
diverted the focus from the likelihood and evaluation of spe-
cific transplacental infections including those mentioned above
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and a variety of other organisms.178,179 The neonatal problems
observed with infections caused by agents in this group are
reviewed in detail in Part V. Infections may have profound
effects on development early in the pregnancy, altering the
growth of the fetus; in later pregnancy and after birth, they
may disrupt the normal formation and function of tissues and
organs.

Signs and symptoms of infection may resemble or be dis-
guised by other illnesses of the newborn.180 Common signs of
infection are poor temperature control and apnea; fever is very
uncommon in the newborn. Other signs include respiratory
distress, poor perfusion, lethargy or irritability, poor feeding
tolerance, and hypoglycemia. Irritability may arise from
inflammation of the membranes surrounding the brain, but is
seen more often with birth asphyxia, drug withdrawal, or
central nervous system hemorrhage. Similarly, rather than
identifying an infected newborn, hypoglycemia is seen more
commonly in the growth-retarded or large for gestational age
infant. Physical findings suggesting infection include skin
lesions, petechiae, and organomegaly. However, these are gen-
erally uncommon.

Neonatal sepsis has been divided into “early onset infec-
tions,” which usually present at birth or during the first
48–72h after delivery, and “late onset infections,” which
appear beyond this period. The most common organisms
causing either early or late onset bacterial or fungal sepsis in
the neonatal period are listed in Table 68.14. The incidence of
group B streptococcal (GBS) infection has fallen dramatically
(to less than 1 per 1000 live births) over the past 10 years,
primarily because of intrapartum antibiotic prophylaxis.177

This is usually an ascending infection, and the newborn,
although colonized at birth, may not be symptomatic for
several days. Infections with Gram-negative bacteria are even
less common than GBS infection.181 It has been suggested
recently that the widespread use of antibiotic prophylaxis to
prevent GBS disease with drugs such as ampicillin has led to
an increase in the rate of significant neonatal infections by

Gram-negative bacteria.182 Nosocomial infections usually
manifest beyond 5–7 days after birth and are more common
among very premature infants.183 They are caused most 
frequently by coagulase-negative Staphylococcus species,
although other Gram-positive and Gram-negative organisms
are detected not infrequently. Candida species are most
common among extremely low-birthweight infants and gen-
erally carry a poor long-term outcome.184

The treatment of the neonate with a bacterial or fungal
infection is relatively simple. If infection is suspected, cultures
of blood, spinal fluid, and urine should be taken. Initially, the
choice of antibiotics depends on the suspected organisms.
Once culture results are available, they can be adjusted to the
specific organisms. Viral and protozoan infections are difficult
to treat. The antibiotics available to treat them are generally
toxic and have very limited application.

Necrotizing enterocolitis

Necrotizing enterocolitis (NEC) is a multifactorial disease.185

It is the most commonly acquired serious gastrointestinal
disease in the neonatal intensive care unit. It affects predom-
inantly premature infants of less than 34 weeks’ gestation,
with an incidence of 5–15%. It has a wide spectrum of clini-
cal manifestations and may occur in both endemic and epi-
demic forms. Numerous epidemiologic studies have revealed
primarily two associations with NEC: prematurity, with an
increased risk of NEC with decreasing gestational age; and
feeding, especially with formula.186,187 Although intestinal
ischemia has been suggested as an etiology, only a small pro-
portion of the reported cases of neonatal NEC can be linked
to a known ischemic insult.

Studies in animal models have suggested that NEC begins
when undigested carbohydrate and other substrates become
available to the intestinal flora.188 Organic acids produced by
carbohydrate fermentation lower the luminal pH. There is an
alteration in the mucosal tight junctions, allowing luminal
proteins to be exposed to the mast cell. This initiates an
inflammatory response that may ultimately lead to bowel
necrosis. Also, several proinflammatory mediators have been
implicated in the pathogenesis of NEC. For instance, elevated
levels of platelet-activating factor (PAF) and decreased activ-
ity of the enzyme that inactivates this mediator, PAF-acetyl-
hydrolase, have been described in preterm neonates with
NEC.189 Also, it has been shown that human milk, particu-
larly that of mothers delivering preterm, contains this
enzyme.190 Elevated circulating levels of tumor necrosis factor
have also been reported among infants with NEC.189 Proin-
flammatory cytokines such as interleukin (IL)-6 and anti-
inflammatory cytokines such as IL-8 are also increased during
NEC.191,192 However, direct causality attributable to these
mediators has not been demonstrated conclusively.

Generally, there are two types of NEC. The first, which
accounts for approximately 10% or less of infants with NEC,

Table 68.14 Common organisms causing sepsis during the neonatal
period.

Early-onset sepsis
Group B streptococcus
Escherichia coli
Klebsiella pneumoniae
Listeria monocytogenes
Staphylococcus aureus

Late-onset sepsis
Staphylococcus coagulase negative
Escherichia coli
Enterococcus fecalis
Klebsiella pneumoniae
Staphylococcus aureus
Candida species
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is found within the first week of life in critically ill neonates
who have not been fed enterally. They usually have multiple
organ involvement, including renal dysfunction, central
nervous system hemorrhage, and tricuspid regurgitation,
along with intestinal injury, which may be distributed any-
where within the gastrointestinal tract. Bacteria are not com-
monly involved because the intestine is only in the first stages
of colonization. The cause of this variety is probably intestinal
hypoxia associated with birth asphyxia or polycythemia
leading to ischemia–reperfusion injury, although the use of
exchange transfusions has also been associated with the devel-
opment of NEC among polycythemic infants.193 This mecha-
nism has also been implicated in those cases of NEC seen
among infants with congenital heart disease.194 The latter pres-
entation of NEC is generally seen in the healthier growing
preterm infant who is being fed enterally. In this situation, the
intestine is colonized with bacteria, and the disease is often
localized primarily to the terminal ileum and proximal colon,
although nearly all areas of the gastrointestinal tract can be
involved. Occasionally, NEC affects the entire length of the
intestinal tract.

The symptoms of NEC include bloody stools, decreased
number of stools, abdominal distention, gastric residuals,
along with variable signs of systemic involvement such as
lethargy, poor perfusion, and metabolic acidosis. Abdominal
radiography may reveal pneumatosis intestinalis, air in the
hepatic vascular tree, and/or bowel wall edema. Uncommonly,
free air in the peritoneal cavity, due to bowel perforation, is
the presenting sign. Classification of the stages of NEC using
the criteria proposed by Bell et al.195 is useful to define its
severity and potential prognosis (Table 68.15). However, only
stages II and III of NEC from this classification are considered
“proven” NEC, whereas the presentation of stage I NEC is
frequently seen with sepsis (without NEC), feeding intoler-
ance, and other etiologies.

The therapy for NEC has remained relativity unchanged for
the last 20 years. Feedings should be stopped and the infant
placed on intravenous fluids, while attempts are made to
decompress the bowel with the use of low intermittent suction.
Broad-spectrum antibiotics should be started after appropri-
ate cultures have been taken, along with general supportive
care, including correction of metabolic acidosis. Only about
30–50% of cases of NEC are associated with positive blood
culture results, usually for Gram-negative bacteria in the most
severe cases.187 Should the disease progress to the point of
intestinal perforation, the necrotic portion of the intestine is
removed surgically, usually leaving an intestinal ostomy.
Bowel perforation is the main indication for surgical inter-
vention in infants with NEC, although a lack of clinical
improvement with medical therapy, the persistence of a fixed
loop of bowel on abdominal radiography (suggestive of bowel
necrosis), and signs of intestinal obstruction are often the
reason for surgical involvement. Feedings may be resumed
after several weeks of bowel recovery. The mortality still
ranges from 30% to 50% for the most severe forms of NEC,
even with aggressive medical and surgical management.187

Predictors of outcome, for both the intestine and the
neonate, relate to the extent and severity of intestinal inflam-
mation and the presence of severe systemic involvement. Neu-
tropenia and thrombocytopenia suggest active consumption in
the intestinal and systemic inflammatory process. Those
infants who have severe metabolic acidosis refractory to
therapy, hypotension, shock, and disseminated intravascular
coagulation have the poorest prognosis. Even if the infant sur-
vives, he or she will usually have a prolonged hospital
course.196 Long-term complications in infants who recover
include strictures, enterocolonic fistulas, malabsorption, and
postsurgical short bowel syndrome.197 There may also be com-
plications of parenteral nutrition, such as infection and
cholestasis. Moreover, recent evidence suggests that infants

Table 68.15 Bell’s staging for necrotizing enterocolitis (NEC).

Stage I Suspect Stage II Definite Stage III Advanced

Any one or more historical factors Any one or more historical factors Any one or more historical factors
producing perinatal stress

Systemic manifestations – temperature Signs and symptoms as in Stage 1 plus Signs and symptoms as in Stage II plus
instability, lethargy, apnea, bradycardia persistent occult or gross gastrointestinal deterioration of vital signs, evidence of septic 

bleeding; marked abdominal distention shock, or marked gastrointestinal hemorrhage
Gastrointestinal manifestations – poor Abdominal radiographs show significant Abdominal radiographs may show 

feeding, increasing pregavage residuals, intestinal distention with ileus; small pneumoperitoneum in addition to signs listed for 
emesis (may be bilious or test positive bowel separation (edema in bowel wall or Stage II
for occult blood, which may be present peritoneal fluid), unchanging or persistent 
in stool with no fissure) “rigid” bowel loops, pneumatosis 

intestinalis, portal vein gas
Exclude other disorders via bacterial 

cultures, electrolyte analysis, maternal 
drug history, coagulation studies, and 
contrast studies
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with severe NEC are also at very high risk of poor long-term
neurologic outcome.198

Retinopathy of prematurity

Retinopathy of prematurity (ROP), formerly called retrolen-
tal fibroplasia, is a vasoproliferative retinopathy that occurs
almost exclusively in preterm infants. Normal vascularization
of the retina begins at the optic disk and advances peripher-
ally between 16 and 44 weeks’ gestation. After preterm birth,
there may be a cessation of normal vascular growth followed
by a period of neovascularization. When this vascular
regrowth proliferates out of the plane of the retina and into
the vitreous, partial or total retinal detachment can result. The
factors that control these processes are currently not well
understood.199 ROP is most common in extremely low-birth-
weight infants. After adjusting for birthweight and gestational
age, black infants are less susceptible to ROP than white
infants. Additional factors that have been implicated in its
pathogenesis by either association or anecdotal evidence
include hypercarbia, multiple transfusions, severe apnea and
bradycardia, acidosis, and RDS. In general, infants who are
sicker and more unstable seem to be at higher risk. Hyperoxia
has long been implicated as a cause of ROP. Current evidence
suggests that hyperoxia alone is neither a necessary nor a suf-
ficient cause of ROP.200 Recent speculations that exposure to
a bright environmental light might contribute to ROP were
not supported by clinical trials of light reduction.201

An international classification has been developed for ROP,
which allows for assessment of its severity and consistent
reporting (Table 68.16).202 Approximately 90% of cases of
ROP regress spontaneously. The remaining 10% of cases
progress to severe ROP. Based on data from the Cryotherapy
Study conducted in the mid-1980s on 4099 infants with
birthweights of less than 1251g, 66% of surviving infants
weighing less than 1251g developed ROP.203 Approximately

6% of the infants in this study developed severe (threshold)
ROP. In infants weighing less than 751g, 90% developed ROP
and 16% developed threshold ROP. It is unclear whether the
increased use of surfactant or corticosteroids has changed the
incidence of ROP over the past decade. Laser surgery is now
the treatment of choice for threshold or severe ROP. The risk
of blindness with threshold ROP has been reduced substan-
tially with laser or cryotherapy treatment.203,204 Once retinal
detachment has occurred, there is little likelihood of restoring
vision. Even in infants with mild or regressed ROP, the inci-
dence of myopia, strabismus, and amblyopia is more common
than in infants without ROP.205

Overall mortality and morbidity of the
preterm infant

Over the past 15 years, the survival of preterm infants has
been increasing at the lowest end of gestational age, that is
around 23–26 weeks (Fig. 68.2).206 However, clinicians gen-
erally underestimate the chances of survival and overestimate
the chances of serious morbidity.207 This may lead clinicians
to restrict potentially beneficial or life-saving therapies.208

In preterm infants, decreasing birthweight and gestational
age are the most important determinants of mortality and
morbidity (Table 68.17).209 At a given birthweight, infants
who are more mature have a lower mortality. Similarly, at a
given gestational age, infants with higher birthweight have a
lower mortality. For reasons that are not fully understood,
even after adjustment for birthweight and gestational age,
black and female infants have a lower mortality than white
and male infants respectively.209 Higher national neonatal
mortality for black infants, compared with white infants, is
largely due to the higher proportion of black infants born pre-
maturely and/or with low birthweight.

Acute morbidities increase with decreasing birthweight as
shown in Table 68.18. There is also substantial variability

Table 68.16 International classification for ROP.*

Zones Zone 1 From the center of the optic nerve to twice the distance from the optic nerve to the macula in 
a circle

Zone 2 Circle surrounding the zone 1 circle with the nasal ora serrata as its nasal border
Zone 3 Crescent of the circle of zone 2 that did not encompass temporally

Stages Stage 0 Immature retinal vasculature
Stage I Mildly abnormal blood vessel growth. A line is present between the vascular and avascular region 
Stage II Moderately abnormal blood vessel growth. A ridge is present between the vascular and avascular region 
Stage III Severely abnormal blood vessels growing toward the center of the eye on or over the ridge
Stage IV Partially detached retina
Stage V Completely detached retina

Plus disease Dilation and tortuosity of the peripheral retinal vessels, part of the subclassification given to the above stages

*International Committee for the Classification of Retinopathy of Prematurity. The International Classification of Retinopathy of Prematurity
revisited. Arch Ophthalmol 2005;123:991–999.
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Table 68.17 Mortality by gestational age and birthweight, 1995–1997.

Mortality (%)

Gestation (weeks) 22–23 24–25 26–27 28–29 30–31 32–33 Total

Total 63.7 27.0 12.0 5.0 2.2 1.0

Weight (g)
1750–1999 1.8 1.5 1.2 1.4
1500–1749 4.5 2.7 2.0 1.1 2.2
1250–1499 3.7 3.4 2.7 2.1 2.0 2.8
1000–1249 12.8 7.9 5.3 3.5 3.2 4.5 4.5
750–999 17.4 14.0 8.5 6.6 5.8 10.2
500–749 61.5 31.9 23.7 19.6 23.3 40.0
250–499 87.3 70.5 62.7 84.2

Adapted from Alexander GR, Kogan M, Bader D, et al. US birth weight/gestational age-specific
neonatal mortality: 1995–1997 rates for whites, hispanics, and blacks. Pediatrics
2003;111:e61–66.

Table 68.18 Common morbidities of infants 501–1500 g as reported by centers of the Vermont Oxford Network in 2004.

Birthweight (g)

501–1500 501–750 751–1000 1001–1250 1251–1500

Respiratory
RDS 74 (65, 85) 94 (91, 100) 87 (82, 100) 72 (63, 88) 54 (40, 71)
Pneumothorax 5 (2, 6) 10 (0, 14) 6 (0, 10) 3 (0, 5) 3 (0, 4)

Chronic lung disease
Oxygen at:
28 days 53 (41, 61) 92 (88, 100) 74 (63, 88) 43 (28, 57) 22 (9, 30)
36 weeks 36 (21, 45) 70 (50, 92) 49 (25, 65) 27 (8, 38) 15 (0, 22)

Symptomatic PDA 37 (26, 45) 57 (40, 71) 51 (33, 65) 33 (20, 44) 19 (8, 25)

NEC 6 (2, 8) 10 (0, 16) 8 (0, 11) 5 (0, 7) 3 (0, 4)
GI perforation 2 (0, 3) 5 (0, 8) 3 (0, 5) 1 (0, 0) 1 (0, 0)

Intraventricular hemorrhage (IVH) 26 (18, 33) 46 (30, 59) 32 (19, 43) 21 (10, 28) 16 (6, 21)

Ultrasound grade
0 74 (67, 82) 54 (41, 70) 68 (57, 81) 79 (72, 90) 84 (79, 94)
1 11 (5, 15) 12 (0, 18) 12 (0, 18) 11 (0, 15) 10 (0, 14)
2 6 (2, 8) 11 (0, 15) 7 (0, 11) 5 (0, 7) 3 (0, 5)
3 4 (1, 6) 9 (0, 14) 6 (0, 9) 3 (0, 5) 2 (0, 2)
4 5 (2, 7) 14 (0, 21) 7 (0, 11) 2 (0, 3) 1 (0, 0)
Cystic PVL 3 (0, 5) 5 (0, 7) 4 (0, 6) 3 (0, 5) 2 (0, 3)

Retinopathy of prematurity
ROP (any) 41 (26, 51) 79 (67, 100) 56 (38, 73) 28 (11, 41) 13 (0, 20)

ROP stage
0 59 (49, 74) 21 (0, 33) 44 (27, 62) 72 (59, 89) 87 (80, 100)
1 18 (8, 23) 19 (0, 28) 24 (8, 33) 18 (0, 25) 10 (0, 14)
2 13 (5, 18) 28 (6, 40) 19 (4, 29) 8 (0, 11) 3 (0, 0)
3 9 (4, 13) 29 (10, 42) 12 (0, 17) 3 (0, 3) 1 (0, 0)
4 1 (0, 0) 2 (0, 0) 1 (0, 0) 0 (0, 0) 0 (0, 0)

Numbers are percentiles (Network Quartiles).
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between centers in the frequency of these complications. The
long-term morbidities associated with preterm birth include
cerebral palsy, neurodevelopmental delay, chronic lung
disease, short bowel syndrome, poor growth, and visual and
hearing deficits.

Newborn intensive care is very expensive. The cost is

roughly proportional to the length of hospital stay, which is
inversely proportional to gestational age.210 For these reasons,
the costs of neonatal care have been increasing for extremely
low-birthweight infants. Although these costs are quite high,
the cost per life-year gained is quite favorable when compared
with adult medical interventions.211
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Figure 68.2 Survival by year from 1986 to
2000 for patients with gestational ages of
23–26 weeks. From Hoekstra RE, Ferrera
TB, Couser RJ, et al. Survival and long-
term neurodevelopmental outcome of
extremely premature infants born at
23–26 weeks’ gestational age at a tertiary
center. Pediatrics 2004;113:e1–6.

Key points

1 The best approach to the management of asphyxia is
prevention and anticipation. Although asphyxia occurs
primarily in high-risk pregnancies, a sizeable
proportion of asphyxiated neonates still present
without warning. For this reason, personnel skilled in
initiating resuscitation must be present at all deliveries.

2 A good response to neonatal resuscitation is primarily
indicated by rapid increases in heart rate, although
improvements in color and initiation of spontaneous
respiratory efforts are also indicators of a positive
response.

3 The most important risk factor for the development of
respiratory distress syndrome (RDS) is preterm birth.
The incidence of RDS varies inversely with gestational
age and can be as high as 60–70% among infants less
than 28–29 weeks of gestation. Conversely, RDS is
seldom seen beyond 38 weeks of gestation.

4 Administration of exogenous surfactant has become the
standard of therapy for infants with RDS who are
intubated. Whether used as prophylaxis or rescue
therapy, it results in decreases in neonatal mortality
and air leaks. However, the occurrence of
complications such as intraventricular hemorrhage and
bronchopulmonary dysplasia (BPD) is not decreased
with surfactant therapy.

5 The incidence of BPD is inversely proportional 
to gestational age. As the survival of very low-
birthweight infants has increased, a “new BPD” is now
seen in very small infants who did not have RDS or
pneumonia in the first week after birth. This  seems to
be more the consequence of chronic inflammation,
deleterious effects of cytokines and other mediators,
and an arrest of the process of normal lung
development.

6 The best approach for term infants born through
meconium-stained amniotic fluid who have initiated
vigorous respiratory efforts is probably just
observation, regardless of the characteristics of the
meconium. Direct visualization of the larynx and
tracheal suctioning are now reserved primarily for
infants in need of resuscitation. Thorough endotracheal
suctioning will not prevent all cases of meconium
aspiration syndrome (MAS).

7 Delivery by Cesarean section without labor constitutes
a risk factor for transient tachypnea of the newborn
(TTN). Some infants who develop TTN have also been
shown to have borderline lung maturity on prenatal
amniotic fluid analysis. Additional risk factors are
maternal diabetes, prolonged labor, male sex,
macrosomia, and asphyxia.
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HSV treatment, 257–258, 260, 270, 920
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289, 920
varicella treatment, 275, 280
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Adams–Oliver syndrome, 442
adaptive immune system, 119–120
Addison’s disease, 773
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adhesions, acute intestinal obstruction, 781
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benign, 961–962, 970, 970
malignant, 970–973

adolescent pregnancy, 988–997, 1003
adverse outcomes, 992–993, 1003

Cesarean section, 993
etiological factors, 987
fetal/neonatal, 992–993, 993
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maternal, 992, 992
maternal/perinatal mortality, 992
preeclampsia/eclampsia, 992, 993, 
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risk factors see below

birth control/contraception, 990–991
abortion, 996
advice, 996
education, 995
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care of, 997
cost to society, 987
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Doppler ultrasonography, 575
ultrasound examination, 341, 342–343,

343, 344, 377–379, 378, 379
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bladder/cloacal exstrophy, 387, 396
body stalk anomaly, 387
gastroschisis, 385–386, 386, 396
omphalocele, 384–385, 385, 395–396
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femur length (FL) ratio, 517
head circumference (HC) ratio, 517, 518
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preterm labor management, 1098
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rhesus alloimmunization and, 868, 869,

881
abortion
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criminal, 675
ectopic pregnancy association, 161
Eisenmenger’s syndrome, 704–705
repetitive, reciprocal translocations, 299
rhesus alloimmunization, 869
selective, multifetal pregnancies, 190
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acute renal failure (ARF), 811
disseminated intravascular coagulation

(DIC), 861
SLE and, 934
spontaneous see spontaneous abortion
see also intrauterine fetal demise (IUFD)

abruptio placentae see placental abruption
abuse, risk factors for, 1033
academic achievement, adolescent pregnancy

and, 991
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antepartum management, 193
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(SADDAN), 431

acid aspiration syndrome, 727
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evaluation, 599–600
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BPP scoring, 590, 591–592
intrapartum evaluation, 599–600
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acquired thrombophilia, placental effects, 47
acrocentric chromosome(s), 298, 300
acrochordons (skin tags), pregnancy-related,

948
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acromelia, 407
acrosin, 4
acrosome reaction (AR), 3, 4
ACTH-independent Cushing syndrome, 772
acute chest syndrome (ACS), sickle cell

disease and, 854
acute fatty liver of pregnancy (AFLP),
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clinical/biochemical features, 803, 803
epidemiology, 801–802
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maternal/fetal outcome, 802, 803
multifetal pregnancy, 186
pathology/pathophysiology, 802, 802
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974

acute myelogenous leukemia (in pregnancy),
974
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fetal, 74, 75, 76

development, 74, 76–78
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hormone formation, 77
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disorders, 771–772, 977
pregnancy-related changes, 639

size, changes, 75
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adrenal tumors, in pregnancy, 772, 977
adrenocorticoids, 77
adrenocorticotropic hormone (ACTH)

congenital adrenal hyperplasia, 618
estrogen/androgen biosynthesis, 125
fetal hypothalamus–pituitary–adrenal axis,

126
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placental, 74, 127
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731–735

causes, 732
clinical presentation, 732–733
complications, 734, 734–735
mechanical ventilation, 733–734
pathophysiology, 732
therapy, 733

advanced maternal age (AMA)
adverse outcomes

antepartum bleeding, 1001
Cesarean sections, 999–1000, 1003
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etiological factors, 987
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induction, 1000–1001
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475
maternal mortality, 987, 988, 998–999
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multiple gestation risk, 998, 999
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relative risks, 987, 988, 998–999, 1003
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352–353, 354, 358
aglossia–adactylia syndrome, 441–442
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air leaks, meconium aspiration syndrome,
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airway inflammation, asthma, 723
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ALARA principle, 339–340
albumin measurements, neonatal
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alcohol consumption/abuse, 236–238

adolescents, 990, 994
binge drinking, 236
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fetal effects, 237, 243
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fetal alcohol syndrome, 236, 237, 243
IQ, 236
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pregnancy-associated changes, 763
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secretion, 78
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continuous, 308, 308, 309
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allergic vaginitis, 890
alloimmune causes, recurrent pregnancy loss
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alloimmune thrombocytopenic purpura

(AITP), 858, 863
alpha-blocking agents, hypertension, 692
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amniotic fluid see amniotic fluid 
alpha-fetoprotein (AFAFP)

maternal serum see maternal serum 
alpha-fetoprotein (MSAFP)

Alphavirus encephalitides, 259
aluminum hydroxide, peptic ulcer disease,

780
alveolar–capillary membrane injury, adult

respiratory distress syndrome
(ARDS), 732

alveolar gas exchange, pulmonary disorders,
719
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anticoagulation therapy, 713
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gestational diabetes screening, 744
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home uterine activity monitoring (HUAM),
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HSV treatment/prevention guidelines, 258,
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influenza vaccination, 724
rubella vaccination schedules, 252
Technical Bulletin on OVD, 1080
ultrasound safety/use, 339, 340
vacuum classification, 1078
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rheumatoid arthritis diagnostic criteria,
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SLE diagnostic criteria, 931, 932

amikacin, use during pregnancy and
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amino acids
metabolism

fetal, 63
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disseminated intravascular coagulation,
860–861, 864
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nutritional, 850–852
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parvovirus, 272, 273
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1242
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hypertension, 706
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definition, 296
frequency, 325
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recurrence risk, 324
recurrent pregnancy loss (RPL), 149
second-trimester screening, ultrasound,

493–494
sex chromosomes, 322–323, 325, 332
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see also specific types
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angiotensin-converting enzyme (ACE)

inhibitors
hypertension, 693
teratogenicity/toxicity, 224, 938

angiotensin-converting enzyme (ACE),
preeclampsia, 686

angiotensin II
circulating concentration, 78
placental vascular reactivity, 99
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adaptations, 70
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animal vs. human toxicity, 227–228
dose equivalence between species, 227
toxicology, 230, 233

evaluation, 227–228
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aspiration of stomach contents, 727–728
peptic ulcer disease, 780
reflux esophagitis, 780

antenatal depression, 1023, 1033
clinical presentation, 1022–1023
epidemiology, 1022

antepartum bleeding, advanced maternal age
and, 1001

antepartum management, multifetal
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antepartum mastitis, 896
antepartum surveillance/monitoring see fetal

surveillance
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adult respiratory distress syndrome
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bacterial pneumonia, 728
chemotherapy, 965
cystic fibrosis (CF), 727
endocarditis prophylaxis, 703, 896
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(MIAC), 1145–1146, 1161,
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breastfeeding, 284–291, 288, 1213
septic shock, 676
teratogenicity/toxicity, 225, 288, 965, 965
see also specific drugs/types
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toxoplasmosis, 265–266
see also specific types
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anticoagulant system, 826–827, 827
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anticoagulation therapy
antithrombin deficiency, 843
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hemorrhagic complications, 841
indications/dosing, 842, 844
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pharmacology, 836–837
prophylactic in thrombophilia, 835,

835–836, 843, 844
recurrent VTE, 843
safety, 836–837
shock, 669
surgery and, 841, 843
VTE treatment, 841, 844
see also specific anticoagulants

anti-D antibodies, 868
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hemolytic disease severity and, 871
measurement/detection, 868–869
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neonatal discontinuation syndrome, 1025
in pregnancy, 1024–1025, 1026

antidiarrheal drugs, inflammatory bowel
disease, 784

antidiuretic activity, arginine vasopressin,
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anti-E antibodies, 880
antiemetic therapy, 777
antiepileptic drugs (AEDs)

AED (Antiepileptic Drug) Pregnancy
Registry, Genetics and Teratology
Unit, 1032

folate deficiency and, 821
preeclampsia, 691–692
pregnancy management, 821, 822
teratogenicity/toxicity, 225–226, 821
teratogenic risk assessment, 231
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antigen-presenting cells, 118
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antihypertensive agents
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preeclampsia, 688
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anti-influenza drugs, use during

pregnancy/lactation, 287–288
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anti-Kell alloimmunization, 881
anti-LA antibodies, 931, 942
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antimicrobial agents
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innate immune system ontogeny, 118
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pregnancy complications, 814, 816, 831,

943
fetal loss, 152, 935
preeclampsia, 816
prophylactic anticoagulation, 835
venous thrombosis, 830–831
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treatment, 844, 861, 943

antipsychotic drugs, in
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1028–1029, 1029

bipolar disorder, 1030
antiretroviral therapy, 287, 289, 903

discontinuation postpartum, 907
highly active antiretroviral therapy

(HAART), 903–904, 905–906, 907,
922

HIV resistance, 901–902
testing, 902

prevention of MTCT of HIV, 904,
905–906, 907, 922

regimen choice, 903–904
timing, 902–903

anti-Ro antibodies, 931, 942
antisense DNA strand, 304
antithrombin, 827

deficiency, 829, 862–863
anticoagulation in, 843

antithrombin III, shock, 669
antithyroid drugs, 619

thyrotoxicosis, 767
α1-antitrypsin deficiency, 726–727
antituberculous drugs

teratogenicity/toxicity, 224
use during pregnancy/lactation, 288, 289

antiviral therapy
antiretroviral see antiretroviral therapy
cytomegalovirus, 272
herpes simplex virus (HSV), 257, 257–258,

260, 270
influenza, 728
use during pregnancy and lactation,

287–288, 289
varicella zoster virus (VZV), 254, 275

anxiety disorders, 1026–1027, 1034
risks of untreated disease, 1026
somatization, 1032

aorta
coarctation of

fetal, 364, 365, 373
maternal, pregnancy and, 706

embryonic development, 29
fetal ultrasonography, 572–573, 573,

581
aortic arch

congenital defects, 364, 365, 373
placental blood flow, 108

aortic dilation, Marfan syndrome, 711
aortic valve

balloon valvuloplasty, 622–623, 709
insufficiency, 709
Marfan syndrome, 711
regurgitation, ventricular septal defect

(VSD), 703
stenosis, 364, 373–374, 709

Apgar scores
asphyxia, 1234, 1234
smoking and, 241

appendectomy, 785
appendicitis, 784–785, 896
appendix

embryonic development, 26
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arachnoid cyst, MRI vs. ultrasonography,
542, 544–545
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arginine vasopressin (AVP)

biological activities, 129, 130
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metabolism, pregnancy-related changes,

638
posterior pituitary, 129

arm, nomograms, 411
Arnold–Chiari malformations, 351
arterial blood gases

acute pulmonary embolism (APE), 838
fetal adjustments in hypoxia, 105–106,
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pregnancy-related changes, 636
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arterial drainage, premature brain, 1234
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resistance, 107–108
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concentration, 62
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cardiocirculatory adjustments,
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446–448, 447
associated anomalies, 448
etiology, 447, 448

artificial rupture of membranes, active phase
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aspiration pneumonitis, 727
aspiration, stomach contents, 727–730
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peptic ulcer disease, 781
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preeclampsia prevention, 694
prevention of APO in thrombophilia, 835
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systemic lupus erythematosus (SLE), 937
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assisted reproductive technology (ART)

ectopic pregnancy, 161
multifetal pregnancy, 177
multiple pregnancy, 650

asthma, 723–726
drugs/dosage, 725
effects on pregnancy, 723–726
emergency management, 726
fatal, risk factors, 726
management, 724
pathogenesis, 723
status asthmaticus, 725
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asynchronous birth, multifetal pregnancy,

194
atelosteogenesis, 432
atenolol, hypertension, 692
atrial fibrillation, 707
atrial flutter, 370
atrial septal defect (ASD), 702–703
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development, 28–29
atrioventricular (AV) heart block, 371

complete, 370, 371, 374
Mobitz type I, 371
Mobitz type II, 371
neonatal lupus syndrome, 935–936

atrioventricular septal defects, 363, 373
maternal, anesthetic considerations, 1201

atrium, embryonic development, 28–29
atropine (Lomotil), inflammatory bowel

disease, 784
autoimmune causes, recurrent pregnancy loss

(RPL), 152–153
autoimmune hemolytic anemia (AIHA), 855
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autopsy, stillbirth, 329
autosomal dominant cystic kidney, 390, 390,

396
autosomal dominant inheritance, 300,

300–301, 332
counseling, 326
variable expression, 301, 326

autosomal recessive cystic kidney, 389,
389–390, 396

autosomal recessive inheritance, 300,
301–302, 316

counseling, 326–327
screening, 310

A wave ratio, 96
azathioprine

inflammatory bowel disease, 783
systemic lupus erythematosus (SLE), 937,

943
teratogenicity/toxicity, 939
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baby (postpartum) blues, 1023
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amniotic cavity (MIAC)

anemia (neonatal), 1242
endocarditis (maternal), 703, 895–896
secondary to varicella, 274
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280
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diagnosis, 889
preterm labor, 1095
preventative care, 887–888
PROM and, 1140
treatment, 889
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balanced translocations, 297, 316
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“balling up,” preterm labor, 1095
balloon valvuloplasty

aortic, 622–623, 709
pulmonary, 366, 623

“bamboo spine,” 942
banana sign, ultrasound, 488–489
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bases (nucleic acid), 304
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B-cell receptors, 117
B cells

clonal deletion in bone marrow/peripheral
lymphoid tissue, 118

development, adaptive immune system
ontogeny, 120

markers, 139
memory, 118
newborn, 120
phenotyping, 139

Beau’s lines, pregnancy-related, 948
Beckwith–Wiedemann syndrome, 204

imprinting and IGF2, 203, 207
omphalocele and, 384, 395

bedrest
placenta previa, 1052
prematurity in twins, 191

Beemer–Langer syndrome, 439
Bell’s palsy, pregnancy-related, 820
Bell’s staging, neonatal necrotizing

enterocolitis, 1250
Bendectin, nausea, vomiting, 777
beneficence, 1040
benign intracranial hypertension, during

pregnancy, 818, 822
bereavement issues, multifetal pregnancy, 

187
beta-agonists

asthma, 725, 726
contraindications, 1098

beta-blockers
hypertension, 692
mitral stenosis, 708
thyrotoxicosis, 767

beta-human chorionic gonadotropin (bhCG),
476, 476

ectopic pregnancy, 162
fetal blood sample contamination, 135
methotrexate monitoring, 167
multifetal pregnancy, 178

betamethasone
dexamethasone vs., 89
HELLP syndrome, 689
preterm labor, 192, 1113

beta sympathomimetic agents, 1103–1105
side-effects, 1103–1104

bias, 1009
bicarbonate administration, diabetic

ketoacidosis, 752–753
bicornuate uteri

preterm labor, 1101–1102
recurrent pregnancy loss (RPL), 150, 151

bilateral renal agenesis, 387–388, 388, 396
biliary atresia, 384
biliary colic, 787
biliary complications, inflammatory bowel

disease, 783
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bilirubin
encephalopathy in premature infants,

1225–1226, 1229
fetal hemolytic disease, 870, 881–882
neonatal values, 1244

binge drinking, 236
biochemical changes, in pregnancy, 

633–644
see also pregnancy

biological changes, in pregnancy, 633–644
see also pregnancy

biological markers
Down syndrome screening, 496–497
prenatal diagnosis, 189

biological plausibility, teratogens, 230
biomechanical changes, in pregnancy,

633–644
see also pregnancy

biometry
IUGR see under intrauterine growth

restriction
preterm labor management, 1097–1098
skeletal dysplasia diagnosis, 408, 408–412,

410–411
pulmonary hypoplasia prediction,

421–422
ultrasound examination, 343–344

biophysical profile (BPP), 590–592, 602
acidemia, 590, 591–592
false-negatives, 591
fetal surveillance in multifetal pregnancies,

192
hypoxia/hypoxemia, 590, 591, 602
modified, 592, 593, 1157
perinatal mortality/morbidity and, 591,

591–592, 592
PROM, 592, 1156–1159, 1173

amniocentesis results and, 1158, 1158,
1158–1159, 1159

latency prediction, 1158–1159, 1159
outcome, 1157–1158, 1158
scoring, 1157

scoring/interpretation, 590, 590–591
bioprosthetic valves, 713
biopsy

breast cancer, 968
cervical, 966
endometrial, luteal phase defect, 149
fetal, 309, 311
liver, HELLP syndrome, 800
renal, pregnancy-related ARF, 812, 813
thyroid nodules, 977

biostatistics, 1007–1015
bias, 1009
causality interference, 1013, 1013,

1014
comparative measures

etiologic proportion, 1011
multivariate, 1011, 1012–1013, 1014
odds ratio, 1011, 1014
risk difference, 1011
risk ratio, 1011
univariate, 1011, 1011–1012

confidence intervals, 1011–1012, 1014
confounding factors, 1009, 1009, 1013

stratification and, 1012

null hypothesis
confidence intervals and, 1012, 1014
type I/type II errors, 1010, 1010

power, 1010, 1010–1011, 1013–1014
precision, 1009, 1013
predictive values, 1010, 1010, 1013
P-values, 1010
sample size, 1010–1011
sensitivity, 1009, 1010
specificity, 1009, 1010
test selection, 1011–1012, 1014
validity, 1009, 1013
see also epidemiological studies

biparietal diameter (BPD), 341
gestational age estimates, 511
IUGR diagnosis, 510, 511
maternal serum alpha-fetoprotein (MSAFP)

screening for dating, 487
nomograms, 510, 514

bipolar disorder (pregnancy/postpartum),
1030, 1034

psychosis in, 1028
risks associated, 1031
treatment, 1030, 1031

birth see delivery; labor
birth defects see congenital malformations
birthweight

categories, 1086
gestational age

mortality, 1252
multifetal pregnancy, 181

gestation and, 650
mortality, 1086
perinatal mortality, 1056

birthweight-specific survival rates, preterm
labor, 1102, 1103

Bishop scoring, 1096, 1193–1194, 1194,
1195

bismuth subsalicylate (Pepto-Bismol),
diarrhea, during pregnancy, 787

bisphenol, in vivo toxicity studies, 228
bladder

embryonic development, 27
fetal

exstrophy, 387, 396
megacystis, 391–394, 393, 394, 397
ultrasound anatomy, 378–379, 379

maternal
indwelling catheter, shock, 658
pregnancy-related changes, 890
tumors, 978

blastocele, 5
blastogenesis, 5, 5
Blastomyces dermatitidis, fungal pneumonia,

729
bleeding

disorders, 859, 859–860, 864
see also coagulopathies

hypovolemic shock, 669
preeclampsia and, 694
in third trimester, 1049–1064

placental abruption, 1054–1060
placenta previa, 1049–1053, 1053
placenta scan, 1052
vasa previa, 1053–1056

see also hemorrhage; specific causes

1266

blighted ovum, sporadic pregnancy loss, 144
block vertebra, 428
blood

centralization, 107–108
components, 660
pH

pulmonary disorders, 722
pulmonary vascular tone, 97

primitive cells, 132
blood clot, retroplacental, 1060
blood clotting factors, 825–826, 826, 827

disorders, 859, 859–860, 864
pregnancy-associated changes, 828–829,

843, 855, 855–856
see also coagulation cascade

blood component therapy, shock, 659–660
blood flow

fetal growth restriction and, 210
fetal systolic/diastolic ventricular

performances, 96, 96
pulsatile nature, 562
smoking and, 241
teratogenicity/toxicity, 226
ultrasound measurement, 65

see also blood flow velocity waveform
(FVW)

blood flow velocity waveform (FVW),
562–564, 581

fetal arteries, 572–575
aorta, 572–573, 573, 581
cerebral circulation, 573–574, 574, 581

fetal veins, 575, 575–577, 581
ductus venosus, 575, 576, 576–577
inferior vena cava, 573, 575, 576,

576–577
pulmonary, 577

indices, 563, 563–564
Pourcelot ratio, 563
pulsatility index, 563, 563, 566
resistance index, 563, 566
systolic–diastolic ratio, 563, 563

maternal uterine circulation, 579, 579–581
early diastolic notch, 579
high-risk pregnancy, 580–581
hypertension/preeclampsia, 580, 580,

581
normal pregnancy, 579–580

maximum velocity waveform, 563
umbilical artery, 564, 564, 581

abnormal, 567–571, 568
in clinical practice, 577–579, 578
diabetes and, 569, 570
fetal breathing effects, 565, 565
fetal heart rate effects, 564–565
gestational age and, 564
growth restriction/neonatal morbidity

and, 568, 568, 569
high-risk pregnancy, 567–571, 581
hypertension/preeclampsia, 569
interpretation, experimental studies, 566,

566–567
maternal thrombophilia and, 570–571
multiple pregnancy and, 569–570, 581
normal pregnancy, 564, 564–566, 565
pathophysiology, 567
variations, 565
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umbilical vein, 572, 572
velocity profile, 562, 563

blood gases
arterial see arterial blood gases
hypoxemia

elevated placental vascular resistance,
106–107

normal placental vascular resistance,
104–105

parameters, pregnancy-related change, 636
respiratory distress syndrome, 1236
venous air embolism, 731

blood groups
alloimmunization, 867–884

ABO antigens, 880
atypical antigens, 880–881, 881
Rh antigens see rhesus alloimmunization

determination, neonatal
hyperbilirubinemia, 1244

discovery, 867
ethnicity and, 867–868
rhesus antigens see rhesus (Rh) blood

group system
blood loss see bleeding; hemorrhage
blood pressure

control in pregnancy, 814, 814, 816
measurement, 683
pregnancy-related changes, 633
see also hypertension; hypotension

blood samples (fetal), contamination,
134–136, 136

blood smears, 134–135, 136
blood transfusion

ABO alloimmunization, 880
fetal see intrauterine fetal transfusion
placenta previa, 1053
rhesus alloimmunization, 868
sickle cell disease, 854

blood vessels
embryonic development, 21
velocity profile, 562, 563

B lymphocytes see B cells
B-mode ultrasound, 337
body composition, fetal changes, 62
body mass index (BMI), 1198, 1200–1201

pregravid, 648
body stalk anomaly, 387
body weight

fetal, 62
umbilical vein volume flow, 65

maternal, pregravid/gestational weight
gain, 648–649

bone(s)
congenital deformity see skeletal dysplasias
embryonic development, 32
mineralization, 415, 415

bone marrow
B cells, clonal deletion, 118
medullary hematopoiesis, 133–134
transplantation (BMT), 623

boomerang syndrome, 432
Borrelia burgdorferi, 898

sporadic pregnancy loss, 145
bowels see intestines
brachial artery (fetal), Doppler

ultrasonography, 575

brachydactyly, 427, 442
bradycardia (fetal), 370, 597

hypoxia, 105
medical treatment, 621–622

brain (fetal)
anomalies, ultrasound, 488
cysts, 354–355, 355, 358

choroid plexus, 356–357, 358, 479,
1241

MRI vs. ultrasonography, 550
premature infants, 1221–1222, 1222

autoregulation, 1222
composition, 1222
vascular supply, 1221

“sparing”
hypoxemia with elevated placental

vascular resistance, 107
in type 2 IUGR, 509, 519–520, 521

ventricles, enlargement, 347–349, 349, 357
vesicles, 30

Braxton Hicks contractions, preterm labor,
1096

breast(s)
abscess, 1213
anatomy, 1208
development, 1207–1209
involution, 1209

breast cancer (in pregnancy), 968–970
adjuvant chemotherapy, 969
biopsy, 968
diagnosis, difficulty, 968
lymph node involvement, 968–969
prognosis, 968
staging/classification, 969
subsequent pregnancy, 969–970
surgical management, 968

breastfeeding/lactation, 1207–1214
“afterpains,” 1206
alcohol consumption/abuse, 1210
amenorrhea, 1206–1207, 1213, 1214
assessment, 1213
caffeine intake, 1210
common problems, 1213–1214
contraindications, 1211, 1214

HIV, 287, 289, 1212
delivery mode and, 1212
drug use during, 1211, 1212

antibiotic/antimicrobial agents, 284–291,
1213

antidepressants, 1025, 1033
antirheumatic drugs, 941
chemotherapy, 965
illegal, 1210–1211
mood stabilizers, 1030
thyroid medications, 1211
see also specific drugs/drug types

exercise/calorie restriction during, 1210,
1214

factors affecting, 1210–1211
failure, 1208, 1214
information/advice, 1212–1213, 1213,

1214
intrapartum influences, 1212–1213
maternal health problems, 1211–1212

cystic fibrosis, 1211
depression and, 1025, 1033

1267

diabetes, 1211
HIV, 287, 289, 1212
phenylketonuria, 1211
rheumatoid arthritis and, 941
thyroid disease, 1211

maternal–infant contact, 1212–1213, 1214
maternal–infant outcomes and, 1207,

1207, 1214
obesity and, 1210
physiology, 1207–1209, 1208, 1214

onset of milk production, 1207–1208
volume regulation, 1208
weaning, 1209

sexuality and
erotic aspects, 1017
genital physiology/sexual responsiveness,

1016
smoking and, 1210
support, 1212–1213
see also breastmilk

breastmilk
colostrum, 1209
composition, 1209–1210, 1214
contaminants, 1210, 1214

see also breastfeeding/lactation, drug use
during

foremilk, 1209
hindmilk, 1209
low milk production, 1214
maternal diet and, 1209, 1214
production onset, 1207–1208, 1214
volume regulation, 1208
see also breastfeeding/lactation

breathing initiation, adaptation to
extrauterine life, 1233

breech-presentation fetuses, malpresentation,
1099

bromocryptine, prolactinoma, 769
bronchopulmonary dysplasia, 490–491
Budd–Chiari syndrome, 804, 806, 807
bulbus cordis, embryonic development, 28,

29
bulimia, clinical features, 996
bulk-producing substances, constipation,

during pregnancy, 786
BUN study, 475–476
burns, nonobstetric trauma, 673
butterfly vertebra, 428

CAAT box, 305
cabergoline, prolactinoma, 769
caffeine, 242, 243

breastfeeding and, 1210
fetal growth and, 206
pharmacology, 242
teratogenicity/toxicity, 224, 242

CAGE instrument, 237, 238, 243
calcitonin (CT), transplacental transport, 73
calcium

absorption, pregnancy-related changes,
639

exocytosis, 5
homeostasis, 73
metabolism

disorders (in pregnancy), 773–774
pregnancy-associated changes, 764
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neonatal levels, 500
preeclampsia prevention, 695
pregnancy and, 647
prenatal supplements, 645

multifetal pregnancies, 190
transplacental transport, 73
urinary excretion, magnesium sulfate, 1106

calcium channel blockers (CCBs)
hypertension, 693
peripartum cardiomyopathy, 710

calcium gluconate
neonatal hypocalcemia, 1247–1248
preeclampsia, 691

calculus, 778
caloric requirements (in pregnancy), 645

diabetic pregnancy, 747
labor and, 751

multifetal pregnancies, 190
campomelia, 415, 416
campomelic dysplasia (CMD), 437–438, 449
cancer (in pregnancy), 961–983

chemotherapy see chemotherapy
common sites, 962
fetal maturity and early delivery, 966, 966
incidence, 962–963, 963, 963
radiation therapy see radiation therapy
surgical management, 963
transplacental metastases, 963, 975
see also specific malignancies

Candida spp.
neonatal sepsis/infection, 1249
vaginitis, 889

capacitation, 3–5
capillary leak, adult respiratory distress

syndrome (ARDS), 732
carbamazepine

teratogenicity/toxicity, 225, 1030
carbimazole, thyrotoxicosis, 767
carbohydrate metabolism, inborn errors,

prenatal testing, 315
carbon monoxide

smoking and, 241
teratogenicity/toxicity, 226

carcinogens, metronidazole, 287
cardiac adjustments to fetal stress

anemia, 102
arteriovenous malformations, 102
hypoxic stress, 104–108
twin–twin transfusion syndrome, 103–104

cardiac anomalies
three-/four-dimensional (3/4D) ultrasound,

536, 539
aortic arch defects, 364, 365, 373
aortic stenosis, 364, 373–374
chromosome defects and, 477, 482
conotruncal malformations, 366–369, 374
dysrhythmias, 370, 370–371, 374
heterotaxy, 369, 374
hypoplastic left heart syndrome, 364–366,

365, 373
incidence, 361, 373
maternal

anesthetic considerations, 1199,
1201–1202, 1202, 1204

anticoagulation therapy and, 843
pregnancy and, 701–707

nuchal translucency and, 477
omphalocele and, 384
prenatal diagnosis, 361–371
pulmonary stenosis/atresia, 366, 373–374
septal defects, 361–363, 363, 373, 1201
tricuspid valve, 366, 367, 374
univentricular heart, 363, 363–364, 373
in utero therapy, 621
see also specific defects

cardiac arrest
maternal, perimortem Cesarean section,

668
to-delivery interval, amniotic fluid

embolism, 731
cardiac catheterization, fetal, 622–623
cardiac compression, 676
cardiac disease (during pregnancy), 700–717

acquired lesions, 707–709
anticoagulation, 712–713
classification, 700
congenital, 701–707
counseling patient, 700–701
idiopathic hypertrophic subaortic stenosis

(IHSS), 711
Marfan syndrome, 711
maternal risk associated with pregnancy,

701
myocardial infarction, 712
peripartum cardiomyopathy, 709–711
surgery, 713

cardiac output
fetal, heart rate changes, 94, 94
maternal

adult respiratory distress syndrome, 734
pulmonary disorders, 722
shock, 664

cardiac surgery, 713
aortic stenosis, 364
coarctation/interuption of aortic arch, 

364
double-inlet single ventricle, 364
hypoplastic left heart syndrome, 366
transposition of the great arteries, 367,

368
truncus arteriosus, 369

cardiac therapy, in utero, 621
cardiomyocytes, maturational processes, 93
cardiomyopathy

hypertrophic, 711
infants of diabetic pregnancy, 755–756
peripartum see peripartum cardiomyopathy

cardiopulmonary bypass, 713
cardiopulmonary resuscitation, shock,

667–668
cardiosplenic syndromes, 369, 374
cardiovascular physiology (fetal), 93–113

cardiocirculatory adjustments to stress,
101–108

abnormal loading conditions, 101–104
hypoxic stress, 104–108
see also individual conditions

circulatory dynamics, 96–101, 98
placental circulation, 99
pulmonary circulation, 96–99
shunts, 100–101
ventricles parallel arrangement, 96, 96

1268

heart, functional characteristics, 93–96
see also heart, fetal

cardiovascular system
arginine vasopressin, 129
cardiac anomalies see cardiac anomalies
cocaine effects, 238
development, 28–29
fetal physiology see cardiovascular

physiology (fetal)
maternal complications, multifetal

pregnancy, 186
maternal pregnancy-related changes, 70,

633, 635
parameters in normal vs. preeclamptic

patients, 1201
rubella infections, 251
ultrasound examination, 342, 342, 343
see also entries beginning cardio-/cardiac;

heart
carpal tunnel syndrome, pregnancy-related,

820, 822
carrier states

genetic counseling/testing, 321, 332, 860
signs in, 327, 332–333

case–control studies, 1008, 1013
cohort studies vs., 1008

case studies, 1007
castor oil

constipation, during pregnancy, 786
induction of labor, 1194

catalase test, amniotic fluid infection tests,
1101

catecholamines
hypoxia, 105, 107
production, 76

causality interference, 1013, 1013, 1014
causation, legal issues, 1044, 1045
CD4+ cells, 69, 120
CD8+ cells, 69
CD antigens, 115
cecum, embryonic development, 26
cefaclor, use during pregnancy and lactation,

285
cell-mediated response, pregnancy, 11–12
Centers for Disease Control (CDC)

anemia definition, 849
chlamydial infection treatment guidelines,

915, 915
gonorrhea treatment guidelines, 910,

910–911, 911
group B streptococcal infections (GBS),

guidelines, 263, 263
HBV screening, 263
HPV treatment recommendations,

916–917, 917
HSV treatment recommendations,

919–920, 920
iron intake recommendations, 850
syphilis treatment guidelines, 912
Trichomonas vaginitis treatment guidelines,

921, 921–922
varicella zoster virus vaccination

recommendations, 255
central nervous system (CNS)

development, 347, 356
infections, maternal, 895
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malformations
choroid cysts, 356–357
destructive lesions, 353–355, 355, 358
incidence/prevalence, 347, 349, 357
midline anomalies, 351–353, 352, 353,

354, 358
nerve proliferation disorders, 355–356
neural tube defects see neural tube

defects (NTDs)
neuronal migration anomalies, 356, 358
prenatal diagnosis, 347–360
ventriculomegaly, 347–349
vetriculomegaly, 349
see also individual abnormalities

MRI see magnetic resonance imaging
(MRI)

normal sonographic anatomy, 347, 348,
357

pulmonary vascular tone, 97
tumors, maternal, 978
see also individual components

central polydactyly, 446
central venous pressure (CVP), 575, 575
cephalexin, use during pregnancy and

lactation, 285
cephalhematomas, 1241

operative vaginal delivery, 1082–1083
cephalic index, 518
cephaloceles, 351
cephalopelvic disproportion, active phase

dysfunction, 1069
cephalopelvimetry

active phase dysfunction, 1069
labor, abnormal, 1073

cephalosporins
bacterial pneumonia, 728
gonococcal infections, 910
teratogenic risk, 285
use during pregnancy and lactation, 285

cephradine, use during pregnancy and
lactation, 285

cerebral blood flow (fetal)
autoregulation, premature brain, 1222
Doppler ultrasonography, 573–574, 574,

581
high-risk pregnancy, 574
IUGR diagnosis by, 519–520, 520, 574
normal pregnancy, 574

glucose role, 1226
cerebral palsy

legal damages, 1044
magnesium sulfate, 1109
PVL and prematurity, 1225, 1229

cervical cancer (in pregnancy), 966–968
biopsy, 966
cervical intraepithelial neoplasia, 966,

1206
invasive cancer, 967–968
microinvasive, 966–967, 967
neoadjuvant chemotherapy, 968
Pap smears, 966
radiation therapy, 964, 967
surgical management, 966, 967

cervical cerclage
heterotopic pregnancy, 169
prematurity in twins, 191

PROM management and, 1166–1167,
1173

cervical cup, PROM management, 1172
cervical dilation, 1065–1066, 1066, 1066

arrest, 1069
management, 1071, 1072

membrane rupture and, 1131
preterm labor, 1092
silent preterm, 1091–1092, 1095

cervical insufficiency (incompetence),
recurrent pregnancy loss (RPL), 
150

cervical intraepithelial neoplasia (CIN), 966
postpartum changes, 1206

cervical length
prematurity in twins, 191
preterm labor, 1092
spontaneous preterm delivery frequency,

1097
cervical pathology

cancer see cervical cancer (in pregnancy)
postpartum changes, 1206
PROM, 1135–1136

cervical pregnancy, 171–172, 172
cervical ripening, preterm labor, 1089
cervical tamponade, cervical pregnancy, 

172
cervicitis, 890
cervix

biochemistry change, preterm labor, 1089
inflammation, 890
latent phase, 1065
postpartum changes, 1206
pregnancy-related changes, 639–641, 640

remodeling, 640 8
ripening, 640

see also entries beginning cervical
Cesarean delivery

active phase dysfunction, 1072
adolescent pregnancy and, 993
advanced maternal age and, 999–1000,

1003
amniotic fluid embolism, 730
anemia (neonatal) and, 1242
anesthesia

obesity and, 1198
preeclampsia/eclampsia, 1199

aspiration of stomach contents, 727–728
blood loss, 669
breastfeeding and, 1212, 1214
cocaine abuse and, 1204
colorectal cancer and, 975–976
diabetic pregnancy, 751

retinopathy and, 754
Eisenmenger’s syndrome, 704
fetal macrosomia, 750
fetal stress, 1102–1103
gastroschisis and, 386, 396
gestational age, 1102–1103
HELLP syndrome, 689
herpes simplex infection prevention, 270,

280, 919, 920
history, 1077
hypoxemia (fetal), 601
hysterotomy, 609
inflammatory bowel disease, 782

1269

labor induction and rates of, 1190, 1190,
1195

malpresentation, 1099
Marfan syndrome, 711
multifetal pregnancies, 188
nonobstetric trauma, 673
nonvertex twins, 196
omphalocele and, 385
operative vaginal delivery vs., 1083
ovarian dysgerminomas, 973
peptic ulcer disease, 780
perimortem, 668

amniotic fluid embolism, 730–731
peripartum cardiomyopathy, 710
placenta accreta/increta/percreta, 671
placental abruption, 1057
placenta previa, 1051–1052, 1053
preterm labor, 1115
prevention of MTCT of HIV, 904–905,

907–908, 922
intrapartum management, 907
maternal risks, 906
membrane rupture and, 907, 908, 922
timing, 906–907

prolonged pregnancy and, 1189–1190,
1190, 1192, 1194, 1195

transient tachypnea of the newborn (TTN),
1240

vertex–nonvertex twins, 196
Chamberlen forceps, 1078
chancre, 911
chemical agents

mutagens, 303
sporadic pregnancy loss, 145–146
teratogenicity/toxicity, 226

chemokines, 114, 115
chemotherapy

antibiotics, 965
antimetabolites, 964–965
breast cancer, 969
breastfeeding and, 965
cervical cancer, 968
combination, 965
leukemia, 974–975
non-Hodgkin’s lymphoma, 974
ovarian cancer, 972, 973
pregnancy and, 964–965, 978
teratogenicity/toxicity, 964–965, 965
vinca alkaloids, 965
see also specific agents/regimens

chest
abnormalities see thoracic anomalies
fluoroscopy, pulmonary disorders, 721
ultrasound examination, 341
X-rays see chest radiography

chest radiography
acute pulmonary embolism (APE), 838
adult respiratory distress syndrome, 732
pulmonary disorders, 721
septic shock, 675
Swan–Ganz catheter, 664
venous air embolism, 731

Chiari type II malformations, 351
chickenpox, 252–253, 259, 273

pneumonia, 274
see also varicella zoster virus (VZV)
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Child Health and Development Study
(CHDS), postpartum weight
retention, 650

CHILD syndrome, 442
chlamydial infections, 913–915

adolescents, 994
clinical manifestations, 914
epidemiology, 913–914
fetal risks, 914–915
laboratory diagnosis, 915
maternal risks, 914–915
pathogenesis, 914
prevention, 915
PROM and, 914–915, 1141
treatment, 915, 915, 916
vertical transmission, 914
see also specific organisms

Chlamydia pneumoniae, pneumonia, 894
Chlamydia trachomatis, 913

ectopic pregnancy, 161
PROM and, 1141
screening, 885
sporadic pregnancy loss, 145

chloasma, 947, 957
chlorambucil, teratogenicity/toxicity, 939
chlorpromazine, persistent pulmonary

hypertension of the newborn
(PPHN), 1239

chlorpyrifos (CPF), in vivo toxicity studies,
228

cholangiography, intraoperative, 788
cholecystectomy

acute cholecystitis, 789
cholelithiasis, 787–788
laparoscopic, 787–788
pancreatitis, 790

cholecystitis
acute, complicating pregnancy, 788–789
maternal, 896–897

choledochal cysts, 383, 383
cholelithiasis

complicating pregnancy, 787–788
pregnancy and, 804, 806, 807

cholestasis of pregnancy (CP) see intrahepatic
cholestasis of pregnancy (ICP)

cholesterol, conversion to cortisol, 618
cholestyramine, 800
chondroectodermal dysplasia (Ellis–van

Creveld syndrome), 438, 440
chorangioma, 46, 46
chorangiomatosis, 46
chorioallantoic network, mesoblastic

hematopoiesis, 132
chorioamnionitis

acute, 40–41, 41
group B streptococcal infections (GBS),

262, 264
MIAC and, 1144
preterm labor, 1095
PROM, 1135, 1146, 1146

amniotic fluid volume and, 1155, 
1155

management, 1161, 1163–1169
vaginal examination and, 1149–1150
see also microbial invasion of the amniotic

cavity (MIAC)

chorioamniotic membranes, 1130–1134
alterations during labor/rupture, 1131,

1131, 1132
anatomy, 1130–1131, 1131
biochemical composition, 1132,

1132–1134
collagen, 1132, 1132–1133
MMPs/TIMPs, 1132, 1133, 1133–1134,

1172
biophysical properties, 1131–1132, 1172
cytokines and integrity, 1134
fetal effects on, 1134
rupture see membrane rupture
structure at term, 1132
sweeping/stripping, induction and, 1194
zone of altered morphology (ZAM), 1131,

1172
choriocarcinoma, 973
chorion

anatomy, 1131, 1131
growth/enlargement, 37

chorionicity determination, multifetal
pregnancy, 179

chorionic villi
analysis see chorionic villus sampling

(CVS)
embryonic development, 21
heterotopic pregnancy, 168

chorionic villus sampling (CVS), 189, 309,
474–475, 482

congenital adrenal hyperplasia, 619
fetal loss rates, 474, 474
genetic disease diagnosis, 311
teratogenicity/toxicity, 224, 474, 482
transabdominal, 474

chorioretinitis, toxoplasmosis, 265
choroid plexus, cysts, 356–357, 358, 479,

1241
chromosome(s), 322

acrocentric, 298, 323
banding, 295
recombination, 303

chromosome abnormalities, 322–323
analysis see chromosome analysis
aneuploidy, 296
breakage syndromes, 311, 313
classification, 322
cytological origins, 297–300
definitions, 296–297, 322
diaphragmatic hernia, 372
frequency, 318, 325

maternal age and, 297, 321, 325, 998
genetic counseling, 321, 322–323
hallucinogens, 240
microdeletions, 317, 323, 325
mosaicism, 295, 322–323
parental structure, recurrent pregnancy loss

(RPL), 148–149
placental effects, 47
recurrence risk, 324
recurrent pregnancy loss (RPL), 149
sex chromosomes, 322–323, 325, 332
spontaneous abortion, 318
sporadic pregnancy loss, 144–145, 145
ultrasound screening, 1241
see also specific abnormalities
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chromosome analysis, 295, 296, 311
cells used, 295
indications, 323–326
molecular cytogenetics, 295–296, 297,

316, 323, 324, 325
chromosome breakage syndromes, 311

prenatal diagnosis, 313
chromosome deletions, 297, 323

detection, 311
chromosome inversions, 323

recurrence risk, 324
chromosome painting, 296
chromosome translocations, 316, 323

balanced, 297, 316
cryptic, 324
definition, 297–298
Down syndrome, 298, 316
reciprocal, 298, 298–300, 316, 323
recurrence risk, 324
robertsonian, 298, 299, 316
unbalanced, 297, 323

chronic hypertension (CHTN), 686–687,
1198

diagnosis, 1200
etiology, 686
evaluation, 690
high-risk, 690
management, 690–691
superimposed preeclampsia, 687

management, 690–691
chronic kidney disease (CKD)

etiologies, 813–814
incidence, 811
pregnancy and, 813–815, 816

disease progression, 814
management, 814, 814–815, 816
outcomes, 813, 814

chronic lung disease of prematurity (CLD),
1237

chronic myelocytic leukemia (in pregnancy),
975

Chvostek’s signs, 1247
cyclosporine A

systemic lupus erythematosus (SLE),
937–938

teratogenicity/toxicity, 939
cimetidine, peptic ulcer disease, 781
ciprofloxacin, use during pregnancy and

lactation, 287
circulation (fetal)

Doppler waveform analysis, 563–564
arterial, 572–575, 573, 574
venous, 573, 575, 575–577

embryonic development, 29–30
peripheral adjustments to fetal stress

anemia (fetal), 102
arteriovenous malformations, 102
twin–twin transfer syndrome, 104

circulatory adaptation, extrauterine life,
1232–1233

circumvallation, 43–44
cirrhosis, pregnancy and, 804–805
Citrucel, constipation, during pregnancy, 786
CLASP trial, 695
clavicle length, gestational age estimates, 
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clavulanate, use during pregnancy and
lactation, 284, 289

cleavage, 5
cleft lip, 426–427

bilateral, two- (2D) vs. three-dimensional
(3D) ultrasonography, 533

smoking and, 241
unilateral, three-dimensional (3D)

ultrasonography, 530
cleft palate, 426–427

two- (2D) vs. three-dimensional (3D)
ultrasonography, 533

smoking and, 241
clindamycin

septic shock, 676
use during pregnancy and lactation, 286

clinical geneticists, 321
clinical trials, 1008–1009

home uterine activity monitoring (HUAM),
1094

magnesium sulfate for preeclampsia
prevention, 694

ritodrine, 1104
clinodactyly, 408
cloaca, exstrophy, 387
clonal selection hypothesis, 117–118
clonidine, hypertension, 692
cloverleaf skull, 428
clubfoot deformity, 427
clubhand deformities, 443–446

associated defects, 444
classification, 443
radial, 444, 444–446

differential diagnosis, 449
scoliosis and, 446

ulnar, 443–444, 445
“clusters of differentiation,” 114
coagulation cascade, 825–826, 826

abnormalities see coagulopathies
pregnancy-associated changes, 828–829,

829, 843, 855, 855–856
coagulation factors

blood sampling, 135
fetal blood sample contamination, 136
pregnancy-related changes, 637, 637

coagulopathies, 855–863
acute fatty liver of pregnancy, 803
anesthetic considerations, 1199
Budd–Chiari syndrome, 804
disseminated intravascular coagulation,

860–861, 864
inherited bleeding disorders, 859–860

hemophilia, 860, 864
management, 859
von Willebrand’s disease, 859–860, 864

laboratory workup, 856
pregnancy and, 855, 855–856
premature infants, 1228
stroke and, 820
see also thromboembolic disorders of

pregnancy; specific disorders
coamoxiclav, PROM management, 1164
cobalt, teratogenicity/toxicity, 224
cocaine, 238–239, 243

anesthetic considerations, 1203–1204
fetal/neonatal effects, 238, 239, 243, 1203

maternal effects, 238, 243
pharmacology, 238
placental abruption and, 1056
placental exposure, 47
pregnancy effects, 238, 239, 243, 1203
prevalence of abuse, 239
teratogenicity/toxicity, 224, 239

codeine, inflammatory bowel disease, 784
coding DNA, 304
codons, 304
cognitive defects, smoking and, 241
cohort studies, 1008, 1013

case–control studies vs., 1008
COL1A1 mutations, osteogenesis imperfecta,

435
COL1A2 mutations, osteogenesis imperfecta,

435
COL2A1 mutations, Kniest syndrome, 437
collagen(s), membrane rupture/PROM, 1132,

1132–1133
collagenopathies, 402

Kniest syndrome, 437
skeletal dysplasias and, 404, 435

colloid solutions, 658–659
colon, embryonic development, 26–27
color Doppler ultrasound, 337

cardiac anomalies, 361, 363
genitourinary system, 378

colorectal cancer (in pregnancy), 975–976
color flow mapping, hypoplastic left heart

syndrome, 365, 365
colostrum, 1209
communication, genetic counseling, 320,

329, 332
comparative genomic hybridization (CGH),

cytogenic abnormalities, 145
competency evaluation, parenting, 1032
complementary DNA (cDNA), 306
complete blood count (CBC), neonatal

hyperbilirubinemia, 1243–1244
complete heart block, medical treatment

(fetal), 621–622
complete hydatidiform mole (CHM), 3:20

3:17, 51
complete transposition of the great arteries,

367, 367–368
compound heterozygosity, 300, 326
computed tomography (CT)

acute pulmonary embolism (APE),
839–840

appendicitis, 785
fetal radiation exposure, 840–841
Marfan syndrome, 711
motor vehicle accidents, 672
pancreatitis, 790
periventricular leukomalacia (PVL), 1226
skeletal dysplasias, 413–414, 414, 448
subarachnoid hemorrhage (maternal), 818

conceptus growth, 3–18
cleavage, 5
fertilization, 3–5, 4, 19–32
implantation see implantation
molecular synthesis, 6
preimplantation embryo, 5–6

condition-specific antepartum monitoring,
595, 596
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condyloma acuminata, 916, 917
confidence intervals, 1011–1012, 1014
confidentiality, genetic counseling, 329
confined placenta mosaicism (CPM), 323

fetal growth and, 205
confounding factors, 1009, 1009, 1013
congenital adrenal hyperplasia (CAH),

771–772
fetal medical treatment, 618–619

congenital amputations, 440–441, 449
congenital diaphragmatic hernia (CDH),

fetoscopic surgery (FETENDO), 614
congenital heart disease see cardiac

anomalies
congenital hemidysplasia with ichthyosiform

erythroderma and limb defects
(CHILD syndrome), 442

congenital HSV infection, 255–256, 918–919
congenital hydrocephalus, 349
congenital ichthyosis, unconjugated estriol

(uE3), 492
congenital malformations, 217

background risk, 217, 218
cardiac see cardiac anomalies
chemotherapy and, 964
clinical evaluation, 229–230
CNS see central nervous system (CNS),

malformations
counseling by physician, 229–232

clinical evaluation, 229–230
evaluation of cause, 231–232
reproductive risk during pregnancy,

230–231
scholarly evaluation, 229

diabetes-associated, 745–746, 746
metabolic control, 747

drug/alcohol abuse and, 236, 237, 239,
243

emotional issues, 217
etiology, 217, 218–219, 219, 232, 233

deciding cause, 229
environmental factors, 217, 219, 233
genetic factors, 217, 218, 219, 231
unknown causes, 217, 219

frequency, 217, 218, 233
gastrointestinal see gastrointestinal

anomalies
genetic disease, 316–317

prenatal diagnosis, 312, 313
ultrasonography, 309

genitourinary see genitourinary anomalies
influenza infection, 729
litigation, 229
occurrence, 217
polyhydramnios, 1100
preterm labor management, 1100
radiation therapy and, 964
skeletal anomalies see skeletal dysplasias
smoking and, 241
sporadic pregnancy loss, 144
stigma, 217
teratogenic viruses, 249, 249–250, 250,

251, 251, 252–253, 254, 255–256
thoracic see thoracic anomalies
varicella vaccination, 729
vitamin A and, 645
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vitamin D and, 645
see also counseling;

teratogens/teratogenesis; toxicology;
specific malformations

congenital porencephaly, 354–355
congenital rubella syndrome (CRS), 251,

251, 259, 267, 268, 280
congenital short femur, 443
congenital syphilis, 911, 913
congenital varicella syndrome (CVS), 252,

253, 259, 275, 279, 280
congestive heart failure, medical treatment

(fetal), 622
conjoined twins, 182

antepartum management, 193
classification, 184

conjunctivitis, gonococcal, 909
connective tissue

disorders
collagenopathies see collagenopathies
in pregnancy, 931–946
PROM and, 1136, 1141
see also specific disorders

pregnancy-related changes, 947–948
conotruncal anomalies, 366–369, 367, 374

see also specific anomalies
consanguinity

autosomal recessive traits, 301, 326, 332
genetic counseling, 321
stillbirth, 329

consent issues, 1039–1041, 1045
constipation, during pregnancy, 786
contingent screening, Down syndrome, 498
continuous mandatory ventilation (CMV),

adult respiratory distress syndrome,
733

continuous positive airway pressure (CPAP),
respiratory distress syndrome, 1236

continuous variation, 308, 308, 309
continuous wave Doppler, 561–562
contraception

adolescents, 990–991, 995–996
breastfeeding and, 1213
breastfeeding as, 1206–1207, 1213
emergency, 996

adolescents, 995–996
contraction stress test (CST), 587–588

diabetic pregnancy, 750–751
fetal surveillance in multifetal pregnancies,

192
interpretation, 587–588, 588, 602
preterm labor management, 1099
see also fetal heart rate (FHR)

Coombs’ test, 1242, 1244
copper

deficiency, PROM and, 1139
fetal growth and, 206

cordocentesis, 59
fetal hemolytic disease, 872–873, 875, 882

Cornelia de Lange syndrome, Ebstein’s
anomaly, 366

cornual resection, interstitial (cornual)
pregnancy, 170

corpus callosum, agenesis, 352, 352–353,
354, 358

MRI vs. ultrasonography, 550

corpus luteum, 68, 962
correlational epidemiology studies, 1007
corticosteroids, 77

adult respiratory distress syndrome, 733
asthma, 725
bronchopulmonary dysplasia, 1238
hyperemesis gravidarum, 778
inflammatory bowel disease, 783–784, 784
neonatal hypoglycemia, 1246
prematurity prevention/management, 1227,

1229
preterm labor, 1113–1114, 1115
PROM management, 1165
respiratory distress syndrome, 1237
shock, 668
systemic lupus erythematosus (SLE), 937,

943
teratogenicity/toxicity, 224, 939
see also glucocorticoids

corticosteroid-secreting endocrinopathy,
teratogenicity/toxicity, 226

corticotropin-releasing activity, arginine
vasopressin, 129

corticotropin-releasing hormone (CRH)
fetal hypothalamus-pituitary-adrenal axis,

126
glucocorticoid positive feedback

hypothesis, 75
placental, 74, 78, 127
pregnancy-associated changes, 762, 764

cortisol, 77–78
conversion from cholesterol, 618
maternal, 78
maternal anemia and fetal growth, 206
molecular structure, 78
pregnancy-associated changes, 762, 764

cortisone, molecular structure, 78
Coulter Counter MD II, 134
coumarin (warfarin)

teratogenicity/toxicity, 225
use in pregnancy, 837

coumarin derivative, teratogenicity/toxicity,
224

counseling
congenital malformations, 229–232

clinical evaluation, 229–230
evaluation of cause, 231–232
risk evaluation, 230–231
scholarly evaluation, 229

directive, 1042, 1045
genetic disease see genetic counseling
nondirective, 1042–1043, 1045
sexual problems/dysfunction, 1020
ultrasonography, 345
see also prenatal diagnosis

C-peptide levels, diabetic pregnancy, 744
“crack baby syndrome,” 243
“crack” cocaine, 238, 1203
cranial signs, spina bifida, 489
craniofacial malformations, midline

anomalies, 351–352
cranium, skeletal dysplasias, 426, 427, 428
C-reactive protein, PROM assessment, 1159,

1159–1160
Creasy criteria, preterm labor, 1096, 1096
Creasy score, preterm labor, 1090
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CREST syndrome, 938
Criteria Committee of the New York Heart

Association (NYHA), cardiac
disease classification, 700

critical care obstetrics, 657–682
Crohn’s disease, 782–784
cross-sectional studies, 1007
crown–heel length, 508, 513
crown–rump length, 341, 341, 510, 1193,

1195
cryoprecipitate

amniopatch in PROM, 1171–1172
shock, 660

Cryotherapy Study, 1251
Cryptococcus neoformans, fungal

pneumonia, 729
crystalloid solution, 657–658, 658–659
cumulus, 3–4
Cushing’s disease, 770
Cushing syndrome, ACTH-independent, 772
cyanotic heart conditions, 705

anesthetic considerations, 1202
cyclophosphamide

preconception counseling in SLE, 936, 943
teratogenicity/toxicity, 225, 939

cyst(s)
brain, 354–355, 355, 358, 550
choledochal, 383, 383
choroid plexus, 356–357, 358, 479, 1241
facial, three-dimensional (3D)

ultrasonography, 529
gastrointestinal, 383, 383
hepatic, 383
omental, 383
ovarian, 394, 395, 397

fetal, 394, 395, 397
maternal, 970, 971

pulmonary, 371
renal, 388–390, 389, 396
see also entries beginning cystic

cysteinyl leukotrienes (LTC4, LTD4, LTE4),
asthma, 726

cystic adenomatoid malformations (CCAM),
372

hysterotomy (open fetal surgery), 612
cystic dysplasia, kidney, 389, 396
cystic fibrosis (CF), 726–727

maternal, breastfeeding and, 1211
preimplantation diagnosis, 309
prenatal diagnosis, 314

cystic hygroma, MRI vs. ultrasonography,
543

cystic meconium peritonitis, 382, 395
cystitis, 891–892
cytogenetics, 295–296, 316
cytogenic abnormalities, sporadic pregnancy

loss, 144–145
cytogenic analysis, 145
cytokines, 114

deviation, 69
implantation regulation, 6–7
inflammatory, ontogeny, 119
neonatal necrotizing enterocolitis, 1249
pregnancy, 12–13
preterm labor, 1088–1089
representative, 116
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type I /type II, 12–13, 13
cytology (fetal), hematology, 136–137
cytomegalic inclusion disease (CID), 249,

250, 259
cytomegalovirus (CMV)

biology, 248
clinical manifestations, 249–250, 250, 271
cytomegalic inclusion disease, 249, 250,

259
diagnosis/prenatal detection, 250, 250,

271–272, 280
epidemiology, 248–249, 259, 270
infection rates, 249, 249
latency, 250
screening, 272
teratogenicity/toxicity, 226, 248–250
transplacental transmission, 249, 270–272,

280
treatment/prevention, 250, 259, 272, 888,

888
vaccines, 250, 272
villitis, 43

cytosine, 304
cytotoxic drugs, systemic lupus

erythematosus (SLE), 937

damages, legal issues, 1044
danaparoid, use in pregnancy, 837, 844
Dandy–Walker syndrome/complex, 353, 353,

354, 358
Daubert factors, malpractice, 1043, 1045
decidua

hemorrhage, preterm labor, 1089
maternal immune cells, 10
suppressor factors, 12

decompensated disseminated intravascular
coagulation (DIC), 860

decompression amniocentesis, twin–twin
transfusion syndrome, 194

deep vein thrombosis (DVT)
diagnosis, 837, 838
incidence in pregnancy, 825

definitive zone,
hypothalamus–pituitary–adrenal
axis, 126

dehydroepiandrosterone (DHEA), 76–77
estrogen/androgen biosynthesis, 125

dehydroepiandrosterone sulfate (DHAS)
estrogen/androgen biosynthesis, 125
ontogeny, 127

delirium, pregnancy/postpartum, 1029
delivery

aspiration of stomach contents, 727
cardiac arrest-to-neonatal outcome,

amniotic fluid embolism, 731
diabetic pregnancy, 751
following burns, 673
mode

advanced maternal age and, 999–1000,
1003

breastfeeding and, 1212
Cesarean see Cesarean delivery
forceps see forceps delivery
HIV infection risk, 906–907, 922
neurologic complication prevention,

1227

vaginal see vaginal delivery
multifetal pregnancy, 194–196

mode, 195–196
myocardial infarction, 712
preeclampsia, 687
preterm see preterm labor/delivery
timing, multifetal pregnancies, 193
see also labor

delusions, psychotic disorders, 1028
denial, of pregnancy, 1032
Dennen, Edward, Dr., operative vaginal

delivery, 1078
dental procedures, during pregnancy, 779
dephosphorylation, preterm labor, 1088
depressive disorders (pregnancy/postpartum),

1022–1026, 1023, 1033
adverse health behavior, 1022
clinical presentation, 1022–1024

antenatal depression, 1022–1023
postpartum (baby) blues, 1024
postpartum depression, 1023–1024

DSM criteria, 1024
eating disorders and, 1032
epidemiology, 1022
management, 1024–1026

antidepressants, 1024–1025, 1026
nonpharmacological, 1024
treatment choice, 1025

risk factors, 1022, 1023
risk of untreated illness, 1023
self-report instruments, 1024, 1025
somatization, 1032

dermatologic disorders
of pregnancy, 947–960

approach to, 955, 956
cholestasis of pregnancy, 798–800, 805,

806, 949, 954–955, 957
connective tissue alterations, 947–948
hair/nail alterations, 948, 957
impetigo herpetiformis, 949, 953–954,

957
pemphigoid gestationis, 949, 951–953,

957
pigmentary alterations, 947, 957
polymorphic eruption of pregnancy, 949,

949–951, 957
prurigo of pregnancy (PP), 949, 955
pruritic folliculitis, 949, 955
pruritus in, 955, 955, 956, 957
vascular alterations, 947, 957

prenatal diagnosis, 313, 313
see also specific disorders

descent disorders, labor, abnormal,
1072–1073, 1073

descriptive epidemiology, 1007, 1013
desquamative vaginitis, 890
developmental delay, chromosome analysis,

324
developmental toxicology see toxicology
dexamethasone

betamethasone vs., 89
congenital adrenal hyperplasia, 619, 772
HELLP syndrome, 689
preterm labor, 192, 1113
teratogenicity/toxicity, 939
toxicity, 89
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dextran, 658–659
dextrose, neonatal hypoglycemia, 1246
diabetes insipidus, lymphocytic hypophysitis,

771
diabetes mellitus (in pregnancy), 740–761

antepartum assessment, 750–756
fetal surveillance, 750–751
maternal assessment, 750

breastfeeding and, 1211
chronic kidney disease, 814

management, 814–815
classification, 740, 741
delivery time/mode, 751
Doppler ultrasonography, 569, 570
eating disorders, 1032, 1034
empiric risk for offspring, 742
epidemiology/etiology, 740–742
fetal/neonatal complications, 814

fetal lung development, 85
infant morbidity, 755–756
macrosomia and, 520
neonatal hypoglycemia, 1245–1246

management, 746–750
diet, 747
glucocorticoid therapy, 1115
insulin administration, 747–749
oral agents, 749–750
self-monitoring of blood glucose, 749

maternal complications, 751–755
ketoacidosis, 752, 752–753
mortality, 752
myocardial infarction, 712
nephropathy, 754–755
retinopathy, 753–754

metabolic changes, 742–744
placental effects, 47
preconception care/planning, 318
recurrent pregnancy loss (RPL), 150
sporadic pregnancy loss, 145
teratogenicity/toxicity, 226
type 1, 740–741

characteristics, 742
genetics, 740

type 2, 740–741, 741
characteristics, 742
genetics, 741–742

diabetic ketoacidosis, 752, 752–753
diabetic nephropathy, 754–755
diabetic retinopathy, 753–754
dialysis, during pregnancy, 813, 815, 816
diamniotic–dichorionic (DC) gestations, 

177
diamniotic–monochorionic (MC) gestations,

177
diamniotic–monochorionic placenta (DiMo),

48, 49
diamniotic–monochorionic (MC) twins, 179
diaphragmatic hernia, 371, 372–373, 374
diarrhea (maternal), 786–787, 898

classification, 898
diastrophic dysplasia, 436, 437, 438
diastrophic dysplasia sulfate transporter gene

see DTDST/SLC26A2 gene
diazoxide, neonatal hypoglycemia, 1246
dicyclomine hydrochloride, teratogenicity,

231
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didanosine, use during pregnancy and
lactation, 287, 289

diet
counseling, renal disease in pregnancy, 816
diabetic pregnancy, 747
peptic ulcer disease, 781
during pregnancy, 645
see also nutrition (maternal)

diethylstilbestrol, teratogenicity/toxicity, 
225

DiGeorge’s syndrome, neonate, 1247
digestive tract see gastrointestinal system
digital examination, PROM risk, 1139–1140,

1149–1150, 1150
digoxin

fetal congestive heart failure, 622
peripartum cardiomyopathy, 710
shock, 661
tachycardia, 621

dihydroxytestosterone (DHT), fetal secretion,
71

1,25-dihydroxyvitamin D, fetal, 73
dimeric inhibin-A (DIA), second trimester

screening, Down syndrome, 491,
491

diphenoxylate atropine (Lomotil)
diarrhea, during pregnancy, 787
inflammatory bowel disease, 784

diphenylhydantoin, teratogenicity/toxicity,
226, 231

diphtheria immunization, 886
directive counseling, 1042, 1045
discontinuous variation, 309
discordance between fetuses

antepartum management, 194
multifetal pregnancy, 182

disease-modifying antirheumatic drugs
(DMARDs), 941

dispermy, 297
disseminated gonococcal infection (DGI),

909, 910–911, 911
disseminated HSV infection, 256
disseminated intravascular coagulation (DIC),

860–861, 864
volume replacement, 659

disseminated varicella, 253
disulfiram, pregnancy and, 238
diuretics

hypertension, 692
peripartum cardiomyopathy, 710

DNA
chorionicity determination, 179
fetal analysis, 312

repair defects, 313
methylation, 206

see also genomic imprinting
probes

cDNAs, 306
Southern blotting, 306, 306

structure, 304
dobutamine, shock, 661
docosahexanoic acid (DHA), breastmilk,

1209
dominant inheritance, 326

autosomal, 300, 300–301, 316, 326, 332
variable expression, 301

X-linked, 300, 302, 303, 327
see also specific disorders

dopamine, shock, 660
Doppler echocardiography

fetal systolic/diastolic ventricular
performances, 95–96

hypoxemia
elevated placental vascular resistance,

107–108
normal placental vascular resistance, 106

preload changes in fetal heart, 94
Doppler effect, 561, 581
Doppler equation, 561
Doppler ultrasonography, 337, 561–585

clinical strategies in fetal compromise,
577–579

Ebstein’s anomaly, 366
fetal anemia, 574, 576
fetal arteries, 572–575

aorta, 572–573, 573, 581
cerebral circulation, 573–574, 574, 581,

873–874
femoral, 574
high-risk pregnancy, 573
iliac, 574
normal pregnancy, 573

fetal hemolytic disease, 873–874, 882
fetal surveillance in multifetal pregnancies,

192
fetal veins, 575, 575–577, 581

ductus venosus, 575, 576, 576–577
inferior vena cava, 573, 575, 576,

576–577
IUGR diagnosis by, 520
pulmonary, 577

fetal welfare tests and, 571
flow velocity wavefrom see blood flow

velocity waveform (FVW)
hypoxic stress, 104
indices, 518, 563, 563–564
instrumentation, 561–562
IUGR diagnosis, 518–520, 519, 574, 576,

580
maternal uterine circulation, 579, 579–581

first trimester studies, 581
high-risk pregnancy, 580, 580–581
normal pregnancy, 579–580
umbilical circulation relationship, 580

preeclampsia, 694
principles, 561–562, 581
rhesus alloimmunization, 574
skeletal dysplasia diagnosis, 420, 423
spectral analysis, 562
three-dimensional (3D) imaging, 539
umbilical artery, 564, 564, 581

abnormal, pathophysiology, 567
in clinical practice, 577–579, 578
diabetes and, 569, 570
fetal anomalies, 571
high-risk pregnancy, 567–571, 568, 568,

569, 581
hypertension/preeclampsia and, 569
interpretation, experimental studies, 566,

566–567
IUGR diagnosis, 518, 519, 520
mass screening by, 571–572, 580

1274

maternal thrombophilia, 570–571
maternal uterine circulation and, 580
multiple pregnancy, 569–570, 581
normal pregnancy, 564, 564–566, 565
postdate pregnancy, 571

umbilical vein, 572, 572, 575
see also specific types

Doppler velocimetry
fetal metabolism, 63, 64
isthmic flow index (IFI), 100, 103
umbilical artery, 99, 99
see also blood flow velocity waveform

(FVW)
dorsal mesentery (dorsal mesogastrium), 26
dose–response curves, teratogens, 220, 221,

222, 222, 227, 230
“double-bubble” sign, 380, 381
double-inlet single ventricle, 363, 363–364
double outlet right ventricle (DORV),

368–369
Down syndrome (DS), 322, 494

atrioventricular septal defects, 363, 373
Ebstein’s anomaly, 366
maternal age and risk, 297, 473, 998, 999
prenatal diagnosis, 189
robertsonian translocations, 298, 316
screening see Down syndrome (DS),

screening
umbilical cord length, 35

Down syndrome (DS), screening, 473–484,
485–503

amniocentesis, 473–474
biochemistry/serum screening, 476–477

alpha-fetoprotein (AFP), 490–491
biological markers, 496–497

see also ultrasound (below)
chorionic villus sampling, 474–475
combination options, 477–479, 490–491
comparative performance of strategies, 498
detection rate/false positive rate, 496
first trimester, 473–484, 494–497

integrating with second trimester,
497–498

overlapping distributions of markers, 497
second trimester, 473–484

integrating with first trimester, 497–498
multiple markers, 490–491

ultrasound, 495–496
first trimester, 495, 495–496
genetic sonogram (“soft markers”), 478,

478–479, 479, 482, 497
multiple marker risk, 494
nasal bone, 476, 479
nuchal translucency, 475, 475–476
risk estimation, 493–494
second trimester, 493

see also specific techniques
doxazosin, hypertension, 692
doxylamine, nausea, vomiting, 777
D-penicillamine, teratogenicity/toxicity, 225
drug(s), 217–235

abuse/illegal see substance abuse
breastfeeding and see

breastfeeding/lactation
developmental toxicology see toxicology
dose equivalence between species, 227
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dose–response relationship, 220, 221, 222,
222, 227, 233

metabolism
pregnancy-related changes, 221, 222,

223, 223, 233
teratogenesis and, 221, 223

pharmacokinetics, 221, 221, 223
placental transfer, 223
resistance

HIV, 901–902
Neisseria gonorrhoeae, 909
tuberculosis, 894

shock, 6, 660
sporadic pregnancy loss, 145–146
threshold dose, 220
timing of exposure, 218, 220, 220, 221
see also teratogens/teratogenesis; specific

drugs/drug types
drug metabolites, 221, 221, 223, 223
DTDST/SLC26A2 gene

achondrogenesis, 433–434
atelosteogenesis, 432
diastrophic dysplasia, 436

Duchenne–Becker muscular dystrophy, 315,
327

ductus arteriosus, 365
closure, 1232
occlusion, 30
shunts, 100

ductus venosus
Doppler ultrasound, 575, 576, 576–577,

581
shunts, 100

duodenum (fetal)
atresia, 380, 381, 395

Down syndrome, ultrasound for, 
1240

embryonic development, 26
obstructions, 380–381, 381, 395
stenosis, 380

Du Pan syndrome (fibula aplasia complex
brachydactyly), 442

duplicata incompleta, 182
duplication abnormalities, multifetal

pregnancy, 49
dysgerminomas, 973, 978

occult, 971
dysmorphic features, chromosome analysis,

323
dyspareunia, 1020

epidemiology, 1017
perineal trauma, 1018

dyspepsia, peptic ulcer disease, 780
dyspnea, 718
dysrhythmias

fetal, 370, 370–371, 374
antiarrhythmic therapy, 621–622

maternal, 702
dyssegmental dysplasia, 437, 449

early pregnancy factor (EFP), conceptus
growth, 6

eating disorders (pregnancy/postpartum),
1030–1032, 1034

adverse outcome and, 1030
adolescent pregnancy, 993–994

clinical presentation, 1030–1032
diabetes and, 1032, 1034
fetal growth and, 206
incidence, 1030
management, 1032

E/A wave ratio, 96, 97
Ebstein’s anomaly, 366, 367, 374, 707
echocardiographic assessment

fetal see fetal echocardiography
maternal

diabetic pregnancy, 750
Marfan syndrome, 711

echogenic intracardiac foci, Down syndrome,
493

echogenicity of fetal bowel, Down syndrome,
493

eclampsia see preeclampsia/eclampsia
economic issues, multifetal pregnancy, 

188
ectoderm, formation, 5
ectopic hormones, fetal, 130
ectopic pregnancy, 161–168

culdocentesis, 164
diagnostic management, 163
dilation/curettage and, 164
etiology, 161
incidence, 161
laboratory assessment, 162, 164
MRI diagnosis, 543, 552
nontubal, 169–172
persistent, 168
signs/symptoms, 161–162
sites, 169
treatment, 165–168 5

expectant, 168
medical, 166–168
surgical, 165–166

ultrasonography, 164
see also specific sites

ectrodactyly, caffeine and, 242
Edwards syndrome see trisomy 18 (Edwards

syndrome)
efavirenz, use during pregnancy and

lactation, 287, 289
effective renal plasma flow (ERPF),

pregnancy-related changes, 638
egg, structure, 133
Ehlers–Danlos syndrome

Marfan syndrome and, 711
PROM and, 1136, 1141

eicosanoids, pulmonary vascular tone, 98
Eisenmenger’s syndrome, 704–706

anesthetic considerations, 1201–1202,
1202

pathophysiology, 1202
ventricular septal defect (VSD), 703

electric shock, 676
electrocardiography (ECG)

acute pulmonary embolism (APE), 838
fetal, ST segment automated analysis

(STAN), 601–602, 603
electroconvulsive therapy (ECT), psychosis in

pregnancy/postpartum, 1029
electromagnetic lens, 338
electronic fetal monitoring, 672–674
“electronic scalpel,” 535, 535

1275

Ellis–van Creveld syndrome
(chondroectodermal dysplasia), 438,
440, 441

embolic stroke, 819–820
embryo

apposition/adhesion to endometrium, 7–9
crown–rump length (CRL), sporadic

pregnancy loss, 147
dead, 147–148
development see embryonic development
nutrients, 7

embryo-derived histamine releasing factor
(EHRF), 6

embryonal carcinoma, 973
embryonic development, 3–5, 19–32

metabolism, intermediary, 6
teratogen susceptibility and, 219–220, 220,

221
week 1, 19, 20
week 2, 19, 20
week 3, 19–20, 21

embryonic disk folding, 22, 22–23
embryonic period, 22–23, 143
embryotoxins see teratogens/teratogenesis
emergency contraception, 996

adolescent pregnancy prevention, 995–996
Emory Women’s Program, 1033
emotional harm, causation, 1044
emotional issues, congenital malformations,

217
emphysema, 726–727
enalapril, peripartum cardiomyopathy, 710
encephalitis, HSV-related, 256
encephaloclastic porencephaly, 355
end-diastolic pressure, Frank–Starling

mechanism, 94
endocarditis (maternal), 895–896

antibiotic prophylaxis, 704, 896
endocervicitis, chlamydial infections, 914
endochondral ossification, 31
endocrine axes, fetus/placenta, 71
endocrine disorders

fetal, treatment, 618–619
maternal, 762–776

adrenal gland disorders, 771–772
calcium metabolism, 773–774
endocrine hypertension, 772–773
pituitary, 769–771
placental/fetal hormones affecting,

765–766
recurrent pregnancy loss, 149–150
sporadic pregnancy loss, 145
teratogenicity/toxicity, 226
thyroid, 766–769

see also specific disorders
endocrine hypertension, 772–773
endocrine system

disorders see endocrine disorders
fetal, 124–131

adrenal medulla, 128
ectopic hormones, 130
estrogen/androgen biosynthesis, 124
hypothalamus–pituitary–adrenal axis,

125–126
hypothalamus–pituitary–gonadal axis,

124
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hypothalamus–pituitary–thyroid axis,
128–129

neurointermediate lobe of pituitary, 128
posterior pituitary, 129–130

placenta and, 68–82
corpus luteum, 68
endocrine axes of fetus/placenta, 71
estrone/estradiol/estriol, 68
fetal allograft/maternal immune

tolerance, 69–70
fetoplacental peptides, 78–79
hypothalamic/pituitary development,

70–71
maternal cardiovascular adaptations, 70
nutrition/fetus, 70
progesterone, 68

placental/fetal hormones affecting,
765–766

pregnancy-associated changes, 639,
762–765

endocrine tumors, in pregnancy, 977, 978
endocrinopathies see endocrine disorders
endodermal sinus tumor, 973
endoderm, formation, 5
endometrial biopsy, luteal phase defect, 149
endometritis

chlamydial infections, 914
group B streptococcal infections (GBS),

262, 264
MIAC and, 1144

endometrium
embryo apposition/adhesion, 7–9
pregnancy-associated changes, 641

endoscopic retrograde
cholangiopancreatography (ERCP),
788

endoscopy
inflammatory bowel disease, 783
peptic ulcer disease, 780

endotoxic shock, naloxone, 668
endovaginal ultrasonography, sporadic

pregnancy loss, 147
end-stage renal disease (ESRD), 814, 815
enoxaparin

peripartum cardiomyopathy, 710
prevention of APO in thrombophilia, 836
warfarin substitution, 713

environmental disasters, congenital
abnormalities, 229

environmental factors
asthma, 724
birth defects/malformations, 217, 219,

224, 224–226, 233
factors affecting susceptibility, 219–223
incorrectly attributed to, 227
stochastic and threshold dose responses,

222
teratogens see teratogens/teratogenesis

in genetic disease, 308
enzyme-linked immunosorbent assay (ELISA)

HSV, 269
MMP-8 in preterm PROM, 1152
varicella, 274

epiblast cells, 19
epidemiological studies, 1007–1015

causality, 1013, 1013, 1014

evaluation, 1009, 1009
comparative, 1011, 1011–1012
multiple comparison criticism, 1012
see also biostatistics

PROM, 1136
“rare disease assumption,” 1014
screening tests, 1009–1010, 1010
study design, 1007–1009, 1008, 1013
teratogenic viruses, 248
toxicology, 224, 230
see also specific types of study

epidermolysis bullosa, alpha-fetoprotein
levels, 490

epidural/spinal anesthesia
active phase dysfunction, 1072
cardiac conditions, 1202
cocaine abuse and, 1203–1204
duration of second stage labor, 1073
hypertension, 694
myasthenia gravis, 1203
obese patients, 1198
preeclampsia/eclampsia, 1199
vertex–nonvertex twins, 196

epigenetic phenomenon, 203
see also genomic imprinting

epilepsy (maternal), 820–821, 822
anticonvulsants, teratogenicity/toxicity,

225–226, 231
preconception care/planning, 318–319

epinephrine
anaphylactic shock, 675
asphyxia, 1235
dental procedures during pregnancy, 779
hypoxia, 105
neonatal hypoglycemia, 1246

episiotomy
preterm labor, 1115
sexual problems after, 1018

epithelial cell injury, adult respiratory distress
syndrome, 732

epithelium, penetration, 9
Epstein–Barr virus (EBV), transplacental

infection, 278, 280
erythema infectiosum (fifth disease),

258–259, 272–273
erythroblasts, leukocytes differential,

136–137
erythrocytes see red blood cells (RBCs)
erythromycin

bacterial pneumonia, 728
PROM management, 1164
use during pregnancy and lactation, 286,

289
erythropoiesis, ontogenesis, 133
Escherichia coli, septic shock, 675
esmolol, hypertension/anesthesia, 693
esomeprazole, peptic ulcer disease, 781
esophageal mucosa, ulceration, 780
esophagus

atresia, 379–380, 380, 395
embryonic development, 25
tears, nausea/vomiting and, 778

estimated fetal weight (EFW), 517–518
preterm labor management, 1098

estradiol, 68
estriol, 68

1276

estrogen(s)
biosynthesis, 124

fetal hypothalamus–pituitary–adrenal
axis, 126–127

insulin action, 743
molecular structure, 69

estrone, 68
ethanol consumption see alcohol

consumption/abuse
ethical issues, 1039–1046

directive counseling, 1042, 1045
ethical principles, 1039

autonomy, 1040
beneficence, 1040
in maternal–fetal medicine, 1041, 1042
nonmaleficence, 1040

fetus as patient, 1041–1043, 1045
beneficence-based obligations,

1041–1042
independent moral status, 1041
previable fetus, 1042–1043, 1045
viable fetus, 1042, 1045

informed consent, 1039–1041, 1045
informed refusal, 1040–1041
medical ethics and law relationship, 1039
mother as patient, 1041, 1042
multifetal pregnancy, 187
nondirective counseling, 1042–1043, 

1045
nonpaternity, 329
simple consent, 1039, 1045
see also legal issues

ethnicity/race
adolescent pregnancy and, 988, 990, 991,

991, 1003
prenatal care, 994

maternal serum alpha-fetoprotein
(MSAFP), 488

preconception care/planning, 319
PROM and, 1138
racial disparity, preterm labor, 1086–1087,

1088
recessive genetic traits, 327
rhesus blood group system, 867–868
systemic lupus erythematosus (SLE), 931
thalassemias, 853, 853

ethyl alcohol, teratogenicity/toxicity, 225
etiologic proportion, 1011
euglycemia, pregnancy-related changes, 639
euglycemic–hyperinsulinemic clamp

technique, 743
E wave, 96
Ewing’s sarcoma, in pregnancy, 976–977
exchange transfusion, neonatal

hyperbilirubinemia, 1244
exercise/fitness

breastfeeding and, 1210, 1214
fetal growth and, 205, 211

EXIT procedure, 542, 545
exocytosis, calcium, 5
exomphalos, 384–385
Expert Committee on The Diagnosis and

Classification of Diabetes Mellitus,
740

gestational diabetes screening, 744
expert testimony, malpractice, 1043, 1045
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expiratory reserve volume (ERV), pulmonary
disorders, 720

external genitalia, embryonic development,
28

external validity, 1009
extracellular proteins, skeletal dysplasias and,

404
extracorporeal membrane oxygenation

(ECMO), meconium aspiration
syndrome, 1238–1239

extragenital gonorrhea, 909, 910–911
extragenital syphilis, 911
extramedullary erythropoiesis, 1240
extremities

three-dimensional (3D) ultrasound, 534
ultrasound examination, 341, 343, 344

face
anomalies/malformations

femoral hypoplasia syndrome, 447
limb absence and, 441–442
smoking and, 241, 243
three-dimensional (3D) ultrasound, 527,

529, 530
see also specific defects

cysts, three-dimensional (3D)
ultrasonography, 529

embryonic development, 24–25
factor V

recurrent pregnancy loss (RPL), gene
mutation, 155

factor V Leiden, 829–830, 843, 861–862
fetal loss, 833
HELLP syndrome and, 831–832
IUGR and, 832–833
placental abruption and, 832
prophylactic anticoagulation, 835–836
recurrent pregnancy loss (RPL), 153, 155
spontaneous abortion, 834

families, adolescent pregnancy and, 990–991
family history

fragile X syndrome, 328
genetic counseling, 321, 332
preconception care/planning, 319

famotidine, peptic ulcer disease, 781
Fanconi’s anemia

mutations, 445
radial clubhand, 445

Fas–FasL pathway, fetal allograft/maternal
immune tolerance, 70

fat
depots, fetal, 62
intake, milk composition, 1209
maternal, pregnancy-associated changes,

649
fatty acid metabolism (fetal), 63

inborn errors, prenatal testing, 315
fecal continence, operative vaginal delivery

and, 1082
feet

evaluation, skeletal dysplasia, 425,
425–426, 427, 428, 429

foot size nomogram, 426
see also polydactyly

femoral arteries (fetal), Doppler
ultrasonography, 574

femoral hypoplasia syndrome, 447, 449
femur (fetal)

congenital short, 443
foot length relationship, 425
head perimeter relationship, 412
length (FL)

abdominal circumference ratio, 517
gestational age estimate, 515
IUGR, 510, 513, 517
lethality in skeletal dysplasia, 419–420
multifetal pregnancy, 181
nomogram, 410
preterm labor management, 1098

tibia length relationship, 408, 408
fentanyl, persistent pulmonary hypertension

of the newborn (PPHN), 1239
“ferning,” amniotic fluid, 1149, 1173
fertilin, 4
fertility

inflammatory bowel disease, 782
maternal age effects, 998, 998, 1003

fertilization, 3–5, 4, 19–32
fetal alcohol syndrome (FAS), 236, 237, 243
fetal allograft, endocrinology, 69–70
fetal biopsy, 309

genetic disease diagnosis, 311
fetal blood cells, maternal contact, 10
fetal blood flow, IUGR diagnosis by Doppler

ultrasonography, 518–520, 519,
520

fetal blood sampling, 309, 475
C-reactive protein in PROM, 1159–1160
fetal hemolytic disease, 872–873, 882
fetal scalp capillary blood sampling,

599–600
genetic disease diagnosis, 311
safety, 875

fetal breathing movements (FBMs)
BPP scoring, 590–591
preterm labor management, 1100
PROM and, 1156, 1157, 1157
smoking and, 241
umbilical FVW effects, 565

fetal cells in maternal circulation, 480–481,
482

fetal death see intrauterine fetal demise
(IUFD)

fetal differential count, 136–137, 137
fetal echocardiography, 361–371, 373

four-dimensional (4D), 536
accuracy, 361
FHR monitoring, 596
four-chamber view, 361, 362, 363, 367,

373
STIC technique, 361, 362, 536
see also cardiac anomalies

fetal edema, 41
fetal fibronectin (fFN), 1093–1094, 1094

collecting, 1094
false-positive tests, 1094
prematurity in twins, 191
preterm labor, prevention, 1115–1116
testing, 1094

fetal gene analysis, 312
fetal genotype

drug toxicity and, 223

1277

fetal growth and, 205, 211
fetal growth

abnormalities, prenatal diagnosis, 507–525
adult consequences of, 203, 211
biology (deviant and normal), 203–213

fetal influences, 205, 211
genetic influences, 203–205
growth factors, 207–209
maternal influences, 205–207, 211
paternal influences, 203, 205, 211
placental influences, 209–211, 211, 212

cell number/mitosis rate and, 509, 509
fetoplacental perfusion/nutrient transfer, 62
growth curves, multifetal pregnancy, 49
multifetal pregnancy, 181–182, 183
restriction see intrauterine growth

restriction (IUGR)
sporadic pregnancy loss and, 144
ultrasound examination, 343–344
see also macrosomia

fetal growth restriction (FGR) see
intrauterine growth restriction
(IUGR)

fetal heart rate (FHR)
amniotic fluid volume and, 1156
baseline, 597
bradycardia, 370, 597
Doppler ultrasonography, 588, 596

umbilical FVW effects, 564–565
gestational age and, 597
intrapartum monitoring, 595–599, 603

accelerations, 598
decelerations, 598, 1156
diagnostic accuracy, 598–599, 603
electronic (EFR), 596
external, 596, 598–599
intermittent, 595–596
internal, 596
interpretation/patterns, 596–598, 597,

602
managing abnormal FHR findings, 598,

599
normal variations, 597–598
response to contractions, 587–588, 602
response to fetal movements, 588–589,

602
smoking and, 241
tachycardia, 370–371, 374, 598

fetal hemolytic disease, 867–884
ABO hemolytic disease, 880
assessment/predicting severity, 871–874

two-dimensional (2D) ultrasound, 873,
882

amniotic fluid analysis, 871–872, 872,
873, 882

anti-D titers, 871
Doppler ultrasonography, 873–874, 882
fetal anti-D status, 874
fetal blood sampling, 872–873
maternal antibody assays, 874
timing, 874–875

atypical blood group disease, 880–881,
881

bilirubin levels, 870, 881–882
hydrops, 870
intermediate, 870
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kernicterus, 870
management, 874–877, 882

blood transfusion see intrauterine fetal
transfusion

Rh immunization prophylaxis, 877–879
Rh suppression, 877

mild, 870
pathogenesis, 869–870, 881–882
Rh disease, 867–880
severe, 870

fetal hypercarbia, asphyxia, 1234
fetal immunology, 114–123

adaptive system, ontogeny, 119
components, 115
concepts, 114–118

clonal selection hypothesis, 117–118
immunologic memory, 118
nomenclature, 114
pathogenic recognition in adaptive

system, 117
pathogenic recognition in innate system,

114–117
innate system, ontogeny, 118–119

fetal inflammatory response, PROM, 1134,
1146

fetal inflammatory response syndrome
(FIRS), 1146

fetal injuries, motor vehicle accidents, 672
fetal intervention guided by sonography

(FIGS), 614
laparotomy, 614–615

fetal kick counts, 586–587, 587, 602
fetal loss see intrauterine fetal demise 

(IUFD)
fetal lymphocytes, maternal response, 11
fetal macrosomia, 750
fetal malformation see congenital

malformations
fetal–maternal cell traffic, 9
fetal maturity

assessment, 966, 1153, 1153, 1153–1154,
1154

survival and, 966, 966, 1154
fetal measurements see biometry
fetal medical treatment, 617–630

congestive heart failure, 622
diaphragmatic hernia, 373, 374
endocrine disorders, 618–619
fetal antiarrhythmic therapy, 621–622
inborn errors of metabolism, 619–621
interventional cardiac catheterization,

622–623
neural tube defects, 618–619
prenatal hematopoietic stem cell (HSC)

transplantation, 623–626
in utero cardiac therapy, 621

Fetal Medicine Foundation, 1243
fetal membranes see chorioamniotic

membranes
fetal monitoring see fetal surveillance
fetal movements

awareness of, 586
breathing see fetal breathing movements

(FBMs)
fetal heart rate effects, 588–589
monitoring, 586–587, 587, 602, 1156

perinatal outcome relationship, 587
PROM and, 1156, 1157, 1157

fetal period, 23, 143
fetal proportions see biometry
fetal pulmonary lobectomy, hysterotomy

(open fetal surgery), 612
fetal pulse oximetry, intrapartum monitoring,

601, 603
fetal pyelectasis, Down syndrome, ultrasound

for, 493
fetal scalp capillary blood sampling, 599–600
fetal scalp stimulation, 600, 600–601, 603
fetal skeletal anomalies see skeletal dysplasias
fetal stress

antiphospholipid syndrome, 153
hypovolemic shock, 670
preterm labor, 1089

fetal surgery, 609–616
conditions treatment, 610
diaphragmatic hernial, 373, 374
fetal intervention guided by sonography

(FIGS), 614
fetoscopic surgery (FETENDO), 612
maternal mortality/morbidity, 610
open fetal surgery (hysterotomy), 609–612
operating room setup, 614
percutaneous FETENDO, 612–614
techniques, 610

fetal surveillance, 586–606
antepartum, 586–595, 602–603

amniotic fluid volume, 592–595, 602,
1155, 1155–1156, 1156

biophysical profile see biophysical profile
(BPP)

condition-specific, 595, 596
contraction stress test, 587–588, 588,

602
fetal movement monitoring, 586–587,

587, 602, 1156
indications, 586, 587
intravascular fetal transfusion and, 876
nonstress test (NST), 588–589, 590,

602, 1154–1155, 1155
prolonged pregnancy, 1191
PROM and, 1154–1160
rhesus alloimmunization and, 870–871,

882
vibroacoustic stimulation (VAS),

589–590, 602
anticoagulation and, 844
diabetic pregnancy, 750–751
intrapartum, 595–602, 603

fetal acid–base evaluation, 599–600
fetal ECG, ST analysis (STAN),

601–602, 603
fetal pulse oximetry, 601, 603
fetal stimulation techniques, 600,

600–601
FHR monitoring, 595–599, 597, 599,

603
vibroacoustic stimulation (VAS),

600–601, 603
multifetal pregnancies, 192–193
preterm labor management, 1098
see also fetal heart rate (FHR); specific

methodologies

1278

fetal tissue, maternal contact, 9
fetal tobacco syndrome, 242, 242
fetal venous Doppler, IUGR diagnosis, 520
fetal warfarin syndrome, 712
fetal weight

IUGR diagnosis, 517–518
macrosomia diagnosis/prediction,

1191–1192, 1192
fetal well-being, preterm labor management,

1099
fetal zone

adrenal gland, 74
dehydroepiandrosterone (DHEA), 76–77
estrogen/androgen biosynthesis, 125
hypothalamus–pituitary–adrenal axis, 126
steroid exchange, 76

fetoplacental peptides, 78–79
fetoplacental perfusion/nutrient transfer,

59–67
fetal growth and, 62, 205

placental transport capacity, 209–210,
210

fetal metabolism, 63–65
perfusion/placental transport, 59
placental growth, 62
transport/metabolism, 61–62
uterine blood flow, 60
uterine venous drainage, 60–61

fetoscopic imaging
genetic disease diagnosis, 311
intravascular fetal transfusion (IVT),

875–876
fetoscopic laser ablation, twin–twin

transfusion syndrome, 194
fetoscopic surgery (FETENDO), 612–614

indications, 613–614
percutaneous, 612–613

fetus
behavioral states, 586
development, 19–32
endocrine axis, 71–78
hysterotomy risks, 609
infection see under infection(s)
maternal drug use/abuse

alcohol, 236–238, 237
caffeine, 242
cocaine, 238, 239
heroin, 239, 239–240
tobacco, 240–242

medical treatment see fetal medical
treatment

monitoring/surveillance see fetal
surveillance

mortality see mortality
as patient see under ethical issues
rejection, 14
teratogen susceptibility, 220
vibroacoustic stimulation, 590
see also entries beginning feto-/fetal

fFN see fetal fibronectin (fFN)
fibrin glue, PROM management, 1171
fibrinogen, 826

requirements, shock, 661
fibrinolysis, 827, 827–828

inhibitors, 827
fibrin plug formation, 825–826, 826
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fibroadhesive meconium peritonitis, 382, 395
fibroblast growth factor receptor 3 (FGFR3),

skeletal dysplasias, 430–431, 448
fibrochondrogenesis, 432
fibronectins, measurements, 1093–1094
fibula aplasia complex brachydactyly (Du

Pan syndrome), 442
fibula, nomogram, 410
fifth disease (erythema infectiosum),

258–259, 272–273
FIGO see International Federation of

Gynecology and Obstetrics (FIGO)
fingers, embryonic development, 31
first trimester prenatal diagnosis, 473–484
fish oils, fetal growth and, 205–206, 211
fistulas, inflammatory bowel disease, 784
flecainide, tachycardia, 621
flow velocity wavefrom see blood flow

velocity waveform (FVW)
fluid replacement/resuscitation

diabetic ketoacidosis, 752
nausea, vomiting, hyperemesis gravidarum,

778
persistent pulmonary hypertension of the

newborn (PPHN), 1239
septic shock, 676

fluorescence in situ hybridization (FISH),
295–296, 297, 323, 324, 325, 332

fluoroquinolones, use during pregnancy and
lactation, 287, 289

foam stability test, fetal lung maturity
evaluation, 87

focal neuropathies, pregnancy-related, 820,
822

folate/folic acid
deficiency

antiepileptic drugs (AEDs) and, 821
megaloblastic anemia, 851–852
neural tube defects (NTDs), 617–618

fetal growth and, 206
preconception care/planning, 319
supplementation, multifetal pregnancies,

190
teratogenicity/toxicity and, 226

follicle-stimulating hormone (FSH)
fetal secretion, 71, 124
multifetal pregnancy, 48

fondaparinux, use in pregnancy, 837, 844
Fontan procedure, 364
Food and Drug Administration (FDA)

anticoagulation therapy guidelines, 713
teratogenicity/toxicity risk classification,

227
ultrasound regulations, 339

foramen ovale, 29
closure, 1232
shunts, 100

forced expiratory volume (FEV)
asthma, 724–725
pulmonary disorders, 720–721

forced vital capacity (FVC), pulmonary
disorders, 720–721

forceps delivery
history, 1077
indications, 1079
prerequisites, 1079

preterm labor, 1115
techniques, 1080–1081
training, 1078
vacuum delivery vs., 1079, 1081–1082

foreign body aspiration, 727
foremilk, 1209
four-chamber echocardiography, 361, 362,

363, 367, 373
four-dimensional (4D) ultrasound, 338,

526–539, 558
cardiac anomalies, 536
clinical impact, 527
fetal anomaly detection, 527–536, 558
motion artifacts, 536, 540
“snapshot movements,” 526, 529
technique, 526
two-dimensional (2D) vs., 536

Fourth International Workshop Conference
on Gestational Diabetes Mellitus,
gestational diabetes screening, 744

Fraccaro (type IB) achondrogenesis, 433, 434
fractures, skeletal dysplasias, 416, 416
fragile X syndrome, 328

carriers, 328
clinical features, 328
preconception care/planning, 319
prenatal diagnosis, 313–314

Frank–Starling mechanism, fetal heart, 93–94
free fatty acids (FFAs), diabetic pregnancy,

744
fresh frozen plasma (FFP), shock, 659
functional residual capacity (FRC),

adaptation to extrauterine life, 1233
fungal infection(s)

pneumonia, 729
vulvovaginal, 888–889
see also specific infections/organisms

funisitis, acute, 40–41, 41
furosemide, peripartum cardiomyopathy, 710
Fusobacterium spp, preterm

labor/amniocentesis, 1101

G20210A mutation, recurrent pregnancy
loss, 153, 155

galactose deprivation, 621
galactosemia

medical treatment (fetal), 620–621
neonatal hypoglycemia, 1246

gallbladder
fetal

anomalies, 384
ultrasound anatomy, 377

maternal
disease, 787–788, 804, 806
pregnancy-related changes, 638, 804,

806, 807
rupture, 788

gallstones, 787–788, 804, 806
gamete formation, 3
gametogenesis, 3
gasoline addiction embryopathy,

teratogenicity/toxicity, 226
gastric bypass, pregnancy after, 786
gastric tumors (in pregnancy), 976
gastroesophageal reflux, 779

pregnancy-related changes, 638
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gastrointestinal anomalies, 377–387
abdominal wall defects (herniation),

384–387
bladder/cloacal exstrophy, 387, 396
body stalk anomaly, 387
gastroschisis, 385–386, 386, 396
omphalocele, 384–385, 385, 395–396

cystic, 383, 383
esophageal atresia, 379–380, 380, 395
gallbladder, 384
meconium peritonitis, 382, 383, 395
obstructions, 379

duodenal, 380–381, 381, 395
intestinal, 381–382, 382

umbilical vein, 383–384
see also specific abnormalities

gastrointestinal diseases (in pregnancy),
777–796

acute cholecystitis, 788–789
acute intestinal obstruction, 781–782
after operation for morbid obesity,

785–786
appendicitis, 784–785
cholelithiasis, 787–788
constipation, 786
diarrhea, 786–787
drug treatment, effects on fetus, 790–791,

791
gallbladder disease, 787
infections, 896–898
inflammatory bowel disease, 782–784
nausea, vomiting, hyperemesis gravidarum,

777–778
pancreatitis, 789–790
peptic ulcer disease, 780–781
reflux esophagitis, 779–780
total parenteral nutrition, 791–792
see also specific disorders

gastrointestinal system
cancer, 975–976
congenital abnormalities see

gastrointestinal anomalies
embryonic development, 25–27
maternal disorders in pregnancy see

gastrointestinal diseases (in
pregnancy)

methotrexate-induced changes, 167
normal ultrasound anatomy, 377–379, 378
pregnancy-related changes, 638
see also individual components

gastroschisis, 385–386, 386, 396
Gaucher’s disease, prenatal transplantation

hematopoietic stem cell (HSC), 625
gender

fetal growth and, 205
fetal lung development, 85
preterm labor, 1101
ultrasound examination, 341

gene(s), 304–305
alleles, 300
DNA, 304
expression, 304–305, 305
imprinted see genomic imprinting
linkage, 303
molecular analysis see genetic analysis
mutation see mutation
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polymorphism, 297, 303
position effect, 297
products, 304–305, 311–312, 316
structural organization, 304–305

general anesthesia
cardiac conditions, 1202
myasthenia gravis, 1203
obesity and, 1198, 1204
preeclampsia/eclampsia, 1199

genetic analysis, 305–307, 316–317
cells used, 295
chromosomal, 295, 316
diagnostic, 310, 312
linkage, 303
molecular cytogenetics, 295–296
PCR see polymerase chain reaction (PCR)
prenatal see prenatal diagnosis
restriction fragments, 307, 308, 312
Southern blotting, 305–306, 306

genetic anticipation, 320
genetic counseling, 318–335

aims/purpose, 320–321
communication, 320, 329, 332
documentation, 332
fragile X syndrome, 314
genetic basis, 322–328

chromosomal disorders, 322–326
mitochondrial disorders, 328
multifactorial disorders, 328
single-gene disorders, 326–328

guidelines, 329–332
accurate diagnosis, 329–330
concern for individual, 330
confidentiality/trust, 330
“do no harm,” 331–332
duty of care, 332
empathy, 331
jargon use, 331
knowledge, 331
nondirective counseling, 330
parental counseling (maternal and

paternal), 331
timing, 330–331
truth telling, 330

preconception, 318–320, 332
reasons for seeking, 321
robertsonian translocations, 298
stillbirth/perinatal death, 328–329
X-linked traits, Bayesian analysis, 302,

303
genetic disease, 217, 295–317

accurate diagnosis, 329–330
anticipation, 320
burden, 318
chromosome disorders see chromosome

abnormalities
de novo mutation, 301, 326
diagnosis, monogenic disorders, 309–316
frequency, 218
mechanisms, 295, 316
mitochondrial, 315–316, 328
mosaicism, 205, 295, 322–323, 327, 332
parental, 319–320, 320
pleiotropy, 301, 326
polygenic/multifactorial, 307–309, 316,

328

recurrent pregnancy loss (RPL), 148–149
screening, 310, 314, 316
single gene defects see monogenic disorders
ultrasonography, 309
uniparental disomy (UPD), 203, 205, 211,

304, 311, 317, 322, 332
variability of expression, 301, 316–317
see also specific disorders

genetic history, preconception care/planning,
319

genetic linkage, 303
RFLP analysis and, 307, 317

genetic load, 301
genetics

chromosome analysis, 295
congenital malformation, 217, 218, 231
continuous variation, 308, 308, 309
discontinuous variation, 309
fetal growth, 203–205
Hardy–Weinberg equilibrium, 301–302
imprinting, 203, 205, 207, 211, 304
mendelian inheritance see mendelian

inheritance
mosaicism, 295, 322–323, 327, 332
nonmendelian inheritance, 304
polygenic inheritance, 307–309
principles, 295–317
PROM and, 1138, 1140–1141, 1143
spontaneous mutation, 217
teratogen susceptibility and, 223, 233

genetic sonogram, 478, 478–479, 479, 482
genetic testing

nonpaternity, ethical/legal issues, 329
parental, 319–320, 320
predictive, 319–320, 326

genetic counseling, 329
preimplantation diagnosis, 309
prenatal diagnosis, 309, 312–316
see also genetic counseling

genital ducts, embryonic development, 28
genital herpes, 255–256, 269, 280, 918

see also herpes simplex virus (HSV)
genital system, embryonic development,

27–28
genital tract infections, fFN marker, 1094
genital warts, 916, 917

see also human papillomavirus (HPV)
infections

genitourinary anomalies, 387–395
cystic kidneys, 388–390, 396

autosomal dominant cystic kidney, 390,
390, 396

autosomal recessive cystic kidney, 389,
389–390, 396

cystic dysplasia, 389, 396
multicystic, 388–389, 389, 396

megacystis, 391–394, 393, 394, 397
obstructive uropathies, 390, 390–391, 391,

392, 396–397
ovarian cysts, 394, 395, 397
pulmonary hypoplasia and, 387
renal agenesis, 387–388, 388, 396
see also specific abnormalities

genitourinary system
congenital malformations see genitourinary

anomalies
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embryonic development, 27–28
normal ultrasound anatomy, 377–379, 378
surgery, PROM and, 1139
see also individual components

genomic imprinting, 203, 211, 304
IGF-2, 203, 207
maternal nutrition and, 206
uniparental disomy, 203, 205, 211, 304,

317, 322, 332
X inactivation, 302, 304

genotypes, 308, 308
gentamicin

septic shock, 676
use during pregnancy and lactation, 286,

289
German measles, 251, 266

see also rubella virus
germ cell malignancies, 973

occult, 971
germinal matrix–intravascular hemorrhage

(GMH–IVH), 1221, 1222,
1222–1224

complications, 1221, 1223–1224
periventricular hemorrhagic infarction,

1224, 1224, 1229
posthemorrhagic hydrocephalus,

1223–1224, 1229
diagnosis/clinical features, 1223, 1229
incidence, 1229
outcome, 1228, 1229
pathogenesis, 1222, 1223
prevention/management, 1226–1228,

1227, 1229
antepartum, 1227
intrapartum, 1227
postnatal, 1227–1228

ultrasonography, 1223, 1223
gestational age

amniocentesis, neonatal morbidity, 1101,
1102

appendicitis diagnosis delay, 785
birthweight/mortality, 1252
cervical dilation, preterm birth risk, 1091
E/A wave ratio, 96, 97
fetal heart rate (FHR) and, 597
nonstress test and, 589
perinatal mortality, 1055
preterm labor management, 1097–1098
PROM and lung hypoplasia, 1147, 1148
ultrasound measurements, 510, 511, 512,

515, 516, 517
umbilical circulation and, 564, 564

gestational age-specific survival rates, preterm
labor, 1102

gestational cholestasis see intrahepatic
cholestasis of pregnancy (ICP)

gestational choriocarcinoma, 52, 54
gestational diabetes, 744–745

breastfeeding and, 1211
definition, 740, 744
diagnosis, 745
genetics, 742
long-term maternal outcome, 745
multifetal pregnancy, 186
screening, 744–745

gestational hypertension, 686, 1198
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diagnosis, 1200
management, 690
see also preeclampsia/eclampsia

gestational pemphigoid see pemphigoid
gestationis (PG)

gestational thrombocytopenia (GT),
856–857, 863

gestational transient thyrotoxicosis, 764
gestational trophoblastic disease (GTD), 51
gingivitis, pregnancy, 778–779
glomerular disorders, pregnancy

complications, 814
glomerular filtration rate (GFR), pregnancy-

related changes, 637–638, 811
glucagon, neonatal hypoglycemia, 1246
glucocorticoid positive feedback hypothesis,

75
glucocorticoids

antenatal, 1113–1115
benefits, 1113
clinical caveats, 1114
risks, 1113–1114

antiphospholipid syndrome, 152
congenital adrenal hyperplasia, 772
fetal lung development, 87–90, 88

betamethasone vs. dexamethasone, 89
complicated pregnancy, 89
neonatal/maternal infection, 88–89
postnatal surfactant therapies, 89
prematurity complications, 88
RDS incidence, 88
repeated courses, 89

lung maturity acceleration, 86
NIH Consensus Conference

recommendations, 89
see also corticosteroids

glucose
administration

diabetic ketoacidosis, 752
maternal hydration, 1245

concentrations
amniotic fluid infection tests, 1101
neonatal hypoglycemia screening, 1246
wide gestational age, 61

fetus, 70
metabolism, 63

intolerance, classification, 741
macrosomia and, 750
maternal–fetal relationship, 61–62, 62
placental transfer, 209–210, 212, 743–744
pregnancy-related changes, 639
self-monitoring of in diabetic pregnancy,

749
see also diabetes mellitus (in pregnancy);

hypoglycemia
glucose 6-phosphate dehydrogenase (G6PD)

deficiency, hemolytic anemia, 855
glucose tolerance test (GTT), 744–745, 745
glucose transporters (GLUTs), placental,

209–210, 212
goiter, in pregnancy, 766
goiterous hypothyroidism, fetal, 619
Goldenhar syndrome, 446
gold, teratogenicity/toxicity, 939
gonadotropin-releasing hormone (GnRH)

fetal secretion, 71, 124

placental, 71
gonads, embryonic development, 27, 71
gonorrhea, 908–911

adolescents, 994
anogenital, 909, 910, 910
disseminated, 909, 910–911, 911
epidemiology, 908, 909
fetal risks, 909–910
laboratory diagnosis, 910
localized extragenital, 909
maternal risks, 909–910
pathogenesis, 909
PROM and, 910, 1141
risk markers, 909
symptoms/signs, 908–909
treatment, 910, 910–911, 911

Good Samaritan legislation, 1043, 1045
gradual hypoxia concept, 591
graft-versus-host-disease (GVHD), 623
granulocytes

decidual cells, 10
visceral hematopoiesis, 132

Graves’ disease, 767
gray matter heterotopias, 356
great arteries, transposition, 367, 367–368
Grebe syndrome, 442–443
grief, stillbirth, 328
group A streptococcal infections, 892
group B streptococcal infections (GBS),

262–264
biology, 262
colonization rates, 262
diagnosis, 263
epidemiology, 262–263

maternal disease, 262–263
neonatal disease, 262

neonatal sepsis/infection, 1249
preterm labor, 1095
PROM and, 1140–1141
risk factors, 262
treatment/prevention, 263–264, 279

guidelines, 263, 263
intrapartum prophylaxis, 264, 264

growth-associated protein 43 (GAP43),
maternal alcohol consumption and,
237

growth curves, multifetal pregnancy, 49
growth factors

fetal growth and, 207–209
implantation regulation, 6–7
see also specific types

growth hormone (GH), in utero, 73
growth hormone-releasing hormone (GH-

RH), in utero, 73
guanine, 304
Guillain–Barré syndrome, pregnancy and,

820, 821, 822
gunshot wounds, nonobstetric trauma,

672–673
gynecologic history, preconception

care/planning, 319
gynecologic malignancy (in pregnancy), 976

H2 receptor antagonists
peptic ulcer disease, 781
reflux esophagitis, 780
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Haemophilus influenzae
bacterial pneumonia, 728
pneumonia, 894

hair alterations, pregnancy-related, 948, 957
hallucinations, psychotic disorders, 1028
hallucinogens, 240
hands, skeletal dysplasias, 425, 425–426,

427, 428, 429
see also polydactyly

Hardy–Weinberg equilibrium, 301–302
harmonic ultrasound, 338, 338, 345
Harrison fetal bladder catheter shunt, 614
HASTE imaging, 541, 541
HbA, neonate, 1240
HbF, neonate, 1240
headache, during pregnancy, 818, 819, 822
head circumference (HC), 356

abdominal circumference (AC) ratio, 517,
518

femur/humerus length relationship, 412
gestational age estimates, 512
IUGR diagnosis, 510, 517
nomograms, 510, 514
see also biparietal diameter (BPD)

head, ultrasound examination, 341,
341–342, 342, 347

circumference see head circumference (HC)
fetal anatomy, 513

healthcare policy, sexuality
(pregnancy/postpartum), 1019–1020

health risk behavior
adolescent pregnancy, 989–990
depressive illness, 1022

hearing loss
aminoglycosides, 286
bilirubin encephalopathy, 1226, 1229
persistent pulmonary hypertension of the

newborn (PPHN), 1239
rubella infections, 251

heart
anomalies see cardiac anomalies
embryonic development, 28, 363
fetal

afterload changes, effects, 95
functional characteristics, 93–96
maturational process, 93
myocardial contractility, 93–95
preload changes, effects, 93–95
systolic/diastolic ventricular

performances, 95–96
ultrasound examination, 342, 342, 343,

361–371
maternal

catheterization, ARDS, 732
pregnancy-related changes, 633
sounds, 635

neonatal, hypocalcemia, 1247
see also entries beginning cardio-/cardiac

heart block see atrioventricular (AV) heart
block

heartburn, 779
heart rate (fetal)

asphyxia, 1235
eclampsia management, 689–690
preterm labor management, 1099

heart sounds (maternal), 635
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heat exchange, newborns, 1233
heat loss, newborns, 1233
HELLP syndrome, 685, 685–686, 800–801,

805, 806, 1199
acute renal failure, 811
clinical/biochemical features, 801, 801
inherited thrombophilias, 831–832, 832
management, 689, 801
maternal/fetal outcome, 801
pathophysiology/pathology, 800, 800

hematemesis, 778
hematocytoblasts, 132
hematologic disorders

anemia see anemia
coagulopathies see coagulopathies
genetic disease

hemoglobinopathies see
hemoglobinopathies

platelet disorders, 859
prenatal diagnosis, 313, 313, 314, 855,

860
neonatal, 1240–1243
normal physiologic change, 849
platelets, 856–859, 863
of pregnancy, 849–866
see also specific conditions

hematologic indexes, fetal samples, 134, 135
hematologic system, pregnancy-related

changes, 636–637
hematology

fetal, 132–140
cytology, 136–137
hematopoiesis, 132–134
lymphocyte subpopulation, 138–140
platelet antigens, 137–138
purity of blood samples, 134–136, 136
red blood cell antigens, 137, 138

hematologic values, 137, 1240, 1240
maternal

complications in multifetal pregnancy,
186

pregnancy-related changes, 636–637
neonatal, 1240, 1240

hematomas
placental abruption, 1059
retroperitoneal, 40, 40
umbilical cord, 36–37

hematopoiesis, 132–134
medullary, 133–134
mesoblastic of yolk sac, 132
nonerythroid lineage, 133–134
origin/differentiation hematopoietic cells,

134
visceral, 132–133

hematopoietic stem cell (HSC), 114
prenatal transplantation, 623–626

diseases amenable to, 624
potential candidates, 624
rationale for, 623–624
source of donor cells, 624

hemivertebra, 408, 409, 428
hemizygosity, 300, 302
hemodynamics

hypertension/anesthesia, 693–694
reference values, 664, 705
shock, 662–665, 663, 664

stability, premature infants, 1227–1228
ventricles parallel arrangement, 96, 96

hemoglobin
cord blood, 1240
neonate, 1240
normal adult, 852
ontogenesis, 133
see also hemoglobinopathies; specific types

hemoglobin Bart disease, 853
hemoglobin C, 854
hemoglobin concentration, fetal,

lactate/oxygen concentration, 60
hemoglobin concentration (Hb), pulmonary

disorders, 719
hemoglobin E, 854
hemoglobin H disease, 852–853
hemoglobinopathies, 852–854

anemia and, 853–854, 863
prenatal diagnosis, 313, 313, 314, 854
prenatal transplantation hematopoietic

stem cell (HSC), 624–625
sickle cell disease/trait, 853–854
thalassemias, 852–853

hemoglobin S, 853
hemolytic anemia, 854–855

autoimmune, 855
glucose 6-phosphate dehydrogenase

deficiency, 855
HELLP syndrome, 800
neonatal, 1242
structural, 854–855
see also fetal hemolytic disease

hemolytic uremic syndrome (HUS), 858
hemophilia, 860, 864
hemopoiesis, embryonic development, 26
hemorrhage

anticoagulation therapy, 841
germinal matrix see germinal

matrix–intravascular hemorrhage
(GMH–IVH)

hypovolemic shock, 669
intracranial see intracranial hemorrhage
multifetal pregnancies, 188
neonatal anemia, 1241–1242
pathologic, 659–660
placental, 1055
postpartum see postpartum hemorrhage
transplacental (TPH), 868, 878–879

hemorrhagic stroke (pregnancy-related), 
819

hemorrhoids, development during pregnancy,
786

hemostasis, 154, 825–828
anticoagulant system, 826–827, 827
coagulation cascade, 825–826, 826
fetal, 135
fibrinolysis, 827, 827–828
platelet plug formation, 825, 826
pregnancy-related changes, 828–829, 829,

843, 849, 855, 855–856
see also coagulopathies; thromboembolic

disorders of pregnancy; specific
components

heparin, 821, 822, 836–837, 837
antiphospholipid syndrome, 152
cardiac disease and, 712
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Eisenmenger’s syndrome, 704
peripartum cardiomyopathy, 710

disseminated intravascular coagulation
(DIC), 861

thrombocytopenia induction, 836–837,
844

thrombophilic disorders, 155
prevention of APO in, 835, 835–836,

844
warfarin substitution, 713

heparin-induced thrombocytopenia (HIT),
836–837, 844

hepatic cysts, 383
hepatic transaminase, methotrexate, 167
hepatic vein thrombosis, 804, 806, 807
hepatitis, 276–279, 280, 803–804, 804, 805,

806, 897
clinical manifestations, 277
epidemiology, 276–277
treatment/prevention, 277, 279, 886, 887
virology/serology, 277
see also specific viruses/types

hepatitis A virus (HAV), 276, 803, 887, 897
hepatitis B core antigen (HBcAg), 277
hepatitis Be antigen (HBeAg), 277
hepatitis B immune globulin (HBIG), 279,

280, 803, 886
hepatitis B surface antigen (HBsAg), 276,

277
hepatitis B virus (HBV), 276, 803–804, 806,

897
chronic, 806
clinical manifestations, 277
epidemiology, 276
heroin use and, 240
prevention, 279, 886
recombinant, 279
surface antigens, 276, 277
transmission, 276, 280, 803, 806

high-risk groups, 886
transplacental, 276–277

vaccines, 279, 280, 803, 886
virology, 277

hepatitis C virus (HCV), 276, 804, 806–807,
897

epidemiology, 277
HIV infection and, 277, 804, 897
preventative measures, 279
transmission, 280, 804
virology, 277

hepatitis D virus (HDV), 897
hepatitis E virus (HEV), 804, 806, 807, 897
hepatobiliary disease, neonatal lupus

syndrome, 935–936
hepatocellular carcinoma (in pregnancy), 976
hepatosplenomegaly, 384

anemia (neonatal), 1242
hepatotoxicity, tetracyclines, 286
hernia

abdominal wall defects, 384–387
diaphragm, 371, 372–373, 374

heroin, 239–240
anesthetic considerations, 1203
comorbid infections, 240
fetal effects, 239, 239–240
neonatal withdrawal syndrome, 240
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pharmacology, 239
treatment in pregnancy, 240

herpes gestationis see pemphigoid gestationis
(PG)

herpes simplex virus (HSV), 917–920
biology, 255, 269
clinical manifestations, 255–256, 256, 257,

918
diagnosis, 256–257, 269–270, 918
epidemiology, 255, 260, 269, 917–918
fetal risks, 918–919
hepatitis, 804, 804, 806, 897
HSV1, 255, 269, 917
HSV2, 255, 256, 260, 269, 917
infection rates, 249
latency, 255, 918
maternal risks, 918–919
pathogenesis, 918
prevention, 258, 270, 280, 920

neonatal herpes, 919
screening, 918
teratogenicity/toxicity, 226, 255–258, 260,

269
transmission, 255–256, 260, 269, 280

risk factors, 256, 919
sexual, 269
transplacental, 256, 269–270

treatment, 257, 257–258, 260, 919–920
guidelines, 258, 258, 919–920, 920

villitis, 43
Herpesviridae family, 248, 252, 255, 273,

917
see also specific members

herpes zoster (shingles), 252–253, 253, 259,
273, 275

see also varicella zoster virus (VZV)
heteroplasmy, 333
heterotaxy, 369, 374
heterotopic pregnancy, 168–169

clinical features, 168–169
incidence, 168

heterozygosity, 300, 326
recessive traits, 301, 326

heterozygous advantage, 301
highly active antiretroviral therapy

(HAART), 903–904, 907, 922
HIV prevention during delivery, 904,

905–906
hindmilk, 1209
hirsutism, pregnancy-related, 948
hirudin, use in pregnancy, 837
histamine, 6
histamine H2 blockers, 780, 781
histogenesis, teratogen susceptibility, 220
histologic analysis, genetic disease diagnosis,

311
“hitchhiker thumb,” 436, 437, 438, 449
HIV infection, 899–908, 922

adolescents, 994–995
breastfeeding contraindication, 287, 289,

1212
drug resistance, 901–902
epidemiology, 899–900
HCV coinfection, 277, 804, 897
heroin use and, 240
management (in pregnancy), 900–904, 922

antiretrovirals, 287, 289, 902–903, 903
Cesarean delivery, 904–905, 906–907,

907–908
choice of medical therapy, 903–904
delivery mode and maternal risk,

906–907
HAART, 903–904, 922
intrapartum, 907
monitoring, 901–902
postpartum, 907
summary recommendations, 907–908
timing of medical therapy, 902–903

mother-to-child transmission (MTCT), 900
antiretroviral use, 904, 922
delivery mode and, 904–905, 922
membrane rupture and, 907, 908
prevention, 904–906, 922
viral load and combination therapy,

905–906, 922
opportunistic infection, 900
pathophysiology, 900
Pneumocystis carinii pneumonia, 730
pneumonia risk, 893
rapid intrapartum testing, 901
regional anesthesia, 1203
teratogenicity/toxicity, 226
testing/screening, 901, 922
Trichomonas vaginitis and, 921
tuberculosis and, 893, 894
villitis, 43
virology, 900

HLA haplotypes
HLA-B27, ankylosing spondylitis, 941
mismatch, 623
pemphigoid gestationis (PG), 952

Hodgkin’s disease (in pregnancy), 973–974,
978

staging, 973, 974
holoprosencephaly, 351–352, 352, 358
Holt–Oram syndrome, 445–446
home care, PROM management, 1167, 

1171
home uterine activity monitoring (HUAM),

prematurity in twins, 191
homocystinuria, recurrent pregnancy loss

(RPL), 150
homozygosity, 300
hormonal disorders see endocrine disorders
hormone administration, antenatal, fetal lung

development, 87–90
see also glucocorticoids

hormones
maternal/cord blood, 1246
postpartum alterations, 1206–1207
skeletal dysplasias and, 405–406
see also individual hormones

hospitalization, PROM management, 1167,
1171

host cells, innate immune system ontogeny,
118

Houston–Harris (type IA) achondrogenesis,
433, 434

human chorionic gonadotropin (hCG),
78–79

conceptus growth, 6
elevated levels, 492
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first trimester screening, Down syndrome,
495

maternal effects, 765
ontogeny, 125
physiological role in pregnancy, 79
placental, 71, 765
second trimester screening

Down syndrome, 491, 491
trisomy 18, 491–492

human chorionic somatomammotropin
(human placental lactogen), 765

human chorionic thyrotropin (hCT), 72
human herpes virus 5 (HHV-5) see

cytomegalovirus (CMV)
human immunodeficiency virus infection see

HIV infection
human leukocyte antigen (HLA)-G

fetal allograft/maternal immune tolerance,
69–70

immunoregulatory role, 10–11
properties/functions, 11
protector role, 11

human milk oligosaccharides (HMOs), 1209
human papillomavirus (HPV) infections,

915–917
clinical manifestations, 916
epidemiology, 916
fetal risk, 917
HPV types, 915
laboratory diagnosis, 916
maternal risk, 917
prevention, 917
treatment, 916–917

humerus
gestational age estimate, 516
head perimeter relationship, 412
nomogram, 411
ulna length relationship, 408

Huntington’s disease, genetic counseling, 329
Hurler’s disease, prenatal HSC

transplantation, 625
hyaluronidase, 4
hydatidiform mole, 304
hydralazine

hypertension, 693
preeclampsia, 687

hydramnios, 51
see also oligohydramnios; polyhydramnios

hydranencephaly, MRI vs. ultrasonography,
548

hydrocephalus
three-dimensional (3D) ultrasonography,

532
congenital, 349
MRI vs. ultrasonography, 542, 546, 549
porencephaly, 355
posthemorrhagic, 1223–1224, 1229
spina bifida and, 351

hydrocortisone
anaphylactic shock, 675
congenital adrenal hyperplasia, 772
neonatal hypoglycemia, 1246

hydronephrosis, 390, 390–391, 391,
396–397

hydrops fetalis, 41–43
fetal hemolytic disease, 870
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fetal tachyarrhythmia, 371
hysterotomy (open fetal surgery), 612
medical treatment (fetal), 621
parvovirus B19 infections, 258, 272
pleural effusions, 371, 372, 374

hydrostatic pulmonary edema, shock, 663
hydroureteronephrosis, 391, 392
hydroxychloroquine (HCQ), 937, 943
21-hydroxylase (21OH)

congenital adrenal hyperplasia, 618
deficiency, 771–772

17α-hydroxyprogesterone caproate, preterm
labor, 1111–1112, 1112

hydroxyproline, membrane rupture/PROM,
1133

11β-hydroxysteroid dehydrogenase (HSD),
127

hygiene
parvovirus prevention, 273
toxoplasmosis prevention, 266

hyperbilirubinemia
encephalopathy in premature infants,

1225–1226, 1229
fetal hemolytic disease, 870
neonatal, 1243–1244

hypercompensated disseminated intravascular
coagulation (DIC), 860

hyperemesis gravidarum, 777–778, 797–798,
805, 806

clinical/biochemical features, 798
management and outcome, 798
multifetal pregnancy, 185
pathophysiology/pathology, 797–798
thiamine deficiency, 820, 822
transient gestational thyrotoxicosis,

766–767
hyperglycemia (maternal), fetal macrosomia,

750
hyperhomocysteinemia (HHC), 863
hypermagnesemia, 1106

fetal/neonatal effects, 1107
neonatal, 1248

hyperparathyroidism, 773–774
hyperpigmentation, pregnancy-related, 947,

957
hyperreactio luteinalis, 962
hypertelorism, 427, 429, 432, 445
hypertension

chronic see chronic hypertension (CHTN)
diabetic nephropathy, 754
Marfan syndrome, 711
placental abruption, 1056, 1056
pregnancy-related see hypertensive

disorders of pregnancy
hypertensive disorders of pregnancy,

683–699
adolescent pregnancy and, 992, 993
advanced maternal age and, 1000
anesthesia and, 693–694, 1198, 1199,

1204
bleeding problems, 694
hemodynamic response, 693–694
magnesium sulfate/neuromuscular

blocking agents interaction, 694
antihypertensive therapy, 692–693
antiseizure medications, 691–692

chronic see chronic hypertension (CHTN)
classification, 683–684
diagnosis, 1200
Doppler ultrasound, 569, 580, 581
management, 687–691
preeclampsia see preeclampsia/eclampsia
see also individual types

hyperthyroidism, 766–768
fetal medical treatment, 619
hyperemesis gravidarum, 766–767, 778
transient gestational thyrotoxicosis,

766–767, 768–769
transient infant, 767

hypertrichosis, pregnancy-related, 948
hypertrophic cardiomyopathy (HCM), 711

twin–twin transfusion syndrome, 103
hyperventilation, pregnancy-related, 636
hypervolemia, pregnancy-associated, 707
hypocalcemia

infants of diabetic pregnancy, 755
neonatal, 1246–1248

hypochondrogenesis, achondrogenesis vs.,
434, 434

hypochondroplasia, 432, 448
hypoechogenic lung, 371, 371–372, 374
hypogastric artery ligation, 667
hypoglycemia

maternal, diabetic pregnancy, 753
neonatal, 1244–1246

causes, 1246
infants of diabetic pregnancy, 755
premature infants, 1226

hypoglycemic agents, diabetic pregnancy, 749
hypoglycemic injury, premature infants, 1226
hypomagnesemia (neonatal), 1248

infants of diabetic pregnancy, 755
hypoparathyroidism, 774

neonatal, 1247
hypophosphatasia, 436
hypophysis, 30
hypopituitarism, 770
hypoplastic left heart syndrome, 364–366,

365, 373
hypotension

fetal, adrenal medulla and, 128
maternal, 59

hypertension/anesthesia, 693
nonobstetric trauma, 672

hypothalamic-like peptides, 71
hypothalamic–pituitary–adrenal (HPA) axis,

fetal, 78, 125–126
hypothalamus, development, 70–71
hypothalamus–pituitary–gonadal axis, fetal,

124
hypothalamus–pituitary–thyroid axis, fetal,

128–129
hypothyroidism, 768

fetal, 767
fetal ovarian cysts and, 394

hypovolemia
asphyxia, 1235
burns, 673
shock see hypovolemic shock

hypovolemic shock, 669–674
nonobstetric trauma, 672–674
placenta accreta/increta/percreta, 671

1284

uterine atony, 670–671
uterine rupture, 671

hypoxemia (fetal)
BPP scoring, 590, 602
Doppler ultrasonography, 576
fetal pulse oximetry, 601
maternal burn injury, 673

hypoxia
fetal

gradual hypoxia concept, 591, 602
maternal anemia and fetal growth, 206
see also hypoxic stress (fetal)

maternal, asthma, 724
hypoxic hypoxemia, 105

see also hypoxic stress
hypoxic–ischemic injury

focal–multifocal necrosis, 1225
outcome, 1228, 1229
periventricular leukomalacia, 355, 355,

358, 1222, 1224, 1225, 1226, 1229
prematurity and, 1221, 1224, 1224–1225,

1225, 1226
prolonged pregnancy and, 1190
selective neuronal necrosis, 1224

hypoxic stress (fetal), 104–108
adrenal medulla, 128
elevated placental vascular resistance,

106–108
blood gases, 106
cardiocirculatory responses, 107
Doppler findings, 107–108

normal placental vascular resistance,
104–106

blood gases, 104–105
cardiocirculatory response, 105–106
Doppler findings, 106

studies, 104, 105
hysterectomy

indications, 610
interstitial (cornual) pregnancy, 170
placenta accreta/increta/percreta, 671

hysterosalpingogram, recurrent pregnancy
loss (RPL), 150

hysteroscopic resection, heterotopic
pregnancy, 169

hysterotomy (open fetal surgery), 609–612
indications, 611–612
risks, 609
techniques, 610

ibuprofen, adult respiratory distress
syndrome, 733

idiopathic hypertrophic subaortic stenosis
(IHSS), 711

ileal obstruction, 381, 395
ileoanal pullthrough, inflammatory bowel

disease, 784
ileostomy, inflammatory bowel disease, 784
iliac arteries (fetal), Doppler ultrasonography,

574
imaging

prenatal skeletal dysplasia diagnosis,
412–414, 413, 414, 448

recurrent pregnancy loss (RPL), 150
see also individual modalities

immune cells (maternal), decidua, 10
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immune circuit, 13
immune hydrops, 43
immune response (maternal)

cytokines type I /type II, 12–13, 13
fetal cells, 12
fetus rejection, 14
trafficking cells, 11
trophoblast, 10

immune system, 9
fetal see fetal immunology
pregnancy-related changes see

immunobiologic adaptations of
pregnancy

see also specific components
immune thrombocytopenia purpura (ITP),

857, 857, 863
immune tolerance (maternal), endocrinology,

69–70
immunization (therapeutic) see

vaccines/vaccination
immunobiologic adaptations of pregnancy,

3–18, 637, 885
cytokines, 6–7, 12–13
immunoregulation, 12–13
maternal–fetal interface, 9–10
maternal response to trafficking cells, 11
see also immune response (maternal)

immunodeficiency diseases, prenatal HSC
transplantation, 625

immunoglobulin(s)
adaptive immune system ontogeny, 119
in breastmilk, 1209
see also antibodies; specific types

immunoglobulin E (IgE), type I
hypersensitivity, 674

immunoglobulin G (IgG), 11
ontogeny, 119

immunologic diversity, 117
immunologic memory, 118
immunoregulatory factors, 12–13
immunosuppressants

teratogenicity/toxicity, 225
use in pregnancy, 815, 816

immunosuppressive factor, 6
immunotherapy, shock, 669
Imodium (loperamide), diarrhea, during

pregnancy, 787
impedance plethysmography, VTE diagnosis,

837
impetigo herpetiformis (IH), 949, 953–954,

957
clinical features/course, 953
diagnosis/differential diagnosis, 954
epidemiology, 953
fetal risk, 954
management, 954
pathogenesis, 953

implantation, 6, 8
cytokines regulation, 6–7
growth factors regulation, 6–7
placenta, 36
progesterone, 68

imprinting see genomic imprinting
inborn errors of metabolism

medical treatment (fetal), 619–621
metabolite analysis, 311

prenatal diagnosis, 314, 315
prenatal HSC transplantation, 625–626

indomethacin, 1105
adult respiratory distress syndrome, 733
peptic ulcer disease, 781

induced labor
advanced maternal age and, 1000–1001
Bishop scoring, 1193–1194, 1194, 1195
breastfeeding and, 1212
diabetic pregnancy, 751
prolonged pregnancy and, 1191,

1193–1194, 1195
Cesarean rates and, 1190, 1190, 1195
expectant management vs., 1193

PROM management, 1167–1168, 1168,
1170–1171

protocols, 1194
inducing agents, 1194
infantile polycystic kidney, 389, 389–390,

396
infants see neonates
infection(s), 262–283

amniotic see microbial invasion of the
amniotic cavity (MIAC)

bacterial see bacterial infection(s)
embryonic/fetal

chlamydial, 914–915
cytomegalovirus, 271
herpes simplex, 269
influenza, 276
rubella, 267–268
teratogenicity/toxicity, 226, 248–261
toxoplasmosis, 265
transplacentally acquired see

transplacental infection(s)
varicella, 275
see also teratogenic viruses

fungal see fungal infection(s)
maternal, 885–930

adolescents, 994–995
ARDS, 735
bacterial endocarditis, 895–896
burns, 673
catheterization, 665
CNS, 895
control/prevention, 885–888
cytomegalovirus, 271, 888, 888
gastrointestinal, 896–898
glucocorticoid therapy, 88–89
group B streptococcal (GBS), 262–263,

1140–1141
hepatitis, 277
heroin use and, 240
HIV see HIV infection
immunization, 886–887
influenza, 276
malaria, 898
mastitis, 896
maternal anemia and fetal growth, 206
pruritus, 955
respiratory tract, 892–894
rubella, 267
sexually transmitted see sexually

transmitted diseases (STDs)
silent infections, 887–888
tick-borne, 898–899, 899

1285

toxoplasmosis, 265, 888, 888
tuberculosis, 888
urinary tract, 890–892
vulvovaginal, 888–890

neonatal, 1248–1249, 1249
cytomegalovirus, 271
glucocorticoid therapy, 88–89
gonococcal, 909–910
group B streptococcal (GBS), 262, 264
hepatitis, 277
HSV, 255–256, 918–919
neonatal varicella, 253, 275
neonatal zoster, 253, 275
placental inflammation, 41
rubella, 267–268
syphilis, 911
toxoplasmosis, 265

preterm labor, 1087, 1088–1089
recurrent pregnancy loss (RPL), 150
sporadic pregnancy loss, 145
viral see viral infection(s)
see also specific organisms/infections

inferior vena cava
fetal Doppler, 573, 575, 576, 576–577

IUGR diagnosis by, 520, 576
obstruction, maternal position and, 60–61

infertility
frequency, 218
genetic basis, 332

inflammation
amniotic see chorioamnionitis
chlamydial infections, 914
fetal inflammatory response, 1134, 1146
placental abruption and, 1147
PROM and, 1134, 1135, 1140
vaginal, 1140
see also infection(s); specific types/locations

inflammatory bowel disease, 782–784
inflammatory mediators

adult respiratory distress syndrome, 732
asthma, 723
cytokines, 119

influenza, 728–729
clinical presentation, 276
drug treatment during pregnancy/lactation,

287–288
epidemiology, 275–276
fetal effects, 276
maternal effects, 276
pneumonia and, 276, 893
transplacental infection, 275–276
vaccination, 887, 893

asthma management, 724
informed consent, 1039–1041, 1045
informed refusal, 1040–1041
infundibulum, embryonic development, 29
Ingemarsson’s criteria, preterm labor, 1096,

1096
inhalation therapy, asthma, 725
inhaled nitric oxide (iNO), 705
inhibin, placental, 71
innate immune system, ontogeny, 118–119
innate receptors, ontogeny, 119
inotropic agents, shock, 661
inspiratory reserve volume (IRV), pulmonary

disorders, 720
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insulin
diabetes mellitus (in pregnancy), 747–749,

748
ketoacidosis, 752
labor, 751

history, 740
metabolic effects, 743
resistance

glucocorticoid therapy, 1115
normal pregnancy, 742–743

secretion, normal pregnancy, 742–743
teratogenicity/toxicity, 225

insulin infusion pumps, 748, 748
insulin-like growth factor-1 (IGF1)

fetal growth role, 207, 208, 211
hypochondroplasia and, 432
placental production, 209

insulin-like growth factor-2 (IGF2)
fetal growth role, 207, 208, 211
paternal imprinting, 203, 207

insulin-like growth factor high-affinity
binding proteins (IGFBPs), 207, 209

insulin-like growth factor receptors (IGFRs),
207

insulin-like growth factors (IGFs)
developmental regulation, 207
placental/fetal affecting maternal system,

765, 765–766
role in fetal growth, 204, 207–209, 211

factors affecting, 207, 208, 209
paternal imprinting, 203

see also specific types
insulin shock therapy, teratogenicity/toxicity,

225
intellectual deficiency, fetal alcohol

syndrome, 236
intensive care units (ICUs), 657
interdigital clefts, embryonic development, 31
interleukin(s)

preterm labor, 1088–1089
see also specific interleukins

interleukin 1 (IL-1), preterm labor, 1089
interleukin 6 (IL-6)

amniotic fluid infection tests, 1101
microbial invasion of the amniotic cavity

(MIAC), 1152
neonatal necrotizing enterocolitis, 1249

interleukin 8 (IL-8), neonatal necrotizing
enterocolitis, 502

internal validity, 1009
International Federation of Gynecology and

Obstetrics (FIGO)
microinvasive cervical cancer staging, 967
ovarian cancer staging, 972

International Nomenclature for Skeletal
Dysplasias, 401–402

International Nosology and Classification of
Constitutional Disorders of Bones
(2001), 402

interstitial (cornual) pregnancy, 169–170
interventional studies, 1008–1009, 1013
intestines

embryonic development, 26
fetal

cysts, 383
diffuse hyperechogenicity, 377, 378

echogenicity in Down syndrome, 493
gastroschisis, 385–386, 396
meconium, 377
obstruction, 379, 381–382, 382, 395
ultrasound anatomy, 377

maternal
dysfunction, operative vaginal delivery,

1082
obstruction, acute, 781–782
pregnancy-related changes, 786–787

perforation, neonatal necrotizing
enterocolitis, 1250

intracellular pathogens, susceptibility during
pregnancy, 12

intracranial hemorrhage (ICH)
alloimmune thrombocytopenic purpura

(AITP), 858
fetal, anticoagulation therapy, 712
MRI, 348
prematurity and, 1221–1231
prenatal diagnosis, 354, 354
prognosis, 354
types, 355

intrahepatic cholestasis of pregnancy (ICP),
798–800, 805, 806, 954–955, 957

clinical/biochemical features, 798, 799,
949, 954

diagnosis/differential diagnosis, 954
epidemiology, 798–799, 954
management, 799–800, 955
maternal/fetal outcome, 799, 954–955
multifetal pregnancy, 185
pathology/pathophysiology, 799, 799,

954
postpartum hemorrhage and, 798, 799,

954
intrapartum surveillance/monitoring see fetal

surveillance
intraperitoneal fetal transfusion, 875
intrauterine contraceptive device (IUDs),

ectopic pregnancy, 161
intrauterine fetal demise (IUFD), 146, 146

advanced maternal age and, 1001
disseminated intravascular coagulation

(DIC), 860, 864
multifetal pregnancy, 185
pathophysiology, 603
PROM and, 1142, 1149
rate

CVS and, 474, 474
parvovirus B19 infections, 258, 272
procedure-related, 473

single in multifetal pregnancies, 194
SLE and, 934, 935
thrombophilias and, 833, 833
see also abortion

intrauterine fetal transfusion, 875–877, 882
delivery after, 877
donor blood, 875–876, 882
hydrops and, 876–877
indications, 875
intraperitoneal, 875
intravascular, 875–877
survival/outcome, 877

intrauterine growth restriction (IUGR),
507–520

1286

antepartum management, 194
classification, 508, 508–510
clinical indicators, 522
definition, 507–508, 522
Doppler ultrasound, 518–520, 519, 520,

574, 576, 580
etiology, 507–508, 508, 508, 521
fat/glycogen stores, 62
frequency, 218
glucose transport and, 210
IGFs and, 207, 208, 209
intermediate, 508, 509–510
long-term effects, 522
low prepregnancy weight, 649
management, 522
maternal anemia and, 205–206
maternal–fetal glucose, 61–62
maternal oxygen administration, 59–60
maternal weight gain, 650
monitoring, 522
mortality, 507
multifetal pregnancy, 181–182
placental abruption, 1055
placental angiogenesis, 210
placental lesions, 50
placental perfusion and, 210, 210
ponderal index, 507
preterm labor management, 1098
prognosis, 509, 522
PROM and, 1148–1149
risk factors, 508, 522
thrombophilia association, 832–833
type I (symmetric), 508, 509, 522
type 2 (asymmetric), 508, 509, 522

“brain-sparing effect,” 509, 519–520,
521

ultrasound biometry, 507, 510–520, 522
abdominal circumference (AC),

512–513, 514
amniotic fluid assessment, 513
biparietal diameter (BPD), 510, 511
body proportionality, 517
estimated fetal weight, 517–518
femur length (FL), 510, 513, 515
head circumference (HC), 510, 512
long bones, 513, 517
placental growth, 515, 517
total intrauterine volume, 513
transverse cerebellar diameter, 510, 512,

514
intrauterine infections, placental

inflammation, 40–41
intrauterine pressure catheter, active phase

dysfunction, 1072
intravascular fetal transfusion (IVT),

875–876
hydrops and, 876–877
technique, 876

intravenous immune serum globulin (IVIG)
antiphospholipid syndrome, 152
immune thrombocytopenia purpura, 857,

857
pemphigoid gestationis (PG), 953
Rh alloimmunization, 877

intravenous lines, diabetic ketoacidosis, 
752
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intraventricular hemorrhage (IVH)
glucocorticoid therapy, 88, 89
MRI, 348

intrinsic renal failure, 811, 812, 812
intubation, meconium aspiration syndrome,

1238
invasive cervical cancer, 967–968
invasive hydatidiform mole, 54
in vitro fertilization (IVF), ectopic pregnancy,

161
in vitro toxicity studies, 228, 233
in vivo toxicity studies, 228
iodine

deficiency
hypothyroidism, 768
teratogenicity/toxicity, 226

teratogenic risk assessment, 230
ionized calcium (iCa), levels, neonate, 1247
ionizing radiation

congenital malformations, developmental
stage susceptibility, 220

mutagenesis, 303
teratogenicity/toxicity, 225
teratogenic risk assessment, 231
in utero, 722

iron
CDC recommended daily amounts, 850
fetal growth and, 206
maternal status, 646–647
supplementation, 851, 851

multifetal pregnancies, 190
iron deficiency anemia (maternal), 850–851

iron supplementation, 851, 851
low birth weight, 646

ischemia, hypoxic injury see
hypoxic–ischemic injury

ischemia–reperfusion injury, neonatal
necrotizing enterocolitis, 1250

islet cell antibodies (ICA), 742
islet cell function, diabetic pregnancy, 744
isochromosomes, 323
isomerism, 369
isoniazid (INH), 288, 289
isthmic flow index (IFI), 100
isthmus

Doppler flow velocity, 100, 103
shunting, 100–101, 101

Jarcho–Levin syndrome, 440
Jarisch–Herxheimer reaction, 913
jaundice, 787

acute fatty liver of pregnancy, 803
fetal hemolytic disease, 870
intrahepatic cholestasis of pregnancy (ICP)

and, 798, 799
neonatal, 1243, 1243

jejunal obstruction, 381, 395
jejunoileal bypass, pregnancy after, 

785–786

kanamycin, use during pregnancy and
lactation, 286

Kaopectate, diarrhea, during pregnancy, 
787

karyotypes, 295, 296
karyotypically abnormal abortuses, 144–145

kernicterus, 1244
fetal hemolytic disease, 870, 880
premature infants, 1225, 1226

ketone bodies
fetal metabolism, 63
neonatal hypoglycemia, 1245
testing, diabetic pregnancy, 749

kidney(s)
fetal

cystic, 388–390, 389, 390, 396
duplicated, 391, 392
renal agenesis, 387–388, 388, 396
ultrasound anatomy, 377–378, 378,

379
maternal

disease see renal disease (during
pregnancy)

pregnancy-related changes, 638, 811,
812, 816, 890

see also entries beginning renal
Kielland forceps, 1080
Killer cell immunoglobulin-like receptors

(KIRs), 116
Klebsiella–Enterobacter, septic shock, 675
Kleihauer–Betke test, fetal blood sample

contamination, 136
Klippel–Feil syndrome, 442, 446
Kniest syndrome/Kniest-like disorders,

436–437
Konsyl, constipation, during pregnancy, 786
Korotkoff phase, measuring blood pressure,

683
kyphomelic dysplasia, 438
kyphosis, 408, 429

labetalol
hypertension, 692, 693
mitral stenosis, 708
preeclampsia, 687

labor, 1065–1076
abnormal see labor, abnormal
aspiration of stomach contents, 727
cervical dilation see cervical dilation
diabetic pregnancy, 751
fetal descent, 1066–1067
fetal initiation of in preterm PROM, 1134
fetal lung development, 85
heart disease and

atrial septal defect (ASD), 703
Eisenmenger’s syndrome/pulmonary

hypertension, 705
myocardial infarction, 712

induction see induced labor
intrapartum fetal monitoring see fetal

surveillance
membrane rupture, 1130

premature, 1142, 1144
see also prelabor rupture of the

membranes (PROM)
oxytocin, 129
preterm see preterm labor/delivery
prolonged, hypovolemic shock, 671
rapid HIV testing, 901
spontaneous, diabetic pregnancy, 751
transient tachypnea of the newborn (TTN),

1240

1287

uterine activity, 1067
see also delivery

labor, abnormal, 1067–1075
active phase dysfunction, 1069–1072

management, 1070
latent phase dysfunction, 1067, 1067,

1069
management, 1068
uterine stimulation vs. therapeutic rest,

1069
second stage, 1072–1074

cephalopelvimetry, 1073
duration, 1073
management, 1074

laboratory assessment, ectopic pregnancy,
162, 164

laboratory investigations
anemia, 849–850, 850
chlamydial infections, 915
coagulopathies, 856
ectopic pregnancy, 162, 164
gonorrhea, 910
human papillomavirus (HPV) infections,

916
syphilis, 912
systemic lupus erythematosus (SLE), 931
Trichomonas vaginitis, 921

lacerations, operative vaginal delivery, 1082
lactate/lactic acid

fetal hemoglobin/oxygen concentration, 60
fetal metabolism, 63
maturational processes, 93
pregnancy, 61

lactation see breastfeeding/lactation
lactotroph hyperplasia, 762
lambdoid suture, operative vaginal delivery,

1080
lamellar bodies concentration, fetal lung

maturity evaluation, 87
lamotrigine (Lamictal), teratogenicity/toxicity,

1030
Langer–Saldino (type II) achondrogenesis,

433, 433, 434
lansoprazole, peptic ulcer disease, 781
laparoscopy

appendicitis, 785
laparotomy vs., ectopic pregnancy

treatment, 165
wedge resection, ovarian pregnancy, 171

laparotomy
abdominal ectopic pregnancy, 170
exploratory

acute intestinal obstruction, 781–782
nonobstetric trauma, 673

fetal intervention guided by sonography
(FIGS), 614–615

laparoscopy vs., ectopic pregnancy
treatment, 165

large for gestational age (LGA) infants,
diabetic pregnancy, 749

laryngotracheal tube, embryonic
development, 25

laser treatment, diabetic retinopathy, 754
last menstrual period (LMP) dating, 1193
latent syphilis, 912
laxatives, during pregnancy, 786
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LCHAD deficiency, 802
lead, teratogenicity/toxicity, 226
lecithin (phosphatidylcholine), 85, 86
lecithin–sphingomyelin (L/S) ratio

fetal gender/preterm labor, 1101
lung maturity evaluation, 86, 86–87, 1153,

1153–1154, 1154
leflunomide, animal vs. human toxicity,

227–228
left ventricular pressure, Frank–Starling

mechanism, 94
legal issues, 1039–1046

causation, 1044, 1045
congenital abnormalities, litigation, 229
damages, 1044
disclosure, standards, 1039–1040, 1045
duty to patient, 1043
impact of lawsuits on physicians, 1044
malpractice, 1043–1044, 1045
medical ethics and law relationship, 1039,

1045
no-fault system, 1044
nonpaternity, 329
standard of care, 1044
Tort reform, 1044
see also ethical issues; specific legislation

Legionella pneumoniae, bacterial pneumonia,
728

Legionella pneumophila, pneumonia, 894
Leiden mutation see factor V Leiden
lemon sign, ultrasound, 488–488
Leopold maneuver, fetal weight estimates,

1192
lepirudin, use in pregnancy, 837
leptin, fetal growth and, 209, 211
lethal renal disease, oligohydramnios, 1100
lethal skeletal dysplasias, 402
leukemia (in pregnancy)

acute, 974–975
chronic myelocytic, 975

leukocyte esterase, amniotic fluid infection
tests, 1101

leukocytes
cervix pregnancy-related changes, 640
development, 133
differential, 136

leukomalacia, periventricular, 355, 355,
358

leukotriene modifiers, asthma, 726
levofloxacin, use during pregnancy and

lactation, 287
lidocaine, dental procedures during

pregnancy, 779
light therapy, depressive disorders, 1024
limb(s)

absence with facial anomalies, 441–442
deficiency/congenital amputations,

440–441, 441, 449
deformity, PROM latency and, 1148
reduction

associated with other anomalies, 442
CVS and, 474

ultrasound examination, 341, 343, 344
lincosamides, use during pregnancy and

lactation, 286
linkage analysis, 303, 307, 317

lipid metabolism, inborn errors, prenatal
testing, 315

lissencephaly, 356
Listeria monocytogenes

bacterial pneumonia, 728
sporadic pregnancy loss, 145
villitis, 43

listeriosis, transplacental infection, 278, 280
lithium, teratogenicity/toxicity, 225, 1030
litigation see legal issues
livedo reticularis, pregnancy-related, 947
liver

embryonic development, 26
fetal

calcifications, two- (2D) vs. three-
dimensional (3D) ultrasound, 537

cysts, 383
hepatosplenomegaly, 384
ultrasound, 377

maternal
biopsy, HELLP syndrome, 800
disease see liver disease (during

pregnancy)
drug metabolism, 221
inflammatory bowel disease and, 783
pregnancy-associated changes, 638, 797,

798
visceral hematopoiesis, 132–133

see also entries beginning hepato-/hepatic
liver disease (during pregnancy), 797–810,

805
infections, 897

see also hepatitis
preexisting disease, 798, 803–805

cholelithiasis, 804, 806, 807
chronic, 798, 804–805, 805–806
cirrhosis, 804–805
hepatic vein thrombosis, 804, 806, 

807
portal hypertension, 804–805
viral hepatitis, 803–804, 804, 805, 806

pregnancy-specific disease, 797–803, 798,
805

acute fatty liver of pregnancy, 801–803,
802, 803, 805, 806

HELLP syndrome, 800, 800–801, 801,
805, 806

hepatic infarction, 801, 805, 806
hyperemesis gravidarum, 797–798, 805,

806
intrahepatic cholestasis of pregnancy,

798–800, 805, 806, 954–955
liver rupture, 801, 805, 806
onset by trimester, 798
preeclampsia-related, 800, 800–801,

805, 806
subcapsular hematoma, 801

tumors, 976
see also specific conditions

liver function tests
HELLP syndrome, 801, 801
pregnancy and, 638, 797, 805

lobular capillary hemangioma, pregnancy-
related, 947

lochia, 1206
Lomotil (diphenoxylate atropine), 787

1288

long bones
gestational age estimates, 516
IUGR diagnosis, 510, 513, 516
length relationships, 408, 410–411
skeletal dysplasia diagnosis, 408, 

414–416
curvature, 415
femur length and lethality, 419–420
fractures, 416, 416
measurements, 414, 415
metaphyseal flaring, 416
mineralization, 415, 415

long-chain 3-hydroxyacyl-coenzyme A
dehydrogenase (LCHAD) deficiency,
802

loop diuretics, hypertension, 693
loperamide (Imodium), diarrhea, during

pregnancy, 787
low birthweight (LBW)

adolescent pregnancy and, 992–993
advanced maternal age and, 1001–1002
asthma in pregnancy, 724
definition, 1085
epidemiology, 1085–1086
heroin use and, 239
infant/neonatal/postneonatal mortality,

1086
maternal anemia and, 205–206
maternal iron-deficiency anemia, 646
maternal risk, 1087
multiple pregnancy, 650
racial disparity, 1086–1087, 1088
smoking and, 241

low-density lipoprotein cholesterol, maternal,
77, 77

lower respiratory tract infections (maternal),
893–894

low-molecular-weight heparin (LMWH)
prevention of APO in thrombophilia, 835
safety in pregnancy, 836, 844
VTE treatment, 841

LSD, use in pregnancy, 240
Luciani–Wenckebach phenomenon, 371
Luikart forceps, 1080
lung(s)

expansion, adaptation to extrauterine life,
1232, 1233

fetal see lung(s) (fetal)
maternal

asthma, 724
obesity and, 1198, 1200, 1204
pulmonary disorders, 720–721, 721

see also entries beginning
pulmonary/respiratory

lung(s) (fetal)
biochemical maturation, 1233
cystic/hypoechogenic, 371, 371–372, 374
development, 85–92, 373

acceleration by hormones, 87–90
composition/function of surfactant, 85
evaluation, 86, 87
regulation, 85–86

hyperplasia, 372
hypoplasia see pulmonary hypoplasia
immaturity, respiratory distress syndrome

(RDS), 1235
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maturity assessment, 86, 87, 1153, 1153,
1153–1154, 1154, 1173

proopiomelanocortin (POMC), 130, 130
resistance of fluid-filled airways, 486
skeletal dysplasias, 417–419, 419,

419–425, 423, 423–425, 424,
438–440, 448

lung liquid, 124
lupus anticoagulant, 934

antiphospholipid syndrome, 152
lupus nephritis, 933, 942
luteal phase defect, recurrent pregnancy loss

(RPL), 149–150
luteinizing hormone (LH)

corpus luteum, 68
fetal secretion, 71, 124
ontogeny, 125
placental/fetal affecting maternal system,

765
luteoma, 962
Lyme disease, 898–899
lymphangioma, 529
lymphocyte rosette test, 6
lymphocytes, 114, 115

B cells see B cells
subpopulations, 138–140
T cells see T cells

lymphocytic hypophysitis, 770–771
lymphoma(s)

Hodgkin’s, 973–974, 974, 978
non-Hodgkin’s, 974, 978

lymphopoiesis, development, 133–134

macrocytic anemia, 849–850
macrolides

bacterial pneumonia, 728
use during pregnancy and lactation, 286

macrosomia, 520–521
definition, 520, 1191
etiology, 520
prenatal diagnosis, 521
prolonged pregnancy and, 1189, 1190,

1191–1192
risks of, 520–521

birth trauma, 1190, 1191
maternal, 1189

magnesium
neonates, 1248
supplementation

multifetal pregnancies, 190
preeclampsia prevention, 695
pregnancy, 647
prenatal, 645
see also magnesium sulfate

toxicity, preeclampsia, 691
magnesium aspartate hydrochloride,

prophylaxis for preterm delivery,
1109

magnesium sulfate, 1105–1109
anesthesia and, 1243
cerebral palsy, 1109
clinical protocol, 1109
clinical recipe, 1110
contraindications, 1098
critical serum levels, 1106
diabetic pregnancy, 753

dual-agent therapy, 1108
efficacy/relative safety, 1107–1108
infant mortality, 1109
long-term therapy, 1108–1109
maternal side-effects, 1106, 1106–1107
neonatal hypomagnesemia, 1248
pancreatitis, 790
perinatal side-effects, 1106
pharmacology, 1105–1106
preeclampsia, 687, 688, 691, 1199

myasthenia gravis and, 820, 821
prematurity and, 1199
prevention, 694–695

prophylaxis for preterm delivery, 1109
ritodrine vs., 1107–1108
terbutaline vs., 1107

magnesium trisilicate, peptic ulcer disease,
780

magnetic resonance imaging (MRI), 536,
541–543, 551

appendicitis, 785
central nervous system, 347, 348, 357,

542, 558
arachnoid cyst, 542, 544–545
corpus callosum agenesis, 550
hydranencephaly, 548
hydrocephalus, 542, 546, 547, 549
intracranial cysts, 550

clinical considerations, 543, 551, 558
cystic hygroma, 543
fetal anomaly detection, 542–543, 558
general considerations, 536, 541
genetic disease diagnosis, 311
germinal matrix hemorrhage, 1222
headache, 818, 822
indications, 541, 542, 558
nonfetal pregnancy complications, 543,

552–557, 558
ovarian cancer evaluation, 970, 970
periventricular leukomalacia (PVL), 1226
problems/disadvantages, 543, 558

motion artifacts, 541, 542, 551
wrap artifacts, 551

prolactinoma, 769
recurrent pregnancy loss (RPL), 150
sequences, 541, 541
skeletal dysplasia, lung volume

measurement, 424–425
technique, 541
ultrasonography vs., 347, 543–557
VTE diagnosis, 837

Majewski syndrome, 439, 439
major histocompatibility complex (MHC)

antigens
fetal allograft/maternal immune tolerance,

69–70
trophoblast expression, 10

malaria, maternal, 898
malformation syndromes, prenatal diagnosis,

312, 313
Mallory–Weiss syndrome, nausea, vomiting,

hyperemesis gravidarum, 778
malnutrition, fetal, 507
malpractice, 1043–1044, 1045
malpresentation, preterm labor management,

1099

1289

Marfan’s syndrome, Ebstein’s anomaly, 366
Maroteaux–Lamy syndrome, prenatal HSC

transplantation, 625
mastitis

antepartum, 896
breastfeeding and, 1213
risk factors, 1213

maternal age
advanced (>35 years) see advanced

maternal age (AMA)
birth rate by (United States), 997, 997
chromosome alteration risks, 297, 321,

325
fertility effects, 998
young (<20 years) see adolescent

pregnancy
maternal alloimmunization, 867–884

nonrhesus blood group antigens, 880–881,
881

rhesus blood group antigens see rhesus
alloimmunization

maternal antibodies, adaptive immune system
ontogeny, 119

maternal assessment
diabetic pregnancy, 750
preterm labor management, 1098

maternal blood contamination, fetal samples,
135–136

maternal cells, fetal blood cells, 10
maternal cellular immunity, alterations in

pregnancy, 12
maternal circulation, fetal cells in, 480–481,

482
maternal disorders

genetic counseling, 321
placentation, 46–47
preconception care/planning, 318–319
teratogenicity/toxicity, 226
see also specific types/individual disorders

maternal factors (fetal growth), 50, 205–207,
211

anemia, 205–206, 211
caffeine, 207
diet/nutrition, 206–207, 211
exercise/fitness, 205, 211
genetic, 203–205
intrauterine growth restriction, 507, 508
phenotypic, 204–205, 211

maternal–fetal glucose relationship, 61–62,
62

maternal–fetal oxygen exchange, 722–726
maternal floor infarction, 40
maternal genotype

drug toxicity and, 223
fetal growth and, 203–205

maternal height, fetal growth and, 204
maternal hydration, neonatal hypoglycemia,

1245
maternal incompetence, 1032, 1033
maternal–infant contact, breastfeeding,

1212–1213, 1214
maternally imprinted genes, 203
maternal phenotype, fetal growth and,

204–205
maternal serum alpha-fetoprotein (MSAFP),

485
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biparietal diameter (BPD) for dating, 487
Down syndrome, 476, 490–491, 491
elevated levels, 490, 492
false-positive rate, 487–488
gastroschisis, 386
multifetal pregnancy, 178
neural tube defects, 349, 485, 486
prenatal diagnosis, 189
PROM and, 1139
trisomy 18, 491–492
ultrasound, 488

maternal serum screening, 321
alpha-fetoprotein see maternal serum

alpha-fetoprotein (MSAFP)
dependent sequential, 477
fetal cells, 480–481
first trimester, 476, 476
independent sequential, 477
integrated (basic), 477
neural tube defects, 349, 486–488
nuchal translucency and, 321, 476,

477–478
second trimester, 476–477, 480, 482

maternal thrombophilia, Doppler
ultrasonography, 570–571

maternal tissue, fetal contact, 9
matrix metalloproteins (MMPs), membrane

rupture/PROM, 1132, 1133,
1133–1134, 1136, 1152, 1172

MDR3 gene, intrahepatic cholestasis of
pregnancy (ICP), 799

mean gestational sac diameter (MSD),
sporadic pregnancy loss, 147, 147

measles
immunization, 886
transplacental infection, 278, 280

mechanical heart valves, anticoagulation
therapy (pregnancy and), 843

mechanical ventilation, adult respiratory
distress syndrome (ARDS), 733–734

meclofenamate, adult respiratory distress
syndrome, 733

meconium, 377
meconium aspiration syndrome, 1238–1239
meconium ileus, 382
meconium peritonitis, 382, 383, 395
meconium staining, 50
medical ethics see ethical issues
medical examination, preconception

care/planning, 318
medical history, preconception care/planning,

318
megacystis, 391–394, 393, 394, 397
megacystis–microcolon–intestinal

hypoperistalsis syndrome, 392–393,
397

megakaryocytes, development, 134
megalencephaly, 348, 356
megaloblastic anemia, 851–852
megaureter, primary, 391
meiosis, 3

nondisjunction, 296
melanocytic nevi, pregnancy-related changes,

947
melanoma (in pregnancy), 947, 957, 975

placental/fetal metastases, 975

staging, 949, 975
TNM classification, 948

melasma, pregnancy-related, 947, 957
membrane development, disorders, 43–44
membrane rupture

biophysical membrane properties and,
1131–1132

HIV mother-to-child transmission, 907,
908, 922

premature see prelabor rupture of the
membranes (PROM)

spontaneous, 1130
biological changes during, 1131
cervical dilation and, 1131

membranous insertion (velamentous),
umbilical cord, 46

mendelian inheritance
autosomal dominant, 300, 300–301, 316
autosomal recessive, 300, 301–302, 316
definitions, 300
hemizygosity, 300, 302
heterozygosity, 300, 301, 326
homozygosity, 300
linkage, 303
penetrance/expression, 301
pseudoautosomal inheritance, 301
X-linked dominant, 300, 303
X-linked recessive, 300, 302, 303, 316
Y-linked, 300

meningitis, maternal infections, 895
meningomyelocele

neural tube defects, 618
ultrasound, 488

menstruation, postpartum resumption,
1206–1207

mepivacaine, dental procedures during
pregnancy, 779

meralgia paresthetica, pregnancy-related,
820, 822

6-mercaptopurine, inflammatory bowel
disease, 783

mesalamine, inflammatory bowel disease,
783

mesenchymal tissue, proliferation, 27
mesenchyme, embryonic development, 25
mesenteric cysts, 383
mesoderm, formation, 5
mesomelia, 407, 408, 415
mesonephric (wolffian) ducts, embryonic

development, 28
mesonephros, embryonic development, 27
messenger RNA, 304, 305, 305
metabolic acid–base disturbance, 719
metabolic control, diabetes and, 747, 754
metabolic derangement

beta sympathomimetic agents, 1104
diabetes mellitus, 742–744
neonatal, 1244–1248
premature infants, 1228

metabolic disorders
recurrent pregnancy loss (RPL), 149–150
skeletal dysplasias and, 404–405
storage disorders, placental effects, 47

metabolic fuels, diabetic pregnancy, 744
metabolism

amino acids, 63, 315

1290

calcium, 764, 773–774
diabetic pregnancy, 742–744, 747

ketoacidosis, 752
fatty acid, 63, 315
fetal, 63–65, 64, 315
glucose, 63
inborn errors see inborn errors of

metabolism
insulin effects, 743
intermediary, embryonic development, 6
pregnancy-related changes

drug metabolism, 221, 222, 223, 223,
233

insulin secretion/resistance, 742–743
vasopressin (AVP), 638
water, 762–764

thyroid hormone, 129, 639
metabolite analysis, genetic disease diagnosis,

311
metachromatic leukodystrophy, prenatal HSC

transplantation, 625
Metamucil, constipation, during pregnancy,

786
metanephros, embryonic development, 27
metaphyseal flaring, 416
metastases, transplacental, 963, 975
metformin, diabetic pregnancy, 749
methadone, treatment in pregnancy, 240
methimazole (MMI)

teratogenicity/toxicity, 225
thyrotoxicosis, 767, 768

methionine deficiency, neural tube defects,
618

methionine synthase (MTR) polymorphism,
neural tube defects, 617–618

methotrexate
contraindications, 166
ectopic pregnancy, 166–168

candidates, 166–167
reproductive outcomes, 167–168

heterotopic pregnancy, 169
placenta accreta/increta/percreta, 671
side-effects, 167
sporadic pregnancy loss, 146
teratogenicity/toxicity, 224, 232, 939

methyldopa, hypertension, 692
methylene blue

Eisenmenger’s syndrome/pulmonary
hypertension, 705

teratogenicity/toxicity, 225
methylene tetrahydrofolate reductase

(MTHFR) mutations, 830, 834, 863
methylergonovine maleate (Methergine),

uterine atony, 670
methylmalonic acidemia, medical treatment

(fetal), 619–620
methyl mercury, teratogenicity/toxicity, 226
Methylprednisolone Severe Sepsis Study

Group, 668
methyltetrahydrofolate reductase (MTHRF),

617
metoprolol

hypertension, 692
mitral stenosis, 708

metronidazole
carcinogenicity, 287
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inflammatory bowel disease, 783
use during pregnancy and lactation, 287,

289
MIAC see microbial invasion of the amniotic

cavity (MIAC)
microbial invasion of the amniotic cavity

(MIAC), 1135, 1142, 1144–1147,
1172

amniocentesis, 1142, 1152
BPP relationship, 1158, 1158,

1158–1159, 1159
antibiotic therapy, 1161, 1163–1165

choice, 1161
effects of, 1145–1146
natural history and, 1145, 1164–1165
prophylactic, 1163–1164
steroids and, 1165

cause or consequence of premature
PROM?, 1146, 1146–1147

consequences, 1144, 1145
fetal infection and PROM latency, 1146
fetal inflammatory response, 1146
infections, preterm labor, 1087
interleukin 6, 1152
labor onset in preterm PROM, 1144
labor vs. nonlabor preterm PROM, 1145
nonreactive nonstress test, 1154
oligohydramnios and, 1142, 1155–1156,

1156
organisms involved, 1144, 1173
prevalence in PROM, 1142, 1144, 1144
spontaneous resolution, 1145
see also chorioamnionitis

microcavitation, ultrasound, 339
microcytic anemia, 849, 854
microdeletions, 317, 323, 325, 367
microencephaly, 355–356
micrognathia, 427, 428, 531
microinvasive cervical cancer, 966–967
micromelia, 407, 408, 415
micronutrients (maternal), fetal growth and,

206, 211
microprolactinoma, 769–770
middle cerebral artery (fetal)

Doppler ultrasound, 573–574, 574
peak systolic velocity (MCA PSV)

fetal hemolytic disease, 873–874, 882
parvovirus infection, 273

midfacial flattening, Down syndrome,
ultrasound markers, 497

midgut, embryonic development, 26
midline anomalies

three-dimensional (3D) ultrasonography,
531

agenesis of corpus callosum, 352,
352–353, 354, 358

Dandy–Walker syndrome/complex, 353,
353, 354, 358

holoprosencephaly, 351–352, 352, 358
prenatal diagnosis, 351–353

migraine headache, during pregnancy, 818
military antishock trousers, shock, 667
milking, ectopic pregnancy treatment, 166
mineral intake, 647
mineralocorticoids, adult respiratory distress

syndrome, 733

minerals
maternal/cord blood, 1246
supplements, 645–646
see also individual minerals

minoxidil, teratogenicity/toxicity, 225
miscarriage see pregnancy loss
misoprostol

teratogenicity/toxicity, 225
uterine atony, 671

mitochondrial disorders, 328
prenatal testing, 315–316

mitochondrial membrane transporter gene
(UCP2), neural tube defects, 618

mitosis, nondisjunction, 296
mitral insufficiency, 708–709
mitral valve

closure, 713
prolapse, 708–709

bacterial endocarditis, 895–896
stenosis, 707–708

Mittendorf study, 1109
M-mode ultrasound, 337, 370, 370
MMR vaccine, 886
Moebius sequence, 442
molecular cytogenetics, 295–296, 297, 316,

323, 324, 325
molecular heterogeneity, 301
Molecular Pathogenetic Classification of

Genetic Disorders of the Skeleton,
403, 404–407

monitoring (fetal) see fetal surveillance
monoamine oxidase inhibitors (MAOIs),

contraindication in pregnancy, 1025
monoamnionic gestations, antepartum

management, 193
monoamniotic–monochorionic (MoMo)

placenta, 48, 50
monoamniotic–monochorionic (MA)

pregnancies, 177
monochorionic placentation, 184
monogenic disorders, 300–304, 309,

326–328
autosomal dominant, 300, 300–301, 316,

326, 332
penetrance/expression, 301

autosomal recessive, 300, 301–302, 316,
326–327

diagnosis, 309–316
accurate, 329–330
methods, 310–312
prenatal see prenatal diagnosis

occurrence, 326
pedigree analysis, 300, 300, 310
screening for recessive disorders, 310
X-linked dominant, 300, 303
X-linked recessive, 300, 302, 303, 316
Y-linked, 300
see also mendelian inheritance

monosomy, definition, 296–297
monozygous gestations, 177

chorionicity determination, 179
embryology, 178

montelukast (singulair), asthma, 726
Montevideo units, uterine contractions

measurement, 1072
mood stabilizers, 1030, 1034

1291

morning sickness, 777
morphine sulfate, prolonged latent phase

dysfunction, 1067, 1069
morphological abnormalities, sporadic

pregnancy loss, 144–146
mortality

fetal
acute intestinal obstruction, 782
intrauterine growth restriction (IUGR),

507
meconium aspiration syndrome, 1239
placental abruption, 1058
see also abortion; intrauterine fetal

demise (IUFD)
maternal

acute intestinal obstruction, 782
adolescent pregnancy and, 992
advanced maternal age and, 998–999
age-related risk, 987, 988
cardiac disease, 701
causes, 659
diabetic pregnancy, 752
ectopic pregnancy, 161–162
Eisenmenger’s syndrome, 704–705
fetal surgery, 610
operative vaginal delivery, 1082, 1082
shock, 657

neonatal
amniocentesis, 1102
causes, 1252
gestational age/birthweight, 1252
magnesium sulfate and, 1109
operative vaginal delivery, 1082,

1082–1083
perinatal

adolescent pregnancy and, 992
advanced maternal age and, 1002
evaluating cause, 328–329
multifetal pregnancy, 179
placental abruption, 1055
prolonged pregnancy, 1189, 1190,

1190–1191, 1191, 1195
see also stillbirth

mosaicism, 205, 295, 322, 327, 332
Motherisk Program, 1032–1033
motor vehicle accidents, hypovolemic shock,

672
mouth, HSV infection, 256
Müller–Hills maneuver, active phase

dysfunction, 1069
müllerian-inhibiting substance (MIS), 71
Multicenter Stillbirth Collaborative Research

Network, 146
multicystic dysplastic kidney disease

(MDKD), 389, 396
multicystic kidneys, 388–389, 396
multifactorial genetic disease, 307–309, 316,

328
multifetal pregnancy, 177–202, 190, 197

advanced maternal age and, 998, 999
antepartum management, 189–194

fetal complications, 193–194
multifetal pregnancy reduction, 189
prenatal diagnosis, 189
selective termination, 190

complications, 48–49
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diagnosis, 178–179
Doppler ultrasonography, 569–570, 581
fetal complications, 179–185

acardia, 182
antepartum management, 193–194
conjoined twins, 182, 184
growth, 181–182, 183
intrauterine demise, 185
perinatal morbidity/mortality, 179
prematurity, 179, 180
twin–twin transfusion syndrome, 182,

184–185
fetal surveillance, 192–193
frequency, 48
incidence/epidemiology, 177
intrapartum management, 194–196, 195

mode of delivery, 195–196
maternal complications, 185–188, 186
obstetrical complications, 188
pathogenesis/embryology, 177
placentation, 48
presentations, 195
preterm labor management, 1099
risk factors/clinical indicators, 178
singleton death, DIC and, 860
terminology, 177
timing of delivery, 193
umbilical cord length, 35
zygosity, 48, 48
see also twins

multifetal pregnancy reduction (MFPR), 187,
189

multilobulation, 45–46
multiple carboxylase deficiency, fetal

treatment, 620
multiple pregnancy see multifetal 

pregnancy
multiple sclerosis (MS) in pregnancy, 820,

821, 822
anesthetic considerations, 1202, 1204

multivariate analysis, 1011, 1012–1013,
1014

multizygotic gestations, 177
chorionicity determination, 179

mumps
immunization, 886
transplacental infection, 278

Murphy’s sign, 788
muscle disorders, prenatal diagnosis, 315,

315
musculoskeletal system, embryonic

development, 31
mutagens, 303
mutation(s), 302–303

disease causing see genetic disease
paternal age and, 303
rates, 217, 303
recurrent pregnancy loss (RPL), 149

myasthenia gravis (MG) in pregnancy, 820
anesthetic considerations, 1203, 1204

c-myc, maternal alcohol consumption and,
237

Mycobacterium tuberculosis, 894
Mycoplasma hominis, preterm

labor/amniocentesis, 1101
Mycoplasma, pneumonia, 894

Mycoplasma pneumoniae, bacterial
pneumonia, 728

myeloid lineage, 114
myelomeningocele (MMC), 350
myelomeningocele, hysterotomy (open fetal

surgery), 611–612
myocardial function, hypoxemia with

elevated placental vascular
resistance, 107

myocardial infarction, 712
myocardium (fetal), shortening velocity, 95
myofibrils, maturational processes, 93
myomas, uterine, 961, 978
myometrium, pregnancy-related changes, 

641
myosin, maturational processes, 93
myotonic dystrophy

predictive/parental testing, 320, 320, 332
pregnancy and, 820

myxoviruses, 275

n-3 fatty acids, fetal growth and, 206–207,
211

nails, pregnancy-related changes, 948
naloxone (Narcon)

resuscitation, 1235
shock, 668

narcotic analgesics, obese patients, 1198
nasal bone, Down syndrome diagnosis, 321,

478–479, 497
nasal bridge hypoplasia, Down syndrome,

497
nasal septum, embryonic development, 25
National Asthma Education Program

Working Group, asthma
recommendation, 724

National Collaborative Perinatal Project
(NCPP), postpartum weight
retention, 650

National Diabetes Data Group, 740, 745
National Health Promotion and Disease

Prevention Objectives of Healthy
People 2010, 657

National Institutes of Child Health and
Human Development (NICHHD),
146

electronic FHR monitoring patterns, 596,
603

National Institutes of Health (NIH)
Consensus Conference

corticosteroids for preterm labor, 1113
recommendations, antenatal

glucocorticoids, 89
National Research Council’s, magnesium

dietary allowance, 1105–1106
natural killer (NK) cells

decidual cells, 10
fetal allograft/maternal immune tolerance,

70
mediated attack, 11
placental suppresser factors, 12

Naumoffi syndrome, 439, 439
nausea, 777–778

acute fatty liver of pregnancy, 803
hyperemesis gravidarum, 797

necrotizing enterocolitis (NEC), 818–824

1292

amoxicillin/clavulanate and, 284, 289
glucocorticoid therapy, 88
neonatal, 502–504
PROM and, 1164

necrotizing pancreatitis, 790
negative predictive values, 1010
negligence (medical), 1043
Neisseria gonorrhoeae, 908

drug resistant, 909
pathogenesis, 909
PROM and, 1141
see also gonorrhea

neonatal adaptation to extrauterine life,
1232–1234

neonatal diagnosis, skeletal dysplasias, 429
neonatal hypoglycemia, 1244–1246
neonatal hypotonia, umbilical cord length,

35
neonatal intensive care units (NICUs),

advanced maternal age and
admission rates, 1001

neonatal lupus syndrome (NLS), 816
neonatal outcome, diabetic nephropathy,

754–755
neonatal sepsis

amniotic fluid volume and, 1155
corticosteroids for preterm labor, 1113
MIAC and, 1144, 1146

neonatal varicella, 253
neonatal zoster, 253
neonates

born after weight loss surgery, 786
cocaine effects, 239, 243
common problems, 1232–1259

adaptation to extrauterine life,
1232–1234

asphyxia, 1234–1235
hematologic problems, 1240–1243
hyperbilirubinemia, 1243–1244
metabolic problems, 1244–1248
mortality/morbidity of preterm infant,

1251–1253
necrotizing enterocolitis, 1249–1251
respiratory problems, 1235–1240, 

1236
resuscitation, 1234–1235
retinopathy of prematurity, 1251, 1251
sepsis/infection, 1248–1249

heroin effects, 239–240
infant morbidity, diabetic pregnancy,

755–756
infections see under infection(s)
mortality see mortality
premature see premature infants
risk factors for abuse, 1033
see also entries beginning neonatal

neoplasia see cancer (in pregnancy)
nephritis, lupus, 933, 942
nephrolithiasis

acute renal failure, 811
hyperparathyroidism, 773
treatment, 813

nephrons, embryonic development, 27
nephrotic syndrome, pregnancy

complications, 814
nephrotoxicity, aminoglycosides, 286
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nervous system
disorders

nerve proliferation, 355–356
peripheral neuropathy, pregnancy-

related, 820, 822
prenatal diagnosis, 315, 315
see also specific disorders

embryonic development, 30
fetal hypothalamus–pituitary–thyroid axis,

129
see also central nervous system (CNS)

neuralgia, shingles, 253
neural plate, 19
neural tube defects (NTDs)

anencephaly, 349, 350, 351, 357
etiology, 349
incidence, 349
medical treatment (fetal), 618–619
outcomes, 351
pharmacologic treatment, 617–618
preconception folic acid, 319
prenatal diagnosis/screening, 349–351,

350, 357–358, 485–503
diagnostic testing in amniotic fluid,

485–486
maternal serum in second trimester, 349,

486–488
ultrasound, 488–490

risk factors, 487–488
spina bifida, 349, 350, 351, 357–358

neural tube, embryonic development, 30
neurochemicals, pulmonary vascular tone, 97
neurogenic shock, 673
neurointermediate lobe of pituitary, fetal,

128
neurologic defects (fetal)

HSV infection, 256, 256
persistent pulmonary hypertension of the

newborn (PPHN), 1239
prematurity and, 1221–1231
rubella infections, 251
see also specific defects

neurologic disorders (during pregnancy),
818–824

anesthetic considerations, 1202–1203
autoimmune disorders, 820, 821, 822
epilepsy, 820–821, 822
focal neuropathies, 820, 822
headache, 818, 819, 822
multiple sclerosis, 820, 821, 822
neuromuscular disorders, 820, 821
peripheral neuropathies, 820, 822
sickle cell disease and, 854
stroke/cerebrovascular accident, 819–820,

821–822
see also specific conditions

neurologic examination, premature infants,
1228

neurologic injury, inborn errors of
metabolism, 625

neuromuscular blocking agents interaction,
anesthesia and, 694

neuromuscular disorders
pregnancy and, 820
prenatal diagnosis, 314

neuronal migration anomalies, 356, 358

neuropathy, pregnancy-related, 820, 822
neurosyphilis, 912
neurotoxicity, bilirubin, 870, 1225, 1229
neutral protamine Hagedorn (NPH), diabetic

pregnancy, 748
neutral thermal environment, 1233–1234
neutropenia, neonatal necrotizing

enterocolitis, 1250
neutrophil elastase (NE), membrane

rupture/PROM, 1134
newborn see neonates
nifedipine, 1110–1111

hypertension, 693
persistent pulmonary hypertension of the

newborn (PPHN), 1239
preeclampsia, 687

nitric oxide (NO)
inhaled (iNO), 705
preterm labor, 1113
vasomotor tone control, 60

nitrofurantoin, use during pregnancy and
lactation, 285, 289

nitrogen, fetal metabolism, 63
nitrogen species, innate immune system

ontogeny, 119
nitroglycerin

hypertension/anesthesia, 693
preterm labor, 1113

nitroprusside, persistent pulmonary
hypertension of the newborn
(PPHN), 1239

nitrous oxide, venous air embolism, 731
nizatidine, peptic ulcer disease, 781
nomograms

abdominal circumference, 514
biparietal diameter, 510, 514
bone biometry, 408, 410–411
foot size, 426
head circumference, 510, 514
thoracic dimensions, 418
transverse cerebellar diameter (TCD), 

514
noncoding DNA, 304
nondirective counseling, 1042–1043, 1045
non-Hodgkin’s lymphoma, 974, 978
nonimmune hydrops, 43, 44
nonmaleficence, 1040
non-nucleoside reverse transcriptase

inhibitors (NNRTIs), 903–904
nonpaternity, ethical/legal issues, 329
nonsteroidal anti-inflammatory drugs

(NSAIDs)
adult respiratory distress syndrome, 733
shock, 669
side-effects/use in pregnancy, 939
systemic lupus erythematosus (SLE),

936–937, 943
see also specific drugs

nonstress test (NST), 588–589, 602
diabetic pregnancy, 750–751
fetal surveillance in multifetal pregnancies,

192, 192
gestational age and, 589
nonreactive (abnormal), 588, 589

MIAC and, 1154
PROM evaluation, 1154–1155, 1155

1293

reactive (normal), 588, 602
vibroacoustic stimulation and, 590

nonvertex twins, 196
nonvillous cytotrophoblast, 9
norepinephrine

maternal anemia and fetal growth, 206
placental vascular reactivity, 99
shock, 661

norfloxacin, use during pregnancy and
lactation, 287

normocytic anemia, 850
Norwood repair, 364, 366
nuchal fold, increased in Down syndrome, 493
nuchal skinfold thickness (NSFT), Down

syndrome diagnosis, 478, 478–479,
482

nuchal translucency (NT), 475–476, 482,
495, 495

cardiac anomalies and, 477
Down syndrome screening, 496–497

biochemistry combination, 476, 476
risk, 475, 475–476

in euploid fetuses, 477, 477–478, 478, 482
false-positives, 475
measurements, 495–496, 496
skeletal dysplasias, 429–430, 430

nuclear proteins, skeletal dysplasias and,
406–407

nucleated red corpuscles, visceral
hematopoiesis, 132–133

nucleoside reverse transcriptase inhibitors
(NRTIs), 904

nucleotide-binding oligomerization domain
(NOD) proteins, 116

nucleotides, 304
null hypothesis, 1010

confidence intervals and, 1012, 1014
errors, 1010, 1010

nutrient transfer see fetoplacental
perfusion/nutrient transfer

nutrition (maternal), 645–654
adolescent pregnancy, adverse outcome,

993–994
anemia, 850–852
breastfeeding and, 1209, 1214
calcium, 647
constipation and, 786
cystic fibrosis (CF), 727
diet during pregnancy, 645
fat changes, 649
fetus and, 70

growth, 206–207, 211
iron status, 646–647
magnesium, 647
mineral intake, 647
multifetal pregnancies, 190
multiple pregnancy, 650
postpartum weight retention, 649–650
preconception care/planning, 319
pregravid weight/gestational weight gain,

648–649
teratogenicity/toxicity and, 226
vitamin–mineral supplements, 645–646
weight gain pattern, 649
zinc status, 647–648
see also diet
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nutritional assessment
diabetic pregnancy, 747
inflammatory bowel disease, 784

nutritional support, hyperemesis gravidarum,
798

obesity
adolescent pregnancy, adverse outcome,

994
anesthetic considerations, 1198, 1204
BMI, 1198, 1200–1201
breastfeeding and, 1210
definition, 1198
lung function and, 1198, 1200, 1204
maternal, 70, 650
surgery, pregnancy after, 785–786

ob/ob gene, 209
observational studies, 1008, 1013
obsessive–compulsive disorder (OCD), in

pregnancy, 1027
obstetric disorders, fetal death, 146
obstetric history, preconception

care/planning, 319
obstructive uropathies, 390, 390–391, 391,

392, 396–397
octapeptide, circulating concentration, 78
odds ratio (OR), 1011, 1014
older mothers see advanced maternal age

(AMA)
oligohydramnios, 51, 595, 602–603

three-dimensional (3D) ultrasonography
and, 531, 535, 536, 540

amnioinfusion for, 1148, 1169–1170
bilateral renal agenesis, 387, 396
consequences, 595
definition, 593, 594
IUGR diagnosis, 513
labor complications and, 1169
microbial invasion of the amniotic cavity

(MIAC), 1142
preterm labor management, 1100
PROM and, 594, 1142, 1148, 1155–1156,

1156
pulmonary hypoplasia and, 1148
umbilical cord length, 35

omental cysts, 383
omeprazole, peptic ulcer disease, 781
omphalocele, 384–385, 385, 395–396

two- (2D) vs. three-dimensional (3D)
ultrasound, 538

oncogenes, skeletal dysplasias and, 407
Online Mendelian Inheritance in Man

(OMIM) website, 218
oophorectomy, ovarian pregnancy, 171
open fetal surgery (hysterotomy) see

hysterotomy
open ventral wall defects, acetylcholinesterase

(AChE), 486
operative vaginal delivery (OVD),

1077–1084
advanced maternal age (AMA), 1000
case selection, 1079–1080
Cesarean section vs., 1083
classification, 1078
history, 1077–1078
indications, 1079

instrument choice, 1079–1080, 1080
lecture schedule, 1079
maternal/perinatal outcome, 1081–1082
training, 1078–1079, 1079
see also forceps delivery

ophthalmologic defects, 909
HSV infection, 256
rubella infections, 251

ophthalmologic tests, diabetic pregnancy, 750
opioids

abuse, anesthetic considerations, 1203,
1204

inflammatory bowel disease, 784
opiate-induced hypotension, 668

opsonins, innate immune system ontogeny,
118–119

oral cavity complications, pregnancy,
778–779

oral glucose tolerance test (OGTT), 744–745,
745

organ failure, multisystem, 674
organogenesis

radiation therapy and, 963
teratogen susceptibility, 220

orgasm, in pregnancy/postpartum, 1017
orofacial defects, smoking and, 241, 243
oronasal membrane, embryonic development,

25
oseltamivir

influenza, 728
use during pregnancy/lactation, 288

osteochondrodysplasias, 430–432, 448–449
prevalence, 402
see also specific disorders

osteogenesis imperfecta, 434–435
classification, 435, 436
mutations causing, 435
skull demineralization, 415
type I, 434
type II, 434–435
type III, 435
type IV, 435
ultrasound vs. CT, 414
in utero fractures, 416, 416

osteogenic sarcoma, in pregnancy, 976
ototoxicity, aminoglycosides, 286
ovarian cancer (in pregnancy), 970–973

chemotherapy, 972, 973
differential diagnosis, 970, 970
dysgerminomas, 973, 978

occult, 971
epithelial, 972–973
incidence, 970
lymph node involvement, 971
MRI evaluation, 970, 970, 971
mucinous carcinoma, 970, 972
radiation therapy, 973
staging

FIGO system, 972
surgical, 970–971, 978

surgical management, 972
tumor markers, 970
ultrasound evaluation, 970

ovarian cysts
fetal, 394, 395, 397
maternal, 970, 971

1294

ovarian pregnancy, 170–171
ovarian teratoma, 304
ovary, embryonic development, 71
oxidative stress, maternal anemia and fetal

growth, 206
oxprenolol, hypertension, 692
oxygen

consumption, pregnancy-related changes,
633, 636, 636

delivery, fetal growth and, 205
fetal concentration, 60
maternal–fetal exchange, 722–726
partial pressure (PO2), pulmonary

disorders, 718–719, 722, 723
pulmonary vascular tone, 97
saturation, acute pulmonary embolism

(APE), 838
therapy see oxygen therapy
toxicity, bronchopulmonary dysplasia,

1237
oxygenation (fetal), asthma, 724
oxygen dissociation curve, pulmonary

disorders, 719
oxygen free radicals, maternal, 746
oxygen tension, pulmonary disorders, 722
oxygen therapy

bronchopulmonary dysplasia, 1238
maternal for fetal hypoxia, 59–60
mitral stenosis, 708
respiratory distress syndrome, 1236
shock, 658
transient tachypnea of the newborn (TTN),

1240
venous air embolism, 731

oxytocin, 129–130
active phase dysfunction, 1069
cervical dilation arrest, 1072
labor induction, 1194
milk production, 1208
prolonged latent phase dysfunction, 1067,

1069
uterine atony, 670
vertex–vertex twins, 195

oxytocin challenge test (OCT), diabetic
pregnancy, 750

oxytocin receptor blockade, preterm labor,
1112–1113

P450-oxidative enzymes, 221, 223
packed red blood cells, shock, 659
pain

intercourse, 1017, 1018, 1020
pancreatitis, 790

palate, embryonic development, 25
pancreas

embryonic development, 26
insufficiency in cystic fibrosis, 727
pregnancy-related changes, 638–639
tumors (in pregnancy), 976

pancreatitis, 789–790
hyperparathyroidism, 773
necrotizing, 790

pancuronium
intravascular fetal transfusion (IVT), 876
persistent pulmonary hypertension of the

newborn (PPHN), 1239
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panic disorder, in pregnancy, 1027
pantoprazole, peptic ulcer disease, 781
PAPP-A, first trimester screening, Down

syndrome, 495
Pap smears, 966
paradoxical embolism, 731
paramesonephric (müllerian) ducts,

embryonic development, 28
paramethadione, teratogenicity/toxicity, 226
parathyroid carcinoma, in pregnancy, 977
parathyroid hormone (PTH)

fetal, 73
neonate, 500
pregnancy-related changes, 639
transplacental transport, 73

parathyroid hormone-related peptide
(PTHrp), pregnancy-related changes,
639, 764

paraventricular nuclei (PVN), fetal
hypothalamus–pituitary–adrenal
axis, 126

paraxial mesoderm, 19–20
paregoric, inflammatory bowel disease, 784
parenteral nutrition

inflammatory bowel disease, 784
necrotizing pancreatitis, 790

Parenti–Fraccaro (type I) achondrogenesis,
433, 434

parenting
competency evaluation, 1032
predictors of good, 1033

paroxysmal nocturnal hemoglobinuria
(PNH), 855

partial hydatidiform mole (PHM), 51, 52, 54
parvovirus B19

clinical features, 258, 272
diagnosis, 258, 273
epidemiology/infection rates, 249, 272–273
teratogenicity/toxicity, 226, 258–259
transplacental transmission, 258, 272–273,

280
treatment/prevention, 258–259, 273
villitis, 43

passive smoking, 241–242
patent ductus arteriosus, 703–704

anesthetic considerations, 1201
paternal age, mutation rates, 303
paternal factors (fetal growth), 211

genetic, 203, 205
phenotypic, 205

paternally imprinted genes, 203
patient advice/education

asthma management, 724
sexuality (pregnancy/postpartum),

1018–1019, 1019, 1020
pattern recognition receptors (PRRs), 116
peak expiratory flow rate (PEFR), asthma,

724–725
pedigree analysis, 300, 300, 310

fragile X syndrome, 328
pelvic examination, PROM and, 1139–1140,

1149–1150, 1150
pelvic floor

duration of second-stage labor, 1073
operative vaginal delivery (OVD), 1077
postpartum, 1207

pelvic inflammatory disease (PID)
chlamydial infections, 914
ectopic pregnancy, 161

pelvic masses, benign, 961–962
pelvic pressure pack, shock, 667
pemphigoid gestationis (PG), 949, 951–953,

957
clinical course, 951–952
clinical presentation, 951, 952, 953
diagnosis/differential diagnosis, 951, 953
epidemiology, 952
fetal risks, 953
management, 953
maternal risks, 953
pathogenesis, 952–953

penetrance, 301
D-penicillamine, teratogenicity/toxicity, 225,

939
penicillin(s)

bacterial pneumonia, 728
rheumatic fever, 701
use during pregnancy/lactation, 284, 289
see also specific drugs

penicillin G
group B streptococcal infections (GBS),

264, 279
use during pregnancy and lactation, 284

pentamidine, Pneumocystis carinii
pneumonia, 730

peptic ulcer disease, 780–781
Pepto-Bismol (bismuth subsalicylate), 787
perinatal morbidity

cocaine use and, 239
smoking and, 241

perineal trauma, sexual problems, 1018
peripartum cardiomyopathy, 709–711

anesthetic considerations, 1202
clinical parameters, 709–711
incidence, 710
therapy, 710

peripheral lymphoid tissues, 117–118
peripheral neuropathy, pregnancy-related,

820, 822
peristalsis, bowel obstructions, 381
peritoneal lavage, nonobstetric trauma, 672
peritonitis, 897–898
periventricular hemorrhagic infarction (PVI),

1224, 1224, 1229
periventricular leukomalacia (PVL), 355,

355, 358
cystic, glucocorticoid therapy, 89
diagnosis, 1225
pathogenesis, 1225, 1229
prematurity and, 1222, 1224–1225, 1225,

1226, 1229
persistent common atrioventricular canal,

363
persistent pulmonary hypertension of the

newborn (PPHN), 1238, 1239
pharmacokinetics

placenta and, 221, 223
pregnancy effects, 221, 222, 223, 233
teratogenesis and, 221, 223

pharmacologic agents see drug(s)
pharyngeal apparatus, 23, 23–24
pharyngeal arch, 23–24, 24

1295

pharyngeal gonococcal infection,
management, 910

phencyclidine (PCP), use in pregnancy, 240
phenobarbital, preterm labor, 1115
phenocopies, 328
phenoxybenzamine, pheochromocytoma, 772
phenylethanolamine-N-methyltransferase

(PNMT), adrenal medulla, 128
phenylephrine, shock, 661
phenylketonuria (maternal)

breastfeeding and, 1211
teratogenicity/toxicity and, 226

pheochromocytoma, 772–773, 977, 978
phocomelia, 442–443
phosphatidylcholine (lecithin), 85
phosphatidylglycerol (PG), 85

fetal lung maturity evaluation, 86
lung maturity, 1153, 1153

phospholipid concentration, fetal lung
maturity evaluation, 86, 86

phosphorus (PO4
2–), transplacental transport,

73
phosphorylation, preterm labor, 1088
phototherapy, 1244, 1244
physical barrier, 118–119

fetal allograft/maternal immune tolerance,
69–70

innate immune system ontogeny, 118
physical examination

congenital abnormalities, 229–230
pulmonary disorders (maternal), 718

Physicians’ Desk Reference (PDR),
teratogenicity/toxicity, 227, 236

pickwickian syndrome, 1198
piezoelectric phenomenon, 336, 345
pigmentary alterations, of pregnancy, 947,

957
Pitocin, uterine atony, 670
pituitary

development, 30, 70–71
disorders, in pregnancy, 769–771
endocrine axes, 71–78
fetal endocrinology, 129–130
pregnancy-associated changes, 762

pituitary-like hormones, 71
pituitary prolactin-producing tumor,

769–770
pituitary size, pregnancy-related changes, 639
pituitary tumors, 769–770
placenta

abdominal ectopic pregnancy, 170
abruption see placental abruption
blood flow/circulation, 99, 564

aortic arch, 108
IUGR diagnosis by Doppler

ultrasonography, 519
vascular resistance, hypoxic stress see

hypoxic stress
drug metabolism, 221, 233
embolization, hypoxemia, 105
endocrinology, 71–78

fetal hypothalamus–pituitary–thyroid
axis, 129

see also endocrine system
estrogen biosynthesis, 126–127
fetal growth role, 209–211, 211, 212

TCOIndex  9/23/06  11:07 AM  Page 1295



INDEX

growth/development, 36, 209, 212
IUGR diagnosis, 515, 517
nutrient transfer, 62
ultrasonic classification, 515, 518

growth hormones
IGF1 production, 209
placental growth hormone (GH-v), 209,

210–211, 212, 765, 765–766
hypoxic stress, 104
neonatal anemia and, 1242
nutrients transfer see fetoplacental

perfusion/nutrient transfer
steroid exchange, 76
steroid sulfatase deficiency, unconjugated

estriol (uE3), 492
superficial implantation, 45
term, 37, 44
toxic damage, 47
transabdominal scan, 1050
transfer of maternal fuels, 743
transfer of nutrients, 743–744
transplacental transport of hormones, 

73
transport capacity, 209–210

amino acids, 210, 212
glucose, 209–210, 212
heroin, 239
perfusion and, 210, 210
teratogenicity and, 223

transvaginal scan, 1051
underdeveloped, 38
vascular alterations, PROM, 1135
see also entries beginning placental;

placentation
placenta accreta, 44–45, 1053. 5

hypovolemic shock, 671
hysterotomy following, 609–610
management, 1053
ultrasound features, 1054

placenta increta, 44–45
hypovolemic shock, 671

placental abruption, 40, 1054–1060
amniotic fluid embolism, 731
area, 1059
asphyxia, 1234
clinical presentation, 1057
cocaine use and, 239, 243
disseminated intravascular coagulation

(DIC), 860, 864
etiology, 1147
hemorrhage, 1055
management of moderate/severe, 1057,

1058
mild, 1058
motor vehicle accidents, 672
pathogenesis, 1057
PROM and, 1147
risk factors, 1056, 1057
shock, 666
thrombophilia and, 832, 833
trauma, 12, 1058
ultrasound, 1058

placental growth hormone (GH-v)
affecting maternal system, 765, 765–766
fetal growth and, 209, 210–211

placental hydrops, 41–43

placental infarct, 37, 39
recurrent pregnancy loss (RPL), 153, 154

placental membranacea, 43
placental suppressor factors, 12
placenta percreta, 44–45, 45

hypovolemic shock, 671
placenta previa, 44, 1049–1053

advanced maternal age and, 1001
diagnosis, 1049
management, 1052–1053
multifetal pregnancies, 188
persistence at delivery, 1050
prediction at delivery, 1049–1052
risk factors, 1050

placentation, 35–58
abnormal amniotic fluid volume, 51
anatomy/structure/function, 35
circulatory disorders, 37–40
complete/partial hydatidiform mole, 51, 54
disorders of development, 43–44
disorders of implantation, 44–45
fetal vascular development disorders, 46
gestational choriocarcinoma, 52, 54
gestational trophoblastic disease (GTD), 51
inflammation/intrauterine infections, 40–41
intrauterine growth retardation/small for

gestational newborn, 50
invasive hydatidiform mole, 54
maternal disorders, 46–47
meconium staining, 50
migration disorders, 45–46
monochorionic, 184
multifetal pregnancy, 47–50
post-term pregnancy, 49–50
preterm labor/prelabor rupture of

membranes, 49
recurrent spontaneous abortion, 50
see also placenta

plasma exchange
CKD in pregnancy, 815
rhesus alloimmunization, 877

plasma osmolality, pregnancy-related
changes, 638

plasma volume, pregnancy-related changes,
636–637

plasmin, 827
plasminogen activator inhibitors

pregnancy-related changes, 829
type 1 (PAI-1), 827–828
type 2 (PAI-2), 828

platelet activating factor (PAF)
conceptus growth, 6
neonatal necrotizing enterocolitis, 1249

platelets
amniopatch in PROM, 1171–1172
count, hypertension/anesthesia, 694
development, 134
disorders, 856–859, 863

deficiency see thrombocytopenia
drug-induced, 859, 863
genetic, 859
maternal, fetal effects, 857, 858
thrombocytosis, 858, 858

fetal antigens, 137–138
“minimum count,” 856, 856
plug formation, 825, 826

1296

pregnancy-related changes, 636–637
transfusion

HELLP syndrome, 689
shock, 660

visceral hematopoiesis, 132
platyspondyly, 408, 409, 429
pleiotropy, 301, 326
plethysmography, VTE diagnosis, 837
pleural effusion, 371, 372, 374

transient tachypnea of the newborn (TTN),
493

pluripotent stem cells, 114, 134
pneumococcal pneumonia, 728
Pneumocystis carinii pneumonia, 729–730
pneumocytes (type I and II), smoking and,

241
pneumonia

adult respiratory distress syndrome
(ARDS), 735

diagnosis, 893
frequency in pregnancy, 893
Haemophilus influenzae, 894
influenza and, 276, 893
pneumococcal, vaccination, 887
prevention, 887, 893
Streptococcus pneumoniae, 887, 893
treatment, 893–894
varicella infection and, 274, 894
see also specific organisms

pneumothorax
catheterization, 665
newborns, 1233
tension, 676

Poland syndrome, 442
pollutants, fetal growth and, 206
polychlorinated biphenyls (PCBs)

fetal growth and, 206
teratogenicity/toxicity, 226

polycythemia
diabetic pregnancy, 755
neonatal, 1242–1243

etiology, 1243
polydactyly, 408, 446, 446, 447

central, 446
dysplasias associated, 427
Ellis–van Creveld syndrome

(chondroectodermal dysplasia), 440,
441

evaluation, 425–426
postaxial, 427, 446
preaxial, 427, 446

polygenic inheritance, 307–309, 316, 328
polyhydramnios, 51, 594–595, 602

acute renal failure, 811
bowel obstructions, 379, 381
complications, 594
definition, 593, 594
diabetic pregnancy, 753
esophageal atresia, 379
etiology, 594–595
gastroschisis, 386
meconium peritonitis, 382
pleural effusions, 371, 372
preterm labor management, 1100
reduction measures, 595, 812–813

polymerase chain reaction (PCR), 306–307
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fetal anti-D assessment, 874
group B streptococcal infections (GBS),

263
herpes simplex virus, 269
rubella virus, 268
toxoplasmosis, 266

polymorphic eruption of pregnancy (PEP),
949–951, 957

clinical course, 950
clinical presentation, 949, 950
diagnosis/differential diagnosis, 951
epidemiology, 950
key features, 950
management, 951
pathogenesis, 950–951
prognosis, 951

polymorphism, 297, 303
RFLPs, 307

polymorphonuclear leukocytosis, bacterial
pneumonia, 728

polyploidy, 297
polysomy, definition, 296
polyspermy, prevention, 5
polysplenia, 369
ponderal index, 507
porencephaly, congenital, 354–355, 358
portal hypertension, pregnancy and, 804–805
position, maternal, uterine venous drainage,

60–61
positive airway pressure, respiratory distress

syndrome, 1236
positive end-expiratory pressure (PEEP),

ARDS, 733–734
positive predictive values, 1010
positive pressure ventilation, resuscitation,

1234
postaxial polydactyly, 427, 446
postdate pregnancy see prolonged pregnancy
posthemorrhagic hydrocephalus (PHH),

1223–1224, 1229
postmaturity, 1189, 1194, 1195

see also prolonged pregnancy
postpartum blues (baby blues), 1023
postpartum depression, 1023, 1033

clinical features, 1023–1024
epidemiology, 1022

postpartum hemorrhage, 667
advanced maternal age and, 1000
intrahepatic cholestasis of pregnancy (ICP)

and, 798, 799, 954
postpartum period

physiology, 1206–1218
lactation see breastfeeding/lactation
reproductive system, 1206–1207

psychiatric problems see psychiatric
problems (pregnancy/postpartum)

sexuality and see sexuality
(pregnancy/postpartum)

weight loss, 1210, 1214
postpartum psychosis, 1023
postpartum weight retention, 649–650
postrenal renal failure, 811, 812, 812
postterm pregnancy see prolonged pregnancy
post-transcriptional modification, 305
post-traumatic stress disorder (PTSD), in

pregnancy, 1027, 1034

potassium administration, diabetic
ketoacidosis, 752

potassium chloride, multifetal pregnancy
reduction (MFPR), 189

Potter sequence, 428
Potter’s syndrome, 1100

bilateral renal agenesis, 387
Pourcelot ratio, 563
power (color) Doppler ultrasound, 337
power, statistical, 1010, 1010–1011,

1013–1014
Prader–Willi syndrome, 322

detection, 311
imprinting, 203, 304

preaxial polydactyly, 427, 446
precision, 1009, 1013
preconception care/planning, 318–320, 332

adolescents, lack of, 989–990
infection prevention/control, 885
rheumatoid arthritis (RA), 941, 943
systemic lupus erythematosus (SLE), 936

predictive genetic testing, 326
genetic counseling, 329
preconception care/planning, 319–320

predictive values, 1010, 1010, 1013
prednisolone, teratogenicity/toxicity, 939
prednisone

antiphospholipid syndrome, 152
asthma, 725
inflammatory bowel disease, 784

preeclampsia/eclampsia, 46–47, 684–685,
684–686, 800

acute renal failure, 811, 812
adolescent pregnancy and, 992, 993, 1003
advanced maternal age and, 1000
anesthetic considerations, 1199, 1204
in antiphospholipid syndrome, 153, 935
antiseizure medications, 691–692
blood pressure values, 1198, 1199
calcium, 647
cardiovascular parameters, 1201
chronic hypertension (CHTN), 687

management, 690–691
diabetic pregnancy, 750
diagnosis, 684, 1200
Doppler ultrasonography, 569, 580, 580,

581
eclampsia, 684–685
etiopathogenesis, 800
fetal cells in maternal circulation, 480–481
headache, 818
HELLP syndrome see HELLP syndrome
inherited thrombophilias, 831–832, 832
liver pathology, 800, 806

HELLP syndrome, 800, 800–801, 801,
805, 806

hepatic infarction, 801, 805, 806
liver rupture, 801, 805, 806
subcapsular hematoma, 801

management, 687–688, 688, 689,
689–690, 812, 1199

conservative/expectant, 688–689
multifetal pregnancy, 187
in myasthenia gravis, 799, 800
pathogenesis, 686
pathology, 812, 813

1297

prediction/prevention, 694–695
pregnancy related risks, 685
risk factors, 684
in SLE, 933–934, 935
thrombocytopenia, 858
vasoconstrictors/vasodilators, 60
volume expansion/vasodilation, 70

pre-embryonic period, 143
pregestational diabetes, 745–746

congenital anomalies, 745–746, 746
pathogenesis, 746
prevention, 746, 747

definition, 740
periconceptional care, 746

pregnancy
adolescent see adolescent pregnancy
amniotic fluid changes during, 593
background reproductive risks, 217, 218
changes in see pregnancy-related

adaptation
complicated, glucocorticoid therapy, 89
cytokines, 12–13
dating

last menstrual period, 1193
prolonged pregnancy and, 1189, 1193,

1195
ultrasonography, 341, 341, 510, 1193

denial of, 1032
diet during, 645
drug/alcohol abuse see substance abuse
exercise during, 205, 211
human chorionic gonadotropin (hCG), 79
hypertension see hypertensive disorders of

pregnancy
loss see pregnancy loss
maternal disease and see specific

diseases/disorders
medication and

antibiotic/antimicrobial agents during,
284–291

anticoagulants, 836–837, 842, 843
chemotherapy, 964–965
pharmacokinetics, 221, 222, 223, 223,

233
see also drug(s); specific medications

mortality see mortality
multifetal see multifetal pregnancy
neurological disorders in, 818–824
nonfetal complications, MRI, 543,

552–557
older women see advanced maternal age

(AMA)
optimal age, 987
planning see preconception care/planning
prolonged see prolonged pregnancy
radiation therapy and, 963–964
sexuality and see sexuality
surgery and, 963
thromboembolism see thromboembolic

disorders of pregnancy
vaccination during, rubella, 267

pregnancy-associated (induced) hypertension
see hypertensive disorders of
pregnancy

pregnancy-associated plasma protein A
(PAPP-A), 476, 476
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pregnancy gingivitis, 778–779
pregnancy loss, 143–160

frequency, 143
placental infarct, 37
recurrent see recurrent pregnancy loss

(RPL)
SLE and, 934
sporadic, 143–148

causes, 144–146
evaluation/management, 146–148

ultrasound, 147–148
fetal death, 146
maternal age/parity/prior pregnancy

outcomes, effect of, 146
terminology, 143
see also abortion; intrauterine fetal demise

(IUFD)
“pregnancy loss centers,” 143
pregnancy-related adaptation, 633–644, 634

amniotic fluid changes during, 592–593
cardiovascular system, 633, 1201
endocrine system, 639
gastrointestinal system, 638
hematologic system, 636–637, 828–829,

829, 843, 849, 855, 855–856
hepatic, 797, 798, 805
immune system and, 885
renal, 811, 812, 816
reproductive system, 639–641
respiratory system, 633, 636
skin/dermatologic features, 947–948
urinary tract, 637–638, 890
see also specific organs/systems

pregnancy-related mortality ratio (PRMR),
657

pregnenolone sulfate, 76
preimplantation diagnosis, genetic disease,

309
preimplantation embryo, 5–6
preimplantation phase, radiation therapy

and, 963
prelabor rupture of the membranes (PROM),

49, 1130–1188
assessment/evaluation

amniocentesis, 1142, 1151
amniotic fluid volume, 1155, 1155–1156
biophysical profile, 592, 1156–1159,

1158, 1158, 1159, 1173
C-reactive protein, 1159, 1159–1160
fetal breathing, 1156, 1157, 1157
fetal movements, 1156, 1157
fetal well-being, 1154–1160
initial in preterm PROM, 1150–1160,

1160
intrauterine infection, 1142, 1151–1152,

1152
lung maturity, 1153, 1153, 1153–1154,

1154, 1173
nonstress test, 1154–1155, 1155
ultrasound, 1151

biology, 1131–1134
biophysical properties, 1131–1132, 1172
collagen composition, 1132–1133
fetus role, 1134
proteases, 1132, 1133, 1133–1134,

1138, 1172

see also chorioamniotic membranes
consequences, 1142–1149, 1173

fetal compression syndrome, 1148
fetal growth restriction, 1148–1149
fetal/neonatal death, 1142, 1149
gestational age and, 1147
maternal/fetal infection, 1142, 1144,

1144–1147, 1145, 1151–1152
placental abruption, 1147
preterm labor/birth, 1142, 1144
pulmonary hypoplasia, 1147,

1147–1148, 1148, 1173
see also chorioamnionitis; microbial

invasion of the amniotic cavity
(MIAC)

definitions, 1130
diagnosis, 1149–1150, 1151, 1173
frequency, 1130, 1172
hysterotomy, 609
latency period, 1130

amniotic fluid volume and, 1155–1156
BPP prediction of, 1158–1159, 1159
chorioamnionitis and, 1146, 1146
fetal infection and, 1146
limb deformity and, 1148
lung hypoplasia and, 1148
parity and, 1170
risks associated, 1167
second trimester rupture, 1162

management, 1160–1172
amnioinfusion, 1148, 1169–1170
amniopatch, 1171–1172
antibiotic therapy, 1161, 1163–1165
cerclages and, 1166–1167, 1173
complications/problems, 1162, 1168,

1168–1169
corticosteroids, 1165
expectant/conservative, 1161,

1163–1167, 1168–1169, 1171,
1173

fibrin glue, 1171
glucocorticoid therapy, 88–89
home vs. hospital care, 1167, 1171
induction, 1167–1168, 1168,

1170–1171
lung maturity and, 1154
near-term PROM, 1169, 1169–1170
physical barriers to leakage, 1172
preterm PROM, 1160–1169
previable PROM, 1160, 1161, 1172
term PROM, 1170–1171, 1171
tocolysis, 1165–1166
viable (remote from term) PROM,

1160–1161, 1163, 1163–1169
natural history, 1170
near-term PROM, 1169, 1169–1170
pathophysiology, 1135–1136

amniotic infection/inflammation, 1135,
1140–1141, 1142, 1144–1147,
1161, 1163–1169, 1172, 1173

cervical pathology, 1135–1136
connective tissue disorders, 1136, 1141
multifetal pregnancies, 188
oligohydramnios, 1100
vascular pathology, 1135
see also risk factors (below)

1298

presenting symptoms, 1149
preterm PROM, 1130, 1172

assessment see assessment/evaluation
(above)

consequences see consequences (above)
disease mechanism, 1135–1136
fetal initiation of labor, 1134
management, 1160, 1160–1169
as obstetric syndrome, 1134–1135
previable, 1160, 1161, 1172
risk factors see risk factors (below)
second trimester rupture, 1160–1161,

1162, 1163–1169, 1168
previable PROM, 1130
recurrence risk, 1137, 1172–1173
risk factors, 1135, 1136, 1136–1142, 1172

adolescent pregnancy, 992
alpha-fetoprotein, 1139
chlamydial infections, 914–915, 1141
decreased amniotic fluid volume, 594,

1142, 1155–1156
epidemiologic studies, 1136
ethnicity, 1138
genetic, 1136, 1138, 1141–1142, 1143
genital tract infection, 910, 1140–1141
gonorrhea and, 910, 1141
pelvic examination, 1139–1140,

1149–1150, 1150
previous genital tract surgery, 1139
previous PROM/preterm delivery, 1137,

1137
sexual intercourse, 1138–1139
smoking, 1137, 1137–1138
vaginal bleeding, 1137
vitamin/trace element deficiency, 1139

site of rupture, 1130
term (prelabor) PROM, 1130, 1172

management options, 1170–1171, 1171
timing, 1130
zinc status, maternal, 648

premature atrial contraction, 370, 370, 374
premature infants

adaptive immune system, 119
adequate ventilation, 1227
adolescent pregnancy and, 992
advanced maternal age and, 1001
anesthetic considerations, 1199, 1204
brain anatomy/physiology of, 1221–1222,

1222
autoregulation, 1222
composition, 1222
vascular supply, 1221

coagulopathy correction, 1228
fat/glycogen stores, 62
glucocorticoid therapy, 88
heat loss, 1233
hemodynamic stability, 1227–1228
incidence, 1228
metabolic derangement, 1228
mortality/morbidity of, 1251–1253
multifetal pregnancies, 179, 181

identification of patients at risk, 191
prevention, 190–191

neurologic complications, 1221–1231
bilirubin encephalopathy, 1225–1226,

1229
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diagnosis, 1228–1229
germinal matrix hemorrhage, 1221,

1222, 1222–1224, 1223, 1224,
1229

hypoglycemic injury, 1226
hypoxic–ischemic injury, 1221, 1224,

1224–1225, 1225, 1229
outcome, 1228, 1228, 1229
prevention/management, 1226–1228,

1227
topography of insults, 1228
see also specific complications

neurologic examination, 1228
prevention of delivery, 1227
PROM and, 1137
smoking and, 241
see also preterm labor/delivery

premature ventricular contraction, 370, 374
prematurity see premature infants
prenatal care, adolescents, lack of, 989–990,

994, 995
prenatal diagnosis

cardiac/thoracic abnormalities, 361–376
CNS malformations, 347–360
cytomegalovirus (CMV) infection, 250,

250, 271–272
fetal growth abnormalities, 507–525
first trimester, 473–484
gastrointestinal/genitourinary anomalies,

377–400
genetic disease, 309, 312–316

chromosome breakage syndromes, 313
cystic fibrosis, 314
DNA repair defects, 313
fetal gene analysis, 312
fragile X syndrome, 313–314
hematological, 313, 313, 314, 854, 860
inborn errors of metabolism, 314, 315
malformation syndromes, 312, 313
mitochondrial disorders, 315–316
nerve/muscle disorders, 314, 320, 320
reciprocal translocations, 299
RFLP analysis, 307, 308
skin disorders, 313, 313
trinucleotide repeats, 320
see also genetic counseling; genetic

testing
invasive procedures, 473–475, 482
multifetal pregnancies, 189
noninvasive procedures, 475–477, 476,

482
combination, options, 351–353
fetal cells in maternal circulation,

480–481, 482
first trimester, 475–476

procedure-related fetal loss, 473
rubella infection, 268, 269
second trimester, 473–484
skeletal dysplasias see under skeletal

dysplasias
toxoplasmosis, 266
ultrasonography see ultrasonography
see also individual techniques; specific

diseases/disorders
prerenal renal failure, 811, 812, 812
preterm infants see premature infants

preterm labor/delivery, 49, 1085–1129
acute intestinal obstruction, 781
adjunctive therapy, 1115
adolescent pregnancy, 992
advanced maternal age and, 1001
amniocentesis, microorganisms, 1101
anesthetic considerations, 1199
antenatal glucocorticoids, 1113–1115
cholecystectomy, 789
clinical antecedents to, 1089–1095

digital cervical examination, 1091–1092
fetal fibronectin, 1093–1094
home uterine activity monitoring

(HUAM), 1092–1093
recurrence risk, 1091, 1091
risk factors scoring/prevention programs,

1089–1091, 1091
sonographic cervical evaluation, 1092
symptoms, 1095, 1095
urogenital tract infections, 1094–1095

definitions, 1085
diabetic pregnancy, 753
diagnosis, 1095–1096
epidemiology, 1085–1086
epidemiology/demography, 1085–1087
etiology, 1087
factors/causes, 1088
hysterotomy, 609
management, 1096–1102, 1116

agent-specific contraindications, 1098
amniocentesis/neonatal outcome, 1101
decisions at the lower end viability,

1102–1103
fetal age, weight, growth status,

1097–1099
fetal breathing movements, 1100
fetal gender, 1101
fetal malformation, 1100
fetal number, 1099
fetal well-being, 1099
malpresentation, 1099
oligohydramnios, 1100
polyhydramnios, 1100
therapeutic options, 1090
uterine malformations, 1101–1102

multifetal pregnancies, 188
treatment, 191–192

pathophysiology/pathogenesis, 1087–1089
cervical change biochemistry, 1089
organ communication, 1088–1089
placental inflammation, 41
therapeutic implications of

pathophysiological subsets, 1089
prevention, 1115–1117, 1117, 1227

programs, 1116
strategies/polices, 1116–1117

progestational agents, 1111–1112
PROM and, 1142
racial disparity, 1086–1087
SLE and, 934
subject importance, 1085
tocolytic agents, 1103–1111
transportation, 1227
see also prelabor rupture of the

membranes (PROM); premature
infants

1299

primary hyperaldosteronism, 772
primary megaureter, 391
primary syphilis, 911
primitive gut, embryonic development, 25–26
proctocolectomy, inflammatory bowel

disease, 784
professional community disclosure standard,

1039, 1045
progestational agents, 1111–1113
progesterone, 68

cervix, pregnancy-related changes, 640
deficiency, recurrent pregnancy loss,

149–150
dyspnea, 718
insulin action, 743
measuring levels, luteal phase defect, 149
molecular structure, 69
preterm labor, 1112

17-OH progesterone levels, 771, 771
progesterone only contraceptives, ectopic

pregnancy, 161
progesterone-resistant endometrium, 150
progestin therapy, teratogenicity/toxicity, 225
prolactin

fetal, 73
milk production, 1208
pregnancy-associated changes, 762, 763
pregnancy-related changes, 639

prolactinoma, 762, 769–770
prolonged pregnancy, 49–50, 1189–1197

amniotic fluid volume, 592–593
Cesarean rates in, 1189–1190, 1190,

1192, 1194
definitions, 1189, 1195
Doppler ultrasound, 571
fetal/neonatal risks, 1190–1192, 1195

macrosomia, 1189, 1190, 1191–1192
perinatal mortality, 1189, 1190, 1190,

1190–1191, 1195
postmature syndrome, 1189, 1194, 1195

incidence, 1189
management, 1192–1194

expectant vs. induction, 1193
fetal surveillance, 1191
induction, 1191, 1192, 1193–1194,

1195
maternal risks, 1189–1190, 1195

macrosomia and, 1189, 1191
pregnancy dating and, 1189, 1193, 1195
recurrence risk, 1189

PROM see prelabor rupture of the
membranes (PROM)

pronephros, embryonic development, 27
proopiomelanocortin (POMC)

hypothalamus–pituitary–adrenal axis, 126
lung synthesis/secretion, 130
post-translational processing, 127

propranolol
mitral stenosis, 708
tachycardia, 621
thyrotoxicosis, 767

propylthiouracil (PTU)
fetal goiterous hypothyroidism, 619
teratogenicity/toxicity, 225
thyrotoxicosis, 767, 768

prostaglandin antagonists, pancreatitis, 790
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prostaglandin E, 1105
prostaglandin E2, labor induction, 1194
prostaglandin F2α, uterine atony, 670
prostaglandins

cervix, pregnancy-related changes, 640
labor induction, 1194
persistent pulmonary hypertension of the

newborn (PPHN), 1239
placental vascular reactivity, 99
preterm labor, 1088
shock, 669

prostaglandin synthesis inhibitors, 1098,
1105

proteases, membrane rupture/PROM, 1132,
1133, 1133–1134

protein analysis, genetic disease diagnosis,
311–312, 316

protein C (PC), 826–827, 827
deficiency, 829, 862

recurrent pregnancy loss, 155
protein extraction, 684
protein folding/degradation, skeletal

dysplasias and, 405
protein measurements, neonatal

hypocalcemia, 1247
protein S (PS), 827

deficiency, 829, 862
fetal loss, 833
preeclampsia and, 832

pregnancy-related changes, 829
protein synthesis, fetus, 63
proteinuria

diabetic nephropathy, 754
pregnancy complications/outcomes, 814,

816
protein Z (PZ), 827, 827

preeclampsia and, 832
pregnancy-related changes, 829

prothrombin gene mutation, 830, 843, 863
fetal loss, 833
IUGR and, 832–833
prophylactic anticoagulation, 835–836
recurrent pregnancy loss, 153, 155
spontaneous abortion, 834

proton pump inhibitors
peptic ulcer disease, 781
reflux esophagitis, 780

protozoan infections, 264
protraction disorders, active phase

dysfunction, 1069–1072
proximal extremities, short, Down syndrome,

ultrasound for, 493
prurigo gravidum see intrahepatic cholestasis

of pregnancy (ICP)
prurigo of pregnancy (PP), 949, 955
pruritic folliculitis (PF), of pregnancy, 949,

955
pruritus, pregnancy and, 799, 954, 955, 955,

956, 957
“pseudoanomalies,” three-dimensional (3D)

ultrasound, 526
pseudoautosomal inheritance, 301
pseudocysts, meconium peritonitis, 382
pseudogenes, 304
Pseudomonas, septic shock, 675
pseudoporencephaly, 355

pseudosac, ectopic pregnancy, 164
psoriasis, impetigo herpetiformis and, 953
psychiatric problems (pregnancy/postpartum),

1022–1038
anxiety disorders, 1026, 1026–1027, 1032,

1034
bipolar disorder, 1028, 1030, 1031,

1034
denial of pregnancy, 1032
depressive disorders see depressive

disorders
eating disorders see eating disorders

(pregnancy/postpartum)
emergencies, 1027–1030

delirium, 1029
homicidal ideation, 1030
psychosis/psychotic disorders,

1028–1029
suicidal ideation, 1029–1030

parenting, competency evaluation, 1032,
1033

pregnancy following previous loss, 1032,
1033

resources, 1032–1033
schizophrenia, 1034
screening for, 1022
somatization, 1032
see also specific conditions

psychosis, 1028–1029
clinical presentation, 1028
epidemiology, 1028
homicidal ideation, 1030
management, 1028, 1028–1029

antipsychotics, 1028–1029, 1029
ECT, 1029

postpartum, 1023, 1028
suicide risk, 1029

psychosocial effects, multifetal pregnancy,
187

psychosocial factors, adolescent pregnancy
and, 990–991

psychosocial stressors, nausea and vomiting,
778

psychotherapy
depressive disorders, 1024
recurrent pregnancy loss, 155
sexual problems/dysfunction, 1020

PUBS, prenatal diagnosis, 190
puerperal infection, Cesarean delivery, 188
puerperium

definition, 1206
physiology, 1206–1218

lactation see breastfeeding/lactation
reproductive system, 1206–1207

see also postpartum period
pulmonary arteriography, 840
pulmonary artery catheter (PAC)

adult respiratory distress syndrome, 734
Eisenmenger’s syndrome/pulmonary

hypertension, 705
guided volume challenge, 664
mitral stenosis, 708
shock, 662–663, 663

pulmonary atresia, 366
with ventricular septal defect, 368

pulmonary balloon valvuloplasty, 366, 623

1300

pulmonary barotrauma, adult respiratory
distress syndrome (ARDS), 735

pulmonary circulation
adaptation to extrauterine life, 1232
fetal, 95, 96–99

pulmonary coccidioidomycosis, 729
pulmonary complications, sickle cell disease

and, 854
pulmonary disorders (maternal), 718–739,

726–727
adult respiratory distress syndrome

(ARDS), 731–735
amniotic fluid embolism, 730–731
aspiration of stomach contents, 727–728
asthma, 723–726
bacterial pneumonia, 728
diagnostic techniques, 718–722

arterial blood gases, 718–720
history/physical examination, 718
pulmonary function tests, 720–721
radiographic testing, 721–722

influenza, 728–729
maternal–fetal oxygen exchange, 

722–726
venous air embolism, 731
see also individual disorders

pulmonary edema, 707
beta sympathomimetic agents, 1104
magnesium sulfate, 1106–1107

pulmonary embolism, acute see acute
pulmonary embolism (APE)

pulmonary function tests
asthma, 724
pulmonary disorders, 720–721

pulmonary hypertension, 704–706
anesthetic considerations, 1202
cystic fibrosis (CF), 727
prostaglandin synthetase inhibitors, 1105
ventricular septal defect (VSD), 703

pulmonary hypoplasia
amnioinfusion for, 1148
diagnosis/antenatal prediction

biometry measures, 421–422, 1148
Doppler velocimetry, 420, 423
femur length and, 419–420
thoracic/lung measurement, 417,

417–419, 418, 419, 420, 423,
423–424

genitourinary anomalies and, 387
PROM and, 1147, 1147–1148, 1148,

1173
skeletal dysplasias and, 416–425,

438–440, 439, 448
pulmonary parameters, 720
pulmonary stenosis, 366, 373–374
pulmonary system, maternal pregnancy-

related changes, 635
pulmonary trunk, embryonic development,

29
pulmonary vascular tone, 97
pulmonary vasodilators, 705, 708
pulmonary veins, Doppler ultrasonography,

577
pulmonary venous return, fetal, 95
pulmonary wedge pressure, mitral stenosis,

708
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pulmonic lesions, 707
pulmonic stenosis, 706–707
pulsatility index, 563, 563, 566
pulsed Doppler ultrasound, 337, 561–562

aortic stenosis, 364
fetal dysrhythmias, 370
septal defects, 363

pulse oximetry, respiratory distress
syndrome, 1236

purine nucleotides, 304
P-values, 1010
pyelectasia, 390, 396
pyelonephritis

adolescents, 994
diabetic pregnancy, 753
group B streptococcal infections (GBS),

263
hospitalization, 892
prevention in pregnancy, 890–891
screening, 890
treatment, 891–892

pyogenic granuloma, pregnancy-related, 947,
957

pyridine, teratogenic risk assessment, 230
pyridoxine, nausea, vomiting, 777, 778
pyrimethamine–sulfadoxine, Pneumocystis

carinii pneumonia, 730
pyrimidine nucleotides, 304
pyruvate, 6

rabeprazole, peptic ulcer disease, 781
race see ethnicity/race
radial clubhand deformities, 444, 444–446

Aase syndrome, 445
differential diagnosis, 449
Fanconi’s anemia, 445
scoliosis and, 446
TAR syndrome, 445

radiation exposure, fetal, 721–722
radiation therapy

cervical cancer, 964, 967
Hodgkin’s disease, 973–974
non-Hodgkin’s lymphoma, 974
ovarian cancer, 973
pregnancy and, 963–964, 978

radioactive iodine therapy, thyrotoxicosis,
767

radioactive isotopes, teratogenicity/toxicity,
225

radiofrequency ablation (RFA), percutaneous
sonographically guided, 614

radiographic testing, pulmonary disorders,
721–722

radiography
acute intestinal obstruction, 781–782
acute pulmonary embolism (APE), 838,

840
ankylosing spondylitis, 941–942, 942
dental procedures during pregnancy, 779
exposure levels and pregnancy, 840–841
inflammatory bowel disease, 783
peptic ulcer disease, 780
rheumatoid arthritis, 940
septic shock, 675
transient tachypnea of the newborn (TTN),

1240

radius
clubhand deformities, 444, 444–446, 449
nomogram, 411

RADIUS study, fetal gender/preterm labor,
1101

randomized controlled trials (RCTs),
1008–1009, 1013

ranitidine, peptic ulcer disease, 781
“rare disease assumption,” 1014
rash(es)

herpes simplex infection, 255, 269
parvovirus B19 infections, 258
pregnancy-related, 949–955
rubella infections, 251
varicella zoster virus (VZV), 252–253,

253, 273, 274
see also specific conditions

reactive oxygen species, innate immune
system ontogeny, 119

reasonable person disclosure standard,
1039–1040, 1045

recessive inheritance, 326
autosomal, 300, 301–302, 316, 326–327
screening, 310
X-linked, 300, 302, 303, 316
see also specific disorders

reciprocal translocations, 298, 298–300, 316,
323

definition, 298
prenatal diagnosis, 299

recombinant activated protein C, shock, 669
recombinant hepatitis B vaccine (Recombivax

HB), 279
recommended dietary allowances (RDAs),

pregnancy, 645, 646
recurrent pregnancy loss (RPL), 143,

148–156
causes, 148, 148–155, 155

alloimmune causes, 155
autoimmune, 152–153
endocrinological/metabolic disorders,

150
genetic abnormalities, 148–149
hormonal/metabolic disorders, 149–150
infectious causes, 150
psychotherapy, 155
thrombophilia, 153–155
uterine anatomic abnormalities, 150

conclusions/recommendations, 156
evaluation, 156
unexplained, 155

recurrent spontaneous abortion, 50
red blood cells (RBCs)

antigen expression
fetal, 137, 138
fetal blood sample contamination, 136
see also blood groups

decreased production, anemia (neonatal),
1242

ontogenesis, 133
polycythemia, 1243
prenatal stem cell transplantation,

624–625
red cell volume, pregnancy-related changes,

636–637
re-entry tachycardias, 370–371

1301

reflux esophagitis, 779–780
regional anesthesia

breastfeeding and, 1212
cardiac conditions, 1202
HIV and, 1203
multiple sclerosis, 1202
myasthenia gravis, 1203
obesity and, 1198, 1204
opioid abuse and, 1203
preeclampsia/eclampsia, 1199

regional enteritis, 782–784
remicade, inflammatory bowel disease, 783
renal agenesis, 387–388, 388, 396
renal biopsy, acute renal failure (ARF), in

pregnancy, 812, 813
renal cell carcinoma (during pregnancy),

977–978
renal crisis, scleroderma, 938
renal disease (during pregnancy), 811–817

acute renal failure (ARF), 811–813, 812,
812, 813, 816

chronic pre-existing disease, 811, 813–815,
816

dialysis, 813, 815, 816
dietary counseling, 816
end-stage (ESRD), 815

progression to, 814
maternal/fetal outcomes, 813
renal transplant recipients, 815, 816
tumors, 977–978
see also specific conditions

renal function tests, diabetic pregnancy, 750
renal transplantation, pregnancy and, 815,

816
renin–aldosterone system, pregnancy-

associated changes, 762–763
renin–angiotensin–aldosterone system

(RAAS), preeclampsia, 686
renin–angiotensin system, 78

twin–twin transfusion syndrome, 103
renin, pregnancy-associated changes, 763,

763
renovascular hypertension, 773
repetitive DNA, 304

fragile X syndrome, 313–314
parental/predictive testing, 320

reproduction, 3
reproductive outcome, methotrexate,

167–168
reproductive system

postpartum changes, 1198–1199
pregnancy-related changes, 639–641
problems, 217

occurrence, 218
see also specific components

Reprotox, teratogenicity/toxicity, 236
residual volume (RV), pulmonary disorders,

720
resistance index, 563, 566
resistance vessels, 567, 581
resistin, fetus, 70
respiratory acid–base disturbance, 719
respiratory distress syndrome (RDS), 1236

adult see adult respiratory distress
syndrome (ARDS)

clinical signs, 1236
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corticosteroids for preterm labor, 1113
diabetic pregnancy, 755
glucocorticoid therapy, 88
heroin use and, 239–240
management, 1236
newborn, 1235–1237
premature infants, 1227
preterm labor, 1114

respiratory insufficiency, pleural effusions,
372

respiratory tract
embryonic development, 25
infections (maternal), 892–894

cystic fibrosis (CF), 727
lower, 893–894
upper, 892–893
see also specific infections/organisms

maternal pregnancy-related changes, 633,
635, 636

neonatal disorders, 1235–1240
problems, newborn, 1236

restriction endonucleases, 307
Southern blotting, 306

restriction fragment length polymorphism
(RFLP), 307, 312, 317

prenatal diagnosis, 307, 308
resuscitation

medications, 1235
neonatal, 1234–1235

reticulocyte count, 849
retinoids, teratogenicity/toxicity, 225
retinopathy

diabetic, 753–754
of prematurity, 1251, 1251

retroperitoneal cysts, 383
reverse transcriptase, 306
reverse 3,5,5′triiodothyronine (rT3)

fetal hypothalamus–pituitary–thyroid axis,
128

ontogeny, 128
RFLP (restriction fragment length

polymorphism), 307
rhesus alloimmunization, 867–880, 881–882

ABO incompatibility and, 868, 869, 881
abortion-induced, 869
alloimmune thrombocytopenic purpura

(AITP), 858
Doppler ultrasound, 574
fetal consequences see fetal hemolytic

disease
immune response (anti-D antibodies), 868,

881
fetal status, 874
functional assays, 874
measurement/detection, 868–869, 874
placental transfer, 869
predicting severity, 871

management, 874–875, 882
IVIG, 877
nonsensitized women, 874–875,

877–879
plasma exchange, 877
RhIG prophylaxis, 877–880, 882
Rh-immunized with previous affected

child, 875
monitoring (mother/fetus), 870–871

pathogenesis, 868, 881–882
prevalence, 869
“sensibilization,” 869
transfusion-induced, 868
transplacental hemorrhage and, 868,

878–879
rhesus (Rh) blood group system, 867–868

antigens, 867
ethnicity and diversity, 867–868
function, 868
immunology, 868
maternal immunization see rhesus

alloimmunization
nomenclature, 867

rhesus immune globulin (RhIG), 877–879,
882

antenatal prophylaxis, 879
current recommendations, 879–880
failure after massive TPH, 878–879
ion exchange, 879
mechanism of action, 878
monoclonal, 879
problems, 878
standard treatment recommendations, 

878
rheumatic fever, 701
rheumatic lesions, 707
rheumatoid arthritis (RA) (during

pregnancy), 12, 938–941, 943
clinical manifestations, 938, 940
diagnosis, 938, 940, 940, 940, 943
drug therapy, 941

side-effects, 939
epidemiology, 938
preconception planning, 941, 943
pregnancy effects on course, 940–941

rheumatoid disorders (in pregnancy),
931–946

ankylosing spondylitis, 941–942, 943
drug therapy, side-effects, 939
rheumatoid arthritis see rheumatoid

arthritis (RA)
scleroderma, 938, 943
SLE see systemic lupus erythematosus

(SLE)
see also specific conditions

rheumatoid factor, 940
Rh isoimmunization, anemia (neonatal),

1242
rhizomelia, 407, 408, 415
ribosomal RNA, 305
rimantadine, use during pregnancy/lactation,

287–288
risk difference, 1011
risk ratio, 1011
ritodrine, 1104

anesthetic considerations, 1199
magnesium sulfate, 1107–1108
PROM management, 1165–1166

robertsonian translocations, 298, 299
recurrence risk, 324

Roberts syndrome, 442
Rolland–Desbuquois dyssegmental dysplasia,

437
rubella virus

biology/pathogenesis, 251, 267

1302

clinical manifestations, 251, 251, 259,
267–268

fetal/neonatal, 267–268
maternal, 267

congenital rubella syndrome, 251, 251,
259, 267, 268, 280

diagnosis, 251–252, 268, 280
epidemiology, 251, 259, 266–267
infection rates, 249
teratogenicity/toxicity, 226, 250–252,

267–268
timing of exposure and, 268

transplacental infection, 251, 259,
266–269, 280

treatment and prevention, 252, 268–269
vaccination, 251, 252, 266, 268, 886

contraindication in pregnancy, 267

sacrococcygeal teratoma (SCT), hysterotomy
(open fetal surgery), 612

SADDAN (severe achondroplasia with
developmental delay and acanthosis
nigrans), 431

safety issues, ultrasonography, 339–340, 
345

Saldino–Noonan syndrome, 439, 439
salpingectomy, ectopic pregnancy treatment,

165–166, 166
salpingostomy, ectopic pregnancy treatment,

165–166
salpingotomy, ectopic pregnancy treatment,

165–166
salt metabolism, pregnancy-associated

changes, 762–764
sample size, 1010–1011
sarcomas (in pregnancy), 976–977
sarcoplasmic reticulum, maturational

processes, 93
schizencephaly, 355, 355, 356
schizophrenia, 1034
schools, adolescent pregnancy and, 995
scleroderma, 938, 943
scoliosis, 408, 409, 429

radial clubhand and, 446
screening

Chlamydia trachomatis, 885
cytomegalovirus (CMV), 272
genetic disease, 316

cystic fibrosis, 314
fragile X syndrome, 314
recessive disorders, 310

HBV infection, 263
HIV infection, 901, 922
HSV infection, 918
psychiatric problems, 1022
pyelonephritis, 890
sickle cell disease, 854
syphilis, 912, 913
thrombophilia, 830, 836, 843
toxoplasmosis, 266
see also individual methods

seafood consumption, fetal growth and,
205–206, 211

secondary syphilis, 911–912
secretory immunoglobulin A (SIgA), 1209
secular trend data, 230
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sedation
maternal, prolonged latent phase

dysfunction, 1067, 1069
persistent pulmonary hypertension of the

newborn (PPHN), 1239
seizures

CNS infections (maternal), 895
cocaine abuse and, 1204
eclamptic, 685
frequency, epilepsy during pregnancy, 

821
selective serotonin reuptake inhibitors

(SSRIs), in pregnancy/postpartum,
1024, 1025

self-esteem, adolescent pregnancy and, 991
self-report instruments, depressive disorders,

1024, 1025
sense DNA strand, 304
sensitivity, statistical, 1009, 1010
sepsis

burns, 673
neonatal, 1248–1249, 1249

septal defects, 361–363, 363, 373
incidence, 361
maternal, anesthetic considerations, 1201,

1204
prognosis, 363
ventricular, pulmonary atresia with, 368

septate uteri
preterm labor, 1102
recurrent pregnancy loss (RPL), 150, 151

septic abortion
acute renal failure (ARF), 811
disseminated intravascular coagulation

(DIC), 861
septic shock, 675–676
septum secundum, 361
sequential screening, Down syndrome,

497–498
Serratia, septic shock, 675
serum immunoglobulin, adaptive immune

system ontogeny, 119–120
serum progesterone measurements, ectopic

pregnancy, 162, 164
serum screening see maternal serum screening
severe combined immunodeficiency syndrome

(SCID), prenatal HSC
transplantation, 625, 626

sex chromosomes
aneuploidy, 322–323, 325, 332
X-linked disease see X-linked disorders

sex cord–stromal tumors, 973, 978
sex limitation, 301
sex reversal syndrome, campomelic dysplasia

(CMD), 437–438
sexual history, recommendations, 1019
sexual intercourse

abstinence, indications, 1019, 1019, 1020
changes in activity pregnancy/postpartum,

1016–1017
problems/dysfunction, 1017–1020
PROM and, 1138–1139
risks/benefits during pregnancy, 1017
STDs see sexually transmitted diseases

(STDs)
see also sexuality (pregnancy/postpartum)

sexuality (pregnancy/postpartum),
1016–1021

breastfeeding and, 1016, 1017
changes in sexual activity, 1016–1017,

1020
enjoyment/orgasm, 1017
female sexual interest/initiative, 1016
genital physiology/sexual responsiveness,

1016
male sexual interest/initiative, 1016
mother–infant relationship and, 1017
problems/dysfunction, 1017–1018, 1020

clinician intervention/advice,
1018–1019, 1019

counseling/psychotherapy, 1020
diagnosis, 1018–1020
epidemiology, 1017–1018
etiology, 1018, 1018
healthcare policy and prevention,

1019–1020
lack of advice/discussion, 1018–1019,

1020
perineal trauma/episiotomy, 1018, 1020

sexual development, 1016–1017
sexually transmitted diseases (STDs),

908–922
adolescents, 994–995
chlamydial infections, 913–915
common pathogens, 908, 908
epidemiology, 908
gonorrhea, 908–911
HIV see HIV infection
HPV infections, 915–917
HSV infections, 917–920
PROM and, 1139, 1140, 1141
screening, 913
sexuality and, 1017
syphilis, 911–913
Trichomonas vaginitis, 920–922
see also specific infections/organisms

shake test, fetal lung maturity evaluation, 87
Sheehan’s syndrome, 771
shingles (herpes zoster), 252–253, 253, 259,

273, 275
see also varicella zoster virus (VZV)

Shirodker cerclage, heterotopic pregnancy,
169

shock, 657–687
controversial/experimental modalities,

668–669
definition, 657
incidence, 657
specific etiologies/management, 669–678
supportive measures, 657–668

blood component therapy, 659–660
cardiopulmonary resuscitation, 667–668
electronic fetal heart monitoring,

665–667
hemodynamic monitoring, 662–665, 

663
initial treatment, 657–658
military antishock trousers, 667
pelvic pressure pack, 667
perimortem Cesarean section, 668
pharmacologic agents, 6, 660
surgical therapy, 667

1303

transcatheter arterial embolization, 667
volume replacement, 658–659

short gut syndrome, gastroschisis surgery,
386

short limb dysplasia, 407, 408, 415
see also specific types

short rib–polydactyly syndrome, 418, 439,
439, 440, 449

shoulder dystocia
fetal macrosomia, 750
operative vaginal delivery, 1083

shunting
atrial septal defect (ASD), 702–703
fetal, 100–101
hypoxemia normal placental vascular

resistance, 105–106
urinary tract obstruction, 613–614

sickle cell anemia/disease/trait, 853–854
anemia, 854, 863
placental effects, 47
prenatal HSC transplantation, 624–625

sickle cell crisis, 854
signal transduction pathways, skeletal

dysplasias and, 405–406
silent thyroiditis (postpartum thyroiditis),

766, 768–769
Silverman–Handmaker dyssegmental

dysplasia, 437
Silver–Russell syndrome, imprinting, 203
simple consent, 1039, 1045
sinus venosus, embryonic development, 28
skeletal dysplasias, 401–472, 414

classification, 401–407
molecular pathogenetic, 403–407,

404–407
nosology, 401–402, 403

clinical presentation, 412
common conditions, 401
cranial deformities, 426, 427, 428
epidemiology/impact, 401, 402, 448
hand/foot deformities, 408, 425, 425–426,

427, 428, 429
lethal, 402, 403

femur length and prediction, 419–420
long bone deformities, 414–416, 415, 416
mutations causing, 404–407

extracellular proteins/collagens, 402,
404

hormones/signal transduction, 405–406
metabolic pathways, 404–405
nuclear proteins/transcription factors,

406–407
oncogenes/tumor suppressors, 407
protein folding/degradation, 405

neonatal diagnosis, 429
prenatal diagnosis, 401

approach, 414–429, 415
biometry in, 408, 408–412, 412,

421–422
challenge, 412
cranium evaluation, 426, 427, 428
curvature evaluation, 415, 416
Doppler velocimetry, 420, 423
facial evaluation, 426–427
femur length, 419–420
fractures, 416, 416
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hand/foot evaluation, 425, 425–426
imaging, 412–414, 413, 414, 448
internal organs, 429
long bone evaluation, 414–416, 415
lung volume, 423, 423–425, 424
metaphyseal flaring, 416
mineralization evaluation, 415, 415
nomograms, 408, 410–411
nuchal translucency, 429–430, 430
spinal evaluation, 428–429
thoracic dimensions, 417, 417–419, 418,

418, 419, 420
tracheal fluid flow, 425

pulmonary hypoplasia, 416–425, 438–440
spinal abnormalities, 408, 409, 428–429,

449
terminology, 407–408
thoracic abnormalities, 416–425, 417,

417, 418, 438–440, 439
see also specific types/disorders

skeletal muscle, embryonic development, 21
skin lesions

fetal, elevated alpha-fetoprotein, 490
HSV manifestations, 255–256, 256
incomplete keratinization, 118
neonatal lupus syndrome, 935
see also dermatological disorders; specific

lesions
skin tags (acrochordons), pregnancy-related,

948
skin to skin contact, breastfeeding and,

1212–1213, 1214
skull

anomalies, ultrasound, 488
demineralization, 415
embryonic development, 31–32

“slapped cheek” appearance, parvovirus B19
infections, 258, 272

sleep states, fetus, 586
small bowel obstruction, 381, 382
small for gestational age (SGA)

advanced maternal age and, 1001
IGF1 and, 207, 208, 209
leptin and, 209
placental lesions, 50
type I intrauterine growth restriction, 509

Smith–Lemli–Opitz syndrome (SLOS)
medical treatment (fetal), 620
unconjugated estriol (uE3), 492

smoking, 240–242, 243
adolescents, 990, 994
breastfeeding and, 1210
caffeine intake and fetal growth, 206
cessation, interventions, 242, 242
congenital malformations, 241, 243
fetal tobacco syndrome, 242, 242
low birthweight, 241
obstetric morbidity associated, 240, 241
passive, effects, 241–242
peptic ulcer disease, 781
placental abruption, 1056, 1056
placental exposure, 47
placental perfusion and, 210
teratogenicity/toxicity and, 226

Society of American Gastrointestinal
Endoscopic Surgeons (SAGES), 789

Society of Maternal Fetal Medicine, 1243
socioeconomic status, adolescent pregnancy,

990
sodium bicarbonate, peptic ulcer disease, 780
sodium citrate contamination, fetal blood

sample, 136
sodium nitroprusside

hypertension, 693
hypertension/anesthesia, 693
preeclampsia, 687

soft tissue sarcomas (in pregnancy), 976–977
somatomedin, in utero, 73–74
somatostatin, in utero, 73
sotalol, tachycardia, 621
sound, physics, 336
Southern blotting, 305–306, 306
spasticity, fetal hemolytic disease, 870
specificity, statistical, 1009–1010, 1010
sphingomyelin, fetal lung maturity

evaluation, 86
spider angiomas, pregnancy-related, 947
spina bifida

closed, 349, 351, 358
cranial signs, 489
maternal serum alpha-fetoprotein (MSAFP)

levels, 486, 487
open, 349, 350, 351, 351
prenatal diagnosis, 349, 350, 351, 351,

357–358
ultrasound signs, 488–489, 489

spinal anesthesia see epidural/spinal
anesthesia

spinal cord, embryonic development, 30
spinal curvature, 429
spinal dysraphism, 429
spinal muscular atrophy (SMA), prenatal

diagnosis, 315
spine (fetal)

skeletal dysplasias, 408, 409, 449
evaluation, 428–429

ultrasound examination, 341, 342, 342
three-dimensional (3D) ultrasonography,

527, 527, 533
see also specific abnormalities

spiral arteries, preeclampsia/eclampsia, 
46–47

spiramycin, toxoplasmosis, 266
spirometry, pulmonary disorders, 720
spleen

fetal
hepatosplenomegaly, 384
ultrasound anatomy, 377

visceral hematopoiesis, 132
splenogonadal fusion syndrome, 442
splicing, 305
split-hand, split-foot syndrome, 231, 443
spontaneous abortion

caffeine and, 242
chromosome abnormalities, 318
diabetic pregnancy, 753
frequency, 218, 218–219, 474
HSV and, 918
PROM and, 1135
radiation therapy and, 964
SLE and, 934
thrombophilia and, 833–835, 834

1304

spontaneous pregnancy, human chorionic
gonadotropin (hCG), 79

Sporothrix schenckii, fungal pneumonia, 729
Sputum, Gram’s stain, bacterial pneumonia,

728
SSFSE imaging, 541, 541
stab wounds, nonobstetric trauma, 673
standard of care, 1044
Staphylococcus spp, neonatal sepsis/infection,

1249
statistical analysis see biostatistics
stavudine, use during pregnancy and

lactation, 287, 289
stem cells, origin/differentiation

hematopoietic cells, 134
steroid hormone therapy, congenital adrenal

hyperplasia, 771–772
steroidogenic pathway, 618
steroids

biosynthesis in developing fetus, 125
fetal lung function, 87–90
HELLP syndrome, 689
Pneumocystis carinii pneumonia, 730
preterm labor, 192
see also corticosteroids; glucocorticoids;

specific steroids
STIC technique, 361, 362, 536
stillbirth

chromosome analysis, 323
diabetic pregnancy, 750
evaluating cause, 328–329, 333

protocol, 329
frequency, 218
genetic etiologies, 328–329, 332
group B streptococcal infections (GBS),

262
placental abruption, 1055
preconception care/planning after, 319
prolonged pregnancy risks, 1190,

1190–1191, 1191, 1195
toxoplasmosis, 265
see also mortality, perinatal

stomach
embryonic development, 26
fetal, ultrasound anatomy, 377
maternal, tumors, 976
see also entries beginning gastro-/gastric

stomatitis, methotrexate, 167
stool-bulking agents, diarrhea, during

pregnancy, 787
Streptococcus pneumoniae pneumonia, 728,

887, 893
streptomycin, 225, 286
stress

fetal see fetal stress
maternal, fetal lung development, 85

striae, 947–948, 957
stroke (pregnancy-related), 819–820,

821–822
etiology, 819, 821–822
hemorrhagic, 819
incidence, 819
management, 820, 821
thrombotic/embolic, 819–820

stroke volume (fetal), Frank–Starling
mechanism, 94
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stromal cells, 9
ST segment automated analysis (STAN),

601–602, 603
subarachnoid hemorrhage (SAH), pregnancy-

related, 818, 822
subcapsular hematoma, preeclampsia-related,

801
subependymal germinal matrix

hemorrhage see germinal
matrix–intravascular hemorrhage
(GMH–IVH)

premature brain, 1221
subgaleal hemorrhage, operative vaginal

delivery, 1082
substance abuse, 236–247

adolescents, 990, 994, 994
anesthetic considerations, 1203–1204
breastfeeding and, 1210–1211
see also specific drugs/substances

sucralfate, peptic ulcer disease, 780
sudden infant death syndrome (SIDS), heroin

use and, 240
suicidal ideation, pregnancy/postpartum,

1029–1030
sulfa drug, teratogenicity/toxicity, 225
sulfasalazine

inflammatory bowel disease, 783
teratogenicity/toxicity, 939

sulfonamides, use during pregnancy and
lactation, 285, 289

sulfonylureas, diabetic pregnancy, 749
supine hypotensive syndrome, 779
suprapubic palpation, abnormal labor, 

1073
supraventricular tachyarrhythmias (SVTs)

atrial septal defect (ASD), 702
medical treatment (fetal), 621
prenatal diagnosis, 370–371

surfactant
adult respiratory distress syndrome, 733
composition/function of, 85
deficiency, respiratory distress syndrome

(RDS), 1235
exogenous, composition, 1237
postnatal therapy, synergism with

antenatal glucocorticoid, 89
proteins, 85
proteins in amniotic fluid, fetal lung

maturity evaluation, 87
respiratory distress syndrome, 1236–1237
synthesis, 86

surfactant protein A (SP-A), 85
fetal lung maturity evaluation, 87

surgery, 963
anesthesia see anesthesia
cardiac see cardiac surgery
cholelithiasis, 788
fetal see fetal surgery
heterotopic pregnancy, 169
prolactinoma, 770
shock therapy, 667
thromboembolic disorders and, 841, 843
uterine anatomic abnormalities, 150
see also specific indications/techniques

SURUSS report, first trimester screening in
Down syndrome, 495

Swan–Ganz catheter
interpretation, 666
placement, 665
shock, 662–663

sweeping/stripping, induction and, 1194
syndactyly, 408

dysplasias associated, 427
evaluation, 425–426

Syntocinon, uterine atony, 670
syphilis, 911–913

adolescents, 994
clinical manifestations, 911–912
congenital, 911, 913
epidemiology, 911
fetal risks, 913
laboratory diagnosis, 912
latent, 912
maternal risks, 913
neurosyphilis, 912
pathogenesis, 911
prevention, 913
primary, 911
screening, 913
secondary, 911–912
teratogenicity/toxicity, 226
tertiary, 912
treatment, 912, 912–913

systemic lupus erythematosus (SLE),
931–938, 942–943

ACR diagnostic criteria, 931, 932
autoantibodies, 931, 932, 942
clinical management, 936–938, 943

drug therapy, 936–938
preconception care, 936
prenatal care, 936, 937

effects of pregnancy on disease, 931–932,
933, 934, 942

epidemiology, 931
flares, 931–932, 933
laboratory evaluation, 931
lupus nephritis, 933, 942
neonatal lupus syndrome, 935–936
organ system involvement, 932
pregnancy complications, 814, 816,

933–936, 943
fetal outcome, 934–936
preeclampsia, 933–934
pregnancy loss, 814, 815–816
venous thrombosis, 831, 861
see also antiphospholipid syndrome

(APS)
systolic–diastolic ratio, 563, 563

T-ACE instrument, 237–238, 238, 243
tachyarrhythmias

fetal, 370–371, 374, 597
medical treatment (fetal), 621
mitral stenosis, 708
see also specific types

Taq polymerase, 307
TAR (thrombocytopenia with absent radius)

syndrome, 442, 445
TATA box, 305
Taussig–Bing anomaly, 368–369
Taussig score, cystic fibrosis (CF), 727
T-cell receptors, 117

1305

T cells
clonal deletion in thymus/peripheral

lymphoid tissues, 117–118
development, adaptive immune system

ontogeny, 119–120
evolution, 139
memory, 120
phenotyping, 139
placental suppresser factors, 12

technetium-99m radionuclide, pulmonary
disorders, 721

teenage pregnancy see adolescent pregnancy
teeth, pregnancy/lactation changes, 778
telogen effluvium, 948, 957
“tender loving care” approach, recurrent

pregnancy loss (RPL), 155
tension headache, during pregnancy, 818
tension pneumothorax, 676
teratogenic risk

cephalosporins, 285
chemotherapy, 964–965
evaluation, 217, 233

FDA classification, 227
during pregnancy, 230–231

radiation therapy, 963–964
teratogenic viruses, 248–261, 249

cytomegalovirus, 226, 248–250, 259
epidemiological studies, 248
frequency of infection, 249
herpes simplex virus, 226, 255–258, 260,

269
parvovirus B19 as potential, 226, 258–259
rubella virus, 226, 250–252, 259, 267–268
varicella zoster virus, 226, 252–255,

259–260
Venezuelan equine encephalitis virus, 226,

259
see also specific viruses

teratogens/teratogenesis, 217–235
animal studies, 233

evaluation, 227–228
interpretation, 224, 227
in vitro, 228
in vivo, 228

basic principles, 218, 219, 233
bioconversion and, 223
definition, 248
environmental, 224, 224–226

incorrectly assigned as, 227
factors affecting susceptibility, 219–223

dose/magnitude of exposure, 218, 220,
221, 222, 222, 227, 233

embryonic stage, 219–220, 220, 221,
236

genetic background, 223, 233
pharmacokinetics/drug metabolism, 221,

221, 223, 233
placental transport, 223
threshold dose, 220, 222, 227, 233

proving toxicity in humans, 230
risk evaluation see teratogenic risk
viruses see teratogenic viruses
see also specific drugs/toxins

teratology, basic principles, 218, 219, 233
teratoma

EXIT procedure, 542, 545
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MRI diagnosis, 348, 542, 545, 555
demised twin vs., 543, 553–554

ovarian, 970, 971, 973
terbutaline, 1104–1105

anaphylactic shock, 675
magnesium sulfate, 1107, 1108
prophylaxis for preterm delivery, 1109

tertiary syphilis, 912
testosterone, 771

fetal secretion, 71, 124
ontogeny, 125

tetanus immunization, 886
tetracycline(s)

bacterial pneumonia, 728
teratogenicity/toxicity, 225, 285–286
tooth/bone defects, 285
use during pregnancy and lactation,

285–286, 289
tetrahydrofuran, teratogenic risk assessment,

230
tetralogy of Fallot, 367, 368, 706

maternal, anesthetic considerations, 1202
STIC echocardiography, 362

thalassemias, 852–853
α-thalassemia, 852–853
β-thalassemia, 853
ethnicity and, 853, 853
placental effects, 47
prenatal hematopoietic stem cell

transplantation, 624–625
thalidomide

animal tests, 224
teratogenicity/toxicity, 218, 225, 231

developmental stage susceptibility, 220,
220, 236

thanatophoric dysplasia, 431–432, 448–449
three-dimensional (3D) ultrasonography,

532
cloverleaf skull, 428, 431, 532
differential diagnosis, 432, 449
FGFR3 mutations, 431, 432
thoracic measurement, 417

theophylline, asthma, 726
therapeutic rest, prolonged latent phase,

1069
thermal injury, ultrasound, 339
thermoregulation, adaptation to extrauterine

life, 1233
thiamine deficiency, hyperemesis gravidarum,

820, 822
thiazide diuretics, hypertension, 692
thionamides, thyrotoxicosis, 767
thoracic anomalies, 371–373

diaphragmatic hernia, 371, 372–373, 
374

hypoechogenic/cystic lungs, 371, 371–372,
374

pleural effusion, 371, 372, 374
skeletal dysplasias, 416–425, 417, 417,

418, 438–440, 439, 440
Doppler velocimetry, 420, 423
measurements, 417–419, 418, 419, 420,

423, 423–424
thoracoamniotic shunts, 372
three-dimensional (3D) helical CT, skeletal

dysplasias, 413–414, 448

three-dimensional (3D) ultrasound, 338,
526–539, 558

three-dimensional (3D) visualization, 
526

cardiac anomalies, 536, 539
clinical impact, 527
CNS, 347, 348

fetal spine, 527, 527, 533
data storage, 526, 536, 558
“electronic scalpel,” 535, 535
extremities, 534
facial anomalies, 527, 529, 533

pseudoanomalies, 528
fetal anomaly detection, 527–536, 558
first trimester, 535, 535
image acquisition, 526
liver calcifications, 537
problems/disadvantages, 531, 535–536,

536, 558
electronic artifacts, 526, 528
motion artifacts, 536, 540
oligohydramnios and, 531, 535, 536,

540
in real time see four-dimensional (4D)

ultrasound
skeletal dysplasias, 413, 413, 414, 448,

532–533
lung volume, 423, 423–424

technique, 526
trisomy 18, 531, 533
two-dimensional (2D) vs., 533, 536, 537,

538
volume/image processing, 526, 533, 536

threshold dose, 220, 222, 227, 233
thrombin, 825, 826
thrombocytopenia, 660, 856–858, 863

alloimmune thrombocytopenic purpura,
858, 863

diagnosis/differential diagnosis, 856, 856,
857

gestational, 856–857, 863
hemolytic uremic syndrome, 858
heparin-induced (HIT), 836–837, 844
immune thrombocytopenia purpura, 857,

857, 863
neonatal necrotizing enterocolitis, 1250
preeclampsia, 858
thrombotic thrombocytopenic purpura,

858
thrombocytopenia with absent radius (TAR)

syndrome, 442, 445
thrombocytosis, 858, 858
thromboembolic disorders of pregnancy,

825–848, 856
acute pulmonary embolism, 837–840
adverse pregnancy outcomes, 831, 831
HELLP syndrome, 831–832, 832
incidence, 825, 843
management, 837, 841, 842, 843, 864

prophylactic anticoagulation, 835,
835–836, 843

see also anticoagulation therapy
paroxysmal nocturnal hemoglobinuria

(PNH), 855
prothrombotic pregnancy-related changes,

828–829, 829

1306

risk factors for VTE, 828, 828
surgery and, 84, 841
thrombophilia see thrombophilia
see also coagulopathies; deep vein

thrombosis (DVT); hemostasis;
thrombophilia; venous
thromboembolism (VTE)

thrombophilia, 861–863, 864
acquired, 830–831, 844, 861, 864
early pregnancy loss, 833–835, 834
inherited, 155, 829–830, 830, 843,

861–863, 862, 864
adverse pregnancy outcomes, 831, 

831
fetal loss, 833, 833
HELLP syndrome, 831–832
intrauterine growth restriction, 

832–833
placental abruption and, 832, 833

prophylactic anticoagulation, 835,
835–836, 843, 844

recurrent pregnancy loss, 153, 153–155
screening/testing, 830, 836, 843

thromboprophylaxis, 155
antiphospholipid syndrome, 152
see also anticoagulation therapy; specific

drugs
thrombosis

maternal, antiphospholipid syndrome, 
153

umbilical cord, 37, 39
thrombotic stroke, 819–820
thrombotic thrombocytopenic purpura

(TTP), 858
thymine, 304
thymus, T cells, clonal deletion, 117–118
thyroid binding globulin (TBG), pregnancy-

associated changes, 764
thyroid disorders (in pregnancy), 766–769

breastfeeding and, 1211
cancer, 977
fetal, 619, 769
nodules, 977
postpartum, 768–769, 769
sporadic pregnancy loss, 145

thyroidectomy, thyrotoxicosis, 767
thyroid gland

disorders see thyroid disorders (in
pregnancy)

pregnancy-associated changes, 764–765
in utero, 71–72
see also specific hormones

thyroid hormone metabolism, 129
pregnancy-related changes, 639
see also specific hormones

thyroid nodules, in pregnancy, 977
thyroid-stimulating hormone (TSH)

pregnancy-associated changes, 764
secretion in utero, 71–72

thyroid-stimulating immunoglobulin,
maternal, 768

thyrotoxic goiter, fetal, 619
thyrotoxicosis see hyperthyroidism
thyrotropin (TSH)

fetal hypothalamus–pituitary–thyroid axis,
128
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ontogeny, 128
pregnancy-related changes, 639

thyrotropin-releasing hormone (TRH)
placental/fetal, affecting maternal system,

765
pregnancy-related changes, 639
preterm labor, 1115

thyroxine (T4)
fetal hypothalamus–pituitary–thyroid axis,

128
ontogeny, 128
preterm labor, 1115
in utero, 72

thyroxine-binding globulin (TBG), in utero,
71–72

tibia
femur length relationship, 408, 408
gestational age estimate, 516
nomogram, 410

tick-borne diseases, 898–899, 899
tidal volume (TV), pulmonary disorders, 

720
tissue factor (TF), 825
tissue factor pathway inhibitor (TFPI), 826
tissue inhibitors of MMPs (TIMPs),

membrane rupture/PROM, 1132,
1133, 1133–1134

tissue plasminogen activator (tPA),
recombinant (rtPA) use in
pregnancy, 841

tissue-type plasminogen activator (tPA), 827
titin, maturational processes, 93
T lymphocytes see T cells
tobacco use see smoking
tobramycin, use during pregnancy and

lactation, 286
tocolysis

acute intestinal obstruction, 782
appendicitis, 785
cholelithiasis, 788
contraindications, 1097
fetoscopic surgery (FETENDO), 613
pancreatitis, 790
placenta previa, 1053
preterm delivery prevention, 1227
preterm labor, 188, 191, 1096
PROM management, 1165–1166

tocolytic agents, 1103–1111
beta sympathomimetic, 1103–1105
magnesium sulfate, 1105–1109
nifedipine, 1110–1111
prostaglandin synthetase inhibitors, 1105

toes, embryonic development, 31
Togaviridae, 251, 266
tolazoline, persistent pulmonary hypertension

of the newborn (PPHN), 1239
toll-like receptors (TLRs), 115
toluene addiction embryopathy,

teratogenicity/toxicity, 226
Tolusa–Hunt syndrome, lymphocytic

hypophysitis, 771
TORCH, neonatal sepsis/infection,

1248–1249
Tort reform, 1044
Torulopsis glabrata infection, 889
total body water concentrations, fetal, 62

total intrauterine volume, IUGR diagnosis,
513

total parenteral nutrition, during pregnancy,
791–792

toxic damage, placenta, 47
toxicology, 217–235

animal studies, 233
evaluation, 227–228
interpretation, 224, 227, 236
in vivo, 228

epidemiological studies, 224, 230
proving, 230
in vitro, 228, 233
see also environmental factors;

teratogens/teratogenesis
Toxoplasma gondii, 264

villitis, 43
toxoplasmosis

biology, 264
clinical manifestations, 265, 895
diagnosis, 265–266, 279–280
epidemiology, 265
teratogenicity/toxicity, 226
transplacental infection, 264–266
treatment/prevention, 266, 888, 888

tracheal fluid flow, skeletal dysplasias, 425
trachoma, 913
transabdominal dye injection, PROM

diagnosis, 1150
transabdominal sonography (TAS), placenta,

1049, 1050, 1053
transcatheter arterial embolization, shock,

667
transcription, 304–305, 305
transcription factors, skeletal dysplasias and,

406–407
transient adrenal suppression, corticosteroids

for preterm labor, 1113
transient tachypnea of the newborn (TTN),

492–493
translation, 304, 305, 305
transplacental hemorrhage (TPH), rhesus

alloimmunization, 868, 878–879
transplacental infection(s), 262–283, 278

cytomegalovirus, 249, 270–272, 280
Epstein–Barr virus, 278, 280
group B streptococcal, 262–264, 279
hepatitis, 276–279
herpes simplex virus, 256, 269–270, 280
influenza, 275–276
listeriosis, 278, 280
measles, 278, 280
mumps, 278
parvovirus B19, 258, 272–273, 280
rubella virus, 251, 259, 266–269, 280
toxoplasmosis, 264–266, 279–280
tuberculosis, 278, 280
varicella, 253, 273–275
see also specific organisms/infections

transportation, preterm labor and, 1227
transposition of the great arteries, 367,

367–368
transvaginal sonography (TVS)

cervical pregnancy, 171–172
ectopic pregnancy, 164
morphological abnormalities, 144

1307

placenta, 1051
placenta previa, 1049
preterm labor, 1092, 1096

transverse cerebellar diameter (TCD), IUGR
diagnosis, 510, 512, 514

trauma
nonobstetric, 672–674
placental abruption, 12, 1058
see also shock

Treponema pallidum, 911
sporadic pregnancy loss, 145
villitis, 43
see also syphilis

Trichomonas vaginitis, 920–922
adolescents, 994
clinical manifestations, 921
diagnosis, 889–890
epidemiology, 920–921
fetal risks, 922
HIV infection and, 921
laboratory diagnosis, 921
maternal risks, 922
pathogenesis, 921
preterm labor, 1095
prevention, 888, 922
PROM and, 1141
treatment, 921, 921–922

tricuspid valve
atresia, 707
congenital defects, 366, 367, 374
lesions, 707

tricyclic antidepressants (TCAs), in
pregnancy/postpartum, 
1024–1025

triglyceride levels, diabetic pregnancy, 744
trimethadione, teratogenicity/toxicity, 226
trimethoprim, teratogenicity/toxicity, 225
trimethoprim, use during pregnancy and

lactation, 285, 289
trimethoprim-sulfamethoxazole (SXT),

Pneumocystis carinii pneumonia,
730

trinucleotide repeat expansion diseases, 304,
321

anticipation, 320
fragile X syndrome, 313–314, 328
parental/predictive testing, 320

triplet pregnancy, Doppler ultrasonography,
570

triploidy, 297, 304
trisomy

autosomal, sporadic pregnancy loss,
144–145

definition, 296, 322
fetal growth and, 205, 211
mechanisms, 296, 316
see also individual trisomies

trisomy 13, Ebstein’s anomaly, 366
trisomy 16, 323
trisomy 18 (Edwards syndrome)

atrioventricular septal defects, 363
choroid plexus cysts, 356–357, 358, 479
first-/second-trimester diagnosis, 480, 480
maternal serum screening, 491–492
three-dimensional (3D) ultrasound, 531

two-dimensional (2D) vs., 533
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trisomy 21 see Down syndrome (DS)
trophoblast

deportation, 9–10
early human, 9
invasion, 579
maternal–fetal interface, 9
maternal immune response, 10
MHC expression, 10

Trousseau’s sign, 1247
truncus arteriosus, 369
tubal rupture

heterotopic pregnancy, 168
methotrexate, 167

tuberculosis
drug resistance, 894
HIV infection and, 893, 894
pneumonia, 894
transplacental infection, 278, 280
treatment during pregnancy and lactation,

288, 289
tumor necrosis factor, preterm labor, 1089
tumors (in pregnancy), 961–983

benign, 961–962, 978
dental, 779
see also specific malignancies

tumor suppressor genes, skeletal dysplasias
and, 407

Turner syndrome, Ebstein’s anomaly, 366
TWEAK instrument, 237, 238, 238, 243
twin peaks sign, 179, 180–181
twin reversed arterial perfusion (TRAP), 182
twins

Doppler ultrasonography, 569, 581
fetal lung development, 85
genetic studies, 307
magnesium sulfate, 1108

twin–twin transfusion syndrome (TTTS),
48–49, 49, 182, 183, 184–185

abnormal amniotic fluid volume, 51
anemia (neonatal), 495
antepartum management, 193
arteriovenous connection, 184
Doppler ultrasonography, 569
fetal cardiocirculatory adjustments,

102–104
fetoscopic surgery (FETENDO), 614

two-dimensional (2D) ultrasound
skeletal dysplasia diagnosis, 417–419
three-/four-dimensional (3/4D) vs., 533,

536, 537, 538
see also ultrasonography

tyrosinemia, neonatal hypoglycemia, 499

ulcerative colitis, 782–784
ulcers/ulceration, syphilis, 911
ulna

clubhand deformities, 443–444, 445
gestational age estimate, 516
humerus length relationship, 408
nomogram, 411

ultrasonography, 336–346
acute cholecystitis, 788–789
amniocentesis and, 490
amniotic fluid volume (AFV), 593–594,

594
polyhydramnios, 1100

appendicitis, 785
asthma, 725
cardiac/thoracic abnormalities, 361–376

see also fetal echocardiography
cervical, preterm labor, 1092
cholelithiasis, 787–788
chromosomal abnormalities, 493–494, 494
CNS malformations, 347–360
counseling, 345
crown–rump length, 341, 341, 510, 1193,

1195
cytomegalovirus (CMV) infection, 271
deviant fetal growth, 507–525

IUGR see intrauterine growth restriction
(IUGR)

macrosomia, 520–521
diabetic pregnancy, 748, 750
dimensions, 338
Doppler see Doppler ultrasonography
Down syndrome diagnosis, 475, 475–476,

476, 478, 478–479, 479, 495
ectopic pregnancy, 162, 164
examination, 340–344

abdomen, 342–343, 343, 344, 377–379,
378, 379

biometry, 343–344
essential elements, 341
extremities, 343, 344
head, 341–342, 342, 347, 348, 357
heart, 342, 342, 343, 361
limited, 341
specialized (level 2), 341, 347
spine, 342, 342
standard (level 1), 340–341, 347

fetal hemolytic disease, 873, 882
fetal weight estimates, 1192
fetoscopic surgery (FETENDO), 613
gallbladder, 787
gastrointestinal/genitourinary anomalies,

377–400
genetic disease diagnosis, 309
genetic sonogram, 478, 478–479, 479, 482
germinal matrix–intravascular hemorrhage

(GMH–IVH), 1223, 1223, 1229
gestational age estimation, 510, 511, 512
harmonic vs. conventional, 338, 338
heterotopic pregnancy, 168
image/resolution, 336–338
malpresentation, 1099
markers, 189
maternal serum alpha-fetoprotein (MSAFP)

screening, 487
medical indications, 340, 340, 341, 341,

345
misdiagnosis, 542
modes, 336, 337–338, 345
morphological abnormalities, 144
MRI vs., 347, 543–557
multifetal pregnancy, 178, 178, 192, 192
neural tube defects (NTDs) screening,

488–490
nuchal translucency see nuchal

translucency (NT)
pancreatitis, 790
parvovirus infection, 273
physics, 336, 345

1308

placenta accreta, 1054
placental abruption, 1058
placental growth classification, 515, 518
pregnancy dating, 341, 341, 510, 1193,

1195
preterm labor management, 1098
PROM evaluation, 1151
regulations/guidelines, 339–340, 340
safety, 339–340, 345
sensitivity, 480, 482
skeletal dysplasia diagnosis, 413, 448

biometry, 408, 408–412
long bone evaluation, 414–416
lung volume, 423, 423–424
nuchal translucency, 429–430, 430
thoracic dimensions, 417–419
three-dimensional (3D), 413, 413, 423,

423–424, 448
two-dimensional (2D), 417–419

sporadic pregnancy loss, 147, 147–148,
148

three-dimensional (3D) see three-
dimensional (3D) ultrasound

toxoplasmosis, 265
trisomy 18, 480, 480
VTE diagnosis, 837
see also individual modes/types; specific

conditions
ultrasound transducers, 336
umbilical artery, 99, 99, 564

Doppler ultrasonography see Doppler
ultrasonography

preterm labor management, 1099
twin–twin transfusion syndrome, 184

umbilical artery catheter, neonatal
hypoglycemia, 1246

umbilical circulation, 564
hypoxemia with elevated placental vascular

resistance, 107
umbilical cord, 35–37

acid–base values, 600
anomalies, multifetal pregnancy, 49
blood, hemoglobin, 1240
constriction, hypoxemia, 105
entanglement, 50
knots, 36, 38
length, 35
peripheral cord insertion, 46
prolapse, asphyxia, 1234
rupture, 37
spiraling, 36

umbilical vein, 29–30, 99, 99
anomalies, 383–384
constriction, hypoxemia, 105
glucose concentration, gestational age, 62
intravascular fetal transfusion (IVT), 876
O2 tension (PO2), 59–60

factors determining normal, 59
fetal adjustments in hypoxia, 106
pulmonary disorders, 722

ultrasound anatomy, 377, 378
volume flow, 65, 65

unbalanced translocations, 297, 323
unconjugated estriol (uE3)

low second-trimester levels, 492
second-trimester screening
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Down syndrome, 491, 491
trisomy 18, 491–492

unfractionated heparin, safety in pregnancy,
836, 837

unicornuate uteri
MRI diagnosis, 543, 557
preterm labor, 1102

unilateral renal agenesis, 387, 388
uniparental disomy (UPD), 203, 205, 211,

304, 322, 332
detection, 311
heterodisomy, 322
isodisomy, 322

Unison, nausea and vomiting, 777
unitary thesis, origin/differentiation

hematopoietic cells, 134
univariate measures, 1011
univentricular heart, 363, 363–364, 373
upper respiratory tract infections (maternal),

892–893
Ureaplasma urealyticum, preterm

labor/amniocentesis, 1101
ureter

dilation, 391, 392
pregnancy-related changes, 637–638

duplicated, 391, 392
ureteric bud, embryonic development, 27
ureteropelvic junction obstruction, 391, 391,

392
urethral obstruction, 391
urethral syndrome, acute chlamydial

infections, 914
urinary ascites, 392
urinary tract

dysfunction, operative vaginal delivery,
1082

embryonic development, 27
infection (maternal), 890–892

multifetal pregnancy, 186
preterm labor, 1087, 1094–1095
see also specific infections/organisms

obstruction
fetoscopic surgery (FETENDO),

613–614
urethral, 391

postpartum alterations, 1207
pregnancy-related changes, 637–638, 890
tumors (maternal), 977–978

uropathies, obstructive, 390, 390–391, 391,
392, 396–397

ursodeoxycholic acid (UDCA), 800, 955
uterine activity

labor, 1067
monitoring, eclampsia management,

689–690
preterm labor symptoms, 1095, 1096

uterine anatomic abnormalities, recurrent
pregnancy loss (RPL), 150

uterine artery, Doppler ultrasonography, 579,
579–581

early, 581
high-risk pregnancy, 580–581
IUGR diagnosis by, 519, 519
normal pregnancy, 579–580

uterine atony, 670, 670–671
multifetal pregnancies, 188

uterine bleeding, surgical therapy, 667
uterine blood flow, fetoplacental

perfusion/nutrient transfer, 60
uterine carcinoma, 976
uterine contractions

acute intestinal obstruction, 781–782
fetal descent, 1066
fetal heart rate response, 587–588, 602
measurement, 1072
postpartum, 1206
in pregnancy, 641

uterine hypertonicity, amniotic fluid
embolism, 730

uterine implantation, disorders, 44–45
uterine inversion, uterorelaxant agents, 674
uterine leiomyoma, 970, 970

MRI diagnosis, 543, 553
uterine malformations, preterm labor,

1101–1102
uterine myomas, 961, 978
uterine rupture

hypovolemic shock, 671
motor vehicle accidents, 672
multifetal pregnancies, 188

uterine stimulation, prolonged latent phase,
1069

uterine synechiae (Asherman syndrome),
recurrent pregnancy loss (RPL), 150

uterine vascular bed, 59–60
uterine venous drainage, fetoplacental

perfusion/nutrient transfer, 60–61
uteroplacental circulation, thrombosis and

recurrent pregnancy loss, 153
uteroplacental insufficiency

antiphospholipid syndrome, 935
contraction stress test (CST), 587–588
Doppler studies, 577
prolonged pregnancy, 1189

uteroplacental perfusion, beta-
sympathomimetic agents, 1104

uterorelaxant agents, 673–674
uterine inversion, 674

uterus
anomalies, MRI diagnosis, 543, 556–557
involution, 1206
pregnancy-related changes, 641, 641
see also entries beginning utero-/uterine

uterus didelphys, MRI diagnosis, 543, 556

vaccines/vaccination, 260
adult women, 886–887
cytomegalovirus, 250, 272
hepatitis A, 887
hepatitis B, 279, 280, 803, 886
influenza, 887, 893

asthma management, 724
MMR, 886
pneumococcal pneumonia, 887
rubella virus, 251, 252, 266, 268, 886

contraindication in pregnancy, 267
tetanus–diphtheria, 886
varicella zoster virus (VZV), 254–255,

275, 886–887
Venezuelan equine encephalitis, 259

vacuum delivery
forceps vs., 1079, 1081–1082

1309

technique, 1081
vacuum extractor (VE)

history, 1077
indications, 1079

vagina
embryonic development, 28
inflammation see vaginitis
pH, 1150
postpartum changes, 1206
see also entries beginning vagino-/vaginal

vaginal breech delivery, vertex–nonvertex
twins, 196

vaginal cancer, 976
vaginal delivery

blood loss, 669
Eisenmenger’s syndrome, 704
forceps see forceps delivery
operative see operative vaginal delivery

(OVD)
peripartum cardiomyopathy, 710
placenta previa, 1050

vaginal discharge
infection, 888, 889
lochia, 1206
PROM and, 1149

C-reactive protein, 1159
lung maturity, 1153, 1153, 1153–1154,

1154
Trichomonas vaginitis, 921

vaginal examination, PROM and,
1139–1140, 1149–1150, 
1150

vaginitis, 888–890
PROM and, 1140, 1141
see also specific infections/organisms

valaciclovir, use during pregnancy and
lactation, 287

validity, 1009, 1013
valproic acid (valproate)

teratogenicity/toxicity, 226, 1030
valvular heart disease, 707

anesthetic considerations, 1199, 1201,
1202, 1204

anticoagulation therapy (pregnancy and),
843

maternal/fetal risk, 702
tricuspid valve anomalies, 366, 367,

374
vanished twin, 184
vanishing twin syndrome, 179
varicella pneumonia, 729
varicella simplex, villitis, 43
varicella vaccine, 729
varicella zoster immunoglobulin (VZIG),

254, 254, 259, 274–275, 280
varicella zoster virus (VZV)

biology, 252
clinical manifestations, 252–253, 253, 254,

259, 274–275
congenital varicella syndrome, 252, 253,

259, 275, 280
diagnosis, 253–254, 274
epidemiology, 252, 274
infection rates, 249
latency, 252
pneumonia, 274, 894
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teratogenicity/toxicity, 226, 252–255,
259–260, 275

transmission, 253
horizontal, 259
transplacental, 253, 273–275, 280

treatment and prevention, 254, 254–255,
259, 274–275, 280

vaccines, 254–255, 275, 886–887
vasa previa, 1053–1056

diagnosis, 1055
multifetal pregnancies, 188

vascular alterations
of pregnancy, 947, 957
PROM, 1135

vascular development (fetal), disorders, 46
vascular islets, mesoblastic hematopoiesis,

132
vasculature, premature brain, 1221
vasoconstriction

pregnancy, 60
pulmonary vascular tone, 97

vasodilation
pregnancy, 60
shock, 661

vasopressin see arginine vasopressin (AVP)
vasopressor action

adult respiratory distress syndrome, 734
arginine vasopressin, 129

vasopressor agents, shock, 661
VATER association, 446
vegetarian diet, B12 deficiency, 1209, 1214
velamentous insertion (membranous)

multifetal pregnancy, 49
umbilical cord, 46

Venezuelan equine encephalitis
infection rates, 249
teratogenicity/toxicity, 226, 259

venography, fetal radiation exposure, 840
venous air embolism, 731
venous drainage, premature brain, 1234
venous thromboembolism (VTE)

diagnosis, 837, 838
incidence in pregnancy, 825, 843
maternal risk, 47
prevention/treatment, 836–837, 841, 842,

844
see also anticoagulation therapy

recurrence, 843
risk factors, 828, 828–835

acquired thrombophilia, 830–831
clinical in pregnancy, 828, 828
inherited thrombophilia, 829–830, 830
prothrombotic pregnancy-related

changes, 828–829, 829
Virchow’s triad, 828
see also thrombophilia

venous thrombosis, recurrent pregnancy loss
(RPL), 154

venous ultrasound, VTE diagnosis, 837
ventilation–perfusion (V/Q) scanning

acute pulmonary embolism (APE),
838–839

fetal radiation exposure, 840
ventilatory parameters, shock, 664
ventilatory requirements, pregnancy-related

changes, 636

ventricles (heart)
embryonic development, 28–29
fetal

parallel arrangement, 96, 96
systolic/diastolic performances, 95–96
volume load, 95

maternal
failure, atrial septal defect (ASD),

702–703
hemodynamic subsets, 666
ventricular function curve, 665

ventricles (fetal brain), enlargement see
ventriculomegaly

ventricular septal defect (VSD), 703
anesthetic considerations, 1201

ventriculomegaly
outcome, 348–349
posthemorrhagic hydrocephalus,

1223–1224
prenatal diagnosis, 347–349, 349, 357

vertebral abnormalities, skeletal dysplasias,
408, 409

evaluation, 428–429
vertebral clefting, 429
vertex–nonvertex twins, 196
vertex–vertex twins, mode of delivery,

195–196
very low birthweight (VLBW)

epidemiology, 1085–1086
infant/neonatal/postneonatal mortality,

1086
racial disparity, 1086–1087

vesicoureteral reflux (VUR), during
pregnancy, 813–814

vesicular lesions
herpes simplex infection, 255, 269
varicella zoster, 252–253, 253, 273, 274

vibroacoustic stimulation (VAS)
antepartum monitoring, 589–590, 602
intrapartum monitoring, 600, 600–601,

603
villitis, 41, 42, 43
villous syncytiotrophoblast, 9
vinca alkaloids, 965, 965
viral infection(s), 275–276

anemia (neonatal), 1242
hepatitis, 276–279, 803–804, 804, 805,

886, 897
susceptibility during pregnancy, 12
teratogenic see teratogenic viruses
transplacental infection see transplacental

infection(s)
see also specific viruses/infections

viral pneumonia, 729
Virchow’s triad, 828
visceral hematopoiesis, 132–133
vital capacity, pulmonary disorders, 720
vitamin A

fetal growth and, 206
teratogenicity/toxicity, 225, 645

vitamin B6, prenatal supplementation, 645
vitamin B12

deficiency
megaloblastic anemia, 851–852
vegetarian diet, 1209, 1214

methylmalonic acidemia, 620

1310

vitamin C
breastmilk, 1209
deficiency, PROM and, 1139
preeclampsia prevention, 695

vitamin D
absorption, pregnancy-related changes,

639
deficiency, 773

pregnancy-associated changes, 764
teratogenicity/toxicity, 225, 645

vitamin E
fetal growth and, 206
preeclampsia prevention, 695
prenatal supplementation, 645

vitamin K
milk, 1209
preterm labor, 1115
teratogenicity/toxicity, 225

vitamin supplements, maternal, 645–646
VOCAL technique, lung volume in skeletal

dysplasia, 423–424, 424
volutrauma, bronchopulmonary dysplasia,

490
volvulus, acute intestinal obstruction, 781
vomiting, 777–778

acute fatty liver of pregnancy, 803
hyperemesis gravidarum, 797

von Willebrand factor, 825
von Willebrand’s disease, 859–860, 864
vulvar cancer, 976
vulvar vestibulitis, 890
vulvovaginal infections, 888–890

see also specific infections/organisms

warfarin
cardiac disease, 712
teratogenicity/toxicity, 225

water metabolism, pregnancy-associated
changes, 762–764

weight gain (maternal)
diabetic pregnancy, 747
low, 649
multifetal pregnancies, 190
pattern, 649

weight loss
postpartum period, 1210, 1214
surgery, pregnancy after, 785–786

weight (maternal), open neural tube defects
(NTDs), 1234–1235

weight retention, postpartum, 649–650
Wernicke’s encephalopathy, hyperemesis

gravidarum, 820
Wharton’s jelly, 35–37
white blood cell count (WBC), pregnancy-

related changes, 637, 637
white matter injury, premature brain, 1222,

1222
Wilson’s disease, recurrent pregnancy loss

(RPL), 150
withdrawal syndromes (fetal/neonatal)

alcohol effects, 237
cocaine, 239, 243
heroin, 239, 240

Wolff–Parkinson–White syndrome (WPW),
370

wrongful birth, 1044, 1045
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wrongful life, 1044, 1045
wrongful pregnancy, 1044, 1045

xenograft valves, 713
X inactivation, 302, 304
X-linked disorders

carrier states, 332–333
genetic counseling/testing, 321
signs in, 332–333

dominant inheritance, 300, 302, 303,
327

genetic counseling, 327–328
recessive inheritance, 300, 302, 303,

316

X-linked recessive inheritance severe
combined immunodeficiency
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