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Foreword

In 1980 the founding Editor of Contemporary OB/GYN 
assembled 67 chapters by 73 authors from the pages of 
Contemporary OB/GYN to create the fi rst edition of the textbook 
Management of High-Risk Pregnancy. This work became a classic 
and has provided a consistent up to date resource for 
physicians interested and involved in the management 
of at risk pregnancies. The fi fth edition presents the latest 
discoveries and advancements in maternal fetal medicine and 
now has added two eminent co-editors, Dr. Catherine Y. Spong 
and Dr. Charles J. Lockwood, who bring evidence-based 
expertise and strong clinical and research experience which 
will further enhance the national reputation of this 
publication.

More than 30 years has passed since the fi rst issue of Contem-
porary OB/GYN was published and its success has been 
refl ected by its consistent number one ranking by independent 
readership polls. The origin and history of Contemporary OB/
GYN and this textbook are interwoven and that tradition is 
further cemented in this fi fth edition with Dr. Charles Lock-
wood the current editor of Contemporary OB/GYN joining as a 
co-editor. Credit for this success most deservedly goes to Dr. 
John Queenan who not only has had the necessary vision but 
the unique personal qualities that make it diffi cult for most of 
the leaders in the fi eld to say no to him!

The book fi rst focuses on factors affecting pregnancy 
and genetics, and then discusses fetal monitoring. These 
sections are followed by a review of maternal diseases in 
pregnancy and obstetric complications, intrapartum compli-
cations, a section on diagnostic and therapeutic procedures, 
and fi nally chapters on perinatal asphyxia and neonatal 
considerations.

The fi fth edition will be extremely valuable to all physicians 
caring for pregnancies with risk but particularly for physicians 
in training because of the clear and concise manner of presen-
tation by recognized leaders in the discipline of maternal fetal 
medicine, genetics, neonatology, anesthesia, and pediatric 
surgery.

It is my opinion that this text has never been more necessary. 
We are witnessing a signifi cant increase in the age of child 
bearing women in our country and with it an increasing inci-
dence of medical complications. Added to this, are the suc-
cesses of assisted reproductive technology and the national 
epidemic of obesity and its co-morbidities. Our ability to 
perform prenatal screening and diagnosis is reaching heights 
we did not dream about 20 years ago. Multidisciplinary care 
provided by obstetricians, maternal fetal medicine physicians, 
neonatologists, geneticists, pediatric surgeons, anesthesiolo-
gists, and nurses is increasingly needed to provide optimal 
care to patients during pregnancy. Against this background of 
increasing risk, what is needed is a text with the primary 
purpose of providing practicing physicians with a “how to” 
practical up to date reference in maternal fetal medicine. This 
edition has fulfi lled that objective and will serve well the phy-
sicians who care for pregnant women at risk for adverse 
outcome.

Mary E. D’Alton, M.D.
Willard C. Rappleye Professor of Obstetrics and Gynecology

Chair Department of Obstetrics and Gynecology
Director, Obstetric and Gynecologic Services

Columbia University
New York City
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Preface

The fi fth edition of Management of High-Risk Pregnancy, like its 
predecessors, is directed to all health professionals involved in 
the care of women with high-risk pregnancies. The book con-
tains clear, concise, practical material presented in an evi-
dence-based manner.

Two series of articles on high-risk pregnancies that appeared 
in Contemporary OB/GYN were the inspiration for the fi rst 
edition. These predominantly clinical articles provided a com-
prehensive perspective on high-risk pregnancy.

Now in the fi fth edition of Management of High-Risk Preg-
nancy, I am joined by two outstanding authorities as editors. 
Catherine Y. Spong, MD is the Chief of the Pregnancy and 
Perinatology Branch, National Institute of Child Health and 
Human Development of the National Institutes of Health. 
Charles J. Lockwood, MD is the Anita O’Keefe Young Profes-
sor of Women’s Health and Chair, Department of Obstetrics, 
Gynecology and Reproductive Sciences, Yale University 
School of Medicine. They are both leaders in research and clin-

ical care with national and international reputations. It has 
been enlightening and rewarding to work with these outstand-
ing colleagues.

The content of the fi fth edition was designed to provide the 
necessary background material for decision-making in this 
area. The topics were selected and then the foremost authority 
for each subject was invited to write the chapter. Illustrative 
clinical cases are presented at the end of each chapter. The 
book contains evidence-based, practical information from 
outstanding perinatal experts.

I welcome the comments of readers, both laudatory and crit-
ical. These suggestions will help to improve future editions.

John T. Queenan, MD
Professor and Chairman Emeritus

Department of Obstetrics and Gynecology
Georgetown University School of Medicine

Washington, DC
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3

1 Overview of high-risk pregnancy
John T. Queenan, Catherine Y. Spong, and Charles J. Lockwood

Most pregnancies are low risk and have favorable outcomes. 
Unpleasant symptoms, physical problems, or minor diffi cul-
ties with labor and delivery may be a part of such gestations, 
but the mothers usually recover fully and deliver healthy 
babies. High-risk pregnancies — the subject of this book — are 
less common and are potentially serious occurrences.

We classify any pregnancy in which there is a maternal or 
fetal factor that may adversely affect the outcome as high risk. 
In these cases, the likelihood of a positive outcome is signifi -
cantly reduced. In order to improve the outcome of a high-risk 
pregnancy, we must identify risk factors and attempt to miti-
gate problems in pregnancy and labor.

Many conditions lend themselves to identifi cation and 
intervention before or early in the perinatal period. When 
diagnosed through an appropriate work-up before pregnancy, 
conditions such as Rh immunization, diabetes, and epilepsy 
can be managed properly during pregnancy so as to minimize 
the risks of mortality and morbidity to both mother and baby. 
It is not possible, however, to diagnose other conditions, such 
as multiple pregnancies, preeclampsia, and premature rup-
ture of membranes prior to pregnancy. To detect and manage 
these challenging situations, the obstetrician must maintain 
constant vigilance once pregnancy is established.

In the management of high-risk pregnancy much progress 
has been made since the 1950s, yet much remains to be accom-
plished. Fifty years ago, the delivering physician and the 
nursing staff were responsible for newborn care. The incidence 
of perinatal mortality and morbidity was high. Pediatricians 
began appearing in the newborn nursery in the 1950s, taking 
responsibility for the infant at the moment of birth. This decade 
of neonatal awareness ushered in advances that greatly 
improved neonatal outcome.

Many scientifi c breakthroughs directed toward evaluation 
of fetal health and disease marked the 1960s, which is consid-
ered the decade of fetal medicine. Early in that decade, the 
identifi cation of patients with the risk factor of Rh immuniza-
tion led to the prototype for the high-risk pregnancy clinic. Rh-
negative patients were screened for antibodies, and if none 

were detected, these women were managed as normal or “low-
risk” cases. Those who developed antibodies were enrolled in 
a high-risk pregnancy clinic, where they could be carefully 
followed by specialists with expertise in Rh immunization. 
With the advent of scientifi c advances such as amniotic fl uid 
analysis, intrauterine transfusion, and, fi nally, Rh immune 
prophylaxis, these high risk pregnancies became success 
stories.

During the 1970s, the decade of perinatal medicine, pedia-
tricians and obstetricians combined forces to continue improv-
ing perinatal survival. Some of the most signifi cant perinatal 
advances are listed in Table 1.1. Also included are the approxi-
mate dates of these milestones and (where appropriate) the 
names of investigators who are associated with the advances.

Among the advances in perinatal medicine that occurred 
during the 1980s were the development of comprehensive 
evaluation of fetal condition with the biophysical profi le, the 
introduction of cordocentesis for diagnosis and therapy, the 
development of neonatal surfactant therapy, antenatal ster-
oids and major advances in genetics and assisted reproduc-
tion. These technologic advances foreshadowed the “high 
tech” developments of the 1990s. Clearly, the specialty has 
come to realize that “high tech” must be accompanied by “high 
touch” to ensure the emotional and developmental well-being 
of the baby and the parents. This decade has been one of adjust-
ing to the challenges of managed care under the control of “for 
profi t” insurance companies. The new millennium brought 
the decade of evidence-based perinatology. Clinicians be-
came aware of the value of systematic reviews of the Cochrane 
Database. Major perinatal research projects by the Maternal 
Fetal Medicine Units Network of the National Institute of 
Child Health and Human Development answered many 
clinical questions.

The future will bring better methods of determining fetal 
jeopardy and health. Continuous readout of fetal conditions 
will be possible during labor in high-risk pregnancies. Look 
for the new advances to be made in immunology and 
genetics. Immunization against group B streptococcus, 
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Table 1.1 Milestones in perinatology.

Before 1950s
Neonatal care by obstetricians and nurses

1950s — Decade of Neonatal Awareness
Pediatricians entered nursery
1950 Allen and Diamond Exchange transfusions
1953 du Vigneaud Oxytocin synthesis
1954 Patz  Limitation of O2 to prevent 

 toxicity
1955 Mann Neonatal hypothermia
1956 Tjio and Levan  Demonstration of 46 

 human chromosomes

1956 Bevis  Amniocentesis for bilirubin 
 in Rh immunization

1958 Donald Obstetric use of ultrasound
1958 Hon  Electronic fetal heart rate 

 evaluation
1959 Burns, Hodgman, and Cass Gray baby syndrome

1960s — Decade of Fetal Medicine
Prototype of the high-risk pregnancy clinic
1960 Eisen and Hellman Lumbar epidural anesthesia
1962 Saling Fetal scalp blood sampling
1963 Liley  Intrauterine transfusion for 

 Rh immunization
1964 Wallgren Neonatal blood pressure
1965 Steele and Breg  Culture of amniotic fl uid 

 cells
1965 Mizrahi, Blanc, and Silverman Necrotizing enterocolitis
1966 Parkman and Myer Rubella immunization

1967  Neonatal blood gases
1967  Neonatal transport
1967 Jacobsen  Diagnosis of cytogenetic 

 disorders in utero
1968 Dudrick Hyperalimentation
1968 Nadler  Diagnosis of inborn errors of 

 metabolism in utero
1968 Stern NICU effectiveness
1968 Freda et al. Rh prophylaxis

1970s — Decade of Perinatal Medicine
Refi nement of NICU
Regionalization of high-risk perinatal care
1971 Gluck  L : S ratio and respiratory 

 distress syndrome
1972 Brock and Sutcliffe  Alpha-fetoprotein and 

 neural tube defects
1972 Liggins and Howie  Betamethasone for 

 induction of fetal lung maturity
1972   Neonatal temperature 

 control with radiant heat
1972 Quilligan Fetal heart rate monitoring
1972 Dawes Fetal breathing movements
1972 Ray and Freeman Oxytocin challenge test
1972 ABOG  Maternal–Fetal Medicine Boards

1973 Sadovsky Fetal movement
1973  Real-time ultrasound
1973 Hobbins and Rodeck Clinical fetoscopy
1975 ABP Neonatology Boards
1976 Schifrin Nonstress test
1977 March of Dimes  Towards Improving the 

 Outcome of Pregnancy I
1977 Kaback  Heterozygote identifi cation 

 (Tay–Sachs disease)
1978 Bowman Antepartum Rh prophylaxis
1978 Steptoe and Edwards In vitro fertilization
1979 Boehm Maternal transport

1980s — Decade of Progress
Technologic progress
1980 Bartlett ECMO
1980 Manning and Platt Biophysical profi le
1981 Fujiwara, Morley, and Jobe Neonatal surfactant therapy
1982 Harrison and Golbus  Vesicoamniotic shunt for 

 fetal hydronephrosis
1983 Kazy, Ward, and Brambati Chorionic villus sampling

1985 Daffos Cordocentesis
1986  DNA analysis
1986 NICHD MFMU Network established
1986 Michaels et al.  Cervical ultrasound and 

 preterm delivery

1990s — Decade of Managed Care
Managed care alters practice patterns
1991 Lockwood et al.  Fetal fi bronectin and 

 preterm delivery
1993 March of Dimes  Towards Improving the Outcome 

 of Pregnancy II
  Fetal therapy
  Pre-implantation genetics
  Stem cell research

1994 NIH Consensus Conference Antenatal corticosteroids

2000s — Decade of Evidence-Based Perinatology
2000 Mari  Middle cerebral artery 

 monitoring for Rh disease
2002 CDC  Group B streptococcus  guidelines
 MFMU Antibiotics for PPROM

2003 MFMU  Progesterone to prevent 
 recurrent prematurity

2006 Merck  Immunization against 
 human papillomavirus

ABOG, American Board of Obstetrics and Gynecology; ABP, American Board of Pediatrics; CDC, Centers for Disease Control; ECMO, extracorporeal membrane 

oxygenation; L : S, lecithin : sphingomyelin ratio; MFMU, Maternal Fetal Medicine Units; NICU, neonatal intensive care unit; NICHD, National Institute of Child 

Health and Human Development; NIH, National Institutes of Health; PPROM, preterm premature rupture of membranes.
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and eventually human immunodefi ciency virus will become 
available. Preimplantation genetics will continue to provide 
new ways to prevent disease. Alas, prematurity and pre-
eclampsia with their many multiple etiologies may be the last 
to be conquered.

New technology will increase the demand for trained 
workers in the health care industry. The perinatal pro-

fessional team will expand to emphasize the importance 
of social workers, nutritionists, child development 
specialists, and psychologists. New developments will 
create special ethical issues. Finally, education and 
enlightened attitudes toward reproductive awareness 
and family planning will help to prevent unwanted 
pregnancies.
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2 Maternal nutrition
Edward R. Newton

The medical profession and the lay public associate maternal 
nutrition with fetal development and subsequent pregnancy 
outcome. Classic studies from Holland and Leningrad during 
World War II [1] suggested that when maternal caloric intake 
fell acutely to below 800 kcal/day, birth weights were reduced 
535 g in Leningrad and 250 g in Holland, the difference perhaps 
related to the better nutritional status of the Dutch women 
prior to the famine and the shorter duration of their famine. 
Exposure to famine conditions during the second half of preg-
nancy had the greatest adverse effect on birth weight and 
placental weight and, to a lesser extent, birth length, head cir-
cumference, and maternal postpartum weight [2–4].

While these studies are used as prima facie evidence of a link 
between maternal nutrition and fetal development, a more 
discerning examination reveals many confounding variables 
that are common to the investigation of maternal nutrition and 
fetal development. While the onset of rationing was distinct 
and the birth weight and other anthropomorphic measure-
ments were recorded reliably, other confounders were not 
identifi ed. For example, menstrual data were notoriously 
unreliable, and the problem of poor determination of gesta-
tional dates was exacerbated by the disruption and stress 
of war.

In 2007, many of the most vulnerable mothers have little or 
no prenatal care (10–30%), often with unreliable menstrual 
data (15–35%). In Holland and Leningrad, the stress of war 
may have been associated with both preterm delivery and 
reduced birth weight. In a modern context, the urban war pro-
duces a similar stress through lack of social supports, domestic 
violence, and drugs. The content of the individual’s diet in 
wartime Europe or the diet of underprivileged women in the 
USA in 1998 remains largely speculation; perhaps it was not 
the total number of kilocalories or protein content but an issue 
of overall quality that leads to decreased birth weights. In 2005, 
like in 1944–45, the link between maternal nutrition and preg-
nancy outcome relies on a relatively weak proxy for a woman’s 
nutritional status, body mass index (BMI). A prospective, lon-
gitudinal study that follows a suffi ciently large cohort of 

women from preconception through each trimester and into 
the puerperium (with and without breastfeeding), measures 
the quality and quantity of women’s diet, and correlates the 
diet with maternal and fetal and neonatal outcomes has not 
been performed.

Given the latter challenges, the purpose of this chapter is to 
review the associations between maternal nutrition and peri-
natal outcome. A complete review must effi ciently summarize 
the data, defi ne the weaknesses of the data, derive reasonable 
conclusions, and make practical recommendations for the cli-
nician. This chapter briefl y summarizes the basic concepts of 
fetal growth, the multiple predictors of fetal growth, the use of 
maternal weight gain as a measure of maternal nutrition, 
adverse pregnancy outcomes as they relate to extremes in 
maternal weight gain, and the importance or controversy 
related to specifi c components of the diet (i.e., iron, calcium, 
sodium, and prenatal vitamins). While lactation is not an issue 
of fetal growth, infant development relies on the transfer of 
nutriments to the infant; maternal diet retains a central role.

Fetal growth

Linear growth of the fetus is continuous, whereas the velocity 
of growth varies. Multiple researchers have studied linear 
fetal growth by examining birth weights or estimated fetal 
weights as determined by ultrasound, and found it to be nearly 
a straight line until approximately 35 weeks, when the fetus 
grows 200–225 g/week (Fig. 2.1). Thereafter, the curve falls 
such that by 40 weeks the weight gain is 135 g/week [5]. Twin 
pregnancies have a proportionately lower rate of growth, 
reaching a maximum at 34–35 weeks (monochorionic placen-
tation, 140–160 g/week; dichorionic placentation, 180–200 g/
week) [6]. Thereafter, the growth rate slows to 25–30 g/week 
in both types of placentation. In 20–30% of term twin pregnan-
cies, one or the other twin, or both, will have a birth weight less 
than the 10th percentile based on singleton growth charts. 
There is controversy as to whether singleton or separate twin 
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charts should be the comparison resource in an individual 
pregnancy.

Fetal growth curves are based on two sources for fetal 
weight: birth weight [7] and estimated fetal weight based on 
ultrasound fi ndings (Fig. 2.2). Birth weight sources encumber 
the pathophysiology that led to the preterm birth. A total of 
20–25% of preterm births occur as the result of medical inter-
vention in the setting of maternal pathology such as pre-
eclampsia. In these cases, the effects of maternal nutrition 
(BMI) are muted signifi cantly. Fetal growth curves derived by 
ultrasonographic estimation of fetal weight refl ect a more 
physiologic environment. Unfortunately, the comparison of 
coincidental estimated fetal weight and birth weight reveals a 
relatively large error; 20% of estimated fetal weights will differ 
from the actual weight by one standard deviation or more, 
400–600 g at term.

The velocity of fetal growth is more instructive regarding 
mechanisms of fetal growth restriction [8]. Length peaks 
earlier than weight, as the fetus stores fat and hepatic glycogen 
(increasing abdominal circumference) in the third trimester. 
When an insult occurs early, such as with alcohol exposure, 
severe starvation, smoking, perinatal infection (cytomegalo-
virus infection or toxoplasmosis), chromosomal or develop-
mental disorders, or chronic vasculopathies (diabetes, 
autoimmune disease, chronic hypertension), the result is a 
symmetrically growth-restricted fetus with similarly reduced 
growth of its length, head circumference, and abdominal cir-
cumference. This pattern is often referred to as dysgenic growth 
restriction and these infants often have persistent handicaps 
(mental retardation, infectious retinopathy; i.e., toxoplasmo-
sis infection) [9].

When the insult occurs after the peak in the velocity of length 
growth, the result is a disproportionately reduced body : length 
ratio (ponderal index), a larger head circumference relative to 
abdominal circumference. This pattern is often referred to 
as nutritional growth restriction and usually is the result of 
developing vasculopathy (placental thrombosis/infarcts, pre-
eclampsia) or a reduction of the absorptive capacity of the 
placenta (postdate pregnancy). The obstetrician uses the ultra-
sonographically defi ned ratio of head circumference : abdom-
inal circumference as it compares to established nomograms. 
The pediatrician uses the ponderal index [birth weight (kg)/
height (cm) cubed × 100] in a similar fashion. Abnormality is 
defi ned statistically (i.e., two standard deviations from the 
mean) rather than as it relates to adverse clinical outcomes. 
While the risk of adverse outcomes may be considerably 
higher, most small for gestational age babies (less than the 10th 
percentile) who are delivered at term have few signifi cant 
problems. Likewise, the vast majority of term infants whose 
size is more than the 90th percentile at birth have few perinatal 
challenges.

Fetal growth requires the transfer of nutriments as building 
blocks and the transfer of enough oxygen to fuel the machin-
ery to build the fetus. Maternal nutritional and cardiac physi-
ology is changed through placental hormones (i.e., human 
placental lactogen) to accommodate the fetal–placental needs. 
The central role of the placenta is the production of pregnancy 
hormones, the transfer of nutriments, and fetal respiration is 
demonstrated by the fact that 20% of the oxygen supplied to 
the fetus is diverted to the metabolic activities of the placenta 
and placental oxygen consumption at term is approximately 
25% higher than the amount consumed by the fetus as a whole. 
The absorptive surface area of the placenta is strongly associ-
ated with fetal growth; the chorionic villus surface area grows 
from approximately 5 m2 at 28–30 weeks to 10 m2 by term.
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The measured energy requirement of pregnancy totals 
55,000 kcal for an 11.8 kg weight gain [10] or 4.7 kcal/g of 
weight gain. This value is considerably less than the 
8.0 kcal/g required for weight gain in the nonpregnant woman. 
This discrepancy is likely a result of the poorly understood 
relationship between pregnancy hormones (i.e., human pla-
cental lactogen, corticosteroids, sex steroids) and the pattern 
of nutriment distribution. Table 2.1 describes the work as 
measured by weight that must occur to produce a well-grown 
fetus at term.

Weight gain is essentially linear throughout pregnancy [11]. 
The mean total weight gain (15–85th percentile) for white, 
non-Hispanic, married mothers delivering live infants was 
13.8 kg (8.6–18.2 kg) for small women (BMI below 19.8); 13.8 kg 
(7.7–18.6 kg) for average women (BMI of 19.8–26.0); 12.4 kg 
(6.4–17.3 kg) for large women (BMI of 26.1–29.0); and 8.7 kg 
(0.5–16.4 kg) for obese women (BMI over 29) [11]. In general, 
average weight gains (15–85th percentile) per week are 0.15–
0.69 kg for gestational ages 13–20 weeks; 0.31–0.65  kg for ges-
tational ages 20–30 weeks; and 0.18–0.61 kg for gestational 
ages 30–36 weeks. The practical clinical rule of thumb is that a 
woman with a normal pregnancy should gain approximately 
4.5 kg (10 lb) in the fi rst 20 weeks and 9 kg (20 lb) in the second 
20 weeks of pregnancy. High-risk thresholds are weight gains 
less than 6.8 kg (15 lb) and more than 20 kg (45 lb) [11].

Many factors affect the transfer of nutriments and oxygen to 
the fetus. Table 2.2 lists factors and clinical examples where 
abnormalities change fetal growth.

Obstetric history reveals a strong tendency to repeat gesta-
tional age and birth weight as the result of shared genetic and 
environmental factors. Bakketeig et al. [12] analyzed almost 
500,000 consecutive births in Norway over a 7-year period. 
Table 2.3 depicts the results of their analysis.

In summary, fetal growth is affected by the quantity and 
quality of maternal diet, the ability of the mother to appropri-
ately absorb and distribute digested micronutriments, mater-
nal cardiorespiratory function, uterine blood fl ow, placental 
transfer, placental blood fl ow, and appropriate distribution 
and handling of nutriments and oxygen by the fetus. Addi-
tionally, genetics and uterine volume characteristics can 
greatly affect fetal size in the presence of normal physiology; 
birth size more closely refl ects maternal rather than paternal 

Table 2.1 Weight gain in pregnancy.

Maternal Gains  Fetal Gains

Blood volume    2 kg (4.4 lb) Fetus 3.5 kg (7.7 lb)

Uterine size    1 kg (2.2 lb) Placenta 0.6 kg (0.7 lb)

Breast size    1 kg (2.2 lb) Amniotic fl uid 1.2 kg (2.6 lb)

Fat increase    3 kg (6.6 lb)

Total weight gain 12.3 kg (27 lb)

Table 2.2 Factors affecting fetal growth.

Factors Clinical Examples

Genetics Parental size

 Chromosomal disease

Uterine volume Müllerian duct abnormalities

 Leiomyomata uteri

Maternal intake Starvation

 Fad diets

 Iron defi ciency anemia

 Neural tube defects (folic acid)

Maternal absorption Infl ammatory bowel disease

 Gastric bypass

Maternal hypermetabolic states Hyperthyroidism

 Adolescent pregnancy

 Extreme exercise

Maternal cardiorespiratory function Maternal cardiac disease

 Sarcoidosis

 Asthma

Uterine blood fl ow Hypertension/preeclampsia

 Beta-adrenergic blockers

 Diabetic vasculopathy

 Autoimmune vasculopathy

 Smoking (nicotine)

 Chronic environmental stress

Placental transfer Infant of a diabetic mother

 Smoking (carbon monoxide)

Placental absorption Placental infarcts or thrombosis

Fetal blood fl ow Congenital heart disease

 Increased placental resistance

 Polycythemia

Fetal metabolic state Drug effects (amphetamines)

 Genetic metabolic disease

Reduced fetal cell numbers Alcohol abuse

 Chromosomal disease

morphometrics, and contractions of uterine volume (i.e., 
müllerian duct abnormalities or large uterine myomas) are 
associated with decreased birth size.

Ultimately, any evaluation of the effect of nutrition on fetal 
outcome must control for these confounders in the analysis. 
The presence of multiple variables requires large numbers of 
subjects to be included in the model for the study of main 
effects alone. As many variables (e.g., parity and preeclamp-
sia) are interactive, the sample size necessarily increases geo-
metrically by the analysis of secondary or higher interactive 
variables. The resultant complexity and diffi culty in obtaining 
quality data on large numbers of pregnant women has led to 
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purposeful exclusion of certain cohorts of women. Exclusions 
may include women with hypertension or diabetes, poorly 
dated gestations, or late prenatal care, or middle- and upper-
class white Anglo-Americans who seek care from private 
practitioners. The use of imprecise proxies to control for popu-
lation differences in nutritional risk, such as educational level, 
socioeconomic level, age, parity, or ethnicity, adds to the vari-
ance. Likewise, determination of the quality and quantity of 
the maternal diet is severely limited by the time, personnel, 
and education required to obtain a valid measurement of that 
diet. As a consequence, most studies of maternal nutrition use 
the BMI [weight (kg/height in meters)2 × 100] or maternal 
weight gain during pregnancy as a proxy for maternal nutri-
tion; the quality and quantity of maternal diet are rarely meas-
ured. There is added imprecision with the measurement of 
weight gain. Most studies rely on reported prepregnancy 
weight, the accuracy of which is suspect. Additionally, the use 
of total weight gain in most studies does not account for the 
variance in the weight of the fetus, amniotic fl uid, or placenta. 
The use of net weight gain (total weight gain – birth weight) is 
used to reduce the resultant variance.

Body mass index, weight gain, and adverse 
pregnancy outcomes

Regardless of their imprecise measurement, weight gain and 
BMI have powerful associations with birth weight and preg-

nancy outcome. Naeye [13] examined the association between 
weight gain and pregnancy outcome data obtained during the 
National Collaborative Perinatal Project (1959–65). In this 
project, approximately 56,000 US women were followed from 
prenatal enrollment through birth. The infants were followed 
through the age of 7 years. The National Collaborative Project 
demonstrated that progressive increases in prepregnancy 
weight or weight gain, or both, were signifi cantly associated 
with increases in birth weight. Prepregnancy weight and 
weight gain appear to act independently of each other and 
their effects are additive. Increasing prepregnancy weight 
diminishes the infl uences of weight gain on birth weight. 
Among nonsmokers, the difference in birth weight across 
weight gains (less than 7.25 kg [16 lb] vs. more than 15.8 kg 
[35 lb] in weight gain) was 556 g (19% difference) for under-
weight women, 509 g (16.4% difference) for normal-weight 
women, and 335 g (10% difference) for overweight 
women. Similarly, among smokers, the difference in birth 
weight was 683 g (27%) for underweight women, 480 g (16.4%) 
for normal-weight women, and 261 g (8%) for overweight 
women [13].

Perinatal mortality rates in underweight women (less than 
90% of expected pregnancy weight in the Metropolitan weight-
for-height charts) are strongly affected by weight gain (Fig. 
2.3). Poor weight gain in underweight women is associated 
with a fi vefold increase in perinatal mortality. Autopsies of 
fetuses and neonates in the same cohort demonstrated that 
body and organ size could be predicted by prepregnancy 
weight and weight gain [14]. Prior to 33 weeks, the relation-
ship is less dramatic and is associated with a smaller liver and 

Table 2.3 Obstetric history and birth weight (BW). (Data from Bakketeig 

et al. [12].)

  Incidence of Adverse
  Outcome in
  Subsequent Birth
First Birth Second Birth (Relative Risk*)

Term AGA —  1.4% (1.0)

Preterm low BW — 13.1% (4.5)

Term SGA —  8.2% (5.5)

BW 4500 g — 22.6% (9.0)

Post-term —  5.3% (2.2)

Term AGA Term AGA  1.5% (0.5)

Preterm low BW Preterm low BW 19.7% (6.8)

Term SGA Term SGA 29% (19.3)

BW 4500 g BW 4500 g 45.5% (18.2)

Post-term Post-term 33.3% (13.9)

AGA, appropriate for gestational age; LGA, large for gestational age 

(4500 g); Preterm, 36 weeks and 2500 g; Post-term, 44 weeks; SGA, small for 

gestational age (2500 g).

* The relative risk is the ratio of incidence of “poor” outcomes in the target 

cohort divided by the incidence of “poor” outcomes in the lowest risk 

cohort, women in whom all births were normal.
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adrenals as a result of a reduction in cell numbers in under-
weight women with poor weight gain. After 33 weeks, when 
fetal weight gain is expected to be highest, the reduction in 
organ weights occurs in most organs with a reduction in cell 
size and numbers.

The Dutch famine during World War II [2–4], during which 
acute rationing was less than 800 kcal/day, resulted in differ-
ent reductions in neonatal measurements depending on the 
gestational age when the rationing was instituted. The great-
est adverse effects were seen when the rationing occurred 
in the last trimester, the parameters most affected being 
placental weight and birth weight and, to a lesser extent, 
birth length, head circumference, and maternal postpartum 
weight. With the progressive loss of calories, maternal weight 
absorbed the challenge until a critical threshold was met. Then 
maternal weight loss stabilized and the placental and then 
fetal weights were reduced. After the rationing was discontin-
ued and intake was increased, maternal weight was the fi rst 
to recover, followed by placental weight, and, fi nally, birth 
weight.

The most representative data on total weight gain in the US 
population are from the 1980 National Natality Survey [15]. A 
probability sample of all live births to US women in 1980 was 
employed. BMI and weight gain were related to the incidence 
of term growth restricted infants (less than 2500 g and more 
than 37 weeks’ gestation) [16]. The analysis was adjusted for 
maternal age, parity, height, cigarette smoking, and education 
level. The relative risk of delivering a term growth restricted 
infant after a total weight gain of less than the 25th percentile 
was 2.4 (95% confi dence interval [CI], 1.5–4.0) for small wo-
men (BMI below 19.8), 3.1 (95% CI, 2.2–4.5) for average 
women (BMI of 19.8–26.0), and 1.3 (95% CI, 0.6–2.8) for large 
women (BMI over 26). The effect of low weight gain in 
large women was not signifi cant. Clinically, the expectation 
that an obese or large woman who is diagnosed with gesta-
tional diabetes should gain 11.3–13.6 kg (25–30 lb) is contrary 
to the later information. With documentation of a high-quality 
diet, these large women should gain 4.5–6.8 kg (10–15 lb).

The interaction between weight gain, BMI, and the inci-
dence of preterm delivery (weight less than 2500 g and before 
37 weeks) is less clear; women who deliver prematurely have 
less opportunity to gain weight. The use of total weight gain or 
net weight gain is inappropriate. Net gain per week of gesta-
tion controls for the duration confounder. Subsequent analy-
sis does not defi ne a relationship between net weight gain per 
week, BMI, and preterm birth. More recently, a maternal pre-
pregnancy weight less than 45 kg (100 lb) has been analyzed as 
a risk factor for preterm birth; low BMI appears to be a stronger 
predictor: odds ratio primipara 2.31 (95% CI, 1.37–3.92), multi-
para 1.76 (95% CI, 1.19–2.61) [17].

An important caveat for any analysis using gestational age 
as a covariate is the inaccuracy of gestational age estimates. As 
many as 15–35% of women seeking prenatal care have poor 
documentation of the fi rst day of their last menstrual period. 

If ultrasound dating is used (now in 89% or more of pregnan-
cies), early growth restriction may be obscured; all fetuses are 
standardized to the size of fetuses in the 50th percentile for that 
gestational age. The actual error in gestational age may be as 
high as 1 week by a fi rst trimester ultrasound scan, 2 weeks by 
a second trimester ultrasound, and 3 weeks or more by a third 
trimester ultrasound. At term, this systematic error may trans-
late into an 800–1200 g (2–3 lb) discrepancy between estimated 
fetal weight and actual birth weight. Large epidemiologic 
studies have not had standard methods of defi ning gestational 
age. When patients with poor dates are eliminated, the size of 
the group most vulnerable for nutritionally related fetal 
growth restriction is reduced signifi cantly.

Many early studies that examined the relationship between 
prepregnancy BMI and preterm birth did not adequately 
control for the decreased exposure necessarily found in a preg-
nancy of shortened duration [15–20]. However, they found a 
consistent association in women whose total weight gain was 
lower with the incidence of preterm birth. The magnitude of 
the risk varied between a 50% and a 400% increase in preterm 
births. This variance might be explained by differences in 
study design. The lower threshold for weight gain varies con-
siderably; 5–9 kg (11–20 lb) of total weight gain. Some studies 
defi ned the preterm birth as any birth weight below 2500 g, 
which included many term, small for gestational age 
neonates.

The confounding nature of decreased exposure, preterm 
birth, is illustrated in the analysis of the data from the 1980 
National Natality Study [15]. If total weight gain is used, the 
odds ratio for delivering a preterm infant according to 
prepregnancy BMI shows a signifi cant relationship between 
preterm birth and poor weight gain (less than 11 kg): small 
women, 4.0 (95% CI, 2.7–6.0); average women, 2.8 (95% CI, 
2.0–4.0); and large women, 1.6 (95% CI, 0.8–3.2) [15]. However, 
when the effect of pregnancy duration is controlled by meas-
uring net weight gain per week, the relationship between 
prepregnancy BMI, poor weight gain, and preterm birth dis-
appears: small women, 1.2 (95% CI, 0.8–1.9); average women, 
1.0 (95% CI, 0.7–1.5); and large women, 1.0 (95% CI, 0.5–1.9) 
[15]. In contrast, two recent studies [21,22] demonstrated a sig-
nifi cant risk of preterm birth when weight gain per week 
was less than 0.23 kg (less than 0.5 lb/week) or less than 
0.27 kg (0.6 lb/week). They demonstrated a 40–60% increase in 
preterm births.

Two recent epidemiologic studies detailed the association 
between prepregnancy BMI and net weight gain per week, 
and adverse pregnancy outcomes. Cnattingius et al. [21] exam-
ined the municipal birth records of 204,555 infants born in 
Sweden, Denmark, Norway, Finland, and Iceland from 1992 
to 1993. The fi nal population included 167,750 women with 
singleton births for whom prepregnancy BMI data were avail-
able. The results were adjusted for maternal age, parity, mater-
nal education, cigarette smoking, and whether the mother was 
living with the father. Prepregnancy BMI of 20 or greater was 
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associated with a decrease in the incidence of small for gesta-
tional age infants [adjusted odds ratio 0.5–0.7 (95% CI, 0.4–
0.8)]. Weight gain of less than 0.25 kg/week was associated 
with an adjusted odds ratio of 3.0 (95% CI, 2.5–3.5) for the inci-
dence of small for gestational age infants. Among low- and 
normal-weight women there was no association with late fetal 
death or preterm delivery. Overweight (BMI above 24.9 and 
less than 30.0) and obese women (BMI over 29.9) were shown 
to have a risk of late fetal death (after 28 weeks’ completed ges-
tation). The adjusted odds ratios for fetal death were 1.7 (95% 
CI, 1.1–2.4) for overweight women and 2.7 (1.8–4.1) for obese 
women. In addition, large women have a two- to fourfold 
increase in diabetes (10–15%).

The failure of prepregnancy BMI to predict preterm birth 
was confi rmed in a 1992–94 study supported by the National 
Institute of Child Health and Human Development Maternal 
Fetal Medicine Units (NICHD-MFMU) Network [22]. A cohort 
of 2929 pregnancies from 11 centers was followed longitudi-
nally through pregnancy. Demographic, social, clinical, and 
biologic variables were included in the analysis. Subjects were 
examined at 22–24 weeks and biologic variables including cer-
vical length, fetal fi bronectin, bacterial vaginosis, contraction 
frequency, and the presence of vaginal bleeding were assessed. 
A positive fetal fi bronectin fi nding and a cervical length below 
2.5 cm were associated with spontaneous birth at less than 32, 
35, and 37 weeks (adjusted odds ratios of 2.5–10.0). In multipa-
rous women, a history of preterm birth was also associated 
with preterm birth (adjusted odds ratios of 2.6–5.0). Low pre-
pregnancy BMI was associated with neither early nor late 
preterm birth. A cautionary note is warranted. The exclusion 
of net weight gain per week as an intercurrent variable fails to 
account for the effect of nutrition on outcome. Perhaps poor 
nutrition has an interactive effect by increasing the likelihood 
of a positive fetal fi bronectin fi nding or a shortened cervix. The 
study only examined main effect variables and not interactive 
variables.

Examination of the effects of nutrition on other adverse 
pregnancy outcomes is complicated by a paucity of quality 
research. Nutrition in Western women does not seem to be 
associated with fi rst or second trimester abortion, congenital 
abnormalities, or lactational performance. Weight gain during 
pregnancy can be associated with preeclampsia or diabetes. 
Very high levels of total weight gain or late-occurring increases 
in net weight gain per week are quite common in primiparous 
pregnancies complicated by preeclampsia. If there were any 
effect from preeclampsia, one would expect a higher rate of 
fetal growth restriction and spontaneous preterm birth in 
women who gain excessive weight. The meager amount of 
existing data seems to support an association, but more 
research is needed.

Obesity remains a major health issue for developed coun-
tries, with obese women at greater risk for hypertension, dia-
betes, coronary heart disease, and premature death. Retained 
weight postpartum plays a part. In general, while women with 

average gestational weight gains retain approximately 1 kg 
(2.2 lb) postpartum, African-American women tend to retain 
more weight postpartum regardless of the prepregnancy BMI 
or prenatal weight gain [23]. African-American women with a 
normal prepregnancy BMI were twice as likely to retain more 
than 9 kg (20 lb) as were white women of the same build [23]. 
Women with high weight gain tend to retain more weight. 
Researchers [11] reported that retention of more than 2.5 kg 
(5.5 lb) between the fi rst and second pregnancy was associated 
with higher weight gain in the last half of pregnancy, 10–20 kg 
(22–26 lb). In the 1959–65 Collaborative Perinatal Project, 
women who gained 16.4–18.2 kg (36–40 lb) or gained more 
than 18.2 kg (more than 40 lb) retained 5 kg (10.9 lb) and 8.0 kg 
(17.7 lb), respectively [24]. The years when the latter two 
studies were performed caution interpretation of the data. In 
1998, more women gained high amounts of weight during 
pregnancy; the incidence of excessive weight retention must 
be higher.

Multifetal pregnancy would be expected to increase the 
nutritional demand for the mother. Unfortunately, the con-
founders found in singleton pregnancies are more pronounced 
in multifetal pregnancy, and the nutritional component of 
adverse pregnancy outcomes is much harder to delineate. 
Multifetal pregnancies are associated with higher rates of 
preterm birth (40–50%), fetal growth restriction (20–40%), 
more perinatal deaths (four- to sixfold), more preeclampsia, 
more diabetes, and more frequent “elective” cesarean section. 
The analysis is complicated further by different fetal growth 
rates related to differences between like-sex and mixed-sex 
pregnancies or the differences between monozygotic and het-
erozygotic gestations.

Most of the published research has focused on weight gain 
in twin pregnancies. Little research has examined the effects of 
variation in prepregnancy BMI or net weight gain during 
pregnancy as a predictor of perinatal death, fetal growth 
restriction, or preterm birth. Campbell and MacGillivray 
[25] reviewed and compared weight gain in twin versus sin-
gleton pregnancies. Singleton pregnancies gained 0.40–
0.47 kg/week while twin pregnancies gained 0.54–0.64 kg/
week. In a birth record study of nearly 2000 twin births in 
Kansas between 1980 and 1986, pregnancies where the infants 
weighed between 3000 and 3500 g had the lowest perinatal 
mortality. They were associated with a maternal weight gain 
of 20.1 kg (44.2 lb) for underweight women, 18.6 kg (40.9 lb) for 
nomal-weight women, and 13.2 kg (29.2 lb) for very obese 
women [26].

Nutritional assessment

The strong associations between extremes in prepregnancy 
BMI, extremes in weight gain, and adverse pregnancy outcome 
dictate that a basic, patient-centered, individualized nutri-
tional assessment and plan be incorporated in the primary 
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care of women from preconception, throughout pregnancy, 
and during the postpartum period with special attention for 
breastfeeding. The nutritional assessment relies on the 
patient’s medical record, history, and physical examination. 
The main areas of focus are sociodemographic risk (age less 
than 2 years after menarche, high parity (>4), low socioeco-
nomic status, culture, previous nutritional challenge), obstet-
ric history (small for gestational age and large for gestational 
age infants, preterm birth), medical history (bowel disease, 
diabetes, chronic hypertension, hyperthyroid, chronic infec-
tion such as tuberculosis or human immunodefi ciency virus 
infection, allergies, autoimmune disease, renal failure), behav-
ioral risks (substance abuse, excessive exercise), nutritional 
risks (eating disorders, pica, fad diets, strict vegetarian diet, 
medications), and current diet (deviations in quantity or 
quality).

In the 24-hour recall method, the patient is asked to recall the 
type and amount of food and beverages she consumed during 
the previous day. This technique gives clues to eating behavior 
rather than providing a quantitative measurement. There is 
considerable day-to-day variation that relates to issues of 
memory, lack of knowledge concerning the content of food 
(i.e., what goes into a beef stew), and inability to estimate 
correct portion sizes [27–30]. Practical ways to improve report-
ing include a 3-day or a week of written record on type and 
amount of food and drinks consumed, discussion with the 
individual who prepares the food in order to understand the 
content of mixed food (stew), and education of the patient 
about portion size. For example, a cup is roughly equal 
in volume to a clenched fi st and an 85-g (3-oz) piece of fi sh 
or meat is roughly the size and thickness of the palm of the 
hand.

Another method uses a standardized survey to identify the 
usual frequency or dietary history. The accuracy of the survey 
is improved when portion estimates are included. A major 
advantage of the survey is the speed at which an assessment 
can be performed. The precise nature of the data lends itself 
to population analysis using one of many diet analysis pro-
grams available in computer software [31]. When personnel 
resources are limited, a standardized survey is useful as a 
screening tool for all pregnant women. The Institute of 
Medicine developed a standard nutritional survey (Fig. 2.4) 
[32]. If a high-risk individual is identifi ed by the survey, 
a more detailed nutritional analysis and intervention are 
appropriate.

Obstetric care providers and nutritionists would appreciate 
a memory chip placed in the mouth that could automatically 
record the type and volume of the consumed food and 
drink; this will not happen any time soon. We have to rely on 
simultaneous written records or patient recall. Unfortunately, 
the accuracy of both the 24-hour recall and the nutritional 
survey depends on the accuracy of the patient’s recall. In 
general, accuracy is poor and may refl ect what the 

provider wishes rather than what was actually consumed [27–
30]. The rather large variations in intake, yet the relative 
lack of demonstrable variation in adverse outcome, except in 
the extremes, raises concern about the practicality of 
obtaining a detailed dietary history from every pregnant 
woman. Because the extremes are important, more detailed 
nutritional assessment and counseling are needed for 
populations at high risk for poor dietary practices as defi ned 
by 24-hour recall or the standardized survey. Table 2.4 
describes the recommended weight gain, stratifi ed by preg-
nancy BMI [11].

Tables 2.5 (pregnant) and 2.6 (nonsupplemented breast-
feeding) compare the average daily intake of nutriments with 
and without prenatal multivitamins to the 1989 Recommended 
Dietary Allowances (RDA) [32]. The analysis reveals that the 
average US woman who is pregnant and taking one tablet 
daily of the prenatal multivitamins with 0.4–1.0 mg folic acid 
requires only extra energy (500–600 kcal/day), magnesium 
(125 mg), and calcium (300–600 mg). Likewise, lactating 
women who take one tablet daily of prenatal multivitamins 
and who are not supplementing the infant with artifi cial milk 
and solids require the same micronutriments in similar 
amounts. The reader must keep in mind that the “usual” daily 
intake that the US medical environment emphasizes includes 
a higher intake of protein and dairy products during preg-
nancy and lactation. Recent focus on the fat content of dairy 
products will lead many women to reduce milk intake. If the 
liquid need is supplanted by beverages containing caffeine or 
phosphoric acid (carbonated sodas), the total intake of calcium 
or protein, or both, may be reduced.

Nutritional interventions

Nutritional intervention beyond prenatal multivitamins is not 
needed for most pregnant or lactating women who live in the 
USA. The critical issue is to identify the extremes in amounts: 
dietary restriction, nonfood competition (pica), or excess met-
abolic needs (Tables 1.2 & 1.4). It must be remembered that 
nutritional supplementation most often uses mixed foods 
(nutritional drink supplying energy, protein, and micronutri-
ments). Mixed food supplementation obscures the benefi t of a 

Table 2.4 Recommended total weight gain during pregnancy. 

 Prepregnancy Body Recommended Total
Mass Index (BMI) Weight Gain

Underweight (BMI <19.8) 12.5–18.0 kg (28–40 lb)

Normal (BMI 19.8–26.0) 11.5–16.0 kg (25–35 lb)

Overweight (BMI 26.0–29.0)  7.0–11.5 kg (15–25 lb)

Obese (>BMI 29.0)  6.0 kg (15 lb)
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Fig. 2.4 Sample of a standard nutrition survey 

from the Institute of Medicine [11].

specifi c nutriment. The following section provides a summary 
of the data concerning interventions related to nutriments.

Multivitamins

Prenatal multivitamins with at least 400 µg of folic acid are rec-
ommended for pregnant woman in the USA. In developing 
countries, the use of multiple micronutriment supplements 
(prenatal vitamins) have been compared with supplements 

containing only folic acid and iron, with random assignment 
of treatment groups [33,34]. The results suggest an increase 
in birth weight of 50–100 g. Each pack of cigarettes smoked 
reduces birth weight by 100–150 g. The effect on other 
adverse outcomes (i.e., small for gestational age neonates, pre-
maturity, perinatal mortality) is less consistent and less clear. 
The use of prenatal vitamins in developed countries has not 
been shown to reduce adverse pregnancy outcomes or increase 
birth weight.
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     Intake 
Plus

Nutriment 1989 RDA Usual Intake PNV PNV

Total energy (kcal) 2500 1900–2100* None 2000†

Total protein (g)   60 68–91 None   80

Fat-soluble vitamins

A (µg of RE)  800 1000–1400  450 1650

D (µg)   10 4–6*   10   15

E (mg)   10 3.4–12.0*   22   30

K (µg)   65 300–500 None  465

Water-soluble vitamins

Folate (µg)  400 168–245* 1000 1207

Thiamine (mg)    1.5 1.2–1.9*    3    8.5

Ribofl avin (mg)    1.6 1.7–3.4    3.4    6.0

Pyridoxine (mg)    2.2 0.8–2.2*   10   26

Niacin (mg)   17 17–280   20   42

C (mg)   70 48–1440  100  298

B12 (µg)    2.2 2.6–5.70   12   16.5

Minerals

Calcium (mg) 1200 668–1195*  250 1182†

Magnesium (mg)  300 191–269*   25  255†

Iron (mg)   30 11.2–17.2*   60   74

Zinc (mg)   15 06.0–12.0*   25   34

Iodine (µg)  175  170  150  320

Selenium (µg)   60   70 None   70

RE, retinol equivalent.

* Defi cient without prenatal vitamins or supplement.
† Defi cient after daily multivitamins.

Energy and protein supplementation

Multiple comparative trials have addressed undernourished 
(less than 1500 kcal/day) populations in developing countries. 
When energy (200–800 kcal) and protein (40–60 g) are supple-
mented in undernourished women, there is a consistent 
increase in birth weight (100–400 g) and maternal weight gain 
(0.8–0.9 kg/month). Improvement in infant outcome is less 
clear; some studies showed a reduction in low birth weight 
and preterm birth, whereas others did not [11]. Among under-
nourished pregnant Gambian women, prenatal energy, 
protein, and micronutriment supplementation resulted in a 
decrease in the incidence of low birth weight from 23% in the 
control to 7.5% in the supplemented population [11].

In developing and industrialized countries where the nutri-
tion is better (1600–2100 kcal/day), mixed food supplementa-
tion does not result in signifi cant maternal weight gain 
(20.3–0.1 kg/month) or increases in birth weight (2177–277 g). 
Few studies have demonstrated differences in perinatal out-
comes between supplemented and unsupplemented pregnant 
women if their intake exceeds 2100–2300 kcal/day. These 

observations are supported by the systematic review of rand-
omized trials [35,36].

Iron supplementation

Worldwide, iron defi ciency anemia complicates the lives of 
nonpregnant (35%) and pregnant (51%) women. Among 
nonpregnant (2%) and pregnant (5–10%) women, industrial-
ized countries have much lower incidences of iron 
defi ciency anemia when defi ned by a low serum ferritin con-
centration (less than 12 µg/L) and a hemoglobin below 11.0, 
10.5, and 11.0 g/dL in the fi rst, second, and third trimesters, 
respectively (Centers for Disease Control and Prevention 
defi nition). Adverse pregnancy outcomes, such as low 
birth weight, preterm birth, and increased perinatal 
mortality, are associated with a hemoglobin below 10.4 g/dL 
before 24 weeks’ gestation [11,37,38]. Both the latter study 
and the National Collaborative Perinatal Project [11,14,16] 
demonstrated a U-shaped curve when adverse pregnancy 
outcomes are plotted against hemoglobin concentration. 
The incidence of poor outcome rises progressively 

Table 2.5 Usual dietary intake, recommended 

daily allowance (RDA) and prenatal vitamins (PNV) 

in pregnant women. 
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    Intake
    Plus
Nutriment 1989 RDA Usual Intake PNV PNV

Total energy (kcal) 2700 1800–2400* None 2100‡

Total protein (g) 62–65 78–115 None   97

Fat-soluble vitamins

A (µg of RE) 1200 1000–1200*  450 1550

D (µg)   10 136†   10  146

E (mg)   12 4.5†   22   26.5

K (µg) NR NR None NR

Water-soluble vitamins

Folate (µg) 280 169–340* 1000 1255

Thiamine (mg)   1.6 1.39–2.1*    3    1.79

Ribofl avin (mg)   1.8 1.87–2.800    3.4    5.7

Pyridoxine (mg)   2.1 1.11–1.690   10   11

Niacin (mg)  20 16.3–70.00   20   63

C (mg)  95 108–1990  100  253

B12 (µg)   2.6 2.88–7.960   12   17

Minerals

Calcium (mg) 1200 1004–1304*  250 1300

Magnesium (mg)  350 221*†   25  227‡

Iron (mg)   15 12.2–16.2*   60   74

Zinc (mg)   19 09.4–12.2*   25   36

Iodine (µg)  225 NR  150  150‡

Selenium (µg)   75 84–870 None   85

Phosphorus (mg) 1200 1350–20050 None 1700

NR, not reported.

* Most studies show defi ciency.
† One study (Butte NF, Calloway DH, Van Duzen JL. Nutritional assessment of pregnant and lactating Navajo 

Women. Am J Clin Nutri 1981; 34(10): 2216–28.
‡ Defi cient after daily multivitamins.

when the hemoglobin falls below 10.4 g/dL or rises above 
13.2 g/dL.

The pregnant woman has an additional need for iron 
(3.0 mg/day) above that of a nonpregnant, reproductive-age 
woman (1.3 mg/day). Her extra needs arise from the 350 mg 
needed for fetal–placental growth, 250 mg for blood loss at 
delivery, 450 mg for increases in maternal red cell mass, and a 
baseline loss of 250 mg. Blood loss at cesarean delivery is two- 
to threefold higher than blood loss after a vaginal delivery 
without an episiotomy, an important consideration as 32% of 
US women have cesarean births. As a fully lactating woman 
less than 6 months after delivery is usually not menstruating, 
her needs are considerably lower; 0.3 mg/day (men require 
0.9 mg/day).

Luckily, 80% of US women receive daily prenatal multivita-
mins that contain 30–60 mg iron, and iron absorption is 
doubled or tripled among pregnant women compared to non-
pregnant women [39]. The absorption of iron is affected by 
many factors. The type of iron supplement is important; the 

absorption of iron sulfate is 20%; iron gluconate, 12%; and iron 
fumarate, 32%. Meat sources of iron absorb better than do 
plant sources (whole grains, legumes) by interaction with 
phytates, tannins, polyphenols, and plant calcium and phos-
phate moieties. Between-meal dosing will maximize the 
absorption of therapeutic iron because of the reduced number 
of binding compounds in the gastrointestinal tract. There 
appears to be a threshold for iron absorption; once the dose is 
increased to above 120 mg/day, the percent absorption falls 
and the incidence of side-effects increases [39–46]. Orange 
juice or vitamin C (more than 200 mg) taken at the time of the 
iron supplement will increase absorption twofold. On the 
other hand, excessive coffee or tea reduces iron absorption 
by half.

The prevalence of iron defi ciency anemia among nonpreg-
nant women of childbearing age was examined in the Second 
(1978–80) National Health and Nutrition Survey (NHANES2) 
[46]. The diagnosis of iron defi ciency anemia was based on 
criteria defi ned by a mean corpuscular volume (MCV), 

Table 2.6 Usual dietary intake, recommended 

daily allowance (RDA), and prenatal vitamins 

(PNV) in lactating women.
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iron/total iron binding capacity, and erythropoietin (EP) eval-
uation. The overall baseline incidence of iron defi ciency 
anemia was 2.0% in middle- to upper-class, non-Hispanic, 
white women. The risk of iron defi ciency anemia appears to be 
greater among the poor (7.8%), those with less than 12 years of 
education (13.2%), Mexican-Americans (11.2%), African-
Americans (5.0%), and adolescents (4.9%), and in women who 
have given birth to three or four children (11.5%). Mul-
tiple pregnancy, maternal bowel disease, chronic infection 
(tuberculosis, human immunodefi ciency virus), chronic 
aspirin use (0.2–2.0 mg iron loss/day), and persistent vaginal 
or rectal bleeding (second and third trimester bleeding, pla-
centa previa, hemorrhoids) will increase the likelihood of 
anemia. In these populations, prophylactic iron therapy 
(30 mg/day) is warranted.

Clinically, the diagnosis is based on the laboratory fi ndings 
of anemia with hemoglobin below 10.5 g/dL, a low MCV, and 
a serum ferritin level below 12 µg/dL. Most studies using 
random assignment of subjects [11] demonstrated that daily 
doses of 30–120 mg are equally effective in raising the hemo-
globin 0.4–1.7 g/dL by 35–40 weeks’ gestation. Unfortunately, 
the data on improvement in the incidence of adverse preg-
nancy outcomes are either not reported or obscured by small 
sample sizes [47].

Calcium and magnesium

Approximately 99% of calcium and magnesium in pregnant 
women and their fetus or infant is located in their bones and 
teeth. Pregnancy and lactation are associated with increased 
bone turnover in order to meet fetal or infant needs for calcium 
(50 mg/day at 20 weeks, 330 mg/day at 35 weeks, and 
300 mg/day during lactation) and increased urinary excretion 
of calcium (200 mg/day). The fetus actively transports 
calcium, and fetal levels are higher than maternal calcium 
levels. The total fetal accretion of calcium is 30 g. The body 
maintains the serum ionized calcium level within a tight range 
(4.4–5.2 mg/dL) and if dietary defi ciencies occur, maternal 
bone will supply its calcium to the fetus. While bone turnover 
is high in pregnant or lactating women, measures of net bone 
loss during pregnancy and lactation among women in devel-
oped countries are inconsistent (24–12%) [11]. One explana-
tion for varied results is increased absorption of dietary 
calcium related to pregnancy or lactation. Increased absorp-
tion is correlated with the highest fetal needs (nonpregnant, 
27%; 5–6 months, 54%; and at term, 42%) [11]. Increased 
absorption is in part caused by progressive increases in 1,25-
dihydroxycholecalciferol (the active moiety of vitamin D). On 
the other hand, a diet high in plant phytates, phosphoric acid 
(carbonated sodas), aluminum-based antacids, or bismuth-
containing over-the-counter medications reduces calcium 
absorption.

Increased calcium is associated with smooth-muscle relaxa-
tion and parathyroid hormone (PTH) has a stimulatory effect 

on angiotensin II-mediated secretion of aldosterone. Animal 
and human studies demonstrated a consistent reduction in 
blood pressure in nonpregnant animals or humans when their 
dietary calcium is increased. Hypocalciuria is a useful diag-
nostic tool in the differentiation of preeclampsia from other 
forms of hypertension in pregnancy [48]. These observations 
have led to controlled clinical trials to test the hypothesis that 
calcium supplements during pregnancy reduce the incidence 
of pregnancy-induced hypertension (and perhaps preterm 
birth) [49–54]. In these studies, pregnant women were ran-
domly assigned to receive 1500–2000 mg/day calcium 
or no calcium. The effect on the incidence of pregnancy-
induced hypertension has been mixed. The studies that 
reported a benefi t demonstrated a dose–response effect and a 
reduction of vascular sensitivity to angiotensin II injection. 
There seemed to be a trend toward a reduction in the in-
cidence of preterm birth. At least two other studies did not 
demonstrate a benefi t from supplemental calcium. The 
discrepancy between the studies is likely to be related to 
patient selection and the handling of the analysis when com-
pliance is an issue. Similarly, there does not seem to be a 
benefi t from reduced salt diet in the prevention of pre-
eclampsia [54,55].

At this point, there is no support for the routine supplemen-
tation of calcium (2000 mg/day) for all pregnant women. In 
pregnant women who have a diet defi cient in calcium (less 
than 600 mg/day), prepregnancy hypertension, calcium-
losing renal disease, a strong family or personal history of pre-
eclampsia, or chronic use of certain medications (heparin, 
steroids), may benefi t with little risk of toxicity from daily sup-
plemental calcium (2000 mg of elemental calcium or 5000 mg 
of calcium carbonate). Young women (less than 25 years old) 
and those women with mild dietary calcium defi ciency (600–
1200 mg/day) may be treated by extra servings of dairy prod-
ucts; 227 g (8 oz) milk or 28 g (1 oz) hard cheese, which supplies 
300 mg of calcium per serving, or supplemental calcium, 
600 mg (carbonate).

Calcium metabolism is more complex than the simple per-
cepts outlined earlier indicated. PTH is associated with 
increased calcium absorption from the intestine and increased 
bone absorption; a high level in late pregnancy would be 
expected. Unexpectedly, the biologically active form of PTH is 
associated with a 40% decrease during pregnancy. Calcitonin 
acts as a biologic balance to PTH, and as serum calcium levels 
are maintained within a tight range, higher levels of calcitonin 
would be expected. The studies that evaluated calcitonin 
levels during pregnancy had inconsistent results. Magnesium 
is essential for the release of PTH from the parathyroid and the 
action of PTH on the intestines, bones, and kidneys. The fetus 
absorbs 6 mg/day of magnesium. Maternal magnesium levels 
remain constant during pregnancy despite inadequate 
intake (Table 2.5). On the other hand, Spatling and Spatling 
[56] performed a double-blind, placebo-controlled trial 
where pregnant women (at less than 16 weeks) were 
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assigned randomly to receive magnesium supplementation 
(360 mg/day) or placebo. Of patients who reported compli-
ance, the magnesium supplement group had 30% fewer hospi-
talizations, 50% fewer preterm births, and 25% more perinatal 
hemorrhages compared with the placebo supplement women. 
The outcomes were not analyzed on an intention-to-treat basis. 
More study of magnesium supplementation in pregnancy 
needs to be performed before routine supplementation is 
recommended.

Vitamin D

Vitamin D is critical in the absorption, distribution, and storage 
of calcium. Sunlight is the major source of vitamin D, 1,25-
hydroxycholecalciferol. Sunlight (ultraviolet light) converts 
7-dehydroxycalciferol within the skin to vitamin D. Vitamin D 
is converted to 25-hydroxycholecalciferol (marker for adeq-
uate vitamin D) in the liver and subsequently to 1,25-hydroxy-
cholecalciferol (active form) in the kidney. In latitudes higher 
than 40° North, especially where clouds obscure sunlight 
during the winter, the conversion of 7-dehydroxycholecalcif-
erol to 1,25-hydroxycholecalciferol is insuffi cient to maintain 
adequate levels of vitamin D. For example, the serum levels of 
25-hydroxycholecalciferol vary considerably between fall and 
spring: from 25 ng/dL in the fall to 17 ng/dL in the spring in 
England; from 18 ng/dL in the fall to 11 ng/dL in the spring in 
Finland. While few cases of vitamin D defi ciency (less than 
5 mg/dL) are encountered in England or the USA, Finland 
records an incidence of 47% in the spring and 33% in the 
fall [11].

Relatively few foods are good sources of vitamin D. Vitamin 
D-fortifi ed milk is the major dietary source in the USA. Forti-
fi ed milk contains approximately 2.5  µg vitamin D and 120 IU 
vitamin A. Although vitamin D defi ciency is very rare in the 
USA because of its latitude, propensity toward more exposure 
of bare skin and the almost uniform vitamin D fortifi cation of 
milk, selected populations may be at risk for low 25-hydroxy-
cholecalciferol levels. These populations include culturally 
prescribed full clothing, home-bound, or institutionalized 
patients who cannot (lactose intolerant) or will not drink milk. 
In these populations, intervention with vitamin D supplemen-
tation (10 µg/day) may be benefi cial. No controlled trials have 
used vitamin D to correct a defi ciency and subsequently demon-
strate a change in its physiologic actions. In summary, uniform 
vitamin D supplementation is not recommended [57].

Folate

Folate participates in many bodily processes, especially 
rapidly growing tissue. Folate functions as a coenzyme in the 
transfer of single carbon units from one compound to another. 
This step is essential to the synthesis of nucleic acids and the 
metabolism of amino acids. As the mother and fetus are rapidly 
developing new tissue, perturbation in folate intake might be 

expected to result in adverse pregnancy outcomes. In the last 
10 years, a clear and consistent relationship between low folate 
intake and fetal neural tube defects and, possibly, cleft lip and 
palate has been identifi ed.

Folate defi ciency works with multiple factors to cause 
birth defects [58]. Genetic factors appear to be a strong cofac-
tor. The population rates of neural tube defects vary 
considerably: 1 per 1000 births in the USA, 6 per 1000 births in 
Ireland, and 10 per 1000 births in northern China. Women 
with a previous child with a neural tube defect have a 1.6–6.0% 
risk of recurrent neural tube defects. The level of risk is pre-
dicted by the frequency of occurrence of neural tube defects in 
the immediate family. Environmental exposures seem to be an 
additional cofactor. Preconceptual diabetes or fi rst trimester 
hyperglycemia is associated with a multiple-fold increase in 
the incidence of neural tube defects. Drugs such as valproic 
acid, carbamazepine, folate antagonists, and thalidomide are 
associated with a 1–4% risk of neural tube defects.

Folate is an essential nutriment for humans, as they cannot 
manufacture folates and must rely on dietary intake and 
absorption. Folates are present in leafy green vegetables, fruit, 
fortifi ed breads and cereals, egg yolks, and yeast. Many multi-
vitamins and fortifi ed cereals contain 350–400 mg folate. Pre-
scription prenatal multivitamins contain 0.8–1.0 mg folic acid. 
Eighty percent of folate intake in the USA is derived from poly-
glutamate forms of folate. The absorption of polyglutamate 
forms is approximately 60%; the absorption of monogluta-
mate forms is approximately 90%. Multivitamins contain the 
monoglutamate forms.

The RDA of folate is 3 µg/kg body weight for nonpregnant 
and nonlactating women. Given a 60–70% absorption rate 
from their diet, pregnant women should acquire an extra 
0.4 mg in their daily diet. Lactating women need an extra 
0.2 mg/day. The average daily intake of folate in the USA is 
0.20–0.25 mg despite the fact that 20% of US women consume 
multivitamins containing 0.36 mg or more of folic acid. Dietary 
defi ciency of folic acid is a major public health issue.

There is a progressive pattern of the pathophysiology of 
folate defi ciency with increasing duration and intensity of 
folate defi ciency. At 3 weeks, low serum folate levels (below 
3 ng/mL) are manifest. At 5 weeks, neutrophils develop 
hypersegmentation (more than 3.5 lobes). At 7 weeks, the bone 
marrow demonstrates megaloblastic changes. At 17 weeks, 
the erythrocyte folate level is low (below 140 ng/mL). At 20 
weeks, a generalized megaloblastic anemia (MCV above 105) 
is present.

Most interventions with folic acid have focused on the pre-
vention of neural tube defects. In women with a previous 
history of a child with a neural tube defect, numerous studies 
involving randomized assignment demonstrated a 75% 
reduction in the frequency of recurrent neural tube defects 
when 4–5 mg/day folic acid was taken for 1–2 months precon-
ceptually and through the fi rst trimester [11,59–61]. The 
current standard of care requires documentation that the 
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benefi ts of folic acid supplementation in preventing recurrent 
neural tube defects have been explained and that the supple-
ment has been prescribed to the patient. The recommendation 
is to supplement with 4 mg/day folic acid from 1 to 3 months 
preconceptually and through the fi rst trimester.

More recently, daily multivitamins that contain 0.4–0.8 mg 
folic acid have been shown to decrease the incidence of neural 
tube defects in low-risk women (no previous pregnancy or 
family history of neural tube defects). One study [59,60] ran-
domly assigned women to receive either a placebo plus trace 
elements or a multivitamin that contained 0.8 mg folic acid. Of 
2104 women who received folic acid, no neural tube defects 
occurred and in 2065 women who received the placebo, six 
pregnancies were complicated by neural tube defects 
( P < 0.029). Women who are at mild risk (distant family 
history of neural tube defect, inadequate intake, multiple 
pregnancy [undergoing assisted reproductive technology]) 
and who are attempting pregnancy should have documen-
tation of adequate dietary folate consumption or daily 
prescription multivitamins that contain at least 0.8 mg 
folic acid from 1 to 3 months preconceptually and through the 
fi rst trimester.

Other nutriments

The benefi ts of supplementing other specifi c nutriments in 
pregnant women have not been confi rmed by blinded, 
placebo-controlled trials with random assignment of subjects, 
or the studies that do exist have major methodologic weak-
nesses such as selection bias or inadequate sample size. An 
additional problem is outcome defi nition. Low maternal nutri-
ment levels are very different from clinical defi ciency states 
and many of the important outcomes (preterm birth, perinatal 
mortality, fetal growth restriction) have other predictors to 
obscure the relationship between nutrition and adverse preg-
nancy outcomes. Despite the latter observations, nutriments 
whose supplementation may benefi t defi ciency states include 
zinc, selenium, chromium (diabetes), fl uoride, magnesium, 
vitamin A (less than 5000 retinol equivalent [RE]), vitamin B6, 
and vitamin C.

Vitamin toxicity

The clinician is occasionally confronted with a woman who is 
taking unorthodox amounts of vitamins or minerals. Much of 
the data on toxic risk are based on animal studies and anecdo-
tal cases, especially those concerning the ingestion of more 
obscure vitamins and minerals. Results of animal studies 
should be interpreted with caution particularly given the lack 
of animal toxicity seen with thalidomide. Luckily, most water-
soluble vitamins appear relatively safe for the mother and 
fetus; excess intake is readily excreted in the urine. Vitamin 

C taken in an amount greater than 6–8 g/day may cause loose 
stool. Vitamin B6 intake greater than 500 mg/day is associated 
with a reversible peripheral neuropathy. Maternal or fetal tox-
icity has not been identifi ed with the other water-soluble 
vitamins.

Toxicity is more of an issue with excess intake of fat-soluble 
vitamins. Vitamin A (retinol forms) is associated with a dose-
dependent increase in fetal defects: hydrocephalus, micro-
cephalus, and cardiac lesions. The risk of defects seems to be 
related to the retinol/retinyl ester forms of vitamin A. Carote-
noid forms do not seem to have the same risks. The threshold 
intake where risk appears excessive has not been defi ned, but 
at doses lower than 10,000 RE of retinoid forms, the incidence 
of fetal abnormality is no greater than the baseline risk; with 
doses higher than 25,000 RE the risk of defects clearly exceeds 
the baseline risk. Huge doses (above 15 mg or 600,000 IU) of 
vitamin D have been associated with a variable degree of toxic 
symptoms (soft-tissue calcifi cation). Excess vitamin E or 
vitamin K use has not been associated consistently with 
adverse outcome for the mother or fetus.

Toxicity associated with excess mineral intake is associated 
with primarily maternal symptoms. Iron intake at more than 
200 mg/day is associated with gastrointestinal symptoms 
(heartburn, nausea, abdominal pain, constipation) in a dose-
dependent fashion (placebo, 13%; 200 mg, 25%; 400 mg, 40%) 
[42]. Magnesium sulfate at more than 3 g/day is associated 
with catharsis and reduced iron absorption. Iodine excess is 
associated with goiter and hyperthyroidism. Selenium at more 
than 30 mg/day results in nausea, vomiting, fatigue, and nail 
changes. Molybdenum interferes with calcium absorption. 
Zinc intake at more than 45 mg/day has been associated with 
preterm delivery and reduced iron and copper absorption. 
Fluoride at doses higher than 2 mg/L (fl uoridated water plus 
supplemental fl uoride) is associated with dental fl uorosis of 
the primary teeth in the fetus.

Lactation

Breastfeeding and breastmilk are unique gifts for the mother 
and newborn. Breastmilk has nutritional qualities far superior 
to artifi cial breastmilk formulas [62]. Artifi cial breastmilk for-
mulas do not contain important enzymes and hormones to aid 
digestion, active or passive immunoglobulins, activated 
immune cells, or antibacterial compounds (lactoferrin). Breast-
milk promotes growth of nonpathogenic bacterial fl ora in the 
infant’s intestine (i.e., Bifi dobacterium spp.). Formula contains 
inappropriate fatty acid and lactose concentrations for optimal 
brain growth, and inconsistent amounts of essential vitamins 
and other micronutriments.

The unique qualities of breastfeeding and breastmilk 
provide many benefi ts for the mother and infant. For the 
mother, the benefi ts include signifi cant contraception and 
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child spacing (lactational amenorrhea method), better mother–
infant bonding, less cost for nutrition and equipment, less 
health care costs for the infant, less loss of work time and 
income to care for sick children, less postpartum retention of 
weight, and reduction in the risk of breast cancer. For 
the infant, the benefi ts include fewer deaths from infection, 
less morbidity from respiratory and gastrointestinal 
infections, appropriate growth patterns, less childhood 
obesity, less childhood cancer, better social interaction, higher 
intelligence, better oral–facial development, and protection 
from allergies.

The documented benefi ts of breastfeeding and breastmilk 
have prompted the World Health Organization, the US 
Surgeon General, and the American Academy of Pediatrics 
(AAP) [63] to recommend breastfeeding rather than artifi cial 
breastmilk feeding. The nutritional qualities of breastmilk are 
suffi cient for infant growth until 6 months, after which gradual 
introduction of food is appropriate. The AAP recommends 
breastfeeding for at least 12 months. Until 100 years ago, the 
usual time for weaning was 2.5–4.0 years; this probably repre-
sents the biologic duration of breastfeeding.

As breastmilk is manufactured and secreted by the human 
breast, the nutritional quality and composition are remarkably 
constant regardless of the tremendous variation in maternal 
diet. The volume (700–1000 mL/day) of breastmilk produced 
for the infant determines the mother’s nutritional needs during 
lactation. If the fully lactating woman has an average diet and 
takes one prenatal multivitamin daily (Table 2.6), her daily 
requirements for lactation are satisfi ed, except for magnesium 
and iodine. The defi ciency in magnesium and iodine is not 
manifested by a variation in breastmilk concentration. The 
infant is not at risk for defi ciency.

In the fully breastfed infant, the volume of breastmilk 
consumed determines the amount of energy, protein, vita-
mins, and minerals obtained by the infant. Therefore, a 
review of the factors that can affect breastmilk volume is 
appropriate. Less than 5% of women have anatomic limits for 
adequate volumes of breastmilk. These include congenital 
hypoplasia (small, tubular shape), cosmetic breast surgery 
(reduction or augmentation), severe nipple inversion, and 
periareolar breast surgery. Pain (nipple trauma, injections), 
stress, and maternal insecurity inhibit the release of oxytocin 
and contraction of the myoepithelial cells surrounding the 
breast acini (interference with the letdown refl ex). Some medi-
cations (bromocriptine, ergotrate/methergine, combination 
birth control pills, or testosterone analogs) can reduce milk 
volume.

Analysis of levels of maternal energy intake and the volume 
of breastmilk reveals little risk for US women. Women who are 
below standards for BMI and who consume fewer than 
1500 kcal/day preconceptually, during pregnancy, and 
during lactation (severely disadvantaged in developing coun-
tries) show little (less than 60 mL) difference in milk volume 

[63–66]. Nutritional supplementation studies in undernour-
ished populations did not demonstrate an increase in milk 
volume. In developed countries, where the energy intake is at 
much higher levels, no reduction of milk volume is demon-
strated. Short-term reduction in calorie intake (19–32%) in 
well-nourished lactating women did not reduce milk volume 
in those who restricted their intake to no less than 1500 kcal/
day. In women who restricted their intake to less than 
1500 kcal/day, the milk volume was reduced by 109 mL [64]. 
Gradual weight loss (2 kg/month) is associated with normal 
milk volumes. Regular postpartum exercise, which increases 
oxygen consumption by 25%, has no effect on breastmilk 
volume [64,65].

Dietary recommendations for 
pregnancy and lactation

In 1990 the Institute of Medicine, after an exhaustive review of 
the literature, published its recommendations, Nutrition 
During Pregnancy [11] and Nutrition During Lactation [65]. The 
recommendations support accurate measurement of BMI at 
the preconceptual (preferred) or initial visit (Table 2.4), subse-
quent measurement of weight at each prenatal and postpar-
tum visit (Fig. 2.5), standardized assessment of maternal diet 
(Fig. 2.4), assessment of nutritional risk factors, patient educa-
tion, and nutritional intervention.

One key component is different target levels of weight gain 
based on the mother’s prepregnancy BMI. Table 2.4 describes 
the recommendations. Of equal importance, the amount and 
quality of the woman’s diet should be assessed in a standard-
ized fashion (Fig. 2.4). A good daily diet will contain seven 28 g 
(1 oz) servings of protein-rich foods (meat, poultry, fi sh, eggs, 
legumes, nuts), three 227 g (8 oz) servings of milk or an equiva-
lent amount of other dairy products, six or more servings of 
grain products (each serving: 1 slice of bread, 1 oz of dry cereal, 
½ cup of cooked pasta, hot cereal, or rice), and six or more serv-
ings of fruits and vegetables (each serving: ½ cup of cooked, 
1 cup of raw, 6 oz juice). Pregnant women younger than 24 
years should consume one extra serving of dairy products 
daily [11,66]. This diet, when taken with one tablet of a pre-
natal multivitamin daily, will supply 2500–2700 kcal energy 
per day and 1.3–1.5 g/kg ideal weight of protein per day as 
well as suffi cient vitamins and minerals.

Once baseline information has been documented, the pro-
vider should counsel and educate the patient, continue accu-
rate documentation of weight change, and intervene if 
necessary. Counseling and education involve setting a target 
goal (Table 2.4) of weight gain for prepregnancy BMI. Contin-
ued documentation of weight gain is simplifi ed by the use of a 
chart (Fig. 2.5). Intervention (except for routine prenatal 
vitamins) is based on the presence of nutritional risk factors or 
abnormal weight gain patterns.
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Recently, the recommendations of the Institute of Medicine 
were evaluated using the Pregnancy Nutrition Surveillance 
System [67]. This analysis was limited to women who deliv-
ered liveborn, singleton infants between 37 and 41 weeks’ ges-
tation. According to women, infant, children (WIC) clinic data, 
less than 32% of subjects had missing data concerning BMI, 
weight gain, birth weight, or gestational age at delivery. The 
analysis included 220,170 women. Only 35% of non-Hispanic 
white women, 33.2% of non-Hispanic black women, and 36.4% 
of Hispanic-only women gained weight within the Institute’s 
target range. Across the races, about 23% gained more than 
4.5 kg (10 lb) above the Institute’s recommendation. Over-
weight (38%) and obese (27.5%) women gained in excess of 
4.5 kg (10 lb) above the recommendations; these are signifi cant 
differences from the percent deviation seen in underweight 
(11%) and normal-weight women (20%). Among underweight 
women across all races, failure to gain at least the Institute’s 
recommended weight was associated with adjusted odds 
ratios of 1.5–3.2 for deli very of a term infant weighing less than 
2500 g. Excessive weight gain was associated with a signifi cant 
decrease in the incidence of term small for gestational age 
infants. Weight gain in excess of 4.5 kg (10 lb) greater than the 
recommendations was associated with signifi cant adjusted 
odds ratios (2.2–10.8) for a birth weight higher than 4500 g 
regardless of race. These data generally support the Institute’s 
recommendations for weight gain based on prepregnancy 
BMI. The strong associations with adverse outcome, fetal 
growth restriction, and macrosomia, coupled with the fre-
quency of excessive weight gain, predict the challenges of 
nutritional counseling in the late 20th century.

Conclusions

Maternal nutrition has an essential role in the health and well-
being of the fetus and newborn. The single best evidence of 
adequate nutrition is appropriate weight gain for the woman’s 
prepregnancy BMI: 11.3–13.6 kg (25–30 lb) for underweight 
and normal weight women, prepregnant BMI less than 26; and 
6.8–9 kg (15–20 lb) for prepregnancy BMI over 26. Dynamic 
weight gain charts and food intake surveys are clinically prac-
tical as to allow intervention prior to term.

The average US woman who takes her prescribed prenatal 
vitamins consumes enough energy, protein, vitamins, and 
minerals (except for calcium) to prevent major adverse out-
comes related to nutrition. Calcium defi ciency is corrected 
easily by consuming an additional portion of dairy products 
each day. Unfortunately, many women gain much more than 
the recommended weight. Excessive nutrition can result in 
fetal macrosomia and postpartum weight retention. Postpar-
tum weight retention has a key role in the obesity of adult 
women. As a result, obese women are at greater risk for future 
obstetric complications, adult-onset diabetes, hypertension, 
atherosclerotic vascular disease, and early death.

Despite numerous dietary and nutritional interventions, 
relatively few have been shown to be helpful in adequately 
controlled and powered trials. The benefi cial inventions 
include the following.
1 Multiple micronutriments and protein/calorie supple-
ments appear to be helpful in severely undernourished women 
who become pregnant (i.e., developing countries).
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2 Folic acid supplementation of at least 0.4–0.8 mg/day 
reduces the incidence of neural tube defects in low-risk popu-
lations. Supplemental folic acid (4–5 mg/day) reduces the 
incidence of neural tube defects in high-risk populations.
3 Modest iron supplementation (30 mg/day elemental iron) 
reduces the incidence of anemia during pregnancy. The effect 
of iron supplementation on adverse pregnancy outcomes in 
the average US woman is less clear.

Massive doses of vitamin A are associated with birth defects, 
and excessive iron intake is associated with signifi cant mater-
nal gastrointestinal symptoms. Many other individual nutri-
ments have great theoretical benefi t; however, the data is 
mixed as to their benefi t in low-risk patients from industrial-
ized countries. These studies have major selection biases and 
are underpowered.

The publications of the Institute of Medicine, Nutrition 
During Pregnancy and Nutrition During Lactation, represent a 
unique resource and guide for the obstetric care provider. The 
assessment of maternal risk factors for nutritional risk factors, 
accurate measurement of weight and BMI, evalu ation of 
current diet, establishment of target weight gain based on pre-
pregnancy BMI, and ongoing assessment of weight gain 
during pregnancy are standards for preventative or therapeu-
tic intervention.

Case presentation

A 24-year-old gravida 1, para 1 is seen at a family planning 
offi ce visit 2 years after the birth of her healthy child. She wants 
to stop her birth control pills and become pregnant again. Her 
second cousin has recently delivered a child with spina bifi da. 
She wishes to know what she can do to prevent the lesion in 
her fetus. The evaluation consists of a good dietary history, 
especially for folic acid intake, and ascertainment of any addi-
tional environmental, genetic, familial, or medical risk factors 
for developmental lesions including neural tube defects. If her 
other risk factors are absent, her risk remains slightly increased 
for a neural tube defect in her fetus. In counseling her about her 
slightly increased risk for neural tube defects, she is educated 
about folic acid-containing foods, advised to start prenatal 
vitamins with 1 mg/day folic acid immediately, and wait at 
least 3 months off hormonal contraception before attempting 
pregnancy. If she had a fi rst- or second-degree relative with a 
neural tube defect, she should consume 4 mg/day folic acid in 
addition to prenatal vitamins.

References

 1 Bergner L, Susser MW. Low birth weight and prenatal nutrition: 
an interpretative review. Pediatrics 1970;46:946–66.

 2 Stein Z, Susser M, Saenger G, Marolla F. Famine and Human 
Development: The Dutch Hunger Winter of 1944–1945. New York: 
Oxford University Press, 1975.

 3 Stein Z, Susser M. The Dutch famine, 1944–1945, and the 
reproductive process. I. Effects of six indices at birth. Pediatr Res 
1975;9:70–6.

 4 Stein Z, Susser M. The Dutch famine, 1944–1945, and the 
reproductive process. II. Interrelations of caloric rations and six 
indices at birth. Pediatr Res 1975;9:76–83.

 5 Luke B. Nutritional infl uences on fetal growth. Clin Obstet Gynecol 
1994;37:538–49.

 6 Ananth CV, Vintzileos AM, Shen-Schwarz S, et al. Standards of 
birth weight in twin gestations stratifi ed by placental chorionicity. 
Obstet Gynecol 1998;91:917–24.

 7 Williams RL, Creasy RK, Cunningham GC, et al. Fetal growth and 
perinatal viability in California. Obstet Gynecol 1982;59:624–32.

 8 Owen P, Donnet ML, Ogston SA, et al. Standards for ultrasound 
fetal growth velocity. Br J Obstet Gynaecol 1996;103:60–9.

 9 Lubchenco LO. Assessment of gestational age and development 
of birth. Pediatr Clin North Am 1970;17:125–45.

10 Durnin JVGA. Energy requirements of pregnancy: an integration 
of the longitudinal data from the fi ve-country study. Lancet 
1987;2:1131–3.

11 Institute of Medicine. Nutrition During Pregnancy. Washington, 
DC: National Academy, 1990: 97, 102, 107, 152–9, 262–3, 273, 
320–1.

12 Bakketeig LS, Hoffman HJ, Harley EE. The tendency to repeat 
gestational age and birth weight in successive births. Am J Obstet 
Gynecol 1979;135:1086–103.

13 Naeye RL. Weight gain and the outcome of pregnancy. Am J 
Obstet Gynecol 1979;135:3–9.

14 Taffel SM. Maternal weight gain and the outcome of pregnancy: 
United States. Vital and Health Statistics. Series 21, no. 44. DHHS 
publication no. (PHS) 86–1922. Hyattsville, MD: National Center 
for Health Statistics, Public Health Service, US Department of 
Health and Human Services, 1986: 25.

15 Kleiman JC. Maternal weight gain during pregnancy: determinants 
and consequences. NCHS working paper series no. 33. 
Hyattsville, MD: National Center for Health Statistics, Public 
Health Service, US Department of Health and Human Services, 
1990.

16 Naeye RL, Blanc W, Paul C. Effects of maternal nutrition on the 
human fetus. Pediatrics 1973;52:494–503.

17 Mercer BM, Goldenberg RL, Das A, et al. The Preterm Prediction 
Study: a clinical risk assessment system. Am J Obstet Gynecol 
1996;174:1885–93.

18 Papiernik E, Kaminski M. Multifactorial study of the risk of 
prematurity at 32 weeks of gestation. A study of the frequency of 
30 predictive characteristics. J Perinat Med 1974;2:30–6.

19 Berkowitz GS. An epidemiologic study of preterm delivery. Am J 
Epidemiol 1981;113:81–92.

20 Picone TA, Allen NH, Olsen PN, Ferris ME. Pregnancy outcome 
in North American women. II. Effects of diet, cigarette smoking, 
stress, and weight gain on placentas, and on neonatal physical 
and behavioral characteristics. Am J Clin Nutr 1982;36:1214–44.

21 Cnattingius S, Bergstrom R, Lipworth L, Kramer M. 
Prepregnancy weight and the risk of adverse pregnancy 
outcomes. N Engl J Med 1998;338:147–52.

22 Goldenberg RL, Iams JD, Mercer BM, et al. The preterm prediction 
study: the value of new vs. standard risk factors in predicting 
early and all spontaneous preterm births. Am J Public Health 
1998;88:233–8.



Chapter 2

22

23 Parker JD. Postpartum weight change. Clin Obstet Gynecol 
1994;37:528–37.

24 Greene GW, Smicikla-Wright H, School TO, Karp RJ. Postpartum 
weight change: how much of the weight gain in pregnancy will be 
lost after delivery? Obstet Gynecol 1988;71:701–7.

25 Campbell DM, MacGillivray I. Maternal physiological responses 
and birth weight in singleton and twin pregnancies by parity. Eur 
J Obstet Gynecol Reprod Biol 1977;7:17–24.

26 Brown JE, Schloesser P. Prepregnancy weight status, prenatal 
weight gain, birth weight, and perinatal mortality relationships in 
term, twin pregnancies. FASEB J 1998;3:A648.

27 Beaton GH, Milner J, Corey P, et al. Sources of variance in 24-hour 
dietary recall data: implications for nutrition study design and 
interpretation. Am J Clin Nutr 1979;32:2546–59.

28 Beaton GH, Milner J, McGuire V, et al. Source of variance in 24-
hour dietary recall data: implications for nutrition study design 
and interpretation. Carbohydrate sources, vitamins and minerals. 
Am J Clin Nutr 1983;37:986–95.

29 Block G, Hartman AM. Issues in reproducibility and validity of 
dietary studies. Am J Clin Nutr 1989;50:1133–8.

30 Magkos F, Yannakoulia M. Methodology of dietary assessment in 
athletes: concepts and pitfalls. Curr Opin Clin Nutr Metab Care 
2003;6:539–49.

31 Frank GC, Pelican S. Guidelines for selecting a dietary analysis 
system. J Am Diet Assoc 1986;86:72–5.

32 Recommended Dietary Allowances, 10th edn. Washington, DC: 
National Academy Press, 1989.

33 Henrik F, Gomo E, Nyazema N, et al. Effect of multmicronutrient 
supplementation on gestational length and birth size: a 
randomized, placebo-controlled, double-blind effectiveness trial 
in Zimbabwe. Am J Clin Nutr 2004;80:178–84.

34 Osrin D, Vaidya A, Shrestha Y, et al. Effects of antenatal multiple 
micronutrient supplementation on birthweight and gestational 
duration in Nepal: double-blind, randomised controlled trial. 
Lancet 2005;365:955–62.

35 Kramer MS. Tsocaloric balanced protein supplementation 
in pregnancy. Cochrane Database Syst Rev 2006;2:
CD000133.

36 Kramer MS. High protein supplementation in pregnancy. 
Cochrane Database Syst Rev 2006;2.

37 Murphy JF, O’Riordan J, Newcombe RG, et al. Relation of 
haemoglobin levels in fi rst and second trimesters to outcome of 
pregnancy. Lancet 1986;1:992–5.

38 Garn SM, Ridella SA, Petzold AS, Falkner F. Maternal 
hematologic level and pregnancy outcomes. Semin Perinatol 
1981;5:155–62.

39 Chanarin I, Rothman D. Further observations on the relation 
between iron and folate status in pregnancy. Br Med J 1971;2:81–4.

40 Hallberg L, Bjorn-Rasmussen E, Ekenved G, et al. Absorption 
from iron tablets given with different types of meals. Scand J 
Haematol 1978;21:215–24.

41 Hallberg L, Brune M, Rossander L. Iron absorption in man: 
ascorbic acid and dose-dependent inhibition by phytate. Am J Clin 
Nutr 1989;49:140–4.

42 Hallberg L, Ryttinger L, Solvell L. Side effects of oral iron therapy: 
a double-blind study of different iron compounds in tablet form. 
Acta Med Scand Suppl 1967;459:3–10.

44 Hallberg L. Bioavailability of dietary iron in man. Annu Rev Nutr 
1981;1:123–47.

46 Life Sciences Research Offi ce. Assessment of the iron nutritional 
status of the US population based on data collected in the Second 
National Health and Nutrition Examination Survey, 1976–1980. 
Bethesda, MD: Federation of American Societies for Experimental 
Biology, 1984.

47 Mahomed K. Iron supplementation in pregnancy. Cochrane 
Database Syst Rev 2006;2.

48 Pitkin RM, Reynolds WA, Williams GA, Hargis GK. Calcium 
metabolism in normal pregnancy: a longitudinal study. Am J 
Obstet Gynecol 1979;133:781–90.

49 Grunewald C. Biochemical prediction of pre-eclampsia. Acta 
Obstet Gynecol Scand Suppl 1997;164:104–7.

50 Belizan JM, Villar J, Gonzales L, et al. Calcium supplementation to 
prevent hypertensive disorders of pregnancy. N Engl J Med 
1991;325:1399.

51 Sanchez-Ramos L, Briones DK, Kaunitz AM, et al. Prevention 
of pregnancy-induced hypertension by calcium 
supplementation in angiotensin II-sensitive patients. Obstet 
Gynecol 1994;84:349–53.

52 Bucher HC, Guyatt GH, Cook RJ, et al. Effect of calcium 
supplementation on pregnancy-induced hypertension and 
preeclampsia: a meta-analysis of randomized control trials. JAMA 
1996;275:1113–7.

53 Levine RJ, Hauth JC, Curet LB, et al. Trial of calcium to prevent 
preeclampsia. N Engl J Med 1997;337:69–76.

54 Duley L, Henderson-Smart D. Reduced salt intake compared to 
normal dietary salt, or high intake, in pregnancy. Cochrane 
Database Syst Rev 2006;2:CD001687.

55 Duley L, Henderson-Smart D, Meher S. Altered dietary salt for 
preventing pre-eclampsia, and its complications. Cochrane 
Database Syst Rev 2006;2:CD005548.

56 Spatling L, Spatling G. Magnesium supplementation in 
pregnancy. A double blind study. Br J Obstet Gynaecol 
1988;95:120–5.

57 Mahomed K, Gulmezoglu AM. Vitamin D supplementation 
in pregnancy. Cochrane Database Syst Rev 2006;2:CD000228.

58 Rose NC, Mennuti MT. Periconceptional folate 
supplementation and neural tube defects. Clin Obstet Gynecol 
1994;37:605–20.

59 Centers for Disease Control. Recommendations for the use of 
folic acid to reduce the number of cases of spina bifi da and 
other neural tube defects. Morbid Mortal Wkly Rep MMWR 
1992;41:1–7.

60 Czeizel AE, Dudas I. Prevention of the fi rst occurrence of neural-
tube defects by peri-conceptional vitamin supplementation. N 
Engl J Med 1992;327:1832–5.

61 Lumley J, Watson L, Watson M, Bower C. Periconceptional 
supplementation with folate and/or multivitamins for 
preventing neural tube defects. Cochrane Database Syst Rev 2006;2:
CD001056.

62 Newton ER. Breastmilk: the gold standard. Clin Obstet Gynecol 
2004;47:632–42.

63 American Academy of Pediatrics Work Group on Breastfeeding. 
Breastfeeding and the use of human milk. Pediatrics 
1997;100:1035–9.



Maternal Nutrition

23

64 Strode MA, Dewey KG, Lonnerdal B. Effects of short-term caloric 
restriction on lactational performance of well-nourished women. 
Acta Paediatr Scand 1986;75:222–9.

65 Institute of Medicine. Nutrition during lactation. Washington, DC: 
National Academy, 1991;68–70.

66 Abrams B. Weight gain and energy intake during pregnancy. Clin 
Obstet Gynecol 1994;37:515–27.

67 Schieve LA, Cogswell ME, Scanlon KS. An empiric evaluation of 
the Institute of Medicine’s pregnancy weight gain guidelines by 
race. Obstet Gynecol 1998;91:878–84.



24

3 Alcohol and substance abuse
William F. Rayburn

Substance use is most prevalent in reproductive age adults. 
Among women aged 15–44 years, almost 90% have used 
alcohol, approximately 44% have used marijuana, and at least 
14% have used cocaine [1]. In 2002 and 2003, 4.3% of pregnant 
women used illicit drugs during the past month, 4.1% reported 
binge alcohol use, and 18.0% reported smoking cigarettes [2]. 
Pregnant women aged 15–25 years were more likely to use 
illicit drugs and smoke cigarettes during the past month than 
women aged 26–44 years [2]. Even though a woman may cease 
alcohol, illicit drug, or cigarette smoking during pregnancy, 
some women may not reduce or alter their patterns until preg-
nancy is actually diagnosed or well under way.

Care of alcohol or substance-using pregnant women is 
complex, diffi cult, and often demanding. Women’s care pro-
viders must be aware of their unique psychological and social 
needs and the related legal and ethical ramifi cations surround-
ing pregnancy. This chapter discusses many issues related to 
pregnancies complicated by alcohol and other substance use. 
Screening for substance use, risks to the fetus, and comprehen-
sive perinatal care are reviewed.

Screening for substance use

Identifi cation of substance use before or during pregnancy 
most often depends on a history given voluntarily by the 
patient. Pregnant and postpartum women who use and abuse 
alcohol or other drugs are more stigmatized than nonpregnant 
women. They may therefore deny their drug habit and its 
potential harmful effects and not seek help. Young poor 
women can be especially fearful of the medical and social 
welfare system because of their naivety or desire to hide their 
pregnancy.

Questions about alcohol, illicit substances, and cigarette 
smoking should be routine at the initial prenatal visit. A history 
of past and present substance use should be obtained in a non-
judgmental manner and by questioning about the frequency 
and amount of specifi c substances [3]. If alcohol exposure was 

evident, the next step is to ask “Do you drink, smoke, or use 
street drugs?” Using the CAGE questionnaire, you may then 
ask the following: Have you ever felt that you should cut down 
on your drinking? Have people annoyed you by criticizing 
your drinking? Have you ever felt guilty about your drinking? 
Have you ever needed an “eye-opener” drink when you get 
up in the morning? [4].

Drug or metabolite testing with informed consent is recom-
mended among those pregnant women with: (i) self-reporting 
of substance use; (ii) multiple medical, obstetric, and behavior 
characteristics (Table 3.1) suggesting substance use to facili-
tate referral to a comprehensive care program; or (iii) compli-
ance requirements with treatment recommendations. Random 
testing of all gravidas raises several legal issues, however, 
including the right to privacy, lack of probable cause, and 
admissibility of test results [5].

Urine is the preferred source for drug testing, because it is 
easily available and in large quantities. Urine drug screening 
is usually performed using an immunoassay technique. Except 
for marijuana, most substances or their metabolites are meas-
urable in urine for less than 72 hours and alcohol for less than 
24 hours. Therefore, substances may not be identifi ed unless 
urine specimens are tested frequently [6]. In the evaluations 
for cocaine and opiate exposure, hair analysis of the mother or 
newborn infant is also effective [7].

Effects on the fetus

Unlike prescription or nonprescription drugs, used medically, 
alcohol and substances of abuse may be intentionally or inad-
vertently taken at toxic doses. Consuming many drinks per 
occasion (i.e., binge drinking, ≥5 drinks) may be more harm-
ful to the developing fetus than the same amount spread 
over several days, because of higher peak blood alcohol 
content [8].

Moreover, the impurity of most illicit drugs and the common 
practice of abusing multiple substances make it diffi cult to 
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Table 3.1 Examples of obstetric, behavior, and medical patterns in pregnant women suggestive of alcohol and substance use disorders.

Obstetric Behavioral and Personal Medical

Abruptio placentae Alcohol — or drug-abusing partner Anemia

Birth outside hospital Bizarre or inappropriate behavior Arrhythmias

Congenital anomalies Child abuse or neglect Bacterial endocarditis

Fetal alcohol spectrum disorder Chronic unemployment Cellulitis, abscesses, or phlebitis

Fetal distress Diffi culty concentrating Cerebrovascular accident

Neonatal abstinence syndrome Domestic violence Drug overdose or withdrawal

No, sporadic, or late prenatal care Family history of substance abuse Hepatitis B and C

Preterm labor and delivery Frequent emergency department visits HIV seropositivity

Preterm rupture of the membranes Incarceration Lymphedema

Reduced fetal growth Noncompliance with appointments Myocardial ischemia or infarction

Spontaneous abortion Poor historian Pancreatitis

Stillbirth Prostitution Poor dental hygiene

Sudden infant death syndrome Psychiatric history Poor nutritional status

 Restless, agitation, demanding Septicemia

 Slurred speech or staggering gait Sexually transmitted diseases

  Tuberculosis

ascribe specifi c fetal effects and perinatal outcomes to a certain 
drug. Accurate evaluation of dosage and the exact period of 
exposure are rarely possible.

Table 3.2 lists effects in human fetuses from in utero expo-
sure to certain substances [9]. This list was compiled using 
data from two or more reports in humans. Although this table 
serves as a guideline, counseling about absolute risk is unrea-
sonable. The risk of structural anomalies is not increased in 
most cases of substance exposure, although the background 
risk of birth defects is 3% in the general pregnancy population 
[10]. Maternal alcohol and substance use place the fetus at 
risk for problems including low birthweight, small head cir-
cumference, prematurity, and a variety of developmental 
complications.

Fetal alcohol spectrum disorder, the term to encompass all 
levels of an outcome associated with prenatal alcohol expo-
sure, affects approximately 1 in 100 births [11]. In the case of 
illicit drugs, evidence is neither suffi cient nor consistent to 
identify with reasonable certainty which substance produced 
which effect and at what level. Furthermore, evidence to 
untangle the environmental factors (such as poverty and the 
corresponding poor nutrition and lack of access to prenatal 
care) from alcohol and substance abuse-related factors is 
limited, confl icting, or nonexistent.

The impact of prenatal alcohol and other substances on 
infant and child development presents other challenges. 
Although animal studies have shown that ethanol and drugs 
reduce the density of cortical neurons and change dendritic 
connections, the signifi cance to human development is unclear 
[12]. Studies of behaviors in animals have shown long-term 
changes, and abnormal neurobehavioral fi ndings in the 
newborn raise concerns about how those conditions may affect 
subsequent development.

Specifi c therapy for pregnancy

Psychologic and pharmacologic treatments are intertwined 
in managing pregnant patients with a chemical dependence. 
Support includes individual counseling, group therapy, exer-
cise, lifestyle change training, and self-help groups such as 
Alcoholics Anonymous and Cocaine Anonymous. Relapse 
prevention methods, which utilize peer support and learning 
principles, are directed toward avoiding situations that elicit 
conditioned cravings for substances of abuse and toward 
developing better coping skills. Under supervision, mothers 
can become drug-free, learn effective parenting skills, and 
experience improved relationships with their children. This 
reunifi cation model with her family also unburdens foster 
care systems by assuring the safety of the child(ren) in a thera-
peutic milieu.

Forms of behavioral therapy include self-management pro-
cedures, relaxation training, contingency contracting, and 
skills training. Contingency contracting involves rearranging 
that individual’s environment so that positive consequences 
follow desired behavior, while either negative or neutral con-
sequences follow undesired behaviors. These techniques 
require reinforcement from others, such as spouse or boy-
friend, other family members, employers, or health care pro-
viders. Individuals admitting to a relapse of substance use or 
having positive urine drug screening are subject to negative 
consequences.

Psychiatric disorders among substance users are so common 
that it is diffi cult to ascertain whether it contributed to or 
resulted from the substance use. In many instances, abstinence 
from substance use results in an amelioration of those condi-
tions. Specifi c pharmacotherapy may result in resolution 
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Table 3.2 Impact of in utero exposure of specifi c substances on the fetus and newborn infant and on obstetric complications*.

 Fetal/Neonatal Effects Obstetric Complications

Alcohol Microcephaly; growth defi ciency; CNS dysfunction including mental Spontaneous abortion

  retardation and behavioral abnormalities; craniofacial abnormalities 

(i.e., short palpebral fi ssures, hypoplastic philtrum, fl attened maxilla); 

behavioral abnormalities

Cigarettes No anomalies; reduced birthweight (200 g lighter) Preterm birth

  Placenta previa

  Placental abruption

  Reduced risk of preeclampsia

Cannabis No anomalies; corresponding decrease in birthweight; subtle Reduction of 0.8 weeks in length

Marijuana behavioral alterations of gestation

THC

Hashish

CNS sedatives No anomalies; depression of interactive behavior

Barbiturates

Diazepam

Flurazepam

Meprobamate

Methaqualone

CNS stimulants Excess activity in utero; congenital anomalies (heart? biliary atresia?); Spontaneous abortion

Antiobesity drugs depression of interactive behavior; urinary tract defects; symmetric

Amphetamines growth restriction; placental abruption; cerebral infarction; brain

Cocaine lesions; fetal death; neonatal necrotizing enterocolitis

Methylphenidate

Phenmetrazine

Hallucinogens No anomalies; chromosomal breakage (?) (LSD); dysmorphic face; Spontaneous abortion

LSD behavioral problems

Ketamine

Mescaline

Dimethyltryptamine

Phencyclidine (PCP)

Narcotics No anomalies; intrauterine withdrawal with increased fetal activity; Preterm delivery

Codeine depressed breathing movements; fetal growth restriction; perinatal Preterm rupture of the membranes

Heroin mortality Meconium stained amniotic fl uid

Hydropmorphone

Hydrocodone

Meperidine

Morphine

Opium

Pentazocine (and tripelennamine)

Inhalants Similar to the fetal alcohol and fetal hydantoin syndromes (?); growth Preterm labor

Gasoline restriction; increased risk of leukemia in children; impaired heme synthesis

Glue

Hairspray

Paint

CNS, central nervous system; LSD, lysergic acid diethylamide; THC, tetrahydrocannibalol (marijuana).

* ≥Two investigations in humans as reported in reference [9].
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of both the psychiatric disorder and the substance use 
among women whose psychiatric disorder either antedated 
the substance use or coexisted with the addiction process 
[12,13].

We constantly look for signs of substance overdose and 
withdrawal. Unusual behavior, agitation, dilated or con-
stricted pupils, elevated or decreased blood pressure, rapid or 
slow heart rate or respiratory rate, and altered refl exes are 
sought. These should not be confused with physiologic adap-
tive changes of pregnancy.

Select drug therapy with extensive counseling is an 
important modality. A prime example is methadone, which 
has been prescribed for years in treating opiate dependence 
during pregnancy. Opiate addiction leads to receptor 
system dysfunction and affects a patient’s ability to remain 
abstinent. Methadone maintenance (usually 40–120 mg/day) 
reduces the risk of relapse, enhances retention in treatment 
and prenatal programs, and improves perinatal outcome 
[14,15]. We do permit breastfeeding during methadone 
maintenance therapy. Unfortunately, other forms of mainte-
nance therapy for alcohol or other substance use (cocaine, 
methamphetamine) are not prescribed during pregnancy 
[13]. Benzodiazepines and phenobarbital are used to with-
draw pregnant women who abuse alcohol and sedative-hyp-
notics. There is no conclusive evidence about effects of these 
drugs on withdrawal and long-term consequences during 
pregnancy.

Cocaine dependence remains a major public health problem 
because of the high relapse rates and poor treatment responses. 
Drug trials for cocaine addiction (tricyclic antidepressants, 
dopamine agonists, lithium, amino acids, and vitamins) have 
not been conducted during gestation and are not universally 
effective. Cocaine blocks the uptake of neurotransmitters, 
leading to their depletion. Further research is needed to deter-
mine whether dopamine agonists (bromocriptine, amanta-
dine), used to replenish neurotransmitters from cocaine 
exposure, are effective and safe.

The obstetrician and other care givers can approach the 
pregnant woman who smokes in a stepwise manner. Patients 
who smoke should be advised to stop by providing clear, 
strong advice to quit with personalized messages about the 
benefi ts of quitting and the impact of continued smoking on 
the woman, fetus, and newborn [16]. Her willingness to 
attempt to quit smoking should be assessed within the next 
30 days. Patients interested in quitting should be assisted by 
providing pregnancy-specifi c, self-help smoking cessation 
materials. Regular follow-up visits are encouraged to track the 
progress of the patient’s attempt to quit smoking. Nicotine 
gum and patches should be considered for use during preg-
nancy only when nonpharmacologic treatments (e.g., coun-
seling) have failed, and if the increased likelihood of smoking 
cessation, with its potential benefi ts, outweighs the unknown 
risk of nicotine replacement and potential concomitant 
smoking.

Comprehensive prenatal care

Care should be conducted by professionals with expertise and 
training in the area of substance use. The most common com-
plaint by health care professionals is the feeling of ineffective-
ness, because their patients are generally unmotivated, 
noncompliant, and diffi cult to retain in treatment [3,17]. 
Involving patients with treatment of their substance use is not 
a guarantee that they will seek prenatal care. Certain persons 
have either “kicked the habit” or feel that their habit is too 
infrequent for multidisciplinary care. Professionals willing to 
work with this population must tackle the many issues associ-
ated with substance use: poverty, lack of education and job 
training, poor parenting skills, domestic violence in the form 
of physical and sexual abuse, child abuse, family and other 
personal relations, communicable disease, child develop-
ment, and such psychiatric disorders as depression, anxiety, 
post-traumatic stress disorder, and psychosis.

The most important aspect of this comprehensive preven-
tive care is to encourage a woman to take an active role in 
reaching her ultimate goal: a drug-free environment for the 
fetus. Several reports exist about substance use treatment in 
multidisciplinary prenatal settings. These studies suggest that 
even minimal drug interventions (such as methadone mainte-
nance) and counseling, combined with prenatal care, can lead 
to better pregnancy and infant outcomes [17,18]. Although 
comprehensive interventions such as this show promise for 
reducing substance use and harm to the fetus, few clinics in 
any community are solely dedicated to screening, assessing, 
and treating pregnant addicts.

Favorable outcomes relate directly to the time dedicated by 
the experienced multidisciplinary team [18,19]. Providers 
need to be sensitive to the feelings and cultural background of 
pregnant substance-using women and offer care in an envi-
ronment that is supportive, nurturing, and nonjudgmental. 
As the patient becomes more involved, a strong and more pos-
itive relationship develops between patient and staff. The 
ability to be fl exible and to provide an environment that is safe 
and fosters self-esteem and interpersonal growth is essential. 
Comfort levels of medical students toward pregnant women 
with substance use disorders can improve with experience at 
these clinics during their clerkship training [20].

Organization of primary/preventive care, laboratory, and 
behavioral services at our specialized prenatal clinic are shown 
in Table 3.3 [18]. This comprehensive program serves not only 
chemically dependent pregnant and postpartum women, but 
also their infants and children. It has long been our goal to 
promote not only cessation of alcohol, tobacco, and other sub-
stance use, but also to effect change in patients’ lifestyles in a 
holistic sense. Substance use in pregnancy involves not only 
the woman, but entangles the family and whole community.

Each patient enrolled in our program receives prenatal care 
using a protocol established for chemically dependent women. 
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Table 3.3 Organization of laboratory, behavioral, and primary/prenatal care services in a comprehensive prenatal care program. Adapted from Bolnick J and 

Rayburn W. Substance use disorders in women: special considerations. Obstet Gynecol Clin North Am 2003;30:545–59 with permission.

Visit Primary/Prenatal Care Labs/Studies/Consents Behavioral Counseling

New OB Discuss proper nutrition Thorough drug use history Assess patient’s willingness/

  and supplements  (past and present)  attempt to quit

 Focus on any poor obstetric Thorough physical exam  Encourage attendance at

  history (IUFD, repeated  (signs of current/recent use)  Milagro counseling sessions/

  losses, anomalies, preterm New OB labs, HIV (need  methadone group

  deliveries, LBW)  consent); UDM; Urine C&S Identify barriers to quitting and

 Smoke cessation, alcohol Place Tbc skin test and order  help identify solution

  avoidance  hepatitis panel, LFTs Counsel patient regarding potential

  Dating ultrasound   anomalies, fetal effects, and high 

risk problems (preterm labor, 

abruption, preeclampsia) that 

could occur with the particular 

drug being abused 

    Discuss/treat comorbid disorders 

 (depression, anxiety)

15–19 wk Examine oral cavity;  MSAFP (need consent) Motivational counseling for

  review oral hygiene Check UDM  successes/failures

 Discuss elements of prenatal Consider ultrasound to Encourage continued attendance

  care; avoid frequent  r/o anomalies  at counseling sessions/groups

  emergency visits  Educate and answer questions

 Review STD labs    regarding effects of particular 

drug on her fetus at this stage

20–24 wk Encourage compliance  Observe for signs of

  with appointments   withdrawal/overdose

 Fitness counseling; smoke  Inquire about job satisfaction

  cessation  Discuss any issues relating to

 Discuss asthma and URIs   prostitution or incarceration

25–28 wk Examine skin (cellulitis, 1 h glucola and Hct Encourage continued attendance

  abscesses, phlebitis, acne, Check UDM  at counseling sessions/groups

 lymphedema, dermatitis) Rh-immunoglobulin (if Rh neg)  Educate regarding effects of particular

 Discuss signs and symptoms    drug on her fetus at this stage and

  of hepatitis, pancreatitis   on neonatal withdrawal symptoms

 Explain about preterm   and complications

  labor/PPROM precautions

29–30 wk Use of safety belts; fi rearms Consent for any tubal Observe for signs of overdose/

 Discuss about urinary tract  ligation  withdrawal

  infections  Focus on any psychiatric history

  Postpartum contraception 

 counseling

31–32 wk Discuss headaches Begin daily fetal movement Encourage attendance of

 Encourage childbirth classes  charting  counseling sessions

 Discuss safe sex  Ask about current drug use

   Discuss domestic violence

33–34 wk Review vaccination history Repeat hepatitis panel, Motivational counseling

  (rubella, tetanus,  LFTs (if Hep C+)  for successes/failures

  travel immunizations, Repeat RPR and HIV Observe for signs of

  infl uenza, pneumococcal) Check UDM  overdose/withdrawal

 Encourage childbirth classes   Discuss/make plans for ongoing

 Discuss asthma and upper   counseling/drug treatment

  airway problems   postpartum
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Table 3.3 Continued.

Visit Primary/Prenatal Care Labs/Studies/Consents Behavioral Counseling

35–36 wk Discuss breastfeeding issues Consider ultrasound Inquire about support at home

  related to particular drug  for fetal growth  Educate about potential neonatal

  being abused GC/chlamydia/GBS cultures  withdrawal symptoms and

 Discuss breast conditioning   complications

  and disorders  Discuss future employment

37 wk Rediscuss labor precautions Check UDM Motivational counseling for

 Confi rm pediatrician/family   successes/failures

  physician  Encourage continued attendance at

 Review plans for postpartum   counseling sessions/groups

  contraception  Ask about current drug use

    Review social work support 

 (Los Pasos) and ongoing 

 counseling/drug treatment

≥38 wk Explain about postpartum   Educate about analgesic options

  “blues” and anatomic   during labor 

  changes   Educate about potential neonatal 

  withdrawal symptoms and 

complications

6 wk PP Provide birth control Pap; GC/C Ask about current drug use

  counseling and  Screen for depression

  prescriptions  Encourage continued attendance at

 Review written information   counseling sessions/groups

  about general health  Discuss employment plans

  care/annual exam

C&S, culture and sensitivity; GBS, group B streptococcus; GC/C, gonorrhea/chlamydia; Hct, hematocrit; IUFD, intrauterine fetal death; LBW, low birth weight; 

LFT, liver function test; MSAFP, maternal serum alpha fetoprotein; OB, obstetric; Pap, Papanicolaou smear; PPROM, preterm premature rupture of the 

membranes; Rh, Rhesus; r/o, risk of/rule out; RPR, rapid plasma reagin test; STD, sexually transmitted disease; Tbc, tuberculosis; UDM, urine, drug and metabolites; 

URI, upper respiratory infection.

This protocol includes bi-monthly prenatal visits (until 32 
weeks, then weekly), ultrasound to monitor fetal growth and 
to promote maternal bonding with the unborn baby, proper 
dating of the pregnancy, and 24-hour-a-day on-call staff. 
Patients are screened at least twice during pregnancy for hepa-
titis B and C, HIV, chlamydia, gonorrhea, and syphilis. Tuber-
culosis skin testing is undertaken at the initial visit. Routine 
counseling about healthy pregnancy includes nutrition coun-
seling, childbirth classes, tours of the inpatient obstetrics and 
newborn facilities, analgesia/anesthesia classes (including 
regional, IV, and local anesthesia), and breastfeeding.

Hospital and postpartum care

Ideally, the same physicians or midwives providing prenatal 
care will see the patient in the hospital. The residents, fellows, 
and staff rotate at our clinic, and these doctors will be the 
caregivers during the labor process. Notifi cation of anesthesia 
staff about any substance use is recommended. In this man-
ner, continuity of care is maintained and patients feel more 

secure during the transition from pregnancy to care of the 
infant.

Many states require hospitals to report pregnant women 
suspected of heavy alcohol and other drug use to local public 
health authorities or the criminal justice system when the 
women present for delivery [17]. This reporting may cause 
women to be even more wary of acknowledging their problem 
and of seeking prenatal care and hospital delivery, particu-
larly if they have other children who are in the custody of Child 
Protective Services (CPS) or who are living with relatives. In 
many states, protective services, foster care placements, and 
review boards base their decisions on whether to return a child 
to the mother on the length of time the child is away from the 
mother. These decisions serve as deterrents to women seeking 
effective long-term substance abuse treatment if childcare is 
unavailable.

Many chemically dependent women lose interest in the 
clinics once the baby has been delivered. If the neonate is 
healthy, the new mother may feel that her drug use is not that 
dangerous. It is the moral responsibility of the substance use 
program not to let these patients become lost to follow-up. 
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Once this happens, the patient is set up for failure and often 
reverts back to substance use.

Among nonpregnant women, substance use rates are lower 
for recent mothers than for women who are not recent mothers 
[2]. Health professionals need to continue monitoring women 
after delivery for signs and symptoms of substance use. These 
nonpunitive monitoring efforts are intended to identify behav-
iors in adults that can reduce attention to children and to 
spot developmental delays in children before beginning early 
intervention services.

Case presentation

VC is a 26-year-old G3P1021, seen for a postpartum examina-
tion after scant prenatal care. Six weeks ago, she delivered vag-
inally a 32w 2d fetus weighing 4 lbs 5 oz after preterm ruptured 
membranes and labor. The nonanomalous infant was dis-
charged from the intensive care nursery 4 weeks later and is 
now being cared for by the grandmother. The patient declined 
to breastfeed.

She admits to using heroin and crack cocaine during the 
pregnancy but has not been using for 3 months. She was begun 
on 95 mg methadone late during her pregnancy and increased 
her dose after delivery. There is a history of poor family rela-
tionships, sexual and physical abuse, depression, housing and 
transportation diffi culties, and limited prostitution. She was 
charged with drug possession once and with parole violations 
three times. Her prenatal laboratory tests were positive for 
hepatitis C, atypical squamous cells of undetermined signifi -
cance (ASCUS) on Papanicolaou (Pap) test, and hematocrit 
34% (microcytic hypochromic anemia).

Her pelvic examination revealed normal reparative changes. 
A Pap test and cultures were obtained. She is not currently sex-
ually active, although the baby’s father is on parole. Our plan 
was to arrange for an intrauterine device (IUD) placement fol-
lowing discussion about various methods of contraception. If 
an ASCUS result persists on cervical cytology, human papillo-
mavirus (HPV) testing may be useful to detect high risk (16 or 
18) serotypes and colposcopy would be performed.

The patient is currently living at a shelter. Our social work 
staff continue to assist on housing, employment, and legal 
issues. Counseling has already helped her in overcoming her 
drug abuse and in developing a more stable family relation 
to maintain social support and a closer relation with 
her infant. Precautions were given about hepatitis C transmis-
sion. She is aware that there is no good treatment for hepatitis 
C. Interferon is very expensive, has many side-effects, and is 
not 100% effective in eradicating the infection.
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4 Environmental agents and 
reproductive risk
Laura Goetzl

Obstetricians are frequently asked about the reproductive 
risks of specifi c environmental, work-related, or dietary 
exposures. While few exposures have been associated with 
a measurable increase in risk of congenital anomaly, fetal 
death, or growth impairment, ongoing research continues to 
identify new areas of concern. Research linking low levels of 
environmental exposures is hampered by the cost and diffi -
culty of prospective cohort studies with accurate ascertain-
ment of exposure to specifi c agents at various gestational 
periods. In this chapter, we discuss the principles concerning 
the evaluation of the developmental toxicity of occupational 
and environmental exposures in general, and review selected 
agents that have been associated with reproductive toxicity.

Background incidence of adverse outcome

Increased attributable risk of an individual environmental 
agent must be placed in the context of the background inci-
dence of adverse pregnancy outcome in the general popula-
tion. Approximately 30% of recognized pregnancies result in 
miscarriage and 3% result in children with major malforma-
tions, defi ned as a malformation requiring medical or sur gical 
attention, or resulting in functional or cosmetic impairment. 
This high background risk introduces statistical problems in 
the identifi cation of toxicity. If the increase in adverse outcome 
is relatively small, it is likely to go undetected unless the study 
sample size is quite large.

Biologic evidence of toxicity

Two types of evidence are generally employed when evaluat-
ing agents for evidence of reproductive toxicity: animal studies 
and epidemiologic studies in human populations.

Studies with experimental animals offer the advantage of 
studying varying levels of exposure (from minimal to substan-
tial) at specifi c key developmental time periods. In addition, 

outcomes are standardized and typically include measures 
of fertility, fetal weight, viability, and presence and patterns 
of malformations. If low doses of a compound produce an 
increase in malformations, a role for the agent in disrupting 
embryo development is possible. Limitations of animal testing 
include species variations in toxicity (i.e., compounds may be 
toxic to human embryos but not to various animal embryos, 
and vice versa). Further, evaluation of functional attributes 
such as behavior or immunocompetence is not a part of stand-
ard testing schemes. Therefore, absence of toxicity in animal 
protocols provides only limited information on possible 
adverse effects on human development.

Human epidemiologic studies can be subdivided, in in-
creasing order of scientifi c merit, into case reports, case–control 
studies, retrospective cohort studies, and well-designed pro-
spective cohort studies. Often, case reports of malformations 
or pregnancy loss will emerge fi rst, raising hypotheses that 
lead to further study. However, case reports alone are insuffi -
cient evidence to establish the presence or degree of risk. The 
evaluation of toxicity requires comprehensive assessment of 
both exposures and of outcomes. Accurate occupational and 
environmental exposures are diffi cult to measure in humans 
and it is even more diffi cult to pinpoint precise exposure at a 
specifi c gestational age. Outcome assessment can also be diffi -
cult because the identifi cation of abnormalities in children is 
affected by the age of the child and the thoroughness with 
which abnormalities are sought. Relying on birth certifi cates 
or obstetrician reports, for example, will yield a lower rate of 
identifi cation of abnormalities than will examination by a 
trained dysmorphologist using a standardized assessment 
protocol.

General principles

Principles of reproductive toxicity apply to environmental 
agents just as they do to pharmaceuticals and these principles 
are summarized here. These ideas were popularized by Wilson 
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[1] in the 1950s based on his work with experimental animals, 
but they remain applicable decades later in a discussion of 
human risk.
1 A large proportion of adverse outcomes are unrelated to 
exposures. Only 5% of congenital malformations are estimated 
to be attributable to exposure to a chemical agent or pharma-
ceutical [2].
2 A specifi c agent may be nontoxic at low doses but toxic at 
higher doses. For example, X-ray exposures during pregnancy 
of ≥50 rad have been associated with microcephaly and mental 
retardation, but X-ray exposures in the range of most diagnos-
tic procedures (<1 rad) are not associated with an increase in 
adverse pregnancy outcome.
3 Each fetus will respond differently to a given exposure 
based on their genetic susceptibility and other factors. For a 
given toxic exposure, responses can range from unaffected to 
signifi cantly affected.
4 The timing of exposure during pregnancy will infl uence the 
response. Target tissues will have different sensitivities to tox-
icity at different times during gestation. Although the fi rst tri-
mester is the most typically sensitive time period for many 
congenital malformations (e.g., limb and heart defects), there 
are a number of examples of severe toxicity from exposures at 
other times in pregnancy. For example, agents that affect fetal 
growth and neurologic development, such as mercury and 
ethanol, will continue to be toxic throughout the second and 
third trimesters.
5 Toxicity must occur via a biologically plausible mechanism. 
Therefore, chemicals that cannot cross the placenta or agents 
such as microwaves that cannot penetrate into the uterus are 
unlikely causes of reproductive toxicity.

Specifi c agents

Research demonstrating adverse reproductive effects of 
various chemical and environmental agents is continuously 

evolving. In this section we present a snapshot of the current 
knowledge. Computerized databases are available and can 
provide access to regularly updated summaries of chemical 
exposures (Table 4.1).

Lead

Lead can cross the placenta readily [3,4]. In women with sig-
nifi cant occupational lead exposure (pottery glazes, batteries), 
rates of stillbirth and miscarriage are increased [5] as well as 
rates of premature rupture of membranes and premature birth 
[6–8]. Over time, with the reduction in lead alkyl additives in 
gasoline and the use of lead-based paints, lead levels in women 
of reproductive age have declined. Surveillance from the 1980s 
suggested that 9% of white women and 20% of African-Ameri-
can women exceeded blood lead levels of 10 µg/dL [9]. More 
recently, overall percentages have declined to 0.5% [10].

While signifi cant occupational exposures are rare in the 
USA, lower levels of perinatal lead exposure have been linked 
to adverse reproductive outcomes. Even mild elevations in 
maternal lead levels have been associated with an increased 
risk of miscarriage (5–9 µg/dL, odds ratio [OR] 2.8; 10–14 µg/
dL, OR 5.4; ≥15 µg/dL, OR 12.2) [11]. Increased maternal bone 
lead levels, but not serum levels, have also been associated 
with a minor increased risk of pregnancy-induced hyperten-
sion [12]. Cord blood concentrations less than 30 µg/dL, and 
perhaps as low as 10 µg/dL [13,14], have been linked to meas-
urable defi cits in early cognitive development. Although the 
results are not consistent, elevated maternal lead levels during 
pregnancy have been associated with lower IQ scores at age 8 
[15] and tests of attention and visuoconstruction at ages 15–17 
[16]. Although isolated studies have linked maternal lead 
exposure to an increased fetal risk of neural tube defects [17] 
and total anomalous pulmonary venous return [18], these 
fi ndings have not been consistent.

Sources of lead exposure include lead solders, pipes, stor-
age batteries, construction materials (e.g., lead-based paints), 

 

  Individual 
Source Web Address Practitioner Cost 2005

Reprotox http://www.reprotox.org $199.00/year

Teris http://depts.washington.edu/terisweb/teris/ $1000.00/year

 Individual Toxin Summary $3.50–15.00/report

Reprorisk http://www.micromedex.com/products/reprorisk/ $500.00/year

OTIS http://www.otispregnancy.org/ Free

 Limited number of fact sheets for download

Toxnet http://toxnet.nlm.nih.gov/ Free

DART Developmental and Reproductive

 Toxicology Database Free

 http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?DARTETIC

Table 4.1 Reproductive toxicology sources.
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dyes, and wood preservatives. A validated questionnaire for 
screening pregnant women is not available. Risk factors for 
maternal lead levels that exceed 10 µg/mL include occupa-
tional exposures and house remodeling; however, screening 
high-risk women still fails to identify approximately 30% of 
cases [19]. Women at risk of lead exposure should be 
evaluated prior to pregnancy. If the blood level is higher than 
30 µg/dL, chelation therapy should be considered prior to 
conception. There is no agreement on how to manage women 
with lower levels of blood lead, although our preference at the 
time of writing would be to use chelation therapy to reduce 
blood lead concentrations to 10 µg/dL or less. Pregnancy itself 
may lead to a mobilization of bone stores of lead, with 
increased exposure [20–22]. Calcium treatment (1000–
1200 mg/day) decreases bone mobilization during pregnancy 
and may provide modest reduction of maternal blood 
lead levels during pregnancy (–1 µg/dL) [21,23]. Current 
pregnancy is a relative contraindication to chelation 
therapy as ethylenediaminetetra-acetic acid (EDTA) may 
chelate other key minerals necessary for development and 
has been linked to malformations in animal models [24]. 
Chelation therapy during pregnancy should be individual-
ized based on the maternal serum lead level and the gesta-
tional age.

Mercury

Methyl mercury, a byproduct of such industries as incinera-
tion of solid waste and fossil fuel combustion facilities, pol-
lutes our oceans and waterways. Methyl mercury crosses the 
placenta freely and accumulates in fetal tissues at concentra-
tions exceeding maternal levels [25,26]. At high levels, methyl 
mercury can result in fetal neurotoxicity with microcephaly, 
cerebral palsy, deafness, and blindness (Minimata Bay, Japan 
[27,28]), but is not reproducibly associated with congenital 
malformations. However, most exposure to mercury occurs at 
low levels from fi sh consumption (methyl mercury), dental 
amalgams (mercury vapor), or the vaccine preservative thime-
rosal (ethyl mercury). Thimerosal has been removed from 
most vaccines in the USA and is therefore an unlikely potential 
source of exposure.

Fish consumption remains a modifi able source of fetal and 
childhood mercury exposure. Several large cohort studies 
have addressed the effects of low levels of in utero mercury 
exposure from maternal fi sh consumption on neuropsycho-
logic development. Studies from the Faroe Islands (>1000 
mother–infant pairs) and New Zealand (237 pairs) [29,30] 
found subtle defi cits in language, attention, intelligence, and 
memory in school-aged children. Another, more recent study 
from the Seychelles (779 mother–infant pairs) did not fi nd an 
association between in utero mercury exposure and outcome 
at 9 years; however, the fi nal power to detect these outcomes 
was only 50% [31]. In 2001, based on these fi ndings and a 2000 
report from the National Research Council (NRC) [32], the 

Environmental Protection Agency (EPA) issued advice urging 
pregnant women to limit consumption of fi sh high in 
mercury (Table 4.2). A benchmark blood level of <5.8 µg/L 
was recommended by the NRC; exposure above this level 
was associated with a doubling in the risk of adverse neuro-
logic outcomes. Among women of childbearing age in 
the USA between 1999 and 2002, between 4 and 8% exceeded 
this benchmark level [33]. More recent iterations of this 
advice balance concerns over mercury exposure with the 
known benefi ts of fi sh consumption (www.epa.gov/ost/
fi shadvice/factsheet.html). Moderate intake of relatively 
safer fi sh should not be discouraged, as increasing fi sh con-
sumption has been linked with higher measures of infant 
cognition [34,35].

Mercury exposure from dental amalgams is usually a low 
level and is not easily modifi ed. Both placement and removal 
of dental amalgams is associated with transient increased 
levels of mercury exposure and should be avoided during 
pregnancy [36,37]. Dental personnel may also be exposed to 
inorganic mercury in vapors released from dental amalgams. 
Although evidence of documented harm in dental personnel 
is limited, current studies lack the power to detect subtle 
neurodevelopmental defi cits. Safe levels of mercury during 

Table 4.2 Commercial fi sh and levels of mercury

High levels. Avoid in pregnancy

Swordfi sh

Shark

King mackerel

Tile fi sh

Moderate levels. Limit consumption to 6 oz/week

Canned albacore tuna

Fresh tuna

Orange roughy

Halibut

Grouper

Sea bass

Local fi sh if no specifi c information is available

Low levels. Limit consumption to 12 oz/week

Shrimp

Canned light tuna

Salmon

Pollack

Catfi sh

Haddock

Scallops

Tilapia

Web Links

http://epa.gov/waterscience/fi sh/states.htm

Provides state by state links on local fi sh advisories

http://www.cfsan.fda.gov/~frf/sea-mehg.html

Provides mercury levels in commercially bought fi sh
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pregnancy have not been established although suggested 
guidelines are that environments have a mercury vapor con-
centration less than 0.01 mg/m3 (one-fi fth of Occupational 
Safety and Health Administration [OSHA] limits of 
0.05 mg/m3).

Pesticides and herbicides

A diverse group of agents is used to control pests such as 
insects and unwanted plants. While most exposures are agri-
cultural, signifi cant household exposure can occur, especially 
in the inner city [38]. The majority of pesticides cross the pla-
centa readily [38]. Methodologically, it is diffi cult to isolate a 
single agent in epidemiologic studies; exposure to pesticides 
has been estimated by maternal recall, proximity to agricul-
tural pesticide use, or maternal pesticide levels. Several studies 
have linked occupational exposure to pesticides with an 
increased risk of miscarriage [39,40] and birth defects such as 
musculoskeletal [41,42] and limb reduction abnormalities 
[43]. No association or weak associations have been found 
between parental pesticide exposure and adverse pregnancy 
outcomes including low birthweight [44], preterm delivery, or 
early neurodevelopmental outcomes [45]. While several 
maternal recall case–control studies have linked household 
pesticide use with an increased risk of childhood cancer 
[46,47], no association was found when exposure was esti-
mated by proximity to agricultural pesticide use [48]. Mini-
mizing occupational pesticide exposure through the use of 
protective clothing, adequate ventilation, respiratory masks, 
and hand washing is recommended. Limiting everyday expo-
sure by minimizing household pesticide use (especially aero-
solized pesticides), washing fruits and vegetables or buying 
organic produce is of uncertain benefi t, but is easily 
accomplished.

Polychlorinated biphenyls

Polychlorinated biphenyls (PCBs) are a heterogeneous group 
of more than 200 lipid-soluble chemicals that were used exten-
sively in industry until 1979, particularly in the manufacture 
of electrical transformers. Low-level maternal exposure is 
largely related to meat, dairy, and fi sh consumption, particu-
larly fi sh from contaminated areas such as the Great Lakes. 
PCBs cross the placenta easily (fetal to maternal serum ratios 
of 0.6 : 1.1) and also accumulate in human breastmilk (breast-
milk to maternal ratios of 0.6 : 1.8) contributing to postnatal 
exposure [49]. The overall effect on birthweight appears to be 
modest (290 g difference between <10th and >90th percentile 
exposure) [50] in some studies and insignifi cant in others [51]. 
Studies of in utero exposure to low levels of PCBs and subse-
quent neurodevelopment have produced various results. 
Several studies have shown no relationship between maternal 
serum levels of PCBs and mental and motor development in 
infancy/early childhood [52] and at school age [53,54]. Other 

studies have suggested minor defi cits in attention, memory, 
and motor skills in vulnerable populations of children; defi cits 
were not observed in children in more advantageous circum-
stances or in those who were breastfed [55,56]. Local fi sh advi-
sories should be consulted to determine which fi sh should not 
be eaten during pregnancy (http://epa.gov/waterscience/
fi sh/states.ht).

Organic solvents

Many women work in industries where they may be exposed 
to organic solvents including dry cleaning and manufacturing 
using solvent-based adhesives, paints, or lacquers. Common 
organic solvents include toluene, benzene, and xylene. Signifi -
cant occupational exposure has been associated with small 
(160 g) reductions in birthweight and an increased risk of 
major malformations (relative risk [RR] 13.0; 95% confi dence 
interval [CI] 1.8–99.5) [57]. The risk of any major malformation 
was 10% and the overwhelming majority of malformations 
occurred in women with symptomatic exposure. Maternal 
occupational exposure to solvents is also associated with 
increased rates of hyperactivity [58] and with subtle decreases 
in visual acuity and abnormalities in red/green color vision 
[59]. Purposeful maternal solvent abuse (sniffi ng) has been 
associated with a fetal syndrome similar to fetal alcohol syn-
drome in 12.5% of cases, as well as major malformations 
(16.1%) and neonatal hearing loss (10.7%) [60]. Occupational 
exposure to solvents should be identifi ed and minimized; sim-
ilarly women should avoid exposure to solvents at home, 
especially in poorly ventilated areas.

Video display terminals

Initial concerns regarding the reproductive risks of video 
display terminals (VDTs) centered on early reports linking 
occupational exposure with an increased risk of spontaneous 
pregnancy loss [61]. However, subsequent well-designed 
studies suggested no increased risk [62,63]. Therefore patients 
can be reassured that there are no known fetal risks associated 
with working at VDTs.

Case presentation

Your patient, a 38-year-old G1, presents at 8 weeks’ gestation 
for her fi rst prenatal visit. She reports that her husband is an 
avid fi sherman and she is concerned about the risks of mercury 
and other toxins to her pregnancy from eating fi sh that he has 
caught. On the other hand, she does not want to mortally 
offend him by spurning his fi sh if the risks are low.

Adequately counseling this patient requires knowledge 
both of the amount of fi sh that your patient is consuming and 
local fi sh advisories. Local fi sh advisories are common 
(Fig. 4.1) and links to those in your area can be reached on the 
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Internet at http://epa.gov/waterscience/fi sh/states.htm. 
Possible fi sh contaminants triggering a local advisory include 
mercury, PCBs, chlordane, dioxins, and DDT. Patients should 
be advised not to consume any locally caught fi sh covered by a 
fi sh advisory during pregnancy. If no advisory is found, the 
patient may be counseled that she can eat up to 6 oz (one 
average meal) per week of fi sh her husband catches from local 
waters. However, she should not consume any other fi sh 
during that week. At the same time, the potential health bene-
fi ts to her fetus of fi sh consumption during pregnancy should 
be reviewed. Ideally, fi sh consumption should continue 
during pregnancy, but should be limited to fi sh and shellfi sh 
with relatively low levels of contaminants, especially mercury. 
Locally caught fi sh may not be ideal for this purpose, espe-
cially in the Great Lakes area. Refrigerator magnets with the 
EPA Fish Advisories’ website address and a message on the 
risks and benefi ts of fi sh consumption can be obtained free of 
charge by calling (800) 490-9198.

References

 1 Wilson JG. Current status of teratology: general principles and 
mechanisms derived from animal studies. In: Wilson JG, Fraser 
FC, eds. Handbook of Teratology. New York: Plenum, 1977: 47–74.

 2 Czeizel A, Rácz J. Evaluation of drug intake during pregnancy in 
the Hungarian case–control surveillance of congenital anomalies. 
Teratology 1990;42:505–12.

 3 McClain RM, Becker BA. Teratogenicity, fetal toxicity, and 
placental transfer of lead nitrate in rats. Toxicol Appl Pharmacol 
1975;31:72–82.

 4 Barltrop D. Transfer of lead to the human feotus. In: Barltrop D, 
Burland WL, eds. Mineral Metabolism in Pediatrics. Oxford: 
Blackwell Science, 1969: 135–51.

 5 Scanlon JW. Dangers to the human fetus from certain heavy 
metals in the environment. Rev Environ Health 1975;2:39–64.

 6 Nogaki K. On action of lead on body of lead refi nery workers: 
particularly conception, pregnancy and parturition in case of 
females and on vitality of their newborn. Igaku Kenkyu 
1957;27:1314–38.

 7 Fahim MS, Fahim Z, Hall DG. Effects of subtoxic lead levels on 
pregnant women in the state of Missouri. Res Commun Chem Pathol 
Pharmacol 1976;13:309–31.

 8 Wilson AT. Effects of abnormal lead content of water supplies on 
maternity patients. Scott Med J 1966;11:73–82.

 9 Crocetti AF, Mushak P, Schwartz J. Determination of numbers of 
lead-exposed women of childbearing age and pregnant women: 
an integrated summary of a report to the US Congress on 
childhood lead poisoning. Environ Health Perspect 1990;89:121–4.

10 Brody DJ, Pirkle JL, Kramer RA, et al. Blood lead levels in the US 
population. Phase I of the Third National Health and Nutrition 
Examination Survey (NHANES III). JAMA 1994;272:277–83.

11 Borja-Aburto VH, Hertz-Picciotto I, Lopez MR, et al. Blood lead 
levels measured prospectively and risk of spontaneous abortion. 
Am J Epidemiol 1999;150:590–7.

12 Rothenburg SJ, Kondrashov V, Manalo M, et al. Increases in 
hypertension and blood pressure during pregnancy with 
increased bone lead levels. Am J Epidemiol 2002;156;1079–87.

13 Bellinger D, Leviton A, Waternaux C, Needleman H, Rabinowitz 
M. Longitudinal analyses of prenatal and postnatal lead exposure 
and early cognitive development. N Engl J Med 1987;316:1037–43.

14 Dietrich KN, Krafft KM, Bornschein RL, et al. Low-level fetal lead 
exposure effect on neurobehavioral development in early infancy. 
Pediatrics 1987;80:721–30.

16

17
8

0

0

3
53

14 26

25

22

36

7

47

1

16

11

115

113

VT = 12
NH = 9

RI = 23
CT = 19

NJ = 110
DE = 22
MD = 38
DC = 1

MA = 147

153
133

1,058

198
104

16

6

9

9 47

17

64
2

11

31
61

123

218

2

5

5

2004 Total = 3221

AS = 1 (0)

Advisories exist for
specific waterbodies only
Statewide lakes only advisory
included in count
Statewide rivers and lakes advisory
included in count
Statewide coastal advisory included
in count
Statewide advisory for marine fish included in count
No advisories for chemical contaminants

GU = 0 (0)
VI = 1 (0)
PR = 0 (0)

527

Fig. 4.1 Fish consumption advisories by state 

(2004 data, from Environmental Protection 

Agency [EPA]). Please note that states may have a 

different counting method for fi sh advisories from 

the national method, so advisory in the fi gure may 

be slightly different from those reported by 

individual states.



Chapter 4

36

15 Wasserman GA, Liu X, Popovac D, et al. The Yugoslavia 
Prospective Lead Study: contributions of prenatal and postnatal 
lead exposure to early intelligence. Neurotoxicol Teratol 
2000;22:811–8.

16 Ris MD, Dietrich KN, Succop PA, et al. Early exposure to lead and 
neurophyschological outcome in adolescence. J Int Neuropsychol 
Soc 2004;10; 261–70.

17 Bound JP, Harvey PW, Francis BJ, et al. Involvement of 
deprivation and environmental lead in neural tube defects: a 
matched case–control study. Arch Dis Child 1997;76:107–12.

18 Jackson LW, Correa-Villasenor A, Lees PS, et al. Parental lead 
exposures and total anomalous pulmonary venous return. Birth 
Defects Res Part A Clin Mol Teratol 2004;70:185–93.

19 Fletcher AM, Gelberg KH, Marshall EG. Reasons for testing 
and exposure sources among women of childbearing age 
with moderate blood lead levels. J Community Health 1999;24:
215–27.

20 Gulson BL, Mizon KJ, Korsch MR, et al. Mobilization of lead from 
human bone tissue during pregnancy and lactation: a summary of 
long term research. Sci Total Environ 2003;303:79–104.

21 Gulson BL, Mizon KJ, Palmer JM, et al. Blood lead changes during 
pregnancy and postpartum with calcium supplementation. 
Environ Health Perspect 2004;112:499–507.

22 Manton WI, Angle CR, Stanek KL, et al. Release of lead from bone 
in pregnancy and lactation. Environ Res 2003;92:139–51.

23 Hernandez-Avila M, Gonzalez-Cossio T, Hernandez-Avila JE, et 
al. Dietary calcium supplements to lower blood lead levels in 
lactating women: a randomized placebo-controlled trial. 
Epidemiology 2003;14:206–12.

24 Brownie CF, Brownie C, Noden D, Krook L, Haluska M, Aronson 
AL. Teratogenic effect of calcium edetate (CaEDTA) in rats and 
the protective effect of zinc. Toxicol Appl Pharmacol 
1986;82:426–43.

25 Tsuchiya H, Mitani K, Kodama K, et al. Placental transfer of heavy 
metals in normal pregnant Japanese women. Arch Environ Health 
1984;39:11.

26 Bjornberg KA, Vahter M, Berglund B, Niklasson B, Blennow M, 
Sandborgh-Englund G. Transport of methylmercury and 
inorganic mercury to the fetus and breast-fed infant. Environ 
Health Perspect 2005;113:1381–5.

27 Matsumoto H, Koya G, Takeucki T. Fetal Minimata disease: a 
neuropathological study of two cases of intrauterine intoxication 
by a methyl mercury compound. J Neuropathol Exp Neurol 
1965;24:563–74.

28 Muramaki U. The effect of organic mercury on intrauterine life. 
Acta Exp Biol Med Biol 1972;27;301–36.

29 Grandjean P, Weihe P, White RF, et al. Cognitive defi cit in 7-year 
old children with prenatal exposure to methylmercury. 
Neurotoxicol Teratol 1997;19:417–28.

30 Crump KS, Kjellstrom T, Shipp AM, Silvers A, Stewart A. 
Infl uence of prenatal mercury exposure upon scholastic and 
psychological test performance: benchmark analysis of a New 
Zealand cohort. Risk Anal 1998;18:701–13.

31 Myers GJ, Davidson PW, Cox C, et al. Prenatal methylmercury 
exposure from ocean fi sh consumption in the Seychelles child 
development study. Lancet 2003;361:1686–92.

32 National Research Council. Toxicological effects of methylmercury. 
Washington D.C.: National Academy Press, 2000.

33 Blood mercury levels in young children and childbearing-aged 
women, United States, 1999–2002. MMWR Morb Mortal Wkly Rep 
2004;53:1018–20.

34 Oken E, Wright RO, Kleinman KP, et al. Maternal fi sh 
consumption, hair mercury, and infant cognition in an US cohort. 
Environ Health Perspect 2005;113:1376–80.

35 Daniels JL, Longnecker MP, Rowland AS, Golding J and the 
ALSPAC Study Team. Fish intake during pregnancy and early 
cognitive development of offspring. Epidemiology 
2004;15:394–402.

36 Molim M, Bergman B, Marklund SI, Schutz A, Skerfving S. 
Mercury, selenium and glutathione peroxidase before and after 
amalgam removal in man. Acta Odontol Scand 1990;48:189–202.

37 Razagui IB, Haswell SJ. Mercury and selenium concentrations in 
maternal and neonatal scalp hair: relationship to amalgam-based 
dental treatment received during pregnancy. Biol Trace Elem Res 
2001;81:1–19.

38 Whyatt RM, Barr DB, Camann DE, et al. Contemporary-use 
pesticides in personal air samples during pregnancy and blood 
samples at delivery among urban minority mothers and 
newborns. Environ Health Perspect 2003;111:749–56.

39 Arbuckle TE, Lin Z, Mery LS, Curtis KM. An exploratory analysis 
of the effect of pesticide exposure on the risk of spontaneous 
abortion in an Ontario farm population. Environ Health Perspect 
2001;109:851–7.

40 Garry VF, Harkins M, Lybuvimov A, Erickson L, Long L. 
Reproductive outcomes in the women of the Red River Valley of 
the North. The spouses of pesticide applicators: pregnancy loss, 
age at menarche and exposures to pesticides. J Toxicol Environ 
Health 2002;65:769–86.

41 Hemminki K, Mutanen P, Luoma K, Saloniemi I. Congenital 
malformations by the parental occupation in Finland. Int Arch 
Occup Environ Health 1980;46:93–8.

42 Garry VF, Schreinemachers D, Harkins ME, Griffi th J. Pesticide 
appliers, biocides and birth defects in rural Minnesota. Environ 
Health Perspect 1996;104:394–9.

43 Engel LS, O’Meara ES, Schwartz SM. Maternal occupation in 
agriculture and risk of adverse birth outcomes in Washington 
state, 1980–1991. Am J Epidemiol 2000;26:193–8.

44 Kristensen P, Ingens LM, Andersen A, Bye A, Sundheim L. 
Gestational age, birth weight, and perinatal death among births to 
Norwegian farmers, 1967–1991. Am J Epidemiol 1997;146:329–38.

45 Young JG, Eskenazi B, Gladstone EA, et al. Association between in 
utero organophosphate pesticide exposure and abnormal refl exes 
in neonates. Neurotoxicol 2005;26:199–209.

46 Daniels JL, Olshan AF, Savitz DA. Pesticides and childhood 
cancers. Environ Health Perspect 1997;105:1068–77.

47 Zahm SH, Ward MH. Pesticides and childhood cancer. Environ 
Health Perspect 1998;106:893–908.

48 Reynolds P, Von Behren J, Gunier RB, Goldberg DE, Harnly M, 
Hertz A. Agricultural pesticide use and childhood cancer in 
California. Epidemiology 2005;16:93–100.

49 DeKoning EP, Karmaus W. PCB exposure in utero and via 
breastmilk: a review. J Expo Anal Environ Epidemiol 
2000;10:285–93.

50 Hertz-Picciotto I, Charles MJ, James RA, Keller JA, Willman E, 
Teplin S. In utero polychlorinated biphenyl exposure in relation to 
fetal and early childhood growth. Epidemiology 2005;16:648–56.



Environmental Agents and Reproductive Risk

37

51 Longnecker MP, Klebanoff MA, Brock JW, Guo X. Maternal levels 
of polychlorinated biphenyls in relation to preterm and small for 
gestational age birth. Epidemiology 2005;16:641–7.

52 Daniels JL, Longnecker MP, Klebanoff MA, et al. Prenatal 
exposure to low level polychlorinated biphenyls in relation to 
mental and motor development at 8 months. Am J Epidemiol 
2003;157:485–92.

53 Gray KA, Klebanoff MA, Brock JW, et al. In utero exposure to 
background levels of polychlorinated biphenyls and cognitive 
functioning among school age children. Am J Epidemiol 
2005;162:17–26.

54 Gladen BC, Rogan WJ. Effects of perinatal polychlorinated 
biphenyls and dichlorodiphenyl dichloroethene on later 
development. J Pediatr 1991;119:58–63.

55 Vreugdenhil HJI, Lanting CI, Mulder PGH, Boersma ER, 
Weisglas-Kuperus N. Effects of prenatal PCB and dioxin 
background exposure on cognitive and motor abilities in Dutch 
children at school age. J Pediatr 2002;140:48–56.

56 Jacobsen JL, Jacobsen SW. Perinatal exposure to polychlorinated 
biphenyls and attention at school age. J Pediatr 2003;143:780–8.

57 Katthak S, K-Moghtader G, McMartin K, Barrera M, Kennedy D, 
Koren G. Pregnancy outcome following gestational exposure to 
organic solvents. JAMA 1999;281:1106–9.

58 Laslo-Baker D, Barrera M, Knittel-Keren D, et al. Child 
neurodevelopment outcome and maternal occupational exposure 
to solvents. Arch Pediatr Adolesc Med 2004;158:956–61.

59 Till C, Westall CA, Koren G, Nulman I, Rovet JF. Vision 
abnormalities in young children exposed prenatally to organic 
solvents. Neurotoxicology 2005;26:599–613.

60 Scheeres JJ, Chudley AE. Solvent abuse in pregnancy: a perinatal 
perspective. J Obstet Gynaecol Can 2002;24:22–6.

61 Gold EB, Tomich E. Occupational hazards to fertility and 
pregnancy outcome. Occup Med (Lond) 1994;9:435–69.

62 Blackwell R, Chang A. Video display terminals and pregnancy: a 
review. Br J Obstet Gynaecol 1988;95:446–53.

63 Rothenberg SJ, Manalo M, Jiang J, et al. Maternal blood lead level 
during pregnancy in South Central Los Angeles. Arch Environ 
Health 1999;54:151–7.



38

5 Medications in pregnancy and lactation
Catalin S. Buhimschi and Carl P. Weiner

Almost 100% of pregnant women are exposed to medications 
during pregnancy [1]. While thousands of pregnant and 
breastfeeding women ingest either a prescribed or over-the-
counter (OTC) drug preparation daily, the study of medica-
tion use in pregnancy is one of the least developed areas of 
clinical pharmacology and drug research. Caregivers are 
encouraged to seek updated reference material such as Drugs 
For Pregnant and Lactating Women (Churchill Livingston, 2004) 
whose electronic version is updated yearly and refer to it fre-
quently when making a prescribing decision.

Physiologic changes during pregnancy and 
drug clearance

The effect of any medication used during pregnancy refl ects 
the dose and route of delivery, the plasma level achieved, its 
distribution, the availability and coupling of its effector mech-
anism, its clearance, and the physiologic adaptations of preg-
nancy that can alter these properties (Table 5.1) [2]. Plasma 
volume begins to rise in early gestation, and reaches almost 
140% in the third trimester [3,4]. There are also increases in 
extracellular space and total body water which vary with body 
mass index (BMI) [5]. Thus, dilution may explain some of the 
effects of pregnancy on drug effi cacy.

Cardiac output and renal glomerular fi ltration rates (GFRs) 
rise early in gestation [6]. There is also a change in the distribu-
tion of cardiac output; the percent delivered to the liver, crucial 
for drug disposal, and to skeletal muscle, decline during preg-
nancy [7]. These adaptations of normal pregnancy can increase 
the clearance of drugs excreted by the kidney, but decrease 
clearance that is predominantly hepatic. Gastric emptying 
and gastrointestinal transit slow, reducing the absorption of 
some drugs.

A large number of drugs are bound by albumin, which nor-
mally declines during pregnancy, increasing their availability. 
In the absence of binding to albumin, the clearance of a drug is 
increased and this may interfere with achieving a therapeutic 

drug level [8]. In addition to the decrease in albumin, preg-
nancy causes a partially compensated respiratory alkalosis, 
which also may affect the protein binding of some drugs.

Teratogens

Teratogens are agents that act during embryonic or fetal devel-
opment to permanently alter growth, structure, or function. 
Currently recognized teratogens include viruses (e.g., rubella), 
environmental factors (e.g., hyperthermia, irradiation), chem-
icals (e.g., mercury, alcohol), and therapeutic drugs (e.g., 
thalidomide, isotretinoin).

Time of exposure

A teratogen acts during a critical period of embryonic (embry-
opathy) or fetal (fetopathy) development. The pre-implantation 
period is the 2 weeks between fertilization and implantation. 
Traditionally, this window is believed to be an “all or nothing” 
period because the injury of a large number of cells will inevi-
tably cause an embryonic loss. However, if only a small 
number of cells are disrupted, a phenomenon called compensa-
tion can facilitate survival without malformation [9]. In con-
trast, a teratogenic agent can cause malformation during 
organogenesis (2–8 weeks postconception). Yet, the fetus (9 
weeks postconception, 11 menstrual weeks through to deliv-
ery) can also be affected by alterations in structure and func-
tion of the organs which have initially developed normally 
during embryogenesis.

Factors involved in determining the nature 
of teratogens

Because most drugs reach the fetus via the maternal blood-
stream, fetal exposure depends on the gestational age at the 
time of exposure, absorption of the drug, maternal serum 
levels, and/or maternal and placental clearance system. The 
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delivery of a teratogenic drug to the fetus requires placental 
passage. The placenta contains numerous transporters, some 
of which appear specifi cally dedicated to the removal of xeno-
biotic and toxic endogenous compounds [10]. Most substances 
with molecular mass below 500 daltons diffuse rapidly across 
the placental tissue, while agents of higher molecular weight 
have more variable transplacental passage rates. Ionization 
and high fat solubility (anesthetic gases) ensure rapid trans-
placental transfer of these drugs by simple diffusion. Steroid 
hormones directly infl uence the expression and function of 
some of these transporters. Investigating the relationship 
between hormones and drug effl ux transporters may provide 
a deeper understanding of placental drug transfer and the 
consequent fetal drug exposure [11]. Of particular interest is 
the manipulation of transporter activity proteins to optimize 
the fetal therapeutic impact.

The increased circulating sex hormone levels characteristic 
of pregnancy have a profound impact on at least some drug 
metabolizing enzymes, drug bioavailability, and receptor 
coupling. Genetic variation is also a relevant determinant of 

drug clearance in both pregnant and nonpregnant women. 
The effect of pregnancy on the systems subject to genetic 
variation is likely to impact on dose and effi cacy. Several 
drug groups whose metabolic pathways are known for 
genetic heterogeneity are widely used during pregnancy 
and changes in their clearances are reported [12–15]. 
Traditionally, maternal and fetal factors are considered 
responsible for drug teratogenicity. However, paternal expo-
sure to certain drugs or environmental factors may also 
increase the risk of fetal teratogenicity. Induction of gene 
mutations early in the sperm development is one of the 
postulated mechanisms. Some of these effects are epi-
genetic in behavior, being transmitted to second and third 
generations [16].

FDA pregnancy safety category

Obstetric caregivers often rely on Food and Drug Administra-
tion (FDA) pregnancy safety categories (A, B, C, D, or X) (Table 
5.2) before making a decision to initiate, continue, discontinue, 

Table 5.1 Effects of pregnancy on organ systems and drug pharmacokinetics.

      Gestational
      age/timing
Organ  ↑↓ Affects Mechanism PK/PD of major effects

Cardiovascular Plasma volume ↑ Drug conc.  ↑ Volume of Week 6–3rd trimester

 system      distribution

 Albumin ↓ Drug protein ↓ Synthesis ↑ Unbound NS†

    binding  (partly)  drug plasma

      conc.

Lung Respiratory  Drug protein  ↑ Drug NS

  alkalosis   binding   unbound

      plasma

      concentrations

Heart Cardiac output ↑    Gestation–10 wks

       & labor

Kidney Glomerular ↑ Creatinine/insulin ↑ CO (partly) ↑ Drug 6 wks–3rd

  fi ltration rate   clearance   clearance  trimester

 Diuresis ↑   ↑ Drug  96 h postpartum

      clearance

GI tract Gastric ↑  ↓ Acid production ↓ Drug NS

  emptying/pH     bioavailability

 Intestinal transit ↓    NS

  time

Epithelial PXR ↔* CYP, Pgp, Estrogen- ↑ Drug NS

 tissues    MRP, BCRP  induced PXR  metabolism,

     transcription  tissue effl ux

BCRP, breast cancer resistance protein; CYP, cytochrome-P450; MRP, multidrug resistance-associated protein; PD, pharmacodynamics; Pgp, P-glycoprotein; 

PK, pharmacokinetics; PXR, pregnane X receptor.

* Tissue-dependent.
† No specifi c time period, unknown, or not studied.
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or replace a medication. However, only approximately 30 
drugs or drug groups are known or strongly suspected to be 
teratogens (Table 5.3). Although major congenital abnormali-
ties complicate 2–3% of all pregnancies, less than 10% of these 
(<0.2%) can be associated with a particular drug exposure. 

The pregnancy risk categories are suboptimal: many are out-
dated, and are too superfi cial to account for the physiology 
and health care needs of pregnant and breastfeeding women. 
They are rarely revised as new information becomes available. 
Although there are commonalities among the classifi cations 

Table 5.2 Pregnancy drug categories from several countries.

Category Pregnancy Category Defi nition

FDA Category (USA)

A*  Adequate, well-controlled studies in pregnant women have not shown any risk to the fetus in the fi rst 3 months 

 of pregnancy, nor is there evidence of later risk

 Very few medications have been tested to this level

B† There have been no adequate, well-controlled studies in women but studies using animals have not found any risk 

 to the fetus, or animal studies have found risk that was not confi rmed by adequate studies in pregnant women

 Not many adequate studies have been performed in pregnant women, so the fi rst situation (not enough 

 information) usually applies if a medication is assigned to this category

C† There have been no adequate, well-controlled studies in women, but studies using animals have shown a 

 harmful effect on the fetus, or there have not been any studies in either women or animals. Caution is advised, 

 but the benefi ts of the medication may outweigh the potential risks

D‡ There is clear evidence of risk to the human fetus, but the benefi ts may outweigh the risk for pregnant women 

 who have a serious condition that cannot be treated effectively with a safer drug

X‡ There is clear evidence that the medication causes abnormalities in the fetus. The risks outweigh any potential 

 benefi ts for women who are (or may become) pregnant

FASS Category (Sweden)

A* Drugs taken by a large number of pregnant women with no proven increase in the frequency of malformations or 

 other observed harmful effects on the fetus

B1* Limited experience in pregnant women, no increase observed in the frequency of malformations or other observed 

 harmful effects on the fetus

 Animal studies reassuring

B2* Limited experience in pregnant women, no increase observed in the frequency of malformations or other harmful 

 effects on the fetus

 Animal studies inadequate or lacking

B3† Limited experience in pregnant women, no increase observed in the frequency of malformations or other harmful 

 effects on the fetus

 Animal studies have shown evidence of an increased occurrence of fetal damage

C† May cause pharmacologic adverse effects on the fetus or neonate

D‡ Suspected or proven to cause malformations or other irreversible damage

ADEC Category (Australia)

A–D Categories A,a B1,a B2,a B3,b C,b Dc similar to the FASS defi nitions

X‡ Limited experience in pregnant women, no increase observed in the frequency of malformations or other observed 

 harmful effects on the fetus

 Animal studies reassuring

ADEC, Australian Drug Evaluation Committee (Australian categorization); FASS, Farmaceutiska Specialiteter i Sverige (Swedish categorization); FDA, Food and 

Drug Administration (US categorization).

* Drugs grouped as probably safe.
† Drugs grouped as potentially harmful.
‡ Drugs grouped as clearly harmful.
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used by industrialized countries, subjective interpretations of 
the same data can lead to disparate classifi cations. Two-thirds 
of all drugs sold in the USA are classifi ed Category C, and less 
than 1% are Category A (i.e., shown to be safe during preg-
nancy). With the benefi t of added experience, usually obtained 
after the drug has been marketed, we fi nd that some Category 
X drugs are not absolutely contraindicated during pregnancy, 
and several Category C or D drugs are either clear human 
teratogens or have frequent and serious adverse fetal effects 
[17]. The result is often confusion among drug prescribers. So, 
what information is needed to assess the teratogenic risk of a 
given drug?

Evaluation of teratogenicity

Teratology is the study of the biologic mechanisms and causes 
of abnormal development as well as the study of appropriate 
preventative measures. While most organs develop during 
the fi rst trimester, some, like the central nervous system (CNS), 
continue to develop throughout fetal life and even after birth. 
Many, if not most, potent human teratogens act during very 
specifi c developmental stages. For example, angiotensin-con-
verting enzyme (ACE) inhibitors (e.g., enalapril) cross the pla-
centa but have no adverse effects during the fi rst trimester. 
However, later exposure is associated with cranial hypopla-
sia, irreversible renal failure, patent ductus arteriosus, or 
death. Thalidomide is another known human teratogen 
causing limb, face, and ears abnormalities after fi rst trimester 
exposure. Similarly, nonsteroidal anti-infl ammatory agents 
(NSAIDs; e.g., indomethacin, ibuprofen) may be associated 
with gastroschisis and other fetal sequelae are common 

after 32 weeks (irreversible closure of the ductus or kidney 
failure).

The fi nding of a neonatal birth defect raises concern as to 
whether it was the consequence of prenatal exposure to a tera-
togen. Patients, drug prescribers, and policymakers often 
assume that the most serious short-term adverse effects of a 
drug are identifi ed in premarketing studies, so recognition 
of unexpected harm after widespread use raises concern 
about “failures of the system” [18]. The unfortunate reality is 
that we learn about virtually all teratogenic effects only after a 
drug has already received marketing approval. Often, 
animal studies are seriously limited in their ability to predict 
human teratogenesis because of considerable variations 
in species-specifi c effects, even among mammalian species. 
Furthermore, teratogens are rarely detected in the 
human trials conducted before approval for marketing 
because most studies are too small and typically exclude 
women at reproductive ages, particularly if there is any suspi-
cion a drug might be teratogenic generated by the preceding 
animal studies.

Two main approaches are used to identify teratogens: 
follow-up studies and case–control surveillance [18]. The 
former, often called “pregnancy registries,” are developed to 
permit the effi cient identifi cation of drugs that are high-risk 
teratogens (or drugs that put a child at high risk for other 
common adverse pregnancy outcomes, such as develop-
mental delay). For these purposes, a small number of patients 
will suffi ce. There is concern that pregnancy registries are 
often operated by drug manufacturers, and patients receiving 
multiple drugs may be recruited into multiple, uncoordinated 
registries.

 

Drug FASS ADEC FDA

Agents acting on renin–angiotensin system D D C

 B (1st trimester), D (2nd and 3rd trimesters)

Antiepileptic drugs (valproic acid, D D D

 carbamazepine, phenytoin)

Alkylating agents D D D

Androgens No code D X

Antimetabolites D D D, X

Carbimazole No code C D

Coumarin derivatives D D X

Fluconazole (doses used in systemic mycoses) B3 B3 C

Lithium D D D

Misoprostol D X X

Penicillamine No code D D

Retinoids D X X

Thalidomide No code No code X

ADEC, Australian Drug Evaluation Committee (Australian categorization); FASS, Farmaceutiska Specialiteter 

i Sverige (Swedish categorization); FDA, Food and Drug Administration (US categorization).

Table 5.3 Drugs or drug groups known or 

strongly suspected to cause developmental 

defects, and their pregnancy safety categorization 

(see Table 5.1 for an explanation of the safety 

categories). After Weiner [17].
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Case–control surveillance studies developed as a system to 
identify serious illnesses caused by medications used in an 
ambulatory population [19]. By including information on 
infants with any of a wide range of specifi c birth defects and 
interviews with the mothers focusing on details of their ante-
natal exposure to all prescription and OTC medications 
(including herbal products), case–control surveillance studies 
can provide opportunities to examine large numbers of spe-
cifi c defects in relation to the wide range of medications taken 
by pregnant women.

Breastfeeding

Medication use by breastfeeding women may be benefi cial, 
and even essential, for the health of mother and child. Although 
very few medications are contraindicated by breastfeeding, 
there are few data on the risk of most medications used in 
human pregnancy and lactation at the time they are initially 
marketed [20]. Many therapeutic and environmental sub-
stances can be transferred into the milk and for these the risk of 
breastfeeding may be exceeded by its great benefi t to the infant, 
mother, or both [21]. Passive diffusion, lipid solubility, protein 
binding, and the degree of ionization are mechanisms govern-
ing the transfer of drugs across the basal membrane of the 
mammary gland alveoli.

Several studies have investigated drug concentrations in 
breastmilk [22]. The ideal information on breastfeeding 
exposure includes the weight-corrected percent of the ma-
ternal dose ingested by the unsupplemented 3-kg newborn 
and the resulting neonatal blood levels. Unfortunately, 
this information is reported for very few agents. More 
often, only a milk : maternal plasma (M : P) ratio or concentra-
tion is reported, which is often misleading as it ignores the 
quantity ingested and its oral bioavailability. Designing 
studies to quantify the amount of drug passed to the neonate 
and provide clinically reliable recommendations based on in-
fant clearance, which is itself dependent on the ontogeny of 
elimination pathways and pharmacogenetics, are critically 
needed.

Research into environmentally related chemical contami-
nants in breastmilk remains an important fi eld [23]. Diet is one 
major factor infl uencing breastmilk levels of organic pollut-
ants (e.g., mercury in fi sh). Improved global breastmilk 
monitoring programs would allow for more consistent data 
on trends over time, the detection of xenobiotics in breast-
milk, and the identifi cation of disproportionately exposed 
populations.

Drugs with known human teratogenic effect

A list of medication drugs known to be human teratogens is 
provided in Table 5.3.

Agents acting on renin–angiotensin system ACE-
I/A2R-antagonists; antihypertensives (enalapril, 
captopril, lisinopril)

Maternal considerations

There are no adequate reports or well-controlled studies in 
pregnant women because these agents are contraindicated. 
ACE inhibitors should not be used in pregnancy. In excep-
tional cases, they may be indicated for the control of severe 
hypertension when the patient is refractory to other medica-
tions [24]. Use of ACE inhibitors during the second and third 
trimesters of pregnancy is contraindicated because of their 
association with an increased risk of fetopathy. However, 
most recently it was also demonstrated that exposure to ACE 
inhibitors during the fi rst trimester cannot be considered safe 
and should also be avoided [25]. Infants exposed to ACE inhib-
itors were at increased risk for malformations of the cardio-
vascular system and the central nervous system. Improved 
pregnancy outcome was noted in mothers treated prenatally 
with low doses of captopril, especially patients with insulin-
dependent diabetes [26]. The lowest dose effective should 
be used when captopril is required during pregnancy [27]. 
In such situations, close monitoring of amniotic fl uid and 
fetal well-being is recommended [28]. If oligohydramnios is 
detected, lisinopril should be discontinued unless life-saving 
for the mother.

Fetal considerations

There are no adequate reports or well-controlled studies in 
human fetuses. Lisinopril and enalapril cross the human pla-
centa [29,30]. In humans, fi rst trimester exposure appears rea-
sonably safe. Later exposure to ACE inhibitors is associated 
with cranial hypoplasia, anuria, reversible or irreversible renal 
failure, death, oligohydramnios, prematurity, intrauterine 
growth restriction (IUGR), and patent ductus arteriosus [31]. 
The mechanism of renal dysfunction is likely related to fetal 
hypotension and prolonged decreased GFR. Antenatal sur-
veillance should be initiated if there has been inadvertent 
exposure and the fetus is potentially viable. Oligohydramnios 
may not appear until after the fetus has irreversible injury. 
Neonates exposed in utero to ACE inhibitors should be 
observed closely for hypotension, oliguria, and hyperkalemia. 
If oliguria occurs despite adequate pressure and renal per-
fusion, exchange transfusion or peritoneal dialysis may be 
required [32].

Breastfeeding considerations

There are no adequate reports or well-controlled studies 
in nursing women. Trace amounts of enalapril are detected 
in breastmilk, although the kinetics remains to be eluci-
dated [33]. Captopril is excreted in breastmilk at a very 
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low concentration and is generally considered compatible 
with breastfeeding [34]. It is unknown whether lisinopril 
enters human breastmilk. Until further study, the infant 
should be monitored for possible adverse effects, the 
drug given at the lowest effective dose, and breastfeeding 
avoided at times of peak drug levels if breastfeeding 
continues.

Antiepileptic drugs (valproic acid, 
carbamazepine, phenytoin)

Maternal considerations

Valproate is the sodium salt of valproic acid. There are no ade-
quate reports or well-controlled studies of valproate or car-
bamazepine in pregnant women. There is long clinical 
experience with valproate, which does not alter the effi cacy of 
hormonal contraception [35]. Phenytoin is a fi rst generation, 
enzyme-inducing anticonvulsant. Stable phenytoin serum 
levels are achieved in most pregnant women, although there is 
wide variability with equivalent doses [36]. Patients with 
unusually low levels may be either noncompliant or hyper-
metabolizers. Unusually high levels can result from hepatic 
disease, congenital enzyme defi ciency, or other drugs that 
interfere with metabolism. Clearance of phenytoin is increased 
during pregnancy, with concentrations declining to half of 
prepregnancy if the dose is not adjusted. Dose adjustments 
should be based on clinical symptoms, and not solely on serum 
drug concentrations. Phenytoin may impair the effect of corti-
costeroids, Coumadin, digitoxin, doxycycline, estrogens, 
furosemide, oral contraceptives, quinidine, rifampin, theo-
phylline, and vitamin D [37]. Drug interactions between 
enzyme-inducing anticonvulsants such as phenytoin and con-
traceptives are well documented. Either a higher dose of oral 
contraceptive or a second contraceptive method is recom-
mended. Patients planning pregnancy should be counseled 
on the risks and the importance of periconceptual folate 
supplementation [38].

Fetal considerations

Valproic acid is a recognized human teratogen, increasing 
the relative risk by a factor of 4 [39]. The risk is compounded 
by a low serum folate. Valproic acid is rapidly and 
actively transported across the human placenta reaching a 
fetal : maternal ratio exceeding 2 [40]. For unknown reasons, 
valproic acid accumulates in the fetal plasma. A distinct 
facial appearance, coupled with a cluster of minor and major 
anomalies and CNS dysfunction characterize the fetal val-
proate syndrome [41,42]. The likelihood of an affected 
offspring is dose-dependent. Ten percent die in infancy, and 1 
of 4 survivors have either developmental defi cits or mental 
retardation. Affected fetuses may have an increased 
nuchal translucency measurement [43]. A maternal–fetal 

medicine specialist should evaluate women taking valproic 
acid during pregnancy. Carbamazepine rapidly crosses 
the human placenta, and accumulates in fetal organs 
including the brain. Epidemiologic study suggests car-
bamazepine is a teratogen causing facial dysmorphism, spina 
bifi da, distal phalange hypoplasia, and developmental delay 
[44]. Carbamazepine increased the rate of neural tube, 
cardiovascular, urinary tract, and cleft palate anomalies. 
Phenytoin is specifi cally associated with congenital heart 
defects, and cleft palate. There is evidence that a phenytoin-
induced embryonic arrhythmia is one mechanism of 
teratogenicity. As for most psychotropic drugs, monotherapy 
and the lowest effective quantity given in divided doses 
to minimize the peaks can theoretically minimize the 
risks [45].

Breastfeeding considerations

Valproic acid enters human breastmilk, but the neonatal con-
centration is less than 10% that of maternal concentration [46]. 
Carbamazepine is excreted in human breastmilk. Although it 
is generally considered safe for breastfeeding women, neona-
tal sequelae reported include cholestatic hepatitis. The infant 
should be monitored for possible adverse effects, the drug 
given at the lowest effective dose, and breastfeeding avoided 
at times of peak drug levels. The transfer of phenytoin into 
human breastmilk appears relatively low and it is generally 
considered safe for breastfeeding [47].

Alkylating agents (cyclophosphamide)

Maternal considerations

Cyclophosphamide is an alkylating agent used to treat cancer 
of the ovary, breast, and blood and lymph systems. Transient 
sterility is common after cyclophosphamide, and there is a risk 
of secondary malignancy. There are no adequate reports or 
well-controlled studies in pregnant women. There are multi-
ple case reports suggesting it can be used with a good preg-
nancy outcome [48–50].

Fetal considerations

Cyclophosphamide crosses the human placenta. Population 
studies have demonstrated neonatal hematologic suppression 
and secondary malignancies in the offspring are reported 
[51,52].

Breastfeeding considerations

Cyclophosphamide enters human breastmilk in high 
concentration and is generally considered not compatible 
with breastfeeding. Neonatal neutropenia has been reported 
[53,54].
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Hormones: androgens (methyl-testosterone, 
medroxyprogesterone acetate)

Maternal considerations

Methyl-testosterone is used with modest results for the treat-
ment of endometriosis in infertile women, palliation with 
advancing inoperable breast cancer, and also in combination 
with estrogen to enhance libido in women [55]. Numerous 
pregnant women are exposed to medroxyprogesterone 
because many pregnancies will not be recognized until after 
the fi rst trimester [56]. Progestational agents (i.e., not native 
progesterone) such as medroxyprogesterone were long used 
during early pregnancy to prevent fi rst trimester spontaneous 
abortion. The wisdom of this practice cannot be substantiated. 
While there are no adequate reports or well-controlled studies 
of medroxyprogesterone in pregnant women, epidemiologic 
studies are reassuring and there is not demonstrable increase 
in the prevalence of ectopic pregnancy.

Fetal considerations

There are no adequate reports or well-controlled studies 
in human fetuses. It is unknown whether methyl-
testosterone crosses the human placenta, and animal studies 
(rodents, dog) reveal pseudohermaphroditism in female 
fetuses exposed to methyl-testosterone [57]. Animal studies 
show that in utero exposure of male fetuses to methyl-
testosterone increases the risk of hypospadias [58,59], but 
not limb development and endochondral ossifi cation [60]. 
While in humans there are insuffi cient data to quantify the risk 
for the female fetus, some synthetic progestins may cause mild 
virilization of the external genitalia [61,62]. Defects outside the 
external genitalia are not noted in either humans or rodents. 
First trimester exposure is an indication for a detailed ana-
tomic ultrasound at 18–22 weeks’ gestation.

Breastfeeding considerations

It is unknown whether methyl-testosterone enters human 
breastmilk. It is ineffective for suppressing lactation. Trace 
amounts of medroxyprogesterone are excreted into human 
breastmilk [63]. It does not appear to either suppress lactation 
or affect the nursing newborn [64]. It is typically given for 
contraception 3 days after delivery because progesterone 
withdrawal may be one stimulus for the initiation of 
lactogenesis.

Hormones: estrogens (diethylstilbestrol — DES)

Maternal considerations

Diethylstilbestrol was administered to approximately 3 
million pregnant women in the USA and in the Netherlands 

between 1947 and 1975 [65]. There was an increased risk of 
mammary carcinomas in exposed women [66].

Fetal considerations

There are no adequate reports or well-controlled studies in 
human fetuses. Diethylstilbestrol exposed daughters fre-
quently have developmental disorders of the cervix and 
corpus uteri (hypoplasia of the uterine cavity, uterine corpus, 
and cervix; T-shaped uterine cavity, constrictions of the uterine 
cavity, and bilateral hydrosalpinges) [67]. They have an 
increased risk of spontaneous abortion, ectopic pregnancy, 
and infertility, and possibly an increased risk of cervi-
cal incompetence. Spontaneous uterine rupture at term 
has also been described [68]. An increased risk of 
hypospadias in male fetuses exposed to diethylstilbestrol in 
utero was reported [69]. Rodent experiments reveal that 
diethylstilbestrol increases the incidence of genital tumors 
in not only second generation, but also third generation 
animals. However, recent studies report no increased risk 
of lower genital tract abnormalities in third generation 
women [70].

Breastfeeding considerations

Estrogens are contraindicated for lactation suppression. 
Diethylstilbestrol does not effectively suppress lactation 
[71].

Antimetabolites (methotrexate)

Maternal considerations

Methotrexate is an antimetabolite with multiple uses in repro-
ductive-age women including the treatment of ectopic 
pregnancy, neoplastic disease, autoimmune disorders, and 
infl ammatory conditions [72]. Methotrexate has been used 
to induce a medical abortion of an intrauterine pregnancy. 
It is more effective combined with misoprostol than alone 
[73]. As it is not 100% effective, women must be followed clini-
cally until there is complete normalization of beta human cho-
rionic gonadotropin (beta-hCG) titers from their serum 
[74,75].

Fetal considerations

There are no adequate reports or well-controlled studies in 
human fetuses. First trimester exposure results in an increased 
risk of internal and external malformations (craniofacial, axial 
skeletal, cardiopulmonary, and gastrointestinal abnormali-
ties) and developmental delay, although most pregnancies 
exposed to low doses are successful [76,77]. Others report no 
association between later pregnancy exposure and congenital 
abnormalities [78].
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Breastfeeding considerations

There are no adequate reports or well-controlled studies in 
nursing women. It is unknown whether methotrexate enters 
human breastmilk. Despite the lack of information, meth-
otrexate is generally considered contraindicated in nursing 
mothers [79].

Antithyroid (methimazole-carbimazole)

Maternal considerations

The most common cause of maternal hyperthyroidism during 
pregnancy is Graves’ disease. The mainstay of treatment is an 
antithyroid drug, either propylthiouracil (PTU) or methima-
zole [80,81]. Thyroid function tests should be obtained during 
gestation in women with hyperthyroidism and the dose of 
PTU or methimazole adjusted accordingly to keep 3,5,3′-tri-
iodothyronine (T3) and thyroxine (T4) within the upper 
normal range for these women [82]. The lowest effective dose 
is recommended. Women previously treated with either a 
radioactive cocktail or thyroidectomy may still be producing 
thyroid-stimulating immunoglobulin even though they are 
themselves euthyroid. If the level is elevated, the fetus is at risk 
and should be referred to a fetal center for evaluation [83].

Fetal considerations

There are no adequate reports or well-controlled studies in 
human fetuses. Methimazole crosses the human placenta and 
is an alternative to PTU for the treatment of fetal hyperthy-
roidism secondary to thyroid-stimulating immunoglobulin 
[84]. The fetal response is often different to the maternal and 
some recommend it be tested directly. Methimazole can 
induce fetal goiter and even cretinism in a dose-dependent 
fashion. Recent studies of exposed children followed until 3–
11 years reveal no deleterious effects on either thyroid func-
tion or physical and intellectual development with doses up to 
20 mg/day. However, rare instances of aplasia cutis (manifest 
as scalp defects), esophageal atresia with tracheoesophageal 
fi stula, and choanal atresia with absent/hypoplastic nipples 
(methimazole syndrome) are reported, suggesting methima-
zole may be a weak human teratogen. This reinforces the des-
ignation of PTU as the drug of choice [85,86].

Breastfeeding considerations

Methimazole is excreted in human breastmilk, but the kinetics 
remain to be clarifi ed [87]. PTU is the drug of choice in this situ-
ation, because it does not cross membranes readily, and milk 
concentrations are therefore quite low [88]. Several recent 
studies observe no deleterious effects on neonatal thyroid func-
tion or on physical and intellectual development of breastfed 
infants whose mothers were treated with this medication [89].

Coumarin derivatives (warfarin)

Maternal considerations

Thromboembolic disease remains a major cause of maternal 
morbidity and mortality. There are no adequate reports or 
well-controlled studies of warfarin in pregnant women. It is 
most likely that a woman with a prior thromboembolic 
event unrelated to a permanent risk factor does not require 
prophylaxis during a subsequent pregnancy [90]. The risk of 
a bleeding complication during pregnancy approximates 
18% with warfarin. An international normalized ratio (INR) 
of 3.0 is suffi cient for either prophylaxis or treatment of 
venous thromboembolism, thus minimizing the risk of 
hemorrhage associated with higher INRs [91]. Women on 
warfarin planning pregnancy should switch to a heparinoid 
agent immediately after conception if possible. However, 
therapeutic heparin is not effective prophylaxis in 
women with a prosthetic heart valve [92]. In this instance, it is 
best to continue warfarin, although some recommend 
replacement with heparin at 6–12 weeks [93]. A daily dose 
>5 mg is associated with a greater risk of an adverse outcome. 
If the mother’s condition requires anticoagulation with 
warfarin, it should be substituted with heparin at 36 weeks to 
decrease the risk to the fetus. Neuraxial anesthesia is 
contraindicated because of the risk of puncture-associated 
bleeding [94]. Warfarin treatment should be resumed 
postpartum.

Fetal considerations

Warfarin is a known teratogen. While there are no adequate 
reports or well-controlled studies in human fetuses, exposure 
at 6–10 weeks’ gestation is associated with an embryopathy, 
and exposure subsequently with a fetopathy. The fetal warfa-
rin syndrome includes nasal hypoplasia (failure of nasal 
septum development), microphthalmia, hypoplasia of the 
extremities, IUGR, heart disease, scoliosis, deafness, and 
mental retardation [95,96]. While the embryopathy appears 
secondary to a fetal vitamin K defi ciency, the fetopathy results 
from microhemorrhages. The most common CNS malforma-
tions include agenesis of the corpus callosum, Dandy–Walker 
malformation, and optic atrophy. In a large series of women 
treated the duration of pregnancy for a prosthetic valve, the 
overall incidence of fetal warfarin syndrome was 5.6% [92]. 
The pregnancy loss rate was 32% and the stillbirth rate 10% of 
pregnancies achieving at least 20 weeks. School-age children 
exposed in utero have an increased frequency of mild neuro-
logic dysfunction and an IQ <80 [97].

Breastfeeding considerations

Warfarin does not enter human breastmilk and is compatible 
with breastfeeding [98,99].
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Fluconazole

Maternal considerations

There are no adequate reports or well-controlled studies of fl u-
conazole in pregnant women. It has been used for the treat-
ment of coccidioidomycosis during pregnancy and Candida 
sepsis postpartum [100].

Fetal considerations

There are no adequate reports or well-controlled studies in 
human fetuses. It is unknown whether fl uconazole crosses the 
human placenta. A few children have been described with a 
similar and rare pattern of anomalies following fl uconazole 
use. The features include brachycephaly, abnormal facies, 
abnormal calvarial development, cleft palate, femoral 
bowing, thin ribs and long bones, arthrogryposis, and congen-
ital heart disease [101]. Each case was associated with chronic, 
parenteral use in the fi rst trimester. Limited duration oral 
therapy is unlikely to pose a teratogenic risk. Fluconazole 
does not appear to increase the risks of IUGR or preterm 
delivery. It has been used for the treatment of congenital 
candidiasis [102].

Breastfeeding considerations

There are no adequate reports or well-controlled studies in 
nursing women. Fluconazole enters human breastmilk at con-
centrations similar to maternal plasma [103]. It is generally 
recommended that breastfeeding be avoided.

Lithium

Maternal considerations

Lithium is used for the treatment of psychiatric disorders. 
It is typically inadequate for the rapid control of acute 
mania [104]. The usefulness of lithium lies in the long-term 
prevention of recurrent mania and bipolar depression 
and in reducing risk of suicidal behavior. Pregnancy and espe-
cially the puerperium are times of high risk for recurrence of 
bipolar disease. Recommendations during pregnancy 
include discontinuing therapy for at least the fi rst trimester, 
switching to an agent with a higher safety profi le (e.g., 
tricyclics), using smaller doses of lithium, and avoiding 
sodium restriction or diuretics while under treatment [105]. 
The dose used should be titered to maintain a serum 
level at 0.5–1.2 mEq/L [106]. Toxicity develops at 1.5–2.0 mEq/
L. Ideally, the drug should be tapered gradually over 
a month. Lithium levels should be monitored weekly 
after 35 weeks’ gestation, and therapy either dis-
continued or decreased by one-quarter 2–3 days before 
delivery.

Fetal considerations

Lithium crosses the placenta and may be a weak human tera-
togen [107]. Several studies note an increased prevalence of 
Ebstein’s anomaly, although this was not confi rmed in a pro-
spective, multicenter study. A targeted ultrasound performed 
by a fetal medicine expert is suggested [108]. Other neonatal 
complications often attributed to lithium include poor respira-
tory effort and cyanosis, rhythm disturbances, nephrogenic 
diabetes insipidus, thyroid dysfunction and goiter, hypoglyc-
emia, hypotonia and lethargy, polyhydramnios, hyperbiliru-
binemia, and large-for-gestational-age infant [109]. As a result, 
the delivery of a mother taking lithium should be considered a 
high-risk delivery. The results of long-term follow-up studies 
are reassuring. Lithium is associated with cleft palate in mice 
[110,111].

Breastfeeding considerations

Lithium is excreted into human milk and can be measured in 
the nursing newborn [112]. There is no agreement whether 
nursing mothers should continue lithium while breastfeeding 
[113]. There is a lack of prospective studies confounded by 
polypharmacy. The neonatal clearance rate is slower than in 
the adult; thus, the level of circulating drug might be much 
higher than expected. If lithium use must be continued during 
breastfeeding, it should be measured in the neonatal blood if 
any adverse effects are noted.

Misoprostol

Maternal considerations

Misoprostol is a prostaglandin E analog. The only FDA-
approved indication is the treatment and prevention of 
intestinal ulcer disease resulting from NSAID use. Although 
still not approved by the FDA for other indications, mis-
oprostol is well studied and widely used for both cervical rip-
ening and the induction of labor during either the second 
or third trimesters [114]. Combined with mifepristone, 
misoprostol is safe and effective for medical termination of 
early pregnancy [115]. Misoprostol is effective in ripening the 
cervix and inducing labor at term. The manufacturer of 
misoprostol issued in August 2000 a warning letter to US 
health care providers, cautioning against the use of misopros-
tol in pregnant women secondary to the lack of safety data for 
its use in obstetric practice. The American College of 
Obstetricans and Gynecologists (ACOG) took issue with that 
position, as there was a multitude of studies supporting its 
use. In 2002, the ACOG Committee Opinion on Obstetric Prac-
tice concluded the risk of uterine rupture during vaginal birth 
after cesarean (VBAC) is substantially increased by the use of 
misoprostol as well as other prostaglandin cervical ripening 
agents [116].
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Fetal considerations

There are no adequate reports or well-controlled studies in 
human fetuses. Misoprostol is associated with a higher rate of 
uterine hyperstimulation, more variable decelerations, and 
likely as a result, a higher prevalence of meconium [117]. 
However, compared with oxytocin, there is no increase in the 
incidence of cesarean delivery for fetal distress or umbilical 
acidemia. Congenital defects after extremely high-dose expo-
sures during unsuccessful medical abortions have been 
reported. Several reports in the literature associate the use of 
misoprostol during the fi rst trimester with skull defects, cranial 
nerve palsies, facial malformations, and limb defects [118].

Breastfeeding considerations

Orally administered misoprostol is secreted in colostrum, but 
it is essentially undetectable by 5 hours [119].

Penicillamine

Maternal considerations

There are no adequate reports or well-controlled studies in 
pregnant women. Penicillamine is contraindicated during 
pregnancy except for the treatment of Wilson’s disease and 
some cases of cystinuria [120].

Fetal considerations

There are no adequate reports or well-controlled studies in 
human fetuses. Penicillamine apparently crosses the human pla-
centa, because congenital cutis laxa and associated defects are 
reported in neonates of treated women. Adverse effects include 
skeletal deformities, cleft palate, and embryotoxicity [121].

Breastfeeding considerations

There is no published experience in nursing women. It is 
unknown whether penicillamine enters human breastmilk.

Retinoids (isotretinoin)

Maternal considerations

Isotretinoin is contraindicated during pregnancy. Patients 
must be capable of complying with mandatory contraceptive 
measures. Only manufacturer-approved physicians may 
prescribe it [122].

Fetal considerations

Isotretinoin and its active metabolites crosses the human (and 
subhuman primate) placenta and is a known human tera-

togen. Multiple organ systems are affected including CNS, 
cardiovascular, and endocrine organs [123]. Mental retarda-
tion without external malformation has also been reported. 
Similar malformations occur in rodents.

Breastfeeding considerations

There is no published experience in nursing women. It is 
unknown whether isotretinoin enters human breastmilk. 
Considering its effect on the fetus, breastfeeding is considered 
contraindicated.

Thalidomide

Maternal considerations

Thalidomide is a known human teratogen and contraindi-
cated during pregnancy [124]. It is also excreted in semen and 
treated males should wear a condom during coitus [125]. Ini-
tially banned in the USA, its potential indications are growing, 
increasing the likelihood of an inadvertent pregnancy. There 
are no adequate reports or well-controlled studies of thalido-
mide in pregnant women.

Fetal considerations

There are no adequate reports or well-controlled studies in 
human fetuses. Thalidomide crosses the placenta and is a 
potent human teratogen causing limb abnormalities 
after fi rst trimester exposure [126]. Even a single 50-mg 
dose can cause defects [127]. If pregnancy occurs, the drug 
should be discontinued and the patient referred to a fetal 
medicine expert for evaluation and counseling. Any sus-
pected fetal exposure to thalidomide must be reported to the 
FDA [124].

Breastfeeding considerations

There is no published experience in nursing women. It is 
unknown whether thalidomide enters human breastmilk.

Drugs with minimal or not known human 
teratogenic effect

Steroids (betamethasone, dexamethasone)

Maternal considerations

Betamethasone and dexamethasone are used widely for the 
acceleration of fetal lung maturity [128,129]. Steroids may 
increase the risk of maternal infection in women with preterm 
premature rupture of the fetal membranes (PPROM), although 
most large studies reveal no increased risk [130].
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They can transiently cause an abnormal glucose tolerance 
test [131], will worsen existing diabetes mellitus, and are asso-
ciated with pulmonary edema when given with a tocolytic 
agent in the setting of an underlying infection [132]. Dexame-
thasone does not reduce the maternal perception of fetal move-
ments and short-term variability [133]. It is not contraindicated 
in women with severe preeclampsia requiring preterm deliv-
ery. Women chronically treated must be monitored closely for 
hypertension or glucose intolerance, and treated with stress 
replacement doses postoperatively and postpartum. Dexame-
thasone is an effective antiemetic for nausea and vomiting 
after general anesthesia for pregnancy termination [134]. 
There are reports that intravenous dexamethasone helps 
modify the clinical course of the so-called HELLP syndrome 
both ante and postpartum [135]. However, most recent data 
contradict such fi ndings [136].

Fetal considerations

Betamethasone and dexamethasone cross the human placenta 
and are two of the few drugs proven to improve perinatal 
outcome [137]. An increased risk of neonatal sepsis was sug-
gested but not confi rmed. Multiple courses of betamethasone 
are not recommended [138]. Adverse effects noted in animal 
and human studies are magnifi ed by repeated courses of ster-
oids [139]. They include a profound suppression of fetal 
breathing, movement, impaired myelination, IUGR, and 
microcephaly [140]. The fetal heart rate pattern may become 
transiently nonreactive. Intellectual and motor development 
and school achievement are not adversely infl uenced by 
steroid treatment. Epidemiologic studies report an association 
between oral clefting and exposure to corticosteroids during 
organogenesis [141]. IUGR, shortening of the head and mandi-
ble are also suggested as sequelae of chronic steroid use during 
pregnancy, although it is diffi cult to separate drug from 
disease impact. The Collaborative Perinatal Project followed 
women treated during the fi rst trimester. While the number of 
exposures was limited, no increase in congenital malforma-
tions was detected. There was no increase in risk of anomalies 
when steroids were initiated after organogenesis. Complete 
fetal heart block has been treated with dexamethasone during 
pregnancy with positive results [142]. Some studies suggest 
that in contrast to betamethasone, dexamethasone does not 
alter biophysical parameters of the fetus (i.e., fetal breathing) 
when administered for the enhancement of lung maturation 
[143]. However, oligohydramnios is reportedly more common. 
When initiated by 6–7 weeks, dexamethasone can prevent 
or diminish virilization resulting from congenital adrenal 
hyperplasia [144,145].

Breastfeeding considerations

There are no adequate reports or well-controlled studies in 
breastfeeding women. Cortisone is present in human milk, but 

it is unclear whether maternal treatment with betamethasone 
or dexamethasone increases the concentration [146].

Benzodiazepines (diazepam)

Maternal considerations

There are no adequate reports or well-controlled studies of 
diazepam in pregnant women. Diazepam is a benefi cial 
adjunct to intravenous fl uids and vitamins for the treatment of 
fi rst trimester hyperemesis. Diazepam was previously used 
for prophylaxis and treatment of eclamptic convulsions, but 
proved less effective than magnesium sulfate [147–149]. 
Diazepam is a useful antianxietal in women undergoing fetal 
therapy procedures such as cordocentesis.

Fetal considerations

There are no adequate reports or well-controlled studies in 
human fetuses. Diazepam rapidly crosses the human placenta 
[150]. Several studies suggest an increased risk of fetal malfor-
mation when diazepam is used during the fi rst trimester. 
These have not been confi rmed subsequently. Postnatal 
follow-up until age 4 years is likewise reassuring, revealing no 
adverse effects on neurodevelopment. Decreased fetal move-
ment frequently accompanies intravenous administration. 
Prolonged CNS depression may occur in neonates, apparently 
because of their inability to metabolize diazepam. The shortest 
course and the lowest dose should be used when indicated 
during pregnancy. Some newborns exposed antenatally 
exhibit either the fl oppy infant syndrome, or marked neonatal 
withdrawal symptoms [151]. Symptoms vary with mild seda-
tion, hypotonia, reluctance to suck, apneic spells, cyanosis, 
and impaired metabolic responses to cold stress. Such symp-
toms may persist for hours to months after birth.

Breastfeeding considerations

Diazepam and other benzodiazepines are excreted into human 
breastmilk [152]. The maximum neonatal exposure is esti-
mated at 3% of the maternal dose. Problems may arise if the 
neonate is premature, or the maternal dose particularly high. 
Neonatal lethargy, sedation, and weight loss have been 
reported.

Antidepressants (fl uoxetine, sertraline)

Maternal considerations

Depression is common during and after pregnancy, but typi-
cally goes unrecognized. Pregnancy is not a reason a priori to 
discontinue psychotropic drugs [153]. Fluoxetine is effective 
treatment for postpartum depression, and is as effective as a 
course of cognitive–behavioral counseling in the short term 
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[154]. There are no adequate reports or well-controlled studies 
of sertraline in pregnant women, although there is growing 
experience with its use for the treatment of postpartum depres-
sion [154]. In general, women taking selective serotonin 
reuptake inhibitors (SSRIs) during pregnancy for depression 
require an increased dose to maintain euthymia [155].

Fetal considerations

There are no adequate reports or well-controlled studies in 
human fetuses. Fluoxetine and sertraline cross the human pla-
centa [156]. Maternal doses predict the umbilical cord concen-
tration. Prospectively ascertained pregnancy outcomes after 
SSRIs, mainly fl uoxetine and sertraline, reveal no teratogenic 
effect. Maternal use of high doses of fl uoxetine throughout 
pregnancy may be associated with a risk for low birthweight 
[157]. Exposure throughout gestation does not adversely affect 
cognition, language development, or the temperament of pre-
school and early school-age children. In utero exposure to 
novel antipsychotics has not been associated with congenital 
malformations; however, the data are still limited [158]. Previ-
ous cohort study suggested a possible association between 
maternal use of the SSRI fl uoxetine late in the third trimester of 
pregnancy and the risk of persistent pulmonary hypertension 
of the newborn (PPHN) in the infant. Small studies (only 14 
infants) support an association between the maternal use of 
SSRIs in late pregnancy and PPHN in the offspring, and thus 
further study of this association is warranted [159].

Breastfeeding considerations

Maternal serum and peak breastmilk concentrations of fl uoxe-
tine and its active metabolite, norfl uoxetine, predict nursing 
infant serum norfl uoxetine concentrations. Breastfeeding is 
not contraindicated with either fl uoxetine or sertraline [160]. If 
breastfed, the infant should be monitored for possible adverse 
effects, the drug given at the lowest effective dose, and breast-
feeding avoided at times of peak drug levels. All psychotropic 
medications are transferred to breastmilk in varying amounts, 
and thus are passed on to the nursing infant. In theory, 
discarding breastmilk obtained at the time of peak drug con-
centration could allow the mother to reduce the infant’s expo-
sure to her medication; however, it is often impractical to 
do this [160].

Analgesics (aspirin, acetaminophen, 
ibuprofen, propoxyphene)

Maternal considerations

Aspirin is a potent drug with complex and still unclear mecha-
nisms of action. Women ingesting large quantities of aspirin 
are at risk for myriad complications (gastrointestinal lesions, 
renal or hepatic dysfunction, asthma, hypoprothrombinemia, 

tachypnea, hyperthermia, lethargia) [161]. In a recent prospec-
tive case–control study, prenatal use of ibuprofen, naproxen, 
and possibly aspirin but not acetaminophen increased the risk 
of spontaneous abortion [162]. These fi ndings need confi rma-
tion in studies designed specifi cally to examine the apparent 
association. The association was stronger if the initial use was 
around conception or if it lasted more than a week. Chronically 
high salicylate levels are associated with prolonged preg-
nancy, increased puerperal bleeding, decreased birthweight, 
and stillbirth. It is generally recommended that high doses of 
aspirin be avoided during the last trimester. Aspirin plus 
heparin remains the most effi cacious treatment of antiphos-
pholipid syndrome [163]. The evidence on the effi cacy and 
safety of thromboprophylaxis with aspirin and heparin in 
women with a history of at least two spontaneous miscarriages 
or one later intrauterine fetal death without apparent causes 
other than inherited thrombophilias is too limited to recom-
mend the use of anticoagulants in this setting [164]. However, 
one randomized trial sought to compare the effi cacy of low-
dose aspirin alone versus low-dose aspirin plus low molecular 
weight heparin in pregnant women with antiphospholipid 
syndrome and recurrent miscarriage as prophylaxis against 
pregnancy loss. A high success rate was achieved when low-
dose aspirin was used for antiphospholipid syndrome in preg-
nancy. The addition of low molecular weight heparin did not 
signifi cantly improve pregnancy outcome [165]. Controversy 
continues regarding the benefi t of low-dose aspirin for the pre-
vention of preeclampsia [166], although no complications of 
treatment have been documented and several meta-analyses 
suggest a modest reduction in preeclampsia and IUGR [167]. 
Acetaminophen is a component of a long list of analgesic medi-
cations. Chronic abuse and overdose are the most common 
problems. The damage appears secondary to free radical toxic-
ity with consumption of glutathione during metabolism. N-
acetylcysteine is the treatment of choice for an acute overdose 
[168]. Chronic abuse and overdose are the most common prob-
lems. Approximately 5% of women report prenatal use of 
either ibuprofen or naproxen near conception or during preg-
nancy. In a recent prospective case–control study, prenatal 
ibuprofen or naproxen use increased the risk of spontaneous 
abortion by 80%. Propoxyphene is a narcotic. There are no ade-
quate reports or well-controlled studies in pregnant women.

Fetal considerations

Aspirin crosses the placenta [169]. Maternal aspirin ingestion 
has been linked to gastroschisis and small intestine atresia 
independent of fever or cold symptoms [170]. However, the 
overall risk of malformations was not increased following 
usage of aspirin [171]. Acetaminophen use during labor to 
treat the fever of chorioamnionitis is associated with improved 
fetal umbilical blood gases, presumably by reducing fetal 
oxygen demand as the maternal core temperature declines 
[172]. Although it was previously suggested that exposure to 
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acetaminophen was associated with clubfoot and digital 
abnormalities, these reports are not sustained in large series. 
However, there appears to be a link between the drug and gas-
troschisis and small bowel atresia. Unlike aspirin, acetami-
nophen has no antiplatelet activity and does not pose a 
hemorrhagic risk to the fetus [173]. Ibuprofen also crosses the 
human placenta. Fetal levels are dependent on maternal, as 
NSAIDs are not metabolized by the fetal kidney. It is linked 
epidemiologically to both gastroschisis and persistent pulmo-
nary hypertension in the neonate. Ibuprofen is as effective as 
indomethacin in closing the ductus, but does not affect renal 
function to the same extent [174]. No adverse effects were 
reported for propoxyphene.

Breastfeeding considerations

The use of aspirin in single doses should not pose any risk to 
the breastfeeding newborn [175]. In contrast, women on high 
doses of aspirin such as that for arthritis or rheumatic fever 
might best avoid breastfeeding, as the neonatal salicylate level 
may reach therapeutic levels. Acetaminophen is generally 
considered compatible with breastfeeding [176]. While low 
levels of ibuprofen and propoxyphene are excreted into 
human breastmilk, their use is generally considered compati-
ble with breastfeeding.

Antihypertensives (methyldopa, hydralazine, 
labetalol, propranolol)

Maternal considerations

Hypertension predating pregnancy should be differentiated 
from preeclampsia. While treatment is indicated for women 
with a systolic blood pressure >170 mmHg and/or a diastolic 
blood pressure >109 mmHg, there is no consensus whether 
lesser degrees of hypertension require treatment during preg-
nancy. In women with mild to moderate chronic hypertension, 
antihypertensive therapy improves the maternal but appar-
ently not the fetal outcome. Methyldopa is perhaps the best-
studied antihypertensive agent during pregnancy [177]. It 
remains a fi rst-line agent for the treatment of moderate to mild 
hypertension [178]. Methyldopa requires 48–72 h to exert its 
effect. Methyldopa is less effective than metoprolol, but as 
effective as nifedipine, labetalol and ketanserin, in decreasing 
both systolic and diastolic blood pressure in women with 
chronic hypertension [179]. Hydralazine and labetalol are the 
most widely used drug for the treatment of acute hyperten-
sion during pregnancy [180]. Propranolol is used extensively 
during pregnancy for the treatment of maternal hypertension, 
arrhythmia, and migraine headache, and is generally consid-
ered safe [181]. It is also used acutely to provide symptomatic 
relief of symptoms from thyrotoxicosis and pheochromocy-
toma [182,183]. The studies of propranolol as an oral hypo-
tensive are small. It appears as effective as methyldopa, 

and is often coupled with other hypotensive agents such as 
hydralazine [184].

Fetal considerations

Most antihypertensive agents cross the placental barrier. 
Methyldopa is the only drug accepted for use during the fi rst 
trimester of pregnancy [185]. Methyldopa does not signifi -
cantly alter fetal cardiac activity or produce any fetal hemody-
namic changes as measured by Doppler fl ow studies [186]. In 
contrast, methyldopa decreases placental vascular resistance 
in mild preeclampsia and in chronic hypertension. There are 
no adequate reports or well-controlled studies in human 
fetuses for hydralazine, but limited use during the fi rst trimes-
ter reveals no evidence of teratogenicity. Intravenous labetalol 
can cause fetal bradycardia, hypoglycemia, bradycardia, 
hypotension, pericardial effusion, myocardial hypertrophy, 
and fetal death resulting from acute hypotension [187,188]. 
Overall, neonatal outcome is similar to that achieved with 
hydralazine [189]. Labetalol may be useful for the treatment of 
fetal thyrotoxicosis [190].

Breastfeeding considerations

Methyldopa, hydralazine, labetalol and propranolol enter 
human breastmilk [191]. Breastfed neonates delivered by 
women who are using antihypertensive medications are nor-
motensive. The risk of hypoglycemia in breastfed neonates 
is increased by labetalol and may be blunted with glucose-
fortifi ed formula [192].

Antihistamines (diphenhydramine)

Maternal considerations

There are no adequate reports or well-controlled studies of 
antihistaminics during pregnancy. Diphenhydramine has a 
long history of use in obstetrics and is a useful adjunct for 
women who have allergic reactions to local anesthesia, lami-
naria, and serum albumin, or for the treatment of severe 
migraine headaches [193,194].

Fetal considerations

Although diphenhydramine crosses the human placenta, the 
kinetics remain to be elucidated. There is no evidence of 
increased fetal risk if administered during any stage of preg-
nancy. Diphenhydramine may cause neonatal depression if 
administered during labor [195].

Breastfeeding considerations

There is no published experience in nursing women. It is 
unknown whether diphenhydramine enters human breast-
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milk. Irritability is the most common adverse reaction 
reported in the newborns of women using antihistamines 
while breastfeeding [195].

Antibiotics (penicillin-G, tetracyclines, 
ciprofl oxacin, metronidazole)

Maternal considerations

Penicillin and its derivatives, ampicillin, and cephalosporins 
are safe and commonly used during pregnancy [196–199]. Tet-
racycline is a broad-spectrum antibiotic. Tetracycline is gener-
ally avoided during pregnancy because of fetal considerations 
[200]. When penicillin is contraindicated, tetracycline-class 
agents (erythromycin) are alternatives for the treatment of 
gonorrhea and syphilis [201,202]. However, fl uoroquinolone-
resistant disease is being identifi ed more frequently. A test for 
cure is essential. Despite this fl uoroquinolone therapy (cipro-
fl oxacin) is widely used as a treatment for gonorrhea because it 
is a relatively inexpensive, oral, and single-dose therapy [203]. 
Ciprofl oxacin is also usually selected when penicillin-class 
agents have no effect on Gram-negative rods. Ciprofl oxacin 
has the best safety profi le of second-line drugs for drug-
resistant tuberculosis [204]. It is the drug of choice for prophy-
laxis among asymptomatic pregnant women exposed to 
Bacillus anthracis, and treatment of Q fever during pregnancy 
[205,206]. Metronidazole is used widely during pregnancy 
and has multiple therapeutic benefi ts such as bacterial vagino-
sis (BV), trichomoniasis, infl ammatory bowel disease, Clostrid-
ium diffi cile colitis, and anaerobic and protozoal infections 
[207,208]. Several large randomized trials seeking to deter-
mine whether successful treatment of BV reduced the preva-
lence of adverse outcomes ended in controversy [209–212]. 
Women who deliver preterm with symptomatic BV have a 
lower risk of preterm birth in a subsequent pregnancy if treated 
with clindamycin and erythromycin but not metronidazole 
[213]. Unfortunately, the treatment of women with asympto-
matic BV and no prior preterm birth apparently does not alter 
their preterm delivery rate [214]. High-risk conditions that 
require treatment of BV with oral clindamycin and erthromy-
cin include: women with prior preterm birth, BMI below 
19.8 kg/m2 and women with evidence of endometritis 
before pregnancy. A “test of cure” should be obtained 1 month 
later [215].

Fetal considerations

Most penicillins cross the human placenta to some extent 
[216,217]. The extensive clinical experience is reassuring, as 
are the animal studies, which reveal no evidence of tera-
togenicity or IUGR despite the use of doses higher than those 
used clinically [218]. Tetracycline crosses the human placenta 
and may cause a yellow–gray–brown tooth discoloration in 
adults after fetal/childhood exposure [218,219].

However, treatment with doxycycline during pregnancy 
presents very little if any teratogenic risk to the fetus [220]. 
Ciprofl oxacin crosses the human placenta [221], and can be 
found in amniotic fl uid in low quantities. Short-duration treat-
ment with ciprofl oxacin appears free of adverse fetal responses. 
As a class, the new quinolones do not appear associated with 
an increased risk of malformation or musculoskeletal prob-
lems in humans [221]. There are no clinically signifi cant musc-
uloskeletal dysfunctions reported in children exposed to 
fl uoroquinolones in utero [222,223]. However, longer follow-
up and magnetic resonance imaging of the joints may be war-
ranted to exclude subtle cartilage and bone damage. Similarly, 
metronidazole also crosses the human placenta but it does not 
pose a major teratogenic risk when used in the recommended 
dosage [224]. The safety of drug therapy for infl ammatory 
bowel disease during pregnancy is an important clinical 
concern [225].

Breastfeeding considerations

Only trace amounts of penicillin-G enter human breastmilk 
[226]. It is generally considered compatible with breastfeed-
ing. Tetracycline enters human breastmilk, although the kinet-
ics remain to be elucidated [227]. Clinical experience suggests 
that maternal oral ingestion is compatible with breastfeeding. 
Ciprofl oxacin enters human breastmilk, and oral doses of this 
drug are concentrated in breastmilk at levels higher than 
serum [228]. Clostridium diffi cile pseudomembranous colitis 
has been reported in a breastfed neonate whose mother was 
taking ciprofl oxacin. Metronidazole is excreted into human 
breastmilk and is not associated with adverse effects in breast-
fed neonates [229].

Antivirals (acyclovir)

Maternal considerations

Treatment of genital herpes with acyclovir during pregnancy 
is not curative, but rather intended to reduce the duration of 
symptoms and viral shedding [230]. There is a long clinical 
experience free of adverse effects. Prophylactic acyclovir 
beginning at 36 weeks’ gestation reduced the risks at 
delivery of clinical recurrence of genital herpes, caesarean 
section for recurrence, and herpes shedding at delivery [231]. 
Suppression therapy is both effective and cost-effective 
whether or not the primary infection occurred during the 
current pregnancy.

Fetal considerations

It is unknown whether acyclovir crosses the human placenta. 
Postmarketing surveillance has not revealed any increase in 
or pattern of malformations after exposure during the fi rst 
trimester [232].
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Breastfeeding considerations

Although acyclovir is passively secreted and achieves concen-
trations in breastmilk higher than maternal serum [233]. It is 
used to treat neonatal herpetic infection and is generally con-
sidered compatible with breastfeeding.

Case presentation

Dr. Howard was late for the offi ce that day as a hypertensive 
patient had kept her in the hospital until early morning. It was 
a cold winter day. The waiting room was full of walk-ins and 
three new maternity patients. First in the examination room 
was a long-time patient now at 9 weeks’ gestation. She has 
upper respiratory tract symptoms and received the infl uenza 
vaccine in October. Acetaminophen coupled with an antihis-
tamine was prescribed. The next patient had a newly positive 
pregnancy test and was diagnosed with a seizure disorder 
several years back, although she has had no diffi culties over 
the last 3 years. Recognizing the risk of an unnecessary pre-
scription medication, and following consultation with the 
patient’s neurologist, Dr. Howard recommended an ultra-
sound, discontinuation of her phenytoin, and a neurology 
follow-up in the following week. The next new patient was a 
42-year-old in the 11th week of her fourth pregnancy with 
twins after in vitro fertilization. Three years ago, the patient 
was started by her general practitioner on a diuretic agent for 
mild hypertension. Her weight was 80 kg. Dr. Howard noticed 
that her blood pressure was now near normal (130/84 mmHg). 
Dr. Howard elected to discontinue the diuretic and made a 
note to test her for gestational diabetes a little earlier than 
usual, perhaps around 26 weeks.

Dr. Howard recalled that winter day vividly as she sat to 
complete her quarterly QA report. Strange, each of the preg-
nancies had suffered an unexpected complication. The fi rst 
patient’s child was doing well now after a gastroschisis repair 
with bowel resection for atretic loops of intestine. The second 
patient’s child, who had a cleft palate and lip, required multi-
ple surgical repairs. Her third patient was diagnosed with dia-
betes at 26 weeks, but despite the initiation of insulin therapy, 
delivered a 3.5-kg child at 31 weeks after she had been induced 
for what the high-risk specialist felt was superimposed 
preeclampsia.
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6 Genetic screening for mendelian disorders
Deborah A. Driscoll

Genetic screening to identify couples at risk for having off-
spring with inherited conditions such as Tay–Sachs disease, 
sickle cell disease, and cystic fi brosis has been integrated into 
obstetric practice. The number of genetic conditions for which 
carrier screening and genetic testing is available has increased 
as a result of the Human Genome Project and advances in tech-
nology. Further, the demand for genetic screening and testing 
has increased. The decision to offer population-based genetic 
screening is complex. Factors to consider include disease 
prevalence and carrier frequency; nature and severity of the 
disorder; options for treatment; intervention and prevention; 
availability of a sensitive and specifi c screening and diagnos-
tic test; positive predictive value of the test; and cost [1]. Care 
must be taken to avoid the potential for psychologic harm to 
the patient and the misuse of genetic information and possible 
discrimination. Successful implementation of genetic screen-
ing programs requires adequate educational materials for 
providers and patients and genetic counseling services. This 
chapter reviews mendelian inheritance, indications for genetic 
screening, and the current carrier screening guidelines for 
common genetic disorders.

Family history

Genetic screening begins with an accurate family history, 
which should be a routine part of a patient’s complete evalua-
tion. It is useful to summarize this information in a pedigree to 
demonstrate the family relationships and which relatives are 
affected. The family history should include three generations; 
the sex and state of health should be noted. Stillbirths and mis-
carriage should be recorded. A history of the more common 
genetic diseases, chromosomal abnormalities, and congenital 
malformations such as cardiac defects, cleft lip and palate, and 
neural tube defects should be routinely sought. The history 
should also include cognitive and behavioral disorders such 
as mental retardation, autism, developmental delay, and psy-
chiatric disorders. Cancer and age at diagnosis should be 

noted. Genetic diagnoses should be confi rmed by review of 
the medical records whenever possible. Pedigree analysis is 
important in determining the type of inheritance of a given 
mendelian disorder, and is important in providing accurate 
risk estimate.

Mendelian inheritance

Mendelian inheritance refers to genetic disorders that arise as 
a result of transmission of a mutation in a single gene. Most 
single-gene disorders are uncommon, usually occurring in 1 
in 10,000–50,000 births. Over 11,000 single gene disorders 
or traits have been described and can be found in the Online 
Mendelian Inheritance in Man (www3.ncbi.nlm.nih.gov/
omim/) [2]. Obstetricians should be familiar with the inherit-
ance patterns and some of the common disorders for which 
carrier screening is available.

There are three basic patterns of mendelian inheritance:
1 autosomal dominant;
2 autosomal recessive; and
3 X-linked.
Genes occur in pairs; one copy is present on each one of a pair 
of chromosomes. If the effects of an abnormal gene are evident 
when the gene is present in a single dose, then the gene is said 
to be dominant. A carrier of an autosomal dominant disorder 
has a 50% chance of transmitting the disorder to his or her off-
spring. In general, pedigree analysis shows the disease in 
every generation with some exceptions. In some families, the 
disorder may not be expressed in every individual who inher-
its the gene. This is referred to as incomplete or reduced pene-
trance. Affected relatives may have a variable phenotype as a 
result of differences in expression. Modifying genes and/or 
the environment can infl uence the phenotype and hence it 
may be diffi cult to predict the outcome accurately. Autosomal 
dominant disorders may also arise as a result of a sporadic 
mutation. If this occurs then a couple does not have a 50% 
risk of having a subsequent affected child unless germline 
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mosaicism exists. Germline mosaicism refers to the existence 
of a population of cells with the mutation in the testes or 
ovary.

For autosomal recessive disorder to be expressed, both 
copies of the gene must be abnormal. Carriers of autosomal 
recessive disorders are detected either through carrier screen-
ing, or after the birth of an affected child or relative. Pedigree 
analysis typically shows only siblings to be affected. In general, 
carriers are healthy although at the cellular level they may 
demonstrate reduced enzyme levels; this is not suffi cient to 
cause disease. For example, Tay–Sachs carriers have a reduced 
level of hexosaminidase A. When both parents are carriers 
there is a 25% chance of having an affected child in each preg-
nancy. There is a two-thirds likelihood that their offspring is a 
carrier.

X-linked diseases such as Duchenne muscular dystrophy 
or hemophilia primarily affect males because they have a 
single X chromosome. In contrast, female carriers are less 
likely to be affected because of the presence of two X chromo-
somes. A female carrier may show manifestations of the 
disease because of unfavorable lyonization or inactivation of 
the X chromosome with the normal copy of the gene. A female 
who carries a gene causing an X-linked recessive condition 
has a 50% chance of transmitting the gene in each pregnancy; 
50% of the male fetuses will be affected and 50% of the females 
will be carriers. X-linked disorders can also occur as a result 
of a de novo mutation. The mother of a child with an X-linked 
condition is not necessarily a carrier. Similar to autosomal 
dominant disorders, germline mosaicism must also be consid-
ered. A male with an X-linked disorder will pass the abnormal 
gene on his X chromosome to all of his daughters who will be 
carriers; his sons receive his Y chromosome and hence will be 
unaffected. X-linked dominant disorders such as incontinen-
tia pigmenti are rare and affect females; they tend to be lethal 
in males.

It is now recognized that some genetic conditions do not 
follow simple mendelian inheritance. Some genes contain a 
region of trinucleotide repeats (i.e., (CCG)n) that are unstable 
and may expand during transmission from parent to offspring. 
When the number of repeats reaches a critical level, the gene 
becomes methylated and is no longer expressed (e.g., Fragile X 
syndrome). Testing is available to determine if an individual 
with a positive family history of mental retardation carries a 
premutation, which may expand to a full mutation in their off-
spring [3]. Trinucleotide repeats are also implicated in several 
neurologic disorders such as Huntington disease and myot-
onic dystrophy [4].

Carrier screening

Carrier screening refers to the identifi cation of an individual 
who is heterozygous or has a mutation in one of two copies of 
the gene. The screening test may identify an individual with 

two mutations who is so mildly affected it has escaped medical 
attention. Ideally, carrier screening should be offered to 
patients and their partners prior to conception to provide them 
with an accurate assessment of their risk of having an affected 
child and a full range of reproductive options. Most screening 
takes place during pregnancy and should be performed as 
early as possible to allow couples an opportunity to have pre-
natal diagnostic testing. When both parents are carriers, 
genetic counseling is recommended and they are informed of 
the availability of prenatal diagnostic testing, pre-implanta-
tion genetic diagnosis, donor gametes (eggs or sperm), and 
adoption to avoid the risk for having an affected child. It is 
helpful to explore their attitudes towards prenatal testing and 
termination of pregnancy. In addition, they may consider  con-
tacting their relatives at risk and inform them of the availabil-
ity of carrier screening.

In the USA, preconception or prenatal genetic screening 
tests are available for many inherited conditions. The decision 
to offer testing is based on family history, or ethnic or racial 
heritage associated with an increased risk for a specifi c 
condition. Information about specifi c genetic disorders and 
testing can be found at www.genetests.org. Screening should 
be voluntary and informed consent is desirable. Patients 
should be provided with information about the disorder, 
the prevalence, severity, and treatment options. Test informa-
tion including detection rates and the limitations should be 
reviewed with the patient. When the detection rate is less 
than 100%, it is important for the patient to understand that a 
negative screening test reduces the likelihood that an individ-
ual is a carrier and at risk for having an affected offspring but 
does not eliminate the possibility. For some patients, genetic 
counseling may assist with the decision-making process. 
Patients should also be assured that their test results are 
confi dential.

Guidelines for carrier screening for the hemoglobinopathies 
[5], cystic fi brosis [6], and genetic diseases more commonly 
found among individuals of Eastern European Jewish herit-
age [7] have been developed by the American College of 
Obstetricians and Gynecologists (ACOG). These disor-
ders are briefl y described below and in Table 6.1. DNA-based 
tests to assess an individual’s carrier status for other inherited 
conditions such as spinal muscular atrophy or Huntington 
disease are available but in general are only offered if an indi-
vidual is at an increased risk to be a carrier based on family 
history.

When a family history suggests that a patient or her partner 
may be at increased risk to be a carrier or to have a child with an 
inherited condition, the fi rst step is to determine if the gene for 
that disorder has been identifi ed. If the gene is known, the 
optimal strategy is to test the affected relative. Many disorders 
are caused by mutations unique to a family, and DNA sequenc-
ing is required to identify the disease-causing mutation. Once 
a mutation is confi rmed in the affected individual, testing rela-
tives at risk to be carriers is possible. In some cases, DNA 
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sequencing can be used as a carrier screening test but it is 
expensive and less reliable than testing the affected person. 
Testing for disorders that are the result of one or more common 
mutations can be utilized for carrier testing provided that the 
diagnosis in the affected relative is correct. For example, a 
carrier test has been developed for spinal muscular atrophy, a 
common autosomal recessive disorder caused by a deletion in 
exon 7 of the SMN gene [8]. This is a highly accurate carrier test 
because the vast majority of cases are caused by this deletion. 
Confi rmatory testing of the affected individual is still recom-
mended whenever possible. Many laboratories will accept 
postmortem tissue samples and paraffi n blocks if the affected 
individual is deceased.

Carrier screening tests may be helpful when a particular 
diagnosis is suspected based on ultrasound fi ndings in the 
pregnancy. The antenatal evaluation of a fetus with a congeni-
tal malformation typically includes a thorough ultrasound 
examination and fetal echocardiogram to look for associated 
anomalies, as well as a fetal karyotype. Single-gene disorders 
are often considered in the differential diagnosis but until 
recently were not amenable to prenatal testing. Now that the 
molecular basis of many of these disorders has been eluci-
dated, either carrier screening of the parents or diagnostic 
testing of the pregnancy is possible when a particular diagno-
sis is suspected. For example, carrier screening for Fanconi 
anemia type C may be considered as part of the evaluation of a 
fetus with absent radius [9], particularly if the couple are of 

Eastern European Jewish ancestry, because the carrier fre-
quency is 1 in 90 in this population and a single mutation 
accounts for 99% of the disease-causing mutations. Testing the 
parents to determine their carrier status can help establish or 
exclude a diagnosis in the fetus with an anomaly.

Carrier testing may be carried out on request because of 
heightened anxiety and concern. It is not uncommon for 
patients to request a test based on a personal experience, recent 
newspaper article, or television show. In these instances, it is 
important for them to understand their individual risk of 
being a carrier and having an affected child, as well as the risks, 
benefi ts, and limitations of testing. Pre- and post-test coun-
seling is very important. For most rare disorders this is not a 
very cost-conscious approach but with the availability of high-
throughput molecular technology testing is becoming more 
affordable. Although it has become feasible to perform these 
tests, our ability to predict outcome and future risks associated 
with carrier status is sometimes limited. In many cases, longi-
tudinal studies of carriers will be needed to better defi ne the 
risks and benefi ts of testing.

Hemoglobinopathies

The hemoglobinopathies include structural hemoglobin vari-
ants and the thalassemias. Sickle cell disease, a severe form of 
anemia, is an autosomal recessive disorder common among 
individuals of African origin but also found in Mediterranean, 

Table 6.1 Mendelian disorders frequent among individuals of Eastern European Jewish ancestry.

Disorder Carrier Rate Clinical Features

Tay–Sachs disease 1 in 30  Hypotonia, developmental delay, loss of developmental milestones, mental retardation beginning at 

5–6 months; loss of sight at 12–18 months, usually fatal by age 6

Canavan disease 1 in 40  Hypotonia, developmental delay, seizures, blindness, large head, gastrointestinal refl ux

Familial dysautonomia 1 in 32  Abnormal suck, feeding diffi culties, episodic vomiting, abnormal sweating, pain and temperature instability, 

labile blood pressure, absent tearing, scoliosis

Cystic fi brosis 1 in 24  Chronic pulmonary infections, malabsorption, failure to thrive, pancreatitis, male infertility because of 

congenital absence of the vas deferens

Fanconi anemia type C 1 in 89  Limb, cardiac, and genitourinary anomalies; microcephaly, mental retardation, developmental delay; anemia, 

pancytopenia, and increased risk for leukemia

Niemann–Pick type A 1 in 90  Jaundice and ascites caused by liver disease; pulmonary disease; developmental delay and psychomotor 

retardation, progressive decline in cognitive ability and speech, dysphagia, seizures, hypotonia, abnormal gait

Bloom syndrome 1 in 100  Prenatal and postnatal growth defi ciency; predisposition to malignancies; facial telangiectasias, abnormal 

skin pigmentation, learning diffi culties, mental retardation

Mucolipidosis IV 1 in 127  Growth and severe psychomotor retardation; corneal clouding, progressive retinal degeneration, strabismus

Gaucher disease 1 in 15  Chronic fatigue, anemia, easy bruising, nosebleeds, bleeding gums, menorrhagia, hepatosplenomegaly, 

osteoporosis, bone and joint pain

Note: carrier rates apply to individuals of Eastern European Jewish ancestry; clinical features may vary in presentation, severity, and age of onset.
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Arab, southern Iranian, and Asian Indian populations. 
Approximately 1 in 12 African-Americans are carriers or have 
sickle cell trait (Hb AS). The underlying abnormality is a single 
nucleotide substitution (GAG to GTG) in the sixth codon of the 
beta-globin gene. This mutation leads to the substitution of the 
amino acid valine for glutamic acid. Sickle cell disorders also 
include other structural variants of beta-hemoglobin. Screen-
ing is best accomplished by complete blood count (CBC) 
with red blood cell (RBC) indices and a hemoglobin 
electrophoresis.

The thalassemias are a heterogeneous group of hereditary 
anemias brought about by reduced synthesis of globin chains. 
Alpha-thalassemia results from the deletion of two to four 
copies of the alpha-globin gene. The disorder is most common 
among individuals of South-East Asian descent. If one or 
two of the genes are deleted, the individual will have alpha-
thalassemia minor, which is usually asymptomatic. Deletion 
of three genes results in hemoglobin H disease, which is a more 
severe anemia, and a fetus with deletions of all four alpha-
chain genes can only make an unstable hemoglobin (Bart 
hemoglobin) that causes lethal hydrops fetalis and is associ-
ated with preeclampsia. Alpha-thalassemia is also common 
among individuals of African descent but typically does not 
result in hydrops.

The beta-thalassemias are caused by mutations in the beta-
globin gene that result in defective or absent beta-chain syn-
thesis. Beta-thalassemia is more common in Mediterranean 
countries, the Middle East, South-East Asia, and parts of 
India and Pakistan. The heterozygous carrier (beta-
thalassemia minor) is not usually associated with clinical 
disability, except in periods of stress. Individuals who are 
homozygous (beta-thalassemia major or Cooley anemia) have 
severe anemia, failure to thrive, hepatosplenomegaly, growth 
retardation, and bony changes secondary to marrow hyper-
trophy. The mean corpuscular volume (MCV) is performed as 
an initial screening test for patients at risk. Individuals with 
low MCV (<80 µL3) should undergo hemoglobin electrophore-
sis; beta-thalassemia carriers have an elevated HbA2 (>3.5%). 
Diagnosis of alpha-thalassemia trait is by exclusion of iron 
defi ciency and molecular detection of alpha-globin gene 
deletions.

Cystic fi brosis

In 2001, ACOG and the American College of Medical Genet-
ics (ACMG) recommended that carrier screening for cystic 
fi brosis, an autosomal recessive disorder that primarily 
affects the pulmonary and gastrointestinal system, be offered 
to non-Hispanic Caucasian patients planning a pregnancy or 
currently pregnant [6]. Cystic fi brosis screening is available 
to any patient; however, the prevalence and carrier rates are 
lower in other populations and the detection rates are also 
reduced, resulting in a less effective screening test. ACMG 
recommends that a panel of 23 pan-ethnic mutations be used 

for screening the general population [10]. For individuals 
with a family history of cystic fi brosis, screening with an 
expanded panel of mutations or complete analysis of the 
CFTR gene by sequencing may be indicated, if the mutation 
has not been previously identifi ed in the affected relative. 
Patients with a reproductive partner with cystic fi brosis 
or congenital absence of the vas deferens may benefi t 
from this approach to screening. Genetic counseling in 
these situations is usually benefi cial. Cystic fi brosis carrier 
screening may also identify individuals with two mutations 
who have not been previously diagnosed as having cystic 
fi brosis. These individuals may have a milder form of the 
disease and should be referred to a specialist for further 
evaluation.

Jewish genetic diseases

There are a number of autosomal recessive conditions that are 
more common in individuals of Eastern European Jewish 
(Ashkenazi) descent. Several of these conditions are lethal or 
associated with signifi cant morbidity. Tay–Sachs was the fi rst 
disorder amenable to carrier screening based on the measure-
ment of serum or leukocyte hexosaminidase A levels [11]. 
Today, similar detection rates can be achieved with mutation 
testing [12]. With the identifi cation of the genes and disease-
causing mutations for other disorders, carrier screening 
became feasible. ACOG recommended that in addition to 
Tay–Sachs, carrier testing for Canavan disease [13], familial 
dysautonomia, and cystic fi brosis be offered when one or both 
parents are of Eastern European Jewish descent [7]. These dis-
orders share similar prevalence and carrier rates (Table 6.1). 
The sensitivity of these tests is also very high (95% or higher) 
and thus, a negative result indicates that the risk of having a 
child with the disorder is very low. However, it is important to 
recognize that, with the exception of Tay–Sachs and cystic 
fi brosis, the prevalence and the nature of the gene mutations in 
the non-Jewish population is unknown and hence carrier 
screening of a non-Jewish individual is of limited value. Table 
6.1 lists the disorders for which carrier testing is available and 
provides a brief list of the clinical features. Many of these dis-
orders are less frequent and therefore the decision to pursue 
screening is left to the patient.

Prenatal diagnosis

Invasive prenatal diagnostic testing is available for patients 
identifi ed through carrier screening to be at increased risk for 
having an affected offspring (see Chapter 49). Molecular 
testing for the specifi c gene mutations can be performed 
on cells obtained through chorionic villus sampling (CVS) at 
10–12 weeks’ gestation or amniocentesis after 15 weeks’ gesta-
tion. It is critical that the laboratory performs maternal cell con-
tamination studies to ensure the accuracy of the test results.
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Newborn screening

Carriers of mendelian disorders may also be identifi ed through 
state newborn screening programs. Newborn screening was 
designed to identify newborns with inherited metabolic disor-
ders who would benefi t from early detection and treatment. 
However, advances in genetics and technology have led to 
expanded screening programs which include testing for 
hemoglobinopathies, endocrine disorders, hearing loss, and 
infectious diseases. Newborn screening for most mendelian 
disorders is performed by collecting capillary blood from a 
heel puncture onto a fi lter paper. Specimens are then sent to a 
reference laboratory where they are assayed for the specifi ed 
diseases. Confi rmatory testing is necessary because of the high 
false positive rate on the initial screen. In addition to the appro-
priate referral of the infant for treatment, genetic counseling of 
the couple is recommended to review the recurrence risk and 
reproductive options.

Case presentation

A 26-year-old healthy primigravida presents for prenatal care 
at 8 weeks’ gestation. There is no family history of congenital 
malformations, genetic disorders, mental retardation, neuro-
logic or psychiatric conditions. The patient’s ancestors are 
Eastern European Jewish. Her partner is Caucasian and his 
ancestors are Northern European. She denies any medication 
use and has been taking multivitamins.

Based on the patient’s Eastern European Jewish ancestry, 
the obstetrician discusses the availability of carrier screening 
tests to determine if she is a carrier of Tay–Sachs disease, 
Canavan disease, familial dysautonomia, and cystic fi brosis. 
The patient is provided with a pamphlet containing informa-
tion about the disorders, the prevalence and carrier rate, risk of 
an affected child, test sensitivity, limitations, and possible out-
comes. If the test is negative then her risk of being a carrier is 
markedly reduced and it is highly improbable that she will 
have a child with one of these disorders. If the test indicates 
that she is a carrier then her partner should be counseled and 
offered screening. The obstetrician informs the patient that the 
decision to proceed with carrier screening is hers and testing is 
voluntary.

The patient is informed of the following risks to be a carrier: 
about 1 in 30 for Tay–Sachs and familial dysautonomia, 1 in 24 
for cystic fi brosis, and 1 in 40 for Canavan disease. The screen-
ing tests, performed on a sample of blood from the patient, 
analyze her DNA for the common mutations that cause each of 
these disorders. The detection rates are greater than 95%. 
Because the patient is pregnant, serum hexosaminidase A 
levels are unreliable; in lieu of DNA testing, leukocyte testing 
can be performed and has a high detection rate (98%). The 
patient enquires if there are other disorders she should be 

worried about. Her obstetrician informs her that carrier testing 
is available for a number of other inherited conditions that are 
common among individuals of Eastern European Jewish 
ancestry (Table 6.1). With the exception of Gaucher disease, 
which can be mild and is treatable, the other disorders occur 
less frequently and the chance that she is a carrier is approxi-
mately 1 in 90 or higher.

The patient asks if her partner should be tested. The obste-
trician informs the patient that most of these disorders are less 
common among non-Jewish individuals and the detection 
rate is unknown. Therefore, carrier screening is not recom-
mended for her partner unless the test indicates that she is a 
carrier. Cystic fi brosis is an exception; the carrier rate among 
Caucasians of Northern European ancestry is similar and the 
test detection rates are high. She may ask her partner to have 
cystic fi brosis carrier screening so that if they are both carriers 
she would learn early in the pregnancy and have the option of 
CVS if she desires prenatal diagnostic testing.

The patient elects to have the carrier screening performed 
for Tay–Sachs, Canavan, familial dysautonomia, and cystic 
fi brosis. Her obstetrician calls to inform her that the test results 
indicate that she is not a carrier of one of the common muta-
tions that cause Tay–Sachs, Canavan, or familial dysautono-
mia and therefore she is unlikely to have an affected child. 
However, she is a carrier of ∆F508, the most common cystic 
fi brosis mutation found in approximately 70% of cystic fi bro-
sis patients. The obstetrician recommends screening for cystic 
fi brosis in her partner and offers genetic counseling to obtain 
additional information. The partner agrees and the screening 
test demonstrates that he does not have any of the 23 common 
mutations that cause cystic fi brosis. Therefore, based on the 
partner’s ethnicity and the test sensitivity, his risk of being a 
carrier has been reduced to approximately 1 in 208 and the risk 
that this couple will have an affected child is 1 in 832 (1 × 1/208 
× 1/4). Prenatal testing is not recommended. The obstetrician 
informs the patient that she inherited the mutation from one of 
her parents so her siblings may also be carriers, and recom-
mends she share this information with them.
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7 Screening for neural tube defects
Nancy C. Chescheir

Neural tube defects are among the most common signifi cant 
congenital anomalies. The fi rst fetal anomaly diagnosed by 
ultrasound was anencephaly [1]. Enormous public health and 
medical attention has been focused on the prenatal identifi ca-
tion of pregnancies with this complication for several decades. 
Despite many years of attention to this problem, however, 
there is ongoing research to refi ne the diagnostic process.

Neural tube defects are a group of central nervous system 
disorders that result from the failure of normal primary neu-
rulation, an embryologic process that is normally completed 
in the human by about day 26–28 postconception. Failure of 
normal closure of the anterior neuropore results in anenceph-
aly. If the posterior neuropore fails to close, the resulting defect 
is known as spina bifi da. The most signifi cant form of spina 
bifi da includes a failure of closure of the overlying dermis and 
also epidermis and is known as an open spina bifi da (OSB) or 
spina bifi da aperta. The prenatal diagnosis of OSB is the 
primary focus of this chapter. With OSB, the defect can be fl at, 
with no overlying sac, in which case it is known as a rachis-
chisis defect. When the sac contains only dural elements, the 
defect is a meningocele. When it also includes neural elements, 
it is a meningomyelocele. Anencephaly and spina bifi da com-
prise the majority of neural tube defects. In addition, this spec-
trum of defects includes encephalocele, in which there is a 
defect in the skull (most commonly in the occipital area), with 
displacement of the meninges and usually brain tissue into the 
encephalocele, and iniencephaly, a rare disorder in which 
there is a skull defect with exposed brain in combination with 
a cervical neural tube defect with fusion to the cranium.

Among the neural tube defects, OSB is of the greatest public 
health interest, as this disorder is compatible with a near 
normal lifespan and varying degrees of impairment (both 
physical and cognitive). In addition, there is growing interest 
in whether its complications can be ameliorated with prenatal 
intervention. Thus, the pressure for early and accurate diagno-
sis is growing, in order to allow women reproductive options 
including pregnancy termination, selection of health care pro-
viders and hospitals in order to maximize neonatal well-being, 

and potential inclusion in the ongoing National Institute of 
Child Health and Human Development (NICHD) sponsored 
Management of Myelomeningocele Study (MOMS) of 
prenatal surgery for OSB. Increasingly, efforts are being 
made to more accurately predict the likely outcome for the 
child with a particular lesion to facilitate informed decision 
making by the parent(s).

Serum screening

In 1985, the American College of Obstetricians and Gynecolo-
gists (ACOG) [2] produced an alert from the Professional 
Liability Committee which recommended that all women be 
offered maternal serum alpha-fetoprotein (MSAFP) screening 
to increase the prenatal detection of open neural tube defects. 
This ushered in a new era in prenatal care in which specifi c 
maternal tests were offered in a large-scale fashion to detect 
fetal structural defects.

MSAFP is offered between 15 and 22 weeks of pregnancy 
[3]. AFP is a protein, produced originally in the yolk sac and 
then primarily in the fetal liver. The concentration in the fetal 
serum is approximately 40,000–50,000 times that in the mater-
nal serum. The fetus excretes AFP in urine. It enters the mater-
nal serum most likely by transport across the placenta and 
membranes. By performing population studies of the level of 
MSAFP in normal singleton, well-dated pregnancies, it was 
possible to develop a standard curve of how much AFP is 
normal in the maternal serum at different gestational ages. In 
situations in which there is an elevated production of AFP 
(such as in multiple gestations), increased excretion of AFP in 
the amniotic cavity (fetal nephrotic syndrome) or loss of fetal 
skin integrity such that the fetal intravascular AFP can “leak” 
into the amniotic fl uid at higher levels (open neural tube 
defects, ventral wall defects, fetal dermatologic disorders), 
then the MSAFP levels are likely to be higher than normal. 
Fetal to maternal hemorrhage, such as in cases with early 
placental dysfunction, can also increase the MSAFP. This 
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is likely the source of the association of elevated MSAFP levels 
with increased rates of growth restriction, preterm birth, and 
maternal preeclampsia.

As with any screening program, a decision has to be made 
about the balance of the sensitivity and specifi city of the test. 
Historically, MSAFP levels ≥2.50 multiples of the median 
(MOM) had been associated with a detection rate of 88% of 
patients with anencephaly and 79% of those with spina 
bifi da, for testing performed at 16–18 weeks’ gestation. Typi-
cally, the cut-off value for prenatal screening is set so that the 
detection rate will be approximately 80%, and 5% of the 
population will be considered to have an abnormal test. 
Increasing the detection rate signifi cantly results in many 
more women being identifi ed falsely and put through the 
anxiety-provoking and expensive process of the evaluation of 
an abnormal MSAFP.

However, in the 20 plus years since MSAFP screening was 
recommended by ACOG for the general population, signifi -
cant changes in the use of ultrasound and better understand-
ing of the factors that place a woman at increased risk of bearing 
a child with spina bifi da (and thus a candidate for diagnostic 
testing and not screening) have changed the utility of MSAFP 
screening. This screening is commonly performed in conjunc-
tion with measurement of other analytes to provide Down 
syndrome risk assessment. Bundling of the MSAFP with other 
screens may alter the uptake rate for the test overall, and thus 
the population of people screened. For instance, there may be 
a shift towards older women choosing to use the screening for 
Down syndrome because of increased concern in this popula-
tion for aneuploidy. Another factor that has changed some of 
the dynamics of MSAFP screening is the earlier use of ultra-
sound, which has signifi cant utility in the detection of anen-
cephaly and OSB as well as providing improved dating criteria. 
As prenatal screening for Down syndrome with nuchal trans-
lucency and fi rst trimester analytes is carried out more com-
monly, it is likely that fewer women will then also choose to 
undergo second trimester screening with MSAFP. However, 
that remains to be determined.

Despite the results of the RADIUS study [4], which showed 
no improvement in fetal perinatal morbidity or mortality by 
routine versus selected ultrasound in low-risk pregnant 
women, approximately 67% of pregnant women in the USA in 

2000 received at least one basic ultrasound as learned from 
birth certifi cate data [5].

Dashe et al. [6] hypothesized that routine ultrasound might 
compare favorably with MSAFP screening in the primary 
identifi cation of neural tube defects. In order to describe how 
these two common tests function, they performed a retrospec-
tive comparison of how neural tube defects were identifi ed in 
their population of predominantly indigent women. Approxi-
mately half of their patients underwent MSAFP screening. 
Seventy-fi ve percent who were eligible and were offered it, 
accepted. Approximately one-third of their patients began 
prenatal care after the window in which MSAFP can be per-
formed. Sixty-six babies with neural tube defects were identi-
fi ed, 65 of them prenatally. Thirty-two were anencephalic, 27 
had spina bifi da, and there were fi ve with either encephalocele 
or iniencephaly. Table 7.1 highlights that the MSAFP screen-
ing was abnormal in 65% overall — 79% of those with anen-
cephaly, but only 47% with OSB. The one OSB that was not 
identifi ed prenatally was found to have hydrocephalus at 34 
weeks, but the sacral spina bifi da was not seen. As can be 
seen, inaccurate dating criteria signifi cantly worsens the sen-
sitivity of MSAFP screening, which is a gestational age-
dependent test.

The mean MSAFP in those women with a fetus with anen-
cephaly was 4.89 MOM; for those with OSB it was 2.22 MOM 
(below the 2.50 MOM cut-off). This is an important character-
istic of MSAFP screening. Those lesions that have a larger 
surface area tend to have higher MSAFP than those with small 
surface areas.

The 53% of these women who did not have MSAFP screen-
ing were identifi ed predominantly on the basis of their routine 
or standard ultrasound. This detected 100% of the anen-
cephalic fetuses, all of the fetuses with iniencephaly or enceph-
alocele, and 92% of the OSB.

Similarly, Norem et al. [7] reviewed the path to diagnosis of 
189 patients with fetal neural tube defects. In this population, 
there were 67 with OSB, 104 anencephalics, and 18 with 
encephalocele. MSAFP screening was accepted by 79%. 
Routine sonography was offered to all patients between 15 
and 20 weeks. Most of the Kaiser centers in this study offered 
standard ultrasound prior to MSAFP screening. There were 67 
identifi ed patients with OSB and, of these, 27 had no serum 

Table 7.1 Likelihood of alpha-fetoprotein (AFP) elevation and likelihood of abnormality on routine ultrasound. (After Dashe et al. [6].)

 Overall Anencephaly Spina Bifi da Other

Serum AFP elevated 20/31 (65%) 11/14 (79%)  7/15 (47%) 2/2 (100)

Dated by US 13/15 (87%)   6/6/ (100%)   5/7 (71) 2/2 (100)

Dated by LMP, age confi rmed by US    6/7 (86)    4/4   2/3 (67)

Dated by LMP, no US confi rmation    1/9 (11)   1/4 (25)   0/5

Abnormality on standard ultrasound 35/36 20/20 12/13 3/3

LMP, last menstrual period; US, ultrasound.
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screening. Among the 40 who had MSAFP screening, only 
62% had an abnormally elevated result. Fifty-four of the 67 
had routine sonography either alone or prior to MSAFP screen-
ing, and 93% of the cases were identifi ed at the time of the 
routine ultrasound. The remainder were identifi ed after refer-
ral because of an elevated MSAFP, or because of a known high-
risk factor.

In conclusion, MSAFP screening under “real world” condi-
tions in which routine sonography is offered to women appears 
to contribute little to the screening effi ciency. In these two 
studies, routine ultrasound performed in the same window as 
AFP screening detected approximately 92% of patients with 
OSB. In settings in which routine sonography is not offered, 
MSAFP screening can be expected to identify approximately 
50% of patients with a fetus with OSB, in part because of a 
higher rate of inaccurate dating of the pregnancies without the 
benefi t of routine sonography.

Routine second trimester sonography

Both the American Institute of Ultrasound in Medicine [8] and 
ACOG [9] include an examination of the fetal spine and 
cranium in the required content of a routine second trimester 
fetal scan. The cranial abnormalities in the second trimester 
related to OSB include hydrocephalus with enlargement of 
the lateral ventricles, confl uence of the lateral ventricles and 
the third ventricle, obliteration of the cisterna magna with 
cerebellar distortion from herniation of the cerebellum 
through the foramen magnum (Arnold–Chiari II malforma-
tion), and frontal notching. On ultrasound, these are 
commonly known as the “banana sign” and the “lemon sign” 
respectively. These fi ndings are typically easier to detect than 
the actual spinal defect. To detect the spinal defect it is neces-
sary to obtain serial “bread loaf” type views of all spinal levels 
from the cervical to the sacral levels both in coronal section 
through the ventral echo center and the midline of the spinal 
laminae, as well as cross-sectional views of each spinal level. 
Sacral lesions are less likely to be associated with the cranial 
abnormalities and are easier to miss than the higher lesions. 
Importantly, they are also associated with fewer sequelae for 
the neonate.

Limitations of second trimester ultrasound as a population 
screening tool include:
1 Late onset of prenatal care such that women miss this 
window.
2 In some centers, it is cost prohibitive.
3 Maternal acoustic characteristics.
4 Sonographer/sonologist skill and experience.
5 Resolution of the equipment used.

However, as shown in the data by Dashe et al. [6] and Norem 
et al. [7], it is reasonable to expect that routine second trimester 
sonography will detect 100% of cases of anencephaly and 
approximately 90% of cases of OSB.

Diagnostic ultrasound

Population screening methodologies such as maternal serum 
screening studies and routine second trimester sonography 
are not appropriate for women at increased risk of bearing a 
child with neural tube defects. In these women, diagnostic 
studies should be considered.

Table 7.2 lists those factors that should prompt referral to 
diagnostic studies for spina bifi da. In essence, this is a list of 
identifi able factors that signifi cantly increase the risk of neural 
tube defects.

Confi rmation of the presence of an OSB relies on the same 
ultrasound fi ndings as described above. However, diagnostic 
studies should also include identifi cation of the lesion level 
and whether there are associated abnormalities. The ana-
tomic lesion level is defi ned as the upper level of the spine 
that shows disruption of the skin overlying the defect. Land-
marks such as identifi cation of the 12th rib allow the sonog-
rapher reasonable accuracy in pinpointing the highest affected 
level. It has been demonstrated that ultrasound is accurate to 
within one vertebral level of the anatomic level [10].

In uncertain cases, when the diagnosis of spina bifi da is 
unconfi rmed by ultrasound but suspected, amniocentesis can 
be offered. Analyzing the level of amniotic fl uid AFP and ace-
tylcholinesterase measured against standards for gestational 
age can offer more certain diagnoses. The question of whether 
to offer karyotype analysis to all presumed isolated cases of 
neural tube defects is an important one. Sepulveda et al. [11] 
obtained karyotype analysis in 95% of 152 consecutive fetuses 
with a neural tube defect. Seven percent of these resulted in the 
diagnosis of a chromosomal abnormality. All chromosomally 
abnormal fetuses had sonographic evidence of abnormalities 
in addition to those anticipated with the neural tube defect 
itself. The seven patients with OSB who had abnormalities 
included three with trisomy 13 and four with trisomy 18. Other 
studies in the past have also shown an 8–10% rate of chromo-
some abnormalities amongst patients with spina bifi da [12,13]. 
These studies did not uniformly evaluate for the presence or 
absence of additional structural abnormalities at the time of 
karyotype evaluation, although 12/31 aneuploid fetuses were 

Table 7.2 Risk factors for fetal neural tube defects.

Previous infant with a neural tube defect

First-degree relative with a neural tube defect

Maternal serum AFP level greater than the laboratory cut-off with 

 confi rmed dates

Suspicious screening ultrasound

Maternal pre-existing diabetes

Maternal periconceptional use of valproic acid or Depakote

Maternal obesity

AFP, alpha-fetoprotein.
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described as having no additional fi ndings. Because these 
additional studies were published in the mid-1990s, it is 
unclear whether the lack of additional fi ndings was related to 
improved sonographic technique or to a biologic fi nding that 
aneuploidy can occur in the setting of an otherwise normal 
fetus with a neural tube defect. Clinical judgment is recom-
mended, therefore, in determining whether to obtain a karyo-
type. If amniocentesis is going to be performed to measure 
amniotic fl uid AFP and acetylcholinesterase it would seem 
appropriate to obtain a karyotype. In the absence of additional 
structural abnormalities or other risk factors for aneuploidy 
such as advanced maternal age, karyotype analysis can be 
considered if it would affect the patient’s decisions about 
future pregnancy management.

Predicting functional outcome prenatally

Natural history studies correlating prenatal fi ndings with 
postnatal outcomes are very diffi cult to perform. Part of this 
relates to pregnancy termination in identifi ed fetuses. 
Although there are wide regional variations, in the USA as 
many as 20–30% of fetuses with spina bifi da are electively ter-
minated [14]. In addition, there is a very wide spectrum of out-
comes with spina bifi da. Attempting to predict cognitive 
function, motor abilities, lifespan, and quality-of-life has to be 
undertaken with some trepidation. Nonetheless, several 
authors have studied prenatal fi ndings and correlated them 
with postnatal outcomes in order to provide some guidance in 
this area.

In a study performed on 30 prenatally diagnosed fetuses 
with myelomeningocele [10] in Brazil where pregnancy termi-
nation is illegal, some interesting fi ndings were noted. Seven 
of 30 infants (26.9%) were considered to have a good prognosis 
without detectable intellectual or motor impairment. Two of 
these seven infants had lesion levels at or above L4. One patient 
in this group had clubbed feet. The presence or absence of 
clubbed feet did not correlate with long-term outcome. 
However, fetuses with lesions at or below L3 without clubbed 
feet appeared to have a better prognosis than any other group. 
The degree of fetal ventriculomegaly considerably infl uences 
the postnatal intellectual performance regardless of the motor 
status. There were four patients in the overall study without 
ventriculomegaly and three of them had normal intellectual 
outcomes. Among all infants with prenatal ventricular 
enlargement, 82% had abnormal outcomes. There was, 
however, no cut-off for the measurements of the ventricular 
enlargement below which normal intellectual development 
could be assured.

There was a 13% overall mortality rate predominately 
related to complications of surgery or hind brain herniation. In 
the 23 of 27 overall with a poor prognosis (premature death, 
intellectual or motor impairment) the site of the lesion was the 
most signifi cant isolated outcome predictor. Lesions at L3 and 

above fell into the poor prognosis category 79% of the time, 
with a positive predictive value of 88.2% and negative predic-
tive value of 55.6%. Eighty-two percent of fetuses with ven-
triculomegaly (87% overall) fell in the poor prognosis group. 
Importantly, that means that 18% of fetuses with ventriculo-
megaly fell into the good prognosis group. This suggests that 
some of the intellectual impairment may be related to shunt 
complications which by the time of the neurologic evaluation 
at 23 months, had occurred in approximately 28% of the intel-
lectually normal and 38% of the intellectually impaired infants. 
This group was unable to predict bowel or bladder function 
postnatally as the young age of the children precluded this 
analysis.

In a study performed at the University of Alabama, Biggio 
et al. [15] followed a cohort of patients with isolated spina 
bifi da. They excluded from their series those patients who 
underwent in utero therapy and a signifi cant number of women 
who had elected to terminate their pregnancies, leaving 33 
ongoing pregnancies. Ventriculomegaly was present on the 
initial ultrasound in 65% of pregnancies that were terminated 
and in 55% of the continuing pregnancies. This was not differ-
ent between groups. An additional 33% of those in the contin-
uing group who did not have ventriculomegaly at the initial 
study developed it later on in pregnancy, usually around 28 ± 6 
weeks. Those fetuses with ventriculomegaly at the fi rst study 
tended to have larger ventricles at birth than those without 
(29 ± 10 mm vs. 15 ± 4 mm). Overall, 12% of their continuing 
fetuses did not develop ventriculomegaly prenatally. In 
general, the higher the spinal lesion the more likely was it for 
the fetus to develop large ventricles. Clubbed feet was present 
in 6% of the continuing pregnancies at the initial study but 
developed in 18% more as the pregnancy progressed. This 
group did not have neonatal follow-up.

In summary then, it seems clear that the lower the lesion 
level, the better the prognosis. In addition, the absence of ven-
triculomegaly at the initial diagnosis suggests a smaller ven-
tricular size at birth than in those with ventriculomegaly at the 
time of the initial diagnosis. However, none of these fi ndings 
accurately predict with a high degree of certainty what the 
outcome will be for the individual fetus being evaluated. Sub-
stantial work is to be done in this area as this is the critical ques-
tion for families who have to consider their options and for 
patient selection if maternal-fetal surgery for spina bifi da 
proves to be effi cacious.

Conclusions

Fetuses with spina bifi da are diagnosed commonly such that it 
is now unusual for a woman who is receiving prenatal care in 
the USA to receive the unexpected diagnosis in the delivery 
room. It is likely that as an increasing number of women undergo 
fi rst trimester ultrasound in the setting of nuchal translucency 
screening, there will be an increased identifi cation of fetuses 
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with neural tube defects diagnosed in the fi rst trimester. In a 
study by Weisz [16], 42% of fetuses with OSB were identifi ed 
at the time of a fi rst trimester ultrasound. MSAFP screening 
uptake rates are likely to change as fi rst trimester screening 
increases in popularity. Policy decisions regarding perform-
ing a routine ultrasound will certainly have an impact on the 
detection rate of spina bifi da. Once spina bifi da is diagnosed, it 
is critical that a complete diagnostic evaluation be performed 
so that the family can be advised of the condition of their fetus. 
Rapid referral to a diagnostic center following prenatal detec-
tion of either a risk factor or the presence of spina bifi da is criti-
cal. If this results in a decision to continue the pregnancy, 
accurate counseling with pediatric neurologists and neuro-
surgeons as well as coordination of care with local spina bifi da 
clinics can be established early on.

Case presentation

A 26-year-old nulliparous woman presents for a second tri-
mester prenatal visit at 15 weeks’ gestation (based on fi rst tri-
mester sonogram) desiring information on the most 
cost-effective method to rule out spina bifi da in her child. She 
and her husband are healthy and have no family history of 
birth defects. However, her friend has a child with spina bifi da 
and she is concerned about the possibility of this for her baby. 
Her doctor explains that maternal serum screening with alpha-
fetoprotein (MSAFP) with ultrasound confi rmation of a fi rm 
last menstrual period (LMP) has approximately 80% sensitiv-
ity for spina bifi da detection. Without confi rmation of the 
dates, MSAFP screening has a substantially lower sensitivity. 
The doctor also explains that ultrasound in the fi rst trimester is 
insensitive for screening for most structural abnormalities, 
but ultrasound at 18–20 weeks will detect as many as 95% of 
cases of spina bifi da.

She decides to undergo maternal serum screening with 
MSAFP at that visit and the results came back at 1.3 MOM 
(within the range of normal). She then is referred for a sono-
gram at 18 weeks to evaluate for fetal anomalies, especially 
fetal spina bifi da because not all are detected with maternal 
serum screening. The level II sonogram reveals an appropriate 
for gestational age male infant with no evidence of structural 
defects, including spina bifi da. The physician performing the 
sonogram reviews with her that not all anomalies are detecta-
ble with sonography, and although 95% of cases are detected 
with ultrasound, small lesions may not be detectable until 
after delivery.
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8 First and second trimester screening 
for fetal aneuploidy
Fergal D. Malone

Prenatal screening for Down syndrome and other aneuploi-
dies, such as trisomy 18, has advanced signifi cantly since its 
advent in the 1980s. Antenatal screening for Down syndrome 
began by selecting women over the age of 35 as candidates for 
amniocentesis. Maternal serum screening for Down syndrome 
in the second trimester started in the mid-1980s, with low 
levels of the analyte alpha-fetoprotein (AFP) associated with 
an increased risk of fetal Down syndrome. The panel of screen-
ing tests available has expanded considerably, and now 
includes fi rst trimester serum and sonographic screening, 
second trimester serum and sonographic screening, and com-
binations of screening tests across both trimesters.

First trimester sonographic screening

The single most powerful discriminator of Down syndrome 
from euploid fetuses is fi rst trimester sonographic measure-
ment of the nuchal translucency space, generally performed 
between 10.5 weeks’ gestation and the end of the 13th week [1]. 
Fetal nuchal translucency (NT) refers to the normal subcuta-
neous fl uid-fi lled space between the back of the neck and the 
overlying skin (Fig. 8.1). The larger the NT mea surement, the 
higher the association with Down syndrome, other chromo-
somal abnormalities, and adverse pregnancy outcome.

Because the average NT measurement is only 0.5–1.5 mm in 
thickness, it is absolutely essential that the sonographic tech-
nique is meticulous, follows an agreed protocol, and is per-
formed only by those with adequate training and experience. 
An error of only a fraction of a millimeter can have a signifi cant 
impact on the Down syndrome risk quoted to an individual 
patient. Critical components of good NT sonographic tech-
nique are demonstrated in Fig. 8.1, and include imaging the 
fetus in the mid-sagittal plane, adequate magnifi cation to 
focus only on the fetal head and upper thorax, discrimination 
between the nuchal skin and amniotic membrane, and caliper 
placement on the inner borders of the echolucent space. NT 
sonography is a more powerful discriminator of Down syn-

drome fetuses from euploid fetuses at 11 weeks’, rather than 
13 weeks’, gestation, and therefore this form of screening 
should be performed as close to 11 weeks as possible [1].

Several large prospective population screening studies have 
now been completed in the USA and in Europe, and each have 
confi rmed that NT sonography, when performed by trained 
and experienced sonographers, is a powerful screening tool 
for fetal aneuploidy [1–4]. At a 5% false positive rate, NT 
sonography (combined with maternal age) detects 70% of 
cases of Down syndrome at 11 weeks, but decreases to 64% at 
13 weeks’ gestation [1].

Other sonographic tools that are available for fi rst trimester 
screening for fetal aneuploidy include nasal bone sonography, 
ductus venosus Doppler waveform analysis, and tricuspid 
regurgitation. Fetuses with Down syndrome appear to have 
relatively short nasal bones, leading to the suggestion that 
failure to visualize the nasal bones at the time of fi rst trimester 
NT sonography may be an additional useful tool for Down 
syndrome detection. While initial studies of high-risk patient 
populations demonstrated that in expert hands absence of the 
fetal nasal bone in the fi rst trimester may detect as many as 
67% of cases of Down syndrome, a subsequent large popula-
tion screening trial failed to demonstrate a role for this form of 
sonography [5,6]. It is likely therefore that fi rst trimester nasal 
bone sonography will not have a role for general population 
screening for Down syndrome, but may be a second-line tool 
in select expert centers for evaluating pregnancies already 
found to be at increased risk.

A normal fi rst trimester ductus venosus Doppler waveform 
is triphasic in appearance, with constant forward fl ow (Fig. 
8.2). Absence of forward fl ow, or retrograde fl ow, during the 
atrial contraction phase has been shown in some smaller 
studies to be a marker for fetal aneuploidy [7]. However, the 
reproducibility of this measurement has been questioned and, 
like nasal bone sonography, it is likely that this form of fi rst tri-
mester sonography will remain a second-line screening tool at 
select expert centers [8]. Finally, more recent research has sug-
gested that the presence of signifi cant tricuspid regurgitation 
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at the time of NT sonography is also a useful marker for fetal 
Down syndrome [9]. However, further population screening 
studies are still needed to validate the role of fi rst trimester tri-
cuspid regurgitation for this indication. When considering 
newer forms of ultrasound evaluation for fetal Down syn-
drome, a balance needs to be struck between exciting new 
modalities and robust sonographic techniques that can be 
easily implemented at a general population level. Just because 
a new technique may perform well in select expert hands when 
evaluating high-risk patients does not imply that it will be a 
useful addition to general population screening.

Combined fi rst trimester serum and 
sonographic screening

In Down syndrome pregnancies, fi rst trimester serum levels 
of pregnancy-associated plasma protein A (PAPP-A) are 
decreased compared with euploid pregnancies, and human 
chorionic gonadotropin (hCG) levels are increased. Because 
these two serum markers are relatively independent of each 
other, and of both maternal age and NT measurements, 
improvements in Down syndrome risk assessment can be 

Fig. 8.1 First trimester ultrasound examination 

demonstrating measurement of the fetal nuchal 

translucency (NT) space.

Fig. 8.2 Ductus venosus fl ow velocity waveform 

in a normal 13-week fetus. The Doppler gate is 

placed in the ductus venosus between the 

umbilical venous sinus and the inferior vena cava. 

Note that there is triphasic pulsatile fl ow with 

constant forward fl ow. The troughs of fl ow 

during the atrial contraction also demonstrate 

forward fl ow. (Reprinted from Malone et al. [16] 

with permission.)
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achieved by a combination serum and sonographic screening 
approach. Several large population studies have now con-
fi rmed that this combined fi rst trimester screen is signifi cantly 
better than screening for Down syndrome based on NT sonog-
raphy alone [1,3]. At a 5% false positive rate, such combined 
fi rst trimester screening detects 87% of cases of Down syn-
drome at 11 weeks, decreasing to 82% at 13 weeks’ gestation 
(compared with 70% and 64% detection rates, respectively, for 
NT alone) [1]. Looked at differently, to achieve an 85% Down 
syndrome detection rate at 11 weeks’ gestation, screening 
using NT sonography alone would yield a false positive rate of 
20%, while combined fi rst trimester screening would have a 
false positive rate of only 3.8% [1].

It is now clear that fi rst trimester screening for fetal Down 
syndrome should be provided using the combination of NT 
sonography with appropriate serum markers. The only excep-
tion to this may be the presence of a multiple gestation where it 
can be very diffi cult to interpret the relative contributions of 
different placentas to maternal serum marker levels. In this 
latter situation it is reasonable to provide a Down syndrome 
risk assessment based on NT sonography alone.

Another practical problem for the implementation of fi rst 
trimester combined screening in the USA is limited access to 
assays for the free beta subunit of hCG (fβhCG). Both total hCG 
and fβhCG are very effective discriminators of Down syn-
drome and euploid pregnancies, but when evaluated as uni-
variate markers fβhCG is more powerful (15% versus 28% 
detection rates, respectively, for a 5% false positive rate at 11 
weeks) [3]. However, in actual clinical practice fβhCG is never 
used on its own to screen for fetal Down syndrome, but instead 
will always be used in combination with other serum markers, 
such as PAPP-A and NT sonography. When the combination 
of fi rst trimester NT, PAPP-A, and fβhCG is compared with 
the combination of NT, PAPP-A, and total hCG, their perform-
ance is actually very similar, with Down syndrome detection 
rates of 83% and 80%, respectively, for a 5% false positive rate 
[3]. Therefore, for clinicians in practice, if fβhCG is not availa-
ble at their local laboratory it would still be possible to achieve 
almost as effective Down syndrome screening using the more 
widely available total hCG.

First trimester cystic hygroma

It has now become clear that there is a subgroup of fetuses with 
enlarged NT measurements that are at suffi ciently high risk 
for aneuploidy and other adverse outcomes that delaying 
invasive diagnostic testing until serum markers are available 
is not necessary. The fi nding of an increased NT space, extend-
ing along the entire length of the fetus, and in which septations 
are clearly visible, is referred to as septated cystic hygroma, 
and is an easily identifi able feature during fi rst trimester 
sonography (Fig. 8.3). Septated cystic hygroma will be encoun-
tered in approximately 1 in every 300 fi rst trimester sono-

(a)

(b)

Fig. 8.3 (a) Septated cystic hygroma at 12 weeks’ gestation: mid-sagittal 

view demonstrating increased nuchal translucency space extending along 

the entire length of the fetus. (Reprinted with permission from Malone 

et al. [10].) (b) Septated cystic hygroma at 12 weeks’ gestation: transverse 

view through the fetal neck demonstrating septations.

graphic evaluations [10]. Once this diagnosis is made, patients 
should be counseled regarding a 50% incidence of fetal aneu-
ploidy, with the most common abnormalities being Down 
syndrome, followed by Turner syndrome and trisomy 18 [10]. 
Less than 20% of such pregnancies will result in a healthy live-
born infant at term. Once this fi nding has been made, there is 
no need to delay until fi rst trimester serum marker assays are 
completed, or until computerized Down syndrome risk assess-
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serum screening results. It is still unclear what the relative con-
tribution of screening for such minor markers will be in lower 
risk patients from the general population.

To objectively counsel patients following the prenatal diag-
nosis of a minor sonographic marker, likelihood ratios can be 
used to create a more precise risk assessment for the patient 
that their fetus might be affected with Down syndrome. Their 
use in clinical practice is simply to multiply the relevant likeli-
hood ratio by the a priori risk. Table 8.1 summarizes the likeli-
hood ratios that can be used to modify a patient’s risk for Down 
syndrome, depending on which minor marker is detected. If 
no markers are present, the patient’s a priori risk can be multi-
plied by 0.4, effectively reducing their chances of carrying a 
fetus with Down syndrome by 60% [12]. The likelihood ratio 
values listed for each marker assume that the marker is an iso-
lated fi nding. By contrast, when more than one minor marker 
is noted in the same fetus different likelihood ratios must be 
used, with the risk for Down syndrome being increased by a 
factor of 10 when two minor markers are detected and by a 
factor of 115 when three or more minor markers are found [12]. 
It should also be noted that the 95% CI values for each marker’s 
likelihood ratios are rather wide. These values should there-
fore be used only as a general guide for counseling patients, 
and care should be exercised to avoid implying too much pre-
cision in the fi nal risk estimates. Accuracy of risk estimates, 
however, can be maximized by using the best available a priori 
risk value for a particular patient, such as the results of mater-
nal serum marker screening or fi rst trimester combined screen-
ing, rather than maternal age, when available.

Second trimester serum screening

Maternal serum levels of AFP and unconjugated estriol (uE3) 
are both approximately 25% lower in pregnancies complicated 

ments are calculated. Immediate invasive diagnosis using 
chorionic villus sampling (CVS) should be offered.

Second trimester sonographic screening

The mainstay for antenatal screening for Down syndrome for 
over 20 years has been second trimester sonographic evalua-
tion of fetal anatomy, also frequently referred to as the genetic 
sonogram. Two general approaches have been used in the 
second trimester: sonographic detection of major structural 
fetal malformations, and sonographic detection of minor 
markers for Down syndrome.

The detection of certain major structural malformations that 
are known to be associated with aneuploidy should prompt an 
immediate consideration of genetic amniocentesis. The major 
structural malformations that are associated with Down syn-
drome include cardiac malformations (AV canal defect, ven-
tricular septal defect, tetralogy of Fallot), duodenal atresia, 
cystic hygroma, and hydrops fetalis. The major malformations 
associated with trisomy 18 include cardiac malformations (AV 
canal defect, ventricular septal defect, double outlet right ven-
tricle), meningomyelocele, omphalocele, esophageal atresia, 
rocker bottom feet, cleft lip or palate, cystic hygroma, and 
hydrops fetalis. While the genetic sonogram can be performed 
at any time during the second and third trimesters, the optimal 
time is likely to be at 17–18 weeks’ gestation, which is late 
enough to maximize fetal anatomic evaluation, yet early 
enough to allow for amniocentesis results to be obtained. 
When a major structural malformation is found, such as an AV 
canal defect or a double-bubble suggestive of duodenal atresia, 
the risk of Down syndrome in that pregnancy can be increased 
by approximately 20- to 30-fold [11]. For almost all patients, 
such an increase in their background risk for aneuploidy 
will be suffi ciently high to justify immediate genetic 
amniocentesis.

Second trimester sonography can also detect a range of 
minor markers for aneuploidy. The latter are not considered 
structural abnormalities of the fetus per se but, when noted, 
may be associated with an increased probability that the 
fetus is aneuploid. The minor markers that have been 
commonly linked to Down syndrome include nuchal fold 
thickening, nasal bone hypoplasia, mild ventriculomegaly, 
short femur or humerus, echogenic bowel, renal pyelectasis, 
echogenic intracardiac focus, clinodactyly, sandal gap toe, 
and widened iliac angle [12]. The minor markers that are asso-
ciated with trisomy 18 include nuchal fold thickening, mild 
ventriculomegaly, short femur or humerus, echogenic bowel, 
enlarged cisterna magna, choroid plexus cysts, micrognathia, 
single umbilical artery, clenched hands, and fetal growth 
restriction. It should be noted that almost all data supporting 
the role of second trimester sonography for minor markers for 
aneuploidy are derived from high-risk populations, such as 
patients of advanced maternal age or with abnormal maternal 

Table 8.1 Likelihood ratios for Down syndrome when an isolated minor 

sonographic marker is detected. The patient’s a priori risk is multiplied by the 

appropriate positive likelihood ratio to yield an individualized post-test risk 

for fetal Down syndrome. (After Nyberg et al. [12].)

 Likelihood 95% Confi dence
Minor Marker Ratio Interval

Nuchal fold >5 mm  11 6–22

Echogenic bowel   6.7 3–17

Short humerus   5.1 2–17

Short femur   1.5 0.8–3

Echogenic intracardiac focus   1.8 1–3

Pyelectasis   1.5 0.6–4

Any two minor markers  10 6.6–14

Any three or more minor 115 58–229

 markers

No markers   0.4 0.3–0.5
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by Down syndrome compared with euploid pregnancies [13]. 
By contrast, levels of hCG and inhibin-A are approximately 
twice as high in pregnancies complicated by Down syndrome 
[13]. Maternal serum levels of AFP, uE3, and hCG all tend to be 
decreased in pregnancies complicated by trisomy 18. The 
combination of AFP, uE3, and hCG, commonly known as the 
triple screen, can detect 69% of cases of Down syndrome, for a 
5% false positive rate [1]. When inhibin-A is added to this test, 
commonly known as the quad screen, the Down syndrome 
detection rate increases to 81%, for a 5% false positive rate [1,3]. 
Performance of serum screening tests can be maximized by 
accurate ascertainment of gestational age and, wherever pos-
sible, sonographic dating should be used instead of menstrual 
dating. It is optimal to provide serum screening between 15 
and 16 weeks’ gestation, thereby allowing the results to be 
available at the time of second trimester sonographic evalua-
tion. Subsequently, if the genetic sonogram reveals any minor 
markers, the Down syndrome risk quoted from serum screen-
ing should be used with the appropriate likelihood ratio (as 
summarized in Table 8.1) to determine the fi nal Down syn-
drome risk.

Combined fi rst and second 
trimester screening

It is now clear that both fi rst and second trimester approaches 
to screening for Down syndrome are highly effective, with 
fi rst trimester combined screening being superior to second 
trimester serum quad screening only when performed as early 
as 11 weeks’ gestation [1]. However, rather than restricting 
patients to one or another screening option, it is now possible 
to improve screening performance even further by combining 
screening tests across both trimesters. There are currently 
three approaches to this: integrated screening, sequential 
screening, and contingent screening.

Integrated screening

Integrated screening is a two-step screening protocol, with 
results not being released until all screening steps are com-
pleted. Sonographic measurement of NT, together with serum 
assay for PAPP-A, are obtained between 10 and 13 weeks’ ges-
tation, followed by a second serum assay for AFP, hCG, uE3 
and inhibin-A obtained between 15 and 16 weeks’ gestation. A 
single risk assessment is then calculated at 16 weeks’ gesta-
tion. This “fully integrated” test has a Down syndrome detec-
tion rate of 95%, for a 5% false positive rate [1,3]. A variant of 
this approach, referred to as the “serum integrated” test, 
involves blood tests only, including PAPP-A in the fi rst tri-
mester, followed by AFP, hCG, uE3, and inhibin-A in the 
second trimester. This latter test, which does not require an NT 
ultrasound assessment, has a Down syndrome detection rate 

of 86%, for a 5% false positive rate [1,3]. For some patients who 
are anxious to receive rapid screening results, or for those who 
might wish to avail of a fi rst trimester CVS, it is possible that 
such integrated screening tests might not be acceptable, as a 
delay inevitably exists between the time of fi rst trimester 
screening measurements and release of results in the sec-
ond trimester. However, for patients who may not be 
interested in, or have access to, fi rst trimester CVS, the effi -
ciency of being provided with a single Down syndrome risk 
assessment result, which maximizes detection and minimizes 
false positives, may make such integrated screening tests 
appear attractive.

Sequential screening

In contrast to integrated screening, stepwise sequential screen-
ing refers to multiple different Down syndrome screening 
tests being performed, with risk estimates being provided to 
patients upon completion of each step. A key concept in per-
forming stepwise screening is to ensure that each subsequent 
screening test that is performed should use the Down syn-
drome risk from the preceding test as the new a priori risk for 
later screening, or should include all previous marker results 
in risk calculation. If sequential screening tests are performed 
independently for Down syndrome without any modifi cation 
being made for earlier screening results, the positive predic-
tive value of the later tests will inevitably deteriorate, and it is 
likely that the overall false positive rate will increase [14]. A 
potential advantage of stepwise screening over integrated 
screening is that it allows patients in the fi rst trimester to avail 
themselves of an immediate CVS, should their risk estimate 
justify this test, without having to wait until 16–18 weeks when 
the integrated screening results are provided. Patients could 
therefore achieve the benefi t of early diagnosis associated with 
fi rst trimester screening, as well as the higher detection rate for 
Down syndrome associated with integration of both fi rst and 
second trimester screening tests.

Contingent screening

Finally, one of the major disadvantages of providing all possi-
ble fi rst and second trimester screening tests for patients is the 
cost involved and the patient anxiety inherent with prolonga-
tion of the screening process over several months. A possible 
solution to this is to utilize contingent screening. With the con-
tingent approach, patients have fi rst trimester screening with 
NT, PAPP-A, and fβhCG, and only those patients with 
extremely high-risk results (e.g., greater than 1 in 30) are 
offered CVS. Patients with extremely low-risk results that are 
unlikely to be signifi cantly changed by additional later tests 
(e.g., less than 1 in 1500) are reassured and are not offered 
additional Down syndrome screening tests. Finally, border-
line risk patients (e.g., with risks between 1 in 30 and 1 in 1500) 
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return at 15 weeks for quad serum markers and these are 
combined with the earlier fi rst trimester markers to provide a 
fi nal Down syndrome risk. The advantage of this approach is 
that it may focus the benefi ts of CVS with the highest risk 
patients, while signifi cantly reducing the number of second 
trimester screening tests performed. Theoretical models have 
suggested that contingent screening may have performance 
similar to integrated screening (approximately 90–95% 
detection, at a 4–5% false positive rate), but with only 20% of 
patients needing to return in the second trimester for further 
screening [15]. While this appears to be an exciting approach 
that may be quite cost effective, it still requires validation by 
actual population trials before it can be endorsed for clinical 
application.

Case presentation

A 35-year-old white woman, G1P0, with no signifi cant family 
history, presents at 11 weeks’ gestation requesting reassur-
ance regarding the possibility of fetal Down syndrome. After 
appropriate pretest counseling, in which the various screen-
ing tests and the relative advantages and disadvantages of 
screening versus invasive diagnostic tests are discussed, the 
patient agrees to proceed with combined fi rst trimester screen-
ing. NT sonography is performed by a sonographer experi-
enced in this technique, and the fetal crown rump length (CRL) 
is measured at 45 mm, while the NT space is measured at 
1.6 mm. A maternal blood sample is obtained and sent to a pre-
natal screening laboratory for assay of PAPP-A and fβhCG, 
together with the sonographer’s credentialing ID number (to 
facilitate an NT quality assurance scheme) and the fetal CRL 
and NT data. Four days later, the local physician’s offi ce 
receives a laboratory report confi rming that the patient’s a 
priori age-related risk for Down syndrome is 1 in 270, and that 
this has been reduced to 1 in 1500 by combined fi rst trimester 
screening. The patient is informed of this result, feels reas-
sured, and declines CVS.

Subsequently, the patient has a detailed sonographic 
fetal anatomic survey performed at 18 weeks’ gestation at 
her physician’s offi ce. No major malformations are found, 
but the fetus is noted to have a single echogenic intracardiac 
focus in the left ventricle, but no other minor markers are 
seen. The patient is informed of this fi nding and its possible 
association with Down syndrome. The physician knows 
that this marker has a likelihood ratio of 1.8 for Down 
syndrome and calculates that the fi nal risk of Down syndrome 
in this patient’s case is 1 in 830 ([1/1500] × 1.8). The patient 
is again reassured and declines genetic amniocentesis. 
Approximately 5 months later, she delivers a healthy female 
infant at term.
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9 Fetal endocrinology
Nebojsa Radunovic and Charles J. Lockwood

The fetal endocrine system differs from that which follows 
birth because of its interdependence on maternal and placen-
tal compartments. Our understanding of fetal endocrinology 
was originally based on animal models as well as from infor-
mation derived from abortus’ specimens, anencephalic fetuses, 
and from neonatal umbilical cord blood samples obtained after 
preterm or term delivery. More recently, direct assessment of 
the fetal hormonal milieu has become possible through the use 
of cordocentesis. This chapter reviews the ontogeny of the fetal 
endocrine system and clinical conditions that arise from its 
dysfunction.

Hypothalamus and pituitary

Ontogeny

The human fetal forebrain (prosencephalon) is identifi able by 
the third week of gestation. At the same point in development, 
a primitive endodermal invagination from the foregut (Rathke 
pouch) becomes visible anterior to the roof of the oral cavity. 
During the fourth and fi fth weeks post-conception, the fore-
brain differentiates into the telencephalon and diencephalon, 
and the hypothalamus becomes visible as swelling on the 
inner surface of the diencephalic neural canal. Simultane-
ously, an outpouching of neural ectoderm from the 
diencephalon in the fl oor of the developing third ventricle 
fuses with the Rathke pouch. While the Rathke pouch 
forms the anterior and intermediate lobe of the pituitary 
(adenohypophysis), this neuroectodermal diverticulum 
gives rise to the posterior lobe of the pituitary 
(neurohypophysis).

The hypothalamus is largely developed by 7 weeks post-
conception. By the 10th week post-conception, cells are 
arranged longitudinally into lateral, core, and midline hypoth-
alamic zones [1] and norepinephrine, dopamine, and serot-
onin as well as several of hypothalamic hormones, including 
gonadotropin-releasing hormone (GnRH), thyrotropin-

releasing hormone (TRH), and somatostatin can be detected 
[2,3]. Condensations of lateral and midline hypothalamic cells 
form the hypothalamic nuclei and interconnecting fi ber tracts 
and cells display immunostaining for all the hypothalamic 
neuropeptides including growth hormone releasing hormone 
(GHRH), corticotropin-releasing hormone (CRH), GnRH, 
TRH, and somatostatin can be identifi ed by the 13–16th weeks 
post-conception [4].

Immunocytochemical and electron microscopic assessment 
of the pituitary’s adenohypophysis indicates that by 
12 weeks cellular differentiation is virtually complete with 
four out of the fi ve major cell types present: somatotrophs 
(growth hormone [GH] secreting cells), thyrotrophs (thyroid-
stimulating hormone [TSH] secreting cells), corticotrophs 
(adrenocorticotropic hormone [ACTH] secreting cells), and 
gonadotrophs (luteinizing hormone [LH] and follicle-stimu-
lating hormone [FSH] secreting cells). The exception to this 
pattern of pituitary hormone expression are the lactotrophs 
(prolactin [PRL] secreting cells) that can be identifi ed by 
immunostaining only at mid-pregnancy [5]. However, it is not 
until the end of the seventh month that cells of the adenohypo-
physis terminally differentiate into the distinct cell types 
found in the adult gland.

Capillaries develop within the proliferating anterior pitui-
tary mesenchymal tissue around the Rathke pouch and within 
the primordial hypothalamus by 8 weeks post-conception. 
Vascular cast studies suggest that the hypothalamic-pituitary 
portal system is intact by 12 weeks’ gestation. However, 
local diffusion may allow communication between the 
phypothalamus and pituitary before that time. Matura-
tion of the pituitary portal vascular system continues until 
30–35 weeks.

Hypothalamic hormones

The hypothalamic hormones (Table 9.1) can be divided into 
those produced in the hypothalamus and released into 
the portal circulation (releasing hormones) and those 
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synthesized in neuron cell bodies within the hypothalamus 
and transported via axons to the neurohypophysis where they 
are stored or released into the systemic circulation (neuro-
hypophyseal hormones).

Releasing hormones
Most of the anterior pituitary hormones are controlled by 
stimulatory hormones, but GH and PRL are also regulated by 
inhibitory factors. The releasing hormones of the hypothala-
mus are secreted episodically, not continuously, and in some 
cases display a circadian rhythm.

Gonadotropin-releasing hormone. While GnRH is the major 
physiologic secretagogue of gonadotropins in adults, it has a 
lesser role in fetuses given the high levels of human chorionic 
gonadotropin (hCG). During early embryologic development, 
GnRH neurons originate in the nasal region near the develop-
ing olfactory bulbs and then migrate to the hypothalamus. 
Kallmann syndrome, which is associated with both anosmia 
(loss of sense of smell) and hypogonadic hypogonadism (defi -
cits in GnRH expression), has been used to support a develop-
mental origin of GnRH cells in the olfactory placode [6]. By 16 
weeks post-conception, GnRH-containing neurons terminate 
in portal vessels.

The hypothalamic content of GnRH has been reported to 
rise during the fi rst half of gestation and depend on fetal 
gender [7]. Maximum GnRH content was observed in females 
at 22–25 weeks’ gestation and in males at 34–38 weeks’ gesta-
tion [8]. In vitro studies indicate that the human fetal pituitary 
releases LH and FSH in response to GnRH by 14–15 weeks’ 
gestation. The magnitude of the LH response to GnRH in vitro 
is greater in female fetal pituitaries. Exposure to estradiol by 
the second trimester enhances the sensitivity of human fetal 
pituitaries to GnRH, potentially explaining this gender 
difference.

Growth hormone-releasing hormone. Neurons immunostaining 
for GHRH are present by 18 weeks within the hypothalamic 
median eminence, with an increase in staining later in gesta-

tion [9]. Hypothalamic GHRH binds to specifi c receptors on 
pituitary somatotropes to increase intracellular cyclic adenos-
ine monophosphate (cAMP) and selectively stimulate tran-
scription of GH mRNA and GH secretory pulses.

Somatostatin. This potent suppressor of pituitary GH secre-
tion is detectable in the fetal hypothalamus by 11 weeks, and 
hypothalamic content increases by 22 weeks post-conception 
[3]. At this age, the somatotropes respond to both GHRH and 
somatostatin. Somatostatin suppresses basal GH secretion 
without altering GH mRNA levels and it appears to be the 
primary regulator of GH pulses in response to physiologic 
stimuli. Because somatostatin crosses the human placenta, 
administration of somatostatin to the mother can suppress 
fetal pituitary GH release and reduce GH concentration in 
umbilical cord blood [3].

Thyrotropin-releasing hormone. TRH is detectable in the human 
fetal brain extracts by 5 weeks, the hypothalamus by 8 weeks, 
and the circulation by 20 weeks’ gestation [3]. Thereafter, con-
centrations do not change with gestation. Extrahypothalamic 
sources of TRH such as brain, spinal cord, pancreas, placenta 
and stomach, and reduced fetal clearance may account for 
the elevated TRH levels found in fetuses. In humans, TRH 
crosses the placenta, and administration of TRH to the mother 
results in a rise in fetal cord plasma TSH from at least 25 weeks’ 
gestation [10].

Corticotropin-releasing hormone. In postnatal life, CRH secre-
tion into the hypophyseal–portal circulation promotes the 
release of pituitary ACTH, which, in turn, stimulates the 
release of cortisol by the adrenal glands. Hypothalamic CRH 
and pituitary ACTH release are, in turn, inhibited by cortisol. 
CRH mRNA and/or protein has also been localized to the pla-
centa and immunoreactive CRH is released by and/or local-
ized to amniocytes, cytotrophoblasts, and decidual cells. In 
contrast to the negative regulation of hypothalamic CRH 
secretion by cortisol, corticosteroids stimulate expression of 
CRH by cultured villous cytotrophoblasts, amnion, chorion, 
and decidual cells [11].

The ontologic development and functioning of the 
fetal hypothalamic-pituitary-adrenal (HPA) axis is greatly 
affected by placental sources of these hormones. We found 
that fetal serum CRH concentrations did not correlate with 
gestational age or fetal ACTH levels but did with maternal 
(i.e., placental-derived) values [12]. In turn, placental CRH 
levels most closely correlated with fetal cortisol values. While 
fetal CRH concentrations were signifi cantly higher than 
neonatal and nonpregnant adult values, they were 
signifi cantly lower than maternal values. Economides et al. 
[13] also noted an absence of correlation between fetal 
CRH and fetal ACTH. These fi ndings strongly suggest the 
fetal HPA axis is largely controlled by placental CRH 
production.

Table 9.1 Hypothalamic hormones.

Releasing hormones

Gonadotropin-releasing hormone (GnRH)

Growth hormone-releasing hormone (GHRH)

Somatostatin

Thyrotropin-releasing hormone (TRH)

Corticotropin-releasing hormone (CRH)

Neurohypophyseal hormones

Arginine vasotocin (AVT)

Antidiuretic hormone (ADH)

Oxytocin (OT)
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Neurohypophyseal hormones
The hypothalamo-neurohypophysial system secretes three 
nonapeptides during the fetal period: arginine vasotocin 
(AVT), antidiuretic hormone (ADH, also known as arginine 
vasopressin), and oxytocin (OT). Each nonapeptide consists 
of a 6-amino acid ring connected by a disulfi de bridge and 
a 3-amino acid carboxyl terminal side-chain. AVT is 
phylogenetically the ancestral peptide, with structural 
and functional similarities to both ADH and oxytocin. 
Between 12 and 19 weeks the ratio of AVT to ADH decreases, 
by term the pituitary content of AVT is low and synthesis 
ceases in postnatal life [14]. The ADH and OT peptides are 
synthesized in large cell bodies of hypothalamic magnocel-
lular neurons in the supraoptic nuclei and the lateral 
and superior parts of the paraventricular nuclei, respectively. 
These hormones are transported to the posterior pituitary 
for storage and release with long axonal tracks which 
extend from the hypothalamus to nerve terminals in the 
posterior pituitary and median eminence (hypothalamo-
hypophyseal tract). Both ADH and OT are rapidly 
cleared from the circulation, with a half-life of 3–6 minutes. 
Clearance occurs in the kidney and, to a lesser extent, in the 
liver. Additionally, vasopressinases and oxytocinases pro-
duced by the cytotrophoblasts of the human placenta 
are found in cord blood, maternal plasma and amniotic 
fl uid, and increase across gestation [15]. There is little evidence 
to suggest that either ADH or OT crosses the human placenta 
during gestation. At term, the umbilical arterial ADH concen-
tration is signifi cantly higher than the level in umbilical venous 
blood confi rming the fetal source of this hormone.

Antidiuretic hormone. ADH is an important vasoactive 
hormone because it maintains cardiovascular homeostasis 
under stressful conditions. At higher doses, ADH elevates 
venous pressure and paradoxically decreases blood volume. 
Fetal hypoxia, hemorrhage, and hyperosmolality stimulate 
the release of ADH, and ADH levels in amniotic fl uid increase 
in patients with Rhesus isoimmunization [16]. High concen-
trations of ADH have been found in the umbilical cord blood 
of growth-restricted fetuses, and following fetal bradycardia 
or passage of meconium, consistent with its role in mediating 
stress. Maternal indometacin therapy decreases fetal urinary 
fl ow rates as a result of stimulation of circulating ADH levels 
and enhancement of peripheral ADH effects in the fetus [17]. 
ADH also regulates lung liquid secretion by decreasing the 
secretion rate in fetuses and increasing lung liquid reabsorp-
tion in neonates.

Oxytocin
Immunoreactive OT is detected in the fetal hypothalamus by 
16 weeks’ gestation, about 3 weeks after ADH. The initially 
high ratio of ADH to OT decreases with gestation, reaching 
unity in the neonatal period. Levels of these two hormones 
increase signifi cantly after 20 weeks’ gestation. From 

20–26 weeks, there is a threefold increase in OT content, by 32 
weeks reaching levels two to fi ve times greater than at 14–17 
weeks. This increase in OT content with gestational age is 
caused by a relative increase in OT synthesis [18]. Labor is 
associated with further increases in fetal OT production.

Anterior pituitary hormones

The anterior pituitary gland has fi ve distinct cell types which 
produce seven different hormones (Table 9.2). Gonadotropes 
secrete LH and FSH while thyrotropes secrete TSH. All three 
hormones are heterodimeric polypeptides consisting of a 
common α-glycoprotein subunit (αGSU) and a distinct β 
subunit (FSHβ, LHβ and TSHβ). Somatotropes secrete GH, 
which regulates growth and metabolism. Lactotropes synthe-
size PRL that controls milk production. Corticotrope-melano-
tropes constitute the major cell type in the intermediate lobe 
and secrete both melanocyte-stimulating hormone-β 
(MSH-β) and ACTH. Both products are generated by 
proteolysis of the product of the pro-opiomelanocortin 
(POMC) gene.

Gonadotropins
Both LH and FSH are synthesized by human pituitary tissue 
incubated in vitro as early as 5 weeks and detectable in the fetal 
circulation by 12 weeks’ gestation. Gonadotropin defi ciency 
(hypogonadotropic hypogonadism) can be isolated but defi -
ciency occurs more frequently in association with the defi -
ciency of other pituitary-hypothalamic hormones. As noted, 
Kallmann syndrome is characterized by hypogonadotropic 
hypogonadism and anosmia (or hyposmia). Absence or abnor-
malities of the olfactory bulbs have been described in this con-
dition. Failure of GnRH neurons to migrate from the olfactory 
placode to the hypothalamus during embryonic development 
appears to account for hypogonadotropic hypogonadism in 
these patients. Some patients with Kallmann syndrome have 

Table 9.2 Anterior pituitary hormones.

Gonadotropins

Luteinizing hormone (LH)

Follicle-stimulating hormone (FSH)

Pro-opiomelanocortin (POMC) derivatives

Adrenocorticotrophic hormone (ACTH)

β-endorphin

α-melanocyte-stimulating hormone (α-MSH)

Corticotropin-like intermediate lobe peptide (CLIP)

β-lipotropin (β-LPH)

Growth hormone (GH)

Prolactin (PRL)

Thyroid-stimulating hormone (TSH)
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defects on the short arm of the X chromosome and it has been 
suggested that this results in defective production of a key 
adhesion molecule that is needed for proper migration of 
GnRH neurons. Aside from anosmia, patients generally show 
physical manifestations similar to those with other forms of 
congenital hypogonadotropic hypogonadism. An isolated 
mutation of the β-subunit of FSH has been described. This rare 
condition represents a form of isolated hypogonadotropic 
hypogonadism, with selective impairment of FSH (in contrast 
to Kallmann syndrome).

Sexual dimorphism defi nes the prenatal patterns of fetal 
gonadotropin synthesis and secretion. Pituitary LH and FSH 
content peaks at 25–29 weeks’ gestation in female fetuses and 
at term in males [19]. Elevated circulating levels of gonadotro-
pins have been found in newborns and infants with gonadal 
failure, confi rming the presence of an intact hypothalamic-
pituitary-gonadal axis in utero. For example, in the syndrome 
of gonadal dysgenesis (Turner syndrome), levels of FSH and, 
to a lesser extent, LH are elevated above the normal 
range during infancy. Similarly, elevation of basal and 
stimulated gonadotropin levels has been described in male 
infants with anorchia, rudimentary testes, and other forms of 
primary testicular failure. The levels of FSH are lower than 
those seen in females with gonadal dysgenesis.

Females with congenital GnRH or gonadotropin defi ciency 
as well as ovarian agenesis/dysgenesis have normal external 
genitalia because female sexual differentiation is the “default” 
pathway and does not appear to require GnRH, LH-FSH, or 
ovarian hormones. Conversely, males with congenital GnRH 
or gonadotropin defi ciency (whether isolated as in Kallmann 
syndrome or associated with other pituitary hormone defi -
ciencies) tend to have ambiguous genitalia including micro-
phallus and undescended testes. The partial development of 
the male genitalia in these cases results from hCG stimulation 
of testicular testosterone production. However, in cases of 
gonadal agenesis/dysgenesis in males, female external geni-
talia will be present.

Male infants with certain forms of androgen resistance 
may have elevation of LH. Inactivating mutations of the 
LH receptor gene represent a recently recognized form of 
gonadal failure and may lead to inadequate virilization of 
male fetuses and to later failure of normal pubertal develop-
ment in females. Infants with Down syndrome have also 
been found to have elevated gonadotropin (primarily FSH) 
levels, which is consistent with the diagnosis of primary 
hypogonadism.

Adrenocorticotropic hormone and b-endorphin
ACTH is synthesized by corticotrophes located predomi-
nantly in the anterior pituitary lobe. It is derived from the 
processing of a larger precursor molecule called pro-
opiomelanocortin (POMC). Immunoreactive POMC, ACTH, 
and related peptides can be detected in the human pituitary by 
8 weeks post-conception. Pituitary corticotrophes respond to 

CRH by 10 weeks’ gestation and this response does not appear 
to signifi cantly change across gestation.

In postnatal life, the primary secretogogues controlling 
ACTH release are CRH and ADH, peptides that are produced 
in same region of hypothalamus. Conversely, glucocorticoids 
act on the hypothalamus to inhibit the release of CRH and act 
on the pituitary to inhibit synthesis and secretion of ACTH. 
However, in prenatal life, fetal ACTH levels rise across gesta-
tion commensurate with the increase in fetal cortisol. Paradox-
ically, serum CRH values do not fall across gestation, or 
correlate with fetal ACTH or cortisol, suggesting a decoupling 
of fetal HPA axis feedback inhibition resulting from cortisol-
induced placental CRH production [12].

ACTH has long-term stimulatory effects on the expression 
of adrenal steroidogenic enzymes, the density of LDL recep-
tors, and the rate of de novo adrenal cholesterol synthesis. 
Moreover, ACTH enhances adrenal hypertrophy and hyper-
plasia possibly by stimulating paracrine factor(s) such as 
insulin-like growth factor-II (IGF-II) which, in turn, induce 
adrenal cell division. Conversely, in the absence of ACTH, as 
in anencephaly, the fetal adrenal is reduced in size even at 15 
weeks’ gestation but its development can be induced by 
administration of ACTH. Thus, ACTH provides tropic and 
trophic stimulation to the fetal adrenal beginning in the 
second trimester.

The involution of the adrenal cortex following parturition 
refl ects the normal reduction in plasma ACTH levels that 
occurs once the infl uence of placental CRH is removed. A his-
tologic appearance similar to that of the fetal zone has been 
described in older children with untreated congenital adrenal 
hyperplasia (CAH) and in adults administered large amounts 
of ACTH.

The generation of ACTH from POMC also results in the pro-
duction of β-endorphin. As expected, secretion of both ACTH 
and β-endorphin by the anterior pituitary appears to be 
subject to similar, perhaps identical, control mechanisms. 
Indeed, conditions that elevate or depress plasma ACTH 
concentrations exert the same effects on β-endorphin 
levels. Other peptides generated by POMC metabolism 
include α-melanocyte-stimulating hormone (α-MSH), corti-
cotropin-like intermediate lobe peptide (CLIP), and β-
lipotropin (β-LPH).

We observed that the fetal β-endorphin values were lower 
than those observed in neonates and found no correlation with 
gestational age [20]. We also noted a marked increase in the 
concentration of β-endorphin after multiple needle inser-
tions at the time of cordocentesis [21]. These studies suggest 
that, in utero, the fetus responds to stress by increasing the 
β-endorphin secretion.

Growth hormone

Human pituitary organ cultures secrete GH by 5 weeks post-
conception and immunoreactive GH is fi rst detected in the 
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human fetal pituitary by 8 weeks post-conception. The abso-
lute number of GH-secreting cells increases progressively 
through pregnancy; however, it is unclear whether hypo-
thalamic GHRH exerts trophic effect on the development 
and differentiation of pituitary somatotropes. For example, 
primordial cells obtained from the Rathke pouch can 
spontaneously differentiate in culture without hypothalamic 
infl uences.

Studies of fetal plasma GH concentrations from abortuses 
and neonatal cord blood at term suggest that concentrations 
peak at 20 weeks then decline rapidly toward term. Premature 
newborns have higher GH levels in umbilical cord blood than 
do term newborns. Gender differences in GH secretion were 
noted in samples obtained by fetoscopy, with male fetuses 
having higher concentrations than females. Cord blood GH 
concentrations appear to be higher in growth-restricted and 
“distressed” infants.

In postnatal life, GH secretion is regulated in a complex 
manner by an interaction between hypothalamic GHRH and 
somatostatin, both of which are secreted in a variable manner 
into the portal circulation as well as systemic IGF-I. It is now 
recognized that feedback within the somatotropic axis is medi-
ated at both the hypothalamic and pituitary levels by GH. 
GHRH binds to specifi c receptors on somatotropes, increases 
intracellular cAMP, and selectively stimulates transcription of 
GH mRNA as well as GH secretory pulses while somatostatin 
suppresses basal GH secretion without altering GH mRNA 
levels acting as the primary regulator of GH pulses in response 
to physiologic stimuli. IGF-I, the peripheral target hormone of 
GH, participates in negative feedback regulation by inhibiting 
both GH gene transcription and GH secretion.

The fall in plasma GH concentration in the latter half of ges-
tation may be caused by an increase in somatostatin release or 
a simultaneous decrease in GHRH release.

In anencephalic fetuses, pituitary GH content and plasma 
levels are low yet somatic growth is normal, suggesting that 
GH does not have a major role in regulating fetal growth. In 
addition, this fi nding is consistent with the concept that, in the 
term fetus, the hypothalamic infl uence on GH release is pri-
marily stimulatory.

Prolactin

Lactotrophs are the primary PRL-secreting cells. They can be 
detected in fetal hypophysis at 12 weeks, and their number 
slightly increases toward mid-gestation. Simultaneously, PRL 
levels increase after 20 weeks in fetal blood obtained from 
abortuses and after preterm delivery. In studies where fetal 
blood has been collected from 14 to 37 weeks by cardiac punc-
ture or cordocentesis, PRL levels increase linearly with gesta-
tion, but do not correlate with maternal blood levels. Following 
birth, PRL levels decline by more than 60% in the fi rst week.

In postnatal life, PRL is controlled in a complex manner by 
hypothalamic releasing hormones, neurotransmitters, and 

steroid hormones. The dominant infl uence is tonic inhibition 
by dopamine directly secreted into the portal circulation by 
neurons arising in the medial-basal hypothalamus. Similarly, 
α-MSH, which stimulates tuberoinfundibular dopamine 
release, also inhibits PRL. On the other hand, TRH acts as a 
PRL-releasing factor and estrogen stimulates lactotroph pro-
liferation and PRL synthesis.

At mid-gestation, fetal PRL secretion is not tonically inhib-
ited because the dopaminergic control is not operative until 
the late third trimester. Similarly, human fetal lactotrophes do 
not respond to TRH stimulation until after 20 weeks. Thus, by 
term, reduced dopamine and increased TRH sensitivity and 
estrogen levels drive PRL production. This explains why high 
levels of PRL are present in the fetal circulation near term. 
Conversely, declining TRH and estrogen levels following 
delivery account for the observed fall in PRL levels in postna-
tal life. Observations in humans and animals suggest a role for 
PRL in the regulation of fl uid and elec trolyte balance. Indirect 
evidence suggests that PRL may infl uence fetal lung matura-
tion by facilitating surfactant synthesis.

Thyroid-stimulating hormone

TSH can be detected in the human fetal pituitary by 12 weeks 
post-conception and in fetal circulation by 13 weeks. Thereaf-
ter, fetal TSH levels progressively increase during gestation, 
reaching concentrations that are well above adult ranges. 
Radunovic et al. [22] employed cordocentesis to study thyroid 
function in fetuses from 12 weeks’ gestation to term, and 
demonstrated that fetal plasma TSH concentrations increased 
with gestation. Fetal TSH levels were higher than adult 
values.

In postnatal life, pituitary TSH secretion is stimulated by 
TRH and inhibited by TSH itself as well as somatostatin, 
dopamine, and iodothyronines. In the fetal period, however, 
this regulation does not appear to be operative. Therefore the 
persistent rise in TSH towards term may result from a pro-
gressive increase in pituitary sensitivity to TRH. Alternatively, 
several extrahypothalamic sources of TRH have been demon-
strated, such as placental transfer of maternal TRH, placental 
synthesis of TRH analogs, and TRH synthesis by peripheral 
fetal tissues which may drive fetal TSH production.

Adrenal gland

The adrenal gland comprises two distinct endocrine organs. 
The cortex originates from the coelomic mesoderm in close 
association with the primordial genital ridge around the 4th 
week post-conception. The medulla arises from the primitive 
ganglia of the coeliac plexus of the autonomic nervous system, 
which is, in turn, derived from the neural crest. During intra-
uterine development, the adrenal gland is much larger in rela-
tion to total body size than it is in adults.
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After 12 weeks’ gestation, the morphology of the adrenal 
cortex remains relatively constant. The human fetal adrenal 
cortex consists of two primary anatomic zones: the outer 
defi nitive (adult) zone, and an inner fetal zone. The outer 
defi nitive (adult) zone of the human fetal adrenal cortex is the 
main site of mineralocorticoid synthesis, comprising only 15–
20% of the fetal adrenal cortex. This zone is relatively quies-
cent until the third trimester of pregnancy, when it expresses 
CYP11A1 (P450 side-chain cleavage enzyme), the enzyme that 
catalyzes initial steroidogenesis and CYP11B2 (aldosterone 
synthase). Thus, it secretes primarily aldosterone and is analo-
gous to the adult zona glomerulosa. Subsequently, an adjacent 
middle zone develops, the zona fasciculate, which expresses 
CYP11A1 and CYP11B1 (P450c11-beta, 11-beta-hydroxylase) 
enzymes that catalyze cortisol synthesis. This region is 
believed to be the site of de novo cortisol production after 28 
weeks’ gestation.

The normally hypertrophied fetal inner zone (fetal cortex) is 
the principal site of dehydroepiandrosterone sulfate (DHEAS) 
production, and involutes rapidly after birth. By 20 weeks, the 
fetal zone clearly dominates and is composed of large eosino-
philic cells that exhibit ultrastructural characteristics typical of 
steroid-secreting cells. The inner androgen-secreting cortical 
layer of the adult adrenal gland, the zona reticularis, does not 
form until the third year of life.

Rapid growth of the human fetal adrenal cortex begins at 
approximately 10 weeks’ gestation and continues to term, 
entirely as a result of enlargement of the fetal zone.

By 20 weeks, the gland becomes as large as the fetal kidney. 
Between 20 and 30 weeks, the size and weight of the fetal 
adrenal gland doubles, achieving a relative size 10- to 20-fold 
that of the adult adrenal. A further doubling in fetal adrenal 
weight occurs after 30 weeks’ gestation such that by term the 
gland weighs approximately 3–4 g.

The medulla is essentially absent from the fetal adrenal 
throughout most of gestation except for small islands of chro-
maffi n cells scattered through the body of the cortex. After the 
involution of the fetal zone during the fi rst post natal week the 
chromaffi n cells coalesce around the central vein and begin to 
form a rudimentary medulla.

After mid-gestation, ACTH is the principal trophic factor 
for the adrenal cortex and its presence is obligatory. ACTH 
also induces the enzyme 3-β-hydroxysteroid dehydroge-
nase/∆4-5-isomerase in the fetal zone to promote DHEAS syn-
thesis which is also under the control of placental estrogen and 
placental-derived CRH. We analyzed a large number of paired 
maternal and fetal samples across pregnancy and observed 
that cortisol concentrations in the fetal and maternal blood 
both increased with increasing gestational age and correlated 
with each other [12]. Fetal cortisol levels were signifi cantly 
lower than maternal, neonatal, and nonpregnant adult 
values [12].

Congenital adrenal hyperplasia (CAH) is a collection of 
autosomal recessive disorders characterized by a defi ciency in 

one or more of the fi ve enzymes required for cortisol biosyn-
thesis (Table 9.3). The most common abnormality (1 in 5000 to 
1 in 15,000 births) is caused by a defi ciency of the enzyme 21-
hydroxylase (21-OH) (CYP21A2 defi ciency). There are two 
major clinical presentations of 21-OH defi ciency. The classic 
form results from a homozygous absence of 21-OH and 
presents with overt salt wasting and virilization of female 
infants. The far more common, nonclassical form results 
from a partial defi ciency of enzymatic activity and pre-
sents with menstrual disturbances and hirsuitism in fe-
males after puberty. A third rare abnormality is associated 
with low but detectable activity (<2%) suffi cient to prevent salt 
wasting but suffi cient to cause virulization. Unfortunately, 
genotype does not always correlate with phenotype.

Since discovery and mapping of the allelic variants in the 
1980s, direct DNA analysis of the CYP21A2 gene has become 
the routine approach. As with most autosomal recessive disor-
ders, the majority of at-risk couples become known only after 
having an affected child. Nevertheless, in some families the 
mutations are not known, requiring sequencing of the whole 
gene or linkage studies. When sequencing is not practicable 
and linkage studies are not informative, biochemical analysis 
of the amniotic fl uid for 17-hydroxyprogesterone may still 
be necessary. In addition, the sonographic detection of an 
abnormally enlarged clitoris in a female fetus should alert the 
physician to rule out CAH.

Because the differentiation of the external genitalia begins at 
approximately 6–7 weeks’ gestation, diagnosis by amniocen-
tesis and even chorionic villus sampling comes too late to 
prevent masculinization. Thus, for patients at risk of having an 
affected fetus, pharmacologic therapy with dexamethasone 
must be initiated prior to sex assignment. This implies that 
therapy needs to be administered to all patients at risk despite 
the fact that the chance of having an affected female fetus 
among carrier parents is only 1 in 8 (i.e., 1 in 4 to be affected × 1 
in 2 to be a female). Therapy can be discontinued in 7/8 at-risk 
pregnancies as soon as the diagnosis of CAH is ruled out or a 
male fetus is identifi ed.

Thyroid

The thyroid gland is derived from a medial outpouching in the 
fl oor of the primitive pharynx which gives rise to the thyroid 
follicular cells. In contrast, bilateral evaginations of the fourth 

Table 9.3 Enzymes required for cortisol synthesis.

21-hydroxylase (21-OH) (CYP21A2, P450c21)

11-β-hydroxylase (CYP 11B1, P450c11)

17-hydroxylase (CYP 17, P450c17)

3-β-hydroxysteroid dehydrogenase

Cholesterol side-chain cleavage enzyme (CYP11A1, P450scc)
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pharyngeal pouch give rise to parafollicular or calcitonin-
secreting cells. Organogenesis and migration of the thyroid 
bud caudally into the neck is complete by 10 weeks post-
conception. Only after completion of migration do thyroid fol-
licular cells differentiate and express thyroid-specifi c genes 
such as thyroglobulin (TG), TSH receptor, and thyroperoxi-
dase (TPO). However, future follicular cells acquire the capac-
ity to form TG as early as the 29th day post-conception whereas 
the capacity to concentrate iodide and synthesize thyroxine 
(T4) is delayed until about the 11th week. Thus, radioactive 
iodine inadvertently given to the mother at this point and 
beyond would be accumulated by the fetal thyroid.

By the 17th week, serum T4 concentrations begin to increase 
accompanied by progressive increases in fetal serum TSH con-
centrations. Because the capacity of the pituitary to synthesize 
and secrete TSH is not apparent until the 11th week, 
early growth and development of the thyroid do not seem 
to be TSH-dependent. Subsequently, rapid changes 
in pituitary and thyroid function take place in response 
to TSH.

The major thyroid hormone-binding protein in plasma, TG, 
is detectable in serum by the 10th gestational week and 
increases in concentration progressively to term. This increase 
accounts, in part, for the progressive increase in total serum T4 
concentration during the second and third trimesters. 
However, increased secretion of T4 must also have a role 
because the concentration of unbound, or free, T4 also rises. 
This increase in free T4 secretion likely refl ects the progressive 
rise in TSH release from the fetal pituitary after 18 weeks as 
well as an increased TSH receptor expression in the thy-
roid after 18 weeks’ gestation, coincident with pituitary–
hypothalamic maturation.

In contrast, 3,5,3′-triiodothyronine (T3) levels in the fetal 
blood rise after 28 weeks. Prior to this time 3,3′,5′-triiodothyro-
nine or reverse T3 (rT3) production is high, peaking in the 
second trimester and then declining toward term [22]. The rT3 
molecule is formed when the iodine atom is removed from the 
inner ring of T4.

The placenta is freely permeable to TRH, TSH receptor stim-
ulating IgG, and drugs used to treat thyroid disease, such as 
propylthiouracil (PTU), methimazole, iodine, and β-adrener-
gic receptor antagonists. We have observed a signifi cant corre-
lation between maternal total T3 and fetal total T4 and T3 
levels, suggesting human placental transfer of T3 from mother 
to fetus even under physiologic conditions [22]. However, this 
correlation may simply refl ect the parallel increase in mater-
nal and fetal hormone concentrations during gestation.

Evidence that transfer of maternal T4 and T3 into the fetal 
circulation has a crucial physiological role in embryonic and 
fetal neurodevelopment comes from the work of Haddow et al. 
[23]. They observed that 62 children of women with high early 
second trimester serum TSH concentrations scored 4 points 
lower on the Wechsler Intelligence IQ Scale than those of the 
children of the 124 matched control women, and that 15% of 

the former children had scores of 85 or less compared with 5% 
of matched control children.

Conversely, there is evidence that normal maternal thyroid 
function can protect against adverse neurodevelopment in 
fetuses with anatomic or enzymatic thyroid defects. Vulsma et 
al. [24] evaluated T4 transfer from mother to fetus in 25 neonates 
with an autosomal recessive disorder resulting in the complete 
inability to iodinate thyroid proteins. They noted that among 
affected neonates, umbilical cord T4 levels ranged from 35 to 
70 nmol/L, confi rming that in infants with severe congenital 
hypothyroidism, substantial amounts of protective T4 are 
transferred from mother to fetus during late gestation.

We have shown that useful information about fetal thyroid 
function in the second half of pregnancy can be obtained from 
a single cordocentesis [22]. Such information may be useful in 
the prenatal diagnosis of hypothyroidism and hyperthy-
roidism, as well as in monitoring intrauterine therapy.

Fetal hypothyroidism

The combination of both maternal and fetal hypothyroidism 
can have severe fetal and neonatal consequences. Transient 
fetal hypothyroidism can result from maternal dietary iodine 
defi ciency, as well as transfer of blocking antibodies or antithy-
roid drugs in mothers with Hashimoto disease and medically 
treated Graves disease, respectively. Paradoxically, inade-
quately treated maternal hyperthyroidism may suppress the 
fetal pituitary-thyroid axis. Iodine defi ciency, blocking anti-
bodies, and high-dose PTU therapy can lead to fetal goiter 
potentially obstructing the fetal esophagus or trachea. This 
can lead to polyhydramnios and preterm delivery. If the goiter 
is of suffi cient size it can cause extension of the fetal neck 
leading to dystocia or birth injury. High-output cardiac failure 
with cardiomegaly and pleural effusion can occasionally 
result from arteriovenous shunting through the goiter [25]. 
Other manifestations of fetal hypothyroidism in which there is 
either inadequate levels of protective maternal T3 and T4 or 
their delivery is blocked by antibodies or drugs include 
delayed epiphyseal ossifi cation, bradycardia, and growth lag.

Permanent fetal hypothyroidism can result from thyroid 
dysgenesis (anatomic defect) or mutations in the genes con-
trolling crucial T4 synthetic enzymes. In utero manifestations 
are either absent or mild given the protective effects of trans-
placental transfer of maternal T3 and T4. However, without 
prompt postnatal treatment, growth delay and severe mental 
retardation will ensue in children (cretinism). Even with 
immediate diagnosis and treatment at birth, long-term follow-
up of children with congenital hypothyroidism suggests they 
may be at risk for mild neurodevelopmental delays.

The diagnosis of fetal hypothyroidism begins with eliciting 
a history of maternal hypothyroidism. In patients with Hashi-
moto thyroiditis, blocking immunoglobulin levels can be 
measured, and if present the fetus will be at risk. Alternatively, 
mothers with iodine defi ciency or those with Graves disease 
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receiving high-dose PTU are at risk for fetal hypothyroidism. 
Biweekly fetal heart rate assessments should be obtained to 
detect bradycardia while monthly ultrasound examinations 
should be employed to screen for goiter, polyhydramnios, 
growth lag, and, after 32 weeks’ gestation, delayed appear-
ance of epiphyseal ossifi cation centers.

In utero treatment includes intra-amniotic administration of 
T4 in dose ranges of 150–500 µg given weekly [26,27]. With 
such therapy fetal goiters have been shown to regress, and 
fetal and newborn TSH levels have normalized.

Fetal hyperthyroidism

Fetal thyrotoxic (hyperactive) goiter most commonly results 
from transplacental passage of TSH receptor binding (stimu-
lating) antibodies (TSAb or TSI) in patients with Graves disease 
or, less commonly, Hashimoto thyroiditis. Approximately 5% 
(1.5–12%) of fetuses whose mothers have Graves disease 
develop fetal or neonatal thyrotoxicosis. This may even occur 
despite the fact that the mother is currently euthyrotic status 
post-thyroid ablation with replacement therapy. Fetal hyper-
thyroidism can be a cause of fetal morbidity and mortality 
because of hyperactive goiter, although these tend to be 
smaller than hypoactive goiters. Fetal hyperthyroidism may 
also cause growth restriction, tachycardia, premature ossifi ca-
tion of the epiphyses, hydrops associated with high output 
cardiac failure, and craniosynostosis. Premature delivery 
occurs in up to 90% of cases with fetal hyperthyroidism, with a 
perinatal mortality of 12–50%.

Diagnosis again begins with a maternal history of thyroid 
disease. As with fetal hypothyroidism associated with mater-
nal thyroid disease, such patients require evaluation of mater-
nal thyroid function tests and immunoglobulin status. The 
fetal heart rate should be assessed biweekly to detect tachycar-
dia. Ultrasound should be performed every 4 weeks to detect 
development of goiter, hydrops, fetal growth restriction, and, 
after 24 weeks, premature epiphyseal ossifi cation. Occasion-
ally, the investigation of fetal hyperthyroidism begins after 
incidental detection of a fetal goiter. This should prompt 
maternal history, thyroid antibody measurements, and, if nec-
essary, cordocentesis to measure fetal thyroid hormones.

After confi rming the diagnosis of fetal hyperthyroidism, 
treatment should be initiated with PTU [28]. The initial mater-
nal dosage is 100 mg orally three times a day, which is decreased 
to 50 mg orally three times a day. Alternatively, maternal 
methimazole can be used [29]. For mothers who are status 
post-thyroid, ablative surgery or 131I treatment and on T4 
replacement therapy, PTU should be well tolerated.

Gonads

Gonadal development and steroidogenesis in the fetal testes is 
under the control of gonadotropins: placental hCG during 

early gestation and fetal pituitary LH and FSH in the second 
half of gestation. In the male fetus, the interstitial cells of the 
testis begin synthesizing testosterone from low-density lipo-
protein cholesterol at approximately 8 weeks. The production 
rate is maximal at 17–21 weeks but declines thereafter. This 
pattern coincides closely with the differentiation of the male 
urogenital tract. In anencephalic male fetuses the testicular 
size is reduced but the steroid-producing capacity is normal. 
Estradiol synthesis in the fetal testes is negligible.

In the female fetus, ovarian formation of estradiol from tes-
tosterone is detectable at 10 weeks, suggesting the presence of 
aromatase activity at this early age.

Circulating levels of testosterone in the male fetus parallel 
the rise and fall of testicular testosterone production, whereas 
levels in the female fetus remain relatively low and constant 
throughout gestation. Estradiol concentrations in the circula-
tion of male and female fetuses are low throughout gestation. 
The fetal ovary is relatively quiescent during early pregnancy, 
and anencephalic female fetuses have normal ovarian devel-
opment until the third trimester.

Testosterone has two primary functions during the fetal 
period: fi rst, to ensure the normal development of the male 
gonads, and second, to serve as the feedback-active agent in 
the regulation of pituitary LH secretion. FSH mediates the 
later stages of testicular maturation including seminiferous 
tubule development and spermatogenesis. The release of FSH 
from the fetal pituitary is also regulated by the feedback action 
of inhibin, which is produced by the fetal testes and ovary. 
Testes contain higher levels of inhibin than the ovary, account-
ing for the lower plasma concentration of FSH in the male than 
in the female fetus.

Inhibin is synthesized and secreted by testicular Sertoli 
cells and by ovarian granulosa cells and it inhibits the release 
of FSH but not LH from the pituitary. Inhibin is also synthe-
sized by the placenta. Biologically active inhibin is present in 
the fetus, and administration of it suppresses serum FSH.

Pancreatic hormones and growth factors

The pancreas develops both dorsal and ventral foregut diver-
ticula which fuse during embryogenesis to form both the exo-
crine and endocrine pancreas. By 10 weeks’ gestation, insulin 
and other neuropeptides are present in clusters of immature 
endocrine cells and in the circulation. By 16 weeks’ gestation 
these clusters become vascularized and during the second half 
of pregnancy developing islets become innervated and differ-
entiated to contain a single pancreatic hormone type. Cordo-
centesis from 17 to 38 weeks indicate that fetal plasma insulin 
levels and the fetal insulin : glucose ratio increased exponen-
tially across gestation and fetal β-cells display physiologic 
responses to changes in glucose levels in utero [30]. This fetal β-
cell response to glucose and amino acids matures with increas-
ing gestational age. By term, fetal β-cells respond readily to 
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changes in the glucose and amino acid levels and are affected 
by circulating catecholamine levels and stress.

Fetal pancreatic α-cells are the fi rst cell type to be identifi ed 
clearly in the pancreas, mainly in the periphery. The α-cells 
appear before β-cells, with δ-cells detectable only later in ges-
tation. Fetal α-cells respond rapidly to changes in the level of 
amino acids and catecholamines with glucagon to respond to 
inadequate maternal nutrition. The fetal pancreas also 
expresses IGF-I and II and IGF binding protein 3 during late 
gestation. IGF-I and II increase with gestation after 33 weeks, 
and levels correlate with placental lactogen. Impaired fetal 
nutrition and fetal corticosteroid treatment suppress IGF-I 
and II gene expression. Autonomic innervation is achieved by 
late gestation and involved in regulating islet cell responses to 
stressful stimuli.

Case presentation 1

A 24-year-old, G2P1001, patient presents for prenatal care. 
Her past medical, surgical, and gynecologic histories are unre-
markable. Her fi rst pregnancy was remarkable for the delivery 
of a virilized female who developed salt-wasting in the imme-
diate neonatal period and was diagnosed with the classic form 
of 21-hydroxylase defi ciency. Rapid DNA analysis based on 
allele-specifi c polymerase chain reaction (PCR) using muta-
tion site-specifi c primers detected one of the eight most 
common mutations in the CYP21A2 gene. Both parents were 
noted to be heterozygotes for the mutation. An ultrasound 
was performed which confi rmed a viable intrauterine preg-
nancy with a crown rump length consistent with 6 weeks’ ges-
tation. After informed consent was obtained, the patient was 
begun on dexamethasone at a dose of 0.25 mg four times a 
day. At 11 weeks, a chorionic villus sampling and the 
resultant genetic analysis identifi ed a female carrier of 
the CYP21A2 mutation. Dexamethasone was weaned and the 
rest of the pregnancy was uneventful resulting in a term 
delivery.

It is currently recommended to start adrenal suppressive 
therapy as soon as a positive pregnancy test is obtained (<7 
weeks’ gestation) as cases of masculinization have been 
reported when treatment was initiated at 9 weeks’ gestation. 
Treatment consists of the aforementioned dose of dexametha-
sone because it readily crosses the placenta. Therapy can be 
discontinued in seven out of eight at-risk pregnancies as soon 
as the diagnosis of CAH is ruled out. If the fetus is an affected 
female, the therapy is continued throughout gestation. When 
treatment is continued beyond the fi rst trimester, serial 
maternal estriol levels should be obtained to confi rm that com-
plete fetal adrenal gland suppression has been achieved. 
Stress-dose corticosteroids should be given to the patient 
during labor and then tapered gradually postpartum. 
However, if the fetus is a male, the therapy can be discontin-
ued at the time of diagnosis. Although this therapy is widely 

accepted, it is still considered experimental. A recently pub-
lished commentary written in JAMA advocates Institutional 
Review Board approval be obtained on all patients offered this 
treatment as long-term follow-up has not been documented 
on individuals who received in utero steroid treatment for 
CAH [31].

Case presentation 2

A 33-year-old, G1 P0, patient at 30 weeks’ gestation presents 
for consultation because of a possible fetal goiter detected in 
her physician’s offi ce ultrasound examination. Her past 
medical history is remarkable for Graves disease diagnosed in 
the fi rst trimester and managed initially with 300 mg/
day PTU. She remained poorly controlled on this regimen 
with hyper-refl exia, tachycardia, and blood pressures of 
160/80 mmHg. The dosage of PTU was increased to 450 mg/
day and she was begun on 50 mg/day atenolol which was sub-
sequently raised to 100 mg/day. On evaluation, the maternal 
pulse is 90 beats/min, and she remains hyper-refl exive. The 
uterine fundus is 29 cm and fetal heart rate is 140 beats/min. 
On ultrasound, the fetus is noted to be in a vertex presentation, 
with normal amniotic fl uid volume, an estimated fetal weight 
at the 25th percentile and both distal femoral epiphyses are 
evident. The fetal goiter measures 3 × 2 cm and blood fl ow is 
clearly evident on color Doppler examination. A cordocente-
sis is performed which demonstrates a fetal T4 value of 
1.40 ng/dL (>3 standard deviations), and an undetectable 
TSH. The patient was managed by increasing her PTU 
dosage to 900 mg/day. This results in resolution of the fetal 
goiter, and a reduction in the maternal pulse to 80 beats/min 
off atenolol.

This case illustrates the diffi cult diagnostic dilemma posed 
by maternal Graves disease when patients have high levels of 
TSH receptor binding antibodies, and are receiving both high-
dose PTU therapy and β-adrenergic receptor blocking agents. 
In such cases, the PTU and high maternal T4 and T3 levels may 
result in hypoactive fetal goiter and hypothyroidism, while 
the thyroid stimulating antibodies may stimulate fetal hyper-
thyroidism and cause thyroid hypertrophy and hyperplasia 
with a hyperfunctioning goiter. However, treatment with β-
blockers may result in a normal fetal heart rate or actual brady-
cardia despite fetal thyrotoxicosis. The use of color Doppler 
may distinguish between the relatively hypovascular 
hypoactive goiter of fetal hypothyroidism from the highly 
vascular hyperactive goiter of fetal hyperthyroidism. The 
former in the setting of bradycardia and delayed epiphyseal 
ossifi cation would suggest fetal hypo thyoidism. The latter in 
the setting of tachycardia and premature epiphyseal ossifi ca-
tion would suggest fetal hyperthyroidism. In either case, 
because the low fetal heart rate could be because of the β-
blocker therapy, cordocentesis can be used to directly assess 
fetal T4.
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10 Fetal lung maturity
Steven G. Gabbe, Sarah H. Poggi, and Alessandro Ghidini

The lecithin : sphingomyelin (L : S) ratio for assessment of fetal 
pulmonary maturity was fi rst introduced by Gluck et al. [1] in 
1971 and over 30 years later this test is still the gold standard 
to which others are compared. However, there is increasing 
experience with a second generation of methods for evaluat-
ing fetal pulmonary maturation. These newer tests appear to 
be more specifi c than the L : S ratio and have advantages of 
being fast, yet accurate. Like the determination of L : S ratio, 
such tests are performed on amniotic fl uid.

Indications for assessment of fetal 
pulmonary maturity

There are many clinical scenarios that may suggest the need to 
assess for fetal lung maturity. Examples would be preterm 
labor, as tocolysis is generally contraindicated in the presence 
of mature fetal lungs or iatrogenic preterm delivery, such as 
that indicated for a stable placenta previa. Even at more than 
37 weeks, in the presence of unsure dates or obstetric compli-
cations affecting lung maturity such as diabetes, the American 
College of Obstetricians and Gynecologists has recommended 
that fetal pulmonary maturity should be confi rmed before 
elective delivery at less than 39 weeks’ gestation [2].

Techniques for obtaining amniotic fl uid

Amniocentesis. Amniocentesis performed under ultrasono-
graphic guidance in experienced hands is associated with low 
rates of failure or of bloody fl uid collection, and a lower than 
1% risk of complications, such as emergent delivery [3].

Vaginal pool collection. The assessment of fetal pulmonary 
maturity can be obtained from vaginal pool specimens in 
the presence of premature rupture of membranes. Blood, 
meconium, and mucus can alter the results. In the absence of 
these contaminants, vaginally free-fl owing collected fl uid can 

be evaluated for determination of L : S ratio, surfactant : albu-
min ratio (SAR), phosphatidylglcerol (PG), and lamellar body 
counts (LBC) yielding results similar to those observed with 
samples obtained with amniocentesis.

Specifi c tests for lung maturity

Lecithin : sphingomyelin ratio

The concentrations of these two substances are approximately 
equal until mid-third trimester of gestation, when the 
concentration of pulmonary lecithin increases signifi cantly 
while the nonpulmonary sphingomyelin concentration 
remains unchanged. Thin-layer chromatography after centrif-
ugation to remove the cellular component and organic solvent 
extraction is used on chilled amniotic fl uid specimens .

An L : S ratio of 2.0 or greater predicts absence of respiratory 
distress syndrome (RDS) in 98% of neonates. With a ratio of 
1.5–1.9, approximately 50% of infants will develop RDS. Below 
1.5, the risk of subsequent RDS increases to 73% [4]. Maternal 
serum has a L : S ratio ranging from 1.3 to 1.9; thus, blood-
tinged samples could falsely lower a mature result. The 
presence of meconium can interfere with test interpretation 
increasing the L : S ratio by 0.1–0.5, thus leading to an increase 
in falsely mature results.

Phosphatidylglycerol

Phosphatidylglycerol is a minor constituent of surfactant that 
becomes evident in amniotic fl uid several weeks after the rise 
in lecithin [5]. Its presence indicates a more advanced state of 
fetal lung development and function, as PG enhances the 
spread of phospholipids on the alveoli. The original PG testing 
was performed by thin-layer chromatography and required 
time and expertise. More recently, enzymatic assay or slide 
agglutinations have been used successfully to determine the 
presence of PG.
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The results are typically reported qualitatively as positive or 
negative, where positive represents an exceedingly low risk of 
RDS. PG determination is not generally affected by blood, 
meconium, or vaginal secretion.

Lung profi le (combined approach)

Gluck has emphasized that complete assessment of fetal lung 
maturity requires determination of the L : S ratio, the percent-
age of acetone precipitable lecithin, and the presence of the 
acidic phospholipids phosphatidylinositol (PI) and phos-
phatidylglycerol (PG) [6]. Recognizing the presence of PG may 
be useful for timing the elective delivery of fetuses of diabetic 
patients. The lung profi le will also reduce the number of false-
immature predictions, as some infants with L : S ratios below 
2.0 do show PG. This observation has been made in so-called 
stressed pregnancies complicated by severe hypertension, 
prolonged premature rupture of membranes, or diabetes with 
vascular involvement.

TDx test (surfactant : albumin ratio) (SAR)

The TDx test requires 1 mL amniotic fl uid and can be run in 
less than 1 hour. The SAR is determined, with amniotic fl uid 
albumin used as an internal reference. The fl uorescence polar-
ization assay uses polarized light to evaluate the competitive 
binding of a probe to both albumin and surfactant in amniotic 
fl uid.

Recently, a SAR of 55 mg/g (using the TDx-FlxFLM II 
method) has been proposed as a better threshold to indicate 
maturity [7]. Approximately 50% of infants with an immature 
TDx result will develop RDS.

A disadvantage of the TDx-FLM method is the large quanti-
fi cation scale. However, while values greater than 55 are 
regarded as mature, values of 35–55 are considered “border-
line.” As for L : S ratio, red blood cell phospholipids may falsely 
lower the TDx-FLM result, but a mature test can reliably 
predict pulmonary maturity.

Lamellar body counts

Lamellar bodies, the storage form of surfactant, are released 
into the amniotic fl uid by fetal type II pneumocytes. Because 
they are the same size as platelets, the amniotic fl uid
 concentration of lamellar bodies may be determined using a 
commercial cell counter. The test requires less than 1 mL amni-
otic fl uid and takes only 15 minutes to perform. Although 
initial studies employed centrifugation, it is now agreed that 
the sample should be processed without spinning as centrifu-
gation reduces the number of lamellar bodies.

Values of 40,000–50,000/µL generally indicate pulmonary 
maturity, while a count below 15,000/µL suggests a sig-
nifi cant risk for RDS [8]. The test compares favorably with L : S 
and PG with a negative predictive value of a mature cut-off of 

97.7% vs 96.8% and 94.7%, respectively [9]. A meta-analysis 
calculated receiver-operating characteristic curves based 
upon data from six studies and showed the LBC performed 
slightly better than the L : S ratio in predicting RDS [10].

Meconium has a marginal impact on lamellar bodies counts, 
increasing the count by 5000/µL. Bloody fl uid can initially 
slightly increase the count because the platelets are counted as 
lamellar bodies. Afterwards, the procoagulant activity of 
amniotic fl uid produces an entrapment of both platelets and 
lamellar bodies, causing a decrease of LBC.

Foam stability index

The foam stability index (FSI) is derived from the shake test, an 
assay of surfactant function that evaluates the ability of pul-
monary surfactant to generate stable foam in the presence of 
ethanol. The commercially prepared test kit contains wells 
with a predispensed volume of ethanol. Adding amniotic fl uid 
to each test well produces fi nal ethanol concentrations ranging 
from 44% to 50%. After shaking the amniotic fl uid–ethanol 
mixture, one reads the FSI as the highest well in which a rim of 
stable foam persists. RDS has been reported unlikely with 
an FSI of 47 or higher; however, a negative test often occurs 
in the presence of a mature lung. The FSI cannot be derived 
from an amniotic fl uid specimen contaminated by blood or 
meconium [11].

Multiple tests or cascade?

Faced with different assays for fetal lung maturity, some labo-
ratories perform multiple tests simultaneously, leaving the 
clinician with the possibility of results both indicative and not 
of pulmonary maturity from the same amniotic fl uid speci-
men. In general, any “mature” test result is indicative of fetal 
pulmonic maturity given the high predictive value of any 
single test (5% or less of false mature rates). Conversely, the 
use of a “cascade” approach has been proposed to minimize 
the risk of delivery of an infant with immature lungs, while 
avoiding unnecessary delay in delivery and costs. According 
to this approach, a rapid and inexpensive test is performed 
fi rst, with follow-up tests performed only in the face of imma-
turity of the initial test (e.g., LBC or TDx-FLM as the initial test 
and L : S ratio as the fi nal test).

Clinical conditions affecting risk of RDS 
and predictive value of pulmonary 
maturity tests

Several circumstances can affect the risk of RDS and modify 
the predictive value of pulmonary maturity tests. In African-
Americans, lung maturity is achieved at lower gestational 
ages and at lower L : S ratios (1.2 or greater) than in white 
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people. In addition, female gender is associated with accelera-
tion of lung maturation. Intrauterine growth restriction and 
preeclampsia are associated with an acceleration of fetal lung 
maturity.

In contrast, maternal diabetes and Rhesus (Rh) isoimmuni-
zation are associated with a delay in fetal lung maturation. 
Some authors have recommended the use of higher thres-
holds of L : S ratio (e.g., a cut-off ratio of 3) to establish pul-
monic maturity in these conditions [12]. Presence of a LBC of 
50,000/µL has similarly been recommended to indicate ma-
ture fetal lungs in diabetic women. Presence of PG is comm-
only considered as gold standard for documentation of fetal 
lung maturity with diabetes or Rh-isoimmunization.

In twin gestations it is commonly recommended that the 
sac of the male twin or the larger twin be sampled at 
amniocentesis. The reasoning is that if the sampled twin has 
mature pulmonic results, the other-twin is even more likely to 
be mature.

Less need for testing?

Recent changes in clinical practice have, in many cases, 
reduced the need for determining fetal lung maturity. More 
obstetricians are scheduling ultrasound examinations early in 
pregnancy, thereby establishing gestational age more accu-
rately. The result is that elective deliveries at term can be 
scheduled without determining fetal lung maturation. Simi-
larly, in pregnancies complicated by diabetes mellitus, excel-
lent maternal glucose control through self-monitoring of 
blood glucose levels and carefully planned insulin regimens, 
combined with intensive antepartum fetal surveillance, has 
reduced the fear of unexpected intrauterine death late in the 
third trimester. More patients with insulin-dependent diabe-
tes mellitus are being allowed to enter spontaneous labor at 
term or are induced at 39 weeks or above, making amniocente-
sis to establish fetal lung maturity unnecessary.

However, the recent trend away from vaginal birth after 
cesarean back to elective repeat cesarean delivery will proba-
bly tend to increase the demand for amniocentesis to facilitate 
delivery scheduling, particularly if dates are uncertain or 
delivery is desired prior to 39 weeks. These effects remain to 
be seen.

Case presentation

A 32-year-old white, G3P2002, patient has a known complete 
previa in the setting of poorly controlled gestational diabetes 
and is carrying a male fetus. She is 35–37 weeks, with the uncer-
tainty a result of her late entry to prenatal care and the possibil-
ity of an large for gestational age (LGA) baby because of her 
diabetes. An amniocentesis for lung maturity is recommended 
to aid with delivery planning. Curiously, although there is no 

transplacental passage of the needle, the amniotic fl uid is 
noted to be slightly blood tinged.

The lamellar count comes back within the hour at 42,000. 
Because of concern that this is not over the threshold value of 
50,000 recommended for diabetic mothers and because results 
may be falsely increased, at least initially, by blood contamina-
tion, the decision is made to wait for L : S and PG results before 
delivery (a cascade approach).

Later that day, the L : S ratio is noted to be 1.9 and the PG is 
negative. Although the L : S may be falsely lowered by the 
presence of blood, it would be hard to imagine the ratio would 
be above 3.0, the value required in a diabetic patient. PG should 
not be affected by blood at all and the presence of PG (or its 
equivalent such as LBC >50,000 or L : S >3.0) must be achieved 
to indicated delivery on the basis of pulmonary maturity in a 
diabetic. The decision is made to defer delivery and continue 
antepartum testing. Assuming no bleeding from the previa or 
fetal issues that would prompt delivery regardless of fetal 
lung maturity status, the amniocentesis will be repeated in 
1 week.
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11 Antepartum fetal monitoring
Brian L. Shaffer and Julian T. Parer

The goal of antenatal surveillance is to prevent fetal injury and 
death. Antenatal testing should improve long-term neuro-
logic outcome through optimal timing of delivery while avoid-
ing unnecessary intervention, such as cesarean delivery or 
preterm delivery. The US National Center for Health Statistics 
(NCHS) defi nes intrauterine fetal death (IUFD) as death prior 
to birth, 20 or more weeks in gestation, without neonatal 
breathing, pulsation of the umbilical cord, a heartbeat, and 
without voluntary movements. However, gasping, fl eeting 
movements, transient cardiac contractions, and respiratory 
efforts are not considered signs of life [1].

In 2002, the incidence of IUFD was 6.4/1000 live births plus 
fetal deaths [2], short of the national health objective of 4.1/1000 
[3]. Half of the fetal deaths occur in fetuses of 20–27 weeks’ ges-
tation (3.3/1000), and the remaining in those 28 or more weeks 
(3.2/1000). The fetal mortality rate has declined considerably 
since 1950 and late fetal mortality (≥28 weeks) has decreased 
23% from 1990 [4].

To assist in reaching the Healthy People 2010 goal of an 
IUFD incidence of 4.1/1000 [3], the etiology of IUFD must be 
clarifi ed. Several approaches based on the timing of the event, 
gestational age, and specifying the abnormal “compartment” 
(i.e., maternal, fetal, and placental) have been proposed [5]. 
The most common etiologies in those less than 27 weeks 
include infection, abruption, and lethal congenital anomalies. 
In comparison, the most frequent causes of stillbirth at more 
than 28 weeks are growth restriction and abruption. However, 
unexplained deaths account for 27–60% of cases of IUFD after 
20 weeks [5,6]. Because of this large proportion of “unex-
plained” IUFDs, there has been a focus on associated risk 
factors for stillbirth. Maternal race, age, socioeconomic status, 
medical illnesses, and biologic markers, such as abnormal 
serum markers, have been associated with increased risks of 
IUFD [5]. However, up to 50% of those with IUFD have no 
known risk factors [7].

Those mothers who are at increased risk for IUFD are often 
referred for antenatal testing. Despite performing antepartum 
surveillance for several decades, unequivocal evidence does 

not clearly illustrate when, how frequently, or at what gesta-
tional age to perform testing. The standard should be deter-
mined by the performance of the specifi c test — in this case the 
sensitivity and specifi city, compared with the rate of stillbirth 
and the week-specifi c mortality rate.

There are several antepartum testing modalities from which 
to choose, including fetal movement or “kick counts,” the non-
stress test (NST), the amniotic fl uid index (AFI) combined with 
the NST (modifi ed biophysical profi le), the contraction stress 
test (CST), the biophysical profi le (BPP), and use of Doppler 
velocimetry. Our aim is to present a reasonable guide of who 
to test, when to begin, how frequently, and which test to 
choose.

Fetal movement or “kick counts”

Decreased fetal movement may precede fetal death by several 
days [8]. Because up to 50% of those with IUFD have no risk 
factors and thus undergo no formal antepartum surveillance, 
some have recommended kick counts for all patients [8,9]. 
Several studies of intervention after decreased movements 
have been associated with decreasing the IUFD rate [9]. Defi n-
ing what constitutes “decreased movement” varies, and 
regardless of the method, once decreased fetal movement has 
been diagnosed, a back-up test is employed. One evaluation of 
maternal perception of kick counts used 10 movements in 
2 hours. The authors found a decreased stillbirth rate from 
8.7/1000–2.1/1000 after implementing formal fetal movement 
counts [9]. However, Grant et al. [10] found no difference in 
mortality in those who presented after decreased fetal move-
ment. The authors reported that women with decreased move-
ment presented earlier with stillborns, whereas those in routine 
care were diagnosed at the next visit. The authors asserted that 
fetal death was predictable but not preventable and large 
amounts of provider and maternal time were necessary to 
prevent a single IUFD [10]. In contrast, Froen [11], in a meta-
analysis, highlights the shortcomings of that study and asserts 
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that vigilance toward maternal perception of fetal movements 
signifi cantly reduces avoidable stillbirth rates while costing 
only an additional antenatal visit in 2.1% of pregnancies. With 
few patients returning for unscheduled visits, this low “false 
alarm” rate seems acceptable as fetal movement monitoring 
may improve the IUFD rate, especially in low-risk pregnancies.

The NST is a recording of fetal heart rate and uterine activity 
and is performed with the patient in the semi-Fowler position 
with left lateral tilt. The fetal heart rate transducer and tocody-
namometer are placed on the maternal abdomen. A “reactive” 
or normal test is one in which there is a normal fetal heart rate 
tracing (FHT) baseline (110–160 beats per minute [beats/
min]), with moderate variability (6–25 beats/min), and two 
accelerations (FHT peaks 15 beats/min above the baseline for 
≥15 seconds). A reactive or “normal” NST is associated with 
survival for 7 days in 99% of cases [12]. The duration of an NST 
is normally 20 minutes, but an additional 20 minutes may be 
added if needed.

The variability and baseline of the FHT is governed by a 
functioning cortex, brainstem, and cardiac conduction system. 
However, a reactive NST does not refl ect an entirely normal 
central nervous system, as a fetus affected by holoprosenceph-
aly may still have a reactive NST [13].

The value of the NST relies on several assumptions, which 
can be made after a few characteristics are observed. In the 
presence of a normal baseline rate, variability, and accelera-
tions, the fetus is presumed to be nonacidemic and nonas-
phyxiated. The acceleration is a response to fetal movement. 
Adequate accelerations have been associated with sonograph-
ically detected fetal movement in 99% of cases [14]. Several 
factors have been identifi ed as modulators of accelerations, 
including sympathetic discharge, fetal circadian rhythm, ges-
tational age, and maternal medication exposure or illicit drug 
use. Maternal smoking has been associated with decreased 
FHT reactivity [15,16]. Similarly, assumptions can be made 
about the fetal status when accelerations are absent during an 
NST. Fetal sleep cycles usually last 20–40 minutes but may be 
longer. Fetal movement and accelerations are less likely to 
occur during sleep. Also, non-REM sleep is associated with 
reduced FHT variability [17]. Thus, extending the NST dura-
tion to 40 minutes allows for variation in sleep–wake cycle. 
Lack of accelerations, however, may indicate a fetal state of 
hypoxemia or acidemia, central nervous system (CNS) depres-
sion, or congenital anomalies.

Variable decelerations during an NST are not infrequent 
and may occur in up to 50% of those undergoing testing. If 
variable decelerations are nonrepetitive, lasting less than 
30 seconds, and occur in the setting of an otherwise reactive 
NST, there is no need for intervention [18]. However, three or 
more variable decelerations in 20 minutes have been associ-
ated with increased cesarean rates for nonreassuring FHT 
[19,20]. Decelerations lasting more than 60 seconds have been 
associated with IUFD and cesarean for nonreassuring FHT 
[21–23].

A nonreactive NST over a 40-minute testing period may 
indicate fetal compromise, but the gestational age must be 
considered because in one study 50% of healthy fetuses 
between 24 and 28 weeks had a nonreactive NST [24]. At 28–32 
weeks, only 15% of normal fetuses were not reactive [25].

Vibroacoustic stimulation (VAS) can be used without com-
promising the detection of the impaired fetus while shorten-
ing the time to produce a reactive test [26–29]. Often, VAS is 
used after a period of nonreactive FHT. The provider gives a 1-
second stimulation and may repeat after 60 seconds if no fetal 
acceleration occurs. A third stimulation may be administered 
for up to 3 seconds in duration if no acceleration occurs after 
previous attempts. Using VAS may not actually decrease the 
duration of testing, producing prolonged accelerations, in 
approximately one-third of cases [30]. Despite common 
assumptions, manual stimulation and maternal administra-
tion of a glucose-containing drink do not improve the reactiv-
ity of the NST [31].

The nonreactive NST has a false positive rate (fetal survival 
>1 week after a nonreactive NST) of up to 50%, requiring 
back-up testing (e.g., CST/BPP). Poor fetal outcome (e.g., peri-
natal death, low 5-minute Apgar score, late decelerations 
during labor) occurs only in 20% of cases with a nonreactive 
NST. In the largest series of patients (n = 5861) undergoing 
antepartum surveillance with the NST, the false negative 
(fetal death <1 week after a reactive NST) rate was 3.1/1000, 
while others have found similar results (1.9–5/1000) (Table 
11.1) [32–36]. However, the use of the NST is “widely 
integrated into clinical practice” [37] and despite no defi nitive 
evidence of a benefi cial effect on fetal mortality it will 
probably continue to be utilized liberally in modern obstetric 
practice [38].

Modifi ed BPP (NST/AFI)

The risk of short-term hypoxemia is addressed with the NST. 
Measuring the AFI is a surrogate for fetal renal perfusion and 
refl ects long-term placental function via the amniotic fl uid 
status. The AFI acts as a measure of redistribution of fetal blood 

Table 11.1 False negative and false positive rates for antenatal testing 

modalities.

Test False Negative* False Positive† (%)

Nonstress test 1.9–5 [32–36] 50% [33]

Modifi ed biophysical profi le 0–0.8 [26,27,40,41] 60% [27]

Contraction stress test 0.4 [33,47,48] 40% [50]

Biophysical profi le 0.6 [45] 40% [45]

* Risk of fetal mortality (per 1000 live births) <1 week after a negative test 

result.
† Fetal survival >1 week after a positive test result.
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fl ow as hypoxemia can lead to decreased renal perfusion, 
urine output, and oligohydramnios [26,39]. The modifi ed BPP 
has a lower false negative rate than the NST alone, 0–0.8/1000, 
but the false positive rate (i.e., a normal fetus despite a positive 
test result) remains 60% [26,27,40,41]. When utilizing the mod-
ifi ed BPP, a back-up test must be performed for any of the fol-
lowing: nonreactive NST, signifi cant variable or late 
decelerations, or AFI <5.

Intervention based on surveillance with the modifi ed BPP 
may not be without consequence as its use in one study was 
associated with a higher rate of cesarean (relative risk [RR] 
2.09; 95% confi dence interval [CI], 1.69–2.57). Further, inter-
vention in those with a false positive test led to iatrogenic pre-
mature delivery in 1.5% of women tested [27]. However, it 
appears that the modifi ed BPP is similar in its incidence of 
adverse outcomes following a negative result (risk of fetal 
mortality after a negative test result) compared with the con-
traction stimulation test (CST) with a risk of IUFD of approxi-
mately 1 in 1000 in both tests. The modifi ed BPP is probably 
currently the primary means for antenatal surveillance 
[41,42].

Biophysical profi le

The BPP consists of an NST with ultrasound observation 
of the fetus for up to 30 minutes, and refl ects potential acute 
and chronic fetal hypoxia. The BPP has fi ve separate 
variables: the NST, fetal breathing, movement, tone, and the 
AFI (Table 11.2). The AFI is the chronic marker while the 

other four components refl ect acute asphyxia. Each compo-
nent scores either 0 or 2 points. Each component score is tallied 
and a composite score is given, yet not all measures are 
equal. Indeed, low AFI is independently associated with 
increased level of acidemia [43]. The BPP can be employed 
for primary antepartum surveillance, follow-up of 
nonreactive NST, or for further information after positive or 
suspicious CST.

The management is the BPP as follows (Table 11.3).
Eight and 10 out of 10 are normal and repeat testing should 

be performed as typically scheduled. However, if points were 
lost for oligohydramnios, this confers fetal jeopardy and deliv-
ery should be considered if the gestational age permits. Alter-
natively, more frequent surveillance, including assessment of 
fetal growth, should be carried out.

A score of 6/10 is equivocal and should be repeated within 
12–24 hours if less than 34 weeks. However, it the fetus is 
34 or more weeks, delivery should be considered. If oligohy-
dramnios is present, delivery should be considered, as 
the test is likely a true positive if the fetus loses points for 
nonreactive NST or breathing movements. In contrast, the 
test is more likely a false positive if the fetus has normal 
fl uid and loses points for nonreactive NST and another 
parameter [44].

A score of 4/10 requires immediate evaluation and inter-
vention and may warrant delivery unless the fetus is very pre-
mature (i.e., <28 weeks). If delivery is not carried out, repeat 
assessments are needed every 12–24 hours.

A score of 2/10 requires delivery if the score persists after 
extending testing for 120 minutes [45].

Table 11.2 Scoring for biophysical profi le. Modifi ed from [45,65].

Variable Normal (Score = 2 for 1–5) Abnormal (Score = 0 for 1–5)

1 Fetal breathing movement (FBM) ≥1 episode of FBMs of <30 seconds of sustained FBMs

 ≥30 seconds in duration

2 Fetal movement ≥3 discrete body/limb movements (simultaneous limb ≤2 movements

 and trunk  movements are counted as a 

 single movement)

3 Fetal tone ≥1 episode of active extension with rapid return Either slow extension with return to partial

 to fl exion of fetal limb(s)  fl exion or  movement of limb in full trunk, or hand 

extension, or absent fetal  movement

4 Reactive FHT ≥2 accelerations of ≥15 beats/min, peak amplitude <2 accelerations or accelerations 

 lasting ≥15 seconds from the baseline in <15 beats/min peak amplitude or accelerations

 20 minutes <15 seconds  duration in 20 minutes

5 Amniotic fl uid index >5.0 cm ≤5.0 cm

For twins, deepest vertical pocket ≥2.0 cm <2.0 cm

 in each sac

FHT, fetal heart rate tracing.
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Contraction stress test

The CST is a measure of fetal response to stress. The uterus 
contracts and the spiral arteries are occluded, decreasing fl ow 
to the intervillous space and resulting in decreased oxygena-
tion of the fetus. In the suboptimally oxygenated fetus, the 
baseline O2 defi cit will be worsened and late decelerations on 
the FHT will be apparent. The advantage of the CST is that 
subtle hypoxia prior to acidosis is more easily detected when 
compared with the BPP/NST, and the CST is helpful in pre-
dicting tolerance of labor.

The CST is performed with the patient in the semi-Fowler 
position. An adequate test is assessment of the FHT and uterine 
contractions with three contractions in 10 minutes, each lasting 
at least 40 seconds in duration. Oxytocin can be employed for 
uterine contractions (0.5 mU/min, increased every 20 minutes 
to a maximum of 10 mU/min) or manual stimulation of the 
maternal nipple may be used. This is done by rubbing one 
nipple through the clothing for 2 minutes or until a contrac-
tion begins. If no contractions are observed after 2 minutes, a 
second stimulation is performed after 5 minutes. An alterna-
tive technique is to apply warm packs to the breasts for a 
maximum of 2 minutes followed by a 5-minute interval prior 
to restimulation.

Nipple stimulation was approximately 50% faster than 
intravenous oxytocin in one evaluation of the time to an ade-
quate CST [46]. Contraindications to the CST include preterm 
labor, preterm premature rupture of the membranes (PPROM), 
abnormal vaginal bleeding, and contraindications for vaginal 
delivery (e.g., placenta previa, prior classic cesarean, extensive 
uterine surgery).

The CST test result is “negative” if there are no late decelera-
tions or signifi cant variable decelerations in the setting of a 

normal baseline fetal heart rate. After three adequate 
contractions occur in 10 minutes, a negative and reactive CST 
has a false negative rate of 0.4–1/1000 and more than 99% sur-
vival over a week [47–49]. A CST is deemed positive if 
more than 50% of uterine contractions have associated late 
decelerations. A positive CST is associated with a 50% rate of 
poor perinatal outcome including perinatal death, increased 
cesarean for nonreassuring fetal status, and low 5-minute 
Apgar score.

While a positive CST is associated with adverse outcomes, 
the fetus may tolerate labor and therefore a trial of labor induc-
tion is recommended, unless there is an obstetric contraindica-
tion to vaginal delivery [50]. A reactive, positive CST is one 
with normal FHT variability and baseline but late decelera-
tions after more than 50% of contractions. This generally calls 
for delivery, or close follow-up surveillance at a very early 
gestational age. A test deemed equivocal or suspicious is 
one in which there are 50% or fewer late decelerations, 
variable decelerations (i.e., possibly indicating IUGR, oligo-
hydramnnios), or an abnormal FHR baseline. These can be 
managed by delivery or more frequent testing, depending on 
gestational age.

If there are fi ve or more uterine contractions in 10 minutes or 
contractions lasting more than 90 seconds in the setting of fetal 
heart rate decelerations then the CST is equivocal — hyperstim-
ulation. Finally, a tracing is considered unsatisfactory if there 
are fewer than three contractions or the FHT is of poor quality 
(see Table 11.4 for management of CST results).

Doppler velocimetry

Doppler velocimetry is used as an adjunct to other testing 
modalities and is particularly useful in the growth restricted 

Table 11.3 Biophysical profi le scoring and management.

Score Risk of Asphyxia Management Perinatal Mortality*

10/10 Nearly zero Follow as clinical course dictates <1/1000

8/10 (AFI nl)

8/10 (Oligo) Chronic asphyxia likely If normal urinary tract, no ROM — delivery after corticosteroids 20–30

6/10 (AFI nl) Asphyxia not excluded Repeat testing. If persistent 6/10, deliver at >37 weeks; if 50

6/10 (Oligo) Chronic asphyxia likely immature repeat within 24 h — if less than 6/10 delivery >50

4/10 Acute likely, if oligo, risk of Delivery, continuous FHT 115

 acute and chronic increases  >115 if oligo

2/10 Acute with chronic asphyxia likely Delivery, typically via cesarean 220

0/10 Nearly certain Deliver immediately 550

AFI, amniotic fl uid index; FHT, fetal heart rate tracing; ROM, rupture of membranes; oligo, oligohydramnios.

* Risk of fetal mortality (per 1000 live births) within 1 week without any fetal intervention [65].
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fetus [51]. It is not generally used as a primary means of sur-
veillance, nor for screening in a low-risk population. The fetal 
umbilical artery (UA) is used to assess the hemodynamic com-
ponents of placental vascular impedance. In some fetuses with 
IUGR, there is increased systolic : diastolic (S : D ratio above 3) 
blood fl ow velocity in the umbilical artery signifying increased 
umbilical vascular impedance. In severe IUGR, with high pla-
cental impedance, there may be absent or reversed fl ow [52–
54]. Fetal mortality is increased with reversed or absent 
end-diastolic fl ow [55] and asphyxia in small for gestational 
age fetuses is associated with absent end-diastolic fl ow in the 
umbilical artery [56]. The use of Doppler velocimetry in high-
risk pregnancies was associated with decreases in induction of 
labor, antepartum admission, and may result in decreased 
perinatal mortality (adjusted odds ratio [OR] 0.71; 95% CI, 
0.50–1.01) [57].

Increased S : D ratios in those with a “high-risk” pregnancy 
were more likely to have “abnormal” perinatal outcome than 
those with values of less than 3.0 (2.3–2.9). The S : D ratio was a 
better predictor of poor outcome than suboptimal fetal growth 
[58]. The best predictor of poor long-term outcomes may be in 
those with IUGR and associated with umbilical cord S : D ratio 
abnormalities [59].

Poorer neurodevelopmental outcome in children aged 5–
12 years was associated with reversed end-diastolic fl ow com-
pared with normal and absent fl ow [59]. Other adverse 
outcomes have been associated with absent and reversed 
end-diastolic fl ow in the umbilical artery: mortality (28–45%), 
neonatal intensive care unit (NICU) admission (84–98%), and 
cesarean section (73%) for fetal distress [55,60]. Abnormal 
Doppler indices alone should not dictate intervention, but 
rather indicate the level of antenatal surveillance needed. 
For instance, a growth restricted fetus less than 32 weeks’ 
gestation, with absent end-diastolic fl ow in the umbilical 
artery, continuous FHT and a reassuring BPP, may allow for 

maternal and fetal evaluation, corticosteroid administration, 
and preparation for delivery. In the setting of IUGR, 
absent end-diastolic fl ow should trigger continuous fetal 
surveillance with prolongation of the pregnancy dictated 
only by a reassuring BPP score, NST, and early ges-
tational age.

In normal fetuses, the impedance of the vessels in the 
brain is relatively higher than in the UA and S : D ratios 
average above 5. In the fetus with IUGR and especially in those 
with asymmetrical IUGR, the impedance decreases further 
to increase perfusion and presumably oxygen delivery. 
Measurements of the middle cerebral artery (MCA) in fetuses 
with IUGR may reveal decreased S : D ratios. This increase 
in the umbilical artery S : D ratio, and decrease in the MCA S : D 
ratio, can be used as an index of the fetal compensatory 
mechanisms, and indicates a more severe response to IUGR 
[61–63].

Doppler interrogation of the MCA using the peak systolic 
velocity (PSV) is a tool for predicting fetal anemia in at-risk 
pregnancies. In contrast to the management of IUGR, meas-
urement of the PSV has good sensitivity for moderate or severe 
anemia in the fetus affected by Rh alloimmunization [64].

Specifi c indications and onset of testing

The appropriate initiation and frequency of testing is deter-
mined by the indication for the test as well as gestational age. 
Typically, testing is begun at 32 weeks and is performed on a 
weekly to twice weekly basis. However, maternal or fetal situ-
ations may dictate daily testing (e.g., unstable hypertension, 
poorly controlled diabetes) [43]. The specifi cs of many recom-
mendations are often based on sparse evidence while others 
are opinion-based and quite controversial. Table 11.5 
shows the antenatal testing guidelines for the University of 
California San Francisco.

Case presentation

A 36-year-old white gravida 1, para 0 had chronic hyperten-
sion. She began prenatal care at 8 weeks and was maintained 
on labetalol, 400 mg twice daily. Baseline urine analysis 
revealed 465 mg protein and a serum creatinine of 1.3 mg/dL. 
At 15 weeks an amniocentesis was performed for advanced 
maternal age, revealing a chromosomally normal male fetus.

Serial sonograms were performed for fetal growth, begin-
ning at 26 weeks. At 28 weeks, antenatal testing was initiated 
with twice weekly modifi ed BPP. The initial NST result was 
nonreactive despite acoustic stimulation after 20 minutes. The 
AFI was 11.0.

Although the NST result may have been nonreactive as a 
result of the prematurity of the fetus, other etiologic factors 
were explored. She was questioned about her eating and drug 

Table 11.4 Follow-up for contraction stress test (CST).

CST result Follow-up

Reactive–negative Repeat, 7 days

Nonreactive–negative Repeat, 24 hours

 Evaluation for nonreactivity

  Fetus <28 weeks, normal variability, repeat 

 in 7 days

Reactive–equivocal Repeat, 24 hours

Nonreactive–equivocal Repeat, 24 hours

Reactive–positive  Gestational age >37 weeks, trial of 

 induction

 Preterm: further evaluation

Nonreactive–positive Term: delivery via cesarean

 Preterm: further testing
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Table 11.5 Fetal surveillance: diagnostic conditions and frequency. The basic formal testing scheme is NST/AFI (modifi ed BPP).

Indicator  GA of Initiation Frequency

 1 Post dates 41 weeks (earlier if EDD unsure) Twice weekly

 2 Hypertensive diseases:

 (a) Preeclampsia (including r/o preeclampsia) At Dx Twice weekly (or more frequently depending

      on severity)

 Chronic hypertension 32 weeks Weekly

 (b) Chronic hypertension with IUGR See IUGR See IUGR

 3 Diabetes mellitus

 (a) GDM

  (i) On diet and exercise (A1) — good control Kick counts only

   (FBG < 95 mg/dL, PPBG < 140 mg/dL)

  (ii) On insulin or oral agent (A2) — good 32 weeks Twice weekly

   or poor control

 (b) Pregestational (Type I, Type II)

  (i) W/out complications — good 32 weeks Twice weekly

   control

  (ii) W/out complications — poor 28 weeks Twice weekly

   control

  (iii) W/complications (e.g., poor growth, 28 weeks or Twice weekly

   vascular disease) when complications arise

 4 Advanced maternal age ≥40 years 32 weeks Weekly

 5 Severe maternal conditions (e.g.,  32 weeks Weekly or more frequently

  cardiac, pulmonary, severe asthma, 

sickle cell)

 6 Active drug/ETOH abuse or methadone 32 weeks Weekly

 use

 7 SLE or antiphospholipid syndrome 32 weeks (earlier if microvascular Weekly or more frequently

     disease)

 8 Thyroid disease

 (a) Uncontrolled 32 weeks Twice weekly

 (b) Maternal Graves disease w/TSI > 130% 36 weeks Weekly

 9 Cholestasis At Dx (begin before bile acid results) Twice weekly

10 Herpes gestationis At Dx Weekly

11 HIV (on combination Rx) 32 weeks Weekly

12 Seizure disorder (poorly controlled) 28 weeks Weekly

13 IVF   36 weeks Weekly

    40 weeks Twice weekly

14 History abruption previous pregnancy 2 weeks prior to GA of previous Weekly

    abruption

15 Increased MSAFP, increased MSHCG, or 32 weeks Weekly

 low PAPP-A (<1st percentile)

16 Oligohydramnios At Dx As indicated

17 Polyhydramnios At Dx Weekly

18 IUGR (<10th percentile) or R/O IUGR (sono At Dx Twice weekly

 pending)
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Table 11.5 Continued.

Indicator  GA of Initiation Frequency

19 Twins:

 (a) di/di w/normal growth and normal AFV 32 weeks Weekly

    36 weeks Twice weekly

 (b) mono/di w/normal growth and 28 weeks Weekly

  concordant/normal AFV 32 weeks Twice weekly

 (c) di/di w/IUGR and/or discordant growth at Dx Twice weekly

  (>20%) and/or abnormal AFV

 (d) mono/di w/IUGR and/or discordant at Dx Twice weekly

  growth (>20%) and/or discordant AFV

 (e) mono/mono at GA of intervention Daily

20 Triplets  same as mono/di twins same as mono/di twins

21 Hx previous IUFD 32 weeks or if previous demise Weekly

    <32 weeks, then begin 2 weeks

    prior to date of previous

    demise

22 Fetuses with certain abnormalities (e.g., 32 weeks Weekly

 CDH, gastroschisis, persistent echogenic

 bowel, increased NT (>3.5 mm))

23 Fetal arrhythmia (i.e., SVT, PACs, etc.) At Dx Weekly (BPP if unable to obtain FHR strip)

24 Fetal heart block At Dx (≥28 weeks ) Weekly BPP

25 Fetal anemias (e.g., Rh alloimmunization, ≥28 weeks or at onset of disease Weekly or more frequently

 parvovirus, NAIT)

AFV, amniotic fl uid volume; BPP, biophysical profi le; CDH, congenital diaphragmatic hernia; di, dichorionic/diamnionic; Dx, diagnosis; EDD, estimated date of 

delivery; ETOH, alcohol; FBG, fasting blood glucose; FHR, fetal heart rate; GA, gestational age; GDM, gestational diabetes mellitus; Hx, history; IUGR, intrauterine 

growth restriction; IVF, in vitro fertilization; mono di, monochorionic diamniotic; MSAFP, maternal serum alpha-fetoprotein; MSHCG, maternal serum human 

chorionic gonadotropin; NAIT, neonatal alloimmune thrombocytopenia; NT, nuchal translucency; PAC, premature atrial contractions; PAPP-A, pregnancy-

associated plasma protein A; PPBG, postprandial blood glucose; R/O, rule out; Rh, Rhesus; Rx, therapy; SLE, systemic lupus erythematosus; SVT, supraventricular 

tachycardia; TSI, thyroid stimulating immunoglobulin.

} NST/Deepest pocket in 

each sac

habits; she had a normal breakfast prior to the test and denied 
any illicit drug use. A BPP was performed to follow-up the 
nonreactive NST, with a score of 8/10 (loss of 2 points for NST 
result). With a reassuring BPP, the nonreactive tracing was 
attributed to the fetal prematurity.

At 29 weeks, there was a reactive NST result and an AFI of 
9.7. However, blood pressure was 167/105 mmHg and the 
fundal height was 26 cm. She was hospitalized, and biometry 
revealed that the fetus was 820 g (<5%), and a presumptive 
diagnosis of IUGR was made. Umbilical artery Doppler veloci-
metry was performed which revealed an increased S : D ratio 
of 5.3–6.0, with end-diastolic fl ow. In addition, the MCA S : D 
ratio measured 3.0–3.8. During her hospitalization, she experi-
enced a severe exacerbation of hypertension, the labetalol was 
increased and a second agent, nifedipine, was begun. On 
admission, the complete blood cell count (CBC), liver function 
test (LFT), and urine protein values were normal. An NST on 
the day of admission was reactive; the AFI was 5.0. Owing to 
the severity of the hypertension and abnormal cord Doppler 
indicies, twice daily NST testing was initiated and a course of 

betamethasone was given for acceleration of fetal pulmonary 
maturity.

A plan for twice weekly AFI monitoring and weekly Doppler 
velocimetry was devised. Three days later, the NST result was 
nonreactive and the AFI was 4.0. A BPP was performed, with 
an equivocal score of 6/10 (loss of 2 points for nonreactive NST 
and oligohydramnios). Repeat testing was scheduled for the 
next morning (12 hours later). On hospital day 5, she com-
plained of mid-epigastric pain. Laboratory tests revealed a 
hematocrit of 42%, platelet count of 102,000 × 109/L, and serum 
aspartate transaminase and alanine transaminase levels of 
960 U/L and 1020 U/L, respectively.

The repeat BPP score was 4/10 with the additional loss of 
fetal breathing. Preparations for induction of labor were made 
because of the deteriorating fetal and maternal conditions, and 
a male infant weighing 875 g was delivered vaginally. Apgar 
scores were 5 at 1 minute and 8 at 5 minutes. Umbilical artery 
(CUA) and vein (CUV) blood gas values were obtained: CUA 
pH 7.27, Pco2 48 mmHg, Po2 33 mmHg, base excess –4.4 and 
CUV pH 7.30, Pco2 42 mmHg, Po2 39 mmHg, base excess –3.4.
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The newborn required intubation for 48 hours, was weaned 
from all oxygen support by day 12 of life, and discharged on 
day 46 of life. The mother was treated with magnesium sulfate 
for 48 hours postpartum, her abnormal laboratory values were 
normal by day 5 postpartum, and she was discharged.
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12 Interpreting intrapartum fetal 
heart tracings
Michael Nageotte

Over the past 30 years, electronic fetal heart rate monitoring 
(EFM) has become an accepted means of assessing fetal status 
during labor. More than 85% of live births in the USA are so 
monitored despite a frequent lack of agreement on strip inter-
pretation and management decisions [1]. This has resulted in 
an increased rate of cesarean delivery in patients monitored 
with EFM accompanied by a lack of clear evidence of effi cacy. 
EFM is unquestionably a labor-saving device for nurses and is 
unlikely to be displaced from what is an accepted standard 
obstetric practice. Further, monitoring of the fetal heart rate 
(FHR) is a highly reliable modality in identifying the well-
oxgenated fetus. This is because the brain controls the heart 
rate and changes in both cerebral blood fl ow and blood oxy-
genation in turn affect the FHR. Certain patterns in the heart 
rate of the fetus can be used to determine oxygen status with 
excellent concordance between normal fetal oxygenation and 
the presence of normal baseline FHR accompanied by FHR 
accelerations. While the concordance between normal oxy-
genation and the presence of FHR accelerations provides clini-
cal reassurance, the absence of accelerations does not 
necessarily predict abnormality in fetal oxygenation. In fact, 
the correlation between abnormalities of the FHR (e.g., late or 
variable decelerations, elevated baseline) and adverse neona-
tal outcomes is at best tenuous [2]. That is to say, the positive 
predictive value of a nonreassuring FHR pattern to predict 
adverse outcome is very poor. Consequently, EFM should be 
understood and employed cautiously and used only as a diag-
nostic tool in the management of a woman’s labor. It is only 
with the correct interpretation of the information provided 
from such a modality that appropriate management decisions 
can be made.

Interpretation guidelines for EFM

In order to understand the FHR and communicate interpreta-
tion accurately among health care providers there needs to be 
an appreciation of certain aspects of the FHR. These include 

baseline rate, variability, accelerations, and decelerations. The 
overall pattern appearance, changes over time, and response 
to certain clinical interventions must also be considered. In 
1997, the National Institute of Child Health and Human Devel-
opment Research Planning Workshop convened and pro-
posed specifi c defi nitions for these various aspects of the FHR 
[3]. These defi nitions have been recently recommended for 
use in FHR monitoring by the American College of Obstetri-
cians and Gynecologists [4].

Evaluation frequency

Assessment of FHR should occur frequently during active 
labor. For women with complicated pregnancies, such evalua-
tions using auscultation should be every 15 min in the fi rst 
stage of labor and every 5 min in the second stage [5]. The rec-
ommended evaluation frequency for laboring women without 
complications is auscultation every 30 min in the fi rst stage of 
labor and every 15 min in the second stage. Similarly, when 
using EFM the frequency of tracing review would apply. 
Unfortunately, at times there is lack of concordance in the FHR 
strip interpretation among physicians and nurses. While there 
is generally excellent agreement when a strip is reassuring, for 
those FHR patterns that are not reassuring there is poor agree-
ment regarding interpretation and management. Such inter-
pretation is further challenged by clinically important 
confounders including gestational age, parity, maternal vital 
signs, medications, and progress in labor.

FHR pattern defi nitions

1 Baseline The baseline FHR is the mean rate rounded in incre-
ments of 5 beats/min over a minimum of 10 min. Bradycardia 
is when the baseline is less than 110 beats/min and tachycar-
dia is when the baseline is greater than 160 beats/min.
2 Variability Irregular fl uctuations in the baseline FHR of two 
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or more cycles per minute describe variability. FHR variability 
is either absent, minimal (amplitude range ≤5 beats/min), 
moderate (amplitude range >5–25 beats/min), or marked 
(amplitude range >25 beats/min). Of note, the sinusoidal heart 
rate has a smooth sine wave-like pattern of regular amplitude 
and frequency. The sinusoidal pattern is excluded from the 
FHR variability defi nition.
3 Accelerations An abrupt increase from baseline FHR to peak 
within 30 seconds of at least 15 beats/min lasting at least 
15 seconds is termed an acceleration. Gestational age has a role 
in this defi nition, with fetuses less than 32 weeks having accel-
erations defi ned as increases at least 10 beats/min above base-
line lasting at least 10 seconds.
4 Decelerations

(a) Late deceleration: a gradual and visually apparent 
decrease of baseline FHR lasting at least 30 seconds with 
return to baseline associated with a uterine contraction. 
Late decelerations are delayed in onset with the nadir of 
deceleration occurring after the contraction peak. Early 
deceleration is defi ned as a gradual and visually appar-
ent decrease and return to baseline of the FHR associ-
ated with a contraction.

(b) Early deceleration: a gradual and visually apparent 
decrease and retun to baseline of the FHR associated 
with contraction. An early deceleration has its nadir 
occur with the peak of the uterine contraction and 
mirrors the onset, peak, and ending of the contraction.

(c) Variable deceleration: a sudden, rapid decrease of the FHR 
to its nadir in less than 30 seconds. The decrease must be 
at least 15 beats/min lasting at least 15 seconds with 
return to baseline in less than 2 min.

(d) Prolonged deceleration: a decrease in the FHR of at least 
15 beats/min lasting for longer than 2 min but less than 
10 min before return to baseline.

Reassuring FHR

The most reliable marker of adequate fetal oxygenation and 
normal acid–base status is the presence of FHR accelerations. 
An additional marker of reassurance is the presence of normal 
FHR variability. Caution must be employed in the interpreta-
tion of EFM when variability is present when accompanied 
by concerning characteristics of the FHR such as persistent 
decelerations [6].

Nonreassuring FHR

The absence of accelerations in the FHR particularly when 
accompanied by persistent decelerations may be a concerning 
fi nding in the EFM. The presence of recurrent late, variable, or 
prolonged decelerations with absent FHR variability are non-
reassuring patterns and require close attention by the health 

care providers. Possible causes of such decelerations and their 
remedies should be considered. Treatment options include 
cervical examination to determine dilation and assess for 
umbilical cord prolapse. Repositioning the patient to the left or 
right lateral recumbent position is recommended. Discontinu-
ation or diminishing of Pitocin or other uterine stimulants 
and consideration of treatment with a tocolytic agent are addi-
tionally recommended. Employing one or more of these 
treatments will often result in rapid improvement of the con-
cerning FHR.

Further assessment of such FHR patterns should include 
ancillary tests of the fetus status. The most commonly used 
modalities are scalp stimulation or vibroacoustic stimulation 
of the fetus with observation for the occurrence of an immedi-
ate acceleration of the FHR. Specifi cally, if there is an accelera-
tion of the FHR accompanying either direct digital scalp or 
vibroacoustic stimulation, fetal acidosis is excluded (pH ≥7.21) 
at that point in time [7]. This allows for the continuation of 
labor in a patient with nonreassuring FHR changes. In the 
absence of accelerations of the FHR with such stimulation, 
there is the possibility of an abnormal fetal scalp pH. Tradi-
tionally, obtaining a sample of fetal blood from the scalp has 
been utilized as a means to determine the fetal pH. However, 
this technique is currently rarely employed and for most prac-
titioners is not even available. Further, there is poor sensitivity 
and specifi city of a scalp pH less than 7.21 predicting umbilical 
artery acidosis (pH <7.0) or adverse neonatal neurologic 
outcome. Consequently, direct assessment of fetal blood pH 
levels no longer occurs in most centers.

Fetal resuscitation

Management of nonreassuring FHR patterns is often limited 
to immediate delivery, commonly by cesarean section. 
However, use of various ancillary techniques should be con-
sidered and frequently result in improved FHR tracing. The 
association of maternal hypotension and concerning changes 
in the FHR is commonly seen. Correction of such hy-
potension with maternal position change or ephedrine in-
fusion (following epidural) is encouraged. Perhaps the most 
common technique is the administration of oxygen to the 
laboring patient along with rapid intravenous infusion of 
fl uids. Not surprisingly, such interventions have not been 
shown to be effi cacious but nonetheless are widely employed. 
What has been shown to have effi cacy is the use of various 
forms of tocolytic therapy [8]. These most commonly include 
beta agonists such as terbutaline and ritodrine although other 
agents such as magnesium sulfate or calcium-channel block-
ers can be considered. However, while improvement of the 
FHR commonly occurs following such therapy, there is no evi-
dence to suggest overall improvement in newborn or neonatal 
outcome. Additionally, use of amnioinfusion in patients expe-
riencing recurrent variable decelerations of the FHR has been 
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shown to reduce the frequency and severity of variable decel-
erations as well as the need for cesarean delivery for fetal intol-
erance to labor [9]. This is a simple technique which is readily 
available in most labor and delivery units.

Case presentation

The patient is a 32-year-old, G3 P2002, at 39 weeks’ gestation in 
active labor. Cervical examination reveals 5 cm dilation with 
vertex well applied to the cervix. Artifi cial rupture of the mem-
branes is performed with return of clear amniotic fl uid. Within 
minutes, the FHR changes from a normal pattern without 
deceleration to one of persistent variable decelerations (Fig. 
12.1, panel 1). Through the previously placed intrauterine 
pressure catheter, amnioinfusion of normal saline was begun 
at 10 mL/min for 1 hour. The subsequent FHR revealed 
marked change in the FHR to a persistently reassuring pattern 
(panels 2, 3). The patient subsequently had a vaginal delivery 
of a health newborn with Apgars of 8 and 9 at 1 and 5 min, 
respectively.

This case demonstrates the potential value of amnioinfu-
sion in patients experiencing recurrent variable decelera-
tions. Although the exact mechanism of action is unknown, 
it is thought that the infused fl uid relieves compression of 
the umbilical cord which is the etiology of the FHR 
decelerations.
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13 Sickle cell disease
Scott Roberts

Sickle cell disease is composed of a group of genetic disorders 
involving abnormal hemoglobin. Each hemoglobin is made 
up of two alpha-globin (141 amino acids) and two beta-globin 
chains (146 amino acids). These chains conform in a way that 
allows solubility, oxygen affi nity and transport, and stable 
biconcavity in the red blood cell. Solubility and reversible 
oxygen binding are the key properties deranged in hemoglob-
inopathies. Sickle hemoglobin (S) results from the substitution 
of glutamic acid by valine in the beta-globin chain at position 6; 
and hemoglobin C from substitution of the same amino acid, 
but by lysine. The beta-globin genes are expressed codomi-
nantly so that homozygous SS or the compound heterozygote 
SC must be expressed for clinical morbidity to be signifi cant. 
In contrast, the abnormal beta-thalassemia variant of beta-
globin causes the production of normal hemoglobin A to be 
absent or reduced.

The most prevalent disorder is sickle cell anemia resulting 
from the homozygous SS genotype. One of every 12 African-
Americans is a carrier for the hemoglobin S gene and hence 
(1/12 × 1/12 × 1/4 = 1/576) approximately 1 in 600 African-
American newborns have sickle cell anemia [1]. The overall 
rate of sickle cell disorders at birth for African-Americans is 1 
in 300 [2]. The prevalence of the hemoglobin C allele is 
approximately 1 in 40 and the abnormal gene for beta-
thalassemia approximately 1 in 40 to 1 in 50 in this population. 
These disorders are associated with increased maternal and 
perinatal morbidity and mortality.

Red blood cells with hemoglobin S undergo sickling under 
conditions of decreased oxygen tension. This results in hemol-
ysis, increased viscosity, and vaso-occlusion (VOC), and leads 
to further decreased oxygenation. This VOC leads to local inf-
arction in all major organ systems, and all surviving adults 
with sickle cell anemia have undergone autosplenectomy after 
multiple episodes of VOC and infarction. The bone pain, so 
typical of sickle cell crises, represents VOC in the bone marrow. 
Other chronic and acute changes from sickling include bony 
abnormalities such as osteonecrosis of the femoral and 
humeral heads; renal medullary damage; hepatomegaly; ven-

tricular hypertrophy; pulmonary infarctions; pulmonary 
hypertension; cerebrovascular accidents; leg ulcers; and a pro-
pensity to infection and sepsis [3–5].

Because of hemolysis of defective red blood cells, most 
patients with sickle cell anemia have hemoglobin values of 
approximately 7–8 g/dL. Iron therapy will not correctly treat 
their anemia and may worsen their condition. Folic acid 
requirements, however, are considerable as there is an in-
tense hematopoiesis occurring to compensate for the mark-
edly shortened red blood cell lifespan. Patients with SC disease 
are usually less anemic, with hemoglobin levels near 10 g/dL, 
and painful crises occur less frequently. Manifestations of S/
beta-thalassemia disease are quite variable, but can present 
similarly to severe SS disease. In either SC disease or S/beta-
thalassemia, iron studies should be performed and iron sup-
plemented if indicated.

Pregnancy is a serious burden to women with sickle hemo-
globinopathies, especially those with hemoglobin SS disease. 
Pregnancy usually results in an increased frequency of sickle 
cell crises. Infections and pulmonary complications are 
common. Maternal mortality has decreased dramatically over 
the years because of improvements in medical care, but 
remains high [6,7]. In addition, more than one-third of preg-
nancies in women with sickle syndromes end in abortion, still-
birth, or neonatal death (Table 13.1).

Hemoglobin SC disease

In nonpregnant women, morbidity and mortality from sickle 
cell/hemoglobin C disease are much lower than that seen with 
SS homozygous disease. Fewer than half of the women with 
SC disease have ever been symptomatic prior to pregnancy. 
However, during pregnancy and the puerperium, attacks of 
severe bone pain and episodes of pulmonary infarction and 
embolization become more common [8]. A particularly worri-
some complication is acute chest syndrome seen in both SS 
and SC disease related to embolization of necrotic fat and 
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cellular bone marrow, and VOC sickling, with resultant respi-
ratory insuffi ciency. This syndrome is characterized by a 
noninfectious pulmonary infi ltrate with fever, leading to 
hypoxemia and acidosis, and, infrequently, death. Acute chest 
syndrome is the leading cause of death among patients with 
sickle cell disease [9].

Maternal death is as common with SC disease as it is with 
homozygous SS disease (2300–2500 in 100,000). Perinatal mor-
tality is higher in SC disease (75 in 1000) than in the general 
population, but not as high as with SS disease (175 in 1000) 
(Table 13.2).

Hemoglobin S/beta-thalassemia disease

This heterozygous condition usually is much milder than 
either SS or SC disease. Variable amounts of hemoglobin A are 
produced depending on the variant of the beta-thal allele 
inherited. Hemoglobin F is made in abundance with extramed-
ullary hematopoiesis to make up for abnormally low hemo-
globin A. In its most usual form, a level of A2 above 3.5% on 
hemoglobin electrophoresis is diagnostic. In the most severe 
form of S/beta-thalassemia disease, no hemoglobin F is made 
and the resulting phenotypic expression is of severe SS 
disease.

Either of the above sickle cell variants can have symptoms as 
bad or worse than any particular SS patient. Particularly 
unnerving and dangerous is the previously asymptomatic SC 
or S/beta-thalassemia patient who presents with acute chest 
syndrome in pregnancy.

Management during pregnancy

Close observation of these patients is mandatory during preg-
nancy. They are at increased risk for infection, which in turn 
can aggravate sickling crises. With the increased red cell mass 
typically required during pregnancy, folate supplementation 
is important. Any strain that impairs erythropoiesis or 
increases red blood cell destruction aggravates the anemia. 
Clinical presentations that cause anemia and pain may be 
overlooked (e.g., placental abruption, ectopic pregnancy, 
appendicitis, and pyelonephritis). The diagnosis of sickle cell 
crisis should be reserved until other possible causes are ruled 
out.

Covert bacteriuria and acute pyelonephritis are increased in 
these patients. Frequent (monthly or every trimester) screen-
ing urine cultures should be employed to discover asympto-
matic bacteriuria and treat before it becomes symptomatic. 
Acute pyelonephritis can result in the release of endotoxin 
which lyses sickle cells and suppresses hematopoiesis result-
ing in severe anemia and sickle crises. Pneumonia is common, 
caused by Streptococcus pneumoniae, and the polyvalent pneu-
mococcal vaccine is recommended. Annual inactivated infl u-
enza vaccine should be administered. Hepatitis B vaccination 
is recommended. For patients who have undergone auto-
splenectomy, vaccination against Hemophilus infl uenza type B 
is recommended.

Crises are hallmarked by intense pain, usually from involved 
bone marrow. As many as 40% of sickle cell patients have acute 
chest syndrome [9]. Episodes can develop acutely and do so 
more often late in pregnancy. Intravenous hydration along 
with opioid analgesics should be given. Oxygen by nasal 
cannula will decrease the sickling at the capillary level and 
improve symptoms. Any focus of infection should be discov-
ered and treated as it may be responsible for the crisis. The risk 
of low birthweight, fetal growth restriction, preterm delivery, 
and preeclampsia are increased. Cardiac dysfunction is 
prevalent in sickle cell disease. After years of pulmonary in-
farction, restrictive airway disease can lead to ventricular 
hypertrophy and pulmonary hypertension [10]. There is 
increased preload and decreased afterload with a normal 
ejection fraction. This condition is augmented by the 
increasing volume of pregnancy. Chronic hypertension can 
aggravate the pre-existing cardiac dysfunction. Severe pre-
eclampsia, sepsis, or secondary pulmonary hypertension 
can lead to heart failure. A multidisciplinary approach 
should be used involving obstetricians, hematologists, and 
anesthesiologists [11].

Prophylactic red blood cell transfusions

Some institutions utilize prophylactic red blood cell trans-
fusions. Managed correctly, sickle crises can be held to a 

Table 13.1 Pregnancy outcomes in patients with S/S anemia. Data from 

309 pregnancies in eight reports [6,8,16,19–23].

 Range Mean

Spontaneous abortion (%) 7–16 12.2

Stillbirth (%) 1–8 4.1

Neonatal death (%) 0–9 2.0

Low birthweight (%) 7–33 21.3

Perinatal mortality 10.5–121.1/1000 57.4/1000

Table 13.2 Pregnancy outcomes reported since 1956 for women with 

sickle cell anemia and hemoglobin SC disease [6,7,22–28].

 Sickle Cell Hemoglobin SC
 Disease (SS) Disease

Women  1213  351

Pregnancies  2214  798

Maternal deaths ~2500 ~2300

 (per 100,000)

Perinatal mortality ~175 ~75

 (per 1000)
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minimum. Hematocrit and hemoglobin electrophoresis are 
monitored monthly and transfusion effected to keep the hema-
tocrit between 25 and 30% and the A : S ratio at 60 : 40. Prophy-
lactic transfusions will not modify an existing sickle crisis. 
However, exchange transfusion in the face of crisis, acute chest 
syndrome, stroke, and infection can be valuable. Transfusion 
is not without its complications. Transfusion-related lung 
injury occurs in approximately 1 in 5000 units of blood prod-
ucts transfused [12]. Delayed hemolytic transfusion reactions 
are reported in as many as 10% of patients [13]. The rate of viral 
infection from transfusion is exceedingly low with modern 
pretransfusion blood screening techniques. The highest rate is 
from hepatitis B at 1 in 100,000 and that from hepatitis C and 
HIV at approximately 1 in 2,000,000 [14]. The rate of alloimmu-
nization has been reported at 3% per unit in the sickle disease 
population [15]. Because of the concern for the aforementioned 
and the usual need for repeated transfusions in this popula-
tion, all blood should be typed and crossed and leukocyte 
reduced. There is no reported benefi t in maternal or perinatal 
mortality from the use of prophylactic transfusions [16]. Much 
of the decrease in perinatal and maternal morbidity and 
mortality is ascribed to improved perinatal care in the sickle 
disease population. Managing without prophylactic trans-
fusions, however, can involve multiple long and painful 
hospitalizations [8,16].

Fetal assessment

Pregnancies in women with sickle cell disease are at increased 
risk for spontaneous abortion, preterm labor, fetal growth 
restriction, and stillbirth [17]. Frequent assessment for the 
detection of fetal growth restriction, oligohydramnios, and 
assurance of fetal activity is important. Formal antepartum 
surveillance may be used to augment fetal assessment (e.g., 
biophysical profi le, umbilical artery Doppler in the presence 
of fetal growth restriction). Published data concerning 
antepartum surveillance in pregnancies complicated by sickle 
cell disease are limited.

Labor and delivery

Management should take into account the degree of underly-
ing cardiac dysfunction. Preparatory consultation with an 
anesthesiologist is helpful. Route of delivery otherwise should 
be based solely on obstetric indications. Epidural anesthesia is 
ideal and will keep the patient comfortable during a long labor 
process. If a diffi cult vaginal or cesarean delivery is foreseen, 
and the patient’s hematocrit is less than 20%, packed red blood 
cells should be administered. Blood should be typed and 
crossed and readily available. Fluid administration should be 
conservative to avoid circulatory overload and pulmonary 
edema.

Genetic evaluation

Prenatal genetic evaluation is possible for the sickle 
hemoglobinopathies. Maternal and paternal electrophoresis 
will elucidate the potential genotypes. When there is 
reasonable suspicion and probability, amniocentesis or 
chorionic villous sampling should be offered and poly-
merase chain reaction (PCR) utilized to detect abnormal fetal 
genotypes. Most couples with foreknowledge of an SS fetus 
will opt to carry the pregnancy forward [18], but some 
will not.

Case presentation

The patient is a 28-year-old, G1P0, Nigerian woman with SS 
disease. She was fi rst seen at 15–16 weeks with painful sickle 
crisis involving her extremities and pleuritic chest pain. She 
was found to have a hematocrit of 28.5% and had been previ-
ously transfused during the pregnancy prior to obstetric pres-
entation, with electrophoresis revealing S 60% and A 40%. She 
was alloimmunized with anti-c and anti-E antibodies, titers 
too low to report. Ultrasound showed diamnionic/dichori-
onic twins. Baseline renal function showed 24 hour urine 
protein of 122 mg and urine culture was negative. Chest X-ray 
revealed left retrocardiac opacity which was stable in appear-
ance from a previous chest X-ray 1 year prior and probably 
represented old pulmonary infarction. Cardiomegaly and a 
small calcifi ed spleen were noted on computed tomography 
(CT) scan from 1 year prior. Infl uenza vaccination was given. 
Pneumococcal vaccine had been given previously. Signifi cant 
pathology (e.g., appendicitis, acute chest syndrome) were 
ruled out. Her crisis was managed with intravenous hydra-
tion, opioid analgesics, and oxygen by nasal cannula. She 
remained hospitalized for the next 2 weeks and was discharged 
on 4 mg/day folate.

She was seen in the clinic thereafter every 2 weeks. At 20, 26, 
and 30 weeks ultrasound evaluation revealed size = dates with 
4, 8, and 14% discordance, respectively, between twins. The 
father of the babies was unavailable for zygosity testing con-
cerning maternal antibodies, and fortunately anti-c and anti-E 
titers were never signifi cantly elevated. From 18 weeks 
onward the patient was transfused approximately every 
month to achieve a hematocrit >25% with hemoglobin S <40%. 
She presented to the hospital three more times during gesta-
tion for painful VOC, one of which was complicated by an 
hemoglobin S fraction of 78% with a hematocrit of 23.6%. 
However, because of subsequent and continued adequate 
hematocrit and hemoglobin A versus S fractions and absence 
of objective morbidity, exchange transfusion was not 
performed.

Her last admission occurred at 32–33 weeks. At this time she 
had mildly elevated blood pressures and a hematocrit of 
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22.7%. With limited IV access, the patient had a peripherally 
inserted central catheter (PICC) line placed and received 
transfusion to a hematocrit of 30%. Her 24-hour urine protein 
was 3.8 g. She was managed with ward rest and maternal fetal 
surveillance. At 33–34 weeks her hypertension exacerbated 
and the decision to deliver for severe preeclampsia was 
made. A low transverse cesarean was performed and 
seizure prophylaxis was instituted until 24 hours postpartum. 
She recovered unremarkably, without further crises or 
transfusions, during the puerperal period. Both babies did 
well in the special care nursery and went home within 
2 weeks.

We note the lack of apparent benefi t in this patient with pro-
phylactic transfusions on signifi cantly decreasing the number 
of painful crises she endured. We believe that this patient’s 
management was complicated by opioid tolerance and/or 
dependence. She was never pain free beginning with her fi rst 
admission at 15–16 weeks, and was managed as an outpatient 
with oral hydromorphone between admissions. Diffi culties 
were also encountered in achieving IV access in this patient 
who had received multiple transfusions in her lifetime. 
Although premature and complicated by preeclampsia, both 
maternal and perinatal outcome were good.

We believe this case highlights some of the signifi cant and 
not atypical problems with SS disease in pregnancy. It should 
be emphasized that some of the worst morbidity occurs in SC 
and S/beta-thalassemia disease, and that evaluation and man-
agement should be similar to that of the SS patient.
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14 Thrombocytopenia
Robert M. Silver and Erin A.S. Clark

The antepartum diagnosis of maternal thrombocytopenia has 
become more common because platelet counts are now rou-
tinely obtained as part of prenatal screening. Although throm-
bocytopenia is classically defi ned as a platelet count of less 
than 150,000/µL, there is a physiologic drop in platelet count 
during pregnancy of 10–30% secondary to hemodilution and 
increased consumption. The most common causes of maternal 
thrombocytopenia include gestational thrombocytopenia, 
preeclampsia/HELLP (hemolysis, elevated liver enzymes, 
and low platelet count) syndrome, and autoimmune thrombo-
cytopenia. These conditions have implications for both mother 
and fetus. Thus, it is important to consider both maternal and 
fetal thrombocytopenia.

Maternal thrombocytopenia

Gestational thrombocytopenia (GTP), also termed incidental 
thrombocytopenia of pregnancy, describes a mild (usually 
more than 70,000/µL platelet count), common (up to 5%), 
asymptomatic thrombocytopenia that occurs during preg-
nancy [1,2]. This accounts for more than 70% of throm-
bocytopenias in pregnant women [2,3]. The cause of 
thrombocytopenia in these women is unclear, but may be an 
acceleration of the physiologic pattern of increased platelet 
destruction [1]. Women with this diagnosis are healthy, not at 
risk for fetal thrombocytopenia or bleeding complications, 
and have no history of autoimmune thrombocytopenia. Plate-
let counts return to normal after delivery. It can be diffi cult to 
distinguish GTP from autoimmune thrombocytopenia. If 
thrombocytopenia is found late in pregnancy and counts are 
more than 70,000/µL, GTP is the most likely diagnosis. 
However, other causes of thrombocytopenia, including pre-
eclampsia, should be excluded. Women with GTP do not 
require additional testing or specialized care.

Autoimmune thrombocytopenia, also termed idiopathic throm-
bocytopenic purpura (ITP), is a syndrome characterized by 
immunologically mediated thrombocytopenia. The disorder 

is caused primarily by autoantibodies to platelet membrane 
glycoproteins, leading to increased platelet destruction. In 
adults, ITP is typically a chronic disorder. It can be diffi cult to 
distinguish from other causes of thrombocytopenia and is a 
diagnosis of exclusion. The most common signs and symp-
toms include petechiae, ecchymoses, easy bruising, epistaxis, 
gingival bleeding, and menorrhagia. Serious spontaneous 
bleeding complications are rare, even in severely thrombo-
cytic individuals with platelet counts of less than 10,000/µL 
[4]. When thrombocytopenia is profound and detected early 
in pregnancy, suspicion is high that the diagnosis is ITP. It 
often coexists with pregnancy because the disease usually 
presents in the second to third decade of life and has a female 
preponderance of 3 : 1 [5].

Few diagnostic tests are useful in the evaluation of ITP. A 
complete blood count (CBC) and peripheral blood smear are 
helpful to exclude other causes of thrombocytopenia (e.g., 
pancytopenia, leukemias). The peripheral smear may show an 
increased proportion of slightly enlarged platelets. Bone 
marrow biopsy is sometimes helpful to clarify the diagnosis as 
increased numbers of immature megakaryocytes may be seen 
and inadequate platelet production may be excluded. 
Although antiplatelet antibodies are present in most indivi-
duals with ITP, they are very nonspecifi c, and testing is not 
recommended for the routine evaluation of maternal throm-
bocytopenia [6].

The focus of maternal therapy is to avoid bleeding compli-
cations associated with severe thrombocytopenia. Because 
labor and delivery pose a substantial risk for bleeding, most 
authorities recommend more aggressive medical therapy for 
women in the late second or third trimesters. Current recom-
mendations about maternal therapy for ITP are derived largely 
from expert opinion. Pregnant women who are asymptomatic 
and who have platelet counts of over 50,000/µL do not require 
treatment. In the fi rst and second trimesters, asymptomatic 
women with platelet counts of 30,000–50,000/µL also do not 
require treatment. Treatment is considered appropriate for 
women with:
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1 Platelet counts of less than 10,000/µL at any gestational 
age;
2 Platelet counts of 10,000–30,000/µL during the second or 
third trimesters; or
3 Platelet counts of 10,000–30,000/µL with bleeding at any 
gestational age.
It is controversial as to whether women with counts between 
30,000 and 50,000/µL should be treated during the third 
trimester.

Glucocorticoids are standard fi rst-line treatment in both 
pregnant and nonpregnant adults. Prednisone is initiated at a 
dosage of 1–2 mg/kg/day and is typically continued for 2–3 
weeks. If platelet counts reach acceptable levels, the drug is 
tapered by 10–20% per week until the lowest dosage required 
to maintain the platelet count at an acceptable level is achieved. 
Some increase in platelet count occurs in approximately 70% 
of patients, and complete remission has been reported in up to 
25% of cases [7]. A response to gluco corticoids is usually 
apparent in 3–7 days and will reach a maximum in 2–3 weeks 
[5]. The benefi ts of steroids appear to outweigh the risks in 
women requiring treatment for ITP.

Intravenous immunoglobulin (IVIG) is an appropriate 
initial treatment for pregnant women with:
1 Platelet counts of less than 10,000/µL in the third trimester; 
and
2 Platelet counts of 10,000–30,000/µL who are bleeding.
IVIG is also used in cases refractory to treatment with gluco-
corticoids. The optimal dose for treatment is uncertain. IVIG 
400 mg/kg/day given for 2–5 consecutive days is the most 
widely used regimen, although similar results have been 
obtained using higher doses for a shorter duration. This dose 
of IVIG will substantially increase the platelet count in 75% of 
patients and will restore normal platelet counts in 50% of 
patients [6,8]. However, in 70% of cases, the platelet count 
will return to pretreatment levels within 1 month after treat-
ment [6,8]. Mild side-effects of IVIG are common, but serious 
side-effects are rare. The most substantial drawback of 
IVIG therapy may be expense. It should therefore be used in 
cases of severe thrombocytopenia, hemorrhage, or nonre-
sponse to steroids.

Intravenous anti-D immunoglobulin has been used to suc-
cessfully treat ITP in Rhesus (Rh) positive individuals, 
although experience is limited [9–11]. There is a theoretical 
risk of causing fetal anemia by administering high doses to 
pregnant women with Rh positive fetuses. Acute hemolysis 
and disseminated intravascular coagulation (DIC) may be 
rare but potentially severe complications of anti-D adminis-
tration [12]. In general, anti-D antibodies appear to be safe 
for both mother and fetus [11]. The use of anti-D is attractive 
because it is less expensive and has a shorter infusion 
time than IVIG.

Splenectomy was the fi rst therapy recognized to be effective 
for ITP and induces complete remission in approximately 80% 
of patients. The postsplenectomy platelet counts increase 

rapidly and are often normal within 1–2 weeks. The procedure 
is usually avoided during pregnancy but can be safely accom-
plished, although preferably in the second trimester. Splenec-
tomy during pregnancy is reserved for women with platelet 
counts of less than 10,000/µL who are bleeding and who fail to 
respond to steroids and IVIG [6]. The procedure is not recom-
mended for asymptomatic women with platelet counts of 
more than 10,000/µL.

Platelet transfusions should be used only as a temporary 
measure to prepare a patient for splenectomy or surgery, or for 
life-threatening hemorrhage. However, the usual elevation in 
platelet counts of approximately 10,000/µL per unit of platelet 
concentrate transfused is not achieved in patients with ITP 
because antiplatelet antibodies also bind to donor platelets. 
Thus, 6–10 units of platelet concentrate should be transfused. 
The ITP practice guideline panel recommends platelet trans-
fusions before delivery in women with platelet counts of 
less than 10,000/µL undergoing planned cesarean delivery or 
with mucous membrane bleeding and anticipated vaginal 
delivery [6].

Mothers with ITP require little specialized care beyond 
attention to platelet count. These patients should be instructed 
to avoid salicylates, nonsteroidal anti-infl ammatory agents, 
and trauma. Regardless of route of delivery, platelets, fresh 
frozen plasma (FFP), and IVIG should be readily available.

Other causes

Other causes of thrombocytopenia during pregnancy include 
preeclampsia/HELLP syndrome, systemic lupus erythema-
tosus, antiphospholipid syndrome, human immunodefi -
ciency virus infection, DIC, drug-induced thrombocytopenia, 
thrombotic thrombocytopenic purpura, hemolytic uremic 
syndrome, and pseudo-thrombocytopenia as a result of labo-
ratory artefact. These disorders can be excluded with an 
appropriate history, physical examination, assessment of 
blood pressure, human immunodefi ciency virus (HIV) serol-
ogy, and laboratory studies (e.g., liver function tests).

Fetal thrombocytopenia

Autoimmune thrombocytopenia

Fetal thrombocytopenia and, rarely, bleeding complications 
may occur with ITP because maternal immunoglobulin-G 
(IgG) antiplatelet antibodies are actively transported across 
the placenta. Avoidance of fetal hemorrhagic complications is 
the central issue in the obstetric management of these women. 
Occasionally, minor clinical bleeding such as purpura, ecchy-
moses, hematuria, or melena is observed. Rarely, fetal throm-
bocytopenia can lead to intracranial hemorrhage (ICH) which 
can result in severe neurologic impairment or even death. It is 
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important to emphasize that the risk of serious fetal bleeding 
with maternal ITP is very low [3].

Strategies intended to minimize or avoid fetal bleeding 
complications include corticosteroids, IVIG, and splenectomy. 
Currently, no maternal treatment has been found to be 
consistently effective in the prevention of fetal/neonatal 
thrombocytopenia or to improve fetal outcome [13–16]. The 
risk of neonatal bleeding is inversely proportional to the 
platelet count and bleeding complications are rare with 
platelet counts over 50,000/µL [3,15]. Attempts have been 
made to determine which fetuses are severely thrombocyto-
penic and at higher risk for ICH. Unfortunately, no maternal 
factor has been identifi ed that can predict fetal thrombocyto-
penia in all cases and current evidence does not support the 
routine use of fetal scalp sampling and cordocentesis in women 
with ITP [17,18].

Route of delivery was once considered critical to neonatal 
outcome in women with ITP. Passage through the birth canal 
was proposed as the reason for bleeding in thrombocytopenic 
fetuses and this together with anecdotal reports and case series 
led to recommendations for delivery by cesarean section [19]. 
However, vaginal delivery has never been proven to cause 
ICH and several studies have shown no association between 
route of delivery and neonatal bleeding complications 
[3,15,20]. At this time, it seems prudent to deliver by cesarean 
section for the usual obstetric indications without determina-
tion of the fetal platelet count in most women. However, the 
matter remains controversial.

In all cases of possible fetal thrombocytopenia, whether sec-
ondary to ITP or alloimmune thrombocytopenia, a neonatolo-
gist or other clinician familiar with the condition should be 
present to care for potential bleeding complications and the 
anticipated decrease in neonatal platelet count during the fi rst 
several days after birth. The use of scalp electrodes, forceps, 
and vacuum extractors should be avoided in these patients. 
Although there is a theoretical risk of neonatal thrombocyto-
penia, women with ITP should not be discouraged from 
breastfeeding [21].

Alloimmune thrombocytopenia

Fetal and neonatal alloimmune thrombocytopenia (NAIT) is a 
serious and potentially life-threatening disorder that affects 1 
in 1000–2000 live infants [22–25]. The condition is analogous to 
Rh isoimmunization, except that maternal IgG alloantibodies 
are directed against fetal platelet antigens. Several polymor-
phic, di-allelic platelet antigen systems are responsible for this 
condition. Uniform nomenclature has been adopted describ-
ing these antigen systems as human platelet antigens (e.g., 
HPA-1, HPA-2), with alleles designated as “a” or “b.” The 
most frequent cause of severe NAIT in white people is the 
HPA-1a antigen. Although approximately 1 in 42 pregnancies 
are incompatible for HPA-1a, NAIT develops in only a small 
fraction of these cases. This may be because the disorder is sub-

clinical in some cases, and it may also be because, in addition to 
antigen exposure, an immunologic susceptibility (possibly 
related to HLA type) is necessary.

In contrast to Rh isoimmunization, NAIT can occur during a 
fi rst pregnancy without prior exposure to the offending 
antigen. It is usually diagnosed after birth when an infant is 
found to have thrombocytopenia, petechiae, or ecchymoses. 
Affected infants are often severely thrombocytopenic, and 10–
20% have ICH [26,27]. Fetal ICH can occur in utero and a signif-
icant number of cases can be diagnosed by antenatal 
ultrasound. The recurrence risk is substantial and has been 
estimated to be up to 100% in cases of HPA-1a incompatibility, 
depending upon paternal zygosity for HPA-1a [23,28]. Throm-
bocytopenia tends to worsen as pregnancy progresses in 
untreated fetuses.

The goal of the obstetric management of pregnancies at risk 
of NAIT is to prevent ICH and its associated complications. In 
contrast to ITP, the dramatically higher frequency of ICH asso-
ciated with NAIT justifi es more aggressive interventions. 
Also, therapy must be initiated antenatally because of the risk 
of in utero ICH. Possible NAIT should be suspected in cases of 
otherwise unexplained fetal or neonatal thrombocytopenia, 
ICH, or porencephaly. In most cases, the diagnosis of NAIT 
can be determined by testing the parents; testing fetal or neo-
natal blood is confi rmatory and occasionally helpful. Appro-
priate assays include serologic confi rmation of maternal 
antiplatelet antibodies that are specifi c for paternal or fetal/
neonatal platelets. In addition, individuals should undergo 
platelet typing with paternal zygosity testing. This can be 
determined serologically or with DNA-based tests. It is unnec-
essary to repeat testing in a family with a previously confi rmed 
case of NAIT. Antibody titers are poorly predictive of risk to 
the current pregnancy and need not be obtained once the diag-
nosis is made. If the father is heterozygous for the offending 
antigen, fetal HPA typing can be accomplished with chorionic 
villi or amniocytes. Fetal genotyping avoids additional 
expensive and risky interventions in approximately 50% of 
such cases.

If the fetus is determined to be at risk, cordocentesis should 
be considered to determine the fetal platelet count. This strat-
egy avoids treatment of fetuses that have normal platelet 
counts and provides feedback about treatment response in 
cases of thrombocytopenia. The risk of hemorrhagic complica-
tions with cordocentesis is increased in pregnancies affected 
by NAIT [29]. The overall perinatal loss rate for cordocentesis 
has been reported to be 2.7% [30] and is likely higher in the 
setting of severe fetal thrombocytopenia. Even with prophy-
lactic transfusion of maternal platelets at the time of cordocen-
tesis, the percentage of bleeding complications may be 
unchanged [31]. The risk of bleeding at the site of cordocente-
sis has prompted some clinicians to empirically treat 
pregnancies at risk for NAIT without determining the fetal 
platelet count. This strategy is usually reserved for cases of 
HPA-1a sensitization with a known antigen-positive fetus. 
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Disadvantages include the potential for unnecessary and 
expensive treatment and the inability to assess treatment effi -
cacy or to institute salvage therapy in cases of treatment failure. 
The benefi ts of cordocentesis may outweigh the risks in most 
cases, but the matter remains controversial. The number of 
cordocenteses should be minimized, especially in early gesta-
tion when the consequence of hemorrhage is greatest.

The optimal timing of the initial cordocentesis also is uncer-
tain. ICH can occur early in gestation, but such cases are rare 
[32,33]. Active transport of IgG is limited until the late second 
and third trimesters. It is therefore likely that in most instances 
fetal blood sampling and treatment can be delayed until via-
bility. It seems prudent to individualize management of these 
cases depending on the antigen involved and the severity of 
NAIT during previously affected pregnancies.

Proposed therapies to increase fetal platelet counts and 
prevent ICH include maternal treatment with steroids and 
IVIG, fetal treatment with IVIG, and fetal platelet transfusions. 
No therapy is effective in all cases. Low-dose maternal ster-
oids do not appear to improve fetal platelet counts. The effi -
cacy of high-dose steroids is uncertain. IVIG administered 
directly to the fetus has had inconsistent results. Platelet trans-
fusions are effective but the short half-life of transfused 
platelets requires weekly procedures. The potential risks 
involved with multiple transfusions as well as the potential for 
increased sensitization limits the attractiveness of this treat-
ment. Platelet transfusions are likely best reserved for severe 
cases refractory to other therapies. Administration of IVIG to 
the mother appears to be the most consistently effective 
antenatal therapy for NAIT. Weekly infusions of 1 g/kg mater-
nal weight of IVIG will often stabilize or increase the fetal 
platelet count [27,34,35]. ICH is extremely rare in pregnancies 
treated with IVIG [27].

Most authorities recommend cesarean delivery for fetuses 
with platelet counts less than 50,000/µL. As discussed in the 
section on ITP, vaginal delivery has never been shown to cause 
ICH and cesarean delivery has never been shown to prevent it. 
Nonetheless, the substantial rate of ICH probably justifi es 
cesarean delivery in pregnancies with severe NAIT.

A typical strategy is to assess fetal platelet count between 20 
and 26 weeks’ gestation in fetuses at risk. The procedure can 
usually be safely delayed until viability. Thrombocytopenic 
fetuses are treated with maternally administered IVIG and the 
fetal platelet count is reassessed in 4–6 weeks. High-dose ster-
oids (nonfl ourinated corticosteroids; e.g., prednisone) are 
added if there is no response to IVIG. The fetal platelet count is 
again determined at term to guide the route of delivery. This 
strategy limits the number of cordocenteses to three or fewer 
per pregnancy.

There are no current data to support population-wide 
screening for HPA incompatibility. Studies are ongoing to 
address the effi cacy and cost-effectiveness of such programs. 
Screening relatives of affected women also remains of 
unproven benefi t.

Case presentation 1

A healthy 34-year-old G3P2002, at 36 weeks’ gestation, 
presents for evaluation of regular contractions. The cervix is 
3 cm dilated and 50% effaced. Routine CBC is notable for a 
platelet count of 94,000/µL. Her blood pressure is 
116/72 mmHg. She denies headache, vision changes, abdom-
inal pain, or bleeding of any type. Prenatal HIV serology is 
negative, and hematocrit, liver enzymes, and a creatinine are 
normal. A platelet antibody test is positive. The clinician is 
concerned about possible ITP and wonders about the need for 
treatment.

When a clinician evaluates a mother with thrombocyto-
penia, a careful history should be obtained with emphasis on 
discovering a history of underlying bleeding diathesis, medi-
cation use, and medical conditions associated with thrombo-
cytopenia. A physical examination should be performed to 
look for petechiae or ecchymoses. A peripheral smear should 
be considered to evaluate platelet morphology and to exclude 
platelet clumping. Although antiplatelet antibodies are 
present in most individuals with ITP, tests for these antibodies 
are nonspecifi c, poorly standardized, and subject to a large 
degree of interlaboratory variation. Antiplatelet antibody 
tests cannot distinguish between GTP and ITP and are not 
recommended for the routine evaluation of maternal 
thrombocytopenia.

In this case, there is no evidence of preeclampsia or other 
medical conditions associated with thrombocytopenia. Gesta-
tional thrombocytopenia is the most likely diagnosis and no 
additional testing or treatment is warranted.

Case presentation 2

A 26-year-old G2P1001 presents for prenatal care at 8 weeks’ 
gestation. Her prior pregnancy was uncomplicated resulting 
in vaginal birth of a healthy infant at 39 weeks’ gestation. 
However, her infant had petechiae and neonatal platelet count 
was determined to be 22,000/µL. There was no evidence of 
sepsis, preeclampsia, or other explanation for the thrombocy-
topenia. The platelet count increased after platelet transfusion 
and the child has had no medical problems or persistent 
thrombocytopenia. The couple asks whether the current fetus 
is at risk for thrombocytopenia and if anything can be done to 
prevent it.

The clinician should consider a diagnosis of NAIT in any 
case of current or prior unexplained fetal or neonatal thrombo-
cytopenia. Both parents should be tested for platelet antigen 
type, zygosity, and the mother should be tested for specifi c 
antiplatelet antibodies against paternal platelet antigens. 
Testing is best accomplished in a specialized laboratory with 
expertise in NAIT; testing for generic antiplatelet antibodies in 
the mother is not clinically useful.
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In this case, the mother is HPA-1b homozygous and the 
father is HPA-1a/HPA-1b heterozygous. The mother has spe-
cifi c antibodies against HPA-1a. The couple should be advised 
that there is a 50% chance that the fetus carries the HPA-1a 
gene and is at risk for NAIT. Amniocentesis for fetal platelet 
antigen genotyping should be offered. If the fetus is HPA-1b, 
no further evaluation is required. If the fetus is HPA-1a, con-
sideration should be given to evaluation of the fetal platelet 
count and treatment with IVIG. The couple should be referred 
for consultation with a maternal–fetal medicine specialist to 
discuss the risks and benefi ts of specifi c management options. 
Trial of labor should only be allowed in cases wherein fetal 
platelet count is documented to be more than 50,000/µL and 
delivery should occur in a setting with neonatal expertise 
in NAIT.
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15 Inherited and acquired thrombophilias
Michael J. Paidas

Inherited thrombophilias are a heterogeneous group of 
disorders associated with varying degrees of increased throm-
botic risk and adverse pregnancy outcome (APO) [1].

At the present time, the predominant thrombophilic muta-
tions include the factor V Leiden mutation, prothrombin gene 
mutation G20210A, methylene tetrahydrafolate reductase 
(MTHFR) C667T, and defi ciencies of the natural anti coagulants 
proteins C and S, and antithrombin. Acquired thrombophilic 
conditions consist of the antiphospholipid antibody syndrome 
(APAS), which is a well-characterized acquired thrombo-
philic condition associated with thrombotic and pregnancy 
complications [2].

Hemostatic changes in pregnancy

Pregnancy is associated with signifi cant elevations of a number 
of clotting factors. Fibrinogen concentration is doubled, factors 
VII, VIII, IX, X, and XII increase 20–1000%, and von Willebrand 
factor increases 20–1000%, with maximum levels reached at 
term [3]. Prothrombin and factor V levels remain unchanged 
while levels of factors XIII and XI decline modestly. The overall 
effect of these changes is to increase thrombin generating 
potential. Coagulation activation markers in normal preg-
nancy are elevated, as evidenced by increased thrombin activ-
ity, increased soluble fi brin levels (9.2–13.4 nmol/L), increased 
thrombin–antithrombin (TAT) complexes (3.1–7.1 µg/L), and 
increased levels of fi brin d-dimer (91–198 µg/L) [4]. Fifty 
percent of women had elevated TAT levels (11/22) and 36% of 
women had elevated levels of d-dimers (9/25) in the fi rst 
trimester.

During pregnancy there are signifi cant changes in the 
natural anticoagulant and fi brinolytic systems. Protein S levels 
signifi cantly decrease in normal 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 [5]. 
The protein S carrier molecule, complement 4B-binding 
protein, is increased in pregnancy, and is one explanation for 

the diminished protein S levels in pregnancy. Levels of plas-
minogen activator inhibitor-1 (PAI-1) increase three- to four-
fold during pregnancy; plasma PAI-2 values are low prior to 
pregnancy and reach concentrations of 160 µg/L at term. Table 
15.1 summarizes the relevant pregnancy-associated changes 
in the hemostatic system. The prothrombotic hemostatic 
changes are exacerbated by pregnancy-associated venous 
stasis in the lower extremities resulting from compression of 
the inferior vena cava and pelvic veins by the enlarging uterus, 
as well as a hormone-mediated increase in deep vein capaci-
tance secondary to increased circulating levels of estrogen and 
local production of prostacyclin and nitric oxide.

Substantial changes must occur in local decidual and sys-
temic coagulation, anticoagulant, and fi brinolytic systems to 
meet the hemostatic challenges of pregnancy, including avoid-
ance of hemorrhage at implantation, placentation, and third 
stage of labor. In addition to the systemic prothrombotic, anti-
coagulant, and fi brinolytic changes, there are potent local 
hemostatic effects in the decidua that occur during pregnancy 
[6,7]. Progesterone augments perivascular decidual cell tissue 
factor and PAI-1 expression. Decidual tissue factor is critical in 
maintaining hemostasis, as evidenced by experiments with 
transgenic tissue factor knockout mice which have a signifi -
cant risk of fatal postpartum hemorrhage [8]. It is worthwhile 
to note that obstetric conditions associated with impaired 
decidualization (e.g., ectopic and cesarean scar pregnancy, 
placenta previa, and accreta) are associated with potential 
lethal hemorrhage.

Inherited thrombophilias

In 1965, Egberg, a Norwegian physician, reported a family 
with a partial antithrombin defi ciency, and in his classic article 
suggested the term thrombophilia, referring to hereditary or 
acquired conditions that predispose individuals to throm-
boembolic events [9]. After the description of antithrombin 
defi ciency, defi ciencies of proteins C and S were described 
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in the 1980s [10,11]. Table 15.2 describes the association be-
tween inherited thrombophilias and venous thromboembo-
lism (VTE).

Factor V Leiden

Interest in the thrombophilias signifi cantly grew following the 
discovery of a relatively common genetic predisposition to 
clotting. In 1994, Dahlback [12] reported an association 
between a mutation in the factor V gene and increased throm-
botic risk, termed the factor V Leiden (FVL) mutation. The FVL 

mutation results from a substitution of adenine for guanine at 
the 1691 position of the 10th exon of the factor V gene, causing 
an amino acid substitution, namely glutamine for arginine at 
position 506 in the factor V polypeptide (FV Q506). Factor V 
then is rendered resistant to cleavage by activated protein C. 
The frequency of the FVL mutation varies among different 
ethnic groups. The mutation is present in 5.2% of Caucasians, 
1.2% of African-Americans [13], and 5–9% of Europeans, while 
it is rare in Asian and African populations [14]. The FVL muta-
tion is primarily inherited in an autosomal dominant fashion 
[15]. Heterozygosity for the FVL mutation is present in 20–40% 
of nonpregnant patients with thromboembolic disease while 

Table 15.1 Hemostatic changes in pregnancy. (After Bremme [3] and Paidas et al. [5].)

Variables (Mean ± SD) 1st Trimester* 2nd Trimester* 3rd 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 fi brin (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 (%)†  34.4 ± 11.8 27.5 ± 8.4

* 1st trimester, weeks 12–15; 2nd trimester, week 24; 3rd trimester, week 35.
† First trimester, 0–14 weeks; second trimester, 14–27 weeks; third trimester ≥27 weeks.

Table 15.2 Inherited thrombophilias and their association with venous thromboembolism (VTE) [103].

  Prevalence in  Relative 
  European Pop. (from Prevalence in Risk or Odds Ratio 
Thrombophilia Inheritance large cohort studies) Patients with VTE (range) VTE (95% CI) life-time

FVL (homozy.) AD 0.07%* <1%* 80 (22–289)

FVL (heterozy.) AD 5.3% 6.6–50% 2.7 (1.3–5.6)

PGM (homozy.) AD 0.02%* <1% >80-fold*

PGM (heterozy.) AD 2.9% 7.5% 3.8 (3.0–4.9)

FVL/PGM (compound heterozy.) AD 0.17%* 2.0% 20.0 (11.1–36.1)

Hyperhomocysteinemia AR 5% <5% 3.3 (1.1–10.0)†

Antithrombin def (<60% activity) AD 0.2% 1–8% 17.5 (9.1–33.8)

Protein S def Heerlen S460P AD 0.2% 3.1% 2.4 (0.8–7.9)

 mutation or free S antigen <55%

Protein C (<60% activity) AD 0.2% 3–5% 11.3 (5.7–22.3)

AD, autosomal dominant; AR, autosomal recessive; FVL, factor V Leiden; PGM, prothrombin gene mutation G20210A; VTE, venous thromboembolism.

* Calculated based on a Hardy–Weinberg equilibrium.

† Odds ratio (OR) adjusted for renal disease, folate and vitamin B12 defi ciency, while OR are adjusted for these confounders.
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homozygosity, the rarer condition, is associated with a signifi -
cantly higher (>100-fold) risk of thromboembolism [14]. 
However, in a large, prospective, observational study con-
ducted by the Maternal Fetal Medicine Network, 5188 women 
were enrolled prior to 15 weeks’ gestation: 134 women who 
were carriers for FVL mutation were compared with 4750 
women who were not carriers [16]. There were no signifi cant 
differences in the rates of either preeclampsia, intrauterine 
growth restriction (IUGR), fetal deaths, or abruptio placentae 
between the two groups. The study evaluated only FVL, and it 
was not designed to evaluate the association of FVL and APO.

Prothrombin gene mutation G20210A

A mutation in the prothrombin gene, prothrombin gene muta-
tion G20210A (PGM) was discovered in 1996, following the 
identifi cation of the FVL mutation, and was associated with a 
signifi cantly increased risk of thrombosis and, later on, preg-
nancy complications [1,17]. The presence of heterozygosity of 
the PGM mutation range from 2–3% of Europeans and leads to 
increased (150–200%) circulating levels of prothrombin [14]. It 
accounted for 17% of thromboembolism in pregnancy in one 
large case–control study [18]. The actual risk of clotting in an 
asymptomatic pregnant carrier is approximately 1 in 200 or 
0.5%. The rarer condition, homozygosity for PGM, likewise 
confers a high risk of thrombosis, equal to that of homozygos-
ity for FVL [14].

Protein S

Protein S is a vitamin K-dependent 69,000 molecular weight 
glycoprotein which has several anticoagulant functions 
including its activity as a nonenzymatic cofactor to the antico-
agulant serine protease activated protein C (APC) [19]. Protein 
S has a plasma half-life of 42 hours, longer than protein C 
whose half life is approximately 6–8 hours. Circulating protein 
S exists in both free (40%) and bound (60%) forms. Plasma 
protein S is reversibly bound (60%) to C4b-binding protein 
(C4BP), which serves as a carrier protein for protein S. Protein 
S also has an APC-independent anticoagulant function in the 
direct inhibition of the prothrombinase complex. Protein S 
also inhibits thrombin activatable fi brinolysis inhibitor (TAFI) 
[20]. Protein S defi ciency occurs in 0.03–1.3% of the popula-
tion, and inheritance is autosomal dominant [21]. Protein S 
defi ciency presents with one of three phenotypes: type I, 
marked by reduced total and free forms; type II, characterized 
by normal free protein S levels but reduced APC cofactor activ-
ity; and type III, in which there are normal total but reduced 
free protein S levels. Of note, different mutations have highly 
variable procoagulant sequelae making it extremely diffi cult 
to predict which patients with protein S defi ciencies will 
develop thrombotic sequelae.

Pregnancy is associated with decreased levels of protein S 
activity and free protein S antigen in most patients [22]. Most 
normal pregnancies acquire some degree of resistance to APC 
when measured by the fi rst-generation global assays and tests 
that measure endogenous thrombin potential [23,24]. Factor 
X’s activation to factor Xa and its involvement in the activation 
of prothrombin is a central element in the generation of 
thrombin. It is possible that derangements in the control of 
factor Xa contribute to adverse prothrombotic sequelae in 
pregnancy.

Until recently, the signifi cance and degree of the decrease in 
protein S levels commonly seen in pregnancy had not been 
adequately evaluated. Paidas et al. [5] compared second and 
third trimester protein S levels in 51 healthy women with a 
normal pregnancy outcome with 51 healthy women with a 
poor pregnancy outcome. Protein S levels were signifi cantly 
lower in the second and third trimesters among patients with 
APO. A small case–control study performed in subjects from 
larger, multicenter, prospective study also found lower levels 
of protein S activity and free antigen in the second and third 
trimesters [16].

Protein C defi ciency

Protein C is a vitamin K-dependent 62,000 molecular weight 
glycoprotein substrate that is a precursor to a serine protease, 
APC [25]. Protein C is activated to APC by thrombin in the 
presence of thrombomodulin (TM) on the surface of 
endothelial cells. APC with protein S and factor V as cofactors 
inactivate factors Va and VIIIa. The inactivation of factors Va 
and VIIIa decreases the generation of thrombin. Defi ciencies 
of protein C result from numerous mutations, although 
two primary types are recognized: type I, in which both 
immunoreactive and functionally active protein C levels are 
reduced; and type II, where immunoreactive levels are 
normal but activity is reduced [26]. The prevalence of protein 
C defi ciency is 0.2–0.5%, and its inheritance is autosomal 
dominant.

The reported pregnancy and puerperal risk of thromboem-
bolism with protein C and S defi ciencies appears modest, 
ranging from 5–20%, and may be overstated because of ascer-
tainment biases [26]. Preston et al. [27] have reported that the 
risk of stillbirth is modestly increased with an adjusted odds 
ratio (OR) of 2.3 (95% confi dence interval [CI], 0.6–8.3). The 
risk of miscarriage appears to be minimal with protein C defi -
ciencies (OR 1.4; 95% CI, 0.9–2.2)], or not signifi cant [26,28].

Antithrombin

Antithrombin (AT), a vitamin K-independent glycoprotein, is 
a pivotal component of the natural anticoagulant system, 
acting as a major inhibitor of thrombin and other serine 
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proteases. The anticoagulant effect of heparin occurs via 
increase of AT’s inhibitory activity of thrombin. Defi ciency of 
AT is the most thrombogenic of the inherited thrombophilias, 
with a 70–90% lifetime risk of thromboembolism [26].

In addition to its thrombin inhibitory properties, AT can 
also inactivate factors Xa, IXa, VIIa, and plasmin. The antico-
agulant activity of AT is increased 5000–40,000-fold by heparin. 
Defi ciencies in AT result from numerous point mutations, 
deletions, and insertions, and are usually inherited in an auto-
somal dominant fashion [26]. The two classes of AT defi ciency 
are:
1 Type I, the most common defi ciency, is characterized by 
concomitant reductions in both antigenic protein levels and 
activity;
2 Type II defi ciency, which is characterized by normal anti-
genic AT levels but decreased activity.
Type II defi ciency is further classifi ed by the site of the muta-
tion (e.g., RS, reactive site; HBS, heparin binding site; PE, plei-
otropic functional defects). The Type II-HBS variant appears 
to have the least clinical signifi cance. Because the prevalence 
of AT defi ciency is low, 1 in 1000 to 1 in 5000, it is only present 
in 1% of patients with thromboembolism. The risk of thrombo-
sis among affected patients is as high as 60% during pregnancy 
and 33% during the puerperium [26]. Preston et al. [27] reported 
adjusted OR 1.7 (95% CI, 1.0–2.8) and 5.2 (95% CI, 1.5–18.1) for 
miscarriage and stillbirth, respectively. However, because of 
its low prevalence compared with that of fetal loss, preeclamp-
sia, IUGR, and abruption, AT defi ciency is rarely the cause of 
these disorders [29].

Protein Z defi ciency

Protein Z is a 62-kDa vitamin K-dependent plasma protein 
that serves as a cofactor for a protein Z-dependent protease 
inhibitor (ZPI) of factor Xa [30,31]. Protein Z is critical for regu-
lation of factor Xa activity in addition to tissue factor pathway 
inhibitor [32–34]. Protein Z increases rapidly during the fi rst 
months of life followed by slow increases during childhood, 
with adult levels reached during puberty [35,36]. Protein Z 
defi ciency infl uences the prothrombotic phenotype in FVL 
patients, and low plasma protein Z levels have been reported 
in patients with antiphospholipid antibodies [37,38]. There is a 
high prevalence of protein Z defi ciency in patients with unex-
plained early fetal loss (10th to 19th weeks) [39]. Gris et al. [40] 
found an increased risk of fetal loss associated with protein Z 
defi ciency (OR 6.7; 95% CI, 3.1–14.8; P < 0.001), and noted that 
the patients with late fetal loss and recurrent miscarriages had 
lower protein Z levels.

Paidas et al. [5] found that there was a signifi cant decrease in 
the protein Z levels in patients (n = 51) with a variety of APO, 
including IUGR, preeclampsia, preterm delivery, and bleed-
ing in pregnancy, compared with women (n = 51) with normal 
pregnancy outcomes (second trimester 1.5 ± 0.4 vs. 2.0 ± 0.5 µg/

mL, P <0.0001; third trimester 1.6 ± 0.5 vs. 1.9 ± 0.5 µg/mL, 
P <0.0002) [5].

Protein Z levels at the 20th percentile (1.30 µg/mL) were 
associated with an increased risk of APO (OR 4.25; 95% CI, 
1.536–11.759), with a sensitivity of 93% and specifi city of 32%. 
Mean fi rst trimester protein Z level was signifi cantly lower 
among patients with APO compared with pregnant controls 
(1.81 ± 0.7 vs. 2.21 ± 0.8 µg/mL, respectively; P <0.001). Gris et 
al. [40] carried out a prospective, randomized trial comparing 
the low molecular weight heparin (LMWH) enoxaparin 
(40 mg/day) with low-dose aspirin (100 mg/day) in 160 
women with one unexplained fetal loss (≥10th week of gesta-
tion) and either FVL, prothrombin 20210, or protein S defi -
ciency. Treatments were started at 8 weeks’ gestation. The live 
birth rate was 86% in the enoxaparin-treated women versus 
29% in the aspirin-treated group (OR for live birth with LMWH 
15.5; 95% CI, 7−34). Birthweights were higher and there were 
fewer small for gestational age infants in the enoxaparin 
group. Gris et al. [40] found that the presence of protein Z defi -
ciency or the presence of protein Z antibodies was more fre-
quently present in cases of treatment failures (P = 0.20 
and 0.019, respectively) as was the complex of protein Z defi -
ciency positive antiprotein Z antibodies (P = 0.004); 15 of the 20 
cases led to pregnancy failure, nine being treated with aspirin 
and six with enoxaparin. Both groups of patients received 
5 mg/day folic acid, in addition to aspirin or heparin therapy.

Elevated levels of type 1 plasminogen 
activator inhibitor

Plasminogen activator inhibitors are serine protease inhibi-
tors, often referred to as serpins (serine protease inhibitors) 
with diverse functions, including blood coagulation, fi brinol-
ysis, and cell migration [41,42]. PAI-1 and PAI-2 regulate 
tissue and urokinase type plasminogen activators, respec-
tively (tPA and uPA). tPA and uPA regulate fi brin degrada-
tion via the conversion of plasminogen to plasmin, and are 
also involved in the remodeling of extracellular matrix [43]. 
PAI-1 and PAI-2 are found in the blood of women with 
normal pregnancies, and their levels tend to rise with 
advancing gestation [44]. In preeclamptic patients, the 
vascular endothelium is responsible for the majority of the ele-
vated PAI-1 plasma levels, with platelets accounting for a 
smaller proportion [45]. Unlike PAI-1, which is found in a 
variety of nonpregnant disease states, PAI-2 expression has 
been identifi ed in a limited number of cells, principally 
placental trophoblasts, macrophages, and various malignant 
cell lines [45,46].

It is well known that pregnancy is associated with elevated 
levels of PAI-1, and higher levels are noted in cases of pre-
eclampsia or IUGR (either during manifestations of the disease 
process, or shortly prior to their manifestation in the case of 
preeclampsia). Homozygosity for the 4G/4G mutation in the 
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PAI-1 gene leads to a three- to fi vefold increased level of circu-
lating PAI-1. The signifi cance of the 4G/4G PAI-1 mutation is 
uncertain. The contribution of this prothrombotic mutation to 
thromboembolic events has been called into question, as evi-
denced by the recent review by Francis [47]. A large multi-
center study did not fi nd a relationship between any of the 
inherited thrombophilic conditions and fetal loss, but achieved 
approximately 30% power to detect a difference [48]. Poly-
morphisms of the thrombomodulin gene are associated with 
an increased risk of thrombosis, but the pregnancy implica-
tions are unclear at this time [49]. Interestingly, pregnant 
patients with thrombophilia and subsequent APO have been 
demonstrated to exhibit a decreased fi rst trimester response to 
thrombomodulin in an activated partial thromboplastin time 
(APTT) system [50].

Hyperhomocysteinemia and methylene 
tetrahydrofolate reductase thermolabile 
mutant gene mutation (MTHFR C677T)

Homocysteine is generated from the metabolism of the amino 
acid methionine. It normally circulates in the plasma at con-
centrations of 5–16 µmol/L. Defi ciencies in vitamins B6, B12, 
and folic acid can result in elevated levels of homocysteine in 
the setting of inherited hyperhomocysteinemia. Homo-
cysteine levels can vary with diet, however, and normal levels 
in pregnancy are slightly lower than nonpregnant values.

Hyperhomocysteinemia can be diagnosed by measuring 
fasting homocysteine levels by gas chromatography mass 
spectrometry or other sensitive biochemical means. The disor-
der is classifi ed into three categories according to the extent 
of the fasting homocysteine elevation: severe (>100 µmol/L); 
moderate (25–100 µmol/L), or mild (16–24 µmol/L). Methio-
nine loading can improve diagnostic sensitivity. Severe 
hyperhomocysteinemia results from an autosomal recessive 
homozygous defi ciency in either cystathionine β-synthase 
(CBS) (prevalence of 1 in 200,000) or MTHFR. Clinical 
manifestations of hyperhomocysteinemia include neurologic 
abnormalities, premature atherosclerosis, and recurrent 
thromboembolism.

The mild and moderate forms can result from autosomal 
dominant (heterozygote) defi ciencies in CBS (0.3–1.4% of 
population) or from homozygosity for the 667C-T MTHFR 
thermolabile mutant, present in 11% of white European popu-
lations [26]. Patients with mild or moderate hyperhomo-
cysteinemia are at risk for atherosclerosis, thromboembolism, 
fetal neural tube defects, and possibly recurrent abortion. 
There are confl icting data on the link between hyperhomo-
cysteinemia and recurrent spontaneous abortion [51–53]. An 
older meta-analysis of the association between hyperhomo-
cysteinemia and pregnancy loss prior to 16 weeks suggested a 
weak association with an OR of 1.4 (95% CI, 1.0–2.0) [54]. The 
natural history of the MTHFR mutation in pregnancy has not 

been well documented. The meta-analysis by Rey [28] con-
cluded that MTHFR was not associated with an increased risk 
of fetal loss.

Another recent meta-analysis concluded that while FVL 
and PGM were modestly associated with an increased risk of 
early pregnancy loss, there was no such association with the 
MTHFR C677T mutation [55]. Table 15.3 provides epidemio-
logic data and venous thromboembolic risks associated with 
various thrombophilic conditions.

Acquired thrombophilia

The well-characterized APAS is defi ned by the combination of 
VTE, obstetric complications, and antiphospholipid antibod-
ies (APA) [56]. By defi nition, APA-related thrombosis can 
occur in any tissue or organ except superfi cial 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. 
APA 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 phos-
pholipids [57]. Thus, APAs can be detected by screening for 
antibodies that:
• Directly bind these protein epitopes (e.g., anti-β2-
glycoprotein-1, prothrombin, annexin V, APC, protein S, 
protein Z, ZPI, high and low molecular weight kininogens, 
tPA, factor VII(a), and XII, the complement cascade constitu-
ents, C4, and CH, and oxidized low-density lipoproteins anti-
bodies); 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) [58].

Venous thrombotic events associated with APA include 
deep venous thrombosis (DVT) with or without acute pulmo-
nary embolism (APE), while the most common arterial events 
include cerebral vascular accidents and transient ischemic 
attacks. At least half of patients with APA have systemic lupus 
erythematosus (SLE). Anticardiolipin antibodies were associ-
ated with an OR of 2.17 (95% CI, 1.51–3.11; 14 studies) for any 
thrombosis, 2.50 (95% CI, 1.51–4.14) for DVT and APE, and 3.91 
(95% CI, 1.14–13.38) for recurrent VTE [59]. Patients with SLE 
and lupus anticoagulants were at a sixfold greater risk for VTE 
compared with SLE patients without lupus anticoagulants, 
while SLE patients with anticardiolipin antibodies had a 
twofold greater risk of VTE compared with SLE patients 
without these antibodies. The lifetime prevalence of arterial or 
venous thrombosis in affected patients with antiphospholipid 
antibodies is approximately 30%, with an event rate of 1% per 
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year [58]. These antibodies are present in up to 20% of individu-
als with VTE [60]. 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 1–18 and 1–2.51 for anticardiolipin antibodies [58].

There is a 5% risk of VTE during pregnancy and the puer-
perium among patients with APA despite treatment [61]. 
Recurrence risks of up to 30% have been reported in APA-pos-
itive patients with a prior VTE; thus, long-term prophylaxis is 
required in these patients. A severe form of APAS is termed 
catastrophic antiphospholipid syndrome (CAPS), which is 
defi ned by potential life-threatening variant with multiple 
vessel thromboses leading to multiorgan failure [62]. In the 
Euro-Phospholipid Project Group (13 countries included), 

DVT, thrombocytopenia, stroke, pulmonary embolism, and 
transient ischemic attacks were found in 31.7%, 21.9%, 13.1%, 
9.0%, and 7.0%, respectively.

APA are associated with obstetric complications in approxi-
mately 15–20% including fetal loss after 9 weeks’ gestation, 
abruption, severe preeclampsia, and IUGR. For lupus antico-
agulant-associated fetal loss, reported OR range from 3.0 to 4.8 
while anticardiolipin antibodies display a wider range of 
reported OR of 0.86–20.0 [57]. It is unclear whether APA are 
also associated with recurrent (three or more) early spontane-
ous abortions in the absence of stillbirth. Fifty percent or more 
of pregnancy losses in APA patients occur after the 10th week 
[63]. Patients with APA more often display initial fetal cardiac 
activity compared with patients with unexplained fi rst trimes-
ter spontaneous abortions without APA (86% vs. 43%; P <0.01) 

Table 15.3 Anticoagulation to prevent adverse pregnancy outcome in the setting of thrombophilia. (After Paidas et al. [1].)

Author Year Patients (n) Drug Patients Studied Outcome

Riyazi 1998  26 Nadroparin + Thrombophilia + prior Treatment associated with lower

   ASA 80 mg preeclampsia or IUGR rates of preeclampsia/IUGR

     compared with historic control

Brenner 2000  50 Enoxaparin Thrombophilia + Treatment associated higher live

    recurrent fetal loss birth (75% vs. 20% compared with

     historic control)

Ogueh 2001  24 Unfractionated Thrombophilia + No improvement compared with

   heparin IUGR or abruption historic control

Kupferminc 2001  33 Enoxaparin + Thrombophilia + Higher birthweight and gestational

   ASA 100 mg preeclampsia or IUGR age at delivery

Grandone 2002  25 Unfractionated Thrombophilia + APO Treatment was associated with

   heparin or  lower rates of APO in treated (10%)

   enoxaparin  vs. non-treated (93%)

Paidas 2004  41 Unfractionated FVL or PGM + Treatment was associated with an

   or low molecular history of fetal loss 80% reduction in fetal loss (OR

   weight heparin  0.21; 95% CI, 0.11−0.39)

Gris 2004 160 Enoxaparin or Thrombophilia + Enoxaparin was superior to aspirin

   100 mg aspirin; fetal loss 29% patients treated with LDA. 86%

   Folic acid 5mg  treated with enoxaparin had healthy

     live birth (OR 15.55; 95% CI, 7–34)

Brenner 2004 183 Enoxaparin Thrombophilia + ≥3 Enoxaparin increased the rate of live

   (40 mg/day or losses in the fi rst birth (81.4% vs. 28.2%; P <0.01 for

   40 mg b.i.d.) trimester, or ≥2 losses 40 mg, 76.5% vs. 28.3%, P <0.01 for

    in the second trimester, 80 mg), decreased the rate of pre-

    or ≥1 loss in the third eclampsia (3.4% vs. 7.1%, P <0.01

    trimester for 40 mg; 4.5% vs. 15.7%, P <0.01

     for 80 mg), and decreased the rate of

     abruption (4.4% vs. 14.1%, P <0.01

     for 40 mg; 3.4% vs. 9.6%, P <0.1 for

     80 mg)

APO, adverse pregnancy outcome; CI, confi dence interval; FVL, factor V Leiden; IUGR, intrauterine growth restriction; LDA, low-dose aspirin; OR, odds ratio; PGM, 

prothrombin gene mutation G20210A.
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[64]. APA have been commonly found in the general obstetric 
population, with one survey demonstrating that 2.2% of such 
patients have either immunoglobulin M (IgM) or IgG anticar-
diolipin antibodies with most such women having relatively 
uncomplicated pregnancies [65]. Other factors may have 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 thrombomodulin and APC-mediated anticoagu-
lation; induction of endothelial tissue factor expression; 
impairment of fi brinolysis and antithrombin activity; aug-
mented platelet activation and/or adhesion; impairment of 
the anticoagulant effects of the anionic phospholipid binding 
proteins β2-glycoprotein-I and annexinV [2,66]. RANDAPA-
induction of complement activation has been suggested to 
have a role in fetal loss with heparin preventing such aberrant 
activation [67].

Inherited thrombophilia and 
pregnancy complications

Inherited thrombophilic conditions have been implicated in a 
variety of obstetric complications, including preeclampsia 
and related conditions, early and late fetal loss, IUGR, and 
abruptio placentae.

Preeclampsia

Several studies (mostly case controlled) have evaluated the 
relationship between heterozygous FVL and severe pre-
eclampsia. FVL was identifi ed in 4.5–26% of patients with severe 
preeclampsia, eclampsia, or HELLP (hemolysis, elevated liver 
enzymes, and low platelet count) syndrome [1,68–72]. The sys-
tematic review by Alfi revic et al. [29] suggested a positive asso-
ciation between FVL and preeclampsia and/or eclampsia (OR 
1.6; 95% CI, 1.2–2.1). The PGM was identifi ed in up to 9.1% of 
cases, whereas protein S defi ciency was reported in 5–25% of 
cases [1,68,70,72]. While the preponderance of the studies eval-
uating severe preeclampsia show a positive association with 
inherited thrombophilias, there is also evidence demonstra-
ting no association. In a study by Livingston et al. [72], maternal 
and fetal genetic thrombophilias (FVL, MTHFR, PGM) were 
compared in 110 patients with severe preeclampsia and 97 nor-
motensive patients with healthy outcomes. There were no dif-
ferences in the rate of FVL (4.4 vs. 4.3%), MTHFR (9.6 vs. 6.3%), 
or PGM (0 vs. 1.1%) between the two groups. Similar fi ndings 
were noted in white (n = 47) and African-American (n = 63) 
women, and in those with early or late onset severe pre-
eclampsia. In addition, there were no differences in the fre-
quency of the studied genetic thrombophilias in cord blood in 
severe preeclampsia and normotensive groups.

Paidas et al. [5] found that there was a signifi cant decrease in 
the protein Z levels in patients (n = 51) with a variety of APO, 

including IUGR, preeclampsia, preterm delivery, and bleed-
ing in pregnancy compared with women (n = 51) with normal 
pregnancy outcomes (NPO) (second trimester 1.5 ± 0.4 vs. 
2.0 ± 0.5 µg/mL, P <0.0001; and third trimester 1.6 ± 0.5 vs. 
1.9 ± 0.5 µg/mL, P <0.0002). Protein Z levels at the 20th percen-
tile (1.30 µg/mL) were associated with an increased risk of 
APO (OR 4.25; 95% CI, 1.536–11.759) with a sensitivity of 93% 
and specifi city of 32%.

Intrauterine growth restriction

Infante-Rivard et al. [73] found rates of 4.5% and 2.5% for FVL 
and PGM, respectively, when IUGR was defi ned as less than 
10th percentile. In a recent systematic review, FVL and PGM 
were associated with an increased risk of IUGR: OR 2.7 (95% 
CI, 1.3–5.5) and 2.5 (95% CI, 1.3–5.0), respectively, in 10 case–
control studies [74]. However, in fi ve cohort studies (three 
prospective, two retrospective), the relative risk was 0.99 (95% 
CI, 0.5–1.9). The authors concluded that both FVL and PG 
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. Prevalence rates ranging 
from 5–35%, 2.5–15%, and 11–23% were reported for FVL, 
PGM, and protein S defi ciency, respectively [1,75–79]. Alfi -
revic [29] found a signifi cant association between protein S 
defi ciency and IUGR (OR 10.2; 95% CI, 1.1–91).

Abruptio placentae and thrombophilia

The determination of the relationship between throm-
bophilias and abruptio placentae (decidual hemorrhage) is 
diffi cult because of the limited number of studies and con-
founding variables, including chronic hypertension, and cig-
arette and cocaine use. De Vries [76] found that 9/31 (29%) 
patients with abruption had a protein S defi ciency, compared 
with their general population prevalence of 0.2–2%. The prev-
alence of FVL, PGM, and protein S defi ciency was in the 
ranges 22–30%, 18–20%, and 0–29%, respectively [1,80].

Fetal loss

In a meta-analysis of 31 studies, Rey et al. [28] found that FVL 
was associated with increased risk of late fetal loss (OR 3.26; 
95% CI, 1.82–5.83). Gris et al. [81] found a positive correlation 
between the number of stillbirths and the prevalence of throm-
bophilias in a study of 232 women with previous late fetal loss 
(>22 weeks) and 464 controls. Protein S defi ciency was found in 
9/84 (10.7%) of those with at least two stillbirths, and the pres-
ence of FVL was associated with a high risk of fetal loss later 
than 22 weeks (OR 7.83; 95% CI, 2.83–21.67). Martinelli et al. [82] 
found that the risk of late fetal death (after 20 weeks) was three 
times higher if the patient was a carrier of either the FVL or PGM 
mutation. The relative risk of carriers (FVL, PGM) for late fetal 
loss was 3.2 (1.0–10.9) and 3.3 (1.1–10.3), respectively. Martinelli 



Chapter 15

126

et al. [83] evaluated recurrent late loss and found that FVL was 
present in 28.6% of patients with recurrent late loss.

Rey et al. [28] pooled data from nine studies (n = 2087), and 
found a signifi cant association between fetal loss and PGM. 
PGM was associated with recurrent fetal loss before 25 weeks 
(n = 690 women; OR 2.56; 95% CI, 1.04–6.29) and with nonre-
current fetal loss after 20 weeks (fi ve studies, n = 1299; OR 2.3; 
95% CI, 1.09–4.87). The prevalence of PGM is in the range 0–
33%, and for protein S defi ciency 29–92% [1,70,84,85]. 
However, Hefl er et al. [48] did not fi nd any signifi cant associa-
tion between FVL, PGM, or protein S defi ciency and fetal death 
(median gestational age 34 weeks, range 20–42 weeks). Rey 
et al. [28] found that protein S 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 confl icting results. In three recent 
systematic reviews, the diversity among included studies 
implies that meta-analyses are performed including heteroge-
neous studies [28,55,86]. Factors infl uencing results include: 
inclusion of isolated or recurrent fetal loss; presence or absence 
of successful livebirth in obstetric history; gestational age cut-
off for evaluation; and inclusion of proper control groups. The 
typical OR for FVL is 1.67 (95% CI, 1.16–2.40) and for PGM the 
typical OR is 2.25 (95% CI, 1.20–4.21) [55]. There was no 
increased risk of loss with MTHFR C677T [55]. Roque et al. [52] 
reported that the OR for having thrombophilia was actually 
signifi cantly lower in women with recurrent embryonic losses. 
The paternal or fetal genetic contribution has not been well 
studied to date. In a study of 357 couples with a history of three 
or more pregnancy losses under 12 weeks, the presence of 
multiple thrombophilic mutations in either partner was asso-
ciated with a signifi cantly increased risk of pregnancy loss 
(relative risk 1.9, range 1.2–2.8) [87].

Thrombophilia, prior history of poor 
pregnancy outcome, and recurrence

For patients who have had a prior APO and harbor an inher-
ited thrombophilic condition such as FVL, the prothrombin 
gene mutation G20210A, or protein S defi ciency, the reported 
rate of recurrence of APO is high. Martinelli et al. [83] found 
that of 82 women with late fetal loss, seven had a recurrence, 
and two of seven had FVL (28.6%). Kupferminc et al. [70,71,88] 
have consistently reported very high rates of pregnancy com-
plications in women with prior poor obstetric outcomes: 83% 
of pregnancies in 18 women, 66% of pregnancies in nine 
multiparous women with PGM, and 77% occurrence of com-
plications in nine multiparous women. In a cohort of 28 

patients with thrombophilia (heterozygous PGM and prior 
APO), Kupferminc et al. [88] reported that seven of 62 preg-
nancies were normal. According to the meta-analysis by Rey et 
al. [28], the presence of PGM 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 (fi ve 
studies, n = 1299; OR 2.3; 95% CI, 1.09–4.87). Rey et al. also 
found that late fetal loss was associated with FVL mutation 
(n = 1888; OR 3.26; 95% CI, 1.82–5.83), PGM (n = 1299; OR 2.30; 
95% CI, 1.09–4.87), protein S defi ciency (n = 878; OR 7.39; 95% 
CI, 1.28–42.83) but not MTHFR, protein C defi ciency, or 
antithrombin defi ciency. Several factors impact studies 
concerning thrombophilia and pregnancy complications, 
including the heterogeneity of the populations studied, small 
sample size, rarity of the endpoint evaluated, number of 
thrombophilias assayed for, detection methods employed, 
lack of consistent assessment of fetal thrombophilia status, as 
well as potential ascertainment biases [55,89]. These limita-
tions have been recently confi rmed from two independent 
studies on fetal genotype [90,91]. Until more large population-
based studies are performed, the debate regarding the 
association between inherited thrombophilias and APO will 
continue. For example, positive associations between preg-
nancy complications and thrombophilia may exist, but the 
association may be driven by small studies with extreme 
associations [74].

Prevention of adverse pregnancy outcomes 
in the setting of thrombophilia

Kupferminc et al. [92] treated 33 women with a history 
of severe preeclampsia, abruptio placenta, IUGR, or fetal 
demise and a known thrombophilia with LMWH and low-
dose aspirin. Treated patients had a higher birthweight and a 
higher gestational age at delivery than that of the previous 
pregnancy. Treated pregnancies were not associated with fetal 
losses or severe preeclampsia. Riyazi et al. [93] found that treat-
ment with LMWH and low-dose aspirin in patients with pre-
vious early onset preeclampsia and/or severe IUGR and a 
thrombophilic disorder resulted in a higher birthweight than 
patients with a comparable history not receiving this interven-
tion. Paidas et al. [94] evaluated a cohort of patients carrying 
either FVL or PGM who experienced at least one prior APO. A 
total of 41 patients (28 with FVL, 13 with PGM) had 158 preg-
nancies. The 41 heparin-treated pregnancy outcomes were 
compared with the remaining 117 untreated pregnancies. 
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 relationship persisted if fi rst trimester losses were 
excluded (n = 111 total pregnancies; OR 0.46; 95% CI, 0.23–0.94; 
P <0.05). Brenner et al. [95] reported on the LIVE-ENOX Study, 
a multicenter prospective randomized trial to evaluate the 
effi cacy and safety of two doses of enoxaparin (40 mg/day or 
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40 mg b.i.d.) in 183 women with recurrent pregnancy loss and 
thrombophilia. Inclusion criteria were three or more losses in 
the fi rst trimester, two or more losses in the second trimester, 
one loss or more in the third trimester. Compared with the 
patient’s historic rates of live birth and pregnancy complica-
tions, enoxaparin was signifi cantly associated with an 
increased rate of live births, decreased rate of preeclampsia, 
and decreased rate of abruption. Better outcomes were associ-
ated with higher dosage.

Gris et al. [40] compared administration of low-dose aspirin 
(100 mg/day) with 40 mg/day enoxaparin from the 8th week 
of gestation in a cohort of patients with a prior loss after 10 
weeks and the presence of heterozygous FVL, PGM, or protein 
S defi ciency. 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). Birth-
weights were higher and there were less small for gestational 
age infants in the enoxaparin group.

The small size and inadequate study design of the 
published studies do not permit any fi rm recommendations 
regarding the antenatal administration of heparin for the sole 
indication of the prevention of APO [96]. These authors 
strongly recommended a randomized trial to address the use 
of anticoagulation for prevention. According to a recent 
Cochrane review [97], based upon an extensive literature 
search for 1966–2004, women with a history of two or more 
spontaneous losses or one fetal demise without apparent cause 
other than inherited thrombophilia, only two trials were 
available for review. The other study besides the Gris trial was 
the trial reported by Tulppala et al. [98] which involved 82 
patients, and compared 50 mg aspirin with placebo starting at 
the time of  positive urine pregnancy test, in women with three 
or more unexplained consecutive losses. No differences were 
noted in the aspirin compared with the placebo group (relative 
risk 1.00 [0.78–1.29]). Table 15.3 summarizes the results of 
studies using anticoagulation to prevent APO in the setting of 
thrombophilia.

Heparin and aspirin administration is the best strategy for the 
treatment of recurrent pregnancy loss associated with APAS, 
according to the Cochrane review of 2002 [99]. This approach 
has been associated with a 54% reduction in pregnancy loss, and 
is better than aspirin alone. Steroid administration is associated 
with an excessive risk of prematurity, and therefore is not rec-
ommended as a fi rst-line prevention strategy.

Thrombophilia screening: testing 
and candidates

The selection of suitable patients for thrombophilia screening 
and the thrombophilia work-up continues to evolve. At this 
time, suitable candidates for thrombophilia screening include: 
history of unexplained fetal loss ≥10 weeks; history of severe 
preeclampsia/HELLP <36 weeks; history of abruption; history 

of IUGR (>5th percentile; personal history of thrombosis; 
family history of thrombosis). Initial thrombophilia evalua-
tion should include: protein C (functional level); protein S 
(functional level); AT-III (functional level); factor V Leiden 
(polymerase chain reaction [PCR]); prothrombin gene muta-
tion 20210A (PCR); lupus anticoagulant; ACA IgG, IgM, IgA, 
and platelet count. Other commonly ordered screens include: 
MTHFR C677T mutation; fasting homocysteine level; and β2-
glycoprotein I, IgG, IgM, and IgA. Depending on the clinical 
scenario, thrombophilia evaluation can be extended to include 
other tests, such as protein Z, other APA, and the more uncom-
mon factor V mutations, components of the protein C system, 
and PAI-1 mutation. Another genetic variant worthy of con-
tinuing investigation is the angiotensin I converting enzyme 
(ACE) gene polymorphism. In one study, LMWH was associ-
ated with a 74.1% reduction of preeclampsia and 77.5% reduc-
tion of fetal growth restriction in a group of women 
homozygous for the DD ACE polymorphism and a history of 
preeclampsia [100]. Large prospective studies are needed to 
address the role of the interaction of thrombophilic conditions 
in the causation of VTE and APO. A recent meta-analysis and 
cost-effectiveness study has concluded that universal throm-
bophilia screening in pregnancy is not useful, but rather a 
selective approach based upon personal and family history is 
most advantageous [101].

Management of acquired and inherited 
thrombophilias: prevention and 
treatment strategies

Specifi c management guidelines relating to the management 
of thromboembolism are provided in another chapter of this 
book. Before initiating anticoagulation therapy in the setting 
of active thrombosis, a thrombophilia panel should be 
obtained. Functional clotting factor testing should be per-
formed well after the cessation of anticoagulant therapy to 
diagnose a factor defi ciency. Table 15.4 summarizes anticoag-
ulant regimens for treatment and prophylactic settings. 
Patients with highly thrombogenic thrombophilias such as 
antithrombin defi ciency should receive therapeutic anticoag-
ulation throughout pregnancy. The rare patient who is 
homozygous for the FVL or PGM, or who is a compound het-
erozygote for these two mutations, require at the minimum 
prophylactic anticoagulation, and other investigators would 
recommend therapeutic anticoagulation during pregnancy 
and the postpartum period.

Pharmacology of anticoagulation 
in pregnancy

Thromboembolism and APO management continue to present 
clinical challenges. The available anticoagulant drugs for 



Chapter 15

128

Table 15.4 Anticoagulation in pregnancy: indications and dosing.

  Antepartum  Postpartum

Indication Description Therapeutic Prophylactic Therapeutic Prophylactic

VTE current pregnancy  X  See (1)

High-risk thrombophilia

FVL homozygous History of VTE X  X

PGM homozygous or APO (2)

Antithrombin III defi ciency No history  X  X

Intermediate risk thrombophilia

Compound heterozygote   X  X

 (FVL/PGM)

Low-risk thrombophilia

FVL heterozygous Prior VTE  X  X

Prothrombin History of APO 

 (2) but not VTE  ± X (3)  X (4)

APO, adverse pregnancy outcomes; FVL, factor V Leiden; VTE, venous thromboembolism.

(1) VTE during current pregnancy should receive therapeutic anticoagulation for 20+ weeks during pregnancy, followed by prophylactic therapy for up to 6 weeks 

postpartum.

(2) APO includes early onset severe preeclampsia, unexplained recurrent abruption, severe intrauterine growth restriction (IUGR), intrauterine fetal demise (>10 

weeks) with placental thrombosis or infarction.

(3) 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 for recurrence or if there are other thrombotic risk factors (e.g., obesity, immobilization).

(4) If cesarean delivery or fi rst-degree relative with history of VTE.

(5) Cases of hyperhomocysteinemia unresponsive to folate, vitamin B6 and vitamin B12 therapy.

Unfractionated heparin (UFH)

Initial dose of UFH for acute VTE to keep activated partial thromboplastin time (APTT) 1.5–2.5× control. Thereafter UFH may be given s.q. q8–12 h to keep APTT 

1.5–2× control (when tested 6 h after injection) for therapeutic levels.

Prophylactic doses may range from 5000 to 10,000 units s.q. q12 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 enoxaparin (Lovenox®) may start at 1 mg/kg s.q. 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 enoxaparin (Lovenox®) may start at 40 mg s.q. q24 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 postpartum day 1.

Therapeutic doses of LMWH or UFH must be continued for 5 days and until the international normalized ratio (INR) reaches 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 and biophysical profi les may be appropriate at 36 weeks or earlier as clinically indicated.

the prevention and treatment of VTE include warfarin, 
unfractionated heparin (UFH), LMWH, warfarin, factor Xa 
inhibitors, and direct thrombin inhibitors. However, heparins 
are the mainstay of therapy in pregnancy. UFH enhances anti-
thrombin activity, increases factor Xa inhibitor activity, and 
inhibits platelet aggregation. LMWH is generated by chemical 
or enzymatic manipulation of UFH from a molecular weight 

of 15,000 Da to 4000–6500 Da. The smaller size impedes its 
antithrombin but not antifactor Xa effects. Both LMWH 
and UFH cross the placenta, 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 typi-
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cally occurs within days of heparin exposure, is self-limited, 
and is not associated with signifi cant risk of hemorrhage or 
thrombosis. Type II HIT is an immunoglobulin-mediated syn-
drome and occurs in the setting of venous or arterial thrombo-
sis, usually 5–14 days following initiation of heparin therapy. 
Type II HIT can be confi rmed by serotonin release assays, 
heparin-induced platelet aggregation assays, fl ow cytometry, 
or solid phase immunoassay.

UFH has a short half-life and is administered subcutane-
ously or via continuous infusion. Usually, patients receiving 
UFH require frequent laboratory monitoring and dosage 
adjustment. LMWH is administered subcutaneously either 
once or twice daily. It has advantages over UFH including 
better bioavailability, longer plasma half-life, more predicta-
ble pharmacokinetics and pharmacodynamics but LMWH is 
much more expensive than UFH. A recent review has found 
that LMWH has a reassuring risk profi le, including antenatal 
bleeding 0.43 (0.22–0.75); postpartum hemorrhage >500 mL 
0.94 (0.61–1.37); wound hematoma 0.61 (0.36–0.98); thrombo-
cytopenia 0.11 (0.02–0.32); HIT 0.00 (0.00–0.11); and 
osteoporosis 0.04 (<0.01–0.20) [102]. Coumarins are vitamin K 
antagonists that block the generation of vitamin KH2. The 
latter serves as a cofactor for the post-translational carboxyla-
tion of glutamate residues to γ-carboxyglutamates on the N 
terminal  regions of prothrombin and factors VII, IX, and X as 
well as the anticlotting agents, proteins C and S.

Several other anticoagulants are now available that may 
have a role in limited circumstances in pregnancy. Danapar-
oid is another low molecular weight heparinoid and is espe-
cially useful in cases of HIT and 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 thrombin. Direct thrombin 
inhibitors represent another class of anticoagulants. Hirudin 
is a 65-amino-acid protein derived from the medicinal 
leech (Hirudo medicinalis). It can be used in patients with HIT-2 
and is readily available in a recombinant form, lepirudin. 
Argatroban is a synthetic direct thrombin inhibitor that 
competitively binds to thrombin’s active site, has a short half-
life (45 minutes) 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.

For therapeutic dosing of LMWH, the anti-factor Xa level 
should be maintained at 0.6–1.0 U/mL 4–6 hours after injec-
tion (e.g., starting with 1 mg/kg enoxaparin subcutaneously 
every 12 hours). Again, treatment should continue for 20 
weeks and then prophylactic doses given (e.g., 40 mg enoxa-
parin subcutaneously every 12 or 24 hours, adjusted to main-
tain antifactor Xa levels at 0.1–0.2 U/mL 4 hours after an 
injection). Patients with highly thrombogenic thrombophilias 
require therapeutic anticoagulation throughout pregnancy. 
Because regional anesthesia is contraindicated within 18–
24 hours of LMWH administration, we recommend switching 

to UFH at 36 weeks or earlier if preterm delivery is expected. If 
vaginal or cesarean delivery occurs more than 12 hours from 
prophylactic or 24 hours from therapeutic doses of LMWH, 
anticoagulation-related problems with delivery are not anti-
cipated. Protamine can partially reverse the anticoagulant 
effects of LMWH.

Patients with antithrombin defi ciency represent the 
highest thrombogenic risk. Patients with antithrombin 
defi ciency should receive antithrombin concentrate if they 
experience an acute arterial or venous thromoboembolism. 
Human antithrombin III (AT-III) is available as Thrombate 
III® (Bayer Healthcare), a sterile, preservative-free, nonpyro-
genic, biologically stable, lyophilized preparation of 
purifi ed human antithrombin III. The baseline antithrombin 
level is expressed as the percent of the normal level based on 
the functional AT-III assay. The goal is to increase the anti-
thrombin levels to those found in normal human plasma 
(around 100%).

Conclusions

Acquired and inherited thrombophilic conditions are associ-
ated with maternal thromboembolic events and a variety of 
APO. Suitable candidates for thrombophilia screening include: 
history of unexplained fetal loss at 10 weeks or more; history of 
severe preeclampsia/HELLP at less than 36 weeks; history of 
abruption; history of IUGR at 5th percentile or less; personal or 
family history of thrombosis. UFH and LMWH are the main-
stay of treatment and prevention strategies to reduce the risk 
of thrombotic complications. Assessment of risk factors for 
thromboembolism will optimize treatment and prevention 
strategies and minimize hemorrhagic complications associ-
ated with anticoagulation. An adequate randomized, placebo 
controlled clinical trial is necessary to determine the optimal 
prevention strategy to prevent APO, particularly in the setting 
of inherited thrombophilic conditions. Limited evidence thus 
far suggests that antepartum prophylactic anticoagulation in 
the setting of heterozygous FVL or PGM and a prior history of 
past poor obstetric history improves the chances for success in 
a future pregnancy.
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Complicating 1 in 1000 to 1 in 2000 pregnancies, venous throm-
boembolism (VTE) is a leading cause of maternal morbidity 
and mortality [1–9]. Moreover, despite its seemingly low prev-
alence, pregnancy confers a nearly 10-fold increased risk of 
VTE in women of childbearing age. The majority of VTE events 
occur in the antepartum period, with an even distribution 
across each trimester [1,3,10–12]. However, the risk of VTE is 
approximately three- to eightfold higher postpartum com-
pared to an equivalent antepartum period [9]. Pulmonary 
embolism (PE) is the leading cause of maternal mortality, con-
tributing to 19.6% of such deaths, translating into 2.3 preg-
nancy-related deaths per 100,000 live births [13]. An untreated 
deep vein thrombosis (DVT) presents a 25% risk of PE, with a 
mortality rate of approximately 15% if undetected and 
untreated [14]. On the other hand, if a DVT is promptly diag-
nosed and treated, the risk of PE is less than 5% and the risk of 
maternal mortality is less than 1% [15].

From a teleologic perspective, the increased risk of preg-
nancy-associated VTE refl ects local and systemic mechanisms 
designed to avoid hemorrhage during the astonishing level 
of maternal uterine vessel disruption that occurs during pla-
centation and the third stage of labor. Appreciation of 
the thrombotic risk of pregnancy demands knowledge of 
the sophisticated systems of coagulation and fi brinolysis 
and their inhibitors.

Physiology of hemostasis

Platelet plug formation

Vasoconstriction and platelet aggregation are the initial con-
trols on hemorrhage following vascular disruption, particu-
larly in arteries. Vasoconstriction limits blood fl ow to promote 
platelet plug formation. Vasoconstriction also limits the size of 
the requisite plug required to obstruct blood fl ow through the 
vascular defect. Circulating von Willebrand factor mediates 
platelet attachment by binding to platelet glycoprotein (GP) 

GPIb/IX/V receptors and to subendothelial collagen in 
damaged vessels [16]. Integrins, an alternative set of extracel-
lular matrix adhering receptors on platelet cell membranes, 
adhere to subendothelial laminin, fi bronectin, and vitronec-
tin. Platelet adhesion  then triggers calcium-dependent pro-
tein kinase C (PKC) activation that induces thromboxane A2 
(TXA2) synthesis and platelet granule release. The α-granules 
contain various clotting factors while dense-granules contain 
adenosine diphosphate (ADP) and serotonin, which combine 
with TXA2 to exacerbate vasoconstriction and platelet activa-
tion. The latter activates platelet GPIIB/IIIa receptors to 
promote aggregation by forming interplatelet fi brinogen, 
fi bronectin, and vitronectin bridges [17]. Platelets can also be 
activated by epinephrine, arachidonic acid, and platelet-acti-
vating factor. Platelet aggregation in the setting of intact 
endothelium is prevented by active blood fl ow and prostacyc-
lin, nitric oxide, and ADPase.

The coagulation cascade

Platelet-plug aggregation in the absence of fi brin generation is 
inadequate to control the hemorrhage attendant on signifi cant 
vascular injury. Thus, adequate hemostasis also requires fi brin 
plug formation which follows exposure of circulating factor 
VII to perivascular tissue factor (TF) (Fig. 16.1) [18]. 
TF is a cell membrane-bound glycoprotein, constitutively 
expressed by most nonendothelial cells and induced by pro-
gesterone in decidualized endometrial stromal cells [18,19]. It 
is also present in high levels in the amniotic fl uid. The latter 
accounts for the coagulopathy observed in amniotic fl uid 
embolism [20,21]. Following vascular injury, perivascular TF 
binds circulating factor VII which attaches to negatively 
charged phospholipids via divalent calcium ions. Factor VII is 
autoactivated after binding to TF and can be externally acti-
vated by thrombin, factors IXa, Xa, or XIIa [18]. (The activated 
form of clotting factors is denoted by the letter “a” after the 
Roman numeral.) The TF/VIIa complex can directly activate 
factor X (Fig. 16.1) or indirectly activate Xa by activating factor 
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IX (IXa) which then complexes with its cofactor, VIIIa, to acti-
vate factor X. Factor Xa next complexes with its cofactor, Va, to 
convert prothrombin (factor II) to thrombin (factor IIa), which 
converts fi brinogen to fi brin. The cofactors V and VIII are acti-
vated by either thrombin or factor Xa. Thrombin, kallikrein-
kininogen, and plasmin can each activate factor XII on the 
surface of platelets (Fig. 16.1). Factor XIIa can activate factor 
XI, providing another route of factor IX activation. All of these 
reactions occur on negatively charged phospholipids and 
require ionized calcium. Ultimately, thrombin cleaves fi brino-
gen to fi brin monomers which self-polymerize and are cross-
linked via thrombin-activated factor XIIIa.

Endogenous anticoagulants

The counterpoint preventing inappropriate activation of the 
hemostatic system is the anticoagulant system (Fig. 16.1). The 
TF pathway inhibitor (TFPI) is the fi rst agent in this system and 
acts on the factor Xa/TF/VIIa complex to inhibit TF-mediated 
clotting [22]. However, factor XIa can bypass this block and 
sustain clotting for some time. As a result, additional endog-
enous anticoagulant molecules are required to avoid throm-
bosis, including activated protein C, protein S, and protein Z. 
Thrombin binds thrombomodulin on perturbed endothelial 
cell membranes producing a conformational change that 
allows activation of protein C [23]. Activated protein C (APC) 
also binds to anionic endothelial cell membrane phospholip-
ids or to the endothelial cell protein C receptor (EPCR) to inac-
tivate factors Va and VIIIa [24]. Protein S serves as a cofactor 

for both Va and VIIIa inactivation by APC. Protein Z-depend-
ent protease inhibitor (ZPI) can also impede factor Xa activity. 
When bound to its cofactor, protein Z, the inhibitory activity of 
ZPI is increased 1000-fold [25].

Serine protease inhibitors (SERPINs), which include hepar-
in cofactor II, α2-macroglobulin and antithrombin, account 
for most of the thrombin inhibitory activity of plasma 
(Fig. 16.1). Antithrombin alone accounts for 80% of plasma 
antithrombin activity and also inactivates factors IXa, 
Xa, and Xia [26]. Heparins and vitronectin bind to SERPINs 
and together augment anticoagulant activity 1000-fold 
[27,28].

Fibrinolysis

Fibrinolysis is initiated by tissue-type plasminogen activator 
(tPA), embedded in fi brin, which cleaves plasminogen to gen-
erate plasmin. Plasmin, in turn, cleaves fi brin into fi brin degra-
dation products (FDPs), which are often used clinically as 
indirect measures of fi brinolysis. These FDPs can also inhibit 
thrombin action, a favorable result when limited, but when 
generated in excess can contribute to disseminated intravas-
cular coagulation. Inhibitors of fi brinolysis include α2-plasmin 
inhibitor and type 1 and 2 plasminogen activator inhibitors 
(PAI-1 and PAI-2) which inactivate tPA. The endothelium and 
uterine decidua are primary sources of PAI-1 while the pla-
centa produces PAI-2 [29]. The thrombin-activatable fi brinol-
ysis inhibitor (TAFI) modifi es fi brin to render it resistant to 
inactivation by plasmin [30].

X
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Fig. 16.1 An outline of the mechanisms defi ning the careful balance of thrombosis and hemostasis versus anticoagulation and fi brinolysis. APC, activated 

protein C; PAI-1, plasminogen activator inhibitor 1; TF, tissue factor; TFPI, tissue factor pathway inhibitor; TAFI, thrombin activatable fi brinolysis inhibitor; Vn, 

vitronectin; ZPI, protein Z-dependent protease inhibitor.
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Pathophysiology and risk factors of 
thrombosis in pregnancy

Risk factors not unique to pregnancy include age over 35 years, 
obesity, immobility, infection, smoking, nephrotic syndrome, 
hyperviscosity syndromes, malignancies, trauma, surgery, 
orthopedic procedures, and a prior history of VTE [31]. 
Pregnancy-specifi c risk factors include increased parity, 
endomyometritis, and cesarean and operative vaginal 
delivery.

Virchows triad — vascular stasis, hypercoagulability, and 
vascular trauma — is present in pregnancy. Increases in deep 
vein capacitance secondary to increased circulating levels 
of estrogen and endothelial production of prostacyclin and 
nitric oxide, coupled with compression of the inferior vena 
cava and pelvic veins by the enlarging uterus, all pro-
mote venous stasis [32–34]. Not surprisingly, the incidence 
of thrombosis is greater in the left than in the right 
leg [1,11,35].

Changes in decidual and systemic hemostatic systems occur 
in pregnancy, likely to meet the hemorrhagic challenges 
poised by implantation, placentation, and the third stage of 
labor. Decidual TF and PAI-1 expression are increased in 
response to progesterone, and levels of placental PAI-2, which 
are negligible prior to pregnancy, increase until term [29,30]. 
By term, circulating levels of fi brinogen double and levels of 
factors VII, VIII, IX, X, XII, and von Willebrand factor increase 
20–1000% [36,37]. Additionally, levels of protein S decrease by 
approximately 40%, conferring an overall resistance to APC 
[36]. Further reductions in free protein S concentrations are 
seen after cesarean delivery and in the context of infection, 
accounting for the higher rate of PE in such patients. In general, 
normalization of these coagulation parameters occurs by 
6 weeks postpartum. While these mechanisms generally pre-
vent puerperal hemorrhage, they predispose to thrombosis, a 
tendency aggravated by maternal thrombophilias.

Vascular trauma occurs in particular at the time of delivery, 
with the disruption of the placental–uterine interface and the 
trauma of operative vaginal and cesarean delivery. Cesarean 
delivery in particular is associated with a ninefold increase in 
the risk of thromboembolism compared with vaginal delivery 
[10].

Diagnosis of venous thromboembolism

Deep venous thrombosis

Risk assessment

The signs and symptoms of DVT include erythema, warmth, 
pain, edema, tenderness, and a palpable cord corresponding 
to the thrombosed vein. Pain and tenderness may be elicited 

upon squeezing the calf muscles (“Homan sign”). The specifi -
city of these fi ndings is less than 50% and the diagnosis of DVT 
is confi rmed by objective testing in only one-third of patients 
with these signs [38,39]. The differential diagnosis of these 
signs and symptoms is broad and includes cellulitis, ruptured 
or strained muscle or tendon, trauma, ruptured popliteal 
(Baker) cyst, cutaneous vasculitis, superfi cial thrombophlebi-
tis, and lymphedema. As a result, any patient presenting with 
these features should be completely evaluated with objective 
testing.

Clinical features coupled with underlying risk factors 
should be used to assess the likelihood of DVT in order to 
improve the diagnostic values of the various tests. This 
concept guides the diagnostic algorithm outlined for DVT 
in Fig. 16.2. Wells et al. [40,41] have developed an individual-
ized risk model based on specifi c clinical features and risk 
factors that may factor into a patient’s presentation (Table 
16.1). Based on this model, patients are divided into three 
pretest probabilities: high (≥3), moderate (<3 but >0), and low 
(= 0), with prevalence of DVT of 85%, 33%, and 5%, respec-
tively. Wells et al.’s criteria are the most frequently used pretest 
evaluation, with a high negative predictive value (median 
96%, range 87–100%), although this screening system has not 
been validated in pregnant patients, and pregnancy itself, 
given its thrombogenic nature, may add another point to the 
score [42].

d-dimer assays

The d-dimer assays are useful as both screening tools and 
initial tests. d-dimers are the products of degradation of fi brin 
by plasmin, and levels can be elevated in the setting of throm-
bosis. d-dimer testing employs monoclonal antibodies to d-
dimer fragments with the most accurate and reliable tests 
being two rapid ELISAs (Instant-IA d-dimer, Stago, Asniéres, 

Patient with signs and symptoms of DVT
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(-) D/C
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Consider contrast
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(–)
(+)

)+()–(

(+)

(-)

Fig. 16.2 Patient with signs and symptoms of deep vein thrombosis (DVT).
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France and VIDAS DD, bioMérieux, Marcy-l’Etoile, France) 
and a rapid whole blood assay (SimpliRED d -dimer, Agen 
Biomedical, Brisbane, Australia).

While d-dimer testing should not be used as a diagnostic 
test in place of the imaging modalities [43,44], a recent pro-
spective, randomized study by Wells et al. [41] suggests that 
use of highly accurate d -dimer assay in conjunction with a 
clinical risk scoring system (Table 16.1) is an effective initial 
step in excluding DVT in symptomatic patients. This study 
showed that follow-up with lower extremity venous ultra-
sound — a test with proven sensitivity — was not necessary in 
those patients with low pretest probability based on risk 
scoring and negative d-dimer results. Furthermore, these 
patients had a very low incidence of subsequent thrombosis. 
While none of these studies evaluated d-dimer testing in preg-
nant patients, many factors related to pregnancy as well as the 
postoperative puerperal state will contribute to high rates of 
false positive results [45,46]. Thus, d-dimer testing in preg-
nancy is likely to have a higher negative predictive value given 
the higher rate of false positive results. For this reason, we 
suggest that it may have a role in the initial triage of patients 
with suspected DVT for ruling out disease.

Venous imaging

Intravenous contrast venography has a high sensitivity and 
specifi city for the diagnosis of DVT [47]. It requires injection of 
a radio-opaque dye into a vein below the site of suspected 
thrombosis followed by X-rays seeking evidence of 
intraluminal fi lling defects. However, contrast venography 
cannot be performed in up to 20% of patients as a result of 
technical diffi culty and patient intolerance of the test [48] and 
the risks of radiation and contrast allergy (up to 5%) preclude 
its use as a screening test in pregnancy [49]. Venous 
ultrasonography (VUS) with or without color Doppler is the 
preferred initial imaging modality. It requires sonographic 

imaging of the common femoral vein at the inguinal 
ligament, and then assessment of the other major venous 
systems of the leg, including the greater saphenous, the 
superfi cial femoral, and the popliteal veins to the deep veins of 
the calf. Pressure is applied to the transducer to determine 
the compressibility of the vein lumen under duplex and color 
fl ow Doppler imaging [38]. The overall sensitivity and 
specifi city of VUS approach 100% for proximal vein thrombo-
ses [50] with slightly less effi cacy for detecting isolated calf 
vein DVT (sensitivity 92.5%, specifi city 98.7%, and accuracy 
97.2%) [51].

Magnetic resonance imaging (MRI) is an excellent, albeit 
expensive, alternative to VUS, with a sensitivity and specifi -
city approaching 100% for the diagnosis of acute, lower 
extremity DVT [52]. Further advocating for its use, MRI is even 
more sensitive and accurate than VUS in the detection of pelvic 
and calf DVTs. In a prospective trial, MR venography even 
performed as well as contrast venography [53].

Diagnostic algorithm for suspected DVT

Based on the available data, we propose the diagnostic algo-
rithm in Fig. 16.2 that allows the diagnosis of DVT with highest 
sensitivity and specifi city. We suggest the initial use of the 
clinical risk score and d-dimer to classify and rule out patients 
with low pretest probability. When the d-dimer test is unavail-
able or inappropriate, the testing algorithm should begin with 
lower extremity compression VUS and the steps followed as 
outlined.

Pulmonary embolus

Risk assessment

As in DVT, the signs and symptoms of PE are sensitive but not 
specifi c. Its clinical hallmarks are tachypnea and tachycardia 
which are present in up to 90% of affected patients but are 
nonspecifi c [54]. Presyncope and syncope are rare, although 
these signs indicate a massive and potentially fatal embolus 
[55]. As in DVT, a scoring system can be used to stratify 
high- and low-risk populations to generate a pretest 
probability and help with the accuracy of subsequent 
diagnostic tests. Fedullo and Tapson [55] suggest the 
system shown in Table 16.2, grouping patients into three risk 
sets — low (cumulative score <2), intermediate (score 2–6), 
and high (score >6) — with prevalences of PE of ≤10%, 30%, and 
≥70%, respectively [55]. A recent modifi cation of this score is 
suggested and validated by van Belle et al. [56] who 
categorized patients into those with scores ≤4 (“PE unlikely”) 
or >4 (“PE likely”). As in DVT, these protocols should 
be applied cautiously in pregnant patients, as they have 
only been validated in nonpregnant subjects and it is 
arguable that pregnancy should elevate the risk score even 
further.

Table 16.1 Deep vein thrombosis (DVT) clinical characteristic score. After 

Wells et al. [40,41].

Risk or Sign Points

Active cancer +1

Immobilization (cast, paralysis, paresis) +1

Bed rest >3 days or surgery within 12 weeks +1

Local tenderness along deep venous system +1

Entire leg swollen +1

Asymmetric calf swelling >3 cm (10 cm below tibial +1

 tuberosity)

Pitting edema only in symptomatic leg +1

Collateral nonvaricose superfi cial veins +1

Prior DVT +1

Alternative diagnosis at least as likely as DVT –2
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Nonspecifi c studies

Traditional investigations of patients with suspected PE have 
included electrocardiogram (ECG), arterial blood gases 
(ABG), chest X-ray (CXR), and echocardiography. Abnormali-
ties of the ECG may be present in 70–90% of patients with 
proven PE who do not have underlying cardiopulmonary 
disease, but these fi ndings are generally nonspecifi c [57,58]. 
The classic ECG changes associated with PE are S1, Q3, and 
inverted T3, but other fi ndings such as nonspecifi c ST changes, 
right bundle branch block, or right axis deviation may also be 
present. These latter fi ndings are usually associated with cor 
pulmonale and right heart strain or overload, refl ective of 
more serious cardiopulmonary compromise. The Urokinase 
Pulmonary Embolism Trial found that 26–32% of patients with 
massive PE had the above ECG changes [57]. A scoring criteria 
based on ECG changes was proposed by Sreeram et al. [59] to 
aid in the diagnosis of PE with ECG, but this approach has not 
been validated by prospective studies [60]. A lack of ECG 
changes should not reassure the physician who has a reason-
able suspicion of PE.

The ABG and oxygen saturation have limited value in the 
assessment for PE, particularly in a pregnant population. 
Measurements of Po2 are greater than 80 mmHg in 29% of PE 
patients less than 40 years old, although in patients over 40 
years, only 3% of patients with PE have such values, suggest-
ing that this is a useful test only in older populations and is not 
likely applicable to pregnancy [61]. In another study, up to 
18% of patients with PE had Po2 measurements of >85 mmHg 
[54]. The alveolar–arteriolar (A-a) oxygen tension difference 
appears to be a more useful indicator of disease with A-a gra-
dients of >20 mmHg present in 86% of patients with PE, 
although up to 6% of patients with APE in this same study had 
normal gradients [54].

The CXR may be abnormal — with pleural effusion, infi l-
trates, atelectasis, and elevated hemidiaphragm — in up to 84% 
of affected patients [54]. Traditional fi ndings of pulmonary 
infarction such as a wedge-shaped infi ltrate (“Hampton 
hump”) or decreased vascularity (“Westermark sign”) are 

rare [47]. The CXR may be valuable in ruling out other causes 
of hypoxemia, such as pulmonary edema or pneumonia. Thus, 
while a normal CXR in the setting of dyspnea, tachypnea, and 
hypoxemia in a patient without pre-existent pulmonary or 
cardiovascular disease is suggestive of PE, a chest radiograph 
cannot confi rm the diagnosis [47].

PE can create changes consistent with cor pulmonale 
and right heart strain, occasionally seen on echocardiogra-
phy. Abnormalities of right ventricular size or function on 
echocardiogram are seen in 30–80% of patients with PE 
although similar changes can be seen in exacerbations of 
chronic obstructive pulmonary disease [62–64]. Typical 
echocardiographic fi ndings include a dilated and hypo-
 kinetic right ventricle or tricuspid regurgitation, in the 
absence of pre-existing pulmonary arterial or left heart 
pathology. These fi ndings indicate a large embolus and poor 
prognosis. Transesophageal echocardiography improves the 
sensitivity of diagnosing main or right pulmonary artery 
emboli [65].

Pulmonary arteriography

In the past, intravenous contrast pulmonary arteriography or 
angiography was considered the gold standard for diagnosis 
of PE. Given this, it is considered to have a sensitivity and spe-
cifi city of 100%, although the sensitivity for smaller peripheral 
lesions decreases from 98% for lobar emboli, to 90% for seg-
mental and 66% for subsegmental emboli [47,66]. Angiogra-
phy involves venous catheterization through the femoral, 
basilic, or internal jugular veins and imaging with fl uoroscopy 
with a fi lling defect on two X-ray views of a pulmonary artery 
confi rming the diagnosis. Of all diagnostic modalities for PE, 
this technique involves the highest risk, including a 0.5% mor-
tality risk and a 3% complication rate, primarily as a result of 
the risks of contrast injection and catheter placement, includ-
ing respiratory failure (0.4%), renal failure (0.3%), cardiac per-
foration (1%), and groin hematoma requiring transfusion 
(0.2%) [55,66–68]. Relative contraindications to the procedure 
include renal failure and signifi cant hemorrhage risk (e.g., dis-
seminated intravascular coagulation or thrombocytopenia), 
while patients with evidence of cardiopulmonary compro-
mise also pose higher complication risks. Given this, we do not 
suggest the use of pulmonary arteriography in the initial 
stages of PE work-up, but rather only after all other available 
modalities have not effectively ruled out PE in high-risk 
patients.

d-dimer assays

As with evaluation of DVT, d-dimer is a sensitive, but not spe-
cifi c, test for PE and likely has a role as a screening test in the 
initial stages of PE work-up in low-risk patients. A negative d-
dimer concentration (<500 ng/mL), measured by sensitive 
enzyme-linked immunosorbent assay (ELISA), is associated 

Table 16.2 Pulmonary embolism (PE) clinical characteristic score. After 

Fedullo and Tapson [55].

Risk or Sign Points

Clinical signs and symptoms of DVT +3

Alternative diagnosis deemed less likely than PE +3

Heart rate >100 beats/min +1.5

Immobilization or surgery in previous 4 weeks +1.5

Prior VTE +1.5

Hemoptysis +1

Active cancer +1

DVT, deep vein thrombosis; VTE, venous thromboembolism.
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with a 95% negative predictive value, but only a 25% specifi -
city, for the diagnosis of PE in nonpregnant patients [47]. A 
meta-analysis of studies examining the accuracy of d-dimer in 
the diagnosis of PE in nonpregnant patients showed a sensitiv-
ity of 95% (88–100%), specifi city of 45% (38–53%), and positive 
and negative likelihood ratios of 1.74 (1.55–1.91) and 0.11 
(0.03–0.39), respectively [69]. The quantitative ELISA assay 
has a higher sensitivity (98% vs. 82%) but lower specifi city 
(40% vs. 63%) than the whole blood assay [69]. Because of 
increased concentrations of d-dimer in pregnancy and after 
surgery, the specifi city is likely even better for each test in 
antepartum and postpartum patients. Thus, a negative d-
dimer in a pregnant patient may effectively rule out PE in 
pregnancy. In conclusion, d-dimer testing, where available 
and in patients at low risk, may be a high-yield test to rule out 
PE in pregnancy.

Ventilation–perfusion scanning

In the past, the ventilation–perfusion (V/Q) scan had a critical 
role in the diagnosis of PE. This test uses comparative imaging 
of the pulmonary vascular bed and airspaces using intrave-
nous and aerosolized radiolabeled markers [38]. The compari-
son of the resultant two images allows for differential 
diagnostic probabilities (high, intermediate, low, or nor-
mal). Because the results are reported in probabilities, inter-
pretation relies on pretest risk scoring (similar to that 
described above) based on the signs, symptoms, and other 
diagnostic tests. More than 90% of high-risk patients with 
high-probability V/Q scans have PEs while less than 6% of 
low-risk patients with low-probability scans have a PE.

The PIOPED (Prospective Investigation of Pulmonary 
Embolism Diagnosis) study evaluated the accuracy of V/Q 
scanning in nearly 1000 patients (nonpregnant) with suspected 
PE [58]. Overall, high-probability V/Q scans correlated with 
PE in 87.2% of cases; however, only 41% of patients with PE 
had high-probability scans, yielding a sensitivity of 41% and a 
specifi city of 97%. When patients were classifi ed according to 
pretest risk, high-probability V/Q results were associated 
with PE in 95%, 86%, and 56% of high, moderate, and low-risk 
patients, respectively. Overall, intermediate probability, low 
probability, and normal scans were associated each with 
33.3%, 13.5%, and 3.9% risks of PE, respectively. Accordingly, 
PE can be present in a substantial proportion of patients with 
low and intermediate probability results if the pretest risk is 
high and as many as 44% of low-risk patients with a high prob-
ability will not have PE. This emphasizes the importance of 
pretest risk stratifi cation of the patient undergoing work-up 
for PE but also points out the limitations of the V/Q scan as a 
diagnostic modality. In cases of nondiagnostic V/Q results, 
further tests are necessary to avoid catastrophic consequences 
of undiagnosed PE or the hazards and inconveniences of 
unnecessary anticoagulation. In practice, fewer and fewer 
centers make available V/Q scanning and it is being 

rapidly displaced by computed tomography (CT) and MRI 
techniques.

Spiral computed tomographic pulmonary angiography

Spiral computed tomographic pulmonary angiography (spiral 
CT) scanning has emerged as the primary diagnostic modality 
for PE. This test uses intravenous contrast injection to visual-
ize the pulmonary vasculature during scanning with highly 
sensitive multidetector-row CT technology [47]. Sensitivity of 
this testing is high for large vessel emboli, but limited in small 
subsegmental vessels or vessels oriented horizontally (e.g., in 
the right middle lobe). Given its broad diagnostic capabilities, 
CT can be helpful in detecting nonembolic etiologies for the 
patient’s signs and symptoms, such as pneumonia or pulmo-
nary edema. Comparisons of spiral CT with V/Q scanning for 
patients with suspected PE shows higher accuracy for the 
former modality (90% vs. 54%), without any difference in the 
overall rate of detection of PE for each group [70]. Further 
meta-analysis of 23 studies showed a very low 3-month rate of 
subsequent venous thromboembolism and fatal PE after a 
negative spiral CT (1.4% and 0.51%, respectively) which 
approximates a negative pulmonary angiogram or a normal 
or near-normal V/Q scan [71]. Newer technology and thinner 
CT sections appear to improve the accuracy of spiral CT for 
diagnosing small-vessel emboli and may reduce overall false 
negative results to 5% [72].

Magnetic resonance angiography

Magnetic resonance angiography (MRA) uses intravenous 
gadolinium injection during MRI to visualize the pulmonary 
vasculature. This modality was initially limited by movement 
artefact but faster technology and improved capabil-
ities of image acquisition allow for timing to respiratory 
and cardiac motion (“gating”), allowing it to develop into a 
powerful tool for diagnosis of PE. Initial studies (in 30 patients) 
showed a sensitivity and specifi city of 100% and 95% and posi-
tive and negative predictive values of 87% and 100%, respec-
tively, for MRA in comparison with pulmonary arteriography 
[73]. However, a prospective study involving 141 patients 
showed an overall sensitivity of only 77% in comparison with 
pulmonary angiography, with the sensitivity broken down to 
40%, 84%, and 100% for isolated sub segmental, segmental, 
and central pulmonary emboli, respectively [74]. As MRA 
does not involve ionizing radiation, it is an appealing alterna-
tive to CT scanning and angiography for pregnancy, but 
further assessment in large trials will prove its ultimate utility 
as a primary diagnostic modality.

Lower extremity VUS evaluation

Approximately 90% of all pulmonary emboli arise from lower 
extremity DVTs and among patients with PE, half will have a 
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lower extremity DVT, including 20% of PE patients without 
signs or symptoms of lower extremity DVT [55]. Thus, in stable 
high-risk patients in whom V/Q scanning or other non-inva-
sive testing is nondiagnostic or even negative, evaluation of 
the leg veins for DVT can establish the need for anticoagula-
tion. However, in such cases, a negative VUS study is still asso-
ciated with a 25% risk of PE, suggesting that further studies are 
generally needed [75].

Work-up of patients with suspected PE

Evaluation of patients with suspected PE should begin with a 
pretest risk determination, as described earlier (Table 16.2). A 
proposed diagnostic algorithm for PE is outlined in Fig. 16.3. 
This approach incorporates pretest risk assessment and 
d-dimer testing in the initial triage of patients, as suggested by 
the work of van Belle et al. [56]. Their research involved a 
large, prospective, observational study of over 3000 nonpreg-
nant patients with clinical suspicion of PE to evaluate the 
diagnostic value of risk scoring, d-dimer testing, and spiral 
CT scanning. This algorithm classifi ed risk as either “PE 
unlikely” (Table 16.2 score ≤4) or “PE likely” (Table 16.2 
score >4). Those classifi ed as “unlikely” had d-dimer testing, 
and PE was ruled out if the d-dimer test result was normal 
(one-third of patients overall). These patients avoided addi-
tional testing, with a rate of subsequent VTE (all nonfatal) of 
0.5% in 3 months. All other patients (i.e., “PE likely”, plus those 
initially described as “PE unlikely” with positive d-dimer 
results) underwent sensitive spiral CT scanning. A PE was 
considered present or excluded based on the CT results. In the 
two-thirds of patients requiring spiral CT, a PE was detected in 
20.4%, and these patients received treatment. Of the remain-
ing 45.5% of patients in whom the CT angiogram was 
negative, 95% were not treated and the prevalence of subse-
quent fatal PE was less than 1%, a risk that is comparable to the 

rate of fatal PE after a negative intravenous contrast pulmo-
nary angiogram. This very simple diagnostic paradigm 
employing a simple clinical assessment, d-dimer testing, and 
CT angiography may also be an effi cient and effective diag-
nostic approach in pregnancy. However, these results, as well 
as this use of d-dimer testing and the risk scoring system, have 
not been validated in pregnancy. The approach described in 
Fig. 16.3 retains the option of employing traditional pulmo-
nary angiography or MRA imaging in high-risk pregnant 
patients in whom the spiral CT is negative but where clinical 
suspicion persists. However, some radiology departments 
may have suffi cient confi dence in their spiral CT sensitivity to 
forgo contrast pulmonary angiography altogether. Consulta-
tion with a radiologist before ordering these tests is highly 
recommended.

In short, there is growing consensus that because of its wide 
application, high accuracy, and increasing experience, spiral 
CT scanning should be the initial modality of choice. In patients 
with concomitant symptoms of DVT, these tests may be 
delayed following lower extremity VUS examination, as the 
documentation of lower extremity DVT will require anticoag-
ulation regardless of the pulmonary fi ndings.

Fetal risks of radiation exposure

Fetal ionizing radiation exposure during the work-up of DVT 
and PE is a concern for the clinician and patient. The American 
College of Obstetricians and Gynecologists (ACOG) contends 
that exposure to less than 5 rad is not associated with increases 
in pregnancy loss or fetal anomalies [76]. However, exposure 
to doses above 1 rad may create a slightly increased risk of 
childhood leukemia (from 1 in 3000 baseline to 1 in 2000) 
[77,78]. Table 16.3 provides the radiation exposure of various 
radiation modalities. A traditional combination of CXR, V/Q 
scan, and pulmonary angiography — an extensive work-up 
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Fig. 16.3 Patient with signs and symptoms of pulmonary embolism (PE).

Table 16.3 Fetal radiation exposure of various ionizing modalities. After 

Toglia and Weg [6].

Radiological Modality Fetal Radiation Exposure (rad)

Chest X-ray <0.01

Venography

 Limited, shielded <0.05

 Full (unilateral), unshielded 0.31

Pulmonary angiography

 Brachial vein 0.05

 Femoral vein 0.22–0.37

V/Q scan

 Ventilation scan 0.001–0.019

 Perfusion scan 0.006–0.012

Spiral CT 0.013

CT, computed tomography; V/Q, ventilation–perfusion.



Chapter 16

140

nonetheless — exposes the fetus to less than 0.5 rad [6]. The cli-
nician should be aware of these exposure guidelines and 
thoughtfully use the appropriate tests that will safely provide 
a diagnosis.

Because of a potential effect of maternal radiographic 
contrast on the fetal thyroid gland (goiter), hyperthyroidism 
should be ruled out with fetal heart rate checks in the 
antepartum period and thyroid function tests in the neonatal 
period [79]. Ultrasonography has not been associated with 
any adverse fetal effects. There is also no evidence that MRI, 
particularly with magnets of ≤1.5 tesla, or gadolinium expo-
sure contributes to any risk to the fetus [79].

Conclusions

Avoidance of hemorrhage and thrombosis presents paradoxi-
cal challenges to the pregnant patient. Processes promoting 
hemostasis and endogenous anticoagulation are held in deli-
cate equipoise, and the adaptations to and conditions of preg-
nancy predispose the gravid woman to increased 
risk of thromboembolic disease. Careful evaluation of risk 
of thromboembolic disease is critical to informing the 
appropriate steps to take in diagnosis. The knowledge of the 
pathophysiology of thrombosis helped develop d-dimer 
testing, an effective test for ruling out venous thromboembo-
lism in nonpregnant patients. Lower extremity VUS and spiral 
CT scanning, in combination with these initial assessments, 
are critical tools in the diagnosis of DVT and PE, respectively.

Case presentation 1

A 42-year-old G1 P0 infertility patient is status post-ovulation 
induction, in vitro fertilization, and transfer of three embryos 
resulting in a triplet gestation. Following several admissions 
for recurrent severe nausea and vomiting with weight loss she 
has been resting at home for the past 4 days heavily sedated by 
her antiemetic regimen. She awakens late at night with left calf 
and thigh pain. She is seen in her physician’s offi ce the follow-
ing morning. She denies dyspnea and, other than mild calf and 
posterior thigh tenderness to palpation, has no signs or symp-
toms of DVT. A venous ultrasound is ordered and she is found 
to have thrombosis involving the proximal thigh and calf 
veins. She is begun on therapeutic doses of low molecular 
weight heparin.

Case presentation 2

A 27-year-old G2 P1 at 27 weeks’ gestation complains of left 
calf pain which she believes began following the development 
of a painful muscle cramp which awoke her the night before. 
She is seen in her physician’s offi ce and has an unremarkable 

exam except for bilateral trace lower extremity edema. She is 
quite healthy, exercises regularly, and has no personal or 
family history of thrombosis. A d-dimer is ordered which 
returns negative. She is given instructions to call if the pain 
worsens or she develops unilateral lower extremity swelling, 
or dyspnea.
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17 Cardiac disease in pregnancy
Stephanie R. Martin and Michael R. Foley

Advances in diagnosis and treatment of congenital cardiac 
lesions have led to dramatically improved survival. Conse-
quently, the predominant form of cardiac disease encountered 
during pregnancy has shifted from primarily rheumatic in 
origin to congenital heart disease [1–5]. During the mid-1950s, 
rheumatic heart disease during pregnancy was 16 times more 
likely than congenital disease. By 1967, this ratio had reversed 
to 3 : 1 (congenital : acquired) heart disease during pregnancy 
[1,2]. According to the National Center for Health Statistics in 
2004, the number of patients postponing childbearing beyond 
40 years is also growing and is expected to increase the likeli-
hood of other comorbid conditions, including cardiac disease. 
Despite complicating only 4% of all pregnancies in the USA, a 
disproportionate number of maternal deaths (10–25%) can be 
attributed to cardiac disease [6–8]. Intensive care unit (ICU) 
admissions because of maternal cardiac disease comprise up 
to 15% of obstetric ICU admissions, yet these patients account 
for up to 50% of all maternal deaths in the ICU [9–15]. Assess-
ment of the pregnant patient with cardiac disease can be chal-
lenging as many common complaints of normal pregnancy 
such as dyspnea, fatigue, palpitations, orthopnea, and pedal 
edema mimic symptoms of worsening cardiac disease. Obstet-
ric patients with cardiac disease are susceptible to a number of 
potential complications resulting from the signifi cant physio-
logic changes associated with pregnancy and delivery. This 
chapter outlines the expected hemodynamic and physiologic 
changes occurring in pregnancy and reviews prognosis and 
management recommendations for obstetric patients with 
congenital and acquired cardiac lesions.

Physiologic changes

The adaptations that occur during normal pregnancy place 
substantial demands on cardiac function. Table 17.1 [16,17] 
summarizes hemodynamic changes in pregnancy. Numerous 
physiologic changes develop over the course of pregnancy; 
however, the greatest impact on a potentially compromised 

cardiovascular system is a result of four fundamental 
alterations: increased intravascular volume, decreased sys-
temic vascular resistance, increased cardiac output and 
hypercoagulability.

During pregnancy, total blood volume and plasma volume 
increase by approximately 50%. However, the red cell mass 
rises by only 33%, ultimately resulting in a decreased hemo-
globin and hematocrit, as demonstrated in Figs 17.1 and 17.2. 
The heart is able to accommodate this increase in volume pri-
marily because of decreased systemic vascular resistance. 
Consequently, systolic and diastolic blood pressures drop 
during pregnancy, reaching a nadir between 24 and 32 weeks’ 
gestation. Cardiac output increases to 30–50% above prepreg-
nant levels by the end of the third trimester and may increase 
by an additional 50% in the second stage of labor [16]. Strik-
ingly, half of the increase in cardiac output occurs by 8 weeks’ 
gestation [18]. Profound alterations in the coagulation cascade 
also occur, including increases in fi brinogen and factor VIII 
levels, resulting in a thrombophilic state that predisposes 
patients to the development of thromboembolic complica-
tions (Table 17.2). These changes will also impact the fi ndings 
on various cardiovascular tests as outlined in Table 17.3 [19].

Counseling the patient

Functional status for patients with cardiac disease is com-
monly classifi ed according to the New York Heart Association 
(NYHA) classifi cation system as outlined in Table 17.4. The 
utility of this classifi cation system during pregnancy is limited 
because it does not address specifi c lesions. However, as 
expected, patients with NYHA class I or II have less risk of 
complications compared with those in class III or IV [4]. In the 
1987 edition of Critical Care Obstetrics, a guideline was intro-
duced that classifi ed various cardiac abnormalities according 
to maternal death risk estimates (Table 17.5) [20]. Disorders 
associated with less than a 1% risk of death were considered 
minimal risk, moderate risk disorders carried a 5–15% risk of 
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Measurement Normal Value % Change in Pregnancy

Heart rate (beats/min) 71 ± 10 +10–20%

Stroke volume (mL) 73.3 ± 9 +30%

Cardiac output (L/min) 4.3 ± 0.9 +30–50%

Blood volume (L)    5 +20–50%

Systemic vascular resistance 1530 ± 520 –20%

 (dyne/cm/s)

Mean arterial pressure (mmHg) 86.4 ± 7.5 Not signifi cant

Oxygen consumption (mL/min)  250 +20–30%
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Fig. 17.1 Alterations in stroke volume and heart rate during pregnancy.

Fig. 17.2 Changes in plasma volume, red cell volume, and hematocrit 

during pregnancy.

Table 17.1 Expected cardiovascular changes in 

pregnancy. After Clark et al. [16] and Elkayam and 

Gleicher [17].

Table 17.3 Changes in cardiovascular tests during pregnancy. After Gei 

and Hankins [19].

Cardiovascular Exam Findings in Pregnancy

Chest X-ray Apparent cardiomegaly

 Enlarged left atrium

 Increased vascular markings

Electrocardiography Right axis deviation

 Right bundle branch block

  ST segment depression of 1 mm on left 

 precordial leads

 Q waves in lead III

 T wave inversion in leads III, V2 and V3

Echocardiography Trivial tricuspid regurgitation

 Pulmonary regurgitation

 Increased left atrial size

  Increased left ventricular end-diastolic 

 dimensions by 6–10%

 Mitral regurgitation

 Pericardial effusion

Table 17.2 Clotting factor changes in pregnancy.

Factor II (prothrombin) Unchanged

Factors VII–X, XII Increased

Fibrinogen Increased

Platelets Unchanged

mortality, and major risk disorders were considered to have a 
mortality risk in excess of 25%. This classifi cation system cer-
tainly provided more information with which to counsel 
patients; however, the patient’s particular history is not taken 
into consideration. In 1997, Siu et al. [21] identifi ed several 
independent risk factors for cardiac complications such as 
congestive heart failure, stroke, or arrhythmia, based on a 
series of 252 pregnant patients with a variety of cardiac dis-
eases. The most signifi cant risk factors for complications 
include a NYHA class III or IV, cyanosis, history of an arrhyth-
mia, pulmonary vascular disease, ejection fraction of less than 
40%, or signifi cant mitral or aortic valve obstruction.
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3 Left heart obstruction (mitral valve area <2 cm2, aortic valve 
area <1.5 cm2, peak left outfl ow gradient >30 mmHg); and
4 Ejection fraction less than 40%.
The risk of maternal complications was directly proportional 
to the numbers of risk factors identifi ed. Five percent of 
patients with none of the four predictors developed a compli-
cation, whereas the addition of only one risk factor increased 
the adverse event rate to 27%. The incidence of complications 
increased to 75% in patients with more than one predictor 
(Table 17.6) [22]. Pulmonary edema and arrhythmias were the 
most commonly encountered complications. The route of 
delivery did not affect the complication rate. Six patients (1%) 
died secondary to stroke or cardiac decompensation. In the 
same study, the strongest predictors for neonatal complica-
tions were NYHA class II or above, heparin or Coumadin use 
during pregnancy, smoking, multiple gestation, and left heart 
obstruction. Twenty percent of the pregnancies in this study 
delivered small for gestational age infants or delivered 
prematurely.

In a subsequent study, the same authors prospectively com-
pared 300 pregnant women with cardiac disease with controls, 
primarily to evaluate neonatal and cardiac outcomes [23]. In 
this group of patients, 64% had a congenital cardiac lesion, 
28% had acquired lesions, and the remaining 8% had dys-
rhythmias. Forty-one percent of the gravidas had undergone 
previous surgical interventions. As expected, the rate of 
miscarriage and neonatal complications such as intraventricu-
lar hemorrhage, delivery before 34 weeks’ gestation, and neo-
natal death occurred more commonly in gravidas with cardiac 
disease compared with controls. However, the addition of risk 
factors such as smoking, anticoagulant use, and multiple ges-
tations in a patient with cardiac disease further escalated the 
risk of neonatal complications to twice that of the control 
group. In this study 17% of patients with cardiac disease had a 
cardiac complication, 94% of which were caused by cardiac 
failure or dysrhythmias. In this study, delivery by cesarean 
section occurred more commonly in patients with cardiac 
disease (29% vs. 23%), but preeclampsia and hemorrhage 

Table 17.5 Maternal mortality associated with pregnancy. 

After Clark [20].

Group 1 — Mortality <1%

Atrial septal defect

Ventricular septal defect

Patent ductus arteriosus

Mitral stenosis: NYHA class I & II

Pulmonic/tricuspid valve disease

Corrected tetralogy of Fallot

Bioprosthetic valve

Group 2 — Mortality 5–15%

Group 2A

Mitral stenosis: NYHA class III & IV

Aortic stenosis

Coarctation of aorta without valvular involvement

Uncorrected tetralogy of Fallot

Previous myocardial infarction

Marfan syndrome with normal aorta

Group 2B

Mitral stenosis with atrial fi brillation

Artifi cial valve

Group 3 — Mortality 25–50%

Pulmonary hypertension

 Primary

 Eisenmenger

Coarctation of aorta with valvular involvement

Marfan syndrome with aortic involvement

Peripartum cardiomyopathy with persistent left ventricular dysfunction

NYHA, New York Heart Association.

Table 17.6 Predicting adverse cardiac events during pregnancy. 

After Siu et al. [22].

Number of risk factors Risk of adverse event (%)

0  5

1 27

2 or more 75

Risk factors:

 (1) A history of heart failure, transient ischemic attack, stroke or arrhythmia

(2) Prepregnancy NYHA class III or IV

(3) Left heart obstruction (mitral or aortic valve stenosis)

(4) Ejection fraction <40%

Most common adverse events: pulmonary edema, arrhythmias.

NYHA, New York Heart Association.

Table 17.4 New York Heart Association (NYHA) functional classifi cation 

system.

Class I  No limitations of physical activity. Ordinary physical activity does 

not precipitate cardiovascular symptoms such as dyspnea, 

angina, fatigue, or palpitations

Class II  Slight limitation of physical activity. Ordinary physical activity will 

precipitate cardiovascular  symptoms. Patients are comfortable at 

rest

Class III  Less than ordinary physical activity precipitates symptoms that 

markedly limit activity. Patients  are comfortable at rest

Class IV  Patients have discomfort with any physical activity. Symptoms are 

present at rest

More recently, in the CARPREG study, Siu et al. [22] pro-
spectively evaluated 617 pregnancies complicated by mater-
nal cardiac disease. Four predictors of maternal complications 
were identifi ed:
1 A history of heart failure, transient ischemic attack, stroke, 
or arrhythmia;
2 Prepregnancy NYHA class II or above;
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developed with equal frequency in patients with and without 
cardiac disease.

Considering the patient’s prior history of cardiac events and 
evaluation of functional status is important for accurate coun-
seling regarding maternal and fetal risks. However, 
the greatest risk for maternal mortality continues to be for 
those patients with coronary artery disease, pulmonary hyper-
tension, endocarditis, cardiomyopathy, and arrhythmias 
[3,24].

Risk of fetal cardiac abnormalities

Patients with congenital cardiac abnormalities should also be 
counseled regarding the increased risk of fetal structural 
cardiac anomalies. This risk is estimated to be between 8.8% 
and 14.2%, a signifi cant increase above the population risk of 
0.08% of live births [25,26]. Paternal cardiac abnormalities also 
increase the risk of congenital cardiac disease; however, mater-
nal disease poses the greatest risk by up to 3.5 times. Patients 
with aortic stenosis and ventricular septal defect appear to be 
at greatest risk for transmission; however, the lesion may be 
different from that of the parent [27–30]. Therefore, fetal 
echocardiography is recommended for all patients with a con-
genital cardiac abnormality. Table 17.7 [31] outlines the risks 
of congenital cardiac disease by maternal disorder.

Valvular heart disease

Acquired valvular lesions are typically sequelae of rheumatic 
fever; however, valvular endocarditis secondary to intra-
venous drug use is not uncommon. During pregnancy, most 
morbidity and mortality from these lesions is associated with 
dysrhythmias and congestive failure resulting in pulmonary 
edema. The degree of risk for the development of complica-
tions depends on the specifi c valve lesion, number of valves 
involved, and the degree of valvular obstruction, particularly 
of the mitral and aortic valves. However, pregnancy does not 
appear to adversely affect long-term sequelae for women with 
rheumatic heart disease who survive the pregnancy. Tables 
17.8 and 17.9 [32] outline the current recommendations for the 

prevention of systemic bacterial endocarditis in pregnant 
patients with valvular abnormalities [33]. Each valvular lesion 
will be addressed in the sections that follow. Table 17.10 [34] 
presents a summary of relative maternal and fetal risk in 
patients with valvular abnormalities.

Mitral stenosis

Congenital mitral stenosis is rare; rheumatic heart disease 
accounts for the majority of mitral valve disease. In fact, mitral 
stenosis is the most common rheumatic valvular lesion 
encountered in pregnancy [35]. The normal mitral valve area 
is 4–5 cm2. As the mitral valve orifi ce diminishes in size, fi lling 
of the left ventricle during diastole becomes progressively 
limited and cardiac output becomes more fi xed. In nonpreg-
nant patients, patients are asymptomatic until the valve area 
falls below 2 cm2. Moderate mitral stenosis is defi ned as a valve 
area measuring between 1 and 1.5 cm2; less than 1 cm2 valve 
area defi nes severe mitral stenosis [36]. Patients with moder-
ate to severe limitations of the valve area may not tolerate the 
normal increase in cardiac output, blood volume, and heart 
rate of pregnancy and should ideally have the valve repaired 
prior to pregnancy. Patients who remain symptomatic despite 
conservative management may be candidates for surgical 
intervention during pregnancy. Case reports of over 100 
women describe percutaneous balloon mitral valvuloplasty 
as a safe and effective procedure during pregnancy [37–39]. 
Mitral stenosis may be undiagnosed prior to pregnancy and 
become apparent only when challenged by the normal physi-
ologic changes. These patients may present with atrial fi brilla-
tion and/or pulmonary edema as the initial diagnostic clue to 
underlying mitral stenosis. In a recent series of 80 pregnancies 
complicated by mitral stenosis, 38% of patients with moderate 
mitral stenosis (valve area less than 1.5 cm2) and 67% of patients 
with severe mitral stenosis (valve area less than 1 cm2) experi-
enced a cardiac event. However, even patients with mild sten-
osis experienced complications in 11% of cases. The most 
common maternal complications were pulmonary edema and 
arrhythmias, primarily atrial fi brillation and supraventricular 
tachycardia. A history of prior cardiac events and moderate or 
severe stenosis were the strongest independent predictors of 

 

Cardiac lesion Prior affected sibling Father affected Mother affected

Tetralogy of Fallot 2.5 1.5  2.6

Aortic coarctation   14.1

Atrial septal defect 2.5 1.5  4.6–11

Ventricular septal defect 3 2  9.5–15.6

Pulmonary stenosis 2 2  6.5

Aortic stenosis 2 3    15–17.9

Table 17.7 Risk of fetal congenital cardiac 

defects (%). After Lupton et al. [31].
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 Need for Prophylaxis

 Uncomplicated
Endocarditis Risk Vaginal Delivery Cesarean Section

High-risk

Prosthetic cardiac valve Optional Not recommended

Prior bacterial endocarditis

Complex congenital cyanotic heart disease

Surgically constructed shunts

Moderate-risk

Other congenital cardiac malformations Not recommended Not recommended

Rheumatic heart disease (or other acquired

 valvular disease)

Hypertrophic cardiomyopathy

Mitral valve prolapse with leafl et thickening

 and/or regurgitation

Negligible-risk

Mitral valve prolapse without regurgitation Not recommended Not recommended

Physiologic, functional, or innocent murmurs

Previous rheumatic fever without valvular 

 dysfunction

Table 17.9 Antibiotic regimens for genitourinary and gastrointestinal 

procedures. After Dajani et al. [32].

Situation Regimen

High-risk patients  Ampicillin 2 g IM/IV plus gentamicin 

1.5 mg/kg (not to exceed 120 mg) within 

30 min of starting procedure; 6 h later, 

ampicillin 1 g IM/IV or amoxicillin 1 g orally

High-risk patients with  Vancomycin 1 g IV over 1–2 h plus

penicillin allergy  gentamicin 1.5 mg/kg IV/IM (not to exceed 

120 mg), complete infusion within 30 min 

of starting procedure

Moderate-risk patients  Amoxicillin 2 g orally 1 h before starting 

 procedure, or ampicillin 2 g IM/IV within 

30 min of starting procedure

Moderate-risk patients  Vancomycin 1 g IV over 1–2 h, complete

with penicillin allergy  infusion within 30 min of starting 

procedure

Table 17.8 American Heart Association (AHA) 

and American College of Cardiology (ACC) Task 

Force recommendations on chemoprophylaxis for 

bacterial endocarditis. After Dajani et al. [32].

maternal complications. Sixty percent of patients experience 
the initial episode of pulmonary edema during the antepar-
tum period, at a mean gestational age of 30 weeks. The most 
common neonatal complication was prematurity [40].

Management of patients with mitral stenosis should focus 
on two primary goals: (i) prevention of tachycardia; and (ii) 

maintenance of left ventricular fi lling (preload). As the heart 
rate increases, less time is allowed for the left atrium to ade-
quately empty and fi ll the left ventricle during diastole. As a 
result, the left atrium may become overdistended, resulting in 
dysrhythmias (primarily atrial fi brillation, which will increase 
the risk of thromboembolic complications), pulmonary edema, 
or both. Tachycardia is likely to develop as a result of pain, 
exertion, anxiety, or following the administration of beta-ago-
nists such as terbutaline. Cardiac output can fall dramatically 
and lead to hypotension and/or sudden onset of pulmonary 
edema. Tachycardia can be avoided by aggressive pain man-
agement and avoidance of exertion during labor. Some 
patients may require therapy with beta-blockers to maintain 
heart rate below 90–100 beats/min. During labor, short-acting 
intravenous beta-blockers, such as esmolol, are recommended 
instead of longer acting oral agents.

The second major consideration for patients with mitral 
valve stenosis is maintenance of left ventricular fi lling (ade-
quate preload). Excessive venous return to the heart (preload) 
may lead to pulmonary edema and atrial dysrhythmias as a 
result of overdistension. However, overcoming the obstruc-
tion to left ventricular fi lling depends on high fl uid volumes to 
maintain forward fl ow. Therefore, the use of diuretics should 
be carried out cautiously to avoid inadvertent decreases in left 
ventricular fi lling and therefore cardiac output. Unlike aortic 
stenosis, the utility of pulmonary artery catheterization 
to monitor left ventricular preload is limited as pulmonary 
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capillary wedge pressure may refl ect a false increase in mean 
wedge pressure in the setting of mitral stenosis. Epidural anes-
thetic use is appropriate during labor to minimize tachycardia 
caused by pain or anxiety and therefore control fl uctuations in 
cardiac output. Care should be taken to avoid sudden decrease 
in preload caused by abrupt sympathetic blockade from local 
anesthetics. The use of narcotic agents in the epidural space 
should be considered as an alternative to local anesthetics for 
pain relief during labor.

Medical management of these patients involves avoiding 
tachycardia with activity restriction or beta-blockers when 
necessary, appropriate treatment of dysrhythmias if present, 
and careful diuretic use. The section on dysrhythmias 
addresses anticoagulation issues in patients with atrial 
fi brillation.

Pulmonic and tricuspid lesions

Pulmonic stenosis is a common congenital lesion; however, in 
an adult population, isolated pulmonic and tricuspid valvular 
abnormalities are more commonly brought about by valvular 
endocarditis from intravenous drug use than by rheumatic 
heart disease. The physiologic changes of pregnancy are toler-
ated well by patients with pulmonic or tricuspid valvular 
abnormalities. Patients with severe pulmonic obstruction 
(transvalvular pressure gradient exceeding 60 mm) are at 
highest risk for complications such as right heart failure and if 
symptomatic may be a candidate for percutaneous valvulo-
plasty. One study describes a 2.8% risk of congestive heart 
failure; however, most series indicate maternal and fetal risks 
are minimal [27,41].

Mitral and aortic regurgitation

Mitral regurgitation is most commonly secondary to mitral 
valve prolapse in pregnant women [36]. Aortic regurgitation 
is usually rheumatic in origin. The increased heart rate and 
decreased systemic vascular resistance that occur normally in 
pregnancy favor forward fl ow of blood, therefore both lesions 
are tolerated quite well in pregnancy. However, patients with 
long-standing mitral or aortic insuffi ciency may have left ven-
tricular dysfunction resulting from chronic ventricular dilata-
tion and are therefore at increased risk for complications [42]. 
The decreased systemic vascular resistance that occurs follow-
ing epidural placement is generally not problematic; however, 
it should be undertaken with caution as one death has been 
reported [43]. Chronic mitral regurgitation may also lead to 
signifi cant left atrial enlargement which increases the risk for 
the development of atrial fi brillation. If this occurs, antiarrhyth-
mic therapy is indicated and anticoagulation should be 
considered.

Mitral valve prolapse

Mitral valve prolapse is present in up to 3% of the general pop-
ulation but may be present in up to 17% of young women, 
making it one of the most common cardiac issues during preg-
nancy [44]. Because most women are asymptomatic, the diag-
nosis is generally made incidentally. The increased blood 
volume and decreased systemic vascular resistance of preg-
nancy improve the mitral valve function so patients can be 
expected to tolerate pregnancy well. Occasionally, symp-
toms of palpitations will prompt therapy, usually with beta-

Table 17.10 Classifi cation of valvular heart lesions according to maternal and fetal risks. After Reimold and Rutherford [34].

Low Maternal and Fetal Risks High Maternal and Fetal Risks High Maternal Risks

Asymptomatic aortic stenosis with a low mean outfl ow Severe aortic stenosis with or without symptoms Ejection fraction <40%

gradient (<50 mmHg); normal LV systolic function

Aortic regurgitation, NYHA class I or II with normal LV Aortic regurgitation, NYHA class III or IV Previous heart failure

function

Mitral regurgitation, NYHA class I or II, normal LV Mitral stenosis, NYHA class II, III or IV Previous stroke or transient 

function  ischemic attack

Mitral valve prolapse with none to moderate mitral Mitral regurgitation, NYHA class III or IV

regurgitation, normal LV function

Mild to moderate mitral stenosis, no pulmonary hypertension Aortic or mitral valve disease with pulmonary hypertension

Mild to moderate pulmonary valve stenosis Aortic or mitral valve disease with LV dysfunction

 Maternal cyanosis

 NYHA class III or IV

LV, left venticle; NYHA, New York Heart Association.
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blockers. The incidence of antepartum and postpartum 
complications is no different from the general population, 
therefore no special precautions need to be taken during the 
pregnancy or labor and delivery. Antibiotic prophylaxis for 
systemic bacterial endocarditis is not recommended for mitral 
valve prolapse unless regurgitation is also confi rmed [33].

Aortic stenosis

Aortic stenosis can develop as a consequence of rheumatic 
fever in which case it usually occurs in conjunction with other 
valvular abnormalities. However, congenital aortic stenosis is 
quite common, and when identifi ed in younger patients it is 
usually caused by a bicuspid aortic valve [36]. The hypervo-
lemia and increased cardiac output of pregnancy are well tol-
erated by patients with mild disease (valve area >1.5 cm2, peak 
gradient <50 mmHg). However, as the orifi ce becomes pro-
gressively more stenotic, fl ow across the valve becomes pro-
gressively limited and the velocity of fl ow increases. This 
resistance serves as an impediment to increasing cardiac 
output but is not considered hemodynamically signifi cant 
until the valve opening is decreased to one-quarter the normal 
diameter of 3–4 cm2. These patients may be unable to maintain 
coronary or cerebral perfusion and can develop angina, myo-
cardial infarction, syncope, or sudden death. Patients with a 
valve area of less than 1 cm2, peak gradient of more than 
75 mmHg, or an ejection fraction less than 55% have severe 
disease and should be evaluated for surgical correction, pref-
erably prior to conception [36].

Complications arise in pregnant patients with aortic steno-
sis primarily as result of the inability to maintain cardiac 
output. The typical 40–50% increase in cardiac output is 
unlikely to result in pulmonary edema unless mitral valve 
disease is coexistent. However, labor and delivery or preg-
nancy termination is a particularly risky time for these patients. 
Any factor leading to diminished venous return (preload) will 
cause an increase in the valvular gradient, diffi culty overcom-
ing the obstruction, and ultimately diminished cardiac output. 
Diminished venous return may result from many common 
obstetric anesthetic complications including: hypotension 
resulting from blood loss or intravascular volume depletion; 
ganglionic blockade from regional anesthesia; or supine vena 
caval occlusion by the pregnant uterus. Exertion may place 
additional demands on cardiac output and may lead to coro-
nary artery ischemia or inadequate cerebral perfusion which 
will manifest as angina, myocardial infarction, syncope, or 
sudden death. Limitation of physical activity is recommended 
for patients with severe disease.

Maintenance of adequate venous return and avoidance of 
exertion will minimize the risk of dangerous decreases in 
cardiac output. However, these patients are also at risk for the 
development of pulmonary edema resulting from limitations 
in the ability to increase cardiac output in response to 
increasing volume, therefore judicious use of intravenous 

fl uids is recommended. Pulmonary artery catheterization 
may be indicated in patients with signifi cant aortic stenosis to 
estimate intravascular volume accurately and guide fl uid 
replacement. Because hypovolemia and decreased venous 
return present much higher risks for life-threatening compli-
cations to the patient than pulmonary edema, pulmonary 
artery wedge pressures should be maintained in the range of 
15–17 mmHg.

Historically, the risk of death in pregnant patients with 
aortic stenosis has been reported to be as high as 17%. Fortu-
nately, more recent data indicate that patients with aortic sten-
osis but without coronary artery disease, who receive adequate 
care, have a minimal risk of dying [41,45]. In one recent series 
of 49 pregnancies complicated by congenital aortic stenosis, 
cardiac complications occurred in 6% of patients with severe 
disease, including one patient who required percutaneous 
valvuloplasty at 12 weeks’ gestation. Prematurity and small 
for gestational age babies complicated 10% of pregnancies. 
Fifty percent of patients with severe aortic stenosis required 
cardiac surgery in the fi rst 4 years after delivery; however, it 
remains unclear whether the pregnancy negatively impacted 
the need for surgical intervention [46]. In contrast, in a series of 
1000 pregnant women with cardiac disease, 65% of those with 
moderate or severe aortic stenosis experienced cardiac com-
plications, including one maternal death [47].

Mechanical heart valves

All patients with mechanical heart valves require life-long 
anticoagulation to decrease the risk of thromboembolic 
complications. In the nonpregnant population, warfarin is 
the recommended agent to maintain a target international 
normalized ratio (INR) between 2.0 and 3.5, depending on the 
type and location of the valve. Patients with biologic valves 
do not require anticoagulation beyond the initial 3 months 
post-replacement unless they also have an additional risk factor 
for thromboembolic disease such as atrial fi brillation [36].

Recommendations for anticoagulation in pregnant women 
with mechanical heart valves is among the most controversial 
and challenging problems in obstetrics. The overall risk of 
maternal death reported in a recent meta-analysis is 2.9% [48]. 
The three currently available medications are warfarin, unfrac-
tionated heparin (UFH), and low molecular weight heparin 
(LMWH). Warfarin crosses the placenta and is associated with 
a risk of fetal malformations including a well-described 
embryopathy consisting of nasal and limb hypoplasia and epi-
physeal stippling. The risk of anomalies appears to be greatest 
when exposure occurs between 6 and 12 weeks’ gestation [49]. 
Intracranial hemorrhage is also a concern if warfarin is taken 
during the second and third trimesters and is postulated to be 
the cause of rare central nervous abnormalities [50]. Spontane-
ous abortion rates and pregnancy loss rates are more common 
if warfarin is taken during the pregnancy and are highest (21% 
and 30%, respectively) if warfarin is taken in the fi rst trimester 
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Table 17.11 American Heart Association (AHA) and American College of 

Cardiology (ACC) recommendations for the management of anticoagulation 

in pregnant women with mechanical valve prostheses. After Bonow et al. 

[36].

Preconception

Evaluation of cardiac functional status and previous cardiac events

Echocardiogram to assess valvular and ventricular function and pulmonary 

 artery pressures

Discussion regarding risks of pregnancy with respect to cardiac status and 

 anticoagulation requirements

Family planning discussion

Conception through completion of fi rst trimester

Change to therapeutic, adjusted-dose unfractionated heparin (titrated to 

 a mid-interval therapeutic PTT or anti-factor Xa level)

Weeks 12–36

Warfarin therapy

Week 36

Discontinue warfarin

Change to unfractionated heparin titrated to a mid-interval therapeutic 

 PTT or anti-factor Xa level

Delivery

Resume heparin therapy 4–6 hours after delivery if no contraindications

Resume warfarin therapy the night after delivery if no contraindications

PTT, partial thromboplastin time.

Table 17.12 Alternative recommendations for the management of 

anticoagulation in pregnant women with mechanical valve prostheses 

utilizing low molecular weight heparin (LMWH) [50,53,58,59].

Option 1  UFH throughout gestation to maintain anti-Xa levels 

>0.3 units/mL or mid-interval APTT > twice control

Option 2  LMWH twice daily throughout gestation to maintain peak (4–

6 hours post-injection) anti-Xa levels 0.5–1.5 units/mL and 

trough levels >0.5–0.7 units/mL

Option 3  Option 1 or 2 above until 12 completed weeks of gestation 

and resume at 36 weeks, give warfarin to maintain INR 2.5–

3.5 between 13 and 36 weeks’ gestation

APTT, activated partial thromboplastin time; INR, international normalized 

ratio; UFH, unfractionated heparin.

and continued throughout gestation [48]. While not effective 
at preventing all thromboembolic complications in pregnant 
patients with mechanical heart valves, it does appear to be 
superior to UFH. Warfarin throughout gestation is associated 
with a 3.9% risk of thromboembolic complications and a 1.8% 
risk of death. Substituting heparin during the teratogenic 
period increases the maternal risks to 9.2% incidence of throm-
boembolic disease and a 4.2% risk of death. Adjusted dose 
UFH without warfarin use is associated with an ever greater 
risk of maternal adverse outcomes: 25% risk of thrombo-
embolic issues and 6.7% risk of death.

LMWH is a third alternative for anticoagulation. Like UFH 
it does not cross the placenta, but the potentially lower risk for 
osteoporosis and heparin-induced thrombocytopenia, and in 
particular the longer half-life, offer other advantages for its 
use [51]. However, it is not only less studied for this indication 
than warfarin and UFH, but the manufacturer of one LMWH, 
Lovenox (enoxaparin sodium), recently issued a warning 
statement against the use of Lovenox for thromboprophylaxis 
in pregnant patients with prosthetic valves [52]. This state-
ment was issued after two maternal and fetal deaths occurred 
in patients receiving Lovenox 80 mg twice daily as part of a 
clinical research trial. According to a recent review article, 
anti-Xa levels were monitored but not used to adjust dos-
age; the authors suggest that inadequate dosage of Lovenox 
may have contributed to the development of thrombi [53]. 
Prior to the manufacturer’s warning, one series of 12 pregnan-
cies managed with empiric Lovenox regimens (1 mg/kg twice 
daily) reported a thromboembolic event in one patient (8.3%) 
[54]. The ability to judge the effectiveness of UFH and 
LMWH in preventing thromboembolic phenomena is compli-
cated by altered pharmacology of these medications in the 
pregnant patient as a result of increased volume of distribu-
tion and alterations in the coagulation cascade [55–57]. These 
data suggest that monitoring of anticoagulant effect of UFH 
and LMWH should be accomplished with peak and/or trough 
anti-Xa measurements instead of utilizing the activated partial 
thromboplastin time (APTT) (for UFH) or weight-based regi-
mens (for LMWH). Unfortunately, as a result of the statement 
issued by the manufacturer of Lovenox, the ability to further 
investigate the effectiveness of LMWH in pregnant patients 
with mechanical valves is severely hampered by medicolegal 
concerns.

In 1998, the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines 
through the Committee on Management of Patients with 
Valvular Heart Disease proposed recommendations for the 
management of anticoagulation in pregnant patients with 
mechanical heart valves. These recommendations are 
summarized in Table 17.11 and do not include a role for 
LMWH [36]. Other authors have acknowledged the limita-
tions of the available evidence regarding LMWH and have 
proposed alternative regimens which include three manage-
ment options:

1 UFH throughout gestation to maintain anti-Xa levels 
over 0.3 units/mL or mid-interval APTT more than twice 
control
2 LMWH twice daily throughout gestation to maintain peak 
(4–6 hours post-injection) anti-Xa levels 0.5–1.5 units/mL and 
trough levels more than 0.5–0.7 units/mL
3 Option 1 or 2 above until 12 completed weeks’ gestation and 
resume at 36 weeks, give warfarin to maintain INR 2.5–3.5 
between 13 and 36 weeks’ gestation [50,53,58,59].
These recommendations are summarized in Table 17.12. The 
appropriate interval for checking anti-Xa levels is not known. 
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delivery rate was 6% with only one cesarean performed 
for a perceived maternal cardiovascular risk. Data on 
arm–leg blood pressure gradients or echocardiographic 
measurements were not available. Interestingly, the median 
gestational age at delivery was 40 weeks [64]. In a recent 
series of 118 pregnancies in women with repaired and native 
coarctation, one maternal death resulting from aortic dissec-
tion was reported [63]. The patient had Turner syndrome 
and conceived twins through in vitro fertilization. During 
pregnancy she had no evidence of hypertension; however, 
she expired suddenly at 36 weeks because of an acute 
aortic dissection at a site apart from the previous repair. The 
remaining patients tolerated pregnancy well with good 
neonatal outcomes. Patients with signifi cant coarctation 
were more likely to be hypertensive during pregnancy com-
pared with those without signifi cant coarctation (58% vs. 
11%). The presence of hypertension in this group strongly 
suggested the presence of a signifi cant coarctation. Delivery 
was accomplished by cesarean section in 36% of patients, pri-
marily for perceived maternal cardiovascular risk (82%). No 
difference was seen in maternal and neonatal outcomes 
between patients with repaired versus native coarctation in 
this cohort.

Concerns about the risk of aortic or intracranial aneurysm 
rupture and aortic dissection have prompted some physicians 
to recommend elective cesarean delivery. Coarctation of the 
aorta is associated with inherent abnormalities of the aorta 
which predispose patients for rupture, dilatation, and dissec-
tion [66]. Other risk factors for rupture or dissection include 
Turner syndrome, bicuspid aortic valve, and aortic dilatation 
[67,68]. Most patients will be able to have a successful vaginal 
delivery with careful management of pain using narcotic epi-
dural anesthesia, control of blood pressure fl uctuations, main-
taining adequate cardiac preload, and minimizing valsalva 
efforts at delivery.

Ventricular septal defect

Although isolated ventricular septal defects (VSDs) account 
for approximately 15–20% of congenital cardiac abnormali-
ties, most will close spontaneously in the fi rst 2 years of life, 
making it an uncommonly encountered lesion in the pregnant 
patient [69]. Moderate to large-sized defects that remain 
unclosed or persist to adulthood may result in secondary pul-
monary hypertension or congestive heart failure. Although 
blood fl ow across the shunt is usually left-to-right, reversal 
may occur and result in Eisenmenger syndrome, which is 
addressed in a later section. Isolated VSDs and corrected VSDs 
do not appear to increase the risk of adverse outcomes during 
pregnancy [70]. However, echocardiography should be con-
sidered in a patient with a history of a VSD, repaired or unre-
paired, to exclude underlying pulmonary hypertension which 
would substantially increase the risk of life-threatening 
complications [71,72].

In a recent review of expert opinion, Seshadri et al. [53] recom-
mend weekly anti-Xa levels during the fi rst month of therapy 
to maintain anti-Xa between 0.5 and 1.0 units/mL. A daily low 
dose of aspirin is recommended for patients at high risk for 
thromboembolic disease [36]. Ultimately, the decision regard-
ing an anticoagulation regimen should be made after detailed 
discussion with the patient regarding the risks and benefi ts of 
each regimen to both the patient and the fetus.

Guidelines for management of anticoagulation around the 
time of cesarean section in these high-risk patients are lacking. 
In nonpregnant patients with a mechanical valve on 
Coumadin, the recommendation is to resume Coumadin in 
the afternoon the day of the procedure if bleeding is 
controlled. In very high-risk patients with multiple risk factors 
such as hyper coagulable state, previous thromboembolism, 
and mechanical mitral valve, UFH is discontinued 6 hours 
preoperatively and resumed within 24 hours postoperatively 
and overlapped with warfarin until the INR is more 
than 2 [36]. Cesarean section is recommended if the patient 
requires delivery before warfarin can be discontinued 
in order to minimize the risk of fetal hemorrhagic 
complications.

Congenital cardiac abnormalities

Aortic coarctation

Aortic coarctation is a narrowing of the caliber of the aorta, 
usually distal to the left subclavian artery, which occurs in 6–
8% of patients with congenital heart disease [60]. The presence 
of a signifi cant blood pressure gradient between the upper 
and lower extremities (>20 mmHg) usually prompts evalua-
tion for repair which is accomplished surgically or with 
balloon angioplasty. Long-term survival following repair of 
aortic coarctation is quite good; however, the risks of recoarc-
tation, aortic aneurysm, dissection, and rupture persist. Occa-
sionally, patients will remain undiagnosed into adulthood 
(native coarctation).

While early reports of pregnancy in women with coarcta-
tion indicated mortality rates of 9.5%, more recent data suggest 
that pregnancy in women with a corrected or native coarcta-
tion is likely to be more successful [61,62]. Associated cardiac 
defects commonly coexist with coarctation and may include 
bicuspid aortic valve in 51–57%, congenital aortic valvular ste-
nosis in 12%, septal defects, and patent ductus arteriosus 
[63,64]. Intracranial aneurysms also occur with greater fre-
quency in patients with aortic coarctation compared with the 
general population (10% vs. 2%). Preeclampsia is reported to 
complicate 2–22% of pregnancies in patients with coarctation 
[63–65].

In a large series studying pregnancy following coarctation 
repair, 98 pregnancies in 54 women ended in a live birth 
without signifi cant maternal complications. The cesarean 
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Atrial septal defect

Atrial septal defects (ASDs) do not appear to substantially 
increase the risk of pregnancy and are usually well tolerated 
[73]. Even if unrepaired, complications such as arrhythmias 
and pulmonary hypertension generally do not occur during 
the childbearing years [74]. Paradoxical embolism, presenting 
as a stroke, has been described during pregnancy and is possi-
ble in any patient with an intracardiac shunt [75,76].

Patent ductus arteriosus

Patent ductus arteriosus (PDA) is a commonly encountered 
lesion in neonates, particularly premature neonates. However, 
it is generally repaired in childhood and is therefore very 
unusual during pregnancy. The pregnancy outcome follow-
ing repair does not appear to be negatively impacted [77]. 
However, patients with a large unrepaired PDA may develop 
secondary pulmonary hypertension and potentially Eisen-
menger syndrome.

Eisenmenger syndrome

Unrepaired congenital intracardiac shunts such as a VSD, 
ASD or PDA lead to chronic overperfusion of the pulmonary 
vasculature. Over time, pulmonary hypertension results and 
may become signifi cant enough to reverse the direction of 
fl ow across the shunt. This reversal of shunt fl ow to right-to-
left defi nes Eisenmenger syndrome. Correction of the septal 
defect or patent ductus before the development of pulmonary 
hypertension prevents Eisenmenger syndrome. Once estab-
lished, the only surgical alternative is a heart-lung transplant. 
Thirty-two percent of heart-lung transplants are performed 
for pulmonary hypertension secondary to congenital cardiac 
defects, making it the leading indication [78].

The deaths are attributed primarily to worsening hypoxia as 
a result of the normal physiologic changes of pregnancy. 
Increased blood volume and lower right ventricular fi lling 
pressures that result from decreased systemic vascular resist-
ance place increased demands on the right ventricle and may 
precipitate right heart failure if unable to overcome the ele-
vated pulmonary pressures. The decreased systemic vascular 
resistance in pregnancy lowers the peripheral resistance rela-
tive to the pulmonary resistance, increasing the likelihood of 
shunt reversal and worsening hypoxia and cyanosis. Hypoxia 
in turn will lead to pulmonary vasoconstriction and further 
increase pulmonary artery pressures. The thrombophilic state 
induced by pregnancy also predisposes patients to throm-
boembolic phenomena, another common cause of death in 
Eisenmenger syndrome.

Although Eisenmenger syndrome may be a common cause 
of pulmonary hypertension in young women, it remains a rare 
complication of pregnancy. Therefore, the available data on 

outcomes, optimal route of delivery, and anesthetic risks are 
limited. The maternal mortality rate in Eisenmenger 
syndrome is estimated at 30–40% [79–81]. In the most recent 
review of 73 patients with Eisenmenger syndrome, overall 
mortality was 36%, essentially unchanged in the past two 
decades [80]. Isolated VSD was the most common cardiac 
shunt (38%), followed by ASD (18%), and PDA (9%). Of the 26 
patients who died, 88.5% died in the postpartum period, on 
average within 5 days of delivery. Patients diagnosed late or 
admitted to the hospital at later gestational ages were at 
much greater risk of death. Other factors historically 
associated with increased mortality include operative deliv-
ery, severe pulmonary hypertension, and multiparity. In this 
large series, the route of delivery did not appear to impact 
mortality rates.

Because of the high maternal mortality rates, patients with 
Eisenmenger syndrome should be counseled to avoid preg-
nancy, and if pregnant to consider termination. In ongoing 
pregnancies, therapies should be directed at minimizing 
cardiac demands, maximizing oxygenation, and avoiding 
excessive declines in systemic vascular resistance. Patients 
should be hospitalized at the end of the second trimester pro-
phylactically, anticoagulated, and given supplemental 
oxygen. More recently, studies have utilized selective pulmo-
nary artery vasodilators such as inhaled nitric oxide and IV 
epoprostenol (prostacyclin) during pregnancy with favorable 
results [82–84]. Regional anesthetics must be used cautiously 
to avoid decreases in systemic vascular resistance and ven-
tricular fi lling that may precipitate reversal of shunt fl ow and 
cyanosis. However, recent studies suggest that the cautious 
use of slow-onset epidural anesthetics may be associated with 
lower mortality rates than general anesthesia for cesarean 
section delivery [80,85]. Similarly, avoidance of hypotensive 
events at any time during gestation, but particularly during 
labor and delivery, is extremely important.

Accurate assessment of pulmonary artery pressures may be 
a challenge in many patients. Echocardiographic assessment 
of pulmonary artery pressures has been shown to be less accu-
rate in the pregnant patient and pulmonary artery catheters 
have been associated with higher complication rates in Eisen-
menger syndrome [86,87].

Ebstein anomaly

Ebstein anomaly is a congenital cardiac defect characterized 
by an apical displacement of the septal leafl et of the tricuspid 
valve. Tricuspid regurgitation is always present, leading to 
right atrial dilatation. Right outfl ow tract obstruction can 
occur secondary to a fi xed anterior leafl et of the tricuspid 
valve. ASD or patent foramen ovale coexists in 50% of cases. 
Twenty-fi ve percent will have an accessory conduction 
pathway such as the Wolff–Parkinson–White syndrome [88]. 
Because it accounts for only 1% of all congenital cardiac 
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disease, Ebstein anomaly is uncommonly encountered during 
pregnancy [89–91]. Pregnancy appears to be well tolerated in 
patients with Ebstein anomaly. In a series of 44 patients with 
111 pregnancies, the live birth rate was 76% with no maternal 
complications reported [90]. Prematurity (21%) and congeni-
tal cardiac abnormalities (6%) were the most common neona-
tal issues.

Transposition of the great vessels

Complete transposition of the great vessels (TOGV) is uncom-
mon during pregnancy. If uncorrected at birth, mortality rates 
approach 90% in the fi rst year of life. Long-term survival rates 
are also diminished, with a reported 70–80% survival at 20–
30 years post-repair [92]. The most common corrective proce-
dure for complete TOGV performed on patients currently of 
childbearing age is the atrial switch (Mustard) procedure in 
which blood is surgically redirected through the atria [88]. 
Right ventricular dysfunction and dysrhythmias such as atrial 
fl utter are commonly encountered in patients who survive 
into adulthood. The most signifi cant issue reported in a recent 
series of 28 pregnancies in 16 women with a prior Mustard 
operation was irreversible right ventricular dysfunction 
despite the fact that pregnancy itself was tolerated well [93]. 
Other studies confi rm the low risk of maternal mortality in 22 
pregnant patients with a history of a Mustard or Rastelli oper-
ation, but do not address right ventricular function [94,95]. In 
one case, however, pregnancy termination was deemed neces-
sary because of maternal deterioration.

Tetralogy of Fallot

Tetralogy of Fallot refers to the cyanotic complex of VSD, over-
riding aorta, right ventricular hypertrophy, and pulmonary 
stenosis. Most patients with tetralogy of Fallot undergo surgi-
cal correction in infancy and can expect excellent long-term 
survival rates [96]. Twenty years after surgical correction, 
approximately 10–15% will develop signifi cant complications 
including pulmonary insuffi ciency which leads to right-sided 
heart failure and arrhythmias [97].

Most series report no adverse maternal events in pregnancy 
following surgical correction [98–100]. However, in a recent 
series of 50 pregnancies in 29 women with corrected tetralogy 
of Fallot, 12% of pregnancies were complicated by an arrhyth-
mia or right-sided heart failure. Those patients with severe 
pulmonary regurgitation appear to be at greatest risk for these 
complications [101].

Marfan syndrome

Marfan syndrome is an autosomal, dominantly inherited, con-
nective tissue disorder which leads to defective fi brillin, an 
important component of all connective tissues. Therefore 

patients have a 50% chance of passing the disorder to their 
children. The defective fi brillin results in cardiovascular, 
ocular, and musculoskeletal abnormalities; 80% of patients 
have adverse cardiac effects [102]. Classic Marfan syndrome is 
estimated to occur in 4–6 in 100,000 people. Patients with 
Marfan syndrome have a shortened life expectancy (mean 
32 years) and more than 90% succumb to cardiac complica-
tions such as aortic dissection or rupture [103]. The weakened 
aortic media allows for progressive aortic dilatation which 
increases the risk of rupture. The hemodynamic changes of 
pregnancy place additional stress on a dilated aorta and place 
the patient at further risk of rupture.

Four population-based studies have been published which 
include a total of 107 women followed through 274 pregnan-
cies [104–107]. The overall live birth rate was 80%, and 3.3% of 
patients experienced an aortic dissection. One percent of 
patients died as a result of aortic dissection. The degree 
of aortic dilatation appears to correlate directly with 
degree of risk for aortic dissection and rupture. Patients with 
an aortic root diameter more than 4.5 cm appear to be at great-
est risk for aortic dissection and rupture. However, the exact 
threshold at which pregnancy termination should be advised 
is unclear. European guidelines recommend discouraging 
pregnancy if the aortic root is ≥4.0 cm whereas the Canadian 
guidelines recommend ≥4.5 cm as the threshold [105,107,108]. 
Elective replacement should be considered for patients with 
an aortic root diameter ≥4.7 cm although rupture and aneu-
rysm at the repair site have been described.

It is important to assess the aortic root diameter preconcep-
tion if possible, to provide the patient with information regard-
ing pregnancy risks. Echocardiography should be performed 
regularly throughout gestation (every 4–8 weeks) to assess for 
evidence of worsening aortic dilatation. Beta-blockers have 
been shown to improve long-term outcomes and should be 
continued throughout gestation [109]. Vaginal delivery is 
acceptable if pain is adequately managed with epidural 
anesthesia and valsalva maneuvers are avoided. Cesarean 
delivery has been recommended by some in patients with an 
aortic root ≥4.5 cm [108].

Peripartum cardiomyopathy

Peripartum cardiomyopathy (PPCM) is defi ned by the devel-
opment of heart failure in the last month of pregnancy or 
within 5 months of delivery in the absence of an identifi able 
cause or pre-existing heart disease. Additional specifi c criteria 
for diagnosing PPCM include evidence of left ventricular 
systolic dysfunction as demonstrated by classic echocardio-
graphic criteria: ejection fraction less than 45%, shortening 
fraction less than 30%, and left ventricular end-diastolic 
dimension more than 2.7 cm/m2 body surface area [110]. Table 
17.13 summarizes these diagnostic criteria.
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The exact incidence of this disease remains unknown; fortu-
nately, PPCM is relatively rare, occurring in only 1 in 5000 
births [111]. Historically, mortality rates have been reported 
as high as 56%; however, more recent studies suggest 
mortality rates may be closer to 9% [111,112]. Despite this, 
PPCM accounts for 8% of all maternal deaths and is one of 
the few causes of maternal mortality that is rising [111,113]. 
Forty-eight percent of patients who succumb to PPCM will die 
in the fi rst 6 weeks postpartum. Fifty percent of PPCM deaths 
occur in the ensuing 1 year postpartum. African-American 
race increases risk of death from PPCM by more than 
sixfold [112].

Classic risk factors for PPCM include multiparity, 
advanced maternal age, multifetal gestation (fourfold 
increased risk), preeclampsia, hypertension, and African-
American race. The etiology of peripartum cardiomyopathy 
has not been defi nitively determined; however, the most 
current available evidence suggests a viral myocarditis. One 
study reported endomyocardial biopsies consistent with myo-
carditis in 76% of patients [114]. Evidence of autoantibodies 
against cardiac tissue proteins in patients with PPCM also 
supports a role for an autoimmune phenomenon.

Once PPCM is diagnosed, management is focused on reduc-
ing cardiac preload with diuretic therapy (e.g., furosemide), 
reducing cardiac afterload with vasodilators (e.g., hydrala-
zine, nitroglycerin, nitroprusside), and improving cardiac 
contractility with inotropic agents (e.g., dobutamine, digoxin). 
Diuresis should be undertaken cautiously in patients who are 
still pregnant at the time of diagnosis. Overly aggressive fl uid 
loss may result in decreased uterine perfusion and fetal com-
promise. Afterload reduction decreases the pressure against 
which the heart must pump and is important to improve 
cardiac output in a failing heart. Stimulating cardiac output 
with inotropic agents is often necessary and will also improve 
uterine perfusion. Dobutamine (a selective beta1-agonist and 
inotropic vasodilator) offers the advantage of selective 
decrease in systemic vascular resistance, but is primarily used 
as short-term therapy. Digoxin is useful for prolonged ino-
tropic support but may require signifi cantly higher doses and 

more frequent dosing intervals in pregnant patients to achieve 
therapeutic levels. Dysrhythmias such as atrial fi brillation 
may occur as cardiac chamber distension worsens. Angio-
tensin-converting enzyme (ACE) inhibitors and angiotensin 
receptor blockers (ARBs) are a standard part of heart failure 
management in nonpregnant patients but should not be used 
in pregnant women. Beta-blocker therapy to reduce myocar-
dial oxygen requirement may also be used if cardiac output 
does not improve satisfactorily with preload and afterload 
reduction. Therapeutic anticoagulation with UFH or LMWH 
should be considered to prevent thromboembolic events, 
especially in patients with arrhythmia or markedly depressed 
ejection fractions. Coumadin may be used in postpartum 
patients and is compatible with breastfeeding. The risk of 
thrombus formation increases as the severity of ventricular 
dilatation increases. Figure 17.3 outlines the approach to the 
patient with PPCM.

For pregnant patients diagnosed with PPCM, delivery poses 
particular concerns. In general, there is no evidence to suggest 
that cesarean section is benefi cial and should be reserved for 
the usual obstetric indications. With careful monitoring, 
regional anesthesia is acceptable in patients with cardiomyop-
athy and has an important role in controlling pain, minimizing 
maternal effort, and reducing cardiac work. An assisted third 
stage should be considered if contractions are of insuffi cient 
force to deliver the fetus without maternal pushing efforts. In 
the immediate postpartum period, decompensation may 
occur as fl uid is redistributed from the uteroplacental unit into 
the intravascular spaces. Approximately half of patients will 
demonstrate signifi cant improvement in left ventricular func-
tion following delivery [115].

The prognosis for patients with PPCM is poor if left ven-
tricular function does not normalize within 6 months postpar-
tum. In this group of patients, mortality rates approach 85% by 
5 years [115,116]. Death usually results from arrhythmias, 
thromboembolic phenomena, or progressive heart failure. 
Recent studies suggest that recovery of left ventricular func-
tion can be expected in 41–54% of patients [117,118]. However, 
predicting which patients are most likely to experience recov-
ery has been a challenge. Normalization of left ventricular 
function is signifi cantly more likely in patients with an initial 
ejection fraction more than 30% [117]. Other markers of ven-
tricular size and function at initial diagnosis may also predict 
those who are less likely to recover. Left ventricular end-
diastolic dimension greater than 6 cm and a fractional shorten-
ing value less than 20% predict a threefold higher chance of 
poor ventricular recovery [118]. Four to 6% of patients will 
undergo cardiac transplantation for failing to improve within 
6 months postpartum.

Recurrent peripartum cardiomyopathy has been well 
described, even in patients whose left ventricular function has 
apparently returned to normal. This may be because of defi -
cient contractile reserve, which may be demonstrated in 
response to a dobutamine challenge [119]. One author has 

Table 17.13 Criteria for diagnosis of peripartum cardiomyopathy. From 

Pearson et al. [110]

Classic

Development of cardiac failure in last month or within 5 months postpartum

Absence of an identifi able cause for cardiac failure

Absence of recognizable heart disease prior to last month of pregnancy

Additional

Left ventricular systolic dysfunction demonstrated by classic 

  echocardiographic criteria: ejection fraction <45%, shortening fraction 

<30%, and left ventricular end-diastolic dimension >2.7 cm/m2 body 

surface area
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Peripartum cardiomyopathy diagnosed 

Hospitalize
Oxygen, IV access, pulse oximetry

Fluid restriction
Low sodium diet 

Initiate medical therapy (goal SBP < 110 mmHg),
improved symptoms 

Diuresis
(furosemide)

Afterload reduction 

PREGNANT

Calcium channel blocker (Amlodipine) or
Nitroglycerine (Isordil) or
Hydralazine 

DELIVERED

Improve contractility
Digoxin

Dobutamine

Persistent symptoms
Low-dose beta blocker (Metoprolol)

Anticoagulation for atrial fibrillation, intramural thrombus,
and markedly depressed ejection fraction

Consider prophylaxis if pregnant or recently postpartum
without above indications 

PREGNANT

Unfractionated heparin

DELIVERED

Refractory pulmonary edema
Add positive airway pressure, may require intubation

Low molecular weight heparin,or
Unfractionated heparin, or
Coumadin 

ACE Inhibitor
(Enalapril, Captopril) 

Fig. 17.3 Management of peripartum cardiomyopathy.

reported no adverse events in four pregnancies in patients 
with a history of PPCM [120]. In contrast, Elkayam et al. [121] 
recently detailed outcomes in 35 ongoing pregnancies in 
women with a history of PPCM. Even in patients with appar-
ently normal cardiac function at the onset as measured by an 
ejection fraction more than 50%, cardiac symptoms occurred 
in 6% and 17% exhibited deteriorating cardiac function during 

gestation. This deterioration persisted after delivery in 9% but 
no deaths occurred. Those with evidence of compromised left 
ventricular performance (ejection fraction less than 50%) suf-
fered signifi cant complications during gestation, with cardiac 
symptoms developing in 50%, deterioration of cardiac func-
tion in 33%, persistent decompensation in 42%, and death in 
25% of women in this group. Other authors have reported 
similar fi ndings in smaller case series [118,122]. Therefore, 
women with a history of PPCM and evidence of incomplete 
left ventricular recovery should be counseled to avoid 
pregnancy. However, even women with apparent recovery 
remain at high risk for cardiac complications in subsequent 
pregnancies.

Acute myocardial infarction

Acute myocardial infarction (AMI) occurring during preg-
nancy and the puerperium is rare, affecting approximately 1 in 
35,000 gravidas [123]. However, the incidence can be expected 
to increase as more women postpone childbearing into the 
fourth and fi fth decades of life, when risk factors for coronary 
artery disease are more prevalent. In fact, a recent population-
based study of AMI in pregnancy 1991–2000 demonstrated an 
increasing incidence across the decade [123]. In this study of 
151 patients, the mortality rate of AMI during pregnancy was 
7.3%, signifi cantly lower than reported in previous studies 
[124–126]. The three strongest predictors of AMI in this study 
were chronic hypertension, advancing maternal age, and dia-
betes. Sixty-six percent of the AMIs occurred in women older 
than 30 years. Only 21% of AMIs were diagnosed intrapartum; 
the remainder was evenly divided between the antepartum 
and postpartum periods but no deaths occurred postpartum. 
Patients diagnosed with an AMI intrapartum had the highest 
mortality rate and were more likely to have severe preeclamp-
sia and eclampsia. Myocardial infarction occurring before or 
after labor was more likely to be related to diabetes, coronary 
artery disease, and lipid disorders [123].

Despite the lower mortality rate, these fi ndings are similar 
to a 1996 review which described the pregnancy outcomes of 
125 pregnant patients diagnosed with myocardial infarction 
[126]. The majority of myocardial infarctions occurred in 
women older than 33 years and during the third trimester of 
pregnancy. In this study, the maternal death rate was 21% and 
overall fetal mortality rate was 13%. Atherosclerotic disease 
was identifi ed in 43% of patients, coronary thrombus in 21%, 
and apparently normal coronary arteries in 29%.

The acute treatment of AMI in pregnancy should adhere to 
the same management principles as the nonpregnant patient: 
administer supplemental oxygen, 325 mg aspirin, narcotic 
analgesia, nitroglycerin, heparin, and beta-blockers. The use 
of fi brinolytic agents during pregnancy (almost exclusively 
for the treatment of pulmonary emboli) has been associ-
ated with an increased rate of maternal hemorrhagic 
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complications, premature delivery, and fetal losses [126]. 
However, fi brinolytics such as streptokinase and reteplase are 
considered standard fi rst-line therapy in nonpregnant patients 
to reduce mortality following AMI and should be considered 
based on maternal condition.

If possible, delivery should be postponed at least 2–3 weeks 
following AMI to allow adequate healing of the myocardium 
[126]. The increased myocardial demand in labor may lead to 
cardiac decompensation in patients with a recent infarction. 
Efforts should be directed at minimizing myocardial demands 
by controlling heart rate, blood pressure, and intravascular 
volume changes. Some evidence exists suggesting that mor-
tality rate is increased with cesarean section; however, the 
optimal route for delivery is controversial and should be indi-
vidualized. Vaginal delivery appears to be safe with aggres-
sive pain management, supplemental oxygen, and minimizing 
maternal pushing efforts [124,125]. Oxytocin, ergonovine, and 
prostaglandins have potential to cause coronary vasospasm 
and should be used with caution. Information regarding risks 
in subsequent pregnancies is very limited.

Arrhythmias

Interpretation of an electrocardiogram (ECG) in a pregnant 
patient must take into account the common gestational 
changes encountered including increased heart rate, short-
ened PR and QT interval, left axis deviation, and nonspecifi c 
ST changes. Asymptomatic arrhythmias occur with surpris-
ing frequency in laboring patients [127]. However, hemo-
dynamically signifi cant abnormalities and pre-existing 
arrhythmias are much less common. A history of supraven-
tricular tachycardia (SVT) increases the risk of SVT during 
pregnancy [128]. The diagnosis of atrial fi brillation or fl utter 
should prompt an evaluation for structural cardiac disease, 
hyperthyroidism, or electrolyte disturbances, as these arrhyth-
mias are rare during pregnancy in the absence of one of these 
fi ndings. Bradyarrhythmias are far less common in pregnancy 
than tachyarrhythmias and are generally well tolerated. Pace-
makers may be placed safely during gestation if necessary 
[128].

Pharmacologic management of arrhythmias in pregnancy 
is tailored to the specifi c diagnosis and is usually not altered by 
pregnancy. Many of these medications can also be used to treat 
fetal arrhythmias, and pose minimal fetal risk in therapeutic 
doses. Table 17.14 [129] outlines many commonly used cardiac 
medications and their effect on pregnancy. Commonly used 
medications such as adenosine, beta-blockers, digoxin, 
diltiazem, lidocaine, procainamide, and quinidine may be 
used safely in pregnancy but may require dosage adjustments 
to reach therapeutic levels as a result of increased plasma 
volume, decreased protein binding, and increased renal excre-
tion. Amiodarone has been associated with neonatal compli-
cations such as bradycardia and neurologic and thyroid 

abnormalities and should not be used during pregnancy. 
Patients with ventricular or supraventricular tachyarrhyth-
mias resulting in hemodynamic instability that do not respond 
to medical management may safely undergo electrical cardio-
version [130].

Ideally, patients with pre-existing arrhythmias should be 
evaluated preconceptionally to determine whether therapies 
such as radiofrequency ablation, pacemaker placement, or an 
implantable cardioverter-defi brillator (ICD) are appropriate, 
and to review the risks of fetal exposure to cardiac medications 
during pregnancy. Patients with ICDs appear to tolerate preg-
nancy well [131,132]. Anticoagulation should be considered 
for patients with chronic atrial fi brillation, particularly in the 
setting of rheumatic heart disease and is reviewed elsewhere 
in this chapter.

Pregnancy after cardiac transplantation

The most common causes for cardiac transplantation in young 
women include cardiomyopathy, transposition of the great 
vessels, viral myocarditis, idiopathic dilated cardiomyopathy, 
and postpartum cardiomyopathy. Although cardiac trans-
plantation is becoming more common, the data on pregnancy 
after transplantation remains limited. Potential concerns 
regarding subsequent pregnancy consist of the ability of the 
denervated heart to respond adequately to the cardiovascular 
demands of pregnancy, the effect of pregnancy on rejection 
and mortality rates, and potential neonatal complications, 
particularly as a result of the immunosuppressive medi-
cations that are necessary to prevent rejection. Several re-
ports suggest that the transplanted heart retains its ability 
to adjust to hemodynamic changes both before and during 
pregnancy [133–135].

In 2003, the National Transplantation Pregnancy Registry 
(NTPR) reported results on 20 pregnancies in 13 heart trans-
plant recipients who underwent transplant before age 21. No 
deaths occurred during pregnancy; however, rejection epi-
sodes developed in 57% of recipients during gestation. Most 
episodes were mild and graft outcome was considered “ade-
quate.” No graft losses occurred in the 2 years postpartum, but 
three patients died within 5.5 years postpartum. Forty-fi ve 
percent experienced hypertension and 11% met criteria for 
diagnosis of preeclampsia. No neonatal deaths were described, 
but prematurity was common (46%) [136]. This report is com-
patible with other case series published on the topic [133,137]. 
The most commonly encountered complications include 
hypertension, preeclampsia, preterm birth, and mild rejection 
episodes.

Some of the commonly used immunosuppressive medica-
tions to prevent rejection include corticosteroids, azathioprine 
(Imuran), cyclosporine A (Sandimmune), tacrolimus or FK506 
(Prograf), and mycophenolate mofetil (CellCept). Although 
relatively few pregnancies in cardiac transplantation recipi-
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Table 17.14 Cardiovascular drugs commonly used in the obstetric intensive care setting and their effects on uterine blood fl ow and the fetus. From Hameed and 

Foley [129] with permission.

Drug (Safety in  Uterine Blood
Pregnancy) Dose Flow (UBF) Fetal Effects

Inotropic Agents

Digoxin (C) Loading dose 0.5 mg IV over 5 min, then — Placental transfer

 0.25 mg IV q6 hr × 2. Maintenance 0.125–  Higher maternal maintenance dose

  0.375 mg IV/PO qd   required for fetal effect

   Not teratogenic

Dopamine (C) Initiate with 5 µg/kg/min and titrate Directly ↓ UBF No known adverse fetal effects

  by 5–10 µg/kg/min to max 50 µg/kg/min May ↑ UBF with improved

   maternal hemodynamics

Dobutamine (B) Initiate with 1.0 µg/kg/min  No known adverse fetal effects

  and titrate up to 20 µg/kg/min

Epinephrine (C) Endotracheal, 0.5–1.0 mg q 5 min; IV 0.5 mg  Not teratogenic

  bolus and follow with 2–10 µg/kg/min

  infusion

Vasodilators

Nitroprusside (C) Initiate with 0.3 µg/kg/min and titrate to ↑ UBF unless signifi cant No known adverse fetal effects

  10 µg/kg/min ↓ in maternal BP Potential for fetal cyanide toxicity

   Avoid prolonged use

Hydralazine (C) 5–10 mg IV q 15–30 min  Not teratogenic

 Total dose 30 mg

Nitroglycerin (B) 0.4–0.8 mg sublingual  Not teratogenic

 1–2 inches of dermal paste, IV infusion

 10 µg/min, titrate up by 10–20 µg/min prn

Beta-blockers

Propranolol (C) 1 mg IV q 2 min as needed ↑ or ↓ UBF and/or maternal BP Not teratogenic

   Readily crosses placenta

   Fetal bradycardia

Labetolol (C) 10–20 mg IV followed by 20–80 mg  IUGR

 IV q 10 min to total dose of 150 mg  Category D if used in 2nd or 3rd 

    trimester

Atenolol (D) 5 mg IV over 5 min, repeat in 5 min to a

  total dose of 15 mg

Metoprolol (C) 5 mg IV over 5 min; repeat in 10 min

Esmolol (C) 500 µg/kg IV over 1 min with infusion rate  No known adverse fetal effects

  of 50–200 µg/kg/min  Rapid metabolism (half-life 11 min) also

    occurs in the fetus

Calcium-channel blockers

Verapamil (C) 2.5–5 mg IV bolus over 2 min, repeat in Mild ↓ UBF Not teratogenic

  5 min and then q 30 min prn to a max 

  dose 20 mg

Nifedipine (C) 10 mg PO, repeat every 6 hr

Diltiazem (C) 20 mg IV bolus over 2 min, repeat in 15 min —

Vasoconstrictors

Ephedrine sulfate (C) 10–25 mg slow IV bolus, repeat q No effect Not teratogenic. 70% of maternal

  15 min prn ×3   blood level in the fetus

Metaraminol (C) Initiate with 0.1 mg/min and titrate Mild ↓ UBF No data available

  to 2 mg/min

(Continued)
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Table 17.14 Continued.

Drug (Safety in  Uterine Blood
Pregnancy) Dose Flow (UBF) Fetal Effects

Antiarrhythmic agents

Lidocaine (B) 1 mg/kg bolus; repeat ½ bolus at No effect Not teratogenic

  10 min as needed ×4; infusion at  Rapidly crosses placenta

  1–4 mg/min; total dose 3 mg/kg

Procainamide (C) 100 mg over 30 min, then 2–6 mg/min

  infusion

 Total dose 17 mg/kg

Quinidine (C) 15 mg/kg over 60 min, then 0.02 mg/kg/min

  infusion

Bretylium(C) 5 mg/kg IV bolus, then 1–2 mg/min ↓ UBF Unknown

  infusion

Phenytoin (D) 300 mg IV, then 100 mg every 5 min to a No effect Teratogenic

  total of 1000 mg  “Fetal hydantoin syndrome”

Amiodarone (D) 5 mg/kg IV over 3 min, then 10 mg/kg/day  Teratogenic

   Transient bradycardia

   Prolonged QT

AV node blocking agents

Adenosine 6 mg IV bolus over 1–3 s, followed by ↑ or ↓ UBF No known adverse

  20 mL saline bolus; may   fetal effects

  repeat at 12 mg in 1–2 min ×2

Verapamil As stated above

Beta-blockers As stated above

Digoxin As stated above

ents have been reported, abundant data exist on the use of 
these medications to prevent graft rejection in pregnant renal 
transplant recipients. In general, patients can be reassured that 
the neonatal risks posed by these medications are minimal. 
Azathioprine has been associated with neonatal immunosup-
pression when used at high doses; however, current protocols 
utilize much lower doses and adverse neonatal events have 
not been reported. Animal studies suggested that mycophe-
nolate mofetil may be associated with higher rates of congeni-
tal anomalies. Data in human pregnancies are very limited 
[136].

Case presentation

A 30-year-old, gravida 4, para 3 at 34 weeks’ gestation by last 
menstrual period presents complaining of shortness of 
breath and contractions. She has had no prenatal care during 
this pregnancy. The patient appears short of breath 
and anxious. Her blood pressure is 134/78 mmHg, and her 
pulse is irregular at 100–110 beats/min. Respiratory rate is 
26/min.

She is admitted to the hospital for evaluation and manage-
ment. An ECG demonstrates atrial fi brillation and chest X-ray 

confi rms pulmonary edema. Arterial blood gas on 40% Fio2 
reveals pH 7.48, Pao2 60, Pco2 27, HCO3

– 18, O2 saturation 90%, 
consistent with hypoxemia and respiratory alkalosis. An 
ultrasound confi rms an intrauterine gestation measuring 33 
weeks with normal amniotic fl uid volume. Fetal heart rate 
tracing is reactive with occasional late decelerations.

Diuresis is accomplished with furosemide while oxygen 
supplementation by face mask is continued to maintain 
oxygen saturations above 95%. Digoxin is started to control 
atrial fi brillation and prophylactic subcutaneous heparin is 
begun. An echocardiogram reveals mitral stenosis with a 
mean valve area of 1.2 cm2, left atrial enlargement, as well as 
mild aortic, mitral, and tricuspid insuffi ciency, consistent with 
rheumatic valvular disease.

Amniocentesis is performed; fetal lung maturity is con-
fi rmed and the decision made to proceed with delivery. Epi-
dural is placed to control pain and therefore minimize 
tachycardia. A continuous esmolol drip is started to maintain 
maternal heart rate below 90–100 beats/min.

Oxytocin induction of labor was begun and the patient pro-
gressed to complete dilatation. Persistent variable decelera-
tions developed, a low-vacuum assisted vaginal delivery was 
accomplished with delivery of a viable 2600-g infant with 
Apgars 71, 95. Postpartum, the patient continued to improve, 
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with resolution of pulmonary edema and control of atrial 
fi brillation. She was discharged home on postpartum day 
4 on digoxin. Outpatient follow-up with cardiology was 
arranged for consideration of surgical correction of the 
stenotic mitral valve.
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18 Renal disease in pregnancy
John Hayslett

Physiologic changes in pregnancy

Renal disease in pregnancy may threaten fetal development as 
well as the health of the mother. To identify possible patho-
logic alterations in renal function during pregnancy it is 
important to recognize the physiologic changes that occur in 
normal pregnancy. Normal pregnancy is associated with a 
unique set of parameters associated with cardiovascular and 
renal function. In human pregnancy, there is a marked expan-
sion of the extracellular fl uid volume as a result of peripheral 
vasodilatation that begins by 8 weeks’ gestation and continues 
until term. This vascular change is associated with a cumula-
tive retention of 500–700 mEq sodium and 1.5-fold increase in 
plasma volume [1]. Cardiac output increases 50%, with a 
similar rise in blood fl ow to other visceral organs [2]. The cause 
of the vascular dilatation may be secretion of relaxin a horm-
one related to the insulin family of hormones, by the placenta 
[3]. The administration of relaxin in physiologic doses causes 
cardiovascular changes in experimental animals which simu-
late changes in human gestation. Additional sources of 
vasodilatation include increased endothelial prostacyclin and 
nitric oxide production.

Despite the gestationally induced expansion of the vascular 
system, diastolic blood pressure falls slightly in the second tri-
mester. Pregnancy-associated sodium retention most likely 
results from the action of aldosterone. The plasma concentra-
tion of aldosterone rises 4–6 times above normal levels during 
gestation to achieve levels of 80–100 ng/dL [4]. Studies in 
normal gravidas indicate that the concentration of aldosterone 
in pregnancy is under dynamic control, dependent on the 
volume of the extracellular fl uid [5]. Despite the high circulat-
ing levels of aldosterone, metabolism of potassium remains 
unaffected.

Renal blood fl ow increases by approximately 80% from con-
ception until term. Correspondingly, glomerular fi ltration 
rates increase 30–50% by the second trimester. In normal gravi-
das the fi ltration rate remains stable from 20 weeks until term. 

However, in healthy ambulatory women a modest decrease in 
fi ltration occurs near term because of fl uid collection in the 
lower extremities [6]. Studies in experimental animals and in 
pregnant women demonstrate that this remarkable rise in fi l-
tration rate correlates with the increase in glomerular plasma 
fl ow [7]. In one report the glomerular fi ltration rate in the third 
trimester averaged 140–160 mL/min compared with 105 mL/
min in the same women when not pregnant [6]. Because of the 
increase in glomerular fi ltration rate and expansion of extra-
cellular fl uid volume, the concentration of plasma creatinine is 
reduced from the average of 0.67 ± 0.2 mg/dL in non-pregnant 
women to 0.5 ± 0.1 mg/dL in pregnancy [1]. A useful role 
of thumb is that a plasma concentration of creatinine of 
more than 0.8 mg/dL should raise suspicion of renal 
insuffi ciency.

Pregnancy also induces changes in water metabolism that 
include a fall in the osmostat from 280 mOsm/kg to approxi-
mately 270 mOsm/kg and parallel changes in the thirst thresh-
old [8]. The level of serum sodium declines 3–4 mEq as a 
consequence. Furthermore, studies show that the metabolic 
clearance of vasopressin is accelerated approximately four-
fold as a result of the production of placental vasopressinase, 
an enzyme that rapidly cleaves and degrades circulating vaso-
pressin [9]. Maximum levels of the enzyme are achieved after 
22 weeks’ gestation. However, plasma levels of vasopressin 
are normal because of the compensatory increased production 
of vasopressin. The ability to concentrate urine, and alterna-
tively to excrete a water load during normal pregnancy, is 
unchanged compared with the nongravid state [9].

Some women fail to compensate fully for the degradation of 
vasopressin or have excess levels of vasopressinase near term, 
and consequently develop diabetes insipidus [10]. Under 
these circumstances, copious dilute urine results in hyper-
natremia which may result in cerebral injury in both the mother 
and fetus. In both conditions, diabetes insipidus is associated 
with intense thirst when patients are conscious and have 
access to water. Both conditions occur in late pregnancy when 
vasopressinase levels are highest. If diabetes insipidus is 
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brought about by an occult central form that is unmasked by 
pregnancy, then treatment with vasopressin will concentrate 
urine and stem the loss of free water. These patients usually 
experience recurrences in subsequent pregnancies. In con-
trast, if diabetes insipidus is caused by excess vasopressinase, 
vasopressin will not correct the urinary concentration defect. 
However, treatment with the vasopressin analog dDAVP, 
which is not degraded by vasopressinase, will promptly result 
in a concentrated urine. This condition is termed “transient 
diabetes insipidus of pregnancy” and will usually not recur in 
subsequent pregnancies.

Pregnancy also alters renal tubular function. Studies show 
that the fractional excretion of glucose, small peptides, and 
amino acids is increased during pregnancy [11]. In some 
women, glucosuria occurs in the absence of an elevation of 
blood glucose level. The appearance of glucosuria therefore 
requires evidence of glucose intolerance from measurements 
of blood glucose before a patient can be labeled a diabetic. In 
addition, protein excretion in pregnancy can increase twofold 
above nonpregnant levels and can reach values of 250 mg/24 
hours [12]. Taken together, these observations indicate that 
there is a generalized reduction in the absorption of nonelec-
trolyte solutes by the proximal tubule during pregnancy.

These insights into the physiologic alterations that occur in 
normal pregnancy indicate that a different scale of values must 
be considered in determining normal renal function when 
renal disease and/or insuffi ciency is suspected. In instances 
where the level of renal function requires monitoring during 
pregnancy, glomerular fi ltration rate should be measured. In 
early pregnancy, the fi ltration rate can be estimated from a 24-
hour urine collection. In late pregnancy, however, the glomer-
ular fi ltration rate should be measured with the hydrated 
gravida lying on her left side during at least two consecutive 
measured periods of approximately 1 hour to avoid underesti-
mation of fi ltration because of sequestered fl uid in the lower 
extremities.

Renal disease in pregnancy

Renal disease in pregnancy, as in nonpregnant individuals, 
can be caused by primary disease or secondarily by a systemic 
disease. In the evaluation of a patient with signs of renal 
disease, the fi rst consideration is whether renal disease pre-
dates conception or occurs de novo during gestation. If there is 
no evidence of preceding disease, the second consideration is 
whether renal disease began before or after 20 weeks’ gesta-
tion because preeclampsia rarely occurs before that time. This 
algorithm is important to establish a working diagnosis of 
renal disease and usually requires scrutiny of the past medical 
history and laboratory results in the early period of gestation. 
Regardless of the type of renal disease, the clinical signs of 
injury are recognized by two nonexclusive presentations: pro-
teinuria and renal insuffi ciency.

Proteinuria

Proteinuria is defi ned as total protein excretion of more than 
300 mg/24 hours, and usually denotes renal disease. It is 
helpful to classify renal disease on the basis of the major site of 
injury to the kidney; that is, as primary injury to the glomeru-
lus or primary injury to the renal tubules and interstitium. 
Both types of injury can result in proteinuria, but excre-
tion rates of more than 2.0 g/24 hours usually indicate a 
glomerular disease. Patients with proteinuria excretion 
of less than 3.0 g/24 hours are usually asymptomatic. In 
contrast, rates of more than 3.0 g/24 hours may cause the 
nephrotic syndrome which is symptomatic because excess 
retention of sodium and water results in dependent edema. 
The nephrotic syndrome is defi ned as proteinuria of more than 
3.0 g/24 hours and a serum albumin level less than 3 g/dL. 
Edema does not occur in the absence of hypoalbuminemia, but 
in its presence patients exhibit a lower capacity to excrete 
sodium. Under that condition, edema formation will occur if 
sodium intake exceeds the maximum capacity for sodium 
excretion.

The nephrotic syndrome in pregnancy can be caused by pre-
existing renal disease or renal disease that develops de novo 
(e.g., preeclampsia). Several analyses have concluded that the 
presence of nephrotic syndrome resulting from renal diseases, 
in the absence of signifi cant renal insuffi ciency and/or signifi -
cant hypertension, does not seem to affect the natural course of 
renal disease or fetal survival [13]. Regarding maternal com-
plications, however, severe edema near term can cause or 
aggravate hypertension and complicate delivery because of 
vulva edema. It has been reported that preeclampsia is the 
most common cause for de novo nephrotic syndrome in preg-
nancy, and when that occurs the preeclampsia is regarded as 
severe [14].

Measurement for urine protein prior to 20 weeks’ gestation 
can be of great value when pregnancies are complicated by the 
presence of proteinuria at later stages of gestation. The distinc-
tion between underlying renal disease and preeclampsia is 
important because it affects clinical management. The aim in 
patients with renal disease is usually term delivery, while 
patients with preeclampsia are delivered when the fetus is 
mature.

The management of nephrotic syndrome should aim to 
reduce edema formation to a level that allows comfort during 
ambulation. The dietary intake of sodium should be limited to 
1.5 g sodium/day (approximately 60 mEq) to reduce new 
edema formation. Frequently, bed rest in a lateral recumbent 
position will suffi ce to mobilize pre-existing edema by pro-
moting an increase in the excretion of sodium. In general, the 
use of diuretic agents has been discouraged because of the pos-
sibility that reduction of extracellular fl uid volume could 
decrease blood fl ow to the placenta. However, when diuretics 
are required to reduce intractable edema, therapy should aim 
only to reduce excessive edema at a slow rate of approximately 
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0.5–1.0 kg/day with a loop diuretic, while a low sodium 
diet is maintained. If treatment on a chronic basis is needed, 
diuretic therapy should be administered on an alternate day 
schedule to avoid a reduction of plasma volume and electro-
lyte disturbances. A written record of daily weights, taken by 
the patient, is highly recommended. Diuretics should not be 
administered to patients with preeclampsia because this con-
dition is characterized by a reduction in circulating plasma 
volume.

Renal insuffi ciency

Renal insuffi ciency in pregnancy can occur with or without 
proteinuria. A serum creatinine of 0.8 mg/dL or more is indic-
ative of renal insuffi ciency [1]. The clinical severity of renal 
insuffi ciency in pregnancy is usually classifi ed by the level of 
the serum creatinine at the fi rst antepartum visit, as mild (>0.8 
to ≤1.4 mg/dL), moderate (>1.4 to ≤2.5 mg/dL), and severe 
(>2.5 mg/dL).

Information related to maternal complications and preg-
nancy outcomes in women with pre-existing renal disease is 
derived from retrospective observations. The fi rst of several 
large studies of women with mild renal disease, creatinine 
≤1.4 mg/dL, showed that complications were infrequent and 
usually resolved spontaneously, especially when hyperten-
sion was absent or mild, as shown in Table 18.1 [15]. The inci-
dence of hypertension in the third trimester (48% vs. 28%) and 
nephrotic syndrome (41% vs. 29%) is greater with moderate 
and severe than mild disease (Table 18.1). Approximately one-
quarter of gravidas experienced a new onset of hypertension 
or aggravation of previous hypertension, and less than 20% 
also experienced reversible reductions in renal function. 
However, proteinuria, when resulting from glomerular 
disease, usually tends to progress to a nephrotic range by the 
third trimester [16]. Table 18.2 outlines pregnancy outcomes in 
patients with serum creatinine values above and below 
1.4 mg/dL. These studies suggest that pregnancy did not alter 
the natural course of the underlying mild renal disease.

Regarding pregnancy outcome in mothers with moderate 
and severe renal disease, the overall live birth rate was 93%, 
with a perinatal mortality rate of 7.3% (stillbirths and neonatal 
deaths) [16]. Obstetric complications include a preterm deliv-
ery rate of 59% and growth restriction rate of 37% [16]. In addi-
tion, renal function decreased during pregnancy and 6 weeks 
postpartum in nearly half of this group, and in most cases was 
irreversible. In 23% of this subgroup (10% of the total series) 
there was a rapid decline to end-stage renal failure within 
6 months after delivery. The risk of a rapid decline in glomeru-
lar fi ltration rates was highest in patients with an initial 
antepartum serum creatinine of more than 2.0 mg/dL, as 
shown in Fig. 18.1. In summary, patients with severe renal 
disease, especially when the serum creatinine is above 
2.0 mg/dL, are at risk for severe maternal complications that 
may not be reversible and a high incidence of obstetric 
complications.

Most patients with renal insuffi ciency exhibit chronic hyper-
tension and require blood pressure control during gestation. It 
has been diffi cult to determine whether the high rate of fetal 
growth restriction and preterm deliveries were related to 
hypertension per se, its treatment, or some factor specifi cally 
related to renal insuffi ciency. The National High Blood Pres-
sure Education Program Working Group Report, published in 
1990, indicated that women with chronic hypertension are at 
risk for “preeclampsia, perinatal morbidity and death, and the 
possibility of deterioration of renal function” [17]. This report 
suggested the continuation of antihypertensive agents, using 
the same antihypertensive agents that were shown to be effec-
tive before conception, except for angiotensin-converting 
enzyme (ACE) inhibitors and angiotensin receptor blockers 

Table 18.2 Obstetric complications in primary renal disease with preserved 

and moderately severe renal function.

   General
   population
 Cr ≤1.4 mg/dL* Cr >1.4 mg/dL† in USA‡

Number of 121 82

 pregnancies

Preterm (<37 weeks) 20% 59% 11%

Growth restriction 24% 37% 10%

  (<10th

 percentile)

Birthweight 2693 ± 878 g 2239 ± 839 g 2800 g

Stillbirths 5% 5% 0.7%

Neonatal deaths 4.9% 2% 0.7%

Infant survival 89% 91% 98.6%

Cr, creatinine.

* Katz et al. [15].
† Jones and Hayslett [16].
‡ Cunningham et al. [20].

Table 18.1 New maternal complications during pregnancy in primary renal 

disease with preserved and moderately severe renal function.

 Cr £ 1.4 mg/dL* Cr >1.4 mg/dL†

Number of pregnancies 121 82

Reduction in GFR (pregnancy 16% 43%

 and postpartum)

Exacerbation or de novo 28% 48%

 onset of hypertension

Signifi cant proteinuria 29% 41%

Cr, creatinine; GFR, glomerular fi ltration rate.

* Katz et al. [15].
† Jones and Hayslett [16].
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(ARB) because they are fetotoxic. Subsequently, studies 
showed that blood pressure levels above normal in patients 
with chronic renal disease are a major factor promoting pro-
gressive decline in renal function [18]. It seems likely that 
pregnant women with chronic renal insuffi ciency would be 
highly vulnerable to accelerated renal injury because of the 
renal vascular dilatation that characterizes pregnancy. We 
therefore favor blood pressure control suffi cient to maintain 
normal values.

Methyldopa has been favored by the obstetric community 
because of the proven demonstration of safety for the fetus. 
Unfortunately, this agent is not as potent as some of the newer 
categories of antihypertensive drugs. Despite the lack of evi-
dence based on scientifi c studies that affi rm the effectiveness 
and safety of newer agents, beta-adrenergic blocking agents, 
such as labetolol and calcium-channel blockers, are used 
widely and appear to be safe [19]. Both categories can be 
employed by either oral or parenteral routes and therefore can 
be used for outpatient management and hypertensive crises.

On the basis of these accounts of the course of pregnancy in 
women with pre-existing primary renal disease, there is now 
better information on this group to assess risk for maternal 
complications and the likelihood of achieving a favorable 
pregnancy outcome. It should be remembered, however, that 
these data were derived from centers with high-risk preg-
nancy specialists and infant intensive care units.

Management

Women with renal disease are best managed at a tertiary 
hospital under the coordinated care of a maternal-fetal 
specialist and a nephrologist. Initial laboratory tests should 
include a database that aids in early detection of renal loss and 
provides a basis for comparison during the course of 
pregnancy:
1 Serum creatinine concentration and its time clearance if the 
baseline creatinine value is 0.8 mg/dL or more.
2 Albumin, and cholesterol concentration.
3 Electrolytes, urine analysis, screening bacterial culture, and 
a 24-hour urine collection for protein excretion.

Biweekly prenatal visits should be scheduled until week 32 
and weekly thereafter. Serum creatinine and quantitative 
urinary excretion of protein should be performed at least every 
6 weeks.

Case presentation 1

During her fi rst pregnancy, a 24-year-old woman developed 
the nephrotic syndrome in the third month of gestation, in the 
setting of otherwise good health. Renal function and blood 
pressure were normal. The administration of prednisone 
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Fig. 18.1 Serum creatinine concentrations in 

women with primary renal disease during and 

after pregnancy, according to concentration 

measured early in gestation. Dashed lines 
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dL. (From Jones and Hayslett [16].)
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induced a complete remission of the nephrotic syndrome, 
which was then maintained until a term delivery. A subse-
quent renal biopsy confi rmed the diagnosis of minimal 
change disease. In a second pregnancy 1 year later, a relapse 
of the nephrotic syndrome occurred in the second month 
of gestation. To spare the patient exposure to steroid 
therapy for 7 months, the patient was managed conser-
vatively with a low sodium diet and an intermittent diuretic, 
which minimized but did not eliminate edema. Follow-
ing a term delivery the patient was treated with short-term 
high-dose prednisone therapy which resulted in long-term 
cure.

This case illustrates the usual good pregnancy outcome 
when the nephrotic syndrome occurs as a primary renal 
disease in the absence of renal insuffi ciency and signifi cant 
hypertension.

Case presentation 2

A 29-year-old woman was referred to the maternal-fetal medi-
cine section because of renal insuffi ciency with a serum creati-
nine of 1.7 mg/dL and the nephrotic syndrome, characterized 
by the protein excretion of 3.5 g/24 hours and a serum albumin 
concentration of 2.6 g/dL. Blood pressure was normal but 
anemia (Hct 27%) required treatment with Epogen or erythro-
poetin therapy. Edema formation was controlled with a low 
sodium diet and intermittent use of a diuretic to reduce but not 
eliminate dependent edema. The course of pregnancy was 
uneventful and ended with a term delivery.

This case illustrates the usual good pregnancy outlook of 
pregnancies characterized by moderate renal insuffi ciency 
and normal blood pressure or mild hypertension.

Case presentation 3

A 29-year-old nulliparous woman was referred to the mater-
nal-fetal medicine section because of chronic hypertension 
and renal insuffi ciency. Renal insuffi ciency had been present 
for at least 3 years and the serum creatinine level had been 
stable at 2.0 mg/dL for approximately 6 months before 
the onset of pregnancy. A renal biopsy before pregnancy 
had identifi ed the renal disease as being caused by focal 
and segmental glomerular nephritis and severe scarring. 
Hypertension was reasonably controlled with medication. 
The serum creatinine rose progressively from week 18 to week 
33, from 2.2 to 4.8 mg/dL, when an intrauterine death occurred. 
The patient required renal replacement therapy with dialysis 
approximately 2 months after the termination of pregnancy 
and ultimately a successful renal transplantation.

This case illustrates the poor outcome that often 
occurs when pregnancy is associated with severe renal 
insuffi ciency.
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19 Pregnancy in transplant patients
James R. Scott

Chronic renal failure or end-stage renal disease affects over 20 
million people in the USA alone. These patients have only two 
treatment options for survival: dialysis or a kidney transplant. 
Kidney transplantation leads to a longer life than dialysis, 
restores many patients to near normal lifestyles, and is cost 
effective for the health care system. The donor kidney is surgi-
cally placed extraperitoneally in the recipient’s iliac fossa. The 
procedure is accomplished by anastomosing the donor renal 
artery to the proximal end of the divided hypogastric artery 
and the donor renal vein to the external iliac vein as illustrated 
in Fig. 19.1(a) or anastomosing the donor renal artery directly 
to the external iliac artery as shown in Fig. 19.1(b). The donor 
ureter is then attached to the recipient’s bladder by uretero-
neocystostomy. Transplantation has also evolved as the treat-
ment of choice or only option for many women of reproductive 
age with end-stage liver, heart, and lung disease.

It has been almost 50 years since the fi rst child was born to a 
renal allograft recipient, and women with virtually all types of 
organ transplants have now had successful pregnancies. 
Nevertheless, it is clear that these are high-risk pregnancies 
that require expert obstetric care [1]. All transplant patients 
have underlying medical disorders that can adversely affect 
pregnancy outcome. Problems can occur unpredictably, and 
each organ has its own specifi c issues. This combination of 
factors presents a unique management challenge to the obste-
trician. There are no randomized trials that have investigated 
pregnancy management options for transplant patients, but a 
great deal has been learned through experience.

Prepregnancy assessment and counseling

Preconception counseling is indicated for all female transplant 
recipients at the pretransplant evaluation and before a preg-
nancy is attempted [1]. Any woman contemplating pregnancy 
should be in good health with no evidence of graft rejection 
(Table 19.1). Serious medical problems such as diabetes melli-
tus, cardiovascular or pulmonary disease, recurrent infec-

tions, and major side-effects from immunosuppressive drugs 
may make pregnancy inadvisable. The ideal time for preg-
nancy is between 2 and 5 years after transplantation when 
allograft function has stabilized and immunosuppressive 
medication has been reduced to moderate doses. An assess-
ment of the patient’s family and spouse support as well as a 
tactful but honest discussion of her life expectancy and poten-
tial pregnancy problems is important. The medical literature 
and media tend to be overly optimistic about pregnancy out-
comes and long-term prognosis, which tend to give patients 
unrealistic expectations. Long-term organ allograft survival 
rates are not 100%, and the transplant recipient may not live to 
raise her child to adulthood.

Antepartum care

Kidney transplantation is the prototype, but prenatal care is 
similar with essentially all other organ allografts. Early diag-
nosis of pregnancy is important, and a fi rst trimester ultra-
sound examination is essential to establish an accurate date of 
delivery. Antenatal management should be meticulous with 
frequent prenatal visits and serial assessment of maternal allo-
graft function and prompt diagnosis and treatment of infec-
tions, anemia, hypertension, and preeclampsia. Nausea and 
vomiting or hyperemesis gravidarum can lead to decreased 
absorption and inadequate immunosuppression. Close fetal 
surveillance for preterm labor is necessary, and the known 
risk for fetal growth restriction is monitored by serial ultra-
sound examinations.

The incidence of intraepithelial and invasive cancer of the 
genital tract in patients taking immunosuppressive drugs is 
increased, and regular Papanicolaou (Pap) tests and screening 
for malignancies are vital components of clinical care [2]. Skin 
cancer is the most common malignancy and affects the major-
ity of patients eventually, with 30–70% of patients developing 
squamous cell carcinoma, melanoma, and basal cell carcinoma 
within 20 years [3].
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Some patients have become Rh-sensitized from the 
allograft, and commonly acquired viral infections such as 
cytomegalovirus (CMV), herpes genitalis (HSV), human pap-
illomavirus (HPV), human immunodefi ciency virus (HIV), 
and hepatitis B (HBV) and hepatitis C (HCV) pose a risk for 
both the mother and her fetus. The transplanted graft is a 
source of CMV, and patients typically receive prophylaxis 
against CMV for 1–3 months postoperatively when the risk for 
infection is highest. The greatest risk of congenital infection in 
the fetus is with primary CMV infection during pregnancy, 
but recurrent CMV infection in immunosuppressed women 
has also caused congenital CMV in the infant [4]. HBV and 
HCV are usually acquired through dialysis and blood transfu-
sions prior to transplantation. Hepatitis B immunoglobulin 
(HBIG) and HBV vaccine should be given to the newborn and 
are 90% effective in preventing chronic hepatitis. Acyclovir as 
prophylaxis or treatment of HSV can be used safely during 
pregnancy.

Immunosuppressive agents

Obstetricians are not usually familiar with this class of drugs, 
but it is important that they understand their impact on preg-
nancy and the potential side-effects. Most maintenance antire-
jection regimens in transplant patients include combinations 
of daily corticosteroids, azathioprine, cyclosporine, and, more 
recently, tacrolimus. However, new agents continually 
become available, and multiple drug regimens are common.

Lack of information about the teratogenic effects of some of 
these drugs is a serious practical problem for the obstetrician. 
Available data are insuffi cient to determine the teratogenic 
risk in human pregnancy of therapy with mycophenolate 
mofetil or muromonab-CD3, both now widely used in trans-
plant patients. Other new antimetabolites also raise substan-
tial theoretical concern because rapidly dividing cells in the 
embryo may be susceptible to damage by these inhibitors of 
DNA and RNA synthesis. The potential fetal risks for each 
drug as presently categorized by the US Food and Drug 
Administration are shown in Table 19.2.

Prednisone is the usual maintenance corticosteroid used in 
transplant patients, and intravenous glucocorticoids are used 

Table 19.1 Factors associated with optimum pregnancy outcome in 

transplant patients. Pregnancies outside these guidelines need to be 

evaluated on a case-by-case basis.

Good general health and prognosis

No evidence of rejection in the past year

Serum creatinine <1.5 mg/dL

Stable immunosuppressive regimen

No or minimal hypertension and proteinuria

Spouse and family support

Established medical compliance

Fig. 19.1 (a,b) Technique of renal transplantation. (From Garovoy et al. [40] 

with permission.)

B

A

Urinary tract infections are particularly common in kidney 
transplant patients, with up to a twofold increase in the inci-
dence of pyelonephritis. Asymptomatic bacteruria should be 
treated for 2 weeks with follow-up urine cultures, and sup-
pressive doses of antibiotics may be needed for the rest of the 
pregnancy. Other bacterial and fungal infections associated 
with immunosuppression include endometritis, wound infec-
tions, skin abscesses, and pneumonia, often with unusual 
organisms.
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to treat acute rejection reactions. Because prednisone is largely 
metabolized by placental 11-hydroxygenase to the relatively 
inactive 11-keto form, the fetus is exposed to only 10% of the 
maternal dose of the active drug. Most patients are maintained 
on moderate doses of prednisone (10–30 mg/day) which are 
relatively safe with few fetal effects.

Azathioprine, and its more toxic metabolite 6-mercaptopu-
rine, is a purine analog whose principal action is to decrease 
delayed hypersensitivity and cellular cytotoxicity. The 
primary maternal hazards of azathioprine administration are 
an increased risk of infection and neoplasia. Maternal liver 
toxicity and bone marrow supression have occurred but 
usually resolve with a decrease in dosage. Between 64% and 
90% of azathioprine crosses the placenta in human pregnan-
cies, but the majority is the inactive form thiouric acid. Classifi -
cation of azathioprine as Category D is based largely on two 
early series which reported an incidence of congenital anoma-
lies of 9% and 6.4% [5,6]. No specifi c pattern has emerged, 
and experience has shown that azathioprine is not associated 
with more congenital malformations than seen in the normal 
population [7–12].

Cyclosporine, a fungal metabolite whose major inhibitory 
effect is on T-cell-mediated responses by preventing 
formation of interleukin-2 (IL-2), is a calcineurin inhibitor. It 
became a standard component of most immunosuppressant 
regimens. The drug has a propensity for nephrotoxicity and 
hypertension. Other side-effects include hirsutism, tremor, 
gingival hyperplasia, hyperuricemia, viral infections, hepato-
toxicity, and an increased risk for neoplasia such as lympho-
mas. Cyclosporine readily crosses the placenta, but there is no 
evidence of teratogenicity in the human [7–12].

Tacrolimus is a macrolide that has become widely used in 
solid organ transplantation, replacing some of the older immu-
nosuppressant agents. There are currently over 90,000 trans-

plant recipients being treated with tacrolimus in the USA, and 
it is prescribed to the majority of new kidney and liver trans-
plant recipients worldwide [7–12]. There is an increase in 
glucose intolerance and new onset diabetes mellitus among 
recipients treated with tacrolimus, but control of blood glucose 
levels can usually be achieved by decreasing the dosage. 
Nephrotoxicity and hyperkalemia develops in many patients, 
and neurotoxicities such as headache, tremor, changes in 
motor function, mental status, or sensory function have also 
been described. Cord blood concentrations are approximately 
50% of maternal levels; there has been no proven association 
with congenital malformations [13–16].

New classes of immunosuppressant agents are becoming 
available, but less is known about their teratatogenic potential 
or safety during pregnancy [15]. Sirolimus is an orally admin-
istered macrolide that inhibits cytokine-stimulated T-
lymphocyte activation and proliferation. The major adverse 
effects have been hypercholesterolemia, hypertriglyceri-
demia, thrombocytopenia, and leukopenia. Basilizimab and 
dacliximab are genetically engineered “humanized” mouse 
IgG1 antibodies that block the IL-2 receptor. Lefl uomide is a 
pyrimidine synthesis inhibitor of dihydroorotate dehydroge-
nase which is required for the biosynthesis of pyrimidines, 
and therefore of DNA, and RNA. It has teratogenic and feto-
toxic effects in animal studies, and 7/90 babies from full-term 
pregnancies have been born with congenital malformations 
[17,18].

Kidney transplant patients

Approximately 1 in 20 women of childbearing age with a func-
tioning renal allograft becomes pregnant [19–21], and it is esti-
mated that more than 15,000 pregnancies have now occurred 
(Fig. 19.2). Many women have now had more than one preg-
nancy, and some have successfully delivered twins and 
triplets. One of our patients has had fi ve live births with no del-
eterious effect on the kidney [22].

If preconception graft function is adequate as evidenced by 
a plasma creatinine of less than 1.5 mg/dL, the pregnancy can 
be expected to progress normally until near term. The trans-
planted kidney usually functions satisfactorily during gesta-
tion, but most patients do not have the increased glomerular 
fi ltration rate (GFR) seen in normal pregnant women. GFR 
instead typically decreases during the third trimester. Pro-
teinuria also occurs in 40% of renal transplant patients in the 
third trimester, but this characteristically resolves postpar-
tum. If there are no signs of preeclampsia, this proteinuria 
requires no specifi c treatment.

In contrast, pregnancy is almost always more complicated in 
patients with elevated creatinine levels or chronic rejection epi-
sodes [23]. Deterioration of renal function, rejection, and even 
maternal death have occurred. Rejection is characterized by 
fever, oliguria, deteriorating renal function, enlargement of the 

Table 19.2 Classifi cation of fetal risk for immunosuppressive drugs used in 

transplantation. Category A, controlled studies, no risk; Category B, no 

evidence of risk in humans; Category C, risk cannot be ruled out; Category D, 

positive evidence of risk; Category X, contraindicated in pregnancy.

 Pregnancy Category

Corticosteroids (prednisone) B

Azathioprine (Imuran) D

Cyclosporine (Sandimmun, Neoral, SangCya) C

Tacrolimus (Prograf) C

Sirolimus (Rapamune) C

Mycophenolate mofetil (CellCept) C

Antithymocyte globulin (ATGAM, ATG,  C

 Thymoglobulin)

Muromonab-CD3 (Orthoclone OKT3) C

Basilizimab (Simulect) B

Daclizumab (Zenapax) C

Lefl unomide (Avara) X
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Fig. 19.2 Renal transplant recipient with her fi ve 

children all born after her transplant. These 

pregnancies were all managed at the University of 

Utah Medical Center.

kidney, and tenderness to palpation. This diagnosis can be dif-
fi cult because the fi ndings overlap with other disorders such as 
pyelonephritis, preeclampsia, and nephrotoxicity from immu-
nosuppressant drugs. Nevertheless, it is crucial to establish the 
diagnosis of rejection before initiating additional antirejection 
therapy. Imaging studies such as ultrasound are useful to 
detect changes in the kidney indicative of rejection.If the diag-
nosis is still unclear, renal biopsy is sometimes necessary.

Chronic hypertension and preeclampsia are the most 
common complications in these patients and contribute to the 
increase in preterm births, fetal growth restriction, and perina-
tal death [19–22]. Hypertension is present in at least half 
of these pregnancies, and almost one-third develop preec-
lampsia. In a transplant patient with a blood pressure greater 
than 140/90 mmHg, antihypertensive medications should 
be continued during pregnancy. However, angiotensin-
converting enzyme (ACE) inhibitors should not be used 
because of adverse effects on the fetus including oligohy-
dramnios, pulmonary hypoplasia, and long-lasting neonatal 
anuria. Calcium-channel blockers are the preferred agents, 
and an additional benefi cial effect appears to be in countering 
the vasoconstrictive effect of cyclosporine. Preeclampsia 
should be anticipated, and the management is the same as 
with nontransplant patients.

Other organ transplant patients

Pancreas

Whole or segmental cadaveric pancreas transplanta-
tion, usually combined with kidney transplantation, is now a 
treatment option for patients with juvenile onset insulin-

dependent (type I) diabetes mellitus. One-year graft survival 
rate is approximately 80%, with a 5-year graft survival rate of 
60%. The 10-year probability of insulin independence is 
approximately 90% if the patient has a functioning graft at 
5 years [24]. Most cases of pancreas transplantation are per-
formed in patients who already have or will receive a kidney 
allograft at the same time they receive the pancreas (Fig. 19.3).

Fig. 19.3 Combined pancreas–kidney transplantation with duodenal 

segment technique. (From Sollinger and Knechtle [41] with permission.)
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Fig. 19.4 Heart transplant recipient holding her newborn, delivered at the 

University of Utah Medical Center 6 years after transplant. (From Am J 

Transplant 2005:7 with permission.)

Although renal transplantation allows diabetic women to 
become pregnant, immunosuppression adds to the complex-
ity of management [24,25]. Because many issues are the same, 
antepartum and intrapartum management is similar to kidney 
transplant patients. However, the diabetogenic effects of preg-
nancy, corticosteroids, cyclosporine, and other immunosup-
pressive drugs can all lead to or aggravate hyperglycemia, 
macrosomia, and other sequela in pancreas transplant patients. 
Euglycemia should be achieved preconception, and glucose 
tolerance testing (GTT) is warranted prior to 20 weeks. If 
hypoglycemia is present, diet and insulin therapy should be 
instituted at that time. If the GTT screen is normal, it should be 
repeated at 24–28 weeks as with any pregnant patient. Most 
pancreas transplant patients have maintained euglycemia 
throughout pregnancy and labor, but complications have 
included osteoporosis, fractures, diabetic neuropathy, chronic 
vascular insuffi ciency, maternal death, stillbirth, neonatal 
hypocalcemia, and hypoglycemia.

Liver

Improvements in immunosuppressant drug therapy and sur-
gical techniques have resulted in longer life expectancy and 
many pregnancies have been reported in women with liver 
allografts [26–28]. Currently, 11% of all patients receiving liver 
transplants are women of reproductive age, and an additional 
15% are younger patients who will survive beyond the child-
bearing age. Of particular concern is HCV, because it is the 
most common indication for liver transplantation, and the rate 
of maternal–fetal transmission is unknown. Clinical signs sug-
gestive of liver rejection are fever, right upper quadrant pain, 
leukocytosis, and elevated serum bilirubin and aminotrans-
ferase levels. Because these tests are nonspecifi c, suspected 
graft rejection needs biopsy confi rmation. Most rejection epi-
sodes can be managed by adjusting the drug regimen. Mater-
nal complications have included elevated liver function tests, 
rejection, recurrent hepatitis, decreased renal function, urinary 
tract infection, adrenal insuffi ciency, and endometritis [26–
28]. There is also an increased rate of fetal growth restriction; 
preeclampsia; hemolysis, elevated liver enzymes, and low 
platelet count (HELLP) syndrome; premature rupture of 
membranes; preterm birth; and neonatal infections. These 
complications are in part dependent on maternal health before 
pregnancy, and management is similar to that in renal trans-
plant patients.

Heart

More than 5000 women in North America have undergone 
heart transplants at a current rate of more than 500 per year 
(Fig. 19.4). The transplanted heart must adapt to the physio-
logic changes of pregnancy. Arrhythmias may be present, and 
the denervated heart may not respond to some vasopressors in 
a predictable way. Only direct acting vasoactive drugs have an 

effect, and the transplanted heart may be more sensitive 
to beta-adrenergic agonists because of an increase in beta 
receptors [29].

One-third of patents have tricuspid regurgitation 1 year 
post-transplant, and it may worsen with the increased blood 
volume associated with pregnancy. Almost one-third of 
cardiac transplant patients have atherosclerotic coronary 
vessel stenosis by 3 years after the transplant and up to 50% 
have atherosclerosis at 5 years [30]. Because myocardial 
ischemia does not cause chest pain as there is no afferent inner-
vation, paroxysmal dyspnea may be the only presenting 
symptom. Maternal graft rejection episodes occur in 20–30% 
of pregnancies, but most are not clinically evident and are 
diagnosed by routine surveillance biopsies. These biopsies are 
obtained from the right ventricle guided by either fl uoroscopy 
or echocardiography [31]. Rejection episodes are usually suc-
cessfully managed by increasing the immunosuppression 
regimen. The increased incidence of hypertension, pre-
eclampsia, prematurity, and low birthweights are similar to 
that of other transplant patients [31,32]. It is well to involve an 
anesthesiologist to formulate a well-organized plan for labor 
and delivery because these patients have an increased sensi-
tivity to hypovolemia and catecholamines.

Lung

The most frequent indications for heart-lung or lung trans-
plants are congenital heart disease with Eisenmenger syn-
drome, primary pulmonary hypertension, and, less commonly, 
cystic fi brosis and emphysema [33–35]. One-year survival rate 
for heart-lung recipients is 63%, and this decreases to approxi-
mately 40% at 5 years. In addition to the management issues 
related to heart transplant patients, there are specifi c issues to 



Pregnancy in Transplant Patients

173

be considered in the pregnant lung transplant recipient. Diag-
nosing chronic rejection of the lung allograft may be challeng-
ing, but one of the fi rst symptoms is often a mild cough with 
subsequent deterioration in pulmonary function. During the 
transplant, there is a loss of pulmonary innervation, bronchial 
arterial supply, and pulmonary lymphatics. This denervation 
leads to compromise of the cough refl ex and diffi culty protect-
ing the airway. Decreased lung compliance may result in a 
persistent alveolar–arterial oxygen gradient. Pulmonary 
edema is a defi nite possibility in these patients, and excess 
intravenous hydration should be avoided. Two patients 
have died postpartum from complications of obliterative 
bronchiolitis.

Intrapartum management

The timing of delivery is often dependent on events such as 
premature labor, premature ruptured membranes, or severe 
preeclampsia. The extraperitoneal location of the transplanted 
kidney in the iliac fossa usually does not interfere with vaginal 
delivery (Fig. 19.5). There are no particular contraindications 
to induction, labor, or vaginal delivery in organ graft recipi-
ents. Because of an increased susceptibility to infection, vaginal 
examinations should be kept to a minimum and artifi cial 
rupture of membranes and internal monitoring performed 
only when specifi cally indicated.

Cesarean delivery should be based on accepted obstetric 
indications. Operative deliveries in these patients are managed 
with prophylactic antibiotics and additional glucocorticoids, 
and require strict asepsis and careful attention to hemostasis. 

A lower midline vertical incision provides the greatest expo-
sure and avoids the region of the transplanted kidney. A low 
transverse uterine incision is almost always possible, but the 
obstetrician should be aware of the anatomic alterations asso-
ciated with the transplanted kidney to avoid inadvertent 
damage to the blood supply, urinary drainage, or bladder 
damage.

Obstetric emergencies

Acute emergencies may arise in pregnant transplant patients 
with severe consequences that require aggressive manage-
ment and intensive care. These are best managed in a tertiary 
setting where the transplant surgeon, obstetrician, nephrolo-
gist, and other subspecialists and intensivists can work 
together. Most diffi cult is severe and chronic rejection or allo-
graft vasculopathy with loss of graft function which threatens 
the life of the mother and fetus. Renal allograft patients with 
deteriorating function may have to be placed back on dialysis 
therapy for the remainder of the pregnancy, and other organ 
recipients need a variety of supportive measures or retrans-
plantation. Sepsis and overwhelming infections are also a 
constant threat in these women, and patients have died of 
meningitis, pneumonia, gastroenteritis, HCV and HBV, and 
AIDS [8–12,20,21]. With the high incidence of hypertension 
and preeclampsia, it is not surprising that HELLP syndrome, 
stroke and eclampsia have occurred [8–12,20,21]. Other causes 
of morbidity that have required emergent surgery include 
rupture of renal vessel anastomosis, mechanical obstruction 
of the ureter, antepartum bleeding, uterine rupture, small 

Fig. 19.5 Transverse sonogram at 22 weeks’ 

gestation below the level of the iliac crest 

showing: anterior placenta (A), fetal trunk (B), and 

mild hydronephrosis of the transplanted kidney 

(C) . (From Norton and Scott [42] with 

permission.)
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bowel injury at cesarean delivery, severe postpartum hemor-
rhage, abdominal wound dehiscence, and pelvic abscess 
[3,20].

The baby

All immunosuppressive drugs cross the placental barrier and 
diffuse into the fetal circulation. Because there is no convinc-
ing evidence that prednisone, azathioprine, cyclosporine, or 
tacrolimus produce congenital abnormalities in the human 
fetus, they are the drugs of choice during pregnancy. Other 
than fetal growth restriction and preterm birth, most offspring 
born to these mothers have had relatively uncomplicated neo-
natal courses. Mothers are usually empirically advised against 
breastfeeding, but the dosage of immunosuppressive drugs 
detected in breastmilk and delivered to the infant is small. 
Breastfeeding in these patients should no longer be viewed as 
absolutely contraindicated [1].

Most neonates have progressed normally through child-
hood [36,37]. Concerns have recently been raised about the 
possibility of delayed adverse effects in adulthood such as 
later development of fertility problems, autoimmune dis-
orders, and neoplasia [37–39]. Thus, it is important that all off-
spring exposed to these agents have long-term follow-up.

Case presentation

This 26-year-old primigravida underwent heart transplanta-
tion for idiopathic dilated cardiomyopathy and intractable 
congestive heart failure. When she conceived 4 years after 
the transplant, she was receiving conventional doses of 
cyclosporine, azathioprine, and prednisone.

The patient was followed from 7 weeks’ gestation with fre-
quent antepartum visits and serial sonograms for fetal growth. 
Right-heart catheterizations and cardiac biopsies showed 
stable cardiac function throughout pregnancy. The pregnancy 
progressed normally until 33 weeks. At that time, she devel-
oped pruritus, slight icterus, and a blood pressure of 
130/90 mmHg. Admission laboratory tests were normal 
except for a hematocrit of 28.5%, platelet count 99,000/µL, 
alkaline phosphatase 12 mg/dL, lactic dehydrogenase 
345 mg/dL, and total bilirubin 2.8 mg/dL. Despite bed rest, 
her blood pressure gradually rose to 150/100 mmHg, and she 
developed proteinuria. A diagnosis of preeclampsia was 
made, and labor was induced at 34 weeks’ gestation. The 
patient delivered a healthy 2500-g female infant.

Over the fi rst 4 postpartum days, the mother had three inter-
mittent episodes of sudden vaginal bleeding, which were 
treated with uterine massage, intravenous oxytocin, intra-
muscular prostaglandin F2α, uterine curettage, and blood 
transfusions. Persistent uterine bleeding on the fi fth postpar-
tum day prompted an abdominal hysterectomy. The uterus 

contained an unusual arteriovenous malformation which was 
most likely unrelated to her heart transplant. She had an 
uneventful postoperative course and her infant did well.

The patient developed coronary artery arteriosclerosis and 
gradual compromise of cardiac function over the next decade. 
She was otherwise in relatively good health except for chronic 
vulvar condylomata unresponsive to multiple therapeutic 
regimens. At age 35, 14 years after her transplant and 9 years 
after her delivery, a vulvar biopsy revealed invasive vulvar 
carcinoma which was treated with a radical vulvectomy and 
bilateral inguinal lymphadenectomy. One year later, her allo-
graft vasculopathy was progressing and she was hospitalized 
and treated for an acute myocardial infarction and a pulmo-
nary embolism. She was again admitted to the intensive care 
unit 3 weeks later with herpes encephalitis, where she devel-
oped acute tachycardia, severe hypoxia despite intubation, 
rapidly deteriorated, and expired. She is survived by her 
husband and her daughter, who is now 14 years old.

This case illustrates short- and long-term problems that 
commonly occur in transplant patients of reproductive age.
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20 Gestational diabetes mellitus
Deborah L. Conway

Normal pregnancy is a state of insulin resistance. To spare 
glucose for the developing fetus, the placenta produces several 
hormones that antagonize insulin and shifts the principal 
energy source from glucose to ketones and free fatty acids 
[1,2]. Most pregnant women maintain normal blood glucose 
levels despite the increased insulin resistance through 
enhanced insulin production and release by the pancreas, both 
in the basal state, and in response to meals.

Gestational diabetes mellitus (GDM) is a state of carbohy-
drate intolerance that develops or is fi rst recognized during 
pregnancy. In some women, β-cell production of insulin 
cannot keep pace with the resistance to insulin produced by 
the diabetogenic hormones from the placenta. The prevalence 
of GDM in the USA is 2–5%, and is proportional to the preva-
lence of type 2 diabetes in the population under examination, 
because they share a similar pathophysiology [3]. It is the most 
common medical complication of pregnancy, and it is clearly 
linked to several maternal and fetal complications including: 
fetal macrosomia with operative delivery and birth trauma 
[4]; preeclampsia and hypertensive disorders [5]; metabolic 
complications in the neonate including hypoglycemia, hypo-
calcemia, and hyperbilirubinemia [6]; prematurity and peri-
natal mortality [7–10].

Screening for diabetes in pregnancy

Rigorous identifi cation and effective treatment of women with 
diabetes minimize the occurrence of pregnancy complications 
that can result from maternal hyperglycemia. Most experts 
agree that all pregnant women should undergo screening for 
GDM. However, “screening” does not necessarily involve uni-
versal laboratory testing for hyperglycemia. In risk factor-based 
screening, women who meet all criteria listed in Table 20.1 are 
deemed “low-risk” for GDM, and may forego laboratory 
glucose testing. In a retrospective comparison, over 18,000 
women were screened for GDM with the 1-hour 50-g glucose 
challenge test (GCT) [11]. If only those with risk factors had 

undergone laboratory testing, just 3% of women with GDM 
would have been undetected. However, in this population, only 
10% of women were “low risk” by all criteria, and thus able to 
forego the 1-hour GCT. Therefore, in clinical settings with a high 
burden of GDM and type 2 diabetes, a risk factor-based screen-
ing algorithm is unlikely to be either cost or time effi cient.

The most commonly employed cut-off value for the GCT is 
140 mg/dL, which results in an approximately 15% test posi-
tive rate. By reducing the cut-off to 130 mg/dL, the sensitivity 
of the test (i.e., the proportion of women with GDM who have a 
“positive” screen) improves to nearly 100%, at the expense of 
specifi city [12]. In a low-risk population (i.e., one with a low 
burden of type 2 diabetes), the actual number of extra cases 
identifi ed with this increase in sensitivity is greatly outweighed 
by the number of false positive screens between 130 and 
140 mg/dL. Conversely, in a high-risk population in which 
type 2 diabetes is common, the number missed by using the 
higher cut-off may be unacceptable. Therefore, the population 
characteristics should be taken into consideration when select-
ing the appropriate cut off for gestational diabetes screening.

For women at low risk for GDM, screening should occur  
between 24 and 28 weeks, because insulin resistance during 
pregnancy increases as a function of increasing gestational age 
until approximately 32 weeks’ gestation. Women who are at 
high risk should be tested upon entry to prenatal care. Women 
at high risk for GDM include those with GDM, macrosomia, 
stillbirth, or congenital anomaly in a prior pregnancy, those 
with a fi rst-degree relative with type 2 diabetes, as well as 
women with polycystic ovarian syndrome or a history of glucose 
intolerance or “pre-diabetes” prior to the current pregnancy.

After a positive screening test result is obtained, a diagnos-
tic 3-hour glucose tolerance test (GTT) should be performed. 
This test involves a 100-g glucose load after a fasting plasma 
glucose level is drawn. Plasma glucose levels are then obtained 
at 1, 2, and 3 hours post-glucose load. Several recent studies 
have shown no difference in GTT results with or without car-
bohydrate “loading” in the days prior to the test [13–15]. There 
are two different sets of values commonly used that defi ne a 



Gestational Diabetes Mellitus

177

positive result. According to the recommendations by the 
American Diabetes Association’s Fourth International Work-
shop Conference on Gestational Diabetes, the Carpenter and 
Coustan modifi cation of O’Sullivan and Mahan’s original 
values should be used [16]. These values are more stringent 
than the values cited by the National Diabetes Data Group 
(NDDG) (Table 20.2) [17].

The precise thresholds above which all diabetes-related 
morbidity occurs, and below which none does, are not likely to 
be determined. However, evidence exists that lack of treat-
ment of milder forms of gestational glucose intolerance result 
in increased rates of GDM-related morbidity, particularly 
excessive fetal growth. In the Toronto Tri-Hospital Study [18], 
women with “borderline” GDM (meeting Carpenter and 
Coustan criteria, but not NDDG criteria) were not treated, 
and had more than twice the rate of macrosomia as women 
with completely normal glucose testing (28% vs. 13%). 
Similarly, women with one abnormal value using the higher 
NDDG criteria also have increased rates of overgrown 
infants [19].

Therapeutic modalities in 
gestational diabetes

Medical management of GDM aims to optimize glycemic 
control to prevent or minimize the complications associated 
with the disease, while avoiding ketosis and poor nutrition. A 
multidisciplinary approach (involving obstetricians, perina-
tologists, dietitians, diabetes educators, internists, and endo-
crinologists) is essential to management. Diet, exercise, patient 
education, and, if need be, medical therapies should be 
utilized.

The cornerstone of care of a pregnancy complicated by dia-
betes is diet. Medical nutrition therapy for GDM is aimed at 
optimizing metabolic outcomes, and improving health by 
encouraging healthy food choices while addressing personal 
and cultural preferences and providing adequate energy and 
nutrients for optimal pregnancy outcomes [20]. Elements of 
dietary therapy include total calorie allocation, calorie distri-
bution, and nutritional component management. Total daily 
calorie intake is based on ideal body weight, with overweight 
and obese women allocated fewer kilocalories per kilogram of 
prepregnancy body weight than normal and underweight 
women. For example, overweight and obese women can 
be given approximately 25 kcal/kg, up to a total of 2800–
3000 kcal/day. Women with normal prepregnancy body mass 
index (BMI) receive approximately 30 kcal/kg, with a 
minimum intake of 1800 kcal/day. These calories are typically 
distributed between three meals and two to four snacks during 
the day. Smaller, more frequent meals lead to better satiety, 
improved compliance with the diet, and reduced magnitude 
of postprandial peaks.

Postprandial glucose measurements are directly infl uenced 
by the amount of carbohydrate in the consumed food. A tradi-
tional diet for diabetics typically contains 55–60% carbohy-
drate. Major et al. [21] described their success with a diet 
containing 40–42% carbohydrate. Compared with a 45–50% 
carbohydrate diet, mild carbohydrate restriction resulted in 
improved glycemic control, less need for insulin, and fewer 
large-for-gestational age infants.

Exercise is another key component in diabetic care. Cardio-
vascular exercise reduces insulin resistance [22]. Fasting and 
postprandial glucose levels are lower in women with GDM 
who exercise, possibly avoiding the need for insulin treatment 
in some women [23,24]. The physiologic and anatomic con-
straints of pregnancy should be taken into consideration when 
counseling pregnant women about exercise.

There is no established standard as to how frequently 
glucose levels should be checked in patients with GDM. The 
goal of monitoring is to identify whether or not glycemic 
targets are being met. Commonly used targets include fasting 
values below 95 mg/dL and 2-hour postprandial values below 
120 mg/dL [25]. Alternatively, 1-hour postprandial values 
may be used, with a target below 130–140 mg/dL. Many 

Table 20.1 Criteria for avoiding laboratory screening for gestational 

diabetes. All criteria must be met for a patient to be considered “low-risk” 

and glucose testing avoided. (From American Diabetes Association [47] with 

permission.)

Age less than 25 years

Not a member of an ethnic group with an increased prevalence of type 2 

 DM

Body mass index of ≤25

No prior history of glucose intolerance (GDM, DM, IGT, or IFG)

No prior history of obstetric outcomes associated with GDM (macrosomia, 

 stillbirth, malformations)

No known diabetes in a fi rst-degree relative

DM, diabetes mellitus; GDM, gestational diabetes mellitus; IFG, impaired 

fasting glucose; IGT, impaired glucose tolerance.

Table 20.2 Diagnostic thresholds for gestational diabetes using the 3-hour 

100-g glucose tolerance test.

 ADA/Carpenter & Coustan NDDGThresholds*
Time Thresholds* [16] (mg/dL) [17] (mg/dL)

Fasting  95 105

1-hour 180 190

2-hour 155 165

3-hour 140 145

ADA, American Diabetes Association; NDDG, National Diabetes Data Group.

* If two or more values meet or exceed these thresholds, the diagnosis of 

gestational diabetes is made.
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experts recommend daily monitoring with a meter that has 
built-in memory, so that results can be verifi ed, analyzed, and 
reviewed with the patient during clinic visits. Langer et al. [26] 
have demonstrated the benefi ts of an “intensifi ed” approach 
to care of diabetes during pregnancy. One essential compo-
nent of this regimen is frequent daily readings (seven times 
per day) that provide information on the effectiveness of the 
current treatment regimen. Using this intensifi ed approach, 
rates of macrosomia, shoulder dystocia, cesarean delivery, 
and neonatal hypoglycemia were reduced compared with 
those women monitored less frequently with weekly fasting 
and 2-hour postprandial readings.

One randomized trial suggested that monitoring postpran-
dial glucose determinations was more effective than prepran-
dial values in managing women with GDM on insulin [27]. 
The group randomized to postprandial readings had signifi -
cantly less fetal overgrowth, fewer cesarean deliveries for 
cephalopelvic disproportion, and less neonatal hypoglycemia, 
compared with women who checked their glucose levels 
before meals. Although postprandial readings are superior to 
preprandial readings, they have not been shown to be supe-
rior to a combination of pre- and post-meal readings. Results 
from continuous blood glucose monitors in “well-controlled” 
nonpregnant type 2 diabetics revealed unrecognized hypogly-
cemic episodes in 80% of patients, and postprandial hypergly-
cemia after 57% of all meals [28].

Ultimately, some women with GDM will not be able to meet 
glycemic targets with diet therapy alone and will require 
medical intervention with insulin or a hypoglycemic agent. 
This can usually be determined once dietary therapy has been 
in place for 2 weeks [29]. Insulin dosage is calculated accord-
ing to body weight, starting in the range of 0.7–1.0 units/kg of 
current body weight, usually given in the form of short- and 
intermediate-acting human insulin, in split doses. Two-thirds 
of the total calculated dose is given with breakfast and one-
third in the evening. A sample calculation is provided in 
Fig. 20.1. The pregnant diabetic demonstrates both insulin 
resistance and relative insulin defi ciency; thus, it is typical to 
require large doses of insulin to achieve adequate glycemic 
control [30]. It is important to remember that with advancing 
gestational age, the patient will become more insulin resistant, 
and therefore insulin requirements will increase. The insulin 
dose can be adjusted as frequently as every 3–4 days and can 

be increased 10–20% depending on the corresponding values 
obtained from patient monitoring.

Another treatment option for women who are not ade-
quately controlled on diet alone is the sulfonylurea drug gly-
buride. In the past, there was concern over transplacental 
passage of sulfonylurea drugs leading to fetal and neonatal 
hypoglycemia. Studies using human placental models dem-
onstrated that the transplacental passage of glyburide is negli-
gible [31]. In a randomized trial comparing insulin with 
glyburide in 404 women with GDM, no differences were found 
between groups in terms of mean maternal blood glucose, 
large for gestational age infants, macrosomia (greater than 
4000 g), lung complications, hypoglycemia, or cord blood 
insulin levels. In addition, no glyburide could be detected in 
the cord blood of infants born to women treated with that 
agent [32]. The criteria we use for consideration of glyburide 
therapy are the following: gestational age 11–33 weeks; fasting 
glucose on 3-hour GTT less than 110 mg/dL [33]; and no 
known allergy to sulfa-containing drugs. For women who do 
not meet these criteria, we recommend insulin. The initial dose 
of glyburide is usually 2.5 mg, given in the morning if daytime 
control is required or at bedtime if fasting hyperglycemia is 
present. The dosage can be adjusted upward by 2.5–5 mg on a 
weekly basis, to a maximum of 20 mg/day (10 mg b.i.d.). 
Although maternal hypoglycemia is a potential complication 
of glyburide therapy, it occurs less often than in insulin-treated 
women [32].

Antenatal testing

Documenting fetal well-being during the antepartum period 
is important for any woman whose pregnancy is complicated 
by pregestational diabetes (White class B or higher). However, 
there is no unifi ed opinion regarding the need for antepartum 
fetal assessment in women with well-controlled, uncompli-
cated pre-existing and gestational diabetes [34]. The American 
College of Obstetricians and Gynecologists (ACOG) recom-
mends that antenatal testing be performed on all pregesta-
tional diabetics, gestational diabetics with poor glycemic 
control, or gestational diabetics with another pregnancy com-
plication such as hypertension or abnormal fetal growth [25]. 
The method of testing (e.g., nonstress testing, biophysical 

Fig. 20.1 Sample initial insulin dose calculation. 

Current patient weight: 94 kg (207 lb). Total daily 

insulin (0.7 units/kg): 0.7 × 94 kg = 66 units. N, 

insulin NPH; R, insulin regular.

66 units 

2/3 in the morning
44 units

1/3 in the evening
22 units

2/3 given as N
30 units

1/3 given as R
14 units

1/2 given as R at dinner
11 units

1/2 given as N at bedtime
11 units
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profi le) is left to the discretion of the provider, guided by local 
practice. In addition, all women with GDM should be 
instructed to perform fetal kick counts daily, beginning in the 
third trimester, and to notify her care provider promptly if 
fetal movements are diminished.

Delivery: when to deliver, how to deliver

Timing of delivery is a delicate balance in a pregnancy compli-
cated by diabetes. Once term has been reached, ongoing preg-
nancy exposes the fetus to the risk of stillbirth and continued in 
utero growth that may make delivery more risky. On the other 
hand, needless intervention places women at risk for the com-
plications associated with long labors and operative deliver-
ies. Very few prospective trials have been undertaken with 
regard to optimizing delivery outcomes in diabetics. What has 
been consistently shown is that the cesarean delivery rate is 
higher in diabetics than in nondiabetics [35], even when skilled 
antenatal care has achieved near normal rates of fetal 
overgrowth [18].

An additional consideration in the optimal timing of deliv-
ery is that infants of diabetic mothers may have delayed pul-
monary maturity and are at increased risk of respiratory 
distress syndrome (RDS). Poorly controlled diabetes is 
associated with fetal pulmonary immaturity, but the risk in 
well-controlled pregnancies parallels that of a nondiabetic 
population [36]. Other investigators have found that the 
risk of RDS becomes equal to that of nondiabetic pregnancies 
at 38.5 weeks [37]. In a study by Piper et al. [36], no cases of 
RDS occurred after 37 weeks’ gestation, despite “immature” 
results on the amniotic fl uid tests for fetal lung maturity. 
Lung maturity testing in the setting of diabetes might 
only be necessary if early delivery is considered, if glucose 
control has been very poor, or if gestational age is uncertain. 
Furthermore, tests for lung maturity should only be obtained 
in cases where delay in delivery is prudent even if the test is 
negative.

Indications for delivery at any time after 37–38 weeks 
include: inability to achieve adequate glucose control; poor 
compliance with visits or prescribed treatment; prior stillbirth; 
and presence of chronic hypertension. Women with well-
controlled GDM, good compliance with care, and an appro-
priately grown fetus are allowed to enter spontaneous labor, 
until 40–41 weeks’ gestation is reached. Kjos et al. [38] studied 
a similar approach in women with Class A2 and B diabetes, 
comparing it to labor induction at 38 weeks in a randomized 
trial. Expectant management prolonged gestation by 1 week, 
and resulted in a doubling in the rate of macrosomic infants. 
The women managed expectantly had a similar cesarean 
delivery rate to those induced at 38 weeks, although half of the 
expectant management group underwent labor induction. 
The most frequent indication for induction was abnormal 
antepartum testing.

Macrosomia and shoulder dystocia occur more frequently 
in pregnancies complicated by diabetes than in the general 
obstetric population. Based on the observation that most cases 
of shoulder dystocia in diabetic women occur when birth-
weight is above 4000 g [39], we recommend cesarean delivery 
without a trial of labor to women with an estimated fetal 
weight above 4250 g who have diabetes. By implementing this 
practice, our shoulder dystocia rate in diabetic women has 
been reduced by 80%, and shoulder dystocia rates among 
macrosomic infants (birthweight over 4000 g) fell from 19% to 
7% after implementing this practice. There was a small but sig-
nifi cant increase in the cesarean delivery rate [40]. We use a 
threshold of 4250 g to account for ultrasound error, so that 
operative intervention is not overused. Shoulder dystocia 
remains most often an unpredictable and unpreventable 
obstetric emergency. ACOG recomends that planned cesar-
ean delivery to prevent shoulder dystocia may be considered 
for suspected fetal macrosomia with estimated fetal weight 
exceeding 4500 g in women with diabetes [41].

Postpartum

Gestational diabetes may be the fi rst warning of inherent 
insulin resistance. Women with GDM need to have glucose 
tolerance reassessed in the postpartum period. The most com-
monly used assessment method is the 2-hour GTT identifying 
both impaired glucose tolerance and overt diabetes. Twenty to 
thirty percent of women will have abnormal values when 
tested early in the postpartum period [42–45]. Kjos et al. [43] 
found that 10% will have impaired glucose tolerance and 9% 
will have frank diabetes when testing took place 5–8 weeks 
after delivery. The factors that increased risk for abnormal 
GTT postpartum included: diagnosis of GDM at an earlier ges-
tational age, higher glucose values on GTT during pregnancy, 
increased age, increased parity, increased BMI, and increased 
birthweight. All of these risk factors suggest a higher degree of 
insulin resistance.

The importance of postpartum testing cannot be under-
stated. Within 5–6 years after a pregnancy complicated with 
GDM, up to 50% of women will have type 2 diabetes [46]. Early 
identifi cation of impaired glucose tolerance affords the oppor-
tunity to institute therapeutic measures such as exercise, diet, 
and weight control, perhaps preventing progression to diabe-
tes. Identifi cation and treatment of overt diabetes early in the 
course of the disease offers the best opportunity to delay or 
avoid the micro- and macrovascular complications associated 
with the disease.

Case presentation

A 27-year-old woman, G2 P1001, at 12 weeks’ gestation 
presents for initial prenatal care. She denies a history of 
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GDM. Her fi rst child, born by uncomplicated spontaneous 
vaginal delivery, weighed 4100 g at 38 weeks’ gestation. Her 
records indicate that the 3-hour GTT performed at 25 weeks 
in her fi rst pregnancy had the following values: fasting 
96 mg/dL, 1-hour 191 mg/dL, 2-hour 152 mg/dL, 3-hour 
122 mg/dL. Her mother and her older sister have type 2 diabe-
tes mellitus.

A 50-g GCT is performed with her initial prenatal 
laboratory tests, and it is abnormal. A 3-hour GTT performed 
at 13 weeks’ gestation is normal (96/177/148/125). However, 
repeat testing at 25 weeks reveals she has GDM 
(99/202/168/141). In initiating treatment, she is prescribed 
medical nutrition therapy which provides 40–45% 
carbohydrates, 30–35% protein, and 25% fat. Total energy 
supplied is calculated to be 2500 kcal/day, based on her 
prepregnancy weight of 100 kg (BMI 35 obese, 25 kcal/kg). She 
is instructed to perform self-monitored blood glucose 
readings. After 1 week of therapy, her fasting glucose levels 
are consistently above 95 mg/dL, and more than 50% of her 
postprandial glucose values are also above target range. 
Insulin is initiated, but despite increasing doses over the sub-
sequent weeks, she remains poorly controlled as term 
approaches. Her fundal height at 38 weeks measures 41 cm, 
and an ultrasound reveals a fetal weight estimate of 4600 g, 
with a head circumference : abdominal circumference ratio of 
0.85. Given these fi ndings, in the setting of poorly controlled 
GDM, the patient is counseled about and accepts a cesarean 
delivery. The infant’s birth weight is 4450 g, and the neonatal 
course is complicated by hypoglycemia that requires intrave-
nous glucose infusion.

At the time of the postpartum visit, a 2-hour GTT is obtained 
and indicates impaired glucose tolerance (Fasting 97 mg/dL, 
2-hour 178 mg/dL). Lifestyle modifi cations are recommended 
to prevent progression to type 2 diabetes mellitus, and annual 
screening for diabetes is suggested.
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21 Diabetes mellitus
George Saade

As more women with diabetes are contemplating pregnancy 
and more women are delaying pregnancy, health care provid-
ers should expect to see more pregnant women with pregesta-
tional as well as gestational diabetes. Management of these 
women should follow accepted guidelines in order to decrease 
maternal and perinatal morbidity and mortality. To that effect, 
the central goal is to decrease the risk for congenital anomalies 
secondary to preconception hyperglycemia, as well as to 
shepherd the pregnant woman through pregnancy in order 
to reach term without maternal complications such as pre-
eclampsia, or fetal complications such as uteroplacental insuf-
fi ciency, antepartum stillbirth, intrapartum hypoxemia, 
macrosomia, birth injury, and postnatal hypoglycemia. This 
can be achieved by a combination of frequent glucose 
monitoring, dietary and pharmacologic interventions, dili-
gent fetal surveillance, appropriate timing of delivery, and 
judicious choice of delivery route. The time-honored method 
of managing the pregnant diabetic patient has been by 
means of elective premature delivery at some arbitrary 
date — usually between 36 and 38 weeks’ gestation — in an 
attempt to prevent fetal demise. With advances in antepartum 
fetal monitoring and improved techniques for determining 
fetal maturity, however, management can now be varied 
to suit the individual patient. More diabetic patients can 
be brought to term, and perinatal mortality rates from 
stillbirth, prematurity, and birth injury can be markedly 
reduced. It is important that the obstetrician who occa-
sionally manages diabetic patients becomes familiar with 
the uses and limitations of some of the newer methods now 
practiced in large obstetric services that deliver many dia-
betic patients. This chapter concentrates on the pregestational 
diabetic patient. For discussion of gestational diabetes, see 
Chapter 20.

At present, the leading cause of perinatal mortality in preg-
nancies complicated by insulin-dependent diabetes mellitus 
is congenital malformation. The risk of major malformations 
in such pregnancies is increased three- to fourfold over the 2–
3% incidence noted in the general population. There is increas-

ing evidence that these anomalies are a result of marked 
alterations in maternal glycemic control during the critical 
period of fetal embryogenesis, at 5–8 weeks’ gestation. Patients 
whose diabetes is poorly regulated are also at greater risk for a 
spontaneous abortion. There is a direct correlation between 
maternal glycosylated hemoglobin (hemoglobin A1C) levels 
and the risk for spontaneous abortion and fetal anomalies [1]. 
In one study, the risks of spontaneous abortion and major 
malformations were 12.4% and 3.0%, respectively, with fi rst-
trimester hemoglobin A1C ≤9.3%, vs. 37.5% and 40%, respec-
tively, with hemoglobin A1C >14.4% [2]. Preconception care in 
diabetic women is associated with fewer maternal hospitaliza-
tions, less use of neonatal intensive care, and a reduction in 
major congenital anomalies and perinatal deaths [3]. The aim 
should be to maintain hemoglobin A1C less than 7%. For this 
reason, treatment of the woman with insulin-dependent 
diabetes who is considering a pregnancy should be initiated 
before conception [4]. In addition, the preconception patient 
should be placed on 4 mg/day folic acid supplementation 
in order to reduce the risk for neural tube defect. Thorough 
evaluation should be made to detect evidence of maternal 
retinopathy, nephropathy, or coronary artery disease. For 
the most recent classifi cation and diagnostic criteria for 
pregestational diabetes, refer to the Report of the Expert 
Committee of the American Diabetes Association [5]. The 
American College of Obstetricians and Gynecologists (ACOG) 
has also issued a recent Technical Bulletin addressing 
pregestational diabetes [6].

Initial evaluation

For women with previously diagnosed diabetes, it is impor-
tant to take a careful history and perform a physical examina-
tion as soon as pregnancy is diagnosed, paying special 
attention to the following:
1 Careful dating of the pregnancy by history and physical 
signs.



Diabetes Mellitus

183

2 Classifi cation of the diabetic patient, using White’s criteria 
(Table 21.1).
3 Progress and outcome of any previous pregnancies.
4 Careful funduscopic examination for the presence of 
retinopathy.
5 Findings of urinalysis and culture, as well as 24-hour urine 
collection for creatinine clearance and protein.
6 Baseline blood pressure measurement, electrocardiogram 
(ECG), and thyroid function tests.
7 Baseline glycosylated hemoglobin measurement.
8 Thorough instruction about insulin dosage, importance 
of adhering to the prescribed diet, and home glucose 
monitoring.

Regulating maternal glycemia

Careful control of maternal glucose levels signifi cantly 
improves perinatal outcome. Except during brief periods after 

meals, these levels should normally remain below 100 mg/dL. 
Maternal hyperglycemia and rapid fl uctuations in blood 
glucose produce similar changes in the fetal compartment. 
Fetal hyperglycemia leads to β-cell hyperplasia and hyperin-
sulinemia. Also, there is a signifi cant correlation between 
maternal glucose levels and subsequent adiposity in the infant. 
Ketoacidosis at any time during pregnancy may lead to death 
in utero. Management of diabetic ketoacidosis includes aggres-
sive fl uid and electrolyte replacement, in addition to insulin 
administration.

Maintenance of euglycemia depends not only on diligent 
regulation of diet and insulin, but also on strict attention 
to physical activity and stress. Capillary glucose levels of 
60–140 mg/dL throughout the day should be the objective 
of therapy. Patients should eat three meals and three 
snacks each day, adding up to 30–35 cal/kg of ideal 
body weight. This regimen permits a total weight gain of 
approximately 25 lb.

The most successful regimen of insulin administration 
usually includes two injections daily of both NPH and regular 
insulin. The amount of NPH insulin given in the morning gen-
erally exceeds that of regular insulin by a 2 : 1 ratio. In the 
evening, equal amounts of NPH and regular insulin are given. 
If several fasting or postprandial glucose levels are not accept-
able (usually more than one-third of values), insulin doses are 
increased by 20%. Several days are then allowed to pass before 
further changes are made. The use of other insulin types or 
administration (e.g., short- or long-acting, insulin pump), as 
well as oral hypoglycemic agents, should be individualized 
and reserved for special circumstances [7]. Limited evidence 
suggest that diabetic women who continue oral hypoglyc-
emics when they become pregnant are at higher risk for com-
plications [8]. During labor, a continuous insulin infusion is 
best to stabilize maternal glucose levels and reduce neonatal 
hypoglycemia. The goal is to maintain hourly glucose levels at 
less than 110 mg/dL.

Glycemic control cannot be accurately assessed by random 
blood glucose determinations or by testing urine specimens 
for glucose. The patient should be taught to assess her capil-
lary glucose levels by using glucose oxidase-impregnated 
reagent strips with a blood glucose refl ectance meter. Deter-
minations should be made in the fasting state, and 2 hours after 
meals. Measurements made before lunch, dinner, and bedtime 
may also be helpful. The goal of therapy is to maintain capil-
lary whole-blood glucose levels as close to normal as possible, 
including a fasting glucose level of 95 mg/dL or less, premeal 
values of 100 mg/dL or less, 1-hour postprandial levels of 
140 mg/dL or less, and 2-hour postprandial values of 120 mg/
dL or less. When using a meter, it is imperative to determine 
whether it tests whole blood, serum, or plasma, as results may 
vary (plasma levels approximately 10 mg/dL higher than 
whole blood). A blood glucose sample drawn 80 minutes after 
breakfast correlates well with the mean amplitude of glycemic 
excursions throughout the day.

Table 21.1 White’s classifi cation of diabetes in pregnancy.

Class A1

Abnormal glucose tolerance test with normal fasting capillary (95 mg/dL) 

 and postprandial (120 mg/dL) glucose levels

Controlled with diet alone

Class A2

Abnormal glucose tolerance test with abnormal fasting or postprandial 

 glucose levels

Treated with diet and insulin

Class B

Insulin-treated diabetic

Onset over age 20 years

Duration less than 10 years

No vascular disease or retinopathy

Class C

Insulin-treated diabetic

Onset between ages 10 and 20 years

Duration between 10 and 20 years

Background retinopathy

Class D

Insulin-treated diabetic

Onset under age 10

Duration more than 20 years

Background retinopathy

Class F

Diabetic nephropathy

Class H

Cardiac disease

Class R

Proliferative retinopathy
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A useful parameter for assessing control over previous 
weeks and months is hemoglobin A1c, a minor variant of 
hemoglobin A, produced by the addition of a single glucose 
moiety to the terminal valine of the beta-chain. This glyco-
sylated hemoglobin is synthesized throughout the red blood 
cell’s life cycle in amounts that refl ect the degree of chronic 
hyperglycemia present. Levels correlate signifi cantly with 
mean fasting glucose, mean daily glucose, and highest daily 
glucose values. In normal pregnancy, glycosylated hemo-
globin declines during the fi rst and second trimesters, 
returning to baseline levels at term. To convert the hemo-
globin A1c level to the mean glucose level, one can use the 
“rule of 8s.” A hemoglobin A1c level of 8% refl ects a mean 
glucose level of 180 mg/dL in most laboratories. Each change 
of 1% in the hemoglobin A1c value indicates a change of 30 mg/
dL in mean glucose. There is a direct correlation between 
maternal third trimester hemoglobin A1c levels and increased 
birthweight [9]. Hemoglobin A1c should be checked every 
trimester.

The insulin requirement postpartum decreases dramati-
cally (usually by 50%). Type 1 diabetics are at increased risk for 
postpartum thyroiditis. Therefore a high index of suspicion 
should be maintained.

Management during pregnancy

During the second trimester, a careful search for the presence 
of fetal malformations is performed by obtaining a maternal 
serum alpha-fetoprotein level at 16 weeks, a targeted ultra-
sound at 18 weeks, and fetal echocardiography at 20 weeks 
[10]. In addition, the rate of uterine growth, development of 
early signs of preeclampsia, and incidence of infection of the 
urinary tract or other sites are closely monitored.

By accurately assessing fetal health and maturity, clinicians 
can prevent intrauterine deaths while safely prolonging preg-
nancy to avoid the hazards of iatrogenic prematurity. Antepar-
tum heart rate testing using the nonstress test (NST) twice 
weekly has proved to be a reliable index of fetal well-being in a 
metabolically stable patient [11]. Daily maternal assessment of 
fetal activity is a valuable screening test.

At 28 weeks, daily maternal assessment of fetal activity is 
begun. Twice weekly NSTs are ordered at 32 weeks, or earlier 
if there are other maternal or fetal complications (e.g., hyper-
tension, growth restriction) [12]. A nonreactive NST must be 
followed by a biophysical profi le or contraction stress test. 
Timing of delivery should be individualized and depends on 
glycemic control, presence of associated maternal complica-
tions, and fetal status [13]. The goal is to achieve at least 38 
weeks’ gestation as long as these tests of fetal well-being are 
reassuring. If, at 38 weeks, the cervix is favorable, there is no 
macrosomia, phosphatidylglycerol is present, and the pre-
senting part is cephalic, labor is induced. If the cervix is unfa-
vorable and the fetus is not macrosomic, it appears reasonable 

to wait as long as fetal activity is normal and antepartum heart 
rate testing is reassuring.

Finally, in order to avoid birth injury from fetal macrosomia, 
a liberal attitude toward cesarean section (CS) should be 
employed in such cases. Sonographic assessment of estimated 
fetal weight and growth of the abdominal circumference are of 
value in detecting fetal macrosomia. If the estimated fetal 
weight exceeds 4500 g, delivery by elective CS should be con-
sidered at approximately 38 weeks after presence of amniotic 
fl uid phosphatidylglycerol is documented [14]. Ideally, the 
pregnant diabetic patients should not go beyond 40 weeks’ 
gestation.

Case presentation

A 30-year-old gravida 4, para 3 was fi rst seen at 18 weeks’ ges-
tation. Her past obstetric history included the vaginal delivery 
of a 4100-g baby boy, who suffered a fractured humerus in the 
process. The patient’s mother had diabetes mellitus. Plasma 
glucose was obtained 1 hour after a 50-g oral glucose load and 
was found to be 175 mg/dL. A 3-hour oral glucose tolerance 
test (OGTT) was then ordered. The results were as follows: 
fasting, 110 mg/dL; 1 hour, 243 mg/dL; 2 hours, 176 mg/dL; 
and 3 hours, 154 mg/dL. Pregestational diabetes was 
suspected.

The patient was started on a 2200-calorie diet with strict 
avoidance of concentrated sweets. Fasting and postprandial 
capillary glucose determinations were obtained daily. The 
fasting values ranged from 100 to 110 mg/dL, so she was 
started on split-dose insulin. Fetal growth was normal, and the 
patient remained normotensive. Antepartum fetal evaluation 
was initiated with twice weekly nonstress testing initiated at 
32 weeks. Her glucose levels remained within the acceptable 
range. At 40 weeks, the estimated fetal weight was 4600 g. A 
cesarean section was performed. A 2-hour OGTT performed 
at 6 weeks postpartum confi rmed diabetes.
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22 Maternal hypothyroidism 
and hyperthyroidism
Brian Casey

Hypothyroidism

Overview

Hypothyroidism complicates 1–3 in 1000 pregnancies. Women 
with overt hypothyroidism are at an increased risk for compli-
cations such as early pregnancy failure, preeclampsia, placen-
tal abruption, low birthweight, and stillbirth [1,2]. Treatment 
of women with hypothyroidism has been associated with 
improved pregnancy outcomes. Subclinical hypothyroidism 
affects 2–3% of pregnant women [3,4], and has recently been 
implicated in impaired neurologic development in offspring 
[5], as well as an increase in pregnancy complications 
such as preterm birth and fetal death [4,6]. However, there 
have been no randomized clinical trials confi rming the 
effi cacy of early pregnancy treatment and/or screening for 
subclinical hypothyroidism and this topic remains an area 
of controversy.

The most common cause of primary hypothyroidism in 
pregnancy is chronic autoimmune thyroiditis (Hashimoto 
thyroiditis). This is a painless infl ammation with progressive 
enlargement of the thyroid gland which is characterized by 
diffuse lymphocytic infi ltration, fi brosis, parenchymal 
atrophy, and eosinophilic change. Other important causes of 
primary hypothyroidism include endemic iodine defi ciency 
and a history of either ablative radioiodine therapy or thyroid-
ectomy. Secondary hypothyroidism is pituitary in origin. For 
example, Sheehan syndrome resulting from prior obstetric 
hemorrhage is characterized by pituitary ischemia and necro-
sis, with subsequent defi ciencies in some or all pituitary 
responsive hormones. Other etiologies of secondary hypothy-
roidism include lymphocytic hypophysitis and a history of a 
hypophysectomy. Tertiary or hypothalamic hypothyroidism 
is very rare.

Presentation

Clinical hypothyroidism is often characterized by vague, non-
specifi c signs or symptoms which are insidious in onset. Initial 
symptoms include fatigue, constipation, cold intolerance, and 
muscle cramps. These may progress to insomnia, weight gain, 
carpal tunnel syndrome, hair loss, voice changes, and intellec-
tual slowness. The presence of an enlarged thyroid gland is 
dependent upon the etiology of hypothyroidism. Specifi cally, 
women in areas of endemic iodine defi ciency and those with 
Hashimoto thyroiditis are much more likely to have a goiter. 
Other signs of hypothyroidism include periorbital edema, dry 
skin, and prolonged relaxation phase of deep tendon refl exes. 
The diagnosis of clinical hypothyroidism during pregnancy is 
especially diffi cult because many of the signs or symptoms 
listed above may be attributed to the pregnancy itself. For 
example, pregnancy is accompanied by moderate enlarge-
ment of the thyroid gland from hyperplasia of glandular tissue 
and increased vascularity. By defi nition, subclinical hypothy-
roidism occurs in asymptomatic women whose thyroid-stimu-
lating hormone (TSH) concentration is above the statistically 
defi ned upper limit of normal while their serum free thyroxine 
(fT4) concentration is within its reference range [3].

Diagnosis

The diagnosis of hypothyroidism is generally established by 
an elevated serum TSH and a low serum fT4. If the free thyrox-
ine concentration is low in the presence of a normal or 
depressed TSH, then pituitary (central) hypothyroidism 
should be suspected. The nonpregnancy reference ranges for 
serum TSH and fT4 concentration are 0.4–4.5 mIU/L and 
0.7–1.8 ng/dL, respectively. During pregnancy, maternal 
serum chorionic gonadotropin (hCG) peaks at approximately 
10 weeks’ gestation and has some thyroid stimulating activity 
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as a result of its structural homology with TSH. This results in 
a decrease in the maternal serum TSH and a modest increase in 
fT4 during the fi rst trimester [7]. These physiologic changes 
confound the laboratory diagnosis of hypothyroidism during 
pregnancy and underscore the need for gestational age-spe-
cifi c TSH and possibly fT4 thresholds. Such TSH thresholds 
have been established from a large population-based screen-
ing study of pregnant women in Dallas (Table 22.1) [8]. From 
these data, the upper limit of the statistically defi ned normal 
range for TSH (97.5th percentile) in the fi rst half of pregnancy 

was 3.0 mU/L. Moreover, if population-specifi c medians for 
TSH were determined for each trimester, these data indicate 
that the upper limit of TSH during the fi rst trimester should be 
4.0 multiples of the median (MoM) for singleton gestations 
and 3.5 MoM for twins. The upper limit for TSH in the second 
and third trimesters for both singleton and twin gestations 
should be 2.5 MoM [8]. Similar gestational age-specifi c fT4 
thresholds have not been established and use of nonpregnant 
fT4 thresholds for diagnosis of thyroid dysfunction is accept-
able. Even though pregnancy is associated with signifi cant 
shifts in free thyroxine, overall, fT4 levels remain within the 
nonpregnancy reference range [7]. Finally, it may be helpful to 
confi rm the presence of either antimicrosomal or antithy-
roglobulin antibodies in cases where autoimmune thyroiditis 
is suspected. Specifi cally, the presence of antithyroid antibod-
ies may identify a population of women at a particular risk for 
pregnancy complications or progression to symptomatic 
disease. For example, in one recent study, more than 47% 
of women who tested positive for thyroid peroxidase 
antibodies early in pregnancy developed postpartum thyroid 
dysfunction [9].

Management and treatment

The goal of treatment for pregnant women with overt hypothy-
roidism is clinical and biochemical euthyroidism. Levothy-
roxine sodium is the treatment of choice for routine 
management of hypothyroidism. Starting doses usually range 
from 1.6 to 1.8 µg/kg/day. Serum TSH is then measured at 6 
week intervals and thyroxine is adjusted by 25- to 50-µg incre-
ments. Women who have hypothyroidism at the time of con-
ception should have a serum TSH evaluated at their fi rst 
prenatal visit. An increased requirement for thyroid replace-
ment in hypothyroid women during pregnancy has been 
demonstrated [10]. Because of the risks for early pregnancy 
failure and the potential for neurodevelopmental impairment 
in offspring, some have recommended that hypothyroid 
women increase levothyroxine dose by 30% when pregnancy 
is confi rmed [10]. However, this practice has not been shown 
to be benefi cial and thyroid treatment is probably best guided 
through evaluation of thyroid function studies. Therefore, it is 
recommended that serum TSH be measured at least each 
trimester during pregnancy. Notably, several drugs may 
interfere with levothyroxine absorption (e.g., cholestyramine, 
ferrous sulfate, aluminum hydroxide in antacids) or its metab-
olism (e.g., phenytoin, carbamazepine, and rifampin).

Treatment of women with subclinical hypothyroidism is con-
troversial. A report has linked subclinical hypothyroidism 
during pregnancy with subsequent neurodevelopmental 
complications in offspring [5]. This has prompted several 
national organizations to recommend treatment of subclinical 
hypothyroidism to restore the TSH to the reference range [11]. 
Importantly, however, there are no published intervention 
trials assessing the safety or effi cacy of screening and 

Table 22.1 Thyroid-stimulating hormone (TSH) value thresholds according 

to gestational age. Reprinted with permission from Dashe JS, Casey BM, 

Wells CE, McIntire DD, Byrd W, Leveno KJ, Cunningham FG. Thyroid-

stimulating hormone in singleton and twin pregnancy: importance of 

gestational age-specifi c reference ranges. Obstet Gynecol 2005;106:753–7. 

Lippincott Williams & Wilkins [8].

Gestational  2.5th 50th 97.5th 
age (weeks) n percentile percentile percentile

 6  368 0.23 1.36 4.94

 7  742 0.14 1.21 5.09

 8  936 0.09 1.01 4.93

 9 1037 0.03 0.84 4.04

10  982 0.02 0.74 3.12

11  888 0.01 0.76 3.65

12  754 0.01 0.79 3.32

13  684 0.01 0.78 4.05

14  606 0.01 0.85 3.33

15  559 0.02 0.92 3.40

16  456 0.04 0.92 2.74

17  398 0.02 0.98 3.32

18  352 0.17 1.07 3.48

19  318 0.22 1.07 3.03

20  327 0.25 1.11 3.20

21  317 0.28 1.21 3.04

22  298 0.26 1.15 4.09

23  285 0.25 1.08 3.02

24  261 0.34 1.13 2.99

25  261 0.30 1.11 2.82

26  237 0.20 1.07 2.89

27  223 0.36 1.11 2.84

28  218 0.30 1.03 2.78

29  188 0.31 1.07 3.14

30  188 0.20 1.07 3.27

31  172 0.23 1.06 2.81

32  170 0.31 1.07 2.98

33  152 0.31 1.20 5.25

34  152 0.20 1.18 3.18

35  160 0.30 1.20 3.41

36  144 0.33 1.31 4.59

37  147 0.37 1.35 6.40

38  141 0.23 1.16 4.33

39  166 0.57 1.59 5.14

≥40  312 0.38 1.68 5.43
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treatment to improve neuropsychologic performance in such 
offspring. Currently, routine screening and treatment of 
subclinical hypothyroidism during pregnancy is not 
recommended by the American College of Obstetricians and 
Gynecologists [12].

Follow-up

After completion of pregnancy, the levothyroxine dose should 
be restored to the prepregnancy value and a TSH should be 
checked 6–8 weeks postpartum. Breastfeeding is not contrain-
dicated in women treated for hypothyroidism. Levothyroxine 
is excreted into breastmilk but levels are too low to alter thyroid 
function in the infant or to interfere with neonatal thyroid 
screening programs [13]. Periodic monitoring of hypothy-
roidism with an annual serum TSH concentration is advised 
because of the impact of changing weight and age on thyroid 
function. Women with subclinical hypothyroidism, particularly 
those with thyroid autoantibodies, are at an increased risk for 
developing clinical disease within 5 years. While treatment of 
these women is not recommended, yearly evaluation for the 
development of clinically apparent disease is recommended.

Hyperthyroidism

Overview

Hyperthyroidism complicates approximately 1–2 in 1000 
pregnancies. The overwhelming cause of hyperthyroidism 
during pregnancy is Graves disease or autoimmune thyrotox-
icosis. Pregnant women with hyperthyroidism are at increased 
risk for congestive heart failure, thyroid storm, preterm labor, 
preeclampsia, fetal growth restriction, and perinatal mortal-
ity. Treatment of hyperthyroid women to achieve adequate 
metabolic control will result in improved pregnancy out-
comes. However, overtreatment may result in maternal or 
fetal hypothyroidism. Gestational transient thyrotoxicosis (GTT) 
is 10 times more prevalent than Graves disease and may be 
caused by the elevated hCG values typically observed with 
hyperemesis gravidarum. Subclinical hyperthyroidism effects 
1.7% of pregnant women and has only recently been intro-
duced into clinical practice because of the development of 
extremely sensitive serum TSH assays. Subclinical hyperthy-
roidism is not associated with any adverse maternal preg-
nancy outcomes [14]. Treatment of the latter two clinical 
entities has not been shown to be benefi cial.

Graves disease is an organ-specifi c autoimmune process 
whereby thyroid-stimulating autoantibodies attach to and 
activate TSH receptors. Other less common causes include 
toxic multinodular goiter, subacute thyroiditis, adenoma, or 
iodine-induced thyrotoxicosis. Thyrotropin receptor activa-
tion by hCG, which has some cross-reactivity with TSH, 
explains the biochemical and occasional clinical fi ndings of 

thyrotoxicosis in women with hyperemesis gravidarum and 
gestational trophoblastic decrease.

Presentation

As with hypothyroidism, clinical features of hyperthyroidism 
can be easily confused with physiologic symptoms of preg-
nancy. Suggestive complaints or fi ndings include nervous-
ness, heat intolerance, palpitations, goiter, failure to gain 
weight or weight loss, and exophthalmos. GTT usually occurs 
in women with hyperemesis gravidarum. Subclinical hyperthy-
roidism defi ned as a serum TSH concentration below the 
statistically defi ned lower limit of normal with a serum con-
centration of fT4 within the reference range, is typically identi-
fi ed in asymptomatic women.

Diagnosis

In women with a depressed serum TSH level (<0.4 mIU/L), 
clinical hyperthyroidism is confi rmed by an elevation in fT4 
(>1.8 ng/dL) concentration. As is true for the diagnosis of 
hypothyroidism, one must consider the impact of pregnancy 
on TSH and possibly fT4 (Table 22.1). Rarely, hyperthyroidism 
is caused by abnormally high serum triiodothyronine values 
(T3 thyrotoxicosis). In women with depressed TSH yet normal 
fT4, evaluation of fT3 or free T3 index may explain a patient’s 
hypermetabolic symptoms. Also, evaluation of TSH receptor 
antibodies may be helpful in evaluation of women with Graves 
disease to identify those at risk for delivery of an infant with 
fetal or neonatal hyperthyroidism.

Management and treatment

Thyrotoxicosis during pregnancy can nearly always be con-
trolled by thioamide drugs and treatment has been associated 
with improved pregnancy outcomes [15,16]. Some clinicians 
prefer propylthiouracil because it inhibits peripheral conver-
sion of T4 to T3 and it crosses the placenta less readily than 
methimazole. Methimazole used in early pregnancy has also 
been associated with esophageal and choanal atresia as well as 
aplasia cutis [17–20]. Transient leukopenia occurs in approxi-
mately 10% of women treated with thioamides, but this does 
not require cessation of therapy. In approximately 0.2%, 
agranulocytosis develops suddenly, is not dose related, and, 
because of its acute onset, serial leukocyte counts during 
therapy are not helpful. Rather, if fever or sore throat devel-
ops, patients should be instructed to discontinue medication 
immediately and report for a complete blood count.

The dose of propylthiouracil is empirical, and the American 
Thyroid Association recommends an initial daily dose of 100–
600 mg for propylthiouracil or 10–40 mg for methimazole [21]. 
Women with overt hyperthyroidism diagnosed during preg-
nancy may require a higher initial dose between 300 and 
450 mg/day. The starting daily dose of methimazole is 
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20–40 mg. The goal of therapy is clinical euthyroidism with 
free thyroxine in the upper range of normal. The median time 
to normalization of thyroid function tests is 6–8 weeks, but 
TSH levels may remain suppressed beyond normalization of 
fT4. Once euthyroidism is achieved, serial measurement of 
TSH and fT4 during each trimester is recommended.

There is currently no convincing evidence that subclinical 
hyperthyroidism should be treated in nonpregnant individuals 
[22]. In fact, it should be considered contraindicated during 
pregnancy because maternal antithyroid drugs cross the pla-
centa and may cause fetal thyroid suppression. There are other 
alternatives for treatment of overt hyperthyroidism which are 
rarely undertaken during pregnancy. For example, although 
thyroidectomy is typically reserved for treatment outside of 
pregnancy, pregnant women who cannot adhere to medical 
therapy or in whom therapy is toxic may benefi t from surgical 
management [23]. Ablative radioactive iodine is contraindi-
cated in pregnancy as it can cause fetal thyroid destruction.

Thyroid storm

Thyroid storm or heart failure are rare and acute life-
threatening exacerbations of thyrotoxicosis. Women with 
thyroid storm classically present with fever, tachycardia, 
nausea, diarrhea, dehydration, and delirium or coma. Treat-
ment of thyrotoxic storm or heart failure is similar and should 
be carried out in an intensive care setting. Specifi c treatment 
consists of 1 g propylthiouracil (PTU) given orally or crushed 
and placed through a nasogastric tube. PTU is continued in 
200-mg doses every 6 hours. An hour after initial PTU dosing, 
iodide is given to inhibit thyroid release of T3 and T4. It is given 
every 8 hours intravenously as 500–1000 mg sodium iodide; or 
it can be given orally as fi ve drops of supersaturated solution 
of potassium iodide (SSKI) or as 10 drops of Lugol solution 
every 8 hours. With a history of iodine-induced anaphylaxis, 
lithium carbonate, 300 mg every 6 hours, is given instead. Dex-
amethasone can be used to further block peripheral conver-
sion of T4 to T3 and may be given intravenously as 2 mg every 
6 hours for a total of four doses. Beta-blocker therapy such as 
propranolol, labetalol, and esmolol to control tachycardia 
have all been used successfully intrapartum.

Follow-up

Women with Graves disease should be followed closely after 
delivery because recurrence or aggravation of symptoms is 
not uncommon in the fi rst few months postpartum. Asympto-
matic women should have a TSH and fT4 performed approxi-
mately 6 weeks postpartum. Both PTU and methimazole are 
excreted in breastmilk; however, PTU less so than methima-
zole. PTU is largely protein bound and does not seem to pose a 
signifi cant risk to the breastfed infant. Methimazole has been 
found in breastfed infants of treated women in amounts suffi -
cient to cause thyroid dysfunction; however, at low doses 

(10–20 mg/day) methimazole does not appear to pose a major 
risk to the nursing infant [24]. The American Academy of Pedi-
atricians considers both compatible with breastfeeding [25].

Postpartum thyroiditis

Transient autoimmune thyroiditis has been identifi ed in up to 
10% of women during the fi rst year after childbirth [26,27]. The 
likelihood of developing postpartum thyroiditis antedates 
pregnancy and is related to increasing serum levels of thyroid 
autoantibodies. Women with high antibody titers in early 
pregnancy are most commonly affected [28]. In clinical prac-
tice, postpartum thyroiditis is infrequently diagnosed because 
it typically develops months after delivery and has vague and 
nonspecifi c symptoms. These include depression, careless-
ness, and memory impairment [29]. Risk factors other than 
antithyroid antibodies include previous thyroid dysfunction 
or a family history of thyroid or other autoimmune disease. 
For example, 25% of women with type 1 diabetes develop 
postpartum thyroid dysfunction [30].

There are two recognized clinical phases of postpartum thy-
roiditis. Between 1 and 4 months after delivery, approximately 
4% of all women develop transient thyrotoxicosis from exces-
sive release of hormone caused by glandular disruption [31]. 
The onset is abrupt, and a small, painless goiter is commonly 
found. Fatigue and palpitations are the most common com-
plaints in women with early postpartum thyroiditis. Antithy-
roid medications such as thioamides are typically ineffective 
and approximately two-thirds of these women spontaneously 
return to a euthyroid state. Between 4 and 8 months postpar-
tum, 2–5% of women develop hypothyroidism [26,32]. 
However, hypothyroidism can even develop within 1 month 
of the onset of thyroiditis. Thyromegaly and other symptoms 
are common and more prominent than during the thyrotoxic 
phase. Thyroxine replacement is recommended for at least 
6–12 months. Importantly, women who experience either type 
of postpartum thyroiditis have an approximately 30% risk of 
developing permanent hypothyroidism [33,34].

Case presentation

A 32-year-old woman who was previously diagnosed with 
hypothyroidism and currently taking 100 µg levothyroxine 
presented for prenatal care at 12 weeks’ gestation. At that time 
her TSH was 7.8 mU/L and her fT4 was 0.54 ng/dL. Her lev-
othyroxine dose was increased to 125 µg and thyroid function 
testing was planned for 4 weeks hence. Repeat thyroid studies 
were as follows: TSH 2.3 mU/L and fT4 1.0 ng/dL. Normal 
ranges for TSH and fT4 were 0.4–4.5 mU/L and 0.7–1.8 ng/dL, 
respectively. Further thyroid function testing was performed 
at 24 weeks’ gestation (TSH 1.8 mU/L, and fT4 1.1 ng/dL) and 
32 weeks’ gestation (TSH 2.2 mU/L and fT4 0.9 ng/dL). No 
further change in therapy was prescribed.
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During a routine prenatal care visit at 37 weeks’ gestation 
she was found to have a blood pressure of 144/98 mmHg. 
Laboratory evaluation revealed an aspartate amino-
transferase (AST) of 92 U/L, a platelet count of 236 × 103/L and 
3+ proteinuria. A labor induction for severe preeclampsia with 
magnesium sulfate seizure prophylaxis was initiated. 
Hydralazine was given during the intrapartum period for 
severe hypertension. A cesarean delivery for fetal distress was 
performed. The infant weighed 3205 g and Apgar scores were 
7 and 9 at 1 and 5 minutes, respectively. There was no evidence 
of placental abruption. The postpartum course was further 
complicated by a postpartum hemorrhage with a total 
estimated blood loss of 2000 mL for which the patient received 
a blood transfusion. Upon discharge, she was instructed 
regarding the safety of breastfeeding while taking levothyrox-
ine and to resume taking 100 µg levothyroxine each day. 
Repeat thyroid function testing was scheduled for 6 weeks 
postpartum.
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23 Asthma
Michael Schatz

Recent data suggest that asthma affects 4–8% of pregnant 
women [1], making it probably the most common, 
potentially serious, medical problem to complicate 
pregnancy. Moreover, the prevalence of asthma during 
pregnancy appears to be increasing [1]. Although data have 
been confl icting, the largest recent studies [2–4] have 
suggested that maternal asthma increases the risk of 
perinatal mortality, preeclampsia, preterm birth, and low 
birthweight infants. More severe asthma is associated 
with increased risks [3,5], while better controlled asthma 
is associated with decreased risks [6–9]. The course 
of asthma may also change during pregnancy; some 
women improve while others worsen [10]. This chapter 
reviews the defi nition and diagnosis of asthma and the 
interrelationships between asthma and pregnancy as a 
prelude to discussing the management of asthma in preg-
nant women.

Defi nition of asthma

Asthma is an infl ammatory disease of the airways that is asso-
ciated with reversible airway obstruction and airway hyper-
reactivity to a variety of stimuli. Although the cause of asthma 
is unknown, a number of clinical triggering factors exist, 
including viral infections, allergens, exercise, sinusitis, refl ux, 
weather changes, and stress.

Airway obstruction in asthma can be produced by 
varying degrees of mucosal edema, bronchoconstriction, 
mucus plugging, and airway remodeling. In acute 
asthma, these changes can lead to ventilation–perfusion 
imbalance and hypoxia. Although early acute asthma 
is typically associated with hyperventilation and 
hypocapnea, progressive acute asthma can cause respiratory 
failure with associated carbon dioxide retention and 
acidosis.

Effect of pregnancy on the course of asthma

Clinical observations

A contemporary meta-analysis of 14 studies evaluating the 
effect of pregnancy on the course of asthma which included 
1658 patients came to the conclusion that asthma severity 
improves in one-third of women, worsens in one-third of 
women, and remains unchanged in one-third of women [10]. 
However, a more recent and critical review of the literature 
found only three studies of 54 women that were prospective, 
enrolled women before the third trimester, and assessed their 
patients with objective measures of asthma severity or 
validated severity scales [11]. Asthma appears to be more 
likely to worsen during pregnancy in women with more severe 
asthma before becoming pregnant [12].

The course of asthma may vary by stage of pregnancy. The 
fi rst trimester is generally well-tolerated in asthmatics, with 
infrequent acute episodes [12–14]. Increased symptoms and 
more frequent exacerbations have been reported to occur 
between weeks 17 and 36 of gestation [12–14]. In contrast, asth-
matic women in general tend to experience fewer symptoms 
and less frequent asthma exacerbations during weeks 37–40 of 
pregnancy than during any earlier 4-week gestational period 
[13,14]. These studies suggest that the fi rst trimester and the 
last month of pregnancy are relatively free of asthma exacer-
bations and that the second and earlier third trimester have 
more potential for increased asthma symptoms.

The variable effect of pregnancy on the course of asthma 
appears to be more than just random fl uctuation in the natural 
history of the disease, because pregnancy-associated changes 
revert toward the prepregnancy state by 3 months postpartum 
[13]. It is also of interest that the course of asthma is often 
consistent in an individual woman during successive 
pregnancies [13,15].
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Mechanisms

The mechanisms responsible for the altered clinical course 
of asthma during pregnancy are unknown and represent a 
fertile area for additional research. There are multiple bio-
chemical and physiologic changes during pregnancy that 
could potentially ameliorate or exacerbate gestational 
asthma [16]. However, it is not clear which, if any, of these 
factors are actually important in determining the course of 
asthma during pregnancy.

There are additional factors that may contribute to the clini-
cal course of asthma during pregnancy. Pregnancy may be a 
source of stress for many women, and this stress can aggravate 
asthma. Adherence to therapy can change during pregnancy 
with a corresponding change in asthma control. Most com-
monly observed is decreased adherence as a result of a moth-
er’s concerns about the safety of medications for the fetus.

Physician reluctance to treat may also affect the severity of 
asthma during pregnancy. A recent surveillance study identi-
fi ed 51 pregnant women and 500 nonpregnant women pre-
senting to the emergency department with acute asthma [17]. 
Although asthma severity appeared to be similar in the two 
groups based on peak fl ow rates, pregnant women were sig-
nifi cantly less likely to be treated with systemic steroids in the 
emergency department (44% vs. 66%) and signifi cantly less 
likely to be discharged on oral steroids (38% vs. 64%). Presum-
ably related to this undertreatment, pregnant women were 
three times more likely than nonpregnant women to report an 
ongoing exacerbation 2 weeks later (P = 0.02).

Infections during pregnancy can certainly affect the course 
of gestational asthma. Some degree of decrease in cell-
mediated immunity may make the pregnant patient more sus-
ceptible to viral infections, and upper respiratory tract 
infections have been reported to be the most common precipi-
tants of severe asthma during pregnancy [15]. Sinusitis, a 
known asthma trigger, has been shown to be six times more 
common in pregnant compared with nonpregnant women 
[18]. In addition, pneumonia has been reported to be greater 
than fi ve times more common in asthmatic than nonasthmatic 
women during pregnancy [19].

Finally, changes in specifi c immunoglobulin E (IgE) or envi-
ronmental exposure may infl uence the gestational asthma 
course. Most pregnant asthmatic patients are atopic. A posi-
tive correlation between levels of specifi c IgE against cock-
roach antigen and gestational asthma severity was recently 
described in pregnant inner city women [20].

Effect of asthma on pregnancy

Clinical observations

Controlled studies that have evaluated outcomes of preg-
nancy in asthmatic compared with nonasthmatic women have 

been comprehensively reviewed [21]. The largest single study 
[3] described the outcomes of pregnancy in 36,985 women 
identifi ed as having asthma in either the Swedish Medical 
Birth Registry and/or the Swedish Hospital Discharge 
Registry. These outcomes were compared with the total of 
1.32 million births that occurred in the Swedish population 
during the years of the study (1984–95). Signifi cantly increased 
rates of preeclampsia (odds ratio [OR] 1.15), perinatal 
mortality (OR 1.21), preterm births (OR 1.15), and low 
birthweight infants (OR 1.21), but not congenital malforma-
tions (OR 1.05), were found in the pregnancies of asthmatic 
versus control women. The risks appeared to be greater in 
patients with more severe asthma. In contrast to older studies 
and database studies, more recent prospective cohort 
studies [22–24] have not generally reported increased risks 
of perinatal complications in the pregnancies of women 
with asthma, suggesting either a previous ascertainment 
bias or that prospective asthma management may reduce 
perinatal risks. In addition to fetal morbidity and mortality, 
severe asthma during pregnancy may be a cause of maternal 
mortality [25].

Mechanisms

Defi nition of the mechanism(s) of maternal asthma’s adverse 
effect on pregnancy outcomes reported in some studies should 
allow institution of optimal intervention strategy. Mecha-
nisms postulated to explain these increased perinatal risks 
have included:
1 Hypoxia and other physiologic consequences of poorly 
controlled asthma;
2 Medications used to treat asthma; and
3 Demographic or pathogenic factors associated with asthma 
but not actually caused by the disease or its treatment.
The latter would imply that asthma and adverse perinatal 
outcomes may share the same underlying pathogenetic 
mechanism (such as a predisposition to infl ammation) or 
demographic associations (such as smoking), but that inade-
quately controlled asthma or asthma treatment is not causally 
related to the adverse perinatal outcome [25]. Data supporting 
specifi c mechanisms for the most common specifi c adverse 
outcomes have been recently reviewed [21,25]. The published 
data do not fully defi ne the mechanism(s) of maternal asth-
ma’s potential adverse effects on pregnancy and the infant 
reported in some studies. Available information, however, 
suggests that inadequate asthma control, as defi ned by symp-
toms [26,27], pulmonary function [8,9], or acute exacerbations 
[6,7], may be the most remedial factor and supports the impor-
tant generalization that adequate asthma control during preg-
nancy is important in improving maternal–fetal outcome. Oral 
corticosteroids have also been associated with increased risks 
of preeclampsia [28,29] and prematurity [5,26,30] in pregnant 
asthmatic women. However, whether this represents a drug 
effect, an effect of inadequately controlled asthma, or a marker 
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for common pathogenesis factors associated with more severe 
asthma is not clear from the data.

Diagnosis of asthma during pregnancy

Many patients with asthma during pregnancy will already 
have a physician diagnosis of asthma. A new diagnosis of 
asthma is usually suspected on the basis of typical 
symptoms — wheezing, chest tightness, cough, and associated 
shortness of breath — which tend to be episodic or at least fl uc-
tuating in intensity and are typically worse at night. Identifi ca-
tion of the characteristic triggers described above further 
supports the diagnosis. Wheezing may be present on ausculta-
tion of the lungs, but the absence of wheezing on auscultation 
does not exclude the diagnosis. The diagnosis is ideally con-
fi rmed by spirometry which shows a reduced forced expira-
tory volume in 1 second (FEV1; <80% predicted) with an 
increase in FEV1 of 12% or more after an inhaled short-acting 
bronchodilator.

It is sometimes diffi cult to demonstrate reversible airway 
obstruction in patients with mild or intermittent asthma. 
Although methacholine challenge testing may be considered 
in nonpregnant patients with normal pulmonary function to 
confi rm asthma, such testing is not recommended during 
pregnancy. Thus, therapeutic trials of asthma therapy should 
generally be used during pregnancy in patients with possible 
but unconfi rmed asthma. Improvement with asthma therapy 
supports the diagnosis, which can then be confi rmed post-
partum with additional testing if necessary.

The most common differential diagnosis is dyspnea of preg-
nancy, which may occur in early pregnancy in approximately 
70% of women. This dyspnea is differentiated from asthma by 
its lack of association with cough, wheezing, or airway 
obstruction.

Management

The National Asthma Education and Prevention Program 
(NAEPP) fi rst published guidelines on the management of 
asthma during pregnancy in 1993 [31], and an update on phar-
macologic treatment was published in 2005 [32]. The guide-
lines describe the management of asthma during pregnancy in 
four categories:
1 Assessment and monitoring;
2 Control of factors contributing to severity;
3 Patient education; and
4 Pharmacologic therapy.

Assessment and monitoring

Once the diagnosis of asthma is considered confi rmed, the 
next step is assessment of severity (in patients not already on 

controller medications) or assessment of control (in patients 
already on controller medications). Severity is assessed in 
untreated patients based on the frequency of daytime and 
night-time symptoms and pulmonary function (ideally 
spirometry, minimally peak fl ow rate) (Table 23.1). Based on 
this severity assessment, controller therapy is initiated (if 
indicated).

In treated patients (either initially or with follow-up), it is 
important to determine whether their asthma is controlled. At 
a minimum this entails achievement of mild intermittent 
symptom and pulmonary function status: daytime symptoms 
no more than 2 days per week, interference with sleep no 
more than 2 days per month, and pulmonary function >80% 
predicted. In addition, well-controlled asthma includes 
no limitation of activity, including exercise, and no acute 
exacerbations [31].

Patients with persistent asthma should be monitored 
monthly for asthma control. This is in part because, as described 
above, the course of asthma changes in approximately two-
thirds of women during pregnancy. Home peak fl ow monitor-
ing should be considered for patients with moderate to severe 
asthma, especially for those who have diffi culty perceiving 
signs of worsening asthma.

Because asthma has been associated with intrauterine 
growth restriction and preterm birth in some studies, preg-
nancy dating should be established accurately by fi rst trimes-
ter ultrasound where possible [32]. All patients should be 
instructed to be attentive to fetal activity. The intensity of ante-
natal testing of fetal well-being should be considered on the 
basis of the severity and control of the asthma as well as other 
high-risk features of the pregnancy that may be present [32]. 
Evaluation of fetal activity and growth by serial ultrasounds 
should be considered for women:
1 Who have suboptimally controlled asthma;
2 With moderate to severe asthma (starting at 32 weeks); or
3 Who are recovering from a severe asthma exacerbation 
[32].

Control of factors contributing to asthma severity

Identifying and avoiding asthma triggers can lead to improved 
maternal well-being with less need for medications. In previ-
ously untested patients, in vitro tests (RAST, ELISA) should be 
performed to identify relevant allergens, such as mite, animal 
dander, mold, and cockroach, for which specifi c environ-
mental control instructions can be given. Smokers must be 
encouraged to discontinue smoking, and all patients should 
try to avoid exposure to environmental tobacco smoke and 
other potential irritants as much as possible. Effective allergen 
immunotherapy can be continued during pregnancy, but 
risk–benefi t considerations do not generally favor beginning 
immunotherapy during pregnancy [31].

Sinusitis and refl ux are relatively common comorbidities 
during pregnancy that may exacerbate asthma. A high index 
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Table 23.1 Stepwise approach for managing asthma during pregnancy in patients not on controllers [32].

Clinical Features   Medications Required to Maintain
Before Treatment   Long-Term Control

 Symptoms/Day PEFR or FEV1 Daily Medications
 Symptoms/Night

Step 4 Continual ≤60% • Preferred treatment:

Severe persistent Frequent   �  High-dose inhaled corticosteroid 

and

    �  Long-acting inhaled beta2-agonist 

and, if needed,

    �  Corticosteroid tablets or syrup long term (2 mg/kg/day, generally not to 

exceed 60 mg/day) (Make repeat attempts to reduce systemic 

corticosteroid and maintain control with high-dose inhaled 

corticosteroid)

   • Alternative treatment:

    �  High-dose inhaled corticosteroid 

and

    �  Sustained release theophylline to serum concentration of 5–12 µg/mL

Step 3 Daily >60–<80% • Preferred treatment:

Moderate persistent >1 night/week     either

    �  Low-dose inhaled corticosteroid and long-acting beta2-agonist 

or

    �  Medium-dose inhaled corticosteroid

        If needed (particularly in patients with recurring severe exacerbations):

    �  Medium-dose inhaled corticosteroid and long acting inhaled 

beta2-agonist

   • Alternative treatment:

    �  Low-dose inhaled corticosteroid and either theophylline or leukotriene 

receptor antagonist.

       If needed:

    �  Medium-dose inhaled corticosteroid and either theophylline or 

leukotriene receptor antagonist

Step 2 >2 days/week but  • Preferred treatment:

Mild persistent <daily >80%  � Low-dose inhaled corticosteroid

 >2 nights/month  •  Alternative treatment (listed alphabetically): cromolym, leukotriene 

receptor antagonist 

or sustained-release theophylline to serum concentration of 5–12 µg/mL

Step 1 ≤2 days/week ≥80% • No daily medication needed

Mild intermittent ≤2 nights/month  •  Severe exacerbations may occur, separated by long periods of normal lung 

function and no symptoms. A course of systemic corticosteroid is 

recommended

 FEV1, forced expiratory volume in 1 second; PEFR, peak expiratory fl ow rate.

of suspicion should be maintained for sinusitis, for which 
symptoms and signs during pregnancy may be subtle [18]. 
Although refl ux is common during pregnancy and may 
not require pharmacologic treatment, refl ux treatment should 
be considered in patients with diffi cult to control asthma 
during pregnancy or those with very symptomatic refl ux 
symptoms.

Patient education

Pregnant women should have access to information about 
asthma in general as well as regarding the interrelationships 
between asthma and pregnancy. Controlling asthma during 
pregnancy is important for the well-being of the fetus as well 
as for the mother’s well-being, and the pregnant woman must 
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understand that it is safer to be treated with asthma medica-
tions than it is to have uncontrolled symptoms, reduced pul-
monary function, or exacerbations. She should also understand 
how she can reduce her exposure to or otherwise control the 
asthma triggers that contribute to her asthma severity.

The pregnant woman should be instructed regarding 
optimal inhaler technique, and she should be asked to demon-
strate this technique to assure its correctness. The pregnant 
patient must be able to recognize symptoms of worsening 
asthma and know what to do about them. She should be given 
an individualized action plan that defi nes:
1 Maintenance medication;
2 Symptoms (and possibly peak fl ow levels) that indicate 
exacerbations;
3 Rescue therapy and increases in maintenance medications 
in response to her level of exacerbation; and
4 How and when to contact her asthma clinician for uncon-
trolled symptoms.

Pharmacologic therapy

Asthma medicines are classifi ed into two types: relievers and 
long-term controllers. Relievers provide quick relief of bron-

chospasm and include short-acting beta-agonists (albuterol is 
preferred during pregnancy, 2–4 puffs every 3–4 hours when 
required) and the anticholinergic bronchodilator ipratropium 
(generally used as second-line therapy for acute asthma — see 
below). Long-term control medications are described in 
Table 23.2. Inhaled corticosteroids (Table 23.3) are the most 
effective controller asthma medications.

Chronic asthma

Patients with intermittent asthma do not need controller 
therapy. In patients with persistent asthma not already on con-
troller therapy, it should be initiated as shown in Table 23.1. 
Controller therapy should be progressed in steps (Table 23.4) 
until adequate control is achieved, as defi ned above. Once 
control is achieved and sustained for several months, a step 
down to less intensive therapy is encouraged for nonpregnant 
patients to identify the minimum therapy necessary to main-
tain control. Although a similar step-down approach can be 
considered for pregnant patients, stepping down in therapy 
should be undertaken cautiously and gradually to avoid com-
promising the patient’s asthma control [32]. For some patients 
it may be prudent to postpone attempts to reduce therapy that 

Table 23.2 Long-term control medications for asthma during pregnancy (after [32]).

Medication Dosage Form Adult Dose Use During Pregnancy

Inhaled corticosteroids  See Table 23.3 First-line controller therapy

Systemic corticosteroids  Short course “burst” to achieve Burst therapy for severe

Methylprednisolone 2,4,8,16,32 mg tablets  control: 40–60 mg/day as  acute symptoms

Prednisolone 5 mg tablets, 5 mg/mL, 15 mg/mL  single or divided doses for Maintenance therapy for

Prednisone 1, 2.5, 5, 10, 20, 50 mg tablet  3–10 days  severe asthma

 5 mg/mL, 5 mg/5 mL 7.5–60 mg/day in a single dose  uncontrolled by other

   in AM or q.o.d., taper to  means

   lowest effective dose

Long-acting beta-agonists   Add-on therapy in patients

Salmeterol DPI 50 µg/blister 1 blister q 12 hours  not controlled by low–

Formoterol DPI 12 µg/single-use capsule 1 capsule q 12 hours  medium-dose inhaled

    corticosteroids

Cromolyn MDI 1 mg/puff 2–4 puffs t.i.d.–q.i.d. Alternative therapy for mild

 Nebulizer 20 mg/ampule 1 ampule t.i.d.–q.i.d.  persistent asthma

Leukotriene receptor   Alternative therapy for

anagonists    persistent asthma in

Montelukast 10 mg tablets 10 mg q HS  patients who have shown

Zafi rlukast 10 or 20 mg tablets 20 mg b.i.d.  good response prior to

    pregnancy

Theophylline Liquids, sustained-release tablets, 400–800 mg/day to achieve serum Alternative therapy for

  and capsules  concentration of 5–12 µg/mL  persistent asthma during

    pregnancy
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is effectively controlling the woman’s asthma until after the 
infant’s birth [32].

Inhaled corticosteroids are the mainstay of controller 
therapy during pregnancy. Because it has the most published 
reassuring human gestational safety data, budesonide is con-
sidered the preferred inhaled corticosteroid for asthma during 
pregnancy. It is important to note that no data indicate that the 
other inhaled corticosteroid preparations are unsafe. There-
fore, inhaled corticosteroids other than budesonide may be 
continued in patients who were well-controlled by these 
agents prior to pregnancy, especially if it is thought that 
changing formulations may jeopardize asthma control. Based 

on longer duration of availability in the USA, salmeterol is 
considered the long-acting beta-agonist of choice during preg-
nancy. As described in Table 23.2, the following drugs are con-
sidered by the NAEPP to be alternative, but not preferred, 
treatments for persistent asthma during pregnancy: cromo-
lyn, because of decreased effi cacy compared with inhaled cor-
ticosteroids; theophylline, primarily because of increased 
side-effects compared with alternatives; and leukotriene 
receptor antagonists, because of the availability of minimal 
published human gestational data for these drugs. Although 
oral corticosteroids have been associated with possible 
increased risks during pregnancy, such as oral clefts [33] 
and preeclampsia and prematurity as described above, if 
needed during pregnancy, they should be used because 
these risks are less than the potential risks of severe uncon-
trolled asthma, which include maternal mortality, fetal mor-
tality, or both.

Acute asthma

A major goal of chronic asthma management is the prevention 
of acute asthmatic episodes. When increased asthma does not 
respond to home therapy, expeditious acute management is 
necessary for both the health of the mother and that of the 
fetus.

As a result of progesterone-induced hyperventilation, 
normal blood gases during pregnancy reveal a higher Po2 
(100–106 mmHg) and a lower Pco2 (28–30 mmHg) than in the 
nonpregnant state. The changes in blood gases that occur sec-
ondary to acute asthma during pregnancy will be superim-
posed on the “normal” hyperventilation of pregnancy. Thus, a 
Pco2 > 35 or a Po2 < 70 associated with acute asthma will repre-
sent more severe compromise during pregnancy than will 
similar blood gases in the nongravid state.

The recommended pharmacologic therapy of acute asthma 
during pregnancy is summarized in Table 23.5 [32]. Intensive 
fetal monitoring as well as maternal monitoring is essential. 
In addition to pharmacologic therapy, supplemental oxy-
gen (initially 3–4 L/min by nasal cannula) should be admi-
nistered, adjusting Fio2 to maintain at Po2 ≥ 70 and/or O2 

Table 23.3 Estimated comparative daily adult dosages for inhaled corticosteroids [32].

Drug Low Daily Dose (µg) Medium Daily Dose (µg) High Daily Dose (µg)

Beclomethasone HFA 40 or 80 µg/puff  80–240  240–480 >480

Budesonide DPI 200 µg/inhalation 200–600  600–1200 >1200

Flunisolide 250 µg/puff 500–1000 1000–2000 >2000

Fluticasone

 MDI: 44, 110, 250 µg/puff  88–264  264–660 >660

 DPI*: 50,100,or 250 µg/inhalation 100–300  300–600 >600

Triamcinolone acetonide 100 µg/puff 400–1000 1000–2000 >2000

* Also available combined with salmeterol (50 µg/inhalation) at 100, 250, or 500 µg/inhalation.

Table 23.4 National Asthma Education and Prevention Program (NAEPP) 

recommendations for preferred step therapy for persistent asthma during 

pregnancy [32].

STEP ONE

Low-dose inhaled corticosteroids*

STEP TWO

Medium-dose inhaled corticosteroids*

or

Low-dose inhaled corticosteroids*

+ Long-acting beta-agonist†

STEP THREE

Medium-dose inhaled corticosteroids*

+ Long-acting beta-agonist†

STEP FOUR

High-dose inhaled corticosteroids*

+ Long-acting beta-agonist†

STEP FIVE

High-dose inhaled corticosteroids*

+ Long-acting beta-agonist†

+ Oral corticosteroids at lowest effective dose

* Budesonide is the preferred inhaled corticosteroid during pregnancy 

because of availability of more reassuring human gestational safety data.
† Salmeterol is the preferred long-acting beta-agonist during pregnancy 

because of longer availability in the USA.
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saturation by pulse oximetry >95%. Intravenous fl uids 
(containing glucose if the patient is not hyperglycemic) 
should also be administered, initially at a rate of at least 
100 mL/hour.

Systemic corticosteroids (approximately 1 mg/kg) are 
recommended for patients who do not respond well (FEV1 
or peak expiratory fl ow rate [PEFR] ≥70% predicted) to the 
fi rst beta-agonist treatment as well as for patients who have 
recently taken systemic steroids and for those who present 
with severe exacerbations (FEV1 or PEFR ≤50% predicted). 
Patients with good responses to emergency therapy (FEV1 or 
PEFR ≥70% predicted) can be discharged home, generally on a 
course of oral corticosteroids. Inhaled corticosteroids should 
also be continued or initiated upon discharge until review at 
medical follow-up. Hospitalization should be considered for 
patients with an incomplete response (FEV1 or PEFR ≥ 50% but 
<70% predicted). Admission to an intensive care unit should 
be considered for patients with persistent FEV1 or PEFR < 50% 
predicted, Pco2 > 42 or sensorium changes.

Management during labor and delivery

Asthma medications should be continued during labor and 
delivery. If systemic corticosteroids have been used in the 

previous 4 weeks, then stress-dose steroids (e.g., 100 mg 
hydrocortisone every 8 hours i.v.) should be administered 
during labor and for the 24-hour period after delivery to 
prevent maternal adrenal crisis [31].

Prostaglandin E2 or E1 can be used for cervical ripening, the 
management of spontaneous or induced abortions, or post-
partum hemorrhage [32]. However, 15-methyl-PGF2-alpha 
and methylergonovine can cause bronchospasm [32]. There is 
no contraindication to the use of oxytocin for postpartum 
hemorrhage [31]. Magnesium sulfate and beta-adrenergic 
agents, which are bronchodilators, can be used to treat preterm 
labor [32]. Indomethacin can induce bronchospasm in the 
aspirin-sensitive patient and thus must be avoided in such 
patients [32].

Epidural anesthesia has the additional benefi t of reducing 
oxygen consumption and minute ventilation during labor 
[32]. If a general anesthetic is necessary, preanesthetic use of 
atropine and glycopyrrolate may provide bronchodilatation 
[31]. Ketamine is the agent of choice for induction of anesthesia 
because it decreases airway resistance and can prevent bron-
chospasm [31]. Low concentrations of halogenated anesthet-
ics are recommended as inhalation anesthetic agents in 
pregnant asthmatic patients because they also cause 
bronchodilatation [31].

Table 23.5 National Asthma Education and Prevention Program (NAEPP) Recommendations for the pharmacologic management of acute asthma during 

pregnancy (after [32]).

1 Initial therapy

A FEV1 or PEFR ≥ 5% predicted or personal best

 1 Short-acting inhaled beta2-agonist by metered dose inhaler or nebulizer, up to three doses in fi rst hour

 2 Oral systemic corticosteroid if not immediate response or if patient recently took oral systemic corticosteroid

B FEV1 or PEFR < 50% predicted or personal best (severe exacerbation)

 1 High-dose short-acting inhaled beta2-agonist by nebulization every 20 minutes or continuously for 1 hour plus inhaled ipratropium bromide

 2 Oral systemic corticosteroid

2 Repeat assessment

A Moderate exacerbation (FEV1 or PEFR 50–80% predicted or personal best, moderate symptoms)

 1 Short-acting inhaled beta2-agonist every 60 minutes

 2 Oral systemic corticosteroid (if not already given)

 3 Continue treatment 1–3 hours, provided there is improvement

B Severe (FEV1 or PEFR < 50% predicted or personal best, severe symptoms at rest)

 1 Short-acting inhaled beta2-agonist hourly or continuously plus inhaled ipratropium bromide

 2 Systemic corticosteroid (if not already given)

3 Response and disposition

A Good (FEV1 or PEFR ≥ 70% predicted or personal best, no distress, response sustained 60 minutes after last treatment). Discharge home

B  Incomplete (FEV1 or PEFR ≥ 50% predicted or personal best but <70%, mild or moderate symptoms). Individualize decision regarding discharge home versus 

admit to hospital ward

C Poor (FEV1 or PEFR < 50% predicted or personal best, PCO2 > 42 mmHg, severe symptoms, drowsiness, confusion). Admit to hospital intensive care

FEV1, forced expiratory volume in 1 second; PEFR, peak expiratory fl ow rate.
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Conclusions

Asthma is a common medical problem during pregnancy. 
Optimal diagnosis and management of asthma during preg-
nancy should maximize maternal and fetal health.

Case presentation

The patient is a 23-year-old GII PI woman who is seen 
during her fi rst trimester for asthma while she is pregnant. Her 
asthma was fi rst diagnosed at age 15. She has not been hospi-
talized for asthma, but did require an emergency department 
visit for asthma 6 months previously. She was worse during 
her prior pregnancy 2 years ago. She is currently having daily 
asthma symptoms, nocturnal symptoms twice a week, and 
using her albuterol inhaler 3–4 times per day. She was given a 
steroid inhaler, but was afraid to use it while she was preg-
nant. She has noticed that cleaning the house triggers her 
asthma. She has had a cat at home for 1 year, has been worse 
over this time period, but does not think the cat affects her 
asthma. She has had some daily sneezing and nasal congestion 
since childhood, which she considers mild. She does not smoke 
cigarettes, has not been previously evaluated for allergies, and 
denies any other signifi cant medical history.

Auscultation of the lungs was normal, and examination of 
the nose revealed mild mucosal edema. Spirometry showed 
an FEV1 of 70% predicted. The diagnostic impression was 
moderate persistent asthma with a probable mite and dander 
allergy component and mild allergic rhinitis. The initial plan 
included education regarding asthma and pregnancy, an 
allergy evaluation (in vitro tests), environmental control 
instructions based on the testing, initiation of inhaled budeso-
nide with instructions on inhaler technique, provision of a 
symptom-based home action plan, and scheduled follow-up 
in 1 month.
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24 Epilepsy
Page B. Pennell

Epilepsy is a chronic brain disorder of various etiologies char-
acterized by recurrent unprovoked seizures. A seizure is 
caused by paroxysmal abnormal cerebral neuronal discharges. 
Clinical manifestations are stereotyped episodic alterations in 
behavior or perception. Epilepsy can begin at any age of 
life, and two-thirds of cases are idiopathic. The prevalence is 
approximately 0.64% in the USA [1]. Epilepsy is the most 
common neurologic disorder that requires continuous 
treatment during pregnancy and antiepileptic drugs (AEDs) 
are one of the most frequent chronic teratogen exposures [2,3]. 
Over 1 million women with epilepsy in the USA are in 
their active reproductive years and give birth to over 24,000 
infants each year. However, it is estimated that the total 
number of children in the USA exposed in utero to AEDs 
is nearly two times that amount with the emergence of 
AED use for other illnesses including headache, chronic 
pain, and mood disorders [4]. Many of the principles outlined 
below of AED use during pregnancy can be extrapolated 
to women with any disorder treated with these agents. 
Although some of the other disorders may allow for discon-
tinu ation of the AEDs during pregnancy, unlike most epilepsy 
cases, pregnancies are often not identifi ed until after organo-
genesis occurs.

The vast majority of women with epilepsy will have a 
normal pregnancy with a favorable outcome, but there are 
increased maternal and fetal risks compared with the 
general population. Careful management of any pregnancy 
in a woman with epilepsy is essential to minimize these 
risks, ideally beginning with preconceptional planning. 
The initial visit between the physician and a woman with 
epilepsy of childbearing age should include a discussion 
about family planning. Topics should include effective 
birth control, the importance of planned pregnancies with 
AED optimization and folate supplementation prior to 
conception, obstetric complications, and teratogenicity of 
AEDs versus the risks of seizures during pregnancy. The goal 
is effective control of maternal seizures with the least risk to 
the fetus.

Birth control for women on 
antiepileptic drugs

Many of the AEDs induce the hepatic cytochrome P450 system, 
the primary metabolic pathway of the sex steroid hormones. 
This leads to rapid clearance of steroid hormones and may 
allow ovulation in women taking oral contraceptives or other 
hormonal forms of birth control [5,6]. The 1998 guidelines by 
the American Academy of Neurology recommend a dose of 
50 µg estradiol or its equivalent for 21 days of each cycle when 
using oral contraceptive agents with the enzyme-inducing 
AEDs [7]. This is still not entirely adequate protection against 
pregnancy, and a back-up barrier method is recommended. 
Table 24.1 lists effects of the individual AEDs on hormonal 
contraceptive agents [6,8,9]. The newer transdermal patch and 
vaginal ring formulations also have higher failure rates with 
these AEDs.

Fetal anticonvulsant syndrome

Offspring of women with epilepsy on AEDs are at an increased 
risk for intrauterine growth restriction, minor anomalies, 
major congenital malformations, cognitive dysfunction, 
microcephaly, and infant mortality [10,11]. The term “fetal 
anticonvulsant syndrome” is used to include various combi-
nations of these fi ndings and has been described with virtually 
all of the AEDs [12,13].

Minor anomalies

Minor anomalies are defi ned as structural deviations from the 
norm that do not constitute a threat to health. Minor anomalies 
affect 6–20% of infants born to women with epilepsy, an 
approximately 2.5-fold increased rate compared to the general 
population [14]. Minor anomalies seen in infants of mothers 
on AEDs include distal digital and nail hypoplasia and the 
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midline craniofacial anomalies, including broad nasal bridge, 
ocular hypertelorism, epicanthal folds, short upturned nose, 
altered lips, and low hairline [14,15].

Major congenital malformations

The reported major congenital malformation (MCM) rates in 
the general population vary between 1.6% and 3.2% [16], and 
women with a history of epilepsy but not on AEDs show 
similar MCM rates. The average MCM rates among all AED 
exposures vary between 3.1% and 9%, or approximately two- 
to threefold higher than the general population. Reported 
MCM rates in monotherapy exposures are 2.3–7.8%, while 
AED polytherapy exposures carry an average MCM rate of 
6.5–18.8% [13]. Monotherapy use of AEDs is preferred to 
polytherapy during pregnancy and should be achieved during 
the preconception planning phase [14]. Previous guidelines 
recommended use of monotherapy during pregnancy with 
the AED that best controlled that individual’s seizure types 
[7,17]. However, data recently released from several ongoing 
pregnancy registries illuminate that there are signifi cant dif-
ferential risks for MCM among the various AED monotherapy 
regimens.

MCMs most commonly associated with AED exposure 
include congenital heart disease, cleft lip/palate, urogenital 
defects, and neural tube defects (Table 24.2) [13,14]. The con-
genital heart defects can involve almost any structural abnor-

mality and the urogenital defects commonly involve glan-
dular hypospadias. The neural tube defects (NTD) are usually 
lower defects, but tend to be severe open defects frequently com-
plicated by hydrocephaly and other midline defects [18]. 
Some studies have identifi ed spina bifi da aperta (an open 
defect with failure of the neural tube to close over the spinal 
cord) as the NTD most commonly associated with valproic 
acid (VPA) or carbamazepine (CBZ) exposure. The abnormal 
neural tube closure usually occurs between the third and 
fourth weeks of gestation. By the time most women realize 
they are pregnant, it is too late to make medication adjust-
ments to avoid malformations (Table 24.3).

AED monotherapies during pregnancy

Although features of the fetal anticonvulsant syndrome have 
been described in association with virtually all of the AEDs, 
there are some notable differences in the likelihood of specifi c 
malformations with the different AEDs [13,19].

A comparison between two cohorts highlighted differences 
in fetal MCM with changes in prescribing practices over time 
[18]. The older cohort (1972–79) had more women taking phe-
nobarbital, primidone, and phenytoin; the newer cohort 
(1981–85) represented more monotherapy with VPA or CBZ. 
The features of the older cohort were congenital heart defects, 
facial clefts, and minor anomalies. The MCM identifi ed most 
frequently with the newer cohort were NTD and glandular 
hypospadias. The relative risk (RR) for NTD with valproate is 
at least 20 times the general population [20]. One analysis 
pooling data from fi ve prospective studies suggested that 
the absolute risk with valproate monotherapy may be as high 
as 3.8% for NTD, and that offspring of women receiving 
>1000 mg/day valproate were especially at increased risk 
[21].

Recent prospective data from the North American AED 
Pregnancy Registry is available for phenobarbital, valproic 
acid, and lamotrigine. Of 77 women receiving phenobarbital 
monotherapy, fi ve of the infants had confi rmed major malfor-
mations (6.5%; 95% confi dence interval [CI] 2.1–14.5%). Major 
malformations in exposed infants included one cleft lip and 
palate and four heart defects [22].

Table 24.1 Antiepileptic drug (AED) effects on hormonal contraceptive 

agents.

Lowers Hormone Levels No Signifi cant Effects

Phenobarbital Ethosuximide

Phenytoin Valproate

Carbamazepine Gabapentin

Primidone Lamotrigine

Topiramate Tiagabine

Oxcarbazepine Levetiracetam

 Zonisamide

Table 24.2 Major malformations in infants of women with epilepsy.

 General Infants of Women
 Population (%) with Epilepsy (%)

Congenital heart 0.5 1.5–2

Cleft lip/palate 0.15 1.4

Neural tube defect 0.06 1–3.8 (VPA)

  0.5–1 (CBZ)

Urogenital defects 0.7 1.7

CBZ, carbamazepine; VPA, valproic acid.

Table 24.3 Relative timing and developmental pathology of certain 

malformations [68,77].

Tissues Malformations Postconceptional Age (Days)

CNS Neural tube defect 28

Heart Ventricular septal defect 42

Face Cleft lip 36

 Cleft maxillary palate 47–70

CNS, central nervous system.
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In fi rst-trimester VPA monotherapy exposures (n = 149), 
major birth defects occurred in 10.7% of infants, compared 
with 1.6% in external control infants (RR to controls 7.3; 95% 
CI, 4.4–12.2). Birth defects included cardiac anomalies, NTD, 
hypospadias, polydactyly, bilateral inguinal hernia, dysplas-
tic kidney, and equinovarus club foot [23]. Perhaps more rele-
vant to the prescribing physician is the relative risk compared 
to the internal comparison group. The internal comparison 
group was the major congenital malformation rate (2.9%) of 
three other AED monotherapy regimens; the relative risk of 
VPA for malformations compared to this group was 4.0 (95% 
CI, 2.1–7.4).

The UK Epilepsy and Pregnancy Register has collected pro-
spective, full outcome data on 3607 cases [24]. Comparisons 
between monotherapy regimens revealed a statistically signif-
icant increased MCM rate for pregnancies exposed to val-
proate (6.2%; 95% CI, 4.6–8.2%) compared to those exposed to 
carbamazepine (2.2%; 1.4–3.4%; adjusted odds ratio [OR] 2.97; 
P < 0.001). Although a lower MCM rate was identifi ed for preg-
nancies exposed to lamotrigine (3.2%; 95% CI, 2.1–4.9), 
adjusted OR 0.59 compared to the valproate group was not sta-
tistically signifi cant (P = 0.064) [24]. The Australian Pregnancy 
Registry has enrolled over 800 women [25,26]. Signifi cantly 
greater risk for MCM on VPA monotherapy was demonstrated 
(17.1%) compared to other AED monotherapy exposures 
(2.4%) and no AED exposures (2.5%). The MCM rate increased 
with increasing VPA dosage (P < 0.05) with a MCM rate of 
more than 30% for doses of more than 1100 mg/day. Other 
MCM rates reported were phenytoin 4.7%, CBZ 4.5%, and 
lamotrigine 5.6% for monotherapy exposures. The consistent 
fi ndings of these large prospective pregnancy registries scat-
tered across different regions of the world reveal a consistent 
pattern of amplifi ed risk for the development of MCM in preg-
nancies exposed to VPA.

The newer generation of AEDs consists of a large number of 
structurally diverse compounds, most of which have demon-
strated teratogenic effects in preclinical animal experiments 
and MCM in offspring of women on these AEDs. With the pos-
sible exception of lamotrigine, none have suffi cient human 
pregnancy experience to assess their safety or teratogenicity. 
The reported rates for MCM with lamotrigine use during the 
fi rst trimester are consistently moderately low across several 
studies, varying between 2.0% and 3.2% [24,27,28]. The 
reported MCM rate for lamotrigine use from the North Ameri-
can Pregnancy Registry was 2.7% (95% CI, 1.5–4.3%), but a sig-
nifi cantly increased risk for nonsyndromic cleft lip and palate 
was noted [27].

Prenatal screening

Women on AEDs during pregnancy should be encouraged to 
undergo adequate prenatal screening to detect any fetal MCM. 
Adequate prenatal screening includes a combination of mater-

nal serum alpha-fetoprotein at 15–20 weeks and expert 
detailed structural ultrasound at 16–20 weeks and fetal 
echocardiography at 20–22 weeks [7,17]. Ideally, the latter 
should be performed by a perinatologist. Amniocentesis (with 
measurements of amniotic fl uid alpha-fetoprotein and acetyl-
cholinesterase) is not performed routinely but should be 
offered if these tests are equivocal, increasing the sensitivity 
for detection of NTD to greater than 99%. If the patient’s weight 
gain and fundal growth do not appear appropriate, serial 
sonography should be performed to assess fetal size and amni-
otic fl uid volume [17].

Neurodevelopmental outcome

Studies investigating cognitive outcome in children of women 
with epilepsy report an increased risk of mental defi ciency, 
affecting 1.4–6% of children of women with epilepsy, com-
pared to 1% of controls [10,29,30]. Verbal scores on neuropsy-
chometric measures may be selectively more involved [4]. A 
variety of factors contribute to the cognitive problems of child-
ren of mothers with epilepsy, but AEDs appear to have a 
role [4].

Studies of particular AEDs have reported that the child’s 
level of IQ is negatively correlated with in utero exposure to 
VPA [31,32], primidone [33], phenobarbital [34], phenytoin 
[32,35], CBZ [32,36,37], polytherapy [31–33,38], and seizures 
[39]. Exposure during the last trimester may actually be the 
most detrimental [34].

Several studies have suggested a notably higher risk of VPA 
for the neurodevelopment of children exposed in utero, often 
with lower verbal IQ scores [31,38,40,41]. Additionally, greater 
than fi ve convulsive seizures during pregnancy had a nega-
tive effect on verbal IQ [41]. The fi ndings of increased risk for 
neurodevelopmental consequences with polytherapy, VPA 
exposure, and with frequent convulsive seizures should be 
considered by the prescribing physician and included in the 
discussion with women with epilepsy.

Microcephaly has been associated with in utero AED expo-
sure [10,11], and most often with polytherapy, phenobarbital, 
and primidone [42]. The risk of epilepsy in children of women 
with epilepsy is higher (RR 3.2) compared to controls [43]. 
Interestingly, this same increased risk has not been demon-
strated for children of fathers with epilepsy.

Mortality

Fetal death (fetal loss at more than 20 weeks’ gestation) is 
another increased risk for women with epilepsy. Reported 
stillbirth rates vary between 1.3% and 14.0% compared to rates 
of 1.2–7.8% for women without epilepsy [10]. Perinatal death 
rates are also up to twofold higher for women with epilepsy 
(1.3–7.8%) compared to controls (1.0–3.9%) [10]. Spontaneous 
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abortion (<20 weeks’ gestation) fi gures vary considerably 
[7,44,45].

Potential mechanisms

The causes of the “anticonvulsant embryopathy” are likely 
multifactorial. However, recent studies have supported the 
anticonvulsant drugs as the most signifi cant offending factor, 
more so than actual traits carried by mothers with epilepsy, 
environmental factors, or possibly even seizures during preg-
nancy [46–48]. Observational studies have reported that 
infants whose mothers had a history of epilepsy but took no 
AEDs during pregnancy do not have a higher frequency of 
these abnormalities compared to control infants [47], includ-
ing abnormalities of cognitive function [48].

Teratogenecity by AEDs is likely mediated by several 
mechanisms, including antifolate effects and reactive inter-
mediates of AEDs. Almost all AEDs are associated with 
folate defi ciency or interference with folate metabolism [49–
51]. Although the benefi cial effects of folic acid supplementa-
tion are clear for lowering the risk of NTD in women without 
epilepsy [52,53], it is not as clear in women with epilepsy on 
AEDs. However, all women with epilepsy of childbearing 
potential should be placed on a minimum of folate supple-
mentation of at least 0.4 mg/day [7]. Some authors recom-
mend as much as 4–5 mg/day supplemental folate for women 
on AEDs [54–56].

Seizures during pregnancy

The effect of pregnancy on seizure frequency is variable. 
Approximately 20–33% of patients will have an increase in 
their seizures, 7–25% a decrease in seizures, and 50–83% will 
experience no signifi cant change [57–60].

The physiologic changes and psychosocial adjustments that 
accompany pregnancy can alter seizure frequency, including 
changes in sex hormone concentrations, changes in AED 
metabolism, sleep deprivation, and new stresses. Noncom-
pliance with medications is common during pregnancy and is 
in large part because of the strong message that any drugs 
during pregnancy are harmful to the fetus. Teratogenic effects 
of AEDs are well-described, but risks to the fetus are often 
exaggerated or misrepresented. Proper education about the 
risks of AEDs versus the risks of seizures can be very helpful in 
assuring compliance during pregnancy.

Generalized tonic–clonic seizures (GTCS) can cause mater-
nal and fetal hypoxia and acidosis [10,61]. After a single GTCS, 
fetal intracranial hemorrhages [62], miscarriages, and still-
births have been reported [49]. A single brief tonic–clonic 
seizure has been shown to cause depression of fetal heart rate 
for more than 20 minutes [63], and longer or repetitive tonic–
clonic seizures are incrementally more hazardous to the fetus 
as well as the mother. Status epilepticus is an uncommon com-
plication of pregnancy, but when it does occur it carries a high 
maternal and fetal mortality rate [64].

It is not as clear what the effects of nonconvulsive seizures 
are on the developing fetus. Many types of seizures can cause 
trauma, which can result in ruptured fetal membranes with an 
increased risk of infection, premature labor, and even fetal 
death [15]. If the woman is still having seizures, restrictions 
from driving and climbing heights should be reinforced with 
her, with special emphasis on the risk to the fetus.

Antiepileptic drug management

Management of AEDs during pregnancy can be complex. 
Clearance of virtually all of the AEDs increases during 
pregnancy, resulting in a decrease in serum concentrations 
(Table 24.4) [65]. Clearance of most of the AEDs normalizes 

 

 Reported Reported Reported 
 Increases in Decreases in Total Decreases in Free 
AED Clearance (%) Concentrations (%) Concentrations (%)

LTG 65–230 50–75 50

PHT 20–100 55–61 18–31

CBZ 0–20 0–42 0–28

PB – 55 50

PRM – 55 –

Derived PB – 70 –

VPA 35–183 50 (25–30)*

ESX – Inconsistent decreases –

CBZ, carbamazepine; ESX, ethosuximide; LTG, lamotrigine; PB, phenobarbital; PHT, phenytoin; PRM, 

primidone; VPA, valproic acid.

* Free concentrations of VPA decrease during the fi rst two trimesters, but then normalize or increase by 

delivery.

Table 24.4 Alterations of antiepileptic drug 

(AED) clearance and/or concentrations during 

pregnancy (after Pennell [65]).
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gradually over the fi rst 2–3 postpartum months. Lamotri-
gine metabolism, however, undergoes an exaggerated 
increase throughout pregnancy, and quickly converts back to 
baseline clearance within the fi rst few weeks postpartum 
[66,67].

Several physiologic factors contribute to the decline in AED 
levels during pregnancy (Table 24.5). The greater extent of 
increased lamotrigine clearance during pregnancy probably 
refl ects its distinctive metabolic pathway of glucuronidation. 
The changes in AED levels during pregnancy can vary widely 
and are not predictable for an individual. The ratio of free to 
bound drug may increase during pregnancy for many of the 
older AEDs, but the amount of free AED still usually declines 
[65]. The optimal approach to monitoring AED levels during 
pregnancy is one that measures free levels of any AED that is 
highly or moderately protein-bound [7]. Total levels are suffi -
cient for AEDs that are minimally protein-bound. The ideal 
AED (free) level(s) need to be established for each individual 
patient prior to conception, and should be the level at which 
seizure control is the best possible for that patient without 
debilitating side-effects. Levels should be obtained at least at 
baseline prior to conception and repeated at the beginning of 
each trimester and again in the last 4 weeks of pregnancy [7,17]. 
Some authors recommend monthly monitoring given the 
possibility of rapid and unpredictable decreases in AED levels 
in an individual patient [65,68].

Obstetric complications

Women with epilepsy have an increased risk of certain obstet-
ric complications. There is an approximate twofold increased 
risk of vaginal bleeding, hyperemesis gravidarum, anemia, 
eclampsia, abruptio placentae, preterm delivery, and the need 
for induced labor, interventions during labor, and/or cesar-
ean delivery [10,69].

Neonatal vitamin K defi ciency

Many of the AEDs can inhibit vitamin K transport across the 
placenta [10,70–72]. Infant mortality from this hemorrhagic 

disorder is very high at more than 30% and is usually a result 
of bleeding in the abdominal and pleural cavities leading 
to shock. Therefore, guidelines recommend prophylactic 
treatment with vitamin K1 administered orally as 10 mg 
to the mother during the last month of pregnancy and 1 mg 
i.m./i.v. administered to the newborn at birth [7]. If the 
woman has not received supplemental vitamin K1 prior to 
labor onset, then she should receive parenteral vitamin K1. If 
two of the neonate’s coagulation factors fall below 5% of 
normal values, intraveneous fresh frozen plasma needs to be 
administered.

Labor and delivery

The majority of women with epilepsy will not experience 
seizures during labor and delivery. Reports of women with 
seizures during labor and the fi rst 24 hours postpartum are 
2%, but may be as high as 12.5% of women with primary 
generalized epilepsy syndromes [73,74]. Sleep deprivation 
may provoke seizures and obstetric anesthesia may be 
used to allow for some rest prior to delivery if sleep depriva-
tion has been prolonged. The specifi c analgesic meperidine 
should be avoided because of its potential to lower seizure 
threshold.

During a prolonged labor, oral absorption of AEDs may be 
erratic and any emesis will confound the problem. Phenobar-
bital, (fos)phenytoin, and VPA can be given intravenously at 
the same maintenance dosage. Convulsive seizures and 
repeated seizures during labor should be treated promptly 
with parenteral lorazepam (1–4 mg) or valium (5–10 mg) [73]. 
Benzodiazepines can cause neonatal respiratory depression, 
decreased heart rate, and maternal apnea if given in large 
doses, and these potential side-effects need to be monitored 
closely. Administration of another, longer acting AED is con-
troversial because of the inhibitory effects on myometrial con-
tractions [73]. If convulsive seizures occur, oxygen should be 
administered to the patient and she should be placed on her 
left side to increase uterine blood fl ow and decrease the risk of 
maternal aspiration [17]. Prompt cesarean delivery should be 
performed when repeated GTCS cannot be controlled during 
labor or when the mother is unable to cooperate during labor 

 

Parameter Consequences

↑ Total body water, extracellular fl uid Altered drug distribution

↑ Fat stores ↓ Elimination of lipid soluble drugs

↑ Cardiac output ↑ Hepatic blood fl ow leading to ↑ elimination

↑ Renal blood fl ow and glomerular fl ow rate ↑ Renal clearance of unchanged drug

Altered cytochrome P450 activity Altered systemic absorption and hepatic elimination

↓ Maternal albumin  Altered free fraction; increased availability 

 of drug for hepatic extraction

Table 24.5 Physiologic changes during 

pregnancy: effects on drug disposition (after 

Pennell [65]).
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because of impaired awareness during repetitive absence or 
complex partial seizures [73,74].

Postpartum care

Most of the AED levels gradually increase after delivery and 
plateau by 10 weeks postpartum. AED levels may need to be 
followed closely during this postpartum period [7]. Lamotrig-
ine levels, however, increase immediately and plateau within 
2–3 weeks postpartum. Adjustments in lamotrigine dosage 
may need to be made on an anticipatory basis beginning within 
the fi rst few days after delivery [75].

Perinatal lethargy, irritability, and feeding diffi culties have 
been attributed to intrauterine exposure to benzodiazepines 
and barbiturates, and breastfeeding on these medications may 
prolong sedation and feeding problems. However, most 
infants of women with epilepsy can successfully breastfeed 
without complications. The concentrations of the different 
AEDs in breastmilk are considerably less than those in mater-
nal serum (Table 24.6). The infant’s serum concentration is 
determined by this factor as well as the AED elimination half-
life in neonates, which is usually more prolonged than that in 
adults [65]. The benefi ts of breastfeeding are believed to 
outweigh the small risk of adverse effects of AEDs [7,76]. 
The parents should be advised to watch for signs of increased 
lethargy to a degree that interferes with normal growth and 
development.

Conclusions

Improving maternal and fetal outcomes for women with 
epilepsy involves effective preconceptional counseling and 

preparation. The importance of planned pregnancies with 
effective birth control should be emphasized, with considera-
tion of the effects of the enzyme-inducing AEDs on lowering 
effi cacy of hormonal contraceptive medications.

Before pregnancy occurs, the patient’s diagnosis and treat-
ment regimen should be reassessed. Once the diagnosis of epi-
lepsy is confi rmed, it is important to verify whether that 
individual patient continues to need medications and whether 
she is on the most appropriate AED to balance control of her 
seizures against teratogenic risks. For most women with epi-
lepsy, withdrawal of all AEDs prior to pregnancy is not a real-
istic option. In the vast majority of cases requiring continued 
AED therapy, monotherapy at the lowest effective dose should 
be employed. If large daily doses are needed, then frequent 
smaller doses or extended-release formulations may be helpful 
to avoid high peak levels. Some of the newest information 
about differential risks between AEDs should also be 
considered. The woman’s AED regimen should be 
optimized and folate supplementation should begin prior to 
pregnancy. Given that 50% of pregnancies are unplanned in 
the USA, folate supplementation should be encouraged in all 
women of childbearing age on any AED and for any indica-
tion. Dosing recommendations vary between 0.4 and 
5 mg/day.

If a woman with epilepsy presents after conception on a 
single AED that is effective, her medication should usually not 
be changed. Exposing the fetus to a second agent during a 
cross-over period of AEDs only increases the teratogenic risk, 
and seizures are more likely to occur with any abrupt medica-
tion changes. If a woman is on polytherapy, it may be possible 
to switch safely to monotherapy. Maintaining seizure control 
during pregnancy is important, and monitoring of serum AED 
levels can help achieve that goal.

Prenatal screening can detect major malformations in the 
fi rst and second trimesters. Vitamin K1 is given as 10 mg/day 
orally during the last month of pregnancy, followed by 1 mg 
i.m./i.v. to the newborn [7].

Although women on AEDs for epilepsy, or for other 
indications, have increased risks for maternal and fetal 
complications, these risks can be considerably reduced with 
effective preconceptional planning and careful multidiscipli-
nary management during pregnancy and the postpartum 
period.

Case presentation

The patient is a 32-year-old, G1P0, right-handed white female 
who had a closed head injury with loss of consciousness in 
1988 during a motor vehicle accident. Five years later, she 
developed her fi rst seizure, which presented as an aura fol-
lowed by a generalized tonic–clonic (grand mal) seizure. Her 
second seizures occurred in 1994, with similar semiology. She 
was diagnosed with epilepsy and started on phenytoin. Two 

Table 24.6 Antiepileptic drug (AED) exposure through breastmilk (after 

Pennell [65]).

 Breast Milk/Maternal Adult Neonate
AED Concentration Half-Life Half-Life

CBZ 0.4–0.6 8–25 8–28

PHT 0.18–0.4 12–50 15–105

PB 0.36–0.6 75–126 45–500

ESX 0.8–0.9 32–60 32–40

PRM 0.7–0.9 4–12 7–60

VPA 0.01–0.10 6–18 30–60

LTG 0.5–0.6 – –

TPM 0.69–0.86 – –

ZNS 0.41–0.93 63 61–109

LEV 3.09 – –

CBZ, carbamazepine; ESX, ethosuximide; LEV, levetiracetam; LTG, 

lamotrigine; PB, phenobarbital; PHT, phenytoin; PRM, primidone; TPM, 

topiramate; VPA, valproic acid; ZNS, zonisamide.
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years later, because of interference with birth control pills, her 
phenytoin was switched to 500 mg VPA p.o. b.i.d. of the 
extended-release formulation. She had no further grand mal 
seizures but still had occasional auras with dizziness and 
wave-like vision once per year. The patient stopped her birth 
control in 2005 with eager anticipation of pregnancy. She was 
not counseled about specifi c risks of her medication and was 
not on any vitamin supplementation.

The patient presented to our clinic at 17 weeks’ gestation for 
a second opinion regarding her epilepsy management in the 
setting of recent ultrasound diagnosis of MCM, including 
meningomyelocele, severe hydrocephalus, and heart calcifi -
cations. Folic acid at 4 mg/day and a prenatal vitamin were 
prescribed. She was referred to a fetal maternal medicine 
specialist and chose to undergo therapeutic dilatation and 
evacuation. She returned to neurology clinic 6 weeks later. The 
patient and her husband were given information on specifi c 
reported risks of MCM for lamotrigine monotherapy com-
pared to valproate monotherapy. A gradual cross-over of her 
medication from VPA to lamotrigine was prescribed. A base-
line, trough lamotrigine serum concentration measurement 
1 month after the transition to lamotrigine monotherapy was 
ordered. She was counseled to wait until 6 months after the 
cross-over was complete before trying to conceive again, to 
assure medication tolerability and effi cacy.
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25 Chronic hypertension
C. Kevin Huls and Dinesh M. Shah

Hypertensive disorders of pregnancy are one of the most 
serious complications in pregnancy because of the potential to 
cause serious maternal and perinatal morbidity and mortality. 
Although a substantial number of hypertensive patients have 
relatively good outcomes, diffi culty in differentiating between 
various hypertensive conditions, inability to predict which 
patients are at highest risk, and variability in the progression 
of preeclampsia make these disorders the greatest challenge of 
clinical medicine in obstetrics.

Diagnosis and classifi cation

Chronic hypertension in pregnancy is diagnosed if there is a 
sustained elevation of arterial blood pressure of 140/90 mmHg 
or greater prior to the 20th week of gestation, or if hyperten-
sion existed prior to pregnancy [1]. The diagnosis of chronic 
hypertension in pregnancy may be missed because of the 
decline in blood pressure as a result of the vascular relaxation 
of pregnancy. As a result of this, chronic hypertension may be 
diagnosed as gestational hypertension in the third trimester. 
Chronic hypertension should be suspected if fi rst-trimester 
diastolic pressures are in the 80s, in a multiparous patient, or 
in a patient with a family history of chronic hypertension. 
Patients who develop hypertension in more than one preg-
nancy most likely have chronic hypertension [2,3]. The rates of 
adverse perinatal and maternal outcomes increase when 
preeclampsia develops in a patient with underlying hyperten-
sion [4]. Patients with preeclampsia, in general, have a greater 
risk of cardiovascular mortality later in life [5]. Associated 
conditions involving the kidneys, such as systemic lupus ery-
thematosus and diabetes mellitus, help make the diagnosis of 
secondary hypertension.

Classifi cation

Although during pregnancy hypertension is commonly clas-
sifi ed as mild (≥140/90 mmHg) or severe (≥160/110 mmHg), 

chronic hypertension in pregnancy can be categorized as mild, 
moderate, or severe depending on the absolute level of blood 
pressure with or without evidence of end-organ damage. The 
High Blood Pressure Council has recommended that blood 
pressure be taken in the sitting position after 10 minutes of 
rest. Diastolic measurement is the pressure at Korotkoff phase 
V, when the sound disappears [1]. If automated blood pres-
sure monitors are used, the diastolic pressure will be between 
the fourth and fi fth Korotkoff sounds. Uterine size and com-
pression of the inferior vena cava and aorta are factors (espe-
cially in the supine position) that alter blood pressure readings 
as the uterus enlarges.

Preconceptional therapy guidelines

Preconceptional counseling is important for the woman who 
has chronic hypertension. It is important to establish baseline 
data on this patient, and to teach her self-blood pressure moni-
toring prior to conception. Medication should be changed to 
one acceptable during pregnancy. If she is taking diuretics, 
their dosage should gradually be diminished and preferably 
eliminated prior to conception. Angiotensin-converting 
enzyme (ACE) inhibitors and angiotensin receptor blockers 
are associated with renal anomalies, and both are associated 
with renal failure which may not be reversible, which is why 
these are contraindicated after the fi rst trimester [6,7].

Evaluation

When hypertension is present or suspected, additional testing 
should be carried out based on clinical considerations. If a 
practitioner has not had extensive experience with hyperten-
sion during pregnancy, consultative advice should be sought 
from a subspecialist (i.e., maternal fetal medicine).

Reasonable assessment for all patients may include urinaly-
sis for protein and microscopic examination for sediment, 
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especially if signifi cant proteinuria is detected by the dipstick 
method. A 24-hour collection for total protein and creatinine 
clearance should be performed early in the pregnancy for 
patients with overt hypertension. We suggest repeating this 
around 26–28 weeks’ gestation to defi ne a new baseline, 
because of pregnancy-associated increase in renal blood fl ow 
which may physiologically increase proteinuria. Such an 
increase, if proportionate to increased glomerular fi ltration 
rate, should be interpreted as a physiologic change. This 
assists the practitioner’s management if superimposed pre-
eclampsia develops later in gestation. An assessment of com-
plete blood count with platelet count should be performed.

Other tests to consider are based on clinical presentation. 
Consideration should be given to the possibility of systemic 
lupus erythematosus in patients with proteinuria dispropor-
tionate to the degree of hypertension, and one should check 
antinuclear antibodies (ANA) and anti double-stranded 
DNA. Generally, the presence of diabetes mellitus is known, 
but in patients with proteinuria this should remain a consi-
deration. If the hypertension is severe and gestation is less 
than 20 weeks, one should check serum electrolytes to evalu-
ate for hyperaldosteronism or consider evaluation for a molar 
pregnancy. Cushing syndrome is rare and diffi cult to 
evaluate during pregnancy. If hypertension is paroxysmal, 
has frequent “crisis,” or is associated with anxiety, a 24-hour 
collection of urine for vanillylmandelic acid, metanephrines, 
or unconjugated catecholamines should be performed to 
identify pheochromocytoma. A toxicology screen should be 
obtained in all patients with severe and/or accelerated hyper-
tension to examine for cocaine use.

If the hypertension has been present for several years, addi-
tional consideration should be given to ordering an electrocar-
diogram, echocardiogram, or ophthalmologic examination. 
For patients with an elevated creatinine, a renal ultrasound 
may be occasionally useful. A young woman with severe 
hypertension may also require Doppler fl ow studies or 
magnetic resonance angiography to evaluate for renal artery 
stenosis, but this is generally detected before the patient has 
seen the obstetrician.

Differential diagnosis

Pre-existing hypertension should be suspected in the absence 
of proteinuria and other corroborative laboratory fi ndings of 
preeclampsia, family history of hypertension, obesity, multi-
parity, or other diseases known to affect the kidney. One 
should review medical records from prior health care visits to 
ascertain prepregnancy blood pressure measurements.

Pre-existing hypertension, secondary to renal disease 
should be suspected when proteinuria is disproportionate to 
the degree of hypertension, especially when the patient is 
multiparous or presents with hypertension prior to 34 
weeks [8].

Forty-three percent of multiparous women presenting with 
preeclampsia had renal biopsies showing evidence of pre-
existing renal parenchymal or vascular disease [9]. Of women 
with preeclampsia diagnosed prior to 34 weeks, 70% 
had laboratory or renal biopsy evidence of pre-existing renal 
disease [10].

Therapy during pregnancy

Home blood pressure monitoring permits the patient to be her 
own advocate and further reinforces the control of her envi-
ronmental situation. Home blood pressure data is preferable, 
and correct calibration should be confi rmed. Self-monitoring 
can reduce the use of antihypertensives and the need for 
hospitalization [11,12].

Bed rest has been suggested as therapy for women who have 
chronic hypertensive diseases of pregnancy. Uterine blood 
fl ow is increased when the woman is in the left lateral recum-
bent position.

Antihypertensive therapy should be considered when 
the diastolic blood pressure exceeds 90 mmHg in the offi ce, 
or 84 mmHg on home monitoring. The National High 
Blood Pressure Education Program Working Group on High 
Blood Pressure in Pregnancy recommends that therapy 
should be initiated or increased if the systolic blood 
pressure exceeds 150–160 mmHg or the diastolic pressure 
exceeds 100–110 mmHg. A table of commonly used anti-
hypertensive medications is included for reference 
(Table 25.1).

Antihypertensive therapy has not been shown to improve 
fetal condition or to prevent preeclampsia [13], probably 
because appropriate studies have not been conducted to 
answer these questions. However, such therapy controls 
acceleration of blood pressure and should help prevent mater-
nal stroke from uncontrolled hypertension. The drug of choice 
in the past was methyldopa in divided doses. It is important to 
note that a side-effect of methyldopa is elevation of liver 
enzymes in a small number of patients. Labetalol is an alterna-
tive medication that has alpha-adrenergic and central beta-
blocking effects. Other beta-blocking medications do not 
have this dual effect, which may explain why these other 
beta-blockers are associated with intrauterine growth 
restriction [14].

In recent years, calcium-channel blockers, such as nifed-
ipine, have come into use. The effect of calcium-channel block-
ade is vasodilatation and it may have a salutary effect on the 
uterine blood fl ow similar to the effect on renal blood fl ow. 
Oral hydralazine is a rather mild vasodilator and may be asso-
ciated with lupus-like reaction. Diuretics should be consid-
ered only as adjuvant therapy and preferably infrequently 
used. These should be reserved for patients with excessive 
fl uid retention and for fl uid overload. We would not recom-
mend diuretic use for leg edema of pregnancy.
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All the drugs probably cross the placenta and enter 
the fetal circulation. The aforementioned antihypertensive 
drugs have not been known to cause birth defects. Antihyper-
tensive medication that works through the renin–angiotensin 
system is associated with congenital renal anomalies and is 
contraindicated.

One should avoid using two antihypertensives of the same 
class whenever a patient needs more than one agent to control 
the hypertension. This is most likely to occur for agents act-
ing on the adrenergic system (e.g., avoid combining methyl-
dopa with labetalol). It is better to use a vasodilator such as 
nifedipine as a second agent.

Antepartum fetal evaluation

Careful dating of gestation is important. Intrauterine growth 
restriction is usually not seen until after 30–32 weeks’ gesta-
tion in the majority of patients with mild hypertension not 
requiring pharmacotherapy. Antepartum fetal evaluation 
should include sonography for the establishment of gesta-
tional age and then serial ultrasound to diagnose intrauterine 
growth restriction. Serial sonograms should be performed as 
clinically indicated, generally at 4-week intervals. If interval 
growth is not appropriate or estimated fetal weight is below 
the tenth percentile, umbilical artery Doppler velocimetry 
should be assessed.

Twice-weekly antenatal testing, consisting of nonstress 
tests or biophysical profi les, and weekly amniotic fl uid assess-
ment should begin at 32 weeks in patients with moderate or 
severe hypertension and for all patients receiving pharmaco-
therapy. Patients should be instructed on performing fetal 

movement assessment at home. It is generally recommended 
that patients assess fetal movement by counting the number of 
perceived movements that occur in 1 hour, or the length of 
time required for 10 movements.

Indications for delivery

Most pregnant patients with mild chronic hypertension 
remain stable. Delivery should be considered whenever any 
of the following exist:
1 Superimposed preeclampsia of any severity at term.
2 Severe preeclampsia or eclampsia at any gestational 
age.
3 Evidence of fetal compromise, low biophysical profi le, 
persistently non-reactive nonstress test (NST) or repetitive 
decelerations at any gestational age.
4 Documentation of fetal lung maturity.
5 Moderate or severe chronic hypertension at or beyond 
37–38 weeks’ gestation.

Generally, the patient should not be permitted to go beyond 
term, and often delivery prior to the 38th week of gestation 
is necessary. Chronic hypertension is associated with a 
doubling in the rate of abruptio placentae. Among those 
with mild chronic hypertension, their risk for abruption is 
0.7–1.4%, but increases to 5–10% for women with severe 
hypertension [13].

If the patient develops preeclampsia, hospitalization and 
early delivery may be indicated. Expectant management in 
selected cases of severe preeclampsia prior to 34 weeks’ gesta-
tion may be considered to maximize perinatal outcome, within 
the bounds of maternal safety. Stable patients may be deliv-

Table 25.1 Antihypertensive medications for chronic hypertension.

 Doses Important Side-effects Comment

Methyldopa 250 mg b.i.d. to Lethargy, fever, hepatitis, hemolytic Centrally acting alpha-agonist

 500 mg q.i.d. anemia, positive Coombs test

Labetalol 100 mg b.i.d. to Flushing, headache; other beta-blocking Beta-blocker with alpha-blocking activity

 800 mg t.i.d.; maximum agents may lead to decreased

 dose 2400 mg/day placental perfusion

Nifedipine 30 mg XL q.d. to Headache, tachycardia, hypotension; Calcium-channel blocker

 60 mg XL b.i.d.; avoid use in women >40 years

 maximum dose of age or coronary artery disease

 120 mg/day

Thiazide diuretics 12.5–25 mg/day May be harmful in volume contracted Limit use to fl uid overload only

  states such as preeclampsia; initial

  effect  is to decrease plasma volume

Hydralazine 5–10 mg i.v. May cause fetal distress; fl ushing, headache, Vasodilator used in hypertensive emergencies

  tachycardia, lupus syndrome

b.i.d., twice a day; q.d., every day; t.i.d., three times a day; XL extended release.
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ered before 37 weeks after documentation of fetal lung matu-
rity. Expert opinion suggests that pregnancy in patients with 
chronic hypertension should not be allowed to advance 
beyond 40 weeks.

Postpartum follow-up

Women who have chronic hypertension usually do well 
during pregnancy, although 5–10% with severe hypertension 
have major catastrophic events [13]. Many of these women 
have completed their childbearing and can be offered a 
permanent form of contraception. Oral contraceptives are 
not contraindicated and can be prescribed postpartum; a 
barrier form of contraception is an alternative. Long-term 
follow-up includes monitoring of blood pressure and 
appropriate laboratory studies to address long-term cardio-
vascular health.

Case presentation

A physician must be diligent when evaluating hypertension 
during pregnancy. The initial steps in diagnostic evaluation 
require careful consideration of the clinical history of the 
patient.

A 40-year-old G3P2 presented to her physician in the second 
trimester with systolic blood pressures 130–140 mmHg and 
diastolic measurements of 90–100 mmHg. A 24-hour urine col-
lection revealed 351 mg/24 hours of protein and creatinine 
clearance of 162 mL/min. The remaining laboratory fi ndings 
were in the accepted normal range of reference for the 
laboratory. Because she had evidence of end-organ damage, 
antihypertensive medications were started.

The patient had persistent hypertension and proteinuria 
that would suggest preeclampsia. However, she also had 
hypertension in a prior pregnancy. This should raise suspicion 
that her hypertension is related to essential hypertension. 
She subsequently presented at 37 weeks with an increase in 
her blood pressure despite antihypertensive medication and 
930 mg protein in 24 hours. Labor was induced. She stopped 
her medication during the postpartum period and 12 

weeks after delivery still had blood pressures greater than 
140/90 mmHg. She should be followed by a primary care phy-
sician for long-term management of hypertension and to 
address her cardiovascular health.
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26 Systemic lupus erythematosus
Benjamin Hamar and Edmund Funai

Systemic lupus erythematosus (SLE) is a chronic autoimmune 
disorder characterized by periods of disease fl ares and remis-
sions. It is a heterogeneous disorder with a variety of clinical 
and laboratory manifestations. It can follow a relatively benign 
course, affecting only the skin and musculoskeletal system, or 
be more aggressive with life-threatening involvement of vital 
organs such as the kidney and brain.

Epidemiology

The prevalence of SLE varies with the population studied but 
is generally 5–125 per 100,000 and affects approximately 1% of 
pregnancies [1]. The lifetime risk of a woman developing SLE 
is 1 in 700, with a peak incidence at age 30 [2]. Lupus affects 
women 3–10 times as often as men and disproportionately 
affects African-Americans and Hispanics [2,3].

Etiology

There is no known etiology for SLE. However, genetic linkage 
studies in the chromosome 1q41-42 region provide evidence 
to support a genetic predisposition or causal relationship, 
although the exact mechanism is unknown [4]. Efforts to deter-
mine the specifi c genes responsible for development of SLE 
are underway in several laboratories across the country. It is 
clear that multiple genes are involved, many likely related to 
pathways of B- and T-cell biology and immune clearance 
mechanisms.

Pathogenesis

Autoantibodies in SLE have a key role in mediating many of 
the disease effects. Lupus anticoagulant and other antiphos-
pholipid antibodies (APA) increase the risk for thrombosis [5]. 
Renal damage is secondary to immune complex deposition, 

complement activation, and infl ammation and subsequent 
fi brosis [3].

Placentas from women with SLE demonstrate characteristic 
changes: reduction in size, placental infarctions, intraplacen-
tal hemorrhage, deposition of immunoglobulin and comple-
ment, and thickening of the trophoblast basement membrane 
[6,7]. These changes appear to be responsible for many of the 
effects of SLE on pregnancy outlined below (e.g., increased 
rates of preeclampsia, intrauterine growth restriction [IUGR], 
preterm delivery).

The American Rheumatism Association (now called the 
American College of Rheumatology) outlined diagnostic cri-
teria in 1982 which were formally revised in 1997 and are out-
lined in Table 26.1 [8,9]. Patients must fulfi ll at least four of the 
11 criteria at some point in the course of their disease, although 
not necessarily at the same time. These criteria have been 
found to be 96% sensitive and 96% specifi c for the diagnosis of 
SLE [8]. Women with lupus can develop a number of systemic 
manifestations including arthralgias, rashes, renal abnormali-
ties, neurologic complications, thromboemboli, myocarditis, 
and serositis [3].

Lupus is characterized by a variety of autoantibodies with 
diagnostic and prognostic implications. Antinuclear antibody 
(ANA) is the most common antibody for screening for autoim-
mune syndromes. However, 10% of asymptomatic pregnant 
women without autoimmune disease have ANA antibodies 
compared to 2% of nonpregnant controls [10]. Because of the 
high prevalence in the general population, ANA is used 
mainly as a screening test for lupus. Antibodies to double 
stranded DNA (dsDNA) and Smith (Sm) are more specifi c for 
lupus and anti-dsDNA has been correlated with disease activ-
ity (generally renal involvement). Anti-SSA/Ro and anti-
SSB/La are more often associated with Sjögren syndrome but 
are also found in 20–40% of women with SLE and are associ-
ated with neonatal lupus syndrome [11,12].

Lupus fl ares are diffi cult to characterize, as they represent 
worsening of a heterogeneous disease process. A variety of 
scoring systems have been developed to measure SLE disease 
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Table 26.1 Criteria for diagnosis of SLE.

Criterion Defi nition

1 Malar rash Fixed erythema, fl at 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 a 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 rub 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 greater than 0.5 g/day or greater than 3+ proteinuria if quantitation is 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—less than 4000/mm3 on 2 or more occasions

 or

 (c) Lymphopenia—less than 1500/mm3 on 2 or more occasions

 or

 (d) Thrombocytopenia—less than 100,000/mm3 in the absence of offending drugs

10 Immunologic disorder (a) Anti-DNA antibody

 or

 (b) Anti-Sm antibody

 or

 (c) Positive fi ndings of antiphospholipid antibodies based on:

 (i) Abnormal serum level of IgG or IgM anticardiolipin antibodies

 or

 (ii) Positive test result for lupus anticoagulant

 or

 (iii)  False-positive serologic test for syphilis known to be positive for at least 6 months and confi rmed by Treponema 

pallidum immobilization or fl uorescent treponemal antibody absorption test

11 Antinuclear antibody  An abnormal titer of antinuclear antibody by immunofl uorescence or an equivalent assay at any point in time and in the 

absence of drugs known to be associated with “drug-induced lupus” syndrome

A person is classifi ed as having SLE if any 4 of the 11 criteria are present (serially or simultaneously) during any interval of the evaluation.

From:

Tan EM, et al. The 1982 revised criteria for the classifi cation of systemic lupus erythematosus. Arth Rheum 1982; 25 (11): 1271–7.

Hochberg MC. Updating the American college of rheumatology revised criteria for the classifi cation of systemic lupus erythematosus (letter). Arth Rheum 1997; 

40 (9): 1725.

status and to aid the diagnosis of a fl are. Symptoms of 
fl ares include fatigue, fever, arthralgias/myalgias, weight 
loss, rash, renal deterioration, serositis, lymphadenopathy, 
and central nervous system symptoms. The titer of 

antibodies to Sm, RNP, SSA/Ro, or SSB/La may or may not 
fl uctuate in parallel with disease fl ares. However, rising titers 
of antibodies to dsDNA (particularly in the setting of 
falling complement levels) may suggest an impending fl are of 
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disease and thus should trigger closer surveillance of the 
patient [13].

Differential diagnosis

The main differential diagnosis for SLE is between other rheu-
matologic and connective tissue disorders. Many of these 
autoimmune diseases share common diagnostic criteria and it 
may take time for the varied manifestations of these diseases 
to appear for ultimate diagnosis. Additionally, because of the 
varied nature of the criteria for diagnosis, patients presenting 
with several of the criteria could have other local or systemic 
disorders.

During pregnancy, differentiation of SLE from normal preg-
nancy symptoms or preeclampsia can be challenging. Lupus 
fl ares often feature infl ammatory arthritis, signifi cant leuko-
penia or thrombocytopenia, infl ammatory rashes, pleuritis, 
and fevers. Many of the manifestations of SLE fl are can be 
similar to preeclampsia (hypertension, proteinuria, activation 
of the coagulation cascade) although the treatment for each 
is very different. The treatment for severe preeclampsia 
often involves delivery, while lupus fl ares can be treated and 
the pregnancy can be allowed to continue. A rising anti-
dsDNA titer, active urinary sediment, and low complement 
levels (C3, C4, and CH50) suggest a lupus fl are [13–15]. In 
general, complement levels rise in pregnancy and are unaf-
fected by uncomplicated preeclampsia. Conversely, rising 
uric acid levels or a greater coagulopathy suggest severe 
preeclampsia and HELLP (hemolysis, elevated liver enzymes, 
and low platelet count) syndrome. As the pregnancy 
approaches term, efforts at discriminating between the 
two are not likely to be worthwhile: delivery will cure pre-
eclampsia and if the symptoms do not improve, treatment 
of lupus fl are can be initiated.

Morbidity

General morbidity and mortality

Because of the effect of SLE on multiple organ systems, patients 
with this disease have signifi cantly increased morbidity and 
mortality. Women with SLE are more prone to cardiovascular 
disease, thromboembolic phenomena, infection, and renal 
disease [1]. With better understanding of the disease process 
and potential complications, survival rates have improved 
with 5, 10, 15, and 20 year survival rates of 93, 85, 79, and 68%, 
respectively [16]. Risk factors for mortality include renal 
damage, thrombocytopenia, lung involvement, high disease 
activity at diagnosis, and age ≥50 at diagnosis [16]. A summary 
of the effect of SLE on pregnancy and pregnancy on SLE can be 
found in Table 26.2.

Effects of pregnancy on SLE

During pregnancy, there is a shift in cytokines from a type 1 
helper T response (Th1) to a type 2 helper T response (Th2) 
pattern with predominance of the anti-infl ammatory and pro-
B-cell cytokines interleukin-4 (IL-4) and IL-10 [2]. Because SLE 
is largely a humorally mediated autoimmune syndrome, one 
might expect that this cytokine shift may worsen the disease 
process or increase the rate of lupus fl ares in pregnancy [2].

Because of the heterogeneity of lupus patients and the 
variety of diagnostic criteria for lupus fl ares, there have been 
confl icting data regarding whether SLE exacerbations are 
more frequent in pregnancy. Some of the contributing factors 
to this controversy involve the variation in criteria for diag-
nosing lupus fl ares and the inherent heterogeneity of patients 
with lupus with different severity and activity of their lupus 
[2]. Consequently, the literature data for incidence of lupus 
fl ares range from 13% to 74% [17–20]. It is generally believed 
that the risk for fl are in pregnancy is increased if women are 
not in remission prior to becoming pregnant [2,21]. Approxi-
mately 35% of fl ares occur in the second trimester with another 
35% occurring postpartum [18,22]. The majority of fl ares are 
minor and do not require immunosuppressive therapy; 
however, serious manifestations can occur. Ruiz-Irastorza 
et al. [22] found fl are rates were higher in pregnancy than non-
pregnant controls. When the pregnant women were followed 
for the year postpartum, they found that the women fl ared 
more frequently during pregnancy compared to the year fol-
lowing their deliveries. However, the fl ares during pregnancy 
were no more severe than those experienced by the nonpreg-
nant controls or postpartum. Other authors have found equiv-
alent rates of fl ares in pregnancy compared with nonpregnant 
controls [21,23].

Lupus nephropathy is the end result of autoimmune-
mediated infl ammation and renal damage. Pregnancy causes 
a worsening in renal function in approximately 20% of women 

Table 26.2 Systemic lupus erythematosus (SLE) and pregnancy.

Effect of SLE on Pregnancy Effect of Pregnancy on SLE

Increased stillbirth rate Worsening of renal status if

 (25 times baseline)  nephropathy present

Increased preeclampsia Increased fl are rates (higher

 rate (20–30%)  if active at start of pregnancy)

Increased growth restriction 

 rate (12–32%)

Increased preterm delivery 

 rate (50–60%)

Increased PPROM rate

Neonatal lupus (1–2% 

 if α-SSA/SSB present)

PPROM, preterm premature rupture of membranes.
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with nephropathy but is reversible 95% of the time [24]. The 
risk of renal deterioration is directly correlated with prepreg-
nant renal status. Additionally, poor renal function is corre-
lated with poor pregnancy outcome, with higher loss rates 
seen in women with nephrotic proteinuria or baseline creati-
nine above 1.5 mg/dL. Women with renal disease are also 
more likely to have pregnancies complicated by gestational 
hypertension, preeclampsia, growth restriction, and prema-
ture birth [25].

Effects of SLE on pregnancy

Pregnancy outcome and risk of stillbirth are related to the 
baseline disease status prior to pregnancy and do not appear 
to be affected by the presence or absence of fl ares in pregnancy 
[26]. Stillbirth rates in women with SLE have been found to be 
150 per 1000 births, 25 times the national average [27]. Much of 
the effect of SLE on fetal loss rates has been attributed to con-
comitant antiphospholipid antibody syndrome (APS) [26,28], 
and approximately 30% of women with SLE have APA [3]. If 
SLE is diagnosed during pregnancy, complication rates and 
fetal loss rates are increased. In women with active renal 
disease, pregnancy loss rates are as high as 30%, and for women 
with more advanced renal disease fetal loss rates approach 
60% [25]. Women with stable lupus nephritis and plasma cre-
atinine values less than 1.5 mg/dL, proteinuria less than 
2 g/24 hours, and no hypertension have lower risks of adverse 
pregnancy outcome [25]. A past history of cyclophosphamide 
therapy is associated with premature ovarian failure and 
chronic steroid administration can lead to amenorrhea.

Pregnancy complications are seen more frequently in 
women with SLE than in controls or in women who later 
develop SLE [29]. Preeclampsia occurs in 20–30% of women 
with SLE with higher rates seen in women with underlying 
hypertension, renal disease, or APS [7,25,27]. IUGR has been 
reported in 12–32% of lupus pregnancies, which was found to 
be higher than control populations [19,27,30]. Preterm birth is 
increased in SLE pregnancies, with rates as high as 50–60% 
resulting from preeclampsia, IUGR, abnormal fetal testing, 
and preterm premature rupture of membranes (PPROM) 
[19,30,31]. Rupture of membranes in women with SLE is more 
common in preterm and term pregnancies when compared 
with controls and appears to be unrelated to disease status, 
treatment, or serology [31].

Neonatal lupus erythematosus (NLE) occurs in 1–2% of 
women with anti-SSA/Ro or anti-SSB/La antibodies regard-
less of whether she also has SLE [12]. The pathophysiology is 
thought to be a result of immune-mediated damage of the 
fetus by transplacental autoantibodies with resulting infl am-
mation. The syndrome is most commonly characterized by 
fetal and neonatal congenital heart block (CHB), skin lesions, 
and occasionally thrombocytopenia, anemia, and hepatitis 
[12]. While the other manifestations are transient humorally 

mediated effects with resolution in the fi rst few months of life, 
CHB is a permanent condition. The anti-SSA/Ro and anti-
SSB/La maternal antibodies cross the placenta and can 
damage the atrioventricular conducting system, which results 
in varying degrees of heart block and less often, a myocarditis. 
Fetal CHB is most commonly diagnosed between 18 and 24 
weeks’ gestation [32]. These autoantibodies may act via apop-
tosis [33], or by direct interference with cardiac conduction 
through calcium channels [34]. The risk of CHB in women with 
anti-SSA/Ro antibodies and no prior affected infants is 1–2% 
[11,12,35] but increases to 19% with a prior affected child [35]. 
Approximately 50% of women whose fetuses or infants have 
CHB are asymptomatic but more than 85% are anti-SSA/Ro or 
anti-SSB/La positive [12,35]. Approximately half of these 
women will develop symptoms of a rheumatic disease, most 
often these are dry eyes and mouth consistent with Sjögren 
syndrome. These women should be reassured that they do not 
have SLE in the absence of other features and they are less than 
50% likely to develop SLE in the future. Although third-degree 
or “complete” CHB is permanent, there is some observational 
data that fi rst- or second-degree disease can be reversed with 
antenatal fl uorinated steroid therapy, and that progression to 
more severe forms of heart block may be prevented [36]. 
Additionally, steroid therapy has shown some reversal of 
hydropic features in fetuses with CHB and evidence of cardiac 
failure [36]. At present, there is no evidence supporting the 
routine use of prophylactic steroid therapy in women with 
anti-SSA/Ro or anti-SSB-La antibodies to prevent the onset 
of CHB [33].

Management during pregnancy

Management of SLE during pregnancy begins with precon-
ceptional counseling. At this time, maternal disease status can 
be assessed and risks of pregnancy discussed. Evaluation for 
any pre-existing renal disease is performed with a 24-hour 
urine collection and serum creatinine to measure proteinuria 
and creatinine clearance. Remission for 6 months prior to 
pregnancy reduces adverse outcomes.

Early pregnancy assessment should include assessment of 
maternal disease status including 24-hour urine collection, 
plasma creatinine, complete blood count, anti-SSA/Ro anti-
body, anti-SSB/La antibody, anti-dsDNA antibody, lupus 
anticoagulant, anticardiolipin antibody, C3, and C4 levels. 
Repeat anti-dsDNA, 24-hour urine, plasma creatinine, C3, and 
C4 levels to monitor disease status should be performed each 
trimester. Lupus anticoagulant and anticardiolipin antibodies 
can be repeated in the second trimester to screen for develop-
ment of APS. Early genetic risk assessment is important as 
lupus pregnancies carry increased maternal risk and early 
diagnosis of genetic abnormalities gives patients the option 
of termination of a nonviable pregnancy. Because of the 
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increased risk of premature delivery, establishment of reliable 
dating is important.

Prepregnant drug regimens, if safe in pregnancy, should 
be continued in pregnancy to maintain remission. If anti-
phospholipid syndrome is also present, anticoagulation can 
reduce the associated complications [1]. Nonsteroidal anti-
infl ammatory agents (pregnancy class B) are contraindicated 
after 28 weeks’ gestation because of the risk of closure of the 
fetal ductus arteriosus. Hydroxychloroquine (pregnancy class 
C), an antimalarial medication helpful in reducing disease 
fl ares, is often maintained during pregnancy. Glucocorticoids 
(pregnancy class C) are also “safe” in pregnancy although 
if patients are on chronic steroids, stress-dose steroids 
should be given at delivery. Azathioprine (pregnancy class D) 
is an immunosuppressive agent that is metabolized to 6-
mercaptopurine and is a cytotoxic purine analog. Most inves-
tigators have found azathioprine to be “safe” in pregnancy 
although there is a risk of growth restriction and fetal 
immunosuppression. Other cytotoxic agents such as cyclo-
phosphamide (pregnancy class D) and methotrexate (preg-
nancy class X) are contraindicated in pregnancy and are to be 
avoided. A summary of medications used in the management 
of SLE is found in Table 26.3.

Making the diagnosis of lupus fl are in pregnancy requires 
excluding the other diagnoses as outlined above. Flares can 
be managed conservatively with adjustment of medication 
regimen as outlined above or addition of analgesics such as 
acetaminophen. Glucocorticoid therapy can be initiated for 
more severe fl ares [7]. The exact treatment of the fl are will vary 
with the nature and severity of the fl are.

Fetal surveillance includes genetic risk assessment as well 
as measures of fetal well-being. Fetal growth is assessed in 4-
week intervals in the second and third trimester, with more 
frequent assessment if growth restriction is suspected. Doppler 

evaluation is reserved for assessment of fetal well-being if esti-
mated fetal weight is less than the 10th percentile. Weekly 
nonstress testing with assessment of amniotic fl uid can begin 
at 30 weeks.

When women are followed in an intensive multidiscipli-
nary clinic with pregnancies initiated during disease quies-
cence and treatment of underlying disease, fetal outcomes 
appear to be improved. Diagnosis and treatment of APS 
improves fetal loss rates.

Antiphospholipid antibodies

Antiphospholipid antibodies can be present alone or in con-
junction with APS. APS has specifi c diagnostic criteria and 
results in thrombosis, adverse pregnancy outcome (including 
growth restriction and third trimester fetal death), or recur-
rent pregnancy loss (Table 26.4) [37,38]. Prospective evalua-
tion of women with APS without treatment have shown fetal 
loss rates as high as 50–90% [39]. APA and lupus anticoagu-
lant (LAC) are found in 1–5% of asymptomatic pregnant 
women but are higher in SLE patients (12–30% and 15–34%, 
respectively) [5].

APA and LAC bind to β2-glycoprotein I, other phospholipid 
associated proteins, or the phospholipids themselves. β2-
glycoprotein I and annexin V are associated with phospholip-
ids in the cell membrane and inhibit platelet and clotting 
cascade activation. Both molecules are found in high 
concentrations on the endothelium and syncytiotrophoblast 
and are thought to provide a protective layer. Anti-
cardiolipin antibody (ACA) and LAC disrupt this protective 
layer, activating the clotting cascade and allowing 
complement-mediated injury to the placental vasculature to 
occur [40].

Table 26.3 Systemic lupus erythematosus (SLE) therapeutic agents.

Drug Safety in Pregnancy Comments

Glucocorticoids Safe Association with growth restriction at high dose, need stress-dose steroids at

 Pregnancy class C  delivery or for  medical illnesses if chronic use through  pregnancy. Increased risk of preterm 

rupture of  membranes, preterm delivery

Hydroxychloroquine Generally considered safe Antimalarial. Reduces disease fl ares

 Pregnancy class C

Non-steroidal anti- See comments Association with polyhydramnios, and ductus arteriosus closure. Avoid after 28 weeks

 infl ammatory agents Pregnancy class B

Azathioprine See comments Risk of fetal growth restriction and immunosuppression. Use as second-line agent

 (6-mercaptopurine) Pregnancy class D

Cyclophosphamide Unsafe Alkylating agent. Skeletal and palate defects, also defects in eyes and limbs

 Pregnancy class D

Methotrexate Unsafe Folic acid antagonist. Abortifacient and teratogen

   Pregnancy class X
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LAC is detected by the prolongation of various clotting 
assays with failure to normalize with the addition of control 
plasma (to exclude factor defi ciencies) and is reported as 
present or absent. The presence of LAC is more specifi c than 
ACA for APS. ACA are detected by direct β2-glycoprotein I 
dependent immunoassays and are reported by antibody class 
and low or high titer. It appears that the clinically relevant 
classes are IgG and IgM at high titer [41]. Although LAC and 
ACA are frequently concordant and sometimes share epitope 
specifi city, they are distinct entities. Other antibodies have 
been evaluated including anti-β2-glycoprotein I antibodies, 
other anticardiolipin antibody classes, and antibodies to other 
phospholipids, but their clinical signifi cance is unclear and 
they are not included in the diagnostic criteria. Although β2-
glycoprotein I antibodies are not included in the diagnostic 
criteria, it appears that there is an association with some of the 
clinical features of APS.

Treatment goals include improvement of fetal outcomes 
and reduction in risk for maternal thrombosis. Historic treat-
ment consisted of aspirin (pregnancy class C) or glucocorti-
coids (pregnancy class C). However, heparin (pregnancy class 
C) was shown to be as effective as steroids (without the risk for 
PPROM associated with chronic steroid use), and has become 
the standard therapy. Either unfractionated or low molecular 
weight heparin (LMWH) may be used (pregnancy class B). A 
recent meta-analysis showed that the live birth rate was 
improved by 54% with heparin and aspirin therapy [42]. One 
cautionary note is that despite anticoagulation, 20–30% of 
women with APS have fetal losses. Intravenous immunoglob-
ulin (IVIG) has been shown to be effective, although the cost 
and side-effects currently limit it to women with severe APS or 
those who have been refractory to heparin therapy. Aspirin 
therapy can be initiated at the fi rst positive pregnancy test and 
heparin therapy can be initiated at 5–7 weeks’ gestation. As 
there is no maternal blood fl ow through the placenta prior to 
5–7 weeks, heparin is not necessary before this point and may 

potentiate implantation bleeding. Heparin therapy can either 
be therapeutic (i.e., 1 mg/kg enoxaparin every 12 hours with 
maintenance of anti-Xa levels between 0.5 and 1.0) or prophy-
lactic (i.e., 40 mg/day enoxaparin). It is not our practice to 
follow anti-Xa levels in those women receiving prophylactic 
heparin treatment. A platelet count should be obtained within 
2 weeks of initiation of therapy. Because of the 1–2% risk 
of osteoporosis and fracture with unfractionated heparin 
anticoagulation in pregnancy [43], we recommend daily 
calcium, vitamin D supplementation, and daily weight-
bearing exercise as tolerated. Recent data suggest that LMWH 
anticoagulation during pregnancy does not signifi cantly 
affect bone mineral density [44]. At 36 weeks, aspirin can be 
discontinued and LMWH switched to unfractionated 
heparin to facilitate anticoagulation management at delivery. 
Postpartum anticoagulation (if indicated) can be with either 
warfarin or LMWH.

Treatment of APS during pregnancy with active fetal 
surveillance has shown improved outcomes. Nonetheless, 
antepartum complications remain common with elevated 
rates of preeclampsia, growth restriction, and premature 
birth [5].

Case presentation

The patient is a 32-year-old G5P1 at 7 weeks’ gestation with a 
history of a term vaginal delivery 7 years ago to an infant with 
second-degree heart block. She had three subsequent miscar-
riages at approximately 10 weeks’ gestation. An evaluation 
revealed the presence of anti-SSA antibodies, ANA positive, 
dilute Russell viper venum test positive, as well as high titer 
IgG ACA. She also complains of periodic arthralgias and has 
had persistent proteinuria. What is her diagnosis and what 
therapy recommendations and prognosis can be given for her 
current pregnancy?

Table 26.4 Criteria for the classifi cation of antiphospholipid antibody syndrome. Presence of at least one clinical criterion and one laboratory criterion are 

necessary for the diagnosis of antiphospholipid antibody syndrome. After Wilson et al. [37].

Clinical criteria

1 Vascular thrombosis

2 Pregnancy morbidity

 (a) Unexplained IUFD at ≥10 weeks of a morphologically normal fetus

 (b) Severe preeclampsia/eclampsia or severe placental insuffi ciency before 34 weeks

 (c) Three or more unexplained spontaneous abortions at <10 weeks

Laboratory criteria

1 Anticardiolipin antibody (IgG or IgM) at moderate or high titer,* on two or more occasions at least 6 weeks apart

2 Lupus anticoagulant present on two or more occasions at least 6 weeks apart

Ig, immunoglobulin; IUFD, intrauterine fetal death.

* Test results for anticardiolipin antibody titers according to standards established by Harris [38]: Negative, 0–10 MPL or GPL; Low-positive, >10–20 MPL or GPL; 

Moderate >20–80 MPL or GPL; High positive, >80 MPL or GPL.
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The patient can be diagnosed with APS because of her 
high-titer ACA and recurrent fi rst trimester miscarriages. 
Additionally, she meets the criteria for SLE (ANA, ACA, 
arthralgias, renal disease). She has a 19% chance of another 
child with CHB and a substantial risk of miscarriage given 
her prior losses. Additionally, she has increased risk for 
preeclampsia, growth restriction, PPROM, and preterm deliv-
ery. She can be offered aspirin and heparin therapy for her 
APS and close fetal surveillance to monitor for the develop-
ment of heart block or growth restriction. Therapy for 
SLE should be reviewed and optimized for her pregnancy. 
Her renal status should be assessed and a baseline cardiac 
evaluation including electrocardiography would not be 
unreasonable.
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27 Perinatal infections
Jeanne S. Sheffi eld

Perinatal infections, some of which are summarized in the 
acronym TORCH (toxoplasmosis, rubella, cytomegalovirus, 
herpes virus), continue to plague pregnancies both in the USA 
and worldwide. Most perinatal infections are asymptomatic in 
the mother but may have devastating consequences to the fetus. 
In the last decade, many advances in maternal and fetal diagno-
sis as well as treatment have occurred and will be addressed.

Parvovirus B19

Parvovirus B19, a single-stranded DNA virus, is the only par-
vovirus causing human disease (erythema infectiosum or 
Fifth disease). It is an endemic viral infection predominantly 
seen in preschool and school-age children — by adulthood only 
40% of women tested are susceptible [1]. Although often 
asymptomatic in the mother, parvovirus B19 replicates in 
rapidly proliferating cells such as euthyroid progenitor cells, 
leading to severe anemia in the fetus, young child, and adults 
with erythrocyte membrane abnormalities or chronic hemo-
lytic anemias.

Transmission

Transmission of parvovirus B19 occurs predominantly through 
respiratory droplets via person-to-person contact. The virus 
can also be transmitted parenterally through blood or blood 
product transfusion, or vertically from mother to fetus. Verti-
cal transmission to the fetus occurs in an estimated one-third 
of pregnancies when the mother is infected [2].

Parvovirus B19 infections occur sporadically or in outbreaks 
in school systems during late winter and early spring. The 
incubation period is between 4 and 14 days (as high as 20 days 
in rare instances) and the secondary attack rate among suscep-
tible household contacts approaches 50%. Patients with ery-
thema infectiosum are infectious before the onset of the rash 
and remain contagious for only 1–2 days after the rash devel-
ops. In contrast, women with transient aplastic crisis are infec-

tious prior to the onset of clinical symptoms through the 
subsequent week. There is no reactivation phase for parvovirus.

Clinical manifestations

There are a number of clinical manifestations of parvovirus B19 
infection depending on age and comorbid conditions. Asymp-
tomatic infection occurs in 20–30% of adult cases. Erythema infec-
tiosum or Fifth disease, characterized by mild systemic “fl u-like” 
symptoms, fever, and headache may occur in the initial phase 
of symptomatic infection. In children, facial erythema or a 
“slapped cheek” rash then develops followed by a lacy reticu-
lar rash on the trunk and extremities. Adults often do not 
develop the facial rash but develop a rash on the trunk and 
extremities and frequently acute symmetrical polyarthralgias 
and arthritis. Myocarditis is rarely seen.

Chronic euthyroid hypoplasia and transient aplastic crisis 
may occur in women with immunodefi ciency or chronic 
hemolytic anemias. Occasionally, this is accompanied by 
thrombocytopenia and neutropenia.

Fetal infection has been associated with abortion, fetal 
death, and nonimmune hydrops [3–6]. Fetal loss rates as high 
as 15% have been reported although the actual risk is debated. 
Infection under 20 weeks’ gestation is associated with an 
overall increased risk of death compared to late second and 
third trimester infection. Parvovirus is the most common 
infectious etiology of nonimmune hydrops and occurs most 
commonly in fetuses affected in the fi rst 20 weeks of gestation. 
Fetal hydrops develops in only 1.1% of infected women overall 
and frequently resolves within 4–6 weeks without interven-
tion. Intrauterine transfusion for the severely anemic fetus 
may improve survival (see below).

Diagnosis

A pregnant woman suspected of having parvovirus B19 
because of symptoms or, more commonly, secondary to 
exposure to an infected child should have serologic testing 
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performed. A serologic assay for the presence of immuno-
globulin G (IgG) and IgM parvovirus specifi c antibodies by 
enzyme-linked immunosorbent assay (ELISA) or radioimmu-
noassay will determine past and recent infection. IgM devel-
ops within days of infection and persists for 2–3 months (up to 
6 months in rare cases). IgG develops several days later. The 
absence of IgM and IgG indicates no prior infection and a sus-
ceptible individual. Early infection, prior to antibody forma-
tion, may also result in this combination and serology should 
be repeated 1–2 weeks later. IgG alone indicates prior infection 
and immunity. IgM alone indicates very recent infection, and 
IgM and IgG both present indicates recent infection 1 week to 
6 months previously (Fig. 27.1).

Fetal parvovirus infection should be considered if nonim-
mune hydrops is detected on sonography. DNA amplifi cation 
techniques for parvovirus B19 using amniotic fl uid or fetal 
blood samples are now the diagnostic test of choice, as they are 
more sensitive and specifi c than fetal serology. Fetal IgM is not 
recommended for diagnosis — the fetus less than 22 weeks is 
relatively immuno-incompetent and may not form a detecta-
ble IgM response.

Management of parvovirus B19 in pregnancy

Figure 27.1 details the evaluation and management of human 
parvovirus B19 infection in pregnancy. The vast majority of 

Fig. 27.1 Algorithm for evaluation and 

management of parvovirus B19 infection in 

pregnancy. MCA, middle cerebral artery Doppler 

measurements.

Clinical disease 
Rash, pruritis, HA, fever, pharyngitis, 

arthralgias, myalgias, joint swelling, nausea, 
anorexia, transient aplastic crisis 

Exposure to 
Parvovirus B19

Non-immune 
Hydrops fetalis 

Maternal Serologic Testing 
Parvovirus B19 IgM and IgG

IgG (+) 
IgM (-) 

IgG (-) 
IgM (-) 

IgG (-) 
IgM (+) 

IgG (+) 
IgM (+) 

Repeat test 
in 2-4 weeks

Prior 
infection 

Immune 
No further 
evaluation 

IgG (-) 
IgM (-) 

IgG (+/-) 
IgM (+) Recent parvovirus 

B19 infection 

Not infected
No further 
evaluation Level II ultrasound  

+/- MCA every 2 
weeks for 10 weeks 

after exposure or 
infection

Sonographic evidence of fetal infection 
Hydrops fetalis, hepatomegaly, 
splenomegaly, placentomegaly, elevated 
MCA peak systolic velocity  

Yes No

Cordocentesis offered for 
CBC, reticulocyte count, 
parvovirus B19 RNA (PCR) 
Consider intrauterine 
transfusion

No further evaluation 
Notify pediatric 
service at delivery  
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fetal parvovirus-associated hydrops occurs in the fi rst 10 
weeks after infection — serial sonography every 2 weeks should 
be performed in women with evidence of recent infection. 
Middle cerebral artery (MCA) Doppler evaluation may also be 
used to predict fetal anemia [7,8]. If evidence of fetal infection 
is noted, a cordocentesis is offered to assess the degree of 
anemia and confi rm infection via DNA or RNA amplifi cation 
techniques.

At the time of cordocentesis, and depending on gestational 
age, an intrauterine transfusion may be performed. If a trans-
fusion is performed and the fetus survives, 94% will recover 
within 6–12 weeks. The overall mortality rate is less than 10% 
[9–11]. Most fetuses require only one transfusion as fetal 
hematopoiesis resumes as the parvovirus infection resolves. 
Long-term neurodevelopmental outcomes of children follow-
ing intrauterine transfusion for parvovirus infection have 
recently been reported. No signifi cant delay was noted on 
standard neurodevelopmental testing, despite severe fetal 
anemia and intrauterine transfusion [12].

Rubella

Rubella, or German measles, although usually causing a minor 
maternal illness, is one of the most teratogenic infections 
known. Fortunately, since the introduction of the rubella 
vaccine, the incidence of rubella and congenital rubella syn-
drome has decreased substantially. The number of reported 
cases in the USA has declined more than 99% over the last three 
decades, although globally it remains a major issue. Less than 
200 cases per year are now seen in the USA.

Pathogenesis and transmission

Rubella is an RNA togavirus with no extrahuman reservoir. 
Following exposure to the virus via nasopharyngeal secre-
tions, almost 80% of susceptible individuals become infected. 
Replication occurs in the nasopharynx and regional lymph 
nodes, with viremia developing 5–7 days after exposure. It is 
this viremia that results in placental and fetal infection. Adults 
are infectious during the viremia through 5–7 days of the rash. 
Subclinical rubella reinfection has been reported during 
outbreaks, although resultant fetal infection is rare. The peak 
incidence is in late winter and spring.

Clinical manifestations

After an incubation period of 12–23 days, a prodrome of low-
grade fever and malaise, headache, arthralgias, arthritis, phar-
yngitis, and conjunctivitis develops. A maculopapular rash 
beginning on the face and spreading to the trunk and extremi-
ties occurs in 50–80% of infected women. Posterior cervical, 
postauricular, and occipital lymphadenopathy is common. 
Rarely, thrombocytopenia purpura, neuritis, and encephalitis 

complicate maternal infection. Up to one-third of women are 
asymptomatic.

Congenital rubella syndrome is a devastating consequence 
of maternal infection. The risk of fetal infection varies depend-
ing on when in gestation maternal infection occurs. Eighty-
fi ve to 90% of pregnant women with rubella in the fi rst 
trimester have a fetus with congenital infection. As gestation 
extends beyond 20 weeks, the risk of congenital infection 
drops markedly. Congenital rubella syndrome may result in 
abortion and fetal death along with severe infant morbidity. 
The most common defects are sensorineural deafness, cata-
racts, heart defects, microcephaly, developmental delay, and 
mental retardation, although all organs may be affected. Con-
genitally infected infants shed virus from the throat for 6–
12 months following birth and are infectious to susceptible 
contacts [13].

As many as one-third of asymptomatic neonates at birth 
will develop late sequelae from fetal infection. Type 1 diabe-
tes, thyroid disease, ocular damage, and progressive panen-
cephalitis may present during the second decade of life [14].

Diagnosis

Although rubella can be isolated from the nasopharynx, urine, 
and cerebrospinal fl uid, the diagnosis of maternal rubella 
infection usually relies on serologic analysis. Detection of 
rubella-specifi c IgM indicates recent infection, although 
re-exposure to rubella may induce an amnestic response 
resulting in reappearance of low-titer IgM. Following a 
primary rubella infection, IgM can be detected within 5–7 days 
and may persist up to 2 months. Specifi c IgG develops by 
2 weeks and persists for life; re-exposure may increase IgG 
titers transiently.

As up to 10% of US adults are seronegative and susceptible 
to infection, rubella immune status should be assessed at 
initiation of prenatal care. Susceptible women should be coun-
seled regarding prevention strategies and be vaccinated post-
partum, as the vaccine is a live attenuated form of the virus.

Women with confi rmed maternal rubella in the fi rst 20 
weeks of pregnancy should be assessed for fetal infection. 
Sonography is not a sensitive or specifi c diagnostic modality. 
However, cerebral ventriculomegaly, intracranial calcifi ca-
tions, meconium peritonitis, cardiac malformations, hepato-
splenomegaly, microcephaly, fetal growth restriction, and 
microphthalmia have all been found in fetuses subsequently 
diagnosed with congenital rubella. Diagnosis of fetal rubella 
using DNA amplifi cation techniques has been reported in a 
few small series but false-positive and false-negative tests 
have been noted [15–17].

Management and prevention

There is no treatment for rubella; supportive care should be 
offered. Droplet precautions are recommended for 7 days 
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after the onset of the rash. Passive immunization using 
immunoglobulin is not recommended. Primary prevention 
of rubella relies on comprehensive vaccination programs. The 
measles-mumps-rubella (MMR) vaccine should be offered to 
susceptible women of childbearing age. Pregnancy should be 
avoided for 4 weeks after vaccination as the vaccine is a live 
attenuated virus with a theoretical malformation risk of 0.5–
1.7%. However, if inadvertent vaccination of a pregnant 
woman does occur, pregnancy termination is no longer rec-
ommended as the observed risk to the fetus is minimal. After 
vaccination, at least 95% of women will seroconvert, develop-
ing long-term immunity. Women delivering and who are 
rubella nonimmune should be offered MMR vaccine prior to 
discharge. Breastfeeding is safe in those women vaccinated 
postpartum.

Syphilis

Despite the description of syphilitic infection for more than 
500 years and despite the availability of adequate therapy for 
more than 50 years, syphilis in the adult and neonate remains a 
nemesis for public health providers. In the USA, in 2004 alone 
there were 2.7 per 100,000 population new cases of syphilis 
reported, an increase of 8% from 2003. Although pregnancy 
itself does not alter the clinical course of syphilis, it is impor-
tant to diagnose syphilis in pregnancy to ensure prevention of 
congenital infection and adequate treatment of the mother.

Pathogenesis and transmission

Treponema pallidum, the causative agent of syphilis, is acquired 
in women primarily by intimate contact with an infected 
partner. Minute abrasions in the vaginal mucosa provide a 
portal of entry for the spirochete. The cervical changes associ-
ated with pregnancy including eversion or ectropion, hypere-
mia, and friability increase the risk of spirochete entry. Local 
replication then occurs and lymphatic dissemination leads to 
the systemic fi ndings of secondary syphilis. The incubation 
period averages 3 weeks (3–90 days) depending on inoculum 
load and host factors [18]. The early stages of syphilis — pri-
mary, secondary, and early latent syphilis — are associated 
with the highest spirochete loads and transmission rates of 
30–50% [19–21]. Transmission rates in late-stage disease are 
much lower.

Fetal acquisition of syphilitic infection may occur by several 
means. Transplacental passage is the most common. T. palli-
dum has been isolated in the placenta, umbilical cord, and 
amniotic fl uid [22–29]. Transmission may also occur across the 
membranes or by direct contact with the lesions at delivery. 
The risk of fetal infection increases as pregnancy advances but 
infection may occur at any gestational age.

Risk factors associated with maternal syphilis include 
young age, being black or Hispanic, single, low socioeconomic 

status, less education, inadequate prenatal care, prostitution, 
and substance abuse.

Clinical manifestations

Pregnancy has little effect on the clinical course of syphilis. 
Syphilis, however, has a major impact on pregnancy. Preterm 
delivery, stillbirth, spontaneous abortion, neonatal demise, 
and congenital infection are all increased. The fetal risk is 
directly related to the stage of disease and level of maternal 
spirochetemia. Maternal syphilis infection is staged according 
to disease duration and clinical features. Primary syphilis is 
the initial stage — the chancre is the characteristic lesion. The 
chancre is usually painless with a smooth base and a red, 
raised, fi rm border. The painless nature of the chancre and its 
location may explain why women often are not diagnosed 
until later stages. If untreated it will resolve in 3–8 weeks and 
the woman will progress to the secondary stage.

Secondary syphilis is the time of systemic dissemination 
which involves many major organ systems. Ninety percent of 
women with secondary syphilis have dermatologic manifes-
tations. A diffuse macular rash will develop on the trunk and 
proximal extremities. Plantar and palmar maculopapular 
target-like lesions are commonly seen. Patchy alopecia may 
result when hair follicles are involved. Mucosal lesions called 
mucous patches will develop in 35% of women. These mani-
fest as silver-gray, painless, superfi cial erosions of the genital, 
anal, or oral mucosa. They are highly infectious, with very 
high spirochete loads.

Genital tract involvement will occur in 20% of women at this 
stage. Condyloma lata (white-gray raised plaques) develop 
along with generalized lymphadenopathy. Constitutional 
symptoms are also common in secondary syphilis (70%), with 
low-grade fever, malaise, anorexia, headache, arthralgias, and 
myalgias most commonly seen. Finally, 40% of women will 
have cerebrospinal fl uid abnormalities, although only 1–2% 
will develop aseptic meningitis.

Again, if untreated, the lesions will resolve and the woman 
will enter the latent stages of syphilis. Early latent syphilis is 
latent syphilis of less than 12 months’ duration. During this 
stage, 20–25% of women will relapse. Late latent syphilis is 
diagnosed after being asymptomatic for more than 12 months. 
The woman is still infectious during latent stages, although 
the risk decreases with time. Eventually, 20–30% of untreated 
women will progress to tertiary syphilis.

Tertiary syphilis, involving the integument, cardiovascular, 
and neurologic systems, is rarely seen in reproductive age 
women.

Congenital syphilis is rare before 18 weeks’ gestation. 
Common fi ndings of congenital syphilis in the nursery include 
hepatosplenomegaly, rash, reticuloendothelial abnormalities, 
osteochondritis, periostitis, rhinitis, and central nervous 
system (CNS) involvement. Late congenital syphilis, present-
ing after 2 years of life and often in early adolescence, includes 
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Hutchinson teeth, interstitial keratitis, and eight nerve deaf-
ness (Hutchinson triad) as well as mental retardation, seizures, 
saddle nose deformity, frontal bossing, saber shins, and cranial 
nerve palsies. Congenital syphilis is one of the only sexually 
transmitted diseases infecting a neonate that can be prevented 
or treated in utero.

Diagnosis

Diagnosis of maternal syphilis is commonly performed using 
a nontreponemal serologic screening test, with a treponemal 
serologic test used for confi rmation. Pregnant women should 
be screened at the initial visit. A repeat screen may be man-
dated by state regulation or indicated by maternal risk. The 
screening tests used are the Rapid Plasma Reagin (RPR) or the 
Venereal Disease Research Laboratory (VDRL) test. They can 
be quantitated and usually become negative with adequate 
therapy, allowing them to be used for follow-up. However, the 
false-positive rate is approximately 1%, so a positive test must 
be confi rmed using a treponemal test. The treponemal tests 
used are the fl uorescent treponemal antibody absorption 
(FTA-Abs) test, the microhemagglutination assay for antibod-
ies to T. pallidum (MHA-TP), and the T. pallidum passive parti-
cle agglutination (TP-PA) test.

The diagnosis of congenital syphilis prenatally is diffi cult. 
Sonographic fi ndings may include hydrops fetalis, hepato-
megaly, placental thickening, and hydramnios, but often the 
infected fetus will have a normal sonogram. Polymerase chain 
reaction (PCR) can be performed using infected amniotic fl uid. 
Serologic testing of cord blood at delivery is diffi cult to inter-
pret. Treponemal tests refl ect maternal infection. The non-
treponemal tests need cord blood titers to be at least fourfold 
higher than maternal titers. A non-reactive RPR or VDRL does 
not exclude infection.

Management

Penicillin remains the drug of choice for the treatment of syph-
ilis in pregnancy. The 2006 Centers for Disease Control (CDC) 
guidelines recommend 2.4 million units benzathine penicillin 
G i.m. for primary, secondary, and early latent syphilis (some 
experts recommend repeating this dose 1 week later). Late 
latent syphilis or syphilis of unknown duration is treated with 
2.4 million units benzathine penicillin G i.m. weekly for three 
doses. No other antimicrobial agent is recommended in preg-
nancy. If a woman reports a penicillin allergy, a skin test for 
major or minor determinant antigens of penicillin should be 
performed if possible. If reactive, penicillin desensitization 
should be performed orally (Table 27.1) or intravenously. Up 
to 50% of women treated for early stage syphilis will have a 
systemic reaction called the Jarisch–Herxheimer reaction. 
Although transient with only mild constitutional symptoms, 
preterm labor and fetal distress may complicate treatment. 
Treatment after 20 weeks’ gestation should be preceded by an 

ultrasound to assess possible fetal infection. If abnormal, 
antepartum fetal heart rate monitoring should accompany 
treatment. In fetuses at or near term, delivery with treatment 
of the mother and infant postpartum may be warranted.

Careful follow-up after treatment should be performed to 
determine treatment failure (rare) or reinfection. Nontrepone-
mal tests should be performed every month during pregnancy 
because the consequence of a treatment failure or reinfection 
in these high-risk women is a congenitally infected infant.

Toxoplasmosis

Toxoplasma gondii, a ubiquitous protozoan transmitted in 
infected cat feces, undercooked raw meat, and transplacen-
tally, causes an estimated 400–4000 cases of congenital toxo-
plasmosis in the USA every year [30]. Acute infections, often in 
asymptomatic pregnant women, can cause severe illness in 
the fetus or neonate (mental retardation, epilepsy, and blind-
ness). Approximately 15–30% of women in the USA are 
immune and the incidence of new infection is in the range 
0.5–8.1 per 1000 susceptible pregnancies [30–32].

Pathogenesis and transmission

Toxoplasma gondii exists in three forms or stages:
1 Tachyzoite: the acute phase in which the organism invades 
and replicates;
2 Bradyzoite: the latent phase when tissue cysts are formed; 
and

Table 27.1 Oral desensitization protocol for penicillin allergic patients. 

From Wendel et al. [29].

 Phenoxymethyl
 Penicillin Dose Cumulative 
Dose* (units/mL)† (units) dose (units)

 1     1000      100 100

 2     1000      200 300

 3     1000      400 700

 4     1000      800 1500

 5     1000     1600 3100

 6     1000     3200 6300

 7     1000     6400 12,700

 8 10,000  12,000 24,700

 9 10,000  24,000 48,700

10 10,000  48,000 96,700

11 80,000  80,000 176,000

12 80,000 160,000 336,700

13 80,000 320,000 636,700

14 80,000 640,000 1,296,700

Observe for 30 minutes prior to parenteral benzathine penicillin G.

* 15-minute intervals.
† 250 mg/5 mL equals 80,000 units/mL.
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3 Oocyst sporozoite: which may survive in the environment 
for months.
The cat is the defi nitive host and thus the main reservoir of 
infection. Infected cats excrete several million oocytes a 
day — these oocytes then sporulate and become infectious. 
Ingestion of these sporulated oocytes is the predominant mode 
of transmission in humans. They may be ingested in raw or 
undercooked infected meat or in uncooked foods in contact 
with infected meat or soil, or may be inadvertently ingested 
from cat litter.

Transplacental passage of toxoplasmosis occurs when a 
woman becomes infected during pregnancy. The risk of devel-
oping congenital toxoplasmosis increases as the gestation 
advances. The incidence of transmission is 10–25% if infection 
occurs in the fi rst trimester and highest (60%) in the third tri-
mester. Conversely, however, disease severity is worse if 
infection occurs during the fi rst trimester. Infection prior to 
pregnancy confers immunity with little risk of vertical 
transmission.

Clinical manifestations

Maternal toxoplasmosis is often asymptomatic. If symptoms 
do occur, fatigue, fever, malaise, and lymphadenopathy (par-
ticularly posterior cervical) are usually reported. Photopho-
bia, maculopapular rash, and headache are less common. Most 
women recover within a few weeks without therapy or seque-
lae. Women who are immunocompromised, however, may 
have more severe disease, complicated by encephalitis, pneu-
monitis, and chorioamnionitis. T. gondii infection is one of the 
AIDS-defi ning criteria.

Congenital toxoplasmosis has been associated with sponta-
neous abortion, stillbirth, and intrauterine growth restriction. 
Although many infected fetuses are born with no evidence of 
toxoplasmosis, the majority (up to 80%) develop learning and 
visual disturbances later in life [33,34]. Chorioretinitis is the 
most common clinical fi ndings among infected newborns. 
Hydrocephaly, intracerebral calcifi cations, cataracts, micro-
phthalmia, glaucoma, hepatosplenomegaly, anemia and 
petechiae, jaundice, and seizures may also manifest in the 
nursery or over time.

Diagnosis

The parasite is rarely detected in body fl uids or tissue; diagno-
sis is based on serologic evaluation or DNA amplifi cation. A 
combination of serologic tests is now used to determine recent 
and past infection. Toxoplasma IgG develops within 1–2 
weeks after acquisition, peaks at 1–2 months, and usually per-
sists for life. Avidity testing may help discriminate between 
recent and past infection. IgM antibodies appear by 10 days 
after infection and usually become negative within a few 
months. However, occasionally IgM may be detected in 
chronic infection and persist for years. The IgM tests available 

have low specifi city and should not be used alone to diagnose 
acute toxoplasmosis. IgA and IgE antibodies are also used to 
help diagnose acute infection. IgA persist longer than IgE anti-
bodies. Because of the diffi culty in running and interpreting 
serologic data, the Toxoplasma Serology Laboratory in Palo 
Alto, California can be consulted. They use a Toxoplasma 
Serologic Profi le and provide to the clinician a detailed inter-
pretation of results [35].

Prenatal diagnosis of toxoplasmosis can now be performed 
using a number of techniques. DNA amplifi cation by PCR of 
toxoplasmosis from amniotic fl uid or blood is becoming a 
standard modality with improved sensitivity over standard 
isolation techniques. Sonographic evidence of hydrocephaly 
and intracranial calcifi cations, placental thickening, liver cal-
cifi cations, hyperechoic bowel, ascites, and growth restriction 
have all been reported prenatally. Toxoplasma-specifi c IgM 
and IgA may be found in amniotic fl uid or cordocentesis 
samples but their absence does not indicate lack of infection. 
When neonatal serology is performed, IgA and IgM may 
confi rm a diagnosis of congenital infection; however, approxi-
mately 20% of infected neonates will have nondetectable IgM 
at birth. The placenta should be evaluated in suspected cases 
as almost half will have evidence of T. gondii cysts.

Management and prevention

Currently, toxoplasma screening is not recommended in the 
US pregnant population (excepting immunocompromised 
women). Prevalence rates in the USA are low, and equivocal or 
false-positive tests high in this setting. Areas where toxoplas-
mosis is more common (e.g., France and Austria) have screen-
ing programs in place and have reported a decline in congenital 
disease.

Treatment of toxoplasmosis in the infected pregnant women 
is variable, depending on maternal immune status, gestational 
age, and presence of fetal infection. Spiramycin can be obtained 
from the Food and Drug Administration to treat laboratory 
confi rmed acute maternal infection. If fetal infection is docu-
mented, a combination of pyrimethamine, folinic acid, and a 
sulfonamide (usually sulfadiazine) is recommended. Treat-
ment has been shown to decrease the rate of congenital infec-
tion and the sequelae of toxoplasmosis in the neonate [35].

Prevention of toxoplasmosis in pregnant women is para-
mount. Women should be counseled to avoid close contact 
with cat feces (avoid changing cat litter or wear gloves), cook 
meat to safe temperatures, wash fruits and vegetables thor-
oughly prior to eating, wear gloves when gardening, and wash 
hands after contact with soil and raw meats.

Herpes simplex virus infection

Genital herpes has become the most prevalent sexually trans-
mitted disease with over 1.6 million new herpes simplex virus 
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(HSV) infections per year in the USA alone [36]. It is estimated 
that over 50 million adolescents and adults are currently 
affected. Although the majority of women are unaware of their 
status, 24.2% of women overall in the USA are seropositive for 
HSV-2, with higher rates reported in high-risk populations 
[36,37]. As most cases of HSV are transmitted by persons 
unaware of their infection or who are asymptomatic, contain-
ing this worsening public health problem has become a major 
concern [38].

Pathogenesis and transmission

There are two serotypes of this DNA virus: HSV-1 and HSV-2. 
There is a large amount of DNA sequence concordance 
between the two viruses and prior infection with one type 
attenuates a new infection with the other type. Transmission 
occurs secondary to intimate contact with an infected partner 
or vertically to a fetus or neonate. The incubation period aver-
ages 3–6 days.

Following a mucocutaneous infection, the virus travels ret-
rogradely along sensory nerves and remains latent in cranial 
nerves or dorsal spinal ganglia. The frequency of mucocutane-
ous recurrences is variable. HSV-1, originally localized to oro-
labial areas, now causes 5–30% of initial genital herpes. This is 
probably because of an increase in orogenital sexual practices. 
HSV-2 occurs almost entirely in the genital region. The major-
ity (over 90%) of recurrent genital herpes is secondary to HSV-
2. Recurrences are most frequent in the fi rst years after infection 
but may recur for many years.

Neonatal infection may occur transplacentally or via ascend-
ing infection at any time during pregnancy; however, over 
85% of neonatal herpes results by direct contact with the birth 
canal [39]. It occurs in up to 1 in 3200 live births [38]. Risk factors 
for neonatal HSV infection include the presence of HSV in the 
genital tract (often asymptomatic shedding), the type of HSV 
(HSV-1 more than HSV-2, although usually skin, eye, or mouth 
disease, not CNS infection), invasive obstetric procedures, 
mode of delivery and stage of maternal infection. Women 
acquiring HSV late in the third trimester have the highest like-
lihood of transmission to the neonate. This is because of high 
viral loads and the neonate having no protective antibodies 
acquired transplacentally.

Clinical manifestations

There are four classifi cations of clinical HSV infection. A fi rst 
episode primary infection occurs when HSV-1 or HSV-2 is 
isolated from a genital lesion in the absence of any HSV anti-
bodies in serum. Many women with new infections are asymp-
tomatic. However, this group is the one with the highest 
likelihood of clinical symptoms. Focal painful vesicles may be 
present or the lesions may appear as painful abraded areas. 
Inguinal lymphadenopathy, fever, malaise, dysuria, and 
vulvar pruritus are all more common in this group, although 

only noted in approximately one-third of newly acquired 
infections. Hepatitis, encephalitis, meningitis, or pneumonia 
are uncommon. Viral shedding and symptomatology usually 
lasts 1–4 weeks.

First episode non-primary infection is diagnosed when HSV-2 
is isolated from the genital tract in the presence of pre-existing 
HSV-1 serum antibodies. These infections have a shorter clini-
cal course with less severe symptoms and fewer lesions. Trans-
mission risks to a partner, fetus, or neonate is much lower in 
this group. Recurrent infection or reactivation occurs when HSV-
1 or HSV-2 is isolated from the genital tract in the presence of 
same serotype antibodies. Reactivation disease has a much 
shorter course with few lesions and rare systemic symptoms. 
During pregnancy, 5–10% of women with a history of HSV 
infection will have a symptomatic recurrence. The risk of 
vertical transmission is very low.

Finally, asymptomatic viral shedding is the presence of HSV on 
the surface of the skin and mucosa in the absence of signs and 
symptoms. Most women will shed virus asymptomatically 
throughout life and the majority of HSV transmission occurs 
during a period of asymptomatic viral shedding (up to 70%).

Neonatal HSV infection is acquired predominantly intra-
partum when the fetus comes in contact with virus shed from 
the cervix or lower genital tact [40]. Infants born to mothers 
with a fi rst episode of genital HSV infection near delivery have 
the highest risk of acquiring HSV. Neonatal infection may 
manifest as localized infection of the skin, eyes, and mucous 
membranes. Localized CNS encephalitis may also occur. Dis-
seminated disease with involvement of multiple organs, pre-
dominantly liver and lungs, may occur and has the highest 
reported mortality rate [41].

Diagnosis

History and clinical examination are useful in the diagnosis of 
HSV infection; however, as genital HSV often has a nonclassic 
presentation or is asymptomatic, laboratory testing should be 
performed. Viral culture is the most sensitive test if performed 
early in an outbreak. The lesion should be unroofed and the 
fl uid cultured. The sensitivity drops markedly as the vesicular 
lesions ulcerate and then crust over. PCR may be used but is 
more expensive and not readily available.

Type-specifi c serology (distinguishing HSV-1 from HSV-2) 
is now available and proves useful for screening and deter-
mining classifi cation of disease for counseling purposes. The 
best tests available are based on antibodies formed to type-
specifi c G-glycoproteins. Sensitivity approaches 80–90% and 
specifi city ≥96%. If new infection is suspected and antibody 
testing is negative, repeat the serologic tests in 4–6 weeks.

Management and prevention

Women with symptomatic fi rst episode HSV infection 
during pregnancy can be treated with systemic acyclovir, 
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valacyclovir, or famciclovir for 7 days. Treatment will attenu-
ate symptoms but not eradicate the latent virus. Severe recur-
rent disease may also benefi t from antiviral therapy, but mild 
recurrent disease will not. These antiviral medications are 
pregnancy class B.

Acyclovir or valacyclovir therapy in the latter part of preg-
nancy (36 weeks’ gestation until delivery) has been shown to 
decrease HSV outbreaks at term, decreasing the need for cesar-
ean delivery. They have also been shown to decrease asympto-
matic HSV shedding at delivery. The American College of 
Obstetricians and Gynecologists (ACOG) states that prophy-
lactic antiviral therapy be considered, especially in the setting 
of a fi rst episode of HSV infection during the current 
pregnancy.

Upon presentation for delivery, a woman with a known 
history of HSV infection should be questioned regarding 
prodromal symptoms (vulvar itching, burning) and recent 
HSV lesions. A careful examination of the vulva, vagina, and 
cervix should be performed for herpetic lesions. Suspicious 
lesions should be cultured. Women with any evidence of pro-
dromal or active HSV infection should be offered a cesarean 
delivery. Of note, 10–15% of infants with HSV are born to 
women undergoing a cesarean delivery — counseling should 
refl ect a decreased risk of HSV transmission with a cesarean 
delivery but not a negated risk. A nongenital lesion should be 
covered and vaginal delivery allowed. If a woman presents at 
term with HSV lesions and ruptured membranes, regardless 
of rupture duration, a cesarean delivery should be effected. If 
the infant is preterm, expectant management should be offered 
as the risk of prematurity outweighs the unknown benefi t of 
delivery. If, at the time of labor, the lesion has resolved, vaginal 
delivery is allowed.

Women with active HSV infection may breastfeed as long as 
there is no HSV lesion on the breast. Strict handwashing should 
be performed before contact with the neonate. Acyclovir may 
be used in the postpartum period as excretion into breastmilk 
is low.

Although screening for HSV is not recommended at this 
time, a women known to be HSV seropositive at her fi rst 
prenatal visit should be counseled regarding safe sexual 
practices and counseled to avoid intercourse with a partner 
known or suspected of having HSV, particularly in the third 
trimester. Condom use is effective in preventing most, but not 
all, HSV transmission.

Cytomegalovirus

Cytomegalovirus (CMV) remains the most common cause of 
perinatal infection in the USA, infecting 0.5–2% of all neonates 
[42,43]. Fifty-fi ve percent of reproductive age women in high 
socioeconomic classes are seropositive, compared to 85% of 
women in the lower socioeconomic classes. The risk of sero-
conversion for a susceptible pregnant woman is 1–4% during 

the pregnancy — those women acquiring primary CMV infec-
tion during pregnancy are at highest risk of transmitting to the 
neonate.

Pathogenesis and transmission

CMV is a ubiquitous DNA herpesvirus — as with other herpes-
viruses, it has a latent phase with periodic reactivation despite 
antibody formation. Transmission occurs with contact from 
infected nasopharyngeal secretions, urine, saliva, semen, or 
cervical secretions (sexual contact), blood, or tissue. Children 
infected with CMV may shed up to 12–16 months [44] and sus-
ceptible pregnant women exposed to children are at high risk 
of acquiring CMV.

Although neonates may acquire infection secondary to 
passage through the maternal genital tract or from breastfeed-
ing, the majority of neonates are infected transplacentally via 
hematogenous dissemination. Congenital CMV infection may 
occur after either primary or recurrent maternal infection. 
Stagno et al. [42,43,45,46], in a series of elegant reports of CMV 
in pregnancy, defi ned outcomes of CMV infection depending 
on the type of maternal infection. These fi ndings are summa-
rized in Fig. 27.2.

Women with primary CMV infection during pregnancy 
will transmit the virus to the fetus 40% of the time. In contrast, 
of women with recurrent infection, only 0.15–1% will transmit 
the virus to the fetus. The risk of clinically apparent disease or 
sequelae in the neonate is higher in those infants infected 
during a primary maternal infection. As with many other con-
genital infections, perinatal transmission is more likely in the 
third trimester, but outcomes are more severe the earlier in 
gestation transmission occurs.

Clinical manifestations

The majority of adults infected with CMV are asymptomatic. 
Fifteen percent of infected pregnant women with primary 
CMV will develop a mononucleosis-like illness with malaise, 
headache, fever, lymphadenopathy, pharyngitis, and arthri-
tis. Immunocompromised women may develop more severe 
complications such as interstitial pneumonitis, myocarditis, 
hepatitis, retinitis, gastrointestinal disease, and meningoen-
cephalitis, although these are uncommon. Reactivation epi-
sodes with CMV are usually asymptomatic, although viral 
shedding is common.

Congenital CMV infection may present with hepato-
splenomegaly, thrombocytopenia, jaundice, and petechiae 
(“blueberry muffi n”). Low birthweight, microcephaly, intra-
cranial calcifi cations, chorioretinitis, hearing defi cits, pneu-
monitis, microphthalmia, and seizures are also not uncommon. 
Although the majority of infected infants are asymptomatic at 
birth, some will develop late-onset sequelae. These commonly 
include psychomotor retardation, hearing loss, neurologic 
defi cits, chorioretinitis, and learning disabilities.
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Diagnosis

Primary maternal CMV infection, if symptomatic, often 
presents similarly to Epstein–Barr virus. However, heter-
ophile antibody testing will be negative. CMV IgM is detected 
within a few days of infection but is only found in 75–90% of 
women with acute infection [46]. CMV IgM may remain 
positive for 4–8 months and re-emerge with recurrent infec-
tion, making it problematic for diagnosis of acute disease. 
CMV IgG testing is more reliable — a fourfold rise in paired 
acute and convalescent sera indicates acute infection. CMV 
viral culture remains the gold standard for diagnosis although 
a minimum of 21 days is required for a culture to be reported as 
negative.

Perinatal infection may be suspected when certain fi ndings 
on ultrasound are noted. Although nonspecifi c, fetal hydrops, 
intrauterine growth restriction, microcephaly, ventriculo-
megaly, hepatomegaly, cerebral calcifi cations, hyperechoic 
bowel, and amniotic fl uid abnormalities have all been 
described. If suspected, amniotic fl uid for DNA amplifi cation 

testing has become the gold standard, although a negative 
result does not exclude fetal infection [47,48]. Finally, amniotic 
fl uid for CMV culture may be useful but requires a long 
incubation period.

Management and prevention

The management of an immunocompetent pregnant woman 
with primary or recurrent CMV infection is controversial. 
There are no current treatment regimens available for these 
women beyond symptomatic treatment. If recent primary 
infection is diagnosed, invasive testing can be offered to iden-
tify infected fetuses. Counseling is then carried out regarding 
the stage of infection and gestational age, understanding that 
the majority of fetuses develop normally. Pregnancy termina-
tion may be an option in rare cases, especially in the face of 
abnormal ultrasound fi ndings.

Routine serologic screening for CMV infection is not recom-
mended. Preventive measures including handwashing and 
minimizing exposure to CMV from high-risk areas such as 

Fig. 27.2 Characteristics of CMV infection in pregnancy. From Stagno and Whitley [45], with permission from the publisher.
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daycare centers and nurseries are the mainstay for preventing 
primary CMV infection. A CMV vaccine is not available cur-
rently for use in pregnancy.

Varicella-zoster virus

Varicella-zoster virus (VZV) is the most contagious viral infec-
tion complicating pregnancy — fortunately, more than 95% of 
adults have serologic evidence of immunity with only 0.1–0.4 
cases per 1000 pregnant women occurring each year in the 
USA. Although uncommon in the pregnant population, if 
infected, the morbidity for an adult is much greater than that 
for an infected child.

Pathogenesis and transmission

VZV is a double-stranded DNA herpesvirus that causes 
clinical infection only in humans. The primary infection, 
varicella or chicken pox, presents predominantly as a 
rash with systemic symptoms (see below). The virus 
then becomes latent with occasional reactivation (herpes 
zoster or shingles) occurring in certain individuals. Both 
primary and reactivation diseases are infectious, although 
viral shedding is less with reactivation. In temperate 
climates, varicella occurs predominantly in late winter and 
early spring.

Transmission of VZV occurs primarily by direct contact 
with an infected individual, although transmission also may 
occur by inhalation of virus from respiratory droplets or air-
borne virus particles from skin lesions (predominantly with 
zoster). The virus usually enters the mucosa of the upper respi-
ratory tract or the conjunctiva. Transplacental passage of the 
virus may occur, causing congenital varicella in up to 2% of 
maternal varicella infections prior to 20 weeks’ gestation 
(highest risk 13–20 weeks). Neonatal infection occurs second-
ary to exposure of the fetus or newborn 5 days prior to delivery 
to 2 days postpartum before protective maternal antibodies 
develop.

A susceptible individual has a 60–95% risk of becoming 
infected after exposure. The incubation period is 10–21 days 
with a mean of 15 days. An infected person is then contagious 
from 1 day prior to the onset of the rash until the lesions are 
crusted over. Once infected, lifelong immunity to reinfection 
develops in the immunocompetent individual, although sub-
clinical reinfections have been reported. Reactivation disease 
(shingles) occurs sporadically with an often unknown incit-
ing event.

Clinical manifestations

Varicella or chicken pox often occurs in an adult with a 1–2 day 
prodrome of fever, malaise, headache, and myalgias. Lesions 
then appear initially as papules, rapidly progressing to super-

fi cial clear vesicles surrounded by a halo of erythema. The 
head and trunk are affected fi rst, spreading then sporadically 
to the lower abdomen and extremities. The vesicles are 
intensely pruritic and appear in crops over 3–7 days. The 
lesions begin to crust during the outbreak. A typical varicella 
outbreak has at any one time all stages of lesions. Once all the 
lesions have crusted, the patient is no longer considered 
infectious.

The risk of varicella pneumonia is increased in adults and 
may be increased again by pregnancy. In a recently reported 
series of varicella in pregnancy [49], 5.2% of women with vari-
cella were diagnosed as having pneumonia. Risk factors for 
developing pneumonia included current smoking and ≥100 
skin lesions. The mortality, reportedly as high as 40% in early 
series, has now decreased to less than 2% with aggressive anti-
viral use and intensive care facilities. Pneumonia usually 
develops 2–4 days after the onset of rash, and may present 
with minimal symptoms (often only a mild cough). A chest X-
ray should be performed on all pregnant women presenting 
with varicella.

Congenital varicella, usually following maternal infection 
between 12 and 20 weeks, often presents with limb abnormali-
ties such as cutaneous scarring, limb hypoplasia, and muscle 
atrophy. Microphthalmia, chorioretinitis, microcephaly, sei-
zures, cortical atrophy, and mental retardation may also occur. 
Neonatal varicella, occurring secondary to exposure near or 
around delivery, carries a 25–50% attack rate and mortality 
rate approaching 25%. Clinical manifestations include pneu-
monia, disseminated mucocutaneous lesions, and visceral 
infection.

Herpes zoster infection, or shingles, occurs upon reactiva-
tion of the VZV virus in 1–3 sensory nerve dermatomes. Pain 
along the infected dermatome heralds the appearance of 
papules and then vesicles. These vesicles may coalesce, 
rupture, and then crust over. Systemic symptoms are 
uncommon.

Diagnosis

The diagnosis of varicella is usually made clinically. The 
characteristic rash in susceptible individuals allows for 
accurate diagnosis in the majority of cases. If the diagnosis is 
not readily apparent, VZV can be isolated by scraping the 
base of the vesicles during the acute phase of the infection. 
Tzanck smear, tissue culture, and direct fl uorescent 
antibody testing are available to test the vesicle specimen. 
DNA amplifi cation techniques of body fl uid or tissue are 
very sensitive and are rapidly becoming the gold standard. 
Seroconversion can be documented by antibody assay 
using acute and convalescent sera. VZV IgM develops 
rapidly and will remain positive for 4–5 weeks and may be 
useful in the acute setting. Fetal varicella can be diagnosed 
using DNA amplifi cation techniques on amniotic fl uid 
specimens.
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Management and prevention

The pregnant woman with primary VZV infection should be 
isolated from other pregnant women and evaluated for evi-
dence of pneumonia. Chest X-ray is useful. Hospitalization 
and antiviral therapy are reserved for those women with 
pneumonia or those with systemic symptoms severe enough 
to require intravenous fl uids and symptomatic relief. If antivi-
ral therapy is required, acyclovir is the drug of choice. Acyclo-
vir (500 mg/m2 or 10–15 mg/kg every 8 hours) should be 
started as soon as possible. No fetal side-effects have been 
reported from acyclovir use in pregnancy. Antiviral 
use to prevent or treat congenital infection has not been 
studied.

Prevention is the mainstay of population-based VZV man-
agement. The infected individual should be isolated from 
other susceptible individuals. An exposed pregnant woman 
should be evaluated as to past disease — if no history of vari-
cella infection, an IgG titer can be rapidly performed. At least 
70% of individuals without reported history of VZV actually 
have VZV IgG. An exposed pregnant woman who is 
deemed susceptible may be given passive immunity using 
varicella-zoster immunoglobulin (VZIG). VZIG is a human 
globulin fraction shown to either prevent or attenuate infec-
tion in the majority of susceptible pregnant women [50]. VZIG 
should be given within 96 hours of exposure to maximize the 
effect. As VZIG is limited in quantity and is expensive, IgG 
testing is essential to limit the number of women requiring 
administration.

The varicella vaccine currently available is a live attenuated 
vaccine (Varivax). It is not recommended in pregnancy and 
pregnancy should be avoided within 3 months of administra-
tion. To date, there have been no adverse outcomes in women 
inadvertently receiving the vaccine immediately before or 
during pregnancy, but the Varicella Vaccine Registry is still 
accruing data.

Case presentation

The patient is a 30-year-old accountant who presents to 
your offi ce in January at 26 weeks’ gestation. She states 
that her 6-year-old son was sent home from school that day 
with a fever and a facial rash with a “slapped cheek” 
appearance. The pediatrician correctly diagnoses her son with 
parvovirus B19 and is concerned for her fetus. She has never 
had parvovirus B19, which you confi rm with IgG serologic 
testing.

As she is susceptible, you counsel her on the clinical mani-
festations in adults including fever, headache, truncal rash, 
and polyarthralgias. The incubation period is 4–14 days so you 
repeat the IgM and IgG testing in 3 weeks. Although she is 
asymptomatic, her parvovirus B19 IgM is now positive. A level 
II ultrasound with MCA Doppler is performed with no evi-

dence of hydrops fetalis or other signs of fetal infection. She 
undergoes sonographic evaluation every 1–2 weeks for 10–12 
weeks after exposure, the fetus develops hepatosplenomeg-
aly, ascites, and an elevated MCA peak systolic velocity con-
sistent with fetal anemia.

She undergoes cordocentesis which reveals a fetal hemo-
globin of 6.2 g/dL. Parvovirus B19 RNA testing is positive. An 
intrauterine transfusion is performed at the time of the cordo-
centesis without complication. Weekly follow-up sonographic 
evaluation notes a slow resolution of the fetal ascites with 
normalization of the MCA Doppler fi ndings. No further 
transfusions are required and she delivers a healthy male 
infant at term.
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28 Group B streptococcal infections
Ronald S. Gibbs

In the 1970s, group B streptococci (GBS) dramatically became 
the leading cause of neonatal infection and important causes 
of maternal genital tract infection and septicemia [1–4]. Prior 
to the development of nationally used prevention guidelines 
in 1996, approximately 6100 early onset cases and 1400 late 
onset cases occurred annually in the USA [5,6], with a rate of 
early onset neonatal GBS disease in the range 1.5–2 cases per 
1000 live births. Now, with implementation of these guide-
lines, disease incidence decreased by over 70% [6,7]. In 2002, 
the rate was 1570 early onset cases (0.4 cases per 1000 live 
births) and an estimated 110 deaths occurred nationally.

The 1996 guidelines presented culture-based screening and 
the risk-based approach as equally acceptable alternatives [8]. 
New guidelines were released in 2002 [9], recommending the 
single strategy of universal culture-based screening at 35–37 
weeks’ gestation.

Epidemiology of GBS perinatal infection

An estimated 20–30% of all pregnant women are colonized 
genitally with GBS. Prenatal screening at 35–37 weeks’ gesta-
tion is currently recommended in the USA. Early onset neona-
tal disease occurs within the fi rst week of life; late onset disease 
occurs after the fi rst week. Meningitis is much more common 
in late onset disease. Currently, for term infants with GBS 
sepsis, survival is approximately 98%, but for preterm infants 
the survival is 90% for cases at 34–36 weeks and 70% for cases 
at ≤33 weeks [6]. These suboptimal outcomes led to effective 
prevention strategies. Risk factors for early onset disease 
include maternal GBS colonization, prolonged rupture of 
membranes, preterm delivery, GBS bacteriuria during preg-
nancy, birth of a previous infant with invasive GBS disease, 
and maternal fever in labor. In pregnant women, GBS can 
cause urinary tract infection, chorioamnionitis, endometritis, 
bacteremia, puerperal wound infection, and, most likely, 
stillbirth.

Isolation of GBS

To optimize recovery of GBS from rectogenital tract 
specimens, selective media that suppress the growth of 
competing bacteria should be used. Commercially available 
selective media include Todd–Hewitt broth (a nutritive 
broth for Gram-positive organisms) supplemented with 
either gentamicin plus nalidixic acid or colistin plus 
nalidixic acid.

Recommended antibiotics for prophylaxis

Resistance to penicillin or ampicillin has not been detected in 
GBS. Because of its universal activity against GBS and 
narrow spectrum of activity, penicillin remains the antibiotic 
of choice for GBS prophylaxis with ampicillin an alternative 
[4,9].

Resistance to clindamycin and erythromycin increased 
among GBS isolates in the 1990s. The prevalence of 
resistance in the USA and Canada was in the range 7–25% 
for erythromycin and 3–15% for clindamycin from 
1998–2001 [10–13]. Resistance to cefoxitin has also been 
reported [14].

Rising resistance to clindamycin and erythromycin were 
strongly considered when fi rst- and second-line antibiotics 
were recommended for GBS chemoprophylaxis in 2002 
(Table 28.1). The 2002 guidelines recommend clindamycin 
or erythromycin only if a patient’s GBS isolate has been 
shown to have in vitro susceptibility to both. Vancomycin 
is recommended for women at high risk of penicillin 
allergy colonized by clindamycin-resistant or erythro-
mycin-resistant isolates. Vancomycin is recommended 
even if an isolate shows in vitro resistance to either 
clindamycin or erythromycin because of possible inducible 
resistance.
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Table 28.1 Recommended regimens for intrapartum antimicrobial 

prophylaxis for perinatal group B streptococci GBS disease prevention. From 

Centers for Disease Control and Prevention [4] with permission.

Recommended Penicillin G, 5 million units IV

 initial dose, then 2.5 million

 units IV every 4 hours until

 delivery

Alternative Ampicillin, 2 g IV initial dose,

 then 1 g IV every 4 hours until

 delivery

If penicillin allergic†

 Patients not at high risk for Cefazolin, 2 g IV initial dose,

 anaphylaxis then 1 g IV every 8 hours until

 delivery

 Patients at high risk for anaphylaxis‡

  GBS susceptible to clindamycin Clindamycin, 900 mg IV

  and erythromycin§ every 8 hours until delivery

 or

 Erythromycin, 500 mg IV every

 6 hours until delivery

  GBS resistant to clindamycin Vancomycin,¶ 1 g IV every

  or erythromycin or 12 hours until delivery

  susceptibility unknown

* Broader-spectrum agents, including an agent active against GBS, may be 

necessary for treatment of chorioamnionitis.
† 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 hypersensitivity to 

penicillin including a history of penicillin-related anaphylaxis; other high-risk 

patients are those with asthma or other diseases that would make 

anaphylaxis more dangerous or diffi cult to treat, such as persons being 

treated with beta-adrenergic-blocking agents.
‡ If laboratory facilities are adequate, clindamycin and erythromycin 

susceptibility testing should be performed on prenatal GBS isolates from 

penicillin-allergic women 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.
¶ Cefazolin is preferred over vancomycin for women with a history of 

penicillin allergy other than immediate hypersensitivity reactions, and 

pharmacologic data suggest it achieves effective intra-amniotic 

concentrations. Vancomycin should be reserved for penicillin-allergic women 

at high risk for anaphylaxis.

Prevention of perinatal GBS infection

To date, use of intrapartum antibiotics is the only effective 
intervention available against perinatal GBS disease. After 
release of the 2002 guidelines, there was a 34% decline in early 
onset disease incidence in the following year [15].

Details of 2002 recommendations

For indications for prophylaxis under the 2002 guidelines see 
Fig. 28.1. In addition, women who had a previous infant with 
invasive GBS disease or who have any level of GBS bacteriuria 
during pregnancy should receive intrapartum prophylaxis. 
Women with unknown culture status at the time of labor 
should receive intrapartum antibiotic prophylaxis if they 
present with the risk factors outlined in Fig. 28.1. Figure 28.1 
also outlines some common circumstances where intrapartum 
prophylaxis is not indicated. Women undergoing a planned 
cesarean delivery in the absence of labor or membrane rupture 
do not require GBS prophylaxis.

Recommended antibiotics for intrapartum prophylaxis are 
shown in Table 28.1.

Preterm premature rupture of the membranes

Preterm premature rupture of the membranes (PPROM) 
places the fetus or newborn at special risk for GBS sepsis. The 
2002 Centers for Disease Control (CDC) guidelines provide a 
sample algorithm (Fig. 28.2), but specifi cs are individualized, 
and no single approach is recommended.

Bacteriuria

The 2002 GBS guidelines recommend that all women with GBS 
bacteriuria, defi ned as GBS isolated from the urine at any level 
(even less than 105 colony forming units), should receive intra-
partum prophylaxis. These women do not require late antena-
tal screening. Symptomatic or asymptomatic GBS urinary 
tract infections should be treated according to usual 
standards.

Case presentation

A 20-year-old primigravida reports a “penicillin allergy” at 
her fi rst prenatal visit. Details confi rm that she had an immedi-
ate hypersensitivity reaction including urticaria, hives, and 
wheezing.

What testing should be performed on the GBS isolate? 
Because the patient should be given neither penicillin nor a 
cephalosporin, this isolate must be tested for susceptibility to 
both clindamycin and erythromycin.

What antibiotics should be used for intrapartum 
prophylaxis? If the isolate is sensitive to both clindamycin 
and erythromycin, either may be used for prophylaxis. 
However, if the isolate is resistant to either (or both) 
clindamycin or erythromycin, then vancomycin must be 
used. Isolates reported to have, for example, resistance to 
erythromycin but susceptibility to clindamycin may actually 
have inducible resistance to the latter. Thus, vancomycin 
should be used.
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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)

Intrapartum prophylaxis indicated

•   Previous infant with invasive GBS disease

*If onset of labor or rupture of amniotic membranes occurs at <37 weeks’ gestation and there is a significant risk for preterm delivery (as assessed by
  the clinician), a suggested algorithm for GBS prophylaxis managemnt is provide (Figure 3).
†If amnionitis is suspected, broad-spectrum antibiotic therapy that includes an agent known to be active against GBS should replace GBS prophylaxis.

Intrapartum prophylaxis not indicated

•   Positive GBS screening culture during current pregnancy 
     (unless a planned cesarean delivery, in the absence of labor 
     or amniotic membrane rupture, is performed)

•   GBS bacteriuria during current pregnancy

•   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
     factorsDelivery at <37 weeks’ gestation*

Amniotic membrane rupture ≥18 hours
Intrapartum temperature ≥38.0°C (≥100.4°F)†

•   Unknown GBS status (culture not done, incomplete,
     or results unknown) and any of the following:

Fig. 28.1 Indications for intrapartum antibiotic prophylaxis to prevent perinatal group B streptococci (GBS) disease under a universal prenatal screening strategy 

based on combined vaginal and rectal cultures collected at 35–37 weeks’ gestation from all pregnant women. From Centers for Disease Control and Prevention 

[4] with permission.

GBS+

GBS+

No growth
at 48 hrs

Stop penicillin†

Penicillin IV
for ≥48 hrs*

(during tocolysis)

IAP‡ at delivery

No GBS
prophylaxis†

No GBS culture

Obtain vaginal
and rectal GBS

culture and
initiate IV penicillin

Onset of labor or rupture of membranes at <37 weeks’ gestation
with significant risk for imminent preterm delivery

GBS–

Penicillin should be continued for a total of at least 48 hours, unless delivery occurs 
sooner. At the physician’s discretion, antibiotic prophylaxis may be continued beyond 
48 h in a GBS culture positive woman if delivery has not yet occurred. For women who 
are GBS culture positive, antibiotic prophylaxis should be reinitiated when labor likely 
to proceed to delivery occurs or recurs.
If delivery has not occurred within 4 weeks, a vaginal and rectal GBS screening culture 
should be repeated and the patient should be managed as described, based on the 
result of the repeat culture.
IAP, intrapartum antibiotic prophylaxis.

*

†

‡

Fig. 28.2 Sample algorithm for group B 

streptococci (GBS) prophylaxis for women with 

threatened preterm delivery. This algorithm is not 

an exclusive course of management. Variations 

that incorporate individual circumstances or 

institutional preferences may be appropriate. 

From Centers for Disease Control and Prevention 

[4] with permission.
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29 Hepatitis in pregnancy
Patrick Duff

The purpose of this chapter is to review six types of viral hepa-
titis: A, B, C, D, E, and G; describe the diagnostic tests for each 
of these infections; defi ne the perinatal complications associ-
ated with viral hepatitis; and present the key principles of 
management of hepatitis in pregnancy (Table 29.1).

Hepatitis A

Hepatitis A is the second most common form of viral hepatitis 
in the USA. The infection is caused by an RNA virus that is 
transmitted by fecal–oral contact. The incubation period 
ranges from 15 to 50 days. Infections in children are usually 
asymptomatic; infections in adults are usually symptomatic. 
The disease is most prevalent in areas of poor sanitation and 
close living [1].

The typical clinical manifestations of hepatitis include low-
grade fever, malaise, poor appetite, right upper quadrant pain 
and tenderness, jaundice, and acholic stools. The diagnosis is 
best confi rmed by detection of immunoglobulin M (IgM) anti-
body specifi c for the hepatitis A virus.

Hepatitis A does not cause a chronic carrier state. Perinatal 
transmission virtually never occurs, and therefore the infec-
tion does not pose a major risk to either the mother or the baby 
unless the mother develops fulminant hepatitis and liver 
failure. Fortunately, such a situation is extremely rare [1].

Hepatitis A can be prevented by administration of an inacti-
vated vaccine. Two formulations of the vaccine are available: 
Vaqta and Havrix [2]. Both vaccines require an initial intra-
muscular injection, followed by a second dose 6–12 months 
later. The vaccine should be offered to the following 
individuals:
• International travelers
• Children in endemic areas
• Intravenous drug users
• Individuals who have occupational exposure (e.g., workers 
in a primate laboratory)
• Residents and staff of chronic care institutions

• Individuals with liver disease
• Homosexual men
• Individuals with clotting factor disorders

Standard immunoglobulin provides reasonably effective 
passive immunization for hepatitis A if it is given within 
2 weeks of exposure. The standard intramuscular dose of 
immunoglobulin is 0.02 mg/kg.

Hepatitis E

Hepatitis E is caused by an RNA virus. The epidemiology of 
hepatitis E is similar to that of hepatitis A. The incubation 
period averages 45 days. The disease is quite rare in the USA 
but is endemic in developing countries of the world. In these 
countries, maternal infection with hepatitis E often has an 
alarmingly high mortality, in the range of 10–20%. This high 
mortality is probably less the result of the virulence of the 
microorganism and more related to poor nutrition, poor 
general health, and lack of access to modern medical care [1].

The clinical presentation of acute hepatitis E is similar to that 
of hepatitis A. The diagnosis can be established by using 
electron microscopy to identify viral particles in the stool of 
infected patients. The most useful diagnostic test, however, is 
serology.

Hepatitis E does not cause a chronic carrier state. Perinatal 
transmission can occur but is extremely rare [3].

Hepatitis B

Hepatitis B is caused by a DNA virus that is transmitted 
parenterally and via sexual contact. The infection also can be 
transmitted perinatally from an infected mother to her infant.

Acute hepatitis B occurs in approximately 1–2 in 1000 preg-
nancies in the USA. The chronic carrier state is more frequent, 
occurring in 6–10 in 1000 pregnancies. Worldwide, over 
400 million individuals are chronically infected with hepatitis 
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B virus. In the USA alone, approximately 1.25 million individ-
uals are chronically infected [1].

Approximately 90% of patients who acquire hepatitis B 
mount an effective immunologic response to the virus and 
completely clear their infection. Less than 1% of infected 
patients develop fulminant hepatitis and die. Approximately 
10% of patients develop a chronic carrier state. Some indivi-
duals with chronic hepatitis B infection ultimately develop 
severe chronic liver disease such as chronic active hepatitis, 
chronic persistent hepatitis, cirrhosis, or hepatocellular 
carcinoma [1].

The diagnosis of hepatitis B is best confi rmed by serologic 
tests. Patients with acute hepatitis B are positive for the hepati-
tis B surface antigen and positive for IgM antibody to the 
core antigen. Patients with chronic hepatitis B are positive 
for the surface antigen and positive for IgG antibody to the 
core antigen. Infected patients may or may not be positive 
for the hepatitis Be antigen. When this latter antigen is 
present, it denotes active viral replication and a high level of 
infectivity [4].

In the absence of intervention, approximately 20% of 
mothers who are seropositive for hepatitis B surface antigen 
will transmit infection to their neonates. Approximately 90% 
of mothers who are positive for both the surface antigen and 
the e antigen will transmit infection. Fortunately, there is now 
excellent immunoprophylaxis for prevention of perinatal 
transmission of hepatitis B infection. Infants delivered to sero-
positive mothers should receive hepatitis B immunoglobulin 
within 12 hours of birth. Prior to their discharge from the 
hospital, these infants also should begin the hepatitis B 
vaccination series. 

The Centers for Disease Control and Prevention (CDC) now 
recommend universal vaccination of all infants for hepatitis B. 
In addition, the vaccine should be offered to all women of 
reproductive age [4,5].

Hepatitis D (delta virus infection)

Hepatitis D is an RNA virus that depends upon coinfection 
with hepatitis B for replication. Therefore, the epidemiology 
of hepatitis D is essentially identical to that of hepatitis B. 
Patients with hepatitis D may have two types of infection. 
Some may have acute hepatitis D and hepatitis B (coinfection). 
These individuals typically clear their infection and have a 
good long-term prognosis. Others may have chronic hepatitis 
D infection superimposed upon chronic hepatitis B infection 
(superinfection). These women are particularly likely to develop 
chronic liver disease [1].

The diagnosis of hepatitis D can be established by identify-
ing the delta antigen in liver tissue or serum. However, the 
most useful diagnostic tests are detection of IgM and/or IgG 
antibody in serum.

Hepatitis D can cause a chronic carrier state in conjunction 
with hepatitis B infection. Perinatal transmission of hepatitis 
D occurs, but it is uncommon. Moreover, the immunoprophy-
laxis outlined above for hepatitis B is highly effective in pre-
venting transmission of hepatitis D [1].

Hepatitis C

Hepatitis C is caused by an RNA virus. The virus may be trans-
mitted parenterally, via sexual contact, and perinatally. In 
many patient populations, hepatitis C is actually as common, 
if not more common, than hepatitis B. Chronic hepatitis C 
infection now is the number one indication for liver transplan-
tation in the USA [1,6,7].

The disease is usually asymptomatic. The diagnosis is best 
confi rmed by serologic testing. The initial screening test 
should be an enzyme immunoassay (EIA). The confi rmatory 

Table 29.1 Hepatitis in pregnancy.

Hepatitis Mechanism of Best Carrier Perinatal
Infection Transmission Diagnostic Test State Transmission Vaccine Remarks

A Fecal–oral Antibody detection No No Yes Passive immunization with immunoglobulin

E Fecal–oral Antibody detection No Rare No High maternal mortality in developing countries

B Parenteral/sexual contact Antigen detection Yes Yes Yes Passive immunization with hepatitis B

      immunoglobulin

D Parenteral/sexual contact Antibody detection Yes Yes Prevented by Virus cannot replicate in absence of hepatitis

     hepatitis B vaccine B infection

C Parenteral/sexual contact Antibody detection Yes Yes No Cesarean delivery for women with detectable

      serum HCV-RNA

G Parenteral/sexual contact Antibody detection Yes Yes No No clinical signifi cance of infection
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test is a recombinant immunoblot assay (RIBA). Seroconver-
sion may not occur for up to 16 weeks following infection.  In 
addition, although these immunologic tests have been availa-
ble for many years, they still do not distinguish consistently 
and precisely between IgM and IgG antibody.

In patients who have a low serum concentration of 
hepatitis C RNA and who do not have coexisting HIV 
infection, the risk of perinatal transmission of hepatitis C 
is less than 5%. If the patient’s serum concentration of 
hepatitis C RNA is high and/or she has HIV infection, the 
perinatal transmission rate may approach 25% [8,9]. Several 
small, nonrandomized, uncontrolled cohort studies (level II 
evidence) support the role for an elective cesarean delivery 
prior to the onset of labor and rupture of membranes in women 
who have detectable hepatitis C virus RNA. For women who 
have undetectable serum concentrations of RNA, vaginal 
delivery appears to be a reasonable plan of management [10–
12]. Breastfeeding is acceptable in women who have hepatitis 
C and does not pose a risk to the neonate [10,12].

Hepatitis G

Hepatitis G is caused by an RNA virus that is related to the 
hepatitis C virus. Hepatitis G is more prevalent, but less viru-
lent, than hepatitis C. Many patients who have hepatitis G are 
coinfected with hepatitis A, B, C, and HIV. Interestingly, 
coinfection with hepatitis G does not adversely affect the 
prognosis of these other infections [13–16].

Most patients with hepatitis G are asymptomatic. The diag-
nosis is best established by detection of virus by polymerase 
chain reaction and by identifi cation of antibody by enzyme-
linked immunosorbent assay (ELISA).

Hepatitis G can cause a chronic carrier state, and perinatal 
transmission has been documented. However, the clinical 
effects of infection in the mother and baby appear to be 
minimal. Accordingly, patients should not routinely be 
screened for this infection, and no special treatment is 
indicated even if infection is confi rmed.

Case presentation

A 32-year-old woman, G3, P1102, at 18 weeks’ gestation is 
seropositive for hepatitis B surface antigen. Additional testing 
showed that she also was positive for hepatitis C and D and 
seronegative for HIV infection. There was no evidence of gon-
orrhea, chlamydia, or syphilis.

What additional testing is indicated in this patient? Patients 
who are coinfected with hepatitis B, C, and D are particularly 
likely to develop chronic liver disease such as chronic active 
hepatitis, chronic persistent hepatitis, and cirrhosis. In some 
individuals, the liver disease may progress to hepatocellular 
carcinoma and/or frank hepatic failure. Therefore, this patient 

should have a battery of liver function tests and a coagulation 
profi le. In addition, she should have a test to determine the 
serum concentration of hepatitis C virus RNA.

What interventions are appropriate for her sexual partner? 
The patient’s sexual partner should be tested for hepatitis B, C, 
and D. If he is seronegative for hepatitis B, he should receive an 
injection of hepatitis B immunoglobulin and begin the hepati-
tis B vaccine series.

What is the most appropriate method of delivery in this 
patient? The recommended method of delivery should not be 
affected by the presence of hepatitis B or D. However, the pres-
ence of hepatitis C may infl uence delivery method. If hepatitis 
C virus RNA can be detected in the patient’s serum, she should 
be offered an elective cesarean at approximately 38 weeks’ 
gestation prior to rupture of membranes and the onset of labor. 
Published level II evidence demonstrates that elective cesar-
ean delivery in these highly selected patients results in a 
decreased risk of perinatal transmission of hepatitis C virus.

What type of immunoprophylaxis is indicated for this 
patient’s neonate? Unfortunately, there is no immunoprophy-
laxis for hepatitis C. However, effective immunoprophylaxis 
against hepatitis B and D is available. The infant should receive 
hepatitis B immunoglobulin within 12 hours of birth. Prior to 
discharge from the hospital, the infant should receive the fi rst 
dose of hepatitis B vaccine. A second and third dose should be 
administered at 1 and 6 months of age.
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30 HIV infection
Howard L. Minkoff

The HIV epidemic is now a quarter of a century old, with a 
well-defi ned epidemiology and pathophysiology, and with 
several effective therapeutic regimens available for use. 
However, the epidemic is far from contained. In fact, the 
epicenter is poised to move beyond the bounds of southern 
Africa; it is projected that India, Nigeria, China, Ethiopia 
and Russia will have the highest numbers of infected 
individuals by the end of the decade. Approximately half 
of these newly infected individuals will be women, the 
overwhelming majority of whom will be of reproductive 
age. Thus, obstetricians worldwide will continue to have a 
central role.

The care of HIV-infected women is more effective than ever 
and the rates of mother-to-child transmission of HIV are lower 
than ever in communities with access to therapy. The manage-
ment of these women and their pregnancies are, not coinci-
dentally, more complex than ever. This chapter is designed to 
provide guidance to the obstetrician who must identify and 
treat infected women, and act to reduce rates of HIV transmis-
sion and drug toxicity while optimizing pregnant women’s 
health.

Identifying infected patients

Women can only avail themselves of the benefi ts of effective 
antiviral therapy if their serostatus is known. Because of the 
remarkable benefi ts of antiretroviral therapy, and the reduc-
tion in stigma associated with the diagnosis, obstetric and 
public health organizations have become strong advocates of 
prenatal HIV screening. However, until recently, the proto-
cols for screening still refl ected the social and medical environ-
ment that was extant at the time that tests fi rst became available; 
informed written consents preceded by detailed counseling 
were required. Those protocols resulted in low testing rates, in 
part because the process itself contained a stigma, with 
some providers only screening women they perceived to be at 
risk. Finally in 1998, the Institute of Medicine proposed, and 

the American College of Obstetricians and Gynecologists 
(ACOG) subsequently endorsed, a process referred to as 
“opt-out” [1].

In the “opt-out” process, HIV-testing is “routinized.” 
Women are told that testing is part of the standard battery of 
prenatal tests for all pregnant women and that the test will be 
performed unless the woman objects. Hence, the “opt-out” 
policy is also referred to as “informed right of refusal.” When 
“opt-out” is utilized, women are no longer required to sign an 
informed consent in order to fi nd out their serostatus but 
they retain the right to refuse the test if they so desire. This 
approach, in the settings in which it has been adopted, 
has resulted in improved testing rates. A table detailing the 
status of the laws in various states can be found at www.ucsf.
edu/hivcntr.

The actual laboratory procedure for standard (as distinct 
from “rapid”) testing involves the detection of either antigen 
from the virus itself, antibodies to portions of the virus, viral 
nucleic acid, or, less commonly, culture of the virus. The most 
widely used method (enzyme-linked immunosorbent assay 
[ELISA] confi rmed by Western blot) involves the detection of 
antibodies to virus in the patient’s sera. 

In the USA, a disproportionate share of infection occurs 
among women with no prenatal care [2]. Therefore there is a 
need to rapidly identify women who are infected and who 
initially present for care in labor. Several rapid HIV tests 
have been developed. The OraQuick Advance HIV-1/2 Anti-
body Test (OraSure Technologies, Inc., Bethlehem, Pennsyl-
vania) with a sensitivity of 99.6% and a specifi city of 100%; 
the Reveal Rapid HIV-1 Antibody Test (MedMira Laborato-
ries, Inc., Halifax, Nova Scotia) with a sensitivity of 99.8% 
and a specifi city of 99.1%; and the Multi-Spot HIV-1/HIV-2 
(Biorad) are the only three that have received approval 
from the Food and Drug Administration (FDA) and are cur-
rently available [3]. Rapid HIV testing has been compared 
with the standard enzyme immunoassay (EIA), which is still 
utilized extensively by blood transfusion services which 
perform most of the HIV tests worldwide (although always 
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backed up by a Western blot assay), and they have been found 
to be comparable.

Post-test counseling of 
seropositive women

Once an individual’s serostatus is determined, there is an 
emergent need to provide appropriate post-test counseling. 
This counseling must address psychosocial, as well as medical 
aspects of the diagnosis. From a patient education standpoint, 
it is important to draw a clear distinction between HIV infec-
tion and AIDS. The patient should be instructed in ways to 
avoid transmitting the virus to others: safe sex practices, no 
sharing of razors, and the like. The natural history of HIV 
disease and long-term follow-up plans should also be incorpo-
rated into the counseling. At the current time, advances in the 
treatment of HIV warrants an air of optimism in these initial 
conversations, an optimism that may be necessary to dispel 
the many myths that are still associated with the diagnosis of 
HIV. Perinatal counseling focuses on the potential conse-
quences of pregnancy on HIV disease (relative rate of disease 
progression) and the impact of HIV disease status on preg-
nancy outcome, particularly current estimates of HIV trans-
mission rates. There is no convincing empiric data that 
pregnancy has an untoward effect on HIV disease [4]. 
However, pregnancy may have indirect effects — if obstetri-
cians are reticent to utilize the latest pharmacologic interven-
tions then the woman’s disease course may indeed be 
compromised [5].

Perhaps the most important component of counseling 
relates to the success that obstetricians have had in preventing 
mother-to-child transmission of HIV with the use of appropri-
ate antiretroviral therapies and cesarean delivery as indicated 
(see below). Women should be informed of these therapies, as 
well as risks that may be associated with their use and should 
be assured that they will have access to these if they so desire.

Although a focus of attention during pregnancy will be on 
the prevention of mother-to-child transmission of HIV, care 
begins with a focus on the health of the mother. A baseline 
CD4 count and viral load provides a reliable picture of the 
patient’s status, the likelihood of progression to clinical 
illness, and the need for instituting antiviral therapy. If the 
mother needs medication for her own well-being then 
therapy should be instituted, albeit modifi cations of 
standard regimens may sometimes be necessary. It is also 
important to screen for infections that may be prevalent in 
these women, and whose course might be modifi ed by HIV 
infection (e.g. hepatitis B and C, and syphillis). Appropriate 
management of co-infections can be achieved by co-
management with an infectious disease specialist. Below we 
discuss, in sequence, care of the mother for her own well-being, 
and the steps needed to minimize the rates of mother-to-child 
transmission of HIV.

Care of seropositive women in general

Obtaining a CD4 count and a viral load provides the clinician 
with a useful snapshot of the patient’s status and medication 
needs when she is fi rst encountered. If her CD4 count is over 
350 mm/mL3 and the viral load is under 100,000 copies, then 
antiviral medications for the woman’s health are unnecessary 
and, were she not pregnant, would be deferred until evidence 
of immunologic deterioration or viral load increase. However, 
if the CD4 is below that benchmark or the viral load above 
100,000 copies then therapy should be instituted, regardless 
of pregnancy status. The therapy should be a highly 
active antiretroviral therapy (HAART) regimen. HAART regi-
mens are medication combinations that are capable of pro-
viding sustained reductions in the viral load, and it should 
be anticipated that the viral load will decrease by more 
than 1 log/month, and reach an undetectable level within 
6 months.

There are several possible regimens that can be used. Most 
comprise agents from two of the three classes of antiretroviral 
therapy (nucleoside reverse transcriptase inhibitors [NRTIs], 
non-nucleoside reverse transcriptase inhibitors [NNRTIs], 
and protease inhibitors [PIs]) commonly used. Although other 
classes of drugs are becoming available (e.g., fusion inhibitors 
and nucleotide reverse transcriptase inhibitors), the experi-
ence with these agents in pregnancy is quite limited. The most 
frequently used regimens comprise two NRTIs and either an 
NNRTI or a PI (sometimes two PIs are used with one acting as 
a “booster” of the second). If the chosen regimen fails, the pos-
sibility of poor adherence, viral resistance, or both, must be 
considered. Resistance testing should be performed before the 
failing regimen is discontinued lest wild-strain virus over-
grow resistant strains and mask the identity of the mutated 
strain. In the latter circumstance, the utility of the resistance 
test for assisting in the selection of the optimal salvage regimen 
would be compromised.

Finally, women whose CD4 counts drop below 200 mm/
mL3 are at risk of developing opportunistic infection. There-
fore, PCP prophylaxis (e.g. Bactrim-DS daily) should be given 
if the CD4 count drops below 200 mm/mL3, and mycobacte-
rium avium complex prophylaxis (azithromicin, 1200 mg/
week) should be initiated when the CD4 count equals 
50 mm/mL3.

Care of seropositive women in pregnancy

The basic tenets of care are not substantively altered by dint of 
pregnancy status. The goal remains optimizing the health of 
the mother. However, during pregnancy that goal is supple-
mented by the need to minimize the rate of mother-to-child 
transmission of HIV. Table 30.1 provides a list of antiretroviral 
drugs and recommendations for use in pregnant HIV-infected 
women. The virologic and immunologic triggers for therapy, 
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Table 30.1 Antiretroviral drug use in pregnant HIV-infected women: pharmacokinetic and toxicity data in human pregnancy and recommendations for use in 

pregnancy (modifi ed from AIDSinfo, a service of the US DHHS).

   Rationale for Recommended
Antiretroviral Drug Pharmacokinetics in Pregnancy Concerns in Pregnancy Use in Pregnancy

NRTIs/NtRTIs
Recommended agents

Zidovudine* Pharmacokinetics not signifi cantly No evidence of human teratogenicity. Preferred NRTI for use in

 altered in pregnancy; no change Well-tolerated, short-term safety combination antiretroviral

 in dose indicated demonstrated for mother and infant regimens in pregnancy based on

   effi cacy studies and extensive

   experience; should be included

   in regimen unless signifi cant

   toxicity or stavudine use

Lamivudine* Pharmacokinetics not signifi cantly No evidence of human teratogenicity. Because of extensive experience

 altered in pregnancy; no change Well-tolerated, short-term safety with lamivudine in pregnancy in

 in dose indicated demonstrated for mother and infant combination with zidovudine,

   lamivudine plus zidovudine is

   the recommended dual NRTI

   backbone for pregnant women

Alternative agents

Didanosine Pharmacokinetics not signifi cantly Cases of lactic acidosis, some fatal, Alternate NRTI for dual nucleoside

 altered in pregnancy; no change have been reported in pregnant backbone of combination

 in dose indicated women receiving didanosine and regimens. Didanosine should be

  stavudine together used with stavudine only if no

   other alternatives are available

Emtricitabine No studies in human pregnancy No studies in human pregnancy Alternate NRTI for dual nucleoside

   backbone of combination

   regimens

Stavudine Pharmacokinetics not signifi cantly No evidence of human teratogenicity. Alternate NRTI for dual nucleoside

 altered in pregnancy; no change Cases of lactic acidosis, some fatal, backbone of combination

 in dose indicated have been reported in pregnant regimens.

  women receiving didanosine and Stavudine should be used with

  stavudine together didanosine only if no other

   alternatives are available. Do not

   use with zidovudine due to

   potential for antagonism

Abacavir* Phase I/II study in progress Hypersensitivity reactions occur in ∼5–8% Alternate NRTI for dual nucleoside

  of non-pregnant persons; a much backbone of combination

  smaller percentage are fatal and are regimens. See footnote regarding

  usually associated with rechallenge. use in triple NRTI regimen†

  Rate in pregnancy unknown. Patient

  should be educated regarding

  symptoms of hypersensitivity reaction

Insuffi cient data to recommend use

Tenofovir No studies in human pregnancy. Studies in monkeys show decreased Because of lack of data on use

 Phase I study in late pregnancy fetal growth and reduction in fetal in human pregnancy and concern

 in progress bone porosity within two months of regarding potential fetal bone

  starting maternal therapy. Clinical effects, tenofovir should be used

  studies in humans (particularly children) as a component of a maternal

  show bone demineralization with combination regimen only after

  chronic use; clinical signifi cance careful consideration of

  unknown alternatives
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Table 30.1 Continued.

   Rationale for Recommended
Antiretroviral Drug Pharmacokinetics in Pregnancy Concerns in Pregnancy Use in Pregnancy

Not recommended

Zalcitabine No studies in human pregnancy Rodent studies indicate potential for Given lack of data and concerns

  teratogenicity and developmental regarding teratogenicity in animals,

  toxicity not recommended for use in

   human pregnancy unless

   alternatives are not available

NNRTIs
Recommended agents

Nevirapine Pharmacokinetics not signifi cantly No evidence of human teratogenicity. Nevirapine should be initiated

 altered in pregnancy; no change in Increased risk of symptomatic, in pregnant women with CD4+

 dose indicated often rash-associated, and potentially counts >250 cells/mm3 only if

  fatal liver toxicity among women with benefi t clearly outweighs risk, due

  CD4+ counts >250/mm3 when fi rst to the increased risk of potentially

  initiating therapy; unclear if pregnancy life-threatening hepatotoxicity in

  increases risk women with high CD4+ counts.

   Women who enter pregnancy

   on nevirapine regimens and

   are tolerating them well may

   continue therapy, regardless of

   CD4+ count

Not recommended

Efavirenz No studies in human pregnancy FDA pregnancy class D; signifi cant Use of efavirenz should be

  malformations (anencephaly, avoided in the fi rst trimester, and

  anophthalmia, cleft palate) were women of childbearing potential

  observed in 3 (15%) of 20 infants must be counseled regarding

  born to cynomolgus monkeys risks and avoidance of pregnancy.

  receiving efavirenz during the fi rst Because of the known failure rates

  trimester at a dose giving plasma levels of contraception, alternate

  comparable to systemic human regimens should be strongly

  therapeutic exposure; there are three considered in women of child

  case reports of neural tube defects in bearing potential. Use after the

  humans after fi rst trimester exposure; second trimester of pregnancy

  relative risk unclear can be considered if other

   alternatives are not available and

   if adequate contraception can be

   assured postpartum

Delavirdine No studies in human pregnancy Rodent studies indicate potential for Given lack of data and concerns

  carcinogenicity and teratogenicity regarding teratogenicity in animals,

   not recommended for use in

   human pregnancy unless

   alternatives are not available

Protease inhibitors
Hyperglycemia, new onset or exacerbation of diabetes mellitus, and diabetic ketoacidosis reported with PI use; unclear if pregnancy increases risk.

Confl icting data regarding preterm delivery in women receiving PIs

Recommended agents

Nelfi navir Adequate drug levels are achieved No evidence of human teratogenicity. Given pharmacokinetic data and

 in pregnant women with nelfi navir Well-tolerated, short-term safety extensive experience with use

 1250 mg, given twice daily demonstrated for mother and infant. in pregnancy compared to other

  Nelfi navir dosing at 750 mg three PIs, preferred PI for combination

(Continued)
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Table 30.1 Continued.

   Rationale for Recommended
Antiretroviral Drug Pharmacokinetics in Pregnancy Concerns in Pregnancy Use in Pregnancy

  times daily produced variable and regimens in pregnant women,

  generally low levels in pregnant women particularly if HAART is being

   given solely for perinatal

   prophylaxis. In clinical

   trials of initial therapy in

   non-pregnant adults, nelfi navir-

   based regimens had a lower rate

   of viral response compared to

   lopinavir/ritonavir or efavirenz-

   based regimens, but similar viral

   response compared with

   atazanavir or nevirapine-based

   regimens

Saquinavir-soft gel Adequate drug levels are achieved Well-tolerated, short-term safety Given pharmacokinetic data and

capsule [SGC] in pregnant women with demonstrated for mother and infant. moderate experience with use in

(Fortovase)/ritonavir saquinavir-SGC 800 mg boosted Inadequate drug levels observed in pregnancy, ritonavir-boosted

 with ritonavir 100 mg, given twice pregnant women with saquinavir- saquinavir-SGC can be considered

 daily. Recommended adult SGC given alone at 1200 mg three a preferred PI for combination

 dosing of saquinavir-SGC 1000 mg times daily regimens in pregnancy

 plus ritonavir 100 mg may be used.  

 No pharmacokinetic data on

 saquinavir-hard gel capsule [HGC]/

 ritonavir in pregnancy, but better GI

 tolerance in non-pregnant adults

Alternative agents

Indinavir Two studies including 18 women Theoretical concern re: increased Alternate PI to consider if unable

 receiving indinavir 800 mg three indirect bilirubin levels, which may to use nelfi navir or saquinavir-

 times daily showed markedly exacerbate physiologic SGC/ritonavir, but would need to

 lower levels during pregnancy hyperbilirubinemia in the neonate, give indinavir as ritonavir-boosted

 compared to postpartum, but minimal placental passage. Use of regimen. Optimal dosing for the

 although suppression of HIV RNA unboosted indinavir during pregnancy is combination of indinavir/ritonavir

 was seen not recommended in pregnancy is unknown

Lopinavir/ ritonavir Phase I/II safety and Limited experience in human pregnancy Preliminary studies suggest

 pharmacokinetic study in progress  increased dose may be required

 using twice daily lopinavir 400 mg  during pregnancy, though specifi c

 and ritonavir 100 mg  dosing recommendations not

   established. If used during

   pregnancy, monitor response to

   therapy closely. If expected

   virologic result is not observed,

   consult with a specialist with

   expertise in HIV in pregnancy

Ritonavir Phase I/II study in pregnancy Minimal experience in human pregnancy Given low levels in pregnant

 showed lower levels during  women when used alone,

 pregnancy compared to postpartum  recommended for use in

   combination with second PI as

   low-dose ritonavir “boost” to

   increase levels of second PI
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the timing of initiation, and the choice of components of antivi-
ral therapy may need to be adjusted [6]. For example, if a 
woman’s viral load is 2000 and her CD4 count is 400 mL3 she 
would not be a candidate for therapy if she were not pregnant 
(the usual starting points are CD4 counts <350 mm3 or a viral 
load >100,000 copies). However, because of the pregnancy, 
HAART would be recommended in order to minimize the 
risk of transmission. In fact, many providers would start 
HAART in any pregnant woman with detectable virus in order 
to reduce transmission to the child and to decrease the rate at 
which resistance develops in the mother. Usually, if HAART 
were to be used it would be started as soon as criteria for 
therapy were met. However, if it is being given for the purpose 
of preventing mother-to-child transmission, therapy would 
be delayed until the start of the second trimester because there 
is no immediate threat to the mother’s health; unless evidence 
of demonstrated advantage were known, caution would 

dictate that fetal exposure to these agents be delayed until 
beyond embryogenesis. The three-part zidovudine (ZDV) 
chemoprophylaxis regimen, initiated after the fi rst trimester, 
would be recommended, as it is for all pregnant women with 
HIV-1 infection, regardless of antenatal HIV-1 RNA copy 
number. The regimen consists of oral administration of 300 mg 
ZDV b.i.d., initiated at 14–34 weeks’ gestation and continued 
throughout the pregnancy. During labor, intravenous admin-
istration of ZDV in a 1-hour initial dose of 2 mg/kg body 
weight, followed by a continuous infusion of 1 mg/kg body 
weight/hour until delivery. Finally, oral administration of 
ZDV is given to the newborn (ZDV syrup at 2 mg/kg body 
weight/dose every 6 hours) for the fi rst 6 weeks of life, 
beginning at 8–12 hours after birth.

There are additional pregnancy-specifi c considerations 
related to the other agents that might be added to the ZDV. For 
example, there are several antiretroviral medications that 

Table 30.1 Continued.

   Rationale for Recommended
Antiretroviral Drug Pharmacokinetics in Pregnancy Concerns in Pregnancy Use in Pregnancy

Insuffi cient data to recommend use

Amprenavir No studies in human pregnancy Oral solution contraindicated in Safety and pharmacokinetics in

  pregnant women because of high levels pregnancy data are insuffi cient to

  of propylene glycol, which may not be recommend use of capsules during

  adequately metabolized during pregnancy

  pregnancy

Fosamprenavir No studies in human pregnancy No experience in human pregnancy Safety and pharmacokinetics in

   pregnancy data are insuffi cient to

   recommend use during pregnancy

Atazanavir No studies in human pregnancy Theoretical concern re: increased Safety and pharmacokinetics in

  indirect bilirubin levels, which may pregnancy data are insuffi cient to

  exacerbate physiologic recommend use during pregnancy

  hyperbilirubinemia in the neonate, 

  although transplacental passage of other

  PIs has been low

Tipranavir No studies in human pregnancy No experience in human pregnancy Safety and pharmacokinetics in

   pregnancy data are insuffi cient to

   recommend use during pregnancy

Fusion inhibitors
Insuffi cient data to recommend use

Enfuvirtide No studies in human pregnancy No experience in human pregnancy Safety and pharmacokinetics in

   pregnancy data are insuffi cient to

   recommend use during pregnancy

GI, gastrointestinal; HAART, highly active antiretroviral therapy; HGC, hard gel capsule; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside 

reverse transcriptase inhibitor; NtRTI, nucleotide reverse transcriptase inhibitor; PI, protease inhibitor; SGC, soft gel capsule.

* Zidovudine and lamivudine are included as a fi xed-dose combination in Combivir; zidovudine, lamivudine, and abacavir are included as a fi xed-dose combination 

in Trizivir.
† Triple NRTI regimens including abacavir have been less potent virologically compared to PI-based HAART regimens. Triple NRTI regimens should be used only 

when an NNRTI- or PI-based HAART regimen cannot be used (e.g., due to signifi cant drug interactions). A study evaluating use of zidovudine/lamivudine/abacavir 

among pregnant women with HIV RNA <55,000 copies/mL as a class-sparing regimen is underway.
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should be avoided in pregnancy. These include efavirenz 
(Sustiva), which is a class D drug that has been associated with 
neural tube defects and which should not be used in the fi rst 
trimester and should only be used thereafter if other alterna-
tives are not available. Another potentially dangerous medi-
cation is nevirapine (Viramune), which should be avoided as a 
component of HAART in pregnant women with CD4 counts 
≥250 mm3 because of the high risk of rapidly progressive and 
potentially nonreversible liver toxicity (this has not been 
reported in conjunction with its use in single-dose peripartum 
regimens) [7]. Additionally, because pregnancy itself can 
mimic some of the early symptoms of the lactic acidosis or 
hepatic steatosis syndrome or be associated with other disor-
ders of liver metabolism, physicians caring for HIV-1 infected 
pregnant women receiving nucleoside analog drugs should 
be alert for early signs of this syndrome. Pregnant women 
receiving nucleoside analog drugs should have hepatic enzymes 
and electrolytes assessed more frequently during the last tri-
mester of pregnancy, and any new symptoms should be evalu-
ated thoroughly. Additionally, because of the reports of several 
cases of maternal mortality secondary to lactic acidosis with 
prolonged use of the combination of d4T and ddI by HIV-1 
infected pregnant women, clinicians should prescribe this 
antiretroviral combination during pregnancy with caution and 
generally only when other nucleoside analog drug combina-
tions have failed or have caused unacceptable toxicity or 
side-effects.

In addition, the CDC recommends that infected women in 
the USA refrain from breastfeeding to avoid postnatal trans-
mission of HIV-1 to their infants; women receiving antiretro-
viral therapy should also follow these recommendations. 
Women who must temporarily discontinue therapy because 
of pregnancy-related hyperemesis should not resume therapy 
until suffi cient time has elapsed to ensure that the drugs will 
be tolerated. To reduce the potential for emergence of resist-
ance, if therapy requires temporary discontinuation for any 
reason during pregnancy, all drugs should be stopped and 
reintroduced simultaneously.

HIV-1 infected women receiving antiretroviral therapy 
whose pregnancy is identifi ed after the fi rst trimester should 
continue therapy. ZDV should be a component of the antena-
tal antiretroviral treatment regimen after the fi rst trimester 
whenever possible, although this may not always be feasible. 
Women receiving antiretroviral therapy whose pregnancy is 
recognized during the fi rst trimester should be counseled 
regarding the benefi ts and potential risks of antiretroviral 
administration during this period, and continuation of therapy 
should be considered. If therapy is discontinued during the 
fi rst trimester, all drugs should be stopped and reintroduced 
simultaneously to avoid the development of drug resistance. 
Regardless of the antepartum antiretroviral regimen, ZDV 
administration is recommended during the intrapartum 
period and for the newborn.

Several effective regimens are available for intrapartum 
therapy for women who have had no prior therapy [6].
• Intrapartum intravenous ZDV followed by 6 weeks of ZDV 
for the newborn;
• Oral ZDV and 3TC during labor, followed by 1 week of oral 
ZDV-3TC for the newborn;
• A single dose of nevirapine at the onset of labor, followed by 
a single dose of nevirapine for the newborn at age 48 hours; 
and
• The two-dose nevirapine regimen combined with 
intrapartum intravenous ZDV and 6 weeks of ZDV for the 
newborn.

If single dose nevirapine is given to the mother, alone or in 
combination with ZDV, consideration should be given to 
adding maternal ZDV-3TC starting as soon as possible and 
continuing for 3–7 days. This may reduce development of nev-
irapine resistance.

In the immediate postpartum period, the woman should 
have appropriate assessments (e.g., CD4+ count and HIV-1 
RNA copy number) to determine whether antiretroviral 
therapy is recommended for her own health.

Resistance testing in infected pregnant women should be 
performed for the same indications as for nonpregnant 
persons:
• Those with acute infection;
• Those who have virologic failure with persistently detecta-
ble HIV-1 RNA levels while receiving antenatal therapy, or 
suboptimal viral suppression after initiation of antiretroviral 
therapy;
• Those with a high likelihood of having resistant virus based 
on community prevalence of resistant virus, known drug 
resistance in the woman’s sex partner, or other source of infec-
tion; or
• Those who are about to start therapy.

 Several studies performed before viral load testing and 
combination antiretroviral therapy became a routine part of 
clinical practice consistently showed that cesarean delivery 
performed before onset of labor and rupture of membranes 
(elective or scheduled) was associated with a signifi cant 
decrease in perinatal HIV-1 transmission compared with other 
types of delivery, with reductions ranging from 55% to 80%. 
The ACOG Committee on Obstetric Practice, after reviewing 
these data, issued a Committee Opinion concerning route of 
delivery, recommending consideration of scheduled cesarean 
delivery for HIV-1 infected pregnant women with HIV-1 RNA 
levels >1000 copies/mL near the time of delivery [8]. More 
recent observational data from PACTG 367 [9] and the Euro-
pean Collaborative Study [10], evaluating both HIV RNA and 
maternal antiretroviral therapy along with mode of delivery, 
do not suggest additional benefi t from scheduled cesarean 
delivery among women on HAART with low HIV RNA, but 
are confl icting regarding benefi t for those on HAART with 
higher HIV RNA. If cesarean delivery is chosen, the procedure 
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should be scheduled at 38 weeks’ gestation, based on the best 
available clinical information. Amniocentesis for fetal lung 
maturity should not be performed because, in animal models, 
contamination of amniotic fl uid has been shown to be a vector 
for fetal infection. For a scheduled cesarean delivery, intrave-
nous ZDV should begin 3 hours before surgery, according to 
standard dosage recommendations. Other antiretroviral med-
ications taken during pregnancy should not be interrupted 
near the time of delivery, regardless of route of delivery. 
Because maternal infectious morbidity is potentially increased, 
clinicians should consider perioperative antimicrobial 
prophylaxis.

Ethical and legal considerations

Obstetricians are acutely aware of the fact that in the course of 
their professional lifetimes, exigencies of law and the less 
clearly defi ned issues of ethics will often play a part in how 
they practice medicine. While the malpractice crisis com-
mands inordinate attention, there are many other highly con-
troversial areas of law and medicine that have involved 
obstetricians. Included in these are the ethical and legal con-
troversies that swirl around HIV disease. Among the areas 
that continue to defy consensus are confi dentiality, including 
charting, the appropriateness of “routine” (right of refusal) 
prenatal HIV testing, and the duty to warn HIV-infected 
patients’ sexual partners of the index patient’s seropositive 
status.

Clinicians should be aware of the relevant statutes within 
their own jurisdiction. Whatever the law, however, it is 
important that clinicians attempt to limit knowledge of a 
patient’s serostatus to those with a medical need to know. 
Discrimination in housing and jobs has waned but has not 
disappeared.

The clinician also has an obligation to try to persuade the 
seropositive patient to notify her sex partner(s). The physician 
will often have the option of contacting exposed partners or 
utilizing the local health department. A consultation with local 
health authorities may provide useful information to the 
provider.

Conclusions

In the 21st century, in the developing world, HIV has become a 
treatable infection whose transmission from mother to child 
can be rendered a rare occurrence. However, the remarkable 
progress in the care of the HIV-infected pregnant woman has 
been purchased at the price of increasing therapeutic 
complexity. Obstetricians must be prepared to offer their 
patients the best prognosis that modern medicine permits 
by determining women’s serostatus as early in pregnancy as 

possible, assessing their infected patients’ immunologic and 
virologic status, recommending the most effi cacious and 
safest antiretroviral regimens, monitoring their response 
assiduously, and then choosing the optimum time and method 
of delivery. By taking those steps, and coordinating their 
patients’ care with experts in the fi eld of HIV, obstetricians can 
contribute to the diminishing number of HIV-infected chil-
dren born in this country and to the improved prognosis of 
their mothers.

Case presentation

The patient is a 27-year-old P0010 at 8 weeks’ gestation who 
underwent routine HIV testing at her fi rst prenatal visit. The 
ELISA test was repeatedly positive, as was the confi rmatory 
Western blot. When the patient was informed of the results she 
was unable to recall any specifi c risk behavior, never having 
used intravenous drugs, or having a sexual partner known to 
have HIV, and having had only three lifetime sexual partners. 
The initial evaluation included a CD4 count that was 380 mm3 
and a viral load of 8000 copies. She was informed that those 
results would not ordinarily, in a nonpregnant individual, 
warrant the initiation of antiretroviral therapy but because she 
was pregnant, consideration should be given to therapy for 
the purpose of reducing the likelihood of transmission to the 
child. However, because her condition was good, the initia-
tion of therapy would be deferred until she was beyond the 
fi rst trimester. When she was 14 weeks pregnant she was 
started on a HAART regimen of twice-daily Combivir (ZDV + 
3TC) and Kaletra (lopinavir + ritonovir). Baseline liver func-
tion tests and blood studies were obtained and she was sched-
uled to return for repeat viral load testing in a month. Within 
2 months her viral load was undetectable and her CD4 count 
had risen to 440/mm3. At 36 weeks’ gestation, when a decision 
was to be made about mode of delivery, her viral load was still 
undetectable and a decision was made to allow a trial of labor. 
When she arrived in labor an intravenous infusion of ZDV was 
begun and she continued her other medications orally. Imme-
diately after delivery all medications were discontinued. At 
follow-up, the patient remained well and was referred for 
ongoing care to a specialist in HIV infection. Her child was 
uninfected.
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31 Genetic and nongenetic causes of 
spontaneous abortion
Charles J. Lockwood

Perhaps no area of reproductive medicine, indeed, medicine 
in general, is more fraught with historical and anecdotal 
approaches to management and so bereft of evidence-based 
practices than the work-up and treatment of patients with 
recurrent miscarriage (aka habitual or recurrent abortion). It is 
even diffi cult to obtain a precise estimate of the prevalence of 
recurrent miscarriage because of defi nitional and gestational 
age variations, and the variable requirements for either two vs. 
three consecutive losses. Some but not all investigators also 
distinguish between primary recurrent aborters who have no 
intervening live births and secondary recurrent aborters who 
do. Further complicating prevalence estimates is the high 
background rate of pregnancy wastage in the general popula-
tion which exceeds 50% when losses from conception through 
discernable fetal development are included [1]. A generally 
accepted number is that 1% of couples suffer two or more 
consecutive pregnancy losses prior to the third trimester [2]. 

Approximately 50–60% of all miscarriages prior to 20 weeks 
are caused by aneuploidy [1]. The most frequent causes are 
trisomy (most commonly 16 or 22), followed by polyploidy 
and monosomy X [1]. As a general rule, the older the mother 
and the earlier the loss the more likely it is aneuploid. One 
study suggested that aneuploidy was present in 25% of abortus 
specimens among women aged 20–29 years and 50% among 
women over 40 years [3]. Thus, it is not surprising 
that the risk of pregnancy loss increases in parallel to the risk of 
fetal Down syndrome. Miscarriage occurs in 9% of pregnan-
cies among women 20–24 years of age but 75% of those occur-
ring in women 44 years and older [4]. While it is diffi cult to 
assess the precise rate of aneuploidy in recurrent miscarriage 
specimens, as initial losses are usually not karyotyped, esti-
mates range from 25% to 57% [4,5]. Data gleaned from pre-
implantation genetic diagnosis employed at the time of in 
vitro fertilization (IVF) suggests that patients with recurrent 
miscarriage have far higher rates of abnormal embryos 
compared with controls (70.7% vs. 45.1%; P <0.0001) [6]. They 
also have far higher rates of embryos with chromosomal 
abnormalities [6]. 

Unfortunately, most current “treatments” do not address 
the general population’s high spontaneous wastage rate nor 
the high aneuploidy risk of attendant recurrent miscarriage. 
Moreover, proposed treatments must be judged against the 
high spontaneous remission rate. Indeed, the probability of a 
live birth after four successive spontaneous abortions is about 
40% [7]. 

Genetic abnormalities

The etiology of recurrent miscarriage resulting from repetitive 
chromosomal abnormalities is not completely understood. 
Abnormalities that arise during the oocyte’s fi rst meiotic divi-
sion account for the majority of cases. The clear association of 
recurrent miscarriage with increasing maternal age has led 
to a myriad of different theories of causation. For example, 
because excess oxidative stress leads to premature ovarian 
failure in animal models, it has been suggested that cumula-
tive oxidative stress in cycling women may impair oocyte 
quality [8]. Alternatively, it has been posited that because 
aging is associated with an ever-shrinking oocyte pool, there is 
a progressive depletion of the number of oocytes available at 
the requisite stage of maturation for completion of normal 
meiosis [9]. Supporting this thesis is the observation that 
women who have lost at least one trisomic fetus have dimin-
ished ovarian reserve and enter the menopause at an earlier 
age than those with no such history [10,11]. Maternal age-
related shortening of oocyte telomers has been posited as a 
cause of accelerated embryo fragmentation and apoptosis 
[12]. As shortened telomers can also lead to abnormal chiasma 
formation and nondisjunction, such a phenomenon could 
also help account for maternal age-associated embryonic 
aneuploidy [13]. 

Some have contended that the occurrence of recurrent 
miscarriage resulting from advanced maternal age-related 
aneuploidy should be managed through IVF with preimplan-
tation screening for trisomies commonly found in abortus 
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specimens. The argument is that because such losses are sto-
chastic and their frequency increases with increasing age, 
recruitment of large numbers of embryos with subsequent 
selection and transfer of those that are putatively euploid will 
increase the likelihood of a live birth. While such arguments 
resonate, there is contradictory empiric evidence that live birth 
rates are improved using IVF with preimplantation screening 
[14–16]. 

Low folate levels have been linked to miscarriage when the 
fetal karyotype is abnormal (odds ratio [OR] 1.95; 95% confi -
dence interval [CI], 1.09–3.48) but not when the fetal karyotype 
is normal (OR 1.11; 95% CI, 0.55–2.24) [17]. Folate defi ci-
ency may also have a role in meiotic nondisjunction. In 
addition, meta-analysis suggests that fasting hyperhomocy-
steinemia is modestly associated with recurrent pregnancy 
loss (<16 weeks) [18]. Thus, given its low toxicity, it would 
seem prudent to treat patients experiencing recurrent 
miscarriage with periconceptional folate supplementation 
(4 mg/day).

Heritable factors that are age-independent may also 
promote embryonic aneuploidy in up to 10% of affected 
couples [19]. For example, fragile sites on chromosomes 
[20,21], mosaicisms and deletions [19], as well as both large 
pericentric and paracentric chromosomal inversions [22,23] 
have been associated with recurrent miscarriages. There is a 
30-fold increase in the occurrence of balanced translocations 
among couples with recurrent miscarriage with a prevalence 
of 3.6% [24]. A recent study observed a 29% rate of miscarriage 
among clinically recognized pregnancies in couples bearing 
a balanced translocation with 36% of the abortuses found 
to have an unbalanced translocation [25]. Thus, high-
resolution parental karyotyping should be performed in 
couples with recurrent miscarriage. It would again be 
logical to offer affected couples IVF with preimplantation 
diagnosis but it is not certain that live birth rates will be 
improved [26]. 

Skewed inactivation of the X-chromosome appears to be 
present in 14–20% of women with recurrent miscarriage, about 
a fourfold increase over the baseline population [27,28]. 
Affected patients may harbor an X-linked or germline mosaic 
developmentally lethal mutation on the X chromosome that 
causes nonrandom X inactivation. Alternatively, such skewing 
may be associated with a far higher rate of aneuploid concep-
tuses [29]. Single gene defects may also promote recurrent 
miscarriage. These may be either X-linked or autosomal reces-
sive. For example, lethal multiple pterygium syndromes are a 
collection of autosomal recessive and X-linked recessive dis-
orders that are associated with fetal death at 14–20 weeks with 
variable features including arthrogryposis, hydrocephalus, 
hydrops and cystic hygromas [30]. Incontinentia pigmenti is 
an X-linked disorder usually lethal in males [31]. Affected 
males may also develop hydrops and/or cystic hygromas 
while affected females have dental anomalies and cutaneous 
manifestations [31]. 

Based on the large number of embryonic lethal mutations 
observed in transgenic mice studies, it is likely that many other 
developmentally lethal mendelian disorders exist. Unfortu-
nately, until the advent of whole genomic screening there is no 
simple way to identify such mutations. However, aberrant 
regulation of trophoblast growth resulting from developmen-
tal abnormalities often results in the formation of trophoblast 
inclusions — abnormal invaginations of the villous surface 
which on section appear as inverted islands of trophoblasts 
[32]. Such a phenomenon may also be associated with autism 
[33]. Thus, careful examination of the placenta may provide 
valuable clues as to a developmental etiology of recurrent 
intermittent losses. 

Infectious diseases

While acute, severe, bacterial and viral infections can cause an 
isolated spontaneous abortion, no unequivocal link has been 
established between chronic genital tract carriage of bacteria 
and recurrent miscarriage. Ureaplasma urealyticum (serotype 
4) is more commonly isolated from women with recurrent 
miscarriage than controls [34]. Moreover, nonrandomized 
trials suggest treatment of genital tract mycoplasma with doxy-
cycline may reduce early loss rates [35]. However, there is no 
evidence from appropriately conducted randomized clinical 
trials that eradication of mycoplasma species reduces miscar-
riage rates. There is also no convincing link between either 
recovery of genital tract Chlamydia trachomatis or the presence 
of antichlamydial antibodies and recurrent miscarriage 
[36,37]. The presence of bacterial vaginosis (BV) has been 
linked to early isolated spontaneous abortion (adjusted OR 
2.67; 95% CI, 1.26–5.63) [38]. However, the link between BV 
and recurrent miscarriage and the benefi ts of treatment have 
yet to be fi rmly established. 

Endocrinopathies

While poorly controlled diabetes and thyroid disease are 
linked to recurrent miscarriage, there is no evidence of such 
link with either subclinical thyroid disease or diabetes [39,40]. 
There were initial reports that polycystic ovarian syndrome 
(PCOS) was associated with recurrent miscarriage. However, 
recent studies have found no such link [41,42]. In addition, 
there have been no formal randomized clinical trials of the 
effect of metformin and other insulin sensitizing agents on 
the occurrence of spontaneous abortion in PCOS patients, 
although an anecdotal study suggests metformin improves 
live birth rates [43]. 

Progesterone has a crucial role in the maintenance of 
endometrial hemostasis and architectural integrity [44]. Con-
versely, the antiprogestin, RU 486 can induce menstruation 
and early abortion by inhibiting these salutary effects of pro-
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gesterone [45,46]. These observations provide biological plau-
sibility to the theory that luteal phase defects could promote 
early pregnancy loss. Indeed, the prevalence of luteal phase 
defects among recurrent miscarriage patients is reported to be 
10–30% [47,48]. Unfortunately, there are no defi nitive diag-
nostic criteria because the condition is intermittent [49]. More-
over, meta-analysis of trials of progesterone therapy for 
recurrent miscarriage do not demonstrate a benefi t [50]. 

It is unclear whether elevated prolactin levels are associated 
with recurrent pregnancy loss [51], although at least one study 
has shown that treatment with bromocriptine increases the 
likelihood of normal pregnancy outcomes [52].

In short, it is unclear whether endocrine disorders including 
PCOS, luteal phase defects, and hyperprolactinemia are 
bona fi de causes of recurrent miscarriage. Equally uncertain is 
whether their respective treatments (metformin, progesterone 
supplementation, and bromocriptine) improve live birth 
rates. 

Uterine abnormalities 

While müllerian tract anomalies are linked to an increased 
occurrence of nonvertex presentations and a higher rate of 
prematurity [53], their association with recurrent miscarriage 
is generally predicated on descriptive, observational studies 
replete with ascertainment biases. Salim et al. [54] compared 
women with and without a history of three or more consecu-
tive unexplained pregnancy losses before 14 weeks using 
three-dimensional ultrasound, and found major congenital 
anomalies in 23.8% of women with losses compared with 
5.3% in controls. However, in both groups the most common 
anomalies were minor, arcuate and subseptate uteri, which 
accounted for more than 90% of cases. The former does not 
appear to be associated with a higher rate of recurrent abor-
tion, and may represent a normal variant [55]. The prevalence 
of major anomalies was 6.9% in women with recurrent miscar-
riage compared with 1.7% in controls [55]. Table 31.1 lists the 
relative distribution of the major anomalies and their associ-
ated miscarriage rates (see reference [56] for details). 

Various theories have been promulgated to account for the 
association of uterine anomalies with recurrent miscarriage 

including decreased vascularity in the septum, increased 
infl ammation, and a reduction in sensitivity to steroid hor-
mones [56]. However, there is no substantial evidence to favor 
one putative etiology over another.

There are also no controlled randomized clinical trials of 
pregnancy outcome following resection of uterine septum, 
although reductions in recurrent loss have been reported in 
several large series [57,58]. Traditional open metroplasty is 
rarely recommended for bicornuate or didelphys uteri because 
of the attendant risks of infertility and uterine rupture during 
pregnancy as well as the more favorable associated pregnancy 
outcomes. 

While pregnancy outcomes are generally believed to be rel-
atively unaffected by the presence of myomas [59], submucous 
myomas that distort the uterine cavity have been posited as 
causes of recurrent miscarriage and reduced IVF success rates 
[60]. Hysteroscopic resection may improve fertility, live birth 
rates, and bleeding patterns [61]. Other uterine defects such as 
Asherman syndrome and polyps have been posited as causes 
of recurrent miscarriage, and descriptive series suggest 
improvements in pregnancy outcomes following hystero-
scopic resection [62]. Thus, based on expert opinion, it would 
seem reasonable to offer patients with recurrent miscarriage 
screening for uterine defects by sonohysterography. Subse-
quent magnetic resonance imaging (MRI) or concomitant use 
of three-dimensional ultrasound can allow differentiation of 
bicornuate from septate uteri. Operative hysteroscopy can 
then be employed for the treatment of submucous fi broids, 
polyps, septae, and synechiae. However, these recommenda-
tions are not based upon well-conducted randomized clinical 
trials.

Inherited thrombophilias

The strength of the association between inherited throm-
bophilias and recurrent miscarriage appears to be modest at 
best. Moreover, the risk appears intermittent and restricted to 
gestational ages greater than 9 weeks. The most robust data 
are available for the factor V Leiden (FVL) mutation. It repre-
sents the most common, signifi cantly thrombogenic, heritable 
thrombophilia. It is present in about 5% of European-derived 
populations and 3% of African-Americans but is virtually 
absent in nonwhite Africans and Asians [63]. It arises from a 
point mutation in the factor V gene causing the substitution of 
a glutamine for an arginine at position 506, the site of cleavage 
by activated protein C, thus conferring activated protein C 
resistance. A meta-analysis of 31 studies reported a modest 
link between FVL and fi rst trimester spontaneous abortion 
with OR 2.01 (95% CI, 1.13–3.58) but a stronger association 
with late (>19 weeks) nonrecurrent fetal loss (OR 3.26; 95% CI, 
1.82–5.83) [64]. A large case–control study of patients with 
recurrent stillbirths beyond 22 weeks showed an even stronger 
association with FVL (OR 7.83; 95% CI, 2.83–21.67) [65]. Thus, 

Table 31.1 Mullerian duct anomalies and their association with 

miscarriage.

 Prevalence Among 
 Patients with Mullerian Risk of Spontaneous
Mullerian Anomaly Anomalies (%) Loss (<20 weeks) (%)

Septum 55 65

Unicornuate uterus 20 51

Uterus didelphys 5–7 43

Bicornuate uterus 10 32
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the later the fetal loss, the stronger the association with FVL. 
Indeed, Dudding and Attia [66] conducted a meta-analysis 
of the link between FVL and adverse pregnancy events and 
noted no association with fi rst trimester losses but a strong 
association with two or more second or third trimester fetal 
losses (OR 10.7; 95% CI, 4.0–28.5). 

A similar pattern appears to hold for inherited throm-
bophilias in general. The European Prospective Cohort on 
Thrombophilia (EPCOT) consisted of 571 women with throm-
bophilias followed through 1524 pregnancies compared with 
395 controls having 1019 pregnancies [67]. This study found a 
statistically signifi cant association between inherited throm-
bophilias in general and stillbirth (OR 3.6; 95% CI, 1.4–9.4) but 
not between inherited thrombophilias and spontaneous abor-
tion (OR 1.27; 95% CI, 0.94–1.71). Roque et al. [68] assessed a 
cohort of 491 patients with a history of various adverse preg-
nancy outcomes and observed that the presence of a maternal 
thrombophilia was actually protective of recurrent pregnancy 
loss at less than 10 weeks (OR 0.55; 95% CI, 0.33–0.92). In con-
trast, maternal thrombophilias were modestly associated with 
an increased risk of losses at 10 weeks or more (OR 1.76; 95% 
CI, 1.05–2.94) and more strongly associated with fetal loss after 
14 weeks (OR 3.41; 95% CI, 1.90–6.10). 

Consistent with this protective effect of FVL and other inher-
ited thrombophilias on early pregnancy is the observation that 
IVF implantation rates were higher among FVL carriers than 
among noncarriers (90% vs. 49%; P = 0.02) [69]. Extravillous 
endovascular trophoblast occlude spiral arteries to minimize 
uteroplacental blood fl ow before 10 weeks’ gestation. More-
over, intervillous oxygen pressure is substantially lower prior 
to 10 weeks compared with after 12 weeks (17 ± 6.9 vs. 60.7 ± 
8.5 mmHg) [70,71]. Thus, there is no a priori reason why throm-
bophilias would promote early pregnancy loss. That throm-
bophilias might be protective of early loss is suggested by the 
fi nding of undetectable levels of trophoblast superoxide dis-
mutase, an enzyme responsible for the conversion of the 
superoxide anions, prior to 10 weeks [72]. 

In contrast, following restoration of patency in the uteropla-
cental circulation, subsequent uteroplacental thrombosis 
would have harmful effects accounting for the link between 

maternal thrombophilias and later loss. Moreover, anticoagu-
lation therapy may prevent recurrent fetal loss. Gris et al. [73] 
conducted a randomized clinical trial of the low molecular 
weight heparin, enoxaparin, versus low dose aspirin in 160 
women with one unexplained fetal loss at more than 10 weeks 
who were heterozygous for FVL, the prothrombin G20210A 
mutation, or protein S defi ciency. They reported that enoxa-
parin therapy resulted in greater numbers of healthy live 
births (86.2%) than low dose aspirin (28.8%; P <0.0001) (OR 
15.5; 95% CI, 7–34) [73] (see Table 31.2 for list of common inher-
ited thrombophilias, their approximate prevalence in Euro-
pean populations and detection method).

Antiphospholipid antibodies

Antiphospholipid antibody (APA) syndrome is defi ned by the 
combination of a prior deep venous or arterial thrombosis, 
characteristic obstetric complications, or thrombocytopenia 
associated with APA [81]. Obstetric complications include at 
least one fetal death at 10 weeks’ or more gestation, at least one 
premature birth before 35 weeks, or at least three consecutive 
miscarriages before the 10th week. All other causes of preg-
nancy morbidity must be excluded. The APA have to be 
present on two or more occasions at least 6 weeks apart.

APA are immunoglobulins against proteins bound to nega-
tively charged (anionic) phospholipids [82]. They can be 
detected by screening for antibodies binding directly to protein 
epitopes (e.g., β2-glycoprotein-1, prothrombin, annexin V) or 
by indirectly detecting antibodies reacting to proteins present 
in an anionic phospholipid matrix (e.g., cardiolipin and 
phosphatidylserine) or by evaluating the “downstream” 
coagulation effects of these antibodies on in vitro prothrombin 
activation (i.e., lupus anticoagulants) [83]. 

Persistently high levels of these antibodies are associated 
with obstetric complications in about 15–20% of affected 
patients including fetal loss after 9 weeks’ gestation, abrup-
tion, severe preeclampsia, and intrauterine growth restriction 
(IUGR). The most consistent association with fetal loss is seen 
with lupus anticoagulants with reported odds ratios of 3.0–4.8 

Table 31.2 Prevalence and detection of maternal inherited thrombophilias.

Thrombophilia Prevalence (%) Detection Methods References

FVL  5.3 PCR 74, 75

Prothrombin G20201A  2.9 PCR 76, 77

Hyperhomocysteinemia <5 Fasting assay, ELISA  78

Antithrombin defi ciency   0.2 Functional assay with a cut-off of <60% 63, 79

Protein S defi ciency   0.2 Measure total free antigen level with a cut-off of <55% in nonpregnant patients 80

   and <45% in pregnant patients (repeat to confi rm)

Protein C defi ciency  0.2 Functional assay with a cut-off of <50% 63, 79

ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain reaction.
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while anticardiolipin antibodies display a wider range of 
reported odds ratios of 0.86–20.0 [82]. While a component of 
the defi nition, there is substantial controversy whether APA 
are also associated with recurrent (three or more) early miscar-
riage less than 10 weeks in the absence of stillbirth because at 
least 50% of pregnancy losses in APA patients occur after the 
10th week [84]. Moreover, compared with patients having 
unexplained fi rst trimester losses without APA, those with 
antibodies more often have documented fetal cardiac activity 
prior to a loss (86% vs. 43%; P <0.01) [85]. In addition, a meta-
analysis of seven studies reported no signifi cant association 
between APA and either clinical pregnancy (OR 0.99; 95% CI, 
0.64–1.53) or live birth rates (OR 1.07; 95% CI, 0.66–1.75) in 
patients undergoing IVF [86]. 

Suggested pathogenic mechanism(s) by which APA induce 
fetal loss include impairment of the anticoagulant effects of 
placental anionic phospholipid binding proteins β2-glycopro-
tein-I and annexin V [87,88], and APA induction of decidual 
and placental bed complement activation [89]. Treatment 
includes low molecular weight heparin, low dose aspirin, and 
hydroxychloroquine, and appears to be associated with an 
80% live birth rate. 

Immunologic causes

Theoretically, the fetus represents an allograft and maternal 
immune rejection should result in recurrent pregnancy loss. 
However, a host of mechanisms exist to prevent such a phe-
nomenon. These include trophoblast expression of non-immu-
nogenic human leukocyte antigen G (HLA-G) and Fas ligand, 
which can induce programmed cell death in attacking leuko-
cytes. The placenta also produces a myriad of immunosup-
pressive factors such as human chorionic gonadotropin 
(hCG), pregnancy-associated plasma protein A (PAPP-A), 
and progesterone, and facilitates a doubling of free maternal 
cortisol levels through the production of corticotrophin-
releasing hormone.

Two principal theories have been espoused to account for 
possible maternal immunologically mediated adverse preg-
nancy outcomes: absence of so-called “blocking” antibodies, 
and excessive decidual natural killer (NK) cell activity. The 
nature of the putative blocking antibodies were maternal 
antipaternal lymphocytoxic antibodies. The theory was that 
excessive HLA sharing by prospective parents would lead to 
the absence of such antibodies. This, in turn, would expose 
placental antigens to a more cytotoxic maternal immune 
response. Proponents of this theory advocated treatment of 
recurrent miscarriage patients lacking such antibodies with 
infusions of their partner’s or third party leukocytes or extracts 
of placental trophoblast to induce antibody production. 
However, meta-analyses of such approaches failed to support 
effi cacy [90]. Ober et al. [91] conducted a double-blind, placebo-
controlled, multicenter, randomized, clinical trial in which 91 

recurrent miscarriage patients were assigned to immuniza-
tion with paternal mononuclear cells, and 92 to sterile saline 
injections [91]. These investigators noted higher numbers of 
viable pregnancies in the placebo compared with the treat-
ment group (41/85 [48%] versus 31/86 [36%]; OR 0.60; 95% CI, 
0.33–1.12) [91]. Ultimately, the US Food and Drug Administra-
tion moved to constrain such treatment. 

The link between elevated NK cell activity and recurrent 
miscarriage has been suggested by several small studies. The 
underlying theory is that excess decidual NK cell activity may 
damage the implanting blastocyst or derange early placenta-
tion to promote miscarriage. Yamada et al. [92] reported that 
elevated peripheral blood preconception NK cell activity 
(>46%; relative risk [RR] 3.6; 95% CI, 1.6–8.0) and percentages 
of circulating NK cells (>16.4%; RR 4.9; 95% CI, 1.7–13.8) pre-
dicted subsequent biochemical pregnancy and miscarriage 
with normal karyotype in the next pregnancy among recur-
rent aborters. These fi ndings have been supported by other 
[93,94] but not all investigators [95]. Complicating this issue, 
we have recently shown that the mRNA repertoire of circulat-
ing NK cells is far different from that of decidual NK cells [96]. 
This calls into question the logic and biologic plausibility of 
measuring peripheral blood NK cell activity as a proxy for 
decidual and placental bed NK cell activity. Indeed, decidual 
NK cell numbers are not increased in spontaneous versus 
induced abortion specimens [97]. Thus, the scientifi c under-
pinning of this innate immune theory of recurrent miscarriage 
remains suspect. 

Morikawa et al. [98] evaluated the outcome of intravenous 
immunoglobulin (IVIG) treatment in 18 pregnancies from 15 
women with four or more consecutive miscarriages of unex-
plained etiology. They noted that 14 treated pregnancies 
resulted in live births and four resulted in abortions with chro-
mosome abnormalities. Treatment also reduced preinfusion 
peripheral blood NK cell activity and NK cell number. 
However, one must exercise extreme caution in interpreting 
this small, uncontrolled study because IVIG has not been 
shown to be effi cacious when used in unselected women with 
unexplained recurrent primary miscarriage [90]. Moreover, 
there is growing evidence that increased decidual NK cell 
activity is required for normal placentation [99], and that 
reduced decidual NK cell activity may be associated with 
preeclampsia and IUGR [100]. Thus, there is very little 
evidence to support the assessment of peripheral NK cell 
activity in recurrent miscarriage patients and there is growing 
evidence against treatment to suppress decidual NK cell activ-
ity with IVIG. 

Evidence-based evaluation of couples 
experiencing recurrent miscarriage

A number of social and anthropomorphic factors are modestly 
associated with the occurrence of isolated and recurrent 
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miscarriage. These include cigarette smoking, heavy caffeine 
use, and obesity [101,102]. Thus, smoking cessation, reduction 
in caffeine use, exercise, and diet are all prudent interventions 
in affected patients. 

Based on the most common etiologies and their gestational 
age association it would appear prudent to classify patients 
with recurrent loss into those with recurrent early losses (i.e., 
prior to 10 weeks) and those with later losses (i.e., after 10 
weeks). The focus of the evaluation of a patient with recurrent 
early miscarriages should be on the identifi cation of genetic 
factors. Thus, parental karyotypes, aggressive karyotyping 
of abortus specimens, and assessment of the placental pathol-
ogy for trophoblast inclusions would appear reasonable 
diagnostic studies. The latter are particularly appropriate 
when no prior abortus karyotypes were obtained and when 
there are intermittent euploid losses at around the same gesta-
tional ages. 

Treatment of patients with recurrent early losses should 
include nutritional supplementation with folate. Because 
luteal phase defects may have a role in very early losses, 
progestational supplementation in the luteal phase (3–14 
days after ovulation) and until 10 weeks’ gestation appears rea-
sonable. However, the utility of IVF with preimplantational 
screening for common aneuploidies remains an unproven 
therapy in patients with recurrent aneuploid losses because 
of advanced maternal age or parental chromosomal 
abnormalities.

For losses at or after 10 weeks’ gestation, a genetic evalua-
tion should also be performed; evaluation for inherited throm-
bophilias would also appear prudent (Table 31.2). Treatment 
of affected patients with low molecular weight heparin 
may be benefi cial in women with recurrent fetal loss and 
documented thrombophilias other than hyperhomocysteine-
mia. The latter patient generally can be treated with folate and 
anticoagulation should be limited to those who fail such 
therapy and have persistently elevated fasting homocysteine 
levels. 

For patients with either or both early and late miscarriages, 
a search for uterine anatomic abnormalities should be con-
ducted with sonohysterography and three-dimensional 
ultrasound. Remediable defects should be corrected prior 
to attempting a subsequent pregnancy. In addition, a 
work-up for antiphospholipid antibodies should be 
performed. 

Conclusions

In summary, the evaluation and treatment of patients with 
recurrent miscarriage should include the following.
1 Parental karyotypes, and assessment of prospective abortus’ 
karyotype. If parental chromosomal abnormalities (e.g., trans-
location) or abortus’ aneuploidy are detected, consider IVF 
with preimplantation screening.

2 When karyotypes of abortus’ specimens are not available 
and/or the patient’s losses are intermittent and generally 
occur at the same gestation age, analyze the placental speci-
mens of prior losses for trophoblast inclusions. If present, 
obtain an extended pedigree to rule-out X-linked recessive 
lethal disorders or autosomal recessive disorders. Consider 
high-resolution parental karyotyping to rule out subtle chro-
mosomal defects. When mendelian disorders are detected, 
treatment can consist of further attempts at spontaneous 
conception or donor gametes. If minor parental chromosomal 
defects are observed, consider IVF with preimplantation 
screening.
3 Treat with empiric folate and both luteal phase and gesta-
tional progestational supplementation.
4 Consider assessing prolactin levels and ruling out insulin 
resistant PCOS, treating affected patients with bromocryptine 
or metformin, respectively.
5 Evaluate uterus with sonohysterography and three-dimen-
sional ultrasonography, and consider hysteroscopic repair of 
remediable defects prior to conception.
6 Evaluate for APA (lupus anticoagulant, as well as IgM 
and IgG for anticardiolipin, antiphosphatidylserine, anti-β2-
glycoprotein-I, antiannexin V and antiprothrombin antibod-
ies). Treat with low molecular weight heparin, low dose 
aspirin, and hydroxychloroquine in subsequent pregnancy.
7 A work-up for inherited thrombophilias if the losses have 
occurred at or after 10 weeks (Table 31.2). Treat with low 
molecular weight heparin in next pregnancy.

Further complicating care, patients having miscarriage 
have high rates of subsequent depression, and repetitive mis-
carriage may increase risks of post-traumatic stress disorders 
[103]. As a consequence, they are highly suggestible and more 
easily accepting of unorthodox treatments. Thus, couples 
experiencing recurrent miscarriage should be screened for 
depression and post-traumatic stress disorder, and appropri-
ate psychological support provided. Finally, patients should 
be reassured of the high spontaneous remission rate. 

Case presentation 1

A 39-year-old G5P0050 presents with fi ve consecutive miscar-
riages in the past 2 years. She has unremarkable past medical, 
surgical, and gynecological histories, and a 15 pack-year 
smoking history. Her menses are regular although her cycle 
has lengthened in the past 18 months from 28 to 34 days. She 
also notes recent onset of rare hot fl ushes and night sweats that 
disturb her sleep. All losses occurred at <9 weeks. Two con-
sisted of chemical pregnancies. Three required curettage. The 
products of conception of her last loss were karyotyped and 
revealed trisomy 22. 
1 What is the most likely etiology of these losses?
2 What additional diagnostic studies are indicated?
3 What treatment regimen would you recommend?



Spontaneous Abortion

259

Case presentation 2

A 28-year-old G5P2032 presents with a history of two term 
births of healthy unaffected female infants following uncom-
plicated pregnancies. Her losses all occurred at around 16 
weeks’ gestation in her initial, middle, and last pregnancies. 
She has no medical complications, does not smoke or abuse 
caffeine. Karyotype of her last loss revealed 46 XY. Her 
placental pathology report revealed no evidence of ischemia, 
decidual vasculopathy, or infection but made mention of mul-
tiple trophoblast inclusions. 
1 What is the most likely etiology of these losses?
2 Are there any diagnostic studies indicated?
3 How should she be counseled?
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32 The incompetent cervix
John Owen

Although the term “cervical incompetence” was fi rst used in 
the Lancet in 1865, the contemporary concept was not widely 
accepted until the middle of the 20th century after Palmer and 
Lacomme [1] in 1948 and Lash and Lash [2] in 1950 independ-
ently described interval repair of anatomic cervical defects 
associated with recurrent spontaneous mid-trimester birth. 
Soon thereafter, Shirodkar [3] in 1955, McDonald [4] in 1957, 
and later Benson and Durfee [5] in 1965 described the cerclage 
procedures utilized in contemporary obstetric practice. Nev-
ertheless, the literature on cervical incompetence has been 
essentially a chronicle of surgical methods to correct often 
post-traumatic anatomic disruption of the internal os, in 
women who had experienced recurrent painless dilatation 
and mid-trimester birth. Evidence-based guidelines for many 
aspects of the diagnosis and management are still lacking.

Syndrome of spontaneous preterm birth

Spontaneous preterm birth is a syndrome comprised of several 
anatomic or functional components [6]. These include the 
uterus and its contractile function (i.e., preterm labor), loss of 
chorioamnionic integrity (i.e., preterm rupture of membranes), 
and, fi nally, diminished cervical competence, either from a 
primary anatomic defect or from early pathologic cervical rip-
ening (i.e., cervical incompetence). In a particular pregnancy, 
a single feature may appear to predominate, even though it is 
more likely that most cases of spontaneous preterm birth result 
from the interaction of multiple stimuli and functional path-
ways. Importantly, the relative contribution of each of these 
components may vary, not only among different women, but 
also in successive pregnancies of the same woman.

Biologic continuum of cervical competence

As early as 1962, Danforth and Buckingham [7] suggested that 
cervical competence was not an all-or-nothing phenomenon 

as traditionally taught. Rather, it comprised degrees of incom-
petency, and combinations of factors could cause “cervical 
failure.” In their proposed classifi cation, one group of patients 
had ostensibly normal cervical tissue, whose integrity as a 
fi brous ring had been previously damaged as the result of 
antecedent obstetric trauma. These might even be concealed 
by a normal-appearing external os and ectocervix. The second 
group possessed an abnormally low collagen : muscle ratio 
that would compromise its mechanical function and lead to 
premature dilatation. The third group comprised women who 
had no history of antecedent trauma and who also had normal 
collagen : muscle ratios, but whose obstetric histories mim-
icked those of groups 1 and 2, presumably from premature 
triggering of other factors (cervical ripening). These biochemi-
cal and ultrastructural fi ndings support the variable, and often 
unpredictable, clinical course of women with a history of cer-
vical incompetence [8].

Although the traditional paradigm has depicted the cervix 
as either competent or incompetent, recent evidence, includ-
ing clinical data [9–12] and interpretative reviews [13–15], 
suggest that, as with most other biologic processes, cervical 
competence is rarely an all-or-nothing phenomenon, and it 
functions along a continuum of reproductive performance. 
Although some women have tangible anatomic evidence of 
poor cervical integrity, most women with a clinical diagnosis 
of cervical incompetence have ostensibly normal cervical 
anatomy. In a proposed model of cervical competence as a 
continuum, a poor obstetric history results from a process of 
premature cervical ripening, induced by infection, infl amma-
tion, local or systemic hormonal effects, or even genetic 
predisposition.

Diagnosis of cervical incompetence

The incidence of cervical incompetence in the general obstetric 
population is reported to vary between approximately 1 in 100 
and 1 in 2000 [16–18]. This wide disparity is likely because of 
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differences among study populations, reporting bias, and the 
diagnostic criteria used to establish the clinical diagnosis. 
Most of what is known about cervical incompetence and its 
treatment indicates that it is a clinical diagnosis, characterized 
by recurrent painless dilatation and spontaneous mid-trimes-
ter birth, usually of a living fetus. Associated characteristics, 
such as uterine contractions, bleeding, overt infection, or pre-
mature rupture of membranes, tend to shift the cause of 
spontaneous preterm birth away from cervical insuffi ciency 
and support other components of the preterm birth syndrome. 
Thus, a history of rapid, relatively painless labor should 
perhaps better characterize the diagnosis of cervical incompe-
tence. Women with cervical incompetence often have some 
premonitory symptoms such as increased pelvic pressure, 
vaginal discharge, and urinary frequency. These symptoms, 
although neither specifi c nor uncommon in a normal preg-
nancy, should not be ignored, particularly in women with risk 
factors for spontaneous preterm birth.

Because cervical incompetence is part of a broader syn-
drome, the diagnosis is retrospective and suggested only after 
poor obstetric outcomes have occurred (or occasionally, are in 
evolution). Because there are few proven objective criteria, 
other than a rare, gross cervical malformation, a careful history 
and review of the past obstetric records are crucial to making 
an accurate diagnosis. Unfortunately, in many instances, the 
records are incomplete or unavailable, and many women 
cannot provide an accurate history. Even with excellent 
records and history, clinicians might reasonably disagree on 
the diagnosis in all but the most classic presentation. Con-
founding factors in the history, medical records, or current 
physical assessment might be utilized to either support or 
refute the diagnosis, based on their perceived importance. It is 
crucial to realize that the physician managing a patient who 
experiences a spontaneous mid-trimester birth is in the best 
position to assess and document whether the clinical criteria 
for cervical incompetence were present.

Because of its unproven effi cacy in randomized clinical 
trials, and the attendant surgical risks, the recommendation 
for prophylactic cerclage should be limited to women with 
recurrent spontaneous preterm birth syndrome, after a careful 
history or physical examination suggest a dominant cervical 
component. Unless the physical examination confi rms a sig-
nifi cant cervical anatomic defect, consistent with disruption of 
its circumferential integrity, the clinician should assess the 
history for other components of the preterm birth syndrome: 
cervical incompetence remains a diagnosis of exclusion.

Management

Most of what is known about the management of the incompe-
tent cervix is based on case series that reported surgical correc-
tion of the presumed underlying mechanical defect in the 
cervical stroma. Branch [19] in 1986 and Cousins [20] in 1980 

collectively tabulated over 25 case series of cerclage effi cacy 
published between 1959 and 1981. Branch [19] estimated a 
precerclage survival range of 10–32% versus a perinatal sur-
vival range of 75–83% in the same cohorts of women managed 
with Shirodkar cerclage. Similarly, case series that utilized 
McDonald cerclage reported a cohort perinatal survival range 
of 7–50% prior to, and 63–89% after cerclage. Cousins [20] esti-
mated a “mean” survival before Shirodkar cerclage of 22% 
versus 82% post-therapy, and 27% and 74%, respectively, for 
investigators who utilized the McDonald technique. In total, 
over 2000 patients have been reported in these historic cohort 
comparisons. Interpretation of these series is limited by the 
following:
1 Diagnostic criteria were not consistent or always reported.
2 Defi nitions of treatment success were inconsistent (but 
generally recorded as perinatal survival, as opposed to a ges-
tational age-based endpoint).
3 Treatment approaches were not always detailed and might 
involve multiple combinations of surgery, medication, bed 
rest, and other uncontrolled therapies.
4 Cases were not subcategorized according to etiology (i.e., 
anatomic defects versus a presumed functional cause) [20].
Nevertheless, based on compelling, but potentially biased effi -
cacy data, the surgical management of women with clinically 
defi ned cervical incompetence has become standard practice.

Once a patient has been properly evaluated and deemed a 
suitable candidate for a prophylactic cerclage, a surgical 
method is chosen. In the presence of normal cervical anatomy 
and either no prior failed cerclage procedures, or a prior suc-
cessful McDonald cerclage, a McDonald procedure is the tech-
nique of choice, because it is technically easier to perform and 
appears to be as effective as the Shirodkar technique [21]. Shi-
rodkar cerclage should be reserved for women with anatomic 
deformities such as an unrepaired cervical laceration or a 
hypoplastic cervix where a McDonald cerclage is felt to be 
technically inadvisable. For example, a Shirodkar cerclage 
should be considered whenever there is less than 1 cm of 
visible cervix below the vaginal fornix. A patient with a prior 
failed McDonald cerclage occasionally presents for subse-
quent obstetric care or preconceptional counseling. If the prior 
failure is believed to be caused primarily by cervical insuffi -
ciency (as opposed to other components of the spontaneous 
preterm birth syndrome), the patient might be considered a 
candidate for either a Shirodkar or cervicoisthmic (Benson) 
procedure. Because few patients are appropriate candidates, 
and few physicians have surgical experience with the Benson 
procedure, it would seem prudent to relegate the decision to 
place a cervicoisthmic cerclage and the procedure itself to a 
tertiary center.

The chief advantage to prophylactic cerclage is that it can be 
offered in the early second trimester, after most spontaneous 
abortions have occurred. It also permits a sonographic evalua-
tion to rule out many fetal anomalies and the potential for fi rst-
trimester screening; prenatal diagnosis using chorionic villus 
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sampling can be performed prior to surgery. Many clinicians 
recommend obtaining cervicovaginal cultures for common 
pathogens and treating positive cultures prior to placing a cer-
clage. Active cervicitis should be considered a contraindica-
tion to prophylactic cerclage placement, and this must be 
successfully treated before surgery. Other contraindications 
to cerclage include ruptured membranes, certain (lethal) fetal 
anomalies, suspected or confi rmed intrauterine infection, 
vaginal bleeding, and labor.

McDonald cerclage

To place a prophylactic McDonald cerclage, the anesthetized 
patient is placed in dorsal lithotomy position. At least one 
assistant is required to provide exposure using right angle or 
medium-sized Deaver retractors. After an antiseptic vaginal 
prep, the anterior ectocervix is grasped with a sponge forceps, 
or similar nontraumatic instrument such as a Babcock clamp, 
used to provide counter traction. The urinary bladder is gener-
ally emptied prior to the procedure, although some recom-
mend leaving some urine in the bladder to better defi ne the 
position of the bladder as it refl ects onto the cervix.

Most surgeons utilize a permanent synthetic material such 
as No 1 or 2 nylon, Prolene, or Mersilene. Mersilene 5 mm tape 
has also been proposed, but is more diffi cult to pull through 
the stroma and requires more tissue traction and manipula-
tion. For right-handed surgeons, the fi rst tissue bite is taken at 
the 11–12:00 position on the cervix, exiting at around the 10:00 
position. When placing the anterior stitch, the surgeon must 
avoid the bladder mucosa that can be identifi ed by moving the 
cervix in and out, and noting where the vaginal mucosa folds 
in as it refl ects off the ectocervix. As the descending branches 
of the uterine artery are found at 3:00 and 9:00, this area should 
be avoided when placing the stitches.

The last bite should exit in close proximity to the original 
entry site. Another variation of the original procedure uses 
two sutures placed several millimeters apart [22]. This has the 
theoretic advantage of spreading the suture tension over a 
larger area and may help prevent the more cephalic stitch from 
becoming displaced. A second stitch should be considered if 
the fi rst suture was not optimally placed at the bladder refl ec-
tion anteriorly or as high as possible in the posterior vaginal 
fornix. It is necessary to record how many stitches were placed 
and where the knots were tied to facilitate their later removal.

After the cerclage stitch has been placed, it is important to 
take up any slack introduced with the multiple tissue bites, 
utilizing a “laundry bag” technique, whereby traction is 
applied to each side of the exiting suture while holding counter 
traction at the exit site with two fi ngers of the opposite hand. 
Once this is accomplished, the suture is tied down fi rmly but 
should not cause visible blanching of the surrounding tissue. 
In order to facilitate later identifi cation and removal, a long tag 
should be left above the knot. After placement, a digital exami-

nation will confi rm a closed endocervical canal that is not 
overly constricted. However, it should not admit a gloved 
fi nger.

“Risk factors” for cervical incompetence

While the historic concept of the diagnosis and treatment of 
cervical incompetence often includes women with past cervi-
cal trauma from birth-associated lacerations, forced dilatation, 
operative injury, or cervical amputation, the prevalence of 
these antecedent events appears to be decreasing in contem-
porary US practice. More common in contemporary practice 
are patients who have undergone prior treatment of cervical 
dysplasia using cold-knife cone, laser cone, or loop electrosur-
gical excision procedures (LEEP). These cervical procedures 
are plausibly risk factors for cervical incompetence. Numer-
ous studies have confi rmed that most women with prior LEEP, 
laser ablation, or cone biopsy do not appear to have a clinically 
signifi cant rate of second trimester loss or even preterm birth 
[23–25]. However, women in whom a large cone specimen 
was removed or destroyed (including cervical amputations), 
or who have undergone multiple prior procedures, do have an 
increased risk of spontaneous preterm birth [26,27]. Whether 
prophylactic cerclage is an effective strategy in these at-risk 
women remains speculative. The available clinical trial data 
[28] do not suggest a benefi t from prophylactic cerclage in 
women with these risk factors, and so these women may be 
followed clinically.

A similar controversy arises over the management of women 
with in utero diethylstilbestrol (DES) exposure. Because many 
women exposed to DES in utero were the products themselves 
of complicated gestations and were born to women with poor 
reproductive histories, it is plausible that at least a portion of 
the presumed DES effect may simply be of genetic origin [29]. 
Because the use of DES was effectively curtailed in the early 
1970s, this congenital risk factor should comprise a steadily 
diminishing group of patients and will soon be of no clinical 
concern. Currently, no controlled data support the effi cacy of 
prophylactic cerclage in these patients.

Is cervical incompetence a 
sonographic diagnosis?

Numerous investigators have asserted that cervical incompe-
tence can be diagnosed by mid-trimester sonographic evalua-
tion of the cervix. Various sonographic fi ndings including 
shortened cervical length, funneling at the internal os, and 
dynamic response to provocative maneuvers (e.g., fundal 
pressure) have been utilized to select women for treatment, 
generally cerclage. In most of these earlier reports, the sono-
graphic evaluations were not blinded, leading to uncontrolled 
interventions and diffi culty determining their effectiveness. 
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In many instances, the sonographic criteria for cervical incom-
petence were only qualitatively described and thus were not 
reproducible.

Currently, four randomized trials of cerclage for sonographic 
indications have been published [30–33]. Althuisius et al. [30] in 
the Netherlands enrolled patients believed to have cervical in-
competence based on their obstetric history. Of the 19 assigned 
to cerclage, there was no preterm birth <34 weeks versus a 
44% preterm birth rate in the no cerclage–home rest group 
(P = 0.002); none of the women who maintained a cervical length 
of at least 25 mm experienced a preterm birth. Rust et al. [31] 
enrolled 138 women who had various risk factors for preterm 
birth (including 12% with multiple gestations) and randomly 
assigned them to receive McDonald cerclage or no cerclage 
after their cervical length shortened to <25 mm or they devel-
oped funneling >25%. Preterm birth <34 weeks was observed in 
35% of the cerclage group versus 36% of the control group.

In a multinational trial comprising 12 hospitals in six coun-
tries, To et al. [32] screened 47,123 unselected women at 22–24 
weeks’ gestation with vaginal ultrasound to identify 470 with 
a shortened cervical length of 15 mm or less. Of these 470, 253 
participated in a randomized trial whose primary outcome 
was the intergroup rates of delivery prior to 33 weeks’ gesta-
tion. Women assigned to the (Shirodkar) cerclage group 
(n = 127) had a similar rate of preterm birth as the control popu-
lation (n = 126), 22% versus 26% (P = 0.44). Berghella et al. [33] 
screened women with various risk factors for spontaneous 
preterm birth (prior preterm birth, curettage, cone biopsy, 
DES exposure) with vaginal scans every 2 weeks from 14 to 23 
weeks’ gestation and randomly assigned 61 with a cervical 
length <25 mm or funneling >25% to McDonald cerclage or to 
a no-cerclage control group. Preterm birth <35 weeks was 
observed in 45% of the cerclage group and 47% of the control 
group. In none of the four published randomized trials did the 
authors specifi cally comment on the proportion of women 
who were delivered in the mid-trimester after a presentation 
consistent with clinically defi ned cervical incompetence.

The fi ndings of Rust et al. [31] and Berghella et al. [33] seem 
most applicable to obstetric practice in the USA, and these did 
not support the use of cerclage for sonographic fi ndings com-
monly cited as “abnormal” in women with various types of 
risk factors. The multinational trial by To et al. [32] confi rmed 
that shortened cervical length ≤15 mm identifi ed a very high-
risk group; however, approximately 100 women in a general 
obstetric population would have to be screened to fi nd one 
with this risk factor. None of these three trials demonstrated a 
benefi t from ultrasound-indicated cerclage. The trial by Althu-
isius et al. [30] focused on women whom they believed had a 
clinical diagnosis of cervical incompetence and who would 
have likely been candidates for prophylactic cerclage in the 
USA [34]. Nevertheless, their study does suggest a potential 
role for cervical ultrasound in women with a clinical diagnosis 
of cervical incompetence, if the intent is to avoid cerclage when 
the cervical length is maintained at ≥25 mm.

Incompetence in evolution

On occasion, a woman will present with symptoms and 
physical fi ndings that support an antepartum diagnosis 
of cervical incompetence. This syndrome, however, 
comprises a wide spectrum of clinical expression. Women 
who present with incompetence in evolution, generally 
defi ned as a mid-trimester cervical dilatation of at least 
2 cm and no other predisposing cause (labor, infection, bleed-
ing, ruptured membranes), are often considered for emergent 
cerclage.

Aarts et al. [35] reviewed eight case series published between 
1980 and 1992 comprising 249 patients who received an emer-
gent mid-trimester cerclage and estimated a mean neonatal 
survival rate of 64% (range 22–100%). Smaller, uncontrolled 
reports of cerclage suggested no benefi t [36] or some benefi t 
[37]. Although these reports are not of suffi cient scientifi c 
quality on which to base fi rm management recommendations, 
collectively they demonstrated several important concepts. 
The earlier the gestational age at presentation and the more 
advanced the cervical dilatation, the greater the risk of 
poor neonatal outcome. The fi nding of membrane prolapse 
into the vagina is also a signifi cant risk factor for poor out-
come [38].

Recently, Althuisius et al. [39] reported the results of a rand-
omized clinical trial of emergency cerclage plus bed rest versus 
bed rest alone in 23 women (singletons and twins) who pre-
sented with cervical dilatation and membranes prolapsing to 
or beyond the external os prior to 27 weeks’ gestation. They 
observed a longer mean interval from presentation to delivery 
(54 days versus 20 days; P = 0.046) in the cerclage group. Neo-
natal survival was 9/16 with cerclage and 4/14 in the bed rest 
group. Although the survival differences were not statistically 
signifi cant, there was signifi cantly lower neonatal composite 
morbidity (including death) in the cerclage group (10/16 
versus 14/14; P = 0.02).

Other reports show that women who present with 
incompetence in evolution have an appreciable (nominal 50%) 
incidence of bacterial colonization of their amniotic fl uid 
including other markers of subclinical chorioamnionitis [40–
42] or proteomic markers of infl ammation or bleeding [43]. 
Women with abnormal amniotic fl uid markers have a 
much shorter presentation-to-delivery interval, regardless of 
whether they receive cerclage or are managed expectantly 
with bed rest.

Thus, the optimal management of women who present with 
incompetence in evolution remains indefi nite. Although 
emergent cerclage may confer some benefi t, patient selection 
remains largely empiric. While not standard care, the evalua-
tion of amniotic fl uid makers of infection and infl ammation 
appear to have important prognostic value, although it is still 
unclear whether and to what extent the results should direct 
patient management.
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Post-cerclage management

There are a number of empiric recommendations regarding 
physical activity after discharge. A limited interval (24–48 
hours) of mandatory bed rest is often advised in the 
immediate postoperative period. Pelvic rest and sexual 
abstinence for the remainder of gestation are widely 
prescribed. Because the use of bed rest in pregnancy as an 
effective therapy has been seriously questioned [44], it 
seems reasonable to individualize this recommendation 
based on a patient’s symptoms and physical fi ndings. 
However, because women with cervical incompetence and 
cerclage are still at increased risk for preterm birth, physically 
demanding occupations or prolonged standing should be 
curtailed.

In the absence of indications for earlier removal, the 
stitch should be removed around 37 weeks’ gestation. Often 
performed in an outpatient setting, elective removal may be 
complicated by hemorrhage or appreciable diffi culty 
locating the suture, which may have become embedded 
in the cervical stroma. Because of its higher placement 
and use of 5 mm nonabsorbable tape, removal of a Shirodkar 
cerclage may be particularly troublesome. Diffi cult removal 
increases patient discomfort, and, at times, light conscious 
sedation may be required. Hemorrhage from the suture track 
may occur, but it can usually be controlled with direct 
pressure.

Because many women with clinically defi ned cervical 
incompetence and cerclage remain at high risk for developing 
other components of the spontaneous preterm birth syn-
drome, indications for cerclage removal remote from term 
may develop. Patients with cerclage should be instructed on 
the symptoms of preterm labor and be able to present early for 
evaluation. Women with cerclage and preterm labor can be 
managed with tocolytic medications and should receive corti-
costeroids according to published guidelines. Nevertheless, if 
labor is progressive, the cerclage must be removed. This deci-
sion is made by the managing obstetrician based on serial 
visual and manual examination of the cervix and lower uterine 
segment.

Preterm premature rupture of membranes (PPROM) com-
plicates 25–30% of pregnancies managed with cerclage 
[18,42]. Uncontrolled retrospective series have demonstrated 
that, when the cerclage is removed on admission, perinatal 
outcomes are indistinguishable from similar cases of PPROM 
with no antecedent cerclage [45–47]. Other series have 
addressed the question of whether the cerclage should be left 
in place or removed immediately after spontaneous mem-
brane rupture [48–50]. While these retrospective series cannot 
defi ne optimal management, in the absence of clinical trial 
data confi rming a benefi t from leaving the cerclage in place 
after PPROM, the current weight of evidence suggests that the 
cerclage should be removed.

Cerclage complications

The perceived simplicity and safety of transvaginal cerclage 
has made this treatment subject to empiric use, in spite of the 
risk of associated complications [51]. The most commonly 
reported complications associated with cerclage are mem-
brane rupture and intrauterine infection. Bleeding may 
occur, but serious hemorrhage is generally limited to the 
cervicoisthmic procedure. Essentially all transvaginal cer-
clage procedures are performed under regional anesthesia, 
which has a low complication rate. Harger [51] tabulated 
cerclage-associated complications reported in the past 40 
years. Chorioamnionitis complicated 0.8–8% of elective 
cerclage procedures and 9–37% of “urgent” or emergent pro-
cedures. Membrane rupture attributed to elective cerclage 
was observed in 1–18% and was associated with up to 65% of 
emergent cases. Whether cerclage alone can precipitate overt 
preterm labor seems doubtful. However, the foreign body 
might lower the threshold for uterine activity because of local 
infl ammatory effects. Uterine activity often occurs in proxim-
ity to cerclage placement and women who have undergone 
cerclage are more likely to receive tocolytic agents during their 
gestation [28].

Adjunctive management strategies for 
the incompetent cervix

Alternative therapies for cervical incompetence can be broadly 
classifi ed as either providing mechanical support or adminis-
tering pharmacologic measures to reduce infl ammation and 
infection in order to maintain uterine quiescence. A review of 
older case series of cerclage indicate that progesterone (usually 
17α-hydroxyprogesterone caproate), and, more recently, 
various tocolytic agents (usually indomethacin) and various 
prophylactic antibiotic regimens, are widely prescribed 
adjuncts to cerclage. Whether these agents alone or in combi-
nation offer any therapeutic value is unknown, because none 
has been proved effective in controlled intervention trials. 
However, of these, progesterone appears to be the most 
promising [52–54].

Investigators in Europe and the USA have studied vaginal 
pessaries for the treatment of the incompetent cervix [55]. In 
1961, Vitsky [56] proposed the mechanism whereby a lever 
pessary (Smith, Hodge, or Risser design) might be an effective 
treatment for the incompetent cervix. A vaginal pessary would 
displace the cervix posteriorly and shift the gravitational 
effects of the expanding uterine contents off the internal os and 
onto the anterior lower uterine segment. Interpretation of the 
clinical research in this area has been hampered by the fre-
quent use of historic-control study designs, similar to those 
utilized in most series espousing the effi cacy of cerclage. Like-
wise, the reported success rates of vaginal pessaries closely 
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mirror those observed with cerclage and nominal success rates 
are in the 80–90% range [55]. Only one randomized trial has 
been located, and this was a German study published in 1986 
by Forster et al. [57]. In this trial, 250 women were randomized 
to cerclage or pessary (the type was not stated). The cerclage 
group and pessary group had term delivery rates of 69% and 
62%, respectively. Another recent retrospective analysis of 36 
women with mid-trimester cervical shortening, managed 
either expectantly or with a Smith–Hodge pessary, showed a 
signifi cant decrease in the incidence of preterm birth <35 
weeks (0% versus 40%; P = 0.03) [58]. Although further com-
parative effi cacy trials are needed, it would seem reasonable to 
recommend a trial of vaginal pessary in women with unclear 
histories or those who demonstrate progressive cervical 
change on serial mid-trimester evaluations.

Conclusions

Contemporary lines of evidence indicate that cervical incom-
petence is rarely a distinct and well-defi ned clinical entity, but 
only one component of a larger and more complex syndrome 
of spontaneous preterm birth. The original paradigm of 
obstetric and gynecologic trauma as a common antecedent of 
cervical incompetence has been replaced by the recognition of 
functional, as opposed to anatomic defi cits as the more preva-
lent etiology. Cervical competence functions along a contin-
uum, infl uenced by both endogenous and exogenous factors 
that interact through various pathways with other recognized 
components of the preterm birth syndrome: uterine contrac-
tions and decidual activation/membrane rupture. Thus, the 
convenient term, cervical incompetence, may actually represent 
an oversimplifi ed, incomplete version of the broader patho-
physiologic process.

Case presentation

History

A 24-year-old para 0200 presents for preconception coun-
seling. Her obstetric history includes two prior spontaneous 
preterm births at 21 and 25 weeks’ gestation. Hysterosalp-
ingography performed several months after her fi rst loss was 
normal. Between her fi rst and second birth she underwent a 
LEEP procedure for dysplasia; review of the path reports 
shows that the specimen was <10 mm thick. More careful ques-
tioning and review of records shows that her fi rst delivery 
occurred after a relatively short and painless labor. The live-
born infant succumbed quickly to respiratory failure. Review 
of the placental path report showed chorioamnionitis, 
although she did not have puerperal fever. In her second preg-
nancy, she experienced spontaneous membrane rupture at 20 
weeks. She was managed expectantly with prophylactic anti-

biotics but at 25 weeks she developed clinical chorioamnioni-
tis. Labor was induced and lasted <4 hours. The infant was 
liveborn but perished from pulmonary hypoplasia.

Physical examination

Normal cervical anatomy with no palpable defect around the 
circumference. The cervical length to palpation is 1.5 cm. The 
external os appears parous but is fi rmly closed.

Assessment

Cervical incompetence from a nonanatomic functional 
etiology.

Plan

Discuss risks and benefi ts of prophylactic cerclage and plan to 
place a McDonald stitch at 12–14 weeks in her next pregnancy. 
Adjunctive progesterone (Delalutin) is also recommended 
beginning at 16 weeks.

Follow-up

In her next pregnancy, following the cerclage, she experiences 
PPROM at 23 weeks. The cerclage is removed and the patient 
managed expectantly in the hospital with antibiotics and a 
course of corticosteroids. At 27 weeks she develops regular 
contractions, and the cervix is found to be 6 cm dilated. She 
undergoes a low transverse cesarean for breech presentation. 
The infant has a protracted neonatal ICU course, but survives 
with no long-term sequelae.
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33 Gestational hypertension–preeclampsia 
and eclampsia
Labib M. Ghulmiyyah and Baha M. Sibai

Hypertension is the most common medical disorder during 
pregnancy [1]. Approximately 70% of women diagnosed with 
hypertension during pregnancy will have preeclampsia. The 
term “preeclampsia” is used to describe a wide spectrum of 
patients who may have only mild elevation in blood pressure 
(BP) or severe hypertension with various organ dysfunctions 
including acute gestational hypertension; preeclampsia; 
eclampsia; and hemolysis, elevated liver enzymes, low plate-
let count (HELLP) syndrome.

Gestational hypertension

Gestational hypertension is defi ned as a systolic BP of at least 
140 mmHg and/or a diastolic BP of at least 90 mmHg on at 
least two occasions at least 6 hours apart after the 20th week of 
gestation in women known to be normotensive before preg-
nancy and before 20 weeks’ gestation. The BP recordings used 
to establish the diagnosis should be no more than 7 days apart 
[2]. Gestational hypertension is considered severe if there is 
sustained elevations in systolic BP to at least 160 mmHg 
and/or in diastolic BP to at least 110 mmHg for at least 6 hours 
[1,3]. Some women with gestational hypertension will subse-
quently progress to preeclampsia. The rate of progression 
depends on gestational age at time of diagnosis; the rate 
reaches 50% when gestational hypertension develops before 
30 weeks’ gestation [4].

Preeclampsia

Preeclampsia is primarily defi ned as gestational hypertension 
plus proteinuria (≥300 mg/24-hour period) [1]. If 24-hour 
urine collection is not available, then proteinuria is defi ned as 
a concentration of at least 30 mg/dL (at least 1+ on dipstick) in 
at least two random urine samples collected at least 6 hours 
apart. The urine measurements used to establish proteinuria 
should be no more than 7 days apart [2]. The concentration of 

urinary protein in random urine samples is highly variable. 
Recent studies have found that urinary dipstick determina-
tions correlate poorly with the amount of proteinuria found in 
24-hour urine determinations in women with gestational 
hypertension [5]. Therefore, the defi nitive test to diagnose 
proteinuria should be quantitative protein excretion in a 24-
hour period. Severe proteinuria is defi ned as protein excretion 
of at least 5 g/24-hour period. Urine dipstick values should 
not be used to diagnose severe proteinuria [1,6]. In the absence 
of proteinuria, preeclampsia should be considered when ges-
tational hypertension is associated with persistent cerebral 
symptoms, epigastric or right upper quadrant pain with 
nausea or vomiting, thrombocytopenia or abnormal liver 
enzymes.

Preeclampsia is considered severe if there is severe 
gestational hypertension in association with abnormal pro-
teinuria or if there is hypertension in association with severe 
proteinuria (at least 5 g/24-hour period). In addition, preec-
lampsia is considered severe in the presence of multiorgan 
involvement such as pulmonary edema, seizures, oliguria 
(less than 500 mL/24-hour period), thrombocytopenia 
(platelet count less than 100,000/mm3), abnormal liver 
enzymes in association with persistent epigastric or right 
upper quadrant pain, or persistent severe central nervous 
system symptoms (altered mental status, headaches, blurred 
vision, or blindness) [1].

Perinatal outcomes

Gestational hypertension

In general, the majority of cases of mild gestational hyperten-
sion develop at or beyond 37 weeks’ gestation, and thus 
pregnancy outcome is similar to that seen in women with nor-
motensive pregnancies. On the other hand, maternal and peri-
natal morbidities are substantially increased in women with 
severe gestational hypertension. Indeed, these women have 
higher morbidities than women with mild preeclampsia. 
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The rates of abruptio placentae, preterm delivery (at less than 
37 and 35 weeks), and small for gestational age (SGA) infants 
in women with severe gestational hypertension are similar 
to those seen in women with severe preeclampsia. There-
fore, these women should be managed as if they had severe 
preeclampsia [1].

Preeclampsia

The perinatal death rate and rates of preterm delivery, SGA 
infants, and abruptio placentae in women with mild preec-
lampsia are similar to those of normotensive pregnancies. The 
rate of eclampsia is less than 1%, but the rate of cesarean deliv-
ery is increased because of increased rates of induction of 
labor. In contrast, perinatal mortality and morbidities as well 
as the rates of abruptio placentae are substantially increased in 
women with severe preeclampsia. The rate of neonatal 
complications is markedly increased in those who develop 
severe preeclampsia in the second trimester, whereas it is 
minimal in those with severe preeclampsia beyond 35 weeks’ 
gestation.

Severe preeclampsia is also associated with increased risk of 

maternal mortality (0.2%) and increased rates of maternal 
morbidities (5%) such as convulsions, pulmonary edema, 
acute renal or liver failure, liver hemorrhage, disseminated 
intravascular coagulopathy, and stroke. These complications 
are usually seen in women who develop preeclampsia before 
32 weeks’ gestation and in those with preexisting medical 
conditions [1,7].

Etiology and pathophysiology

The etiology of preeclampsia remains an obstetric enigma. 
Several etiologies have been proposed but most have not 
withstood the test of time. Some of these suggested causes 
include abnormal trophoblast invasion of uterine vessels, 
immunologic intolerance between fetoplacental and maternal 
tissues, maladaptation to cardiovascular changes, infl amma-
tory changes of pregnancy, and genetic abnormalities 
[8]. Some reported pathophysiologic abnormalities of 
preeclampsia include placental ischemia, generalized 
vasospasm, abnormal hemostasis with activation of the coag-
ulation system, vascular endothelial dysfunction, abnormal 
nitric oxide and lipid metabolism, leukocyte activation, 
and changes in various cytokines and growth factors. 
Recently, there is substantial evidence suggesting that the 
pathophysiologic abnormalities of preeclampsia are caused 
by abnormal angiogenesis, particularly an imbalance in 
sFlt-1 : PLGF ratio [9].

Management

The objective of management in women with gestational 
hypertension–preeclampsia must always be safety of the 

mother and then delivery of a mature newborn who will not 
require intensive and prolonged neonatal care. This can only 
be achieved by a plan that takes into consideration one or more 
of the following: the severity of the disease process, fetal gesta-
tional age, maternal and fetal status at time of the initial evalu-
ation, presence of labor, cervical Bishop score, and the wishes 
of the mother [1].

Mild hypertension or preeclampsia

Once the diagnosis of mild gestational hypertension or mild 
preeclampsia is made, subsequent therapy will depend on the 
results of maternal and fetal evaluation. (A suggested algo-
rithm for management of mild preeclampsia is described in 
Fig. 33.1 [1].)

In general, women with mild disease developing at 37 
weeks’ gestation or longer have a pregnancy outcome similar 
to that found in normotensive pregnancy. Thus, those who 
have a favorable cervix at or near term and patients who are 
considered noncompliant should undergo induction of labor 
for delivery [1].

All patients with mild preeclampsia should receive 
maternal and fetal evaluation at the time of their diagnosis. 
Maternal evaluation includes measurements of blood 
pressure, weight, and urine protein, and questioning about 
symptoms of headache, visual disturbances, and epigastric 
pain.

Laboratory evaluation includes determinations of 
hematocrit, platelet counts, liver enzymes levels, and a 24-
hour urine collection once a week. This evaluation is impor-
tant because patients may develop thrombocytopenia and 
abnormal liver enzyme levels with minimal blood pressure 
elevation. Fetal evaluation should include ultrasonography to 
determine fetal growth and amniotic fl uid volume every 3 
weeks, daily fetal movement count (“kick count”), and non-
stress testing at least once weekly. Patients are instructed to 
receive a regular diet with no salt restriction. Diuretics, 
antihypertensive drugs, and sedatives are not used. Several 
studies indicate that these agents do not improve pregnancy 
outcome, and may increase the incidence of fetal growth 
restriction [1].

With expectant management, patients are instructed to be 
on restricted but not complete bed rest, to have BP and urine 
(dipstick) checked daily and to report symptoms of severe 
disease.

The women are usually seen twice weekly for evaluation 
of maternal blood pressure, urine protein and symptoms 
of impending eclampsia. Maternal and fetal evaluation 
is performed twice weekly in an ambulatory testing unit. Any 
evidence of disease progression or development of acute 
severe hypertension is an indication for prompt hospita-
lization. Indications for delivery are summarized in 
Table 33.1.
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Mild hypertension–preeclampsia

Maternal and fetal evaluation

≥40 weeks’ gestation

Yes

No

<37 weeks

Inpatient or outpatient management

Maternal and fetal evaluation

Worsening maternal or fetal condition

40 weeks’ gestation

Bishop score ≥6 at ≥37 weeks

Labor

37–39 weeks

Delivery

Prostaglandins

≥37 weeks’ gestation
    Bishop score ≥6
    Noncompliant patient

≥34 weeks’ gestation
    Labor or rupture of membranes
    Abnormal fetal testing
    Intrauterine growth restriction

Fig. 33.1 Recommended management of mild 

gestational hypertension or preeclampsia. From 

Sibai [1] with permission.

In women with mild gestational hypertension, fetal 
evaluation should include an nonstress test (NST) and an 
ultrasound examination of estimated fetal weight and amni-
otic fl uid index. If the results are normal, then there is no need 
for repeat testing unless there is a change in maternal condi-
tion (progression to preeclampsia or severe hypertension) or 
there is decreased fetal movement or abnormal fundal height 
growth [1].

Severe preeclampsia

The presence of severe preeclampsia mandates direct admis-
sion to labor and delivery. Magnesium sulfate should be 
administered intravenously to should be given prevent con-
vulsions and antihypertensive medications should be given to 
lower severe levels of hypertension (systolic pressure greater 
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than 160 mmHg and/or diastolic pressure of at least 
110 mmHg). The aim of the antihypertensive therapy is to keep 
systolic BP at 140–155 mmHg and diastolic BP at 90–105 mmHg 
and prevent potential cerebrovascular and cardiovascular 
complications [1–3]. During the observation period, maternal 
and fetal conditions are assessed and a plan of management 
formulated regarding the need for delivery. Betamethasone 
12 mg i.m. is administered times two doses 24-hours apart. A 
suggested algorithm for management of severe preeclampsia 
is described in Fig. 33.2 [1].

Expectant management of severe preeclampsia

There is disagreement about treatment of patients with severe 
preeclampsia before 34 weeks’ gestation where maternal con-
dition is stable and fetal condition is reassuring. In such 
patients, some authors consider delivery as the defi nitive 
treatment regardless of gestational age, whereas others rec-

Table 33.1 Indication for delivery in mild preeclampsia.

Gestational age ≥40 weeks

Gestational age ≥37 weeks with:

Bishop score ≥6

Fetal weight <10th percentile

Nonreactive nonstress test pattern

Gestational age ≥34 weeks with:

Labor

Rupture of membranes

Vaginal bleeding

Persistent headaches or visual symptoms

Epigastric pain, nausea, vomiting

Abnormal biophysical profi le

Criteria for severe preeclampsia met

Severe preeclampsia

Admit to labor and delivery area

Maternal and fetal evaluation × 24 hours

Magnesium sulfate × 24 hours

Antihypertensives if systolic ≥160 mmHg

Diastolic ≥110 or mean arterial pressure >125 mmHg

Maternal distress

Nonreassuring fetal status

Labor or rupture of membranes

>34 weeks’ gestation

Yes

Yes
Steroids

Magnesium sulfate
Delivery

No

No

Severe intrauterine growth restriction

<23 weeks

Steroids at 24–32 weeks

Antihypertensives if needed

Daily evaluations of maternal–fetal conditions

Delivery at 34 weeks

Termination of
pregnancy

23–32 weeks 33–34 weeks

Fig. 33.2 Recommended management of 

severe preeclampsia. From Sibai [1] with 

permission.
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ommend prolonging pregnancy until development of mater-
nal or fetal indications for delivery, achievement of fetal lung 
maturity, or at 34 weeks’ gestation. Expectant management is 
safe in properly selected women with severe disease, although 
maternal and fetal conditions can deteriorate rapidly. 
Hospitalization and daily monitoring are required. These 
pregnancies involve higher rates of maternal morbidity 
and signifi cant risk of neonatal morbidity. For this reason, 
expectant management should proceed only in a tertiary 
care center with adequate maternal and neonatal facilities. 
These patients should be advised of the potential risks and 
benefi ts of expectant management, which requires daily 
monitoring of maternal and fetal conditions. It should be 
explained that the decision to continue expectant manage-
ment will be revisited on a daily basis and that the median 
number of days pregnancy is prolonged in these cases is 7 days 
(range 2–35 days) [10].

A plan for a vaginal delivery should be attempted for all 
women with mild disease and for the majority of women with 
severe disease, particularly those beyond 30 weeks’ gestation 
[2]. Cesarean delivery should be based on fetal gestational age, 
fetal condition, presence of labor, and cervical Bishop score. 
The presence of severe preeclampsia is not an indication for 
cesarean delivery. Elective cesarean section is recommended 
for women with severe disease below 30 weeks’ gestation who 
are not in labor with a Bishop score of less than 5. Women with 
severe preeclampsia and fetal growth restriction with unfavo-
rable cervix at less than 32 weeks’ gestation are better deliv-
ered by cesarean section.

Postpartum management

These women usually receive large amounts of intravenous 
fl uids during labor, as a result of prehydration before the 
administration of epidural analgesia, and intravenous fl uids 
given during the administration of oxytocin and magnesium 
sulfate in labor and in the postpartum period. In addition, 
during the postpartum period there is mobilization of extra-
cellular fl uid leading to increased intravascular volume. As a 
result, women with severe preeclampsia — particularly those 
with abnormal renal function, those with capillary leaks, and 
those with early onset — are at increased risk for pulmonary 
edema and exacerbation of severe hypertension postpartum. 
These women should receive frequent evaluation of the 
amount of intravenous fl uids, oral intake, blood products, and 
urine output as well as monitoring by pulse oximetry and pul-
monary auscultation.

In general, in most women with gestational hypertension, 
the BP becomes normotensive during the fi rst week postpar-
tum. In contrast, in women with preeclampsia the hyperten-
sion takes a longer time to resolve. In addition, in some women 
with preeclampsia there is an initial decrease in BP immedi-
ately postpartum, followed by development of hypertension 
again between days 3 and 6. Use of antihypertensive drugs is 

recommended if the systolic BP is at least 155 mmHg and/or if 
the diastolic BP is at least 105 mmHg. The drug of choice is oral 
nifedipine (10 mg every 6 hours) or long-acting nifedipine 
(10 mg b.i.d.) to keep BP below that level. If BP is well control-
led and there are no maternal symptoms, the woman is then 
discharged home with instructions for daily BP measurements 
by a home visiting nurse for the fi rst week postpartum or 
longer as necessary. Antihypertensive medications are dis-
continued if the pressure remains below the hypertensive 
levels for at least 48 hours [1].

HELLP syndrome

This term describes preeclamptic patients having hemolysis, 
elevated liver enzymes, and a low platelet count. The HELLP 
syndrome has been recognized as a complication of severe 
preeclampsia–eclampsia for many years [11]. Our criteria for 
the diagnosis of HELLP syndrome includes laboratory fi nd-
ings summarized in Table 33.2.

Approximately 90% of patients with HELLP syndrome are 
fi rst seen remote from term, complaining of epigastric or right 
upper quadrant pain. Approximately half have nausea or 
vomiting, and others have nonspecifi c viral syndrome-like 
symptoms. Hypertension or proteinuria may be absent or 
mild. Thus, some patients may display various signs and 
symptoms not diagnostic of severe preeclampsia. Conse-
quently, for all pregnant women having any of these symp-
toms, it is advisable to obtain a complete blood count, platelet 
count, and liver enzymes [11].

Some patients may fi rst be seen because of jaundice, gas-
trointestinal bleeding, hematuria, or bleeding from the gums. 
As a result, these patients are often misdiagnosed as having 
viral hepatitis, gallbladder disease, peptic ulcer disease, 
kidney stones, glomerulonephritis, acute fatty liver of preg-
nancy, idiopathic or thrombotic thrombocytopenia purpura, 
or hemolytic uremic syndrome.

Table 33.2 Recommended criteria for HELLP (hemolysis, elevated liver 

enzymes, and low platelet count) syndrome.

Hemolysis (at least two of these fi ndings )

Peripheral smear (schistocytes, burr cells)

Serum bilirubin (≥1.2 mg/dL)

Low serum haptoglobin

Severe anemia, unrelated to blood loss

Elevated liver enzymes

AST or ALT ≥ twice upper level or normal

LDH ≥ twice upper level of normal

Low platelets (<100,000/mm3)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, lactic 

dehydrogenase.
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Perinatal outcomes and management

The presence of HELLP syndrome is associated with an 
increased risk of maternal death (1%) and increased rates of 
maternal morbidities such as pulmonary edema (8%), acute 
renal failure (3%), disseminated intravascular coagulopathy 
(15%), abruptio placentae (9%), liver hemorrhage or failure 
(1%), adult respiratory distress syndrome, sepsis, and stroke 
(<1%). Pregnancies complicated by HELLP syndrome are also 
associated with increased rates of wound hematomas and the 
need for transfusion of blood and blood products. The devel-
opment of HELLP syndrome in the postpartum period further 
increases the risk of renal failure and pulmonary edema [11].

The reported perinatal death rate in recent series is in the 
range 7.4–20.4%. This high perinatal death rate is mainly expe-
rienced at very early gestational age (less than 28 weeks), in 
association with severe fetal growth restriction or abruptio 
placentae. Neonatal morbidities are dependent on gestational 
age at the time of delivery and they are similar to those in 
preeclamptic pregnancies without the HELLP syndrome. The 
rate of preterm delivery is approximately 70%, with 15% 
occurring before 28 weeks’ gestation [11].

Patients with the syndrome at less than 37 weeks should be 
referred to a tertiary care center and managed initially as any 
patient with severe preeclampsia. The fi rst priority is to assess 
the mother’s condition and stabilize it, particularly if she has 
coagulation abnormalities. The next step is to investigate fetal 
well-being with a nonstress test and biophysical profi le or 
Doppler assessment of fetal vessels. Finally, the decision must 
be made whether or not immediate delivery is indicated. A 
suggested algorithm for management is summarized in 
Fig. 33.3 [11]. Delivery may be delayed for 24–48 hours prior to 
34 weeks’ gestation to administer corticosteroids if the patient 
is asymptomatic and the fetus has reassuring testing. High-
dose steroids have been shown to improve platelet counts 
transiently in undelivered women with HELLP. However, 
these studies did not report improvement in clinically impor-
tant maternal morbidity such as the need for platelet transfu-
sion pulmonary, renal, or hepatic complications [12]. In 
addition, a recent, double-blind, placebo controlled trial 
revealed no benefi t from high-dose corticosteroids in women 
with HELLP syndrome [13].

Maternal and fetal conditions are assessed continuously 
during this time period. In some of these patients, there may be 

Refer to tertiary care facility (<35 weeks)

Admit to labor and delivery area

IV magnesium sulfate

Antihypertensives if systolic blood pressure is at least 160 mmHg;
diastolic blood pressure is at least 105 mmHg 

Less than 24 weeks

≥34 weeks

Fetal distress

Maternal distress
      Eclampsia
      Disseminated intravascular coagulopathy
      Renal failure
      Abruptio placentae
      Respiratory distress
      Suspect liver hematoma

Yes

No

24–34 weeks
Complete steroid course

24–48 hours latency

Immediate delivery
or termination
of pregnancy
at <23 weeks

Fig. 33.3 Management of HELLP (hemolysis, 

elevated liver enzymes, and low platelet count) 

syndrome. From Sibai [11] with permission.
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transient improvement in maternal laboratory tests; however, 
delivery is still indicated despite such improvement.

HELLP syndrome is not an indication for cesarean delivery, 
although cesarean delivery may be acceptable prior to 32 
weeks’ gestation with an unfavorable cervix, because of an 
anticipated long induction time in a clinically deteri-
orating gravida. Ripening agents as well as oxytocin can be 
used to initiate labor with a favorable cervix after 30 weeks. If 
thrombocytopenia is severe, regional anesthesia and puden-
dal blocks may be contraindicated. In this situation, intrave-
nous narcotics still can be administered for analgesia during 
labor.

Maintain platelet counts greater than 20,000/µL for vaginal 
delivery and 40,000/µL for cesarean delivery. If platelets fall 
below 40,000/µL prior to cesarean delivery, be prepared to 
administer platelets just prior to surgery and/or intraopera-
tively. At the time of skin incision 6–10 units of platelets are 
usually administered, and an additional 6 units are adminis-
tered if oozing is noted during surgery. Depending on the 
platelet count and degree of oozing, leave the bladder fl ap 
open and place an intraperitoneal and/or subcutaneous 
closed suction drain through a separate stab wound in an 
attempt to prevent wound hematomas. Table 33.3 summarizes 
the steps taken in cesarean delivery.

After delivery, patients with HELLP syndrome should 
receive close monitoring of vital signs, fl uid intake and output, 
laboratory values, and pulse oximetry for at least 48 hours. 
Intravenous magnesium sulfate prophylaxis should be con-
tinued for 48 hours.

The clinical and laboratory fi ndings of HELLP syndrome 
may develop for the fi rst time in the postpartum period. In 
these patients, the time of onset of the manifestations ranges 
from a few hours to 7 days, with the majority developing 
within 48 hours postpartum. Hence, all postpartum women 

and health care providers should be educated as to the signs 
and symptoms of HELLP syndrome. The treatment of patients 
with postpartum HELLP syndrome should be similar to that 
in the antepartum period, including the use of magnesium 
sulfate [11,12].

Eclampsia

Eclampsia is defi ned as the onset of seizures and/or unex-
plained coma during pregnancy or postpartum in patients 
with signs and symptoms of preeclampsia. Although most 
cases (90%) present in the third trimester or within 48 hours 
following delivery, rare cases (1.5%) have been reported at or 
prior to 20 weeks and as late as 23 days postpartum. The diag-
nosis of eclampsia is straightforward in the presence of hyper-
tension, proteinuria, generalized edema, and convulsions. 
However, these patients could present with a broad spectrum 
of signs, ranging from severe hypertension (20–54%), severe 
proteinuria and generalized edema (48%), to absent or mild 
hypertension (30–60%), absent proteinuria (14%), and no 
edema (26%) [14].

Other symptoms may occur before or after the onset of sei-
zures, including persistent frontal or occipital headaches (50–
75%), blurred vision (19–32%), photophobia, epigastric/right 
upper quadrant pain, and altered mental status. All these 
symptoms in the presence of the above-mentioned risk factors 
should keep the physician watchful for development of 
eclampsia [14].

Management

The cardinal steps in the management of eclampsia are as 
follows.

Do not attempt to arrest the fi rst seizure especially when no 
intravenous access or skilled personnel for rapid intubation 
are available. First, support maternal respiratory and cardio-
vascular functions to prevent hypoxia. Establish airway 
patency and maternal oxygenation during or immediately 
after the acute episode. Even if the initial seizure is short, it is 
important to maintain oxygenation by supplemental oxygen 
administration via facemask with or without a reservoir at 
8–10 L/min because hypoventilation followed by respiratory 
acidosis often occurs. Pulse oximetry is advisable to monitor 
oxygenation in these patients. Arterial blood gas analysis is 
required if the pulse oximetry is abnormal (saturation less 
than 92%) [14].

Second, prevent maternal injury and aspiration by securing 
the bed’s side rails by elevating them and making sure they are 
padded. Place patient in lateral decubitus position to mini-
mize aspiration of oral secretions and vomitus in event of 
emesis.

Third, magnesium sulfate should be started to treat and 
prevent further seizures. The recommended regimen is to give 

Table 33.3 Cesarean delivery in HELLP syndrome.

Epidural anesthesia

 Platelet count >75,000/µL

General anesthesia

Platelet transfusion if necessary

 6–10 units

 Platelet count >40,000/µL

 In operating room at time of surgery

Vesicouterine peritoneum left open

Subfascial drain if oozing at time of surgery and/or platelet count <40,000/µL

Skin closure

 Subcutaneous drain (closed system)

 or

 Secondary closure 3 days later

Perioperative transfusions as needed

Intensive monitoring for 48 hours postpartum
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a loading dose of 6 g over 15–20 minutes followed by a contin-
uous infusion of 2 g/hour. Ten percent of patients might have 
a second convulsion after receiving magnesium sulfate. In this 
case, another 2 g bolus of magnesium sulfate can be given 
intravenously over 3–5 minutes. If the patient is still having 
seizure activity after adequate magnesium sulfate dosing, 
250 mg sodium amobarbital may be given intravenously over 
3–5 minutes. Be watchful for magnesium toxicity in women 
with abnormal renal function. Signs and symptoms and man-
agement of magnesium toxicity are given in Table 33.4.

Fourth, it is important to reduce and maintain blood pres-
sure in a safe range. The goal is to keep systolic BP at 140–
160 mmHg and diastolic BP at 90–110 mmHg. It can be achieved 
with intravenous bolus doses of 5–10 mg hydralazine or 20–
40 mg labetalol every 15 minutes, as needed, or 10–20 mg 
nifedipine orally every 30 minutes to a maximum dosage of 
50 mg in 1 hour. Sodium nitroprusside or nitroglycerine is 
rarely needed in eclampsia. Diuretics are not used except in 
setting of pulmonary edema.

Finally, begin induction of labor within 24 hours. It is impor-
tant to keep in mind that the presence of eclampsia is not an 
indication for cesarean delivery. The patient should not be 
rushed to operating room, especially if maternal condition is 
not stable. It is to the fetus’ advantage to be resuscitated in utero 
fi rst. However, if bradycardia or persistent late decelerations 
occur despite resuscitative measures then a diagnosis of 
abruptio placentae or nonreassuring fetal status should be 
considered. The decision to proceed with cesarean delivery 
after maternal stabilization is based on the fetal gestational 
age, fetal condition, presence of labor, and cervical Bishop 
score. Cesarean delivery is recommended for those with 
eclampsia before 30 weeks, who are not in labor, and have a 
Bishop score below 5. Patients in labor or with ruptured mem-
branes are allowed to deliver vaginally in the absence of 
obstetric complications. Labor can be induced with either 

Table 33.4 Magnesium (Mg) toxicity.

Manifestations

Loss of patellar refl ex (8–12 mg/dL)

Feeling of warmth, fl ushing (9–12 mg/dL)

Somnolence (10–12 mg/dL)

Slurred speech (10–12 mg/dL)

Muscular paralysis (15–17 mg/dL)

Respiratory diffi culty (15–17 mg/dL)

Cardiac arrest (30–35 mg/dL)

Management

Discontinue magnesium sulfate

Obtain magnesium (serum) level

If magnesium level >15 mg/dL

 Give 1 g calcium gluconate i.v.

 Intubate

 Assist ventilation

oxytocin or prostaglandins in all patients after 30 weeks’ 
gestation irrespective of Bishop score.

During the convulsion there is usually a prolonged deceler-
ation and/or bradycardia. Following the convulsion and as a 
result of maternal hypoxia and hypercarbia, fetal heart rate 
monitoring might show compensatory tachycardia, decreased 
beat–beat variability, and transient late decelerations [14]. 
Additionally, uterine contraction monitors demonstrate both 
increase in uterine tone and frequency. The duration of the 
increased uterine activity varies from 2 to 14 minutes (Table 
33.5). Because the fetal heart rate pattern usually returns to 
normal after a convulsion, other conditions should be consid-
ered if an abnormal pattern persists. It may take longer for the 
heart rate pattern to return to baseline in an eclamptic woman 
whose fetus is preterm with growth restriction. Abruptio pla-
centae may occur after the convulsion and should be consid-
ered if uterine hyperactivity remains, if there is repetitive late 
decelerations, or fetal bradycardia persists.

Magnesium sulfate should be continued for at least 24 hours 
after delivery and/or after the last convulsion. In the presence 
of renal insuffi ciency, rates of both fl uid administration and 
magnesium sulfate should be reduced. After delivery, oral 
antihypertensive medication can be used to maintain systolic 
BP below 155 mmHg and diastolic BP below 105 mmHg. 
Starting 200 mg labetalol every 8 hours (maximum dose 
2400 mg/day) or 10 mg nifedipine every 6 hours (maximum 
dose 120 mg/day) is recommended. Oral nifedipine offers a 
benefi cial diuretic effect in the postpartum period. There are 
no risks from the combined use of magnesium sulfate and oral 
nifedipine [14].

Prediction and prevention of preeclampsia

Numerous clinical, biophysical, and biochemical tests have 
been proposed for the prediction or early detection of preec-
lampsia. Unfortunately, most of these tests suffer from poor 
sensitivity, poor positive predictive values, and the majority 
of them are not suitable for routine use in clinical practice. At 
present, there is no single screening test that is considered reli-
able and cost-effective for predicting preeclampsia [8].

Table 33.5 Transitory changes associated with eclamptic convulsions.

Uterine hyperactivity

Increased frequency of contractions

Increased uterine tone

Duration of contraction ≥2–15 minutes

Fetal heart rate changes

Bradycardia

Compensatory tachycardia

Decreased beat–beat variability

Late decelerations
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During the past two decades, numerous clinical reports and 
randomized trials described the use of various methods to 
reduce the rate and/or the severity of preeclampsia. Based on 
the available data, neither calcium supplementation nor low-
dose aspirin should be routinely prescribed for preeclampsia 
prevention in nulliparous women. In addition, zinc, magne-
sium, fi sh oil, and vitamins C and E should not be routinely 
used for this purpose. Even in studies revealing benefi cial 
effects, the results reveal reductions in a “defi nition of preec-
lampsia” without concomitant improvement in perinatal 
outcome [8].

Case presentation

A 20-year-old white primigravida at 35w 5d of gestation with 
an uneventful prenatal course was referred to labor and deliv-
ery by ambulance with severe preeclampsia. She has been 
complaining of headache and visual disturbance for the last 
2 days. Her past medical/surgical and social history was 
completely negative. Upon admission, her BP was 
180/110 mmHg. She had 2+ protein on urine dipstick. Bedside 
ultrasound confi rmed a singleton intrauterine pregnancy 
consistent with 35 weeks’ gestation. Fetal heart rate tracing 
was in the 150s and reassuring. Cervical examination revealed 
a Bishop score of 7.

Intravenous access was secured and laboratory tests were 
obtained for complete blood count (CBC) including platelet 
count, liver enzymes, and a metabolic profi le. A loading dose 
of 6 g magnesium sulfate was given over 20 minutes which 
was followed by a maintenance dose of 2 g/hour. Because of 
her severe hypertension, an intravenous 10-mg bolus of 
hydralazine was administered. Blood pressures were moni-
tored every 5–10 minutes; after 30 minutes BP was 150 mmHg 
systolic and 105 mmHg diastolic. Maternal urine output and 
refl exes were monitored every hour. The results of the blood 
tests revealed a platelet count of 110,000/mm3, a hematocrit of 
38%, and normal liver enzymes. Once maternal and fetal con-
ditions were considered stable, intravenous oxytocin was 
started to initiate labor.

The patient subsequently underwent a spontaneous vaginal 
delivery of an infant weighing 2650 g with Apgar scores of 6 
and 9 at 1 and 5 minutes, respectively. Postpartum magnesium 
sulfate was continued for 24 hours. In addition, maternal vital 
signs, intake and urine output as well as patellar refl exes were 
monitored every hour. She was started on 10 mg oral nifed-
ipine every 6 hours because of elevated blood pressures. Three 
days postpartum she was discharged home to be seen in 1 
week at the outpatient clinic.

Interpreting results

Because this patient was diagnosed with severe preeclampsia 
at 35w 5d of gestation, she was not a candidate for steroid injec-
tions or expectant management. She was started on magne-
sium sulfate for seizure prophylaxis and antihypertensive 
medications to stabilize blood pressure and induction of labor 
was initiated.
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34 Emergency care in pregnancy
Garrett K. Lam and Michael R. Foley

Incidents requiring emergency care of the gravid patient rep-
resent some of the most diffi cult situations for the practicing 
clinician. The cause of maternal collapse is varied, with multi-
ple etiologies, and commonly the clinical situation is so dire, 
there is no time for accurate diagnosis. Attempts to resuscitate 
the mother are the starting point for intervention; however, as 
the resuscitation progresses, consideration of the fetus and its 
well-being must also be taken into account.

It is not the intention of the authors to attempt to cover all the 
causes of obstetric emergencies in a single chapter. Instead, we 
focus on amniotic fl uid embolism (AFE), and the management 
of its sequelae: disseminated intravascular coagulopathy 
(DIC), blood product replacement, and perimortem cesarean 
delivery. The discussion of these topics and their management 
should provide guidelines applicable to the treatment of most 
cases of obstetric emergency.

Amniotic fl uid embolism

AFE is one of the most catastrophic causes of maternal col-
lapse. Published literature, including data from a national reg-
istry, has estimated the incidence to be between 1 in 8000 and 1 
in 80,000 live births worldwide. Illustrative of its severity is its 
extremely high maternal mortality rate, reported in different 
sources to be 60–90% [1,2]. In the USA, AFE and pulmonary 
thromboembolism combine to account for approximately 20% 
of maternal mortality [3,4].

AFE is a diagnosis of clinical suspicion. Contributing factors 
include multiparity, precipitous or tumultuous labor, uterine 
hyperstimulation, rupture of membranes, and use of oxytocin. 
Episodes usually occur during labor and delivery, or in the 
immediate postpartum period, although individual cases 
have occurred around the time of cesarean delivery, D&C for 
termination of pregnancy, and amniocentesis.

Clinically, the signs of AFE are most notable for the triad of 
hypoxia, cardiovascular collapse, and coagulopathy. Sudden 
onset of dyspnea and hypoxia are usually the earliest signs of 

AFE, with rapid progression to respiratory failure. Indeed, 
50% of patients who expire within the fi rst hour of incident 
have cause of death attributed to profound hypoxemia and 
bronchospasm [5]. Affected patients may then rapidly develop 
cardiovascular failure, as manifested through dysrhythmias, 
pulseless electrical activity, and, ultimately, asystole. Cardio-
genic shock is the most malignant expression of AFE, produc-
ing an 86% mortality rate in affected patients [1]. DIC is often 
seen, and has been reported in over 50% of cases. The specifi c 
cause of DIC is unclear, but is believed to be related to leakage 
of thromboplastin-like material into maternal circulation [6]. 
Symptoms of agitation, nausea, mental status changes, and 
tonic–clonic seizures have also been reported in AFE patients 
[1], over and above the major triad of symptoms listed earlier.

In reviewing the symptomatology of AFE, it has been 
suggested that AFE is really a unique maternal immunologic 
response to fetal antigens in amniotic fl uid that have entered 
maternal circulation. Studies of patients with AFE have 
confi rmed the presence of elevated serum levels of tryptase, a 
protein released along with histamine by mast cells in cases of 
fatal anaphylaxis [7]. Furthermore, a study of registry data 
revealed that 41% of women with AFE had a history of allergy. 
Thus, the term “anaphylactoid syndrome of pregnancy” has 
been suggested in lieu of AFE [1].

No prophylaxis for AFE is known as there are no predispos-
ing factors to serve as forewarning in patients. Thus, the treat-
ment of AFE is unfortunately based solely on supportive care 
at the time of occurrence. The basic tenets of care, as in any case 
of maternal collapse, emphasize the need to maintain the 
patient’s ABCs (airway, breathing, circulation). As such, con-
tinuous monitoring of oxygen saturation, electrocardiogram 
(ECG) monitoring, and pulmonary artery catheterization are 
the quickest ways to monitor respiratory status, intravascular 
volume, and cardiovascular function accurately. Cardiopul-
monary resuscitation with consistent ventilation must be initi-
ated quickly to maintain placental perfusion in women who 
become unresponsive during an AFE, and continued until the 
woman is fully resuscitated.
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For those patients who weather the initial cardiopulmonary 
incident, left ventricular failure is seen. In order to ensure 
organ perfusion, forward fl ow of circulation must be main-
tained. Thus, optimizing ventricular preload, even at the 
potential expense of pulmonary congestion, is imperative. 
Use of an inotropic medication may also be considered, partic-
ularly when hypotension persists, despite aggressive volume 
expansion. It is at this point where the use of Swan–Ganz cath-
eterization is valuable.

Steroid administration has also been suggested as a treat-
ment based on the anaphylactoid reaction previously 
described. However, not enough evidence exists to show that 
steroid administration would have any more signifi cant 
effect than supportive care.

Disseminated intravascular coagulopathy

DIC is a coagulopathic state caused by the rapid consumption 
of clotting factors. Although there are two described clinical 
forms of DIC, this chapter focuses on acute DIC, not chronic 
DIC from long-term disease (e.g., cancer).

Episodes of DIC are identifi ed by common events. Specifi -
cally, the clotting cascade is rapidly activated via exposure of 
blood to massive amounts of tissue factor, a natural procoagu-
lant. This generates large amounts of thrombin which ulti-
mately cause extensive clot formation that obstructs the 
microvasculature of tissues and organs. Microscopically, 
peripheral blood smears will show microangiopathic hemo-
lytic anemia (Fig. 34.1). Initially, affected women exhibit 
petechiae and ecchymoses (Fig. 34.2). However, as the amount 
of intravascular thrombi builds, tissue necrosis and ischemia 
of multiple organ systems occur. An early study by Siegal et al. 
[8] looked at a series of patients with DIC (unrelated to preg-
nancy), and found that the most commonly affected organ 
systems were the kidneys, followed by liver, lungs, heart (car-
diogenic shock), and then the central nervous system (CNS).

In addition to ischemic sequelae, widespread thrombus for-
mation depletes the patient’s intrinsic amounts of clotting 
factors. A paradoxical state of anticoagulation develops in the 
patient, which is illustrated clinically by signs such as “oozing” 

of blood from intravenous sites, catheters, or friable surfaces 
such as mucosal membranes. In the pregnant patient, vaginal 
bleeding is one of the most common signs. The inability to clot 
augments the vicious cycle of organ failure as the loss of blood 
becomes diffi cult to stop, intravascular volume and oxygen-
carrying capacity drop, exacerbating systemic organ system 
failure and worsening chances for successful resuscitation. 
Given the potential severity of the disease, it is not surprising 
that DIC itself can have a very high mortality rate. In the 
general literature on DIC, mortality rates are in the range 40–
80% [9,10]; however, many of those fi ndings were based on 
trauma and burn cases, rather than pregnancy-related causes. 
There does not appear to be any data available directly address-
ing maternal mortality and DIC specifi cally.

Treatment of DIC is reviewed partly in the following section 
on blood product replacement; however, a short discussion on 
the use of heparin to treat DIC deserves mention. Given that 
DIC is based on consumption of clotting factors, use of antico-
agulants such as heparin to interrupt the clotting cascade is a 
theoretically sensible treatment option. However, no control-
led trials exist that indicate that heparin is benefi cial [5]. 

Fig. 34.1 Peripheral smear of patient with disseminated intravascular 

coagulopathy (DIC). Schistocytes and helmet cells are characteristic of 

microangiopathic hemolytic anemia. Note the lack of platelets seen in the 

microscopic fi eld. (From Emedicine with permission.)

Fig. 34.2 Petechiae and purpura seen in DIC. 

(From Emedicine with permission.)
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Furthermore, there is logical concern that heparinization 
would exacerbate bleeding, which could create further com-
plications in the patient who is postoperative from delivery. 
Thus, the mainstay of therapy would appear to be related to 
replacement therapy with blood products and recombinant 
factors.

Blood product replacement

In the treatment of DIC from AFE, the cardinal principle is con-
tinuing replacement of consumed blood products in order to 
maintain perfusion and circulation. This is a temporizing 
measure until the patient has been resuscitated and the bleed-
ing is stabilized. Thus, it is imperative to understand what 
comprises each type of blood product in order to choose which 
to use (Table 34.1).

The basic tenets for blood product replacement are to 
improve oxygen-carrying capacity, maintain intravascular 
volume, and treat coagulopathy. Transfusion with packed red 
blood cells (PRBCs) meets the fi rst two purposes. Each unit of 
packed cells contains approximately 200 mL of red cells in a 
total volume of 300 mL. In an adult patient without active 
bleeding, 1 unit should raise the hematocrit by approximately 
3%. In nonacute settings, blood that is specifi cally typed and 
cross-matched to the patient is used, and a leukopoor option is 
requested to decrease the risk of febrile transfusion reaction. 
In an acute setting of bleeding, where blood group and 
antibody screens are lacking, use of O negative PRBCs is 
the safest, quickest, temporizing option until properly 
matched products are available. In most acute care hospitals, 
typed and screened blood products can be made available 
within 30 minutes (Transfusion Services, Banner Good 

Samaritan Regional Medical Center, personal communica-
tion, 2005).

Platelet transfusion is considered when thrombocytopenia 
becomes severe enough that persistent bleeding becomes 
problematic. It has been our experience that people have indi-
vidual cut-offs for when platelet transfusion is prescribed; 
however, a general consensus exists that excessive bleeding 
from major trauma or surgery follows platelet counts less than 
50,000/mm3, and spontaneous bleeding occurs with platelet 
counts below 20,000/mm3. Furthermore, dilutional thrombo-
cytopenia requiring platelet transfusion can occur when a 
patient receives over 1.5–2 times their normal blood volume. 
Platelets can be collected from single or random donors, but 
are more commonly available as a group of 10 units from a 
single donor. One single donor unit should increase the plate-
let count 7500–10,000/mm3 after equilibration, usually occur-
ring within 10 minutes of transfusion [11]. Thus, in the setting 
of pathologic processes with massive platelet destruction or 
consumption, such as HELLP (hemolysis, elevated liver 
enzymes, and low platelet count) or DIC, platelet transfusions 
have very limited effect, and are often avoided except in a 
temporizing capacity (e.g., cesarean delivery in an affected 
patient). Of note, platelet concentrates contain red blood cells 
(RBCs) in the approximately 50 mL of serum they contain in 
each unit; thus, Rh negative patients should receive Rh-
immune prophylaxis.

The use of plasma products are more germane to the treat-
ment of our AFE patient, as they can replace many of the coag-
ulation products consumed or lost during the course of DIC. 
Several different preparations of plasma and coagulation 
products are available.

Fresh frozen plasma (FFP) is separated from freshly drawn 
blood, and is used to correct any factor defi ciency in a patient. 

Table 34.1 Table of blood products used for replacement.

   Volume 
Blood Product Contents Indications Added (mL) Effect

Packed RBCs Red cells, ~50 mL of plasma, Increases red cell mass, oxygen 300 Increases hematocrit on 

 WBCs carrying capacity, intravascular  average 3% per unit

  volume  (secondary)

Platelets (usually available Platelets, small amount of Treats bleeding from  50 Increases total platelet count

as 10-pack of single plasma, RBCs and WBCs thrombocytopenia  between 7500–10,000/mm3

donor platelets) 

Fresh frozen plasma Plasma and all clotting factors, Coagulation disorders, increases 250 Increases fi brinogen levels 

 fi brinogen intravascular volume (secondary  10–15 mg/dL per unit

  effect)

Cryoprecipitate Fibrinogen, factors V, Treats specifi c bleeding  40 Same as FFP; however, does 

 VIII, XIII, von Willebrand disorders (von Willebrand  not add as much intravascular 

 and fi brinogen disease, hemophilia) and any  volume

  fi brinogen disorders

FFP, fresh frozen plasma; RBC, red blood cell; WBC, white blood cell.
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It needs to be ABO-compatible with the patient, but does not 
require antibody cross-matching or Rh typing. A typical unit 
will provide an extra 250 mL volume, and contains approxi-
mately 700 mg fi brinogen, which should raise a patient’s 
fi brinogen level 10–15 mg/dL per unit. Of note, one may notice 
different recommendations to give FFP based on the number 
of PRBC units transfused, ranging from 1 unit FFP to every 3–
5 units PRBCs. No specifi c data have shown that prophylactic 
administration of platelets and FFP based solely upon the 
amount of transfused PRBCs have been of any benefi t [5]. 
Rather, it is recommended simply to transfuse appropriate 
products when necessary based on fi brinogen levels and clini-
cal observation.

When specifi c factors, such as factors VIII, XIII and von Will-
ebrand factor, or fi brinogen is needed, cryoprecipitate is a 
better choice. Cryoprecipitate is separated from FFP that has 
been warmed to refrigerator temperatures, given that it is 
cold-insoluble. It has a similar effect as FFP in raising fi brino-
gen levels 10–15 mg/dL per unit. Each unit is only 40 mL in 
volume, making it a logical choice in patients who require 
fi brinogen but cannot tolerate the larger volumes brought by 
FFP. Given that it is collected from a single donor unit of FFP, 
it carries less risk for transmission of hepatitis and HIV.

Recently, recombinant factor VIIa (rVIIa, aka NovoSeven) 
has been released for treatment of bleeding diathesis, prima-

rily for hemophilias. This synthesized protein, in combination 
with circulating tissue factor, is given to activate factor X in the 
common pathway of the coagulation cascade (Fig. 34.3). 
Thus, it has found novel uses for bleeding disorders from 
extensive surgery, trauma, thrombocytopenia, liver disease, 
or qualitative platelet dysfunction [12]. It has been selectively 
used for individual cases of obstetric hemorrhage [13], and, 
currently, there is one case report of its successful use for 
DIC in AFE [14]. Given its novelty, there is no known optimal 
or minimal dosing regimen for its use in pregnancy. The 
various case reports have described dosages ranging 20–
120 µg/kg for treatment of serious bleeding, and have reported 
clinically signifi cant hemostasis within 30 minutes of adminis-
tration. Although there appears to be great potential for the 
use of rVIIa in obstetric hemorrhage and DIC, reservation of its 
use for the most severe cases of hemorrhage seems most 
prudent.

Perimortem cesarean delivery

The fi nal consideration in all cases of obstetric collapse is 
timing of delivery to salvage the fetus. Unfortunately, there is 
a lack of depth in the study of this topic for the obvious reason 
that the opportunity to study this technique is unpredictable, 
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and thus our knowledge is based only on theoretical conclu-
sions drawn from physiologic data and case studies.

According to the paper by Katz et al. [15], the decision to 
perform perimortem cesarean delivery must be made quickly 
and without equivocation. Their paper states that any mater-
nal patient who suffers cardiac arrest in the third trimester 
should have cesarean delivery initiated within 4 minutes of 
the time of arrest, and delivery performed within 5 minutes of 
the seminal event. The recommendation for timing of delivery 
is based on the physiologic principle that irreversible anoxic 
damage occurs within 4–6 minutes from cessation of adequate 
cerebral perfusion. In the pregnant woman, anoxia occurs 
more quickly given the pre-existing reduction in functional 
residual capacity caused by the gravid uterus. Furthermore, it 
is maintained that cardiopulmonary resuscitation likely does 
not produce adequate blood fl ow in the pregnant patient. In 
nonpregnant patients, the thoracic compressions of cardio-
pulmonary resuscitation produce a stroke volume 30% of 
normal [15]. This stroke volume is worsened another two-
thirds in pregnancy because of caval compression by the 
gravid uterus, such that chest compressions are likely only 
producing a cardiac output that is 10% of normal [16]. There-
fore, delivery should immediately improve maternal per-
fusion, and actually improves the chance for successful 
resuscitation.

The 5-minute rule for delivery of the infant also appears to 
be supported by physiologic studies and case reports in the lit-
erature. Physiologic studies in animals show that a normal 
fetus has an oxygen reserve of around 2 minutes, but compen-
satory mechanisms and shunting may preserve oxygenation 
for vital organs for periods of time longer than 5 minutes. Katz 
et al.’s paper [15] reviewed the available data on fetal survivors 
from perimortem delivery, and found that most survivors 
were delivered within 5 minutes of arrest. However, as there 
are reports of infants who survived past the 5-minute period, 
and that most term infants have suffi cient reserve to recover 
from hypoxic insult, it has been recommended that any fetus 
with evidence of a heart rate should be delivered, even if it is 
past the 5-minute period.

Conclusions

Emergency care in pregnancy is a broad topic encompassing a 
myriad of causes. It is hoped that the review of the treatment of 
amniotic fl uid embolism and consideration of its attendant 
comorbidities has provided the reader with guidelines 
germane to the management of most types of maternal crises. 
The key principle for treatment of the patient with AFE is 
devoting full attention towards maintaining her circulation 
and perfusion, which would benefi t both fetus and patient. 
Awareness of time spent in resuscitation is a critical element in 
deciding when to perform perimortem cesarean delivery, as 
the goal for delivery should occur within minutes of complete 

arrest. Timely delivery may not only salvage a viable infant, 
but may also improve the mother’s chance for successful 
resuscitation. Finally, with successful resuscitation, attention 
must be paid to the needs of the patient’s associated complica-
tions, most notably DIC and blood product replacement. 
Correct usage of replacement products not only maintains 
adequate hemostasis and oxygenation, but will also assist in 
normalization of intravascular volume.

Case presentation

A 29-year-old African-American female, G2P1001 at 38 weeks’ 
gestation, has been on pitocin augmentation for the past 
12 hours. Fetal heart rate is consistently in the 140s, with good 
variability and no signs of hypoxia. At 4 cm dilatation, amniot-
omy is performed, with light meconium-stained fl uid noted. 
The patient then complains to her labor nurse that she is 
“feeling strange,” with lightheadedness and the inability to 
“think clearly.” She then, oddly, begins counting backwards 
from 10 spontaneously, and, before she fi nishes, loses 
consciousness.

The labor nurse notes that her oxygen saturations are acutely 
falling, dropping to the 80s.

The resident attempts bedside revival, but no response is 
obtained. Fetal heart tones become bradycardic to the 80s 
within minutes from loss of consciousness. She is rushed to the 
operating room for resuscitation, and has a grand mal seizure 
on the operating table. The anesthesiologist notes that the 
patient’s rhythm strip shows asystole. The fetal heart monitor 
verifi es a severe bradycardia.

The decision is made to perform a perimortem cesarean 
delivery of the fetus. Cardiopulmonary resuscitation is per-
formed concurrently. The infant is successfully delivered by 
low transverse cesarean section, and requires resuscitation in 
the operating room by the neonatal team.

Full code resuscitation is carried out on the patient through-
out the completion of the cesarean delivery. An inordinately 
small amount of blood loss is noted from the uterine incision. 
As the patient’s skin is being closed, a watery–bloody dis-
charge begins to ooze between the staples. She is also noted to 
be bleeding from her intravenous sites, and a large pool of 
blood is noted on the sheets of the operating table between her 
legs. The code is carried out for a full 50 minutes from the ini-
tiation of the cesarean, but the patient never recovers a consist-
ent heart rhythm. Death is pronounced approximately 
50 minutes from membrane rupture.
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35 Sonographic dating and standard 
fetal biometry
Alfred Abuhamad and David Nyberg

Pregnancy dating

Accurate pregnancy dating is a critical component of prenatal 
management. Precise knowledge of gestational age is essen-
tial for the management of high-risk pregnancies and in 
particular fetal growth restriction. Although uterine size, as 
measured by the fundal height, provides a subjective assess-
ment of the fetal size, ultrasound has a more precise role in 
confi rming gestational age [1].

Overestimation of gestational age based on menstrual 
dates refl ects a preponderance of misdated pregnancies 
resulting from delayed ovulation in the conception cycle. 
Overestimation of true gestational age by the menstrual 
history results in an underestimate of the rate of preterm 
delivery [2] and an overestimate of the post-dates pregnan-
cies. In a retrospective review of a routinely scan-dated popu-
lation, Gardosi et al. [3] found that 72% of inductions carried 
out for post-term pregnancy (>294 days) according to 
menstrual dates were not actually post-term according to 
ultrasound dating.

Ultrasound has an integral role in confi rming gestational 
age, with a high accuracy when performed in the fi rst or the 
second trimesters. A study involving in vitro fertilization (IVF) 
pregnancy has shown an ultrasound accuracy for pregnancy 
dating of 3–4 days when performed between 14 and 22 weeks’ 
gestation [1]. Dating during the third trimester is less predic-
tive because of differences in fetal growth, and should be 
avoided.

First trimester

Dating by ultrasound in the fi rst half of pregnancy has become 
a routine part of antenatal care in many institutions around the 
world. Before 6 weeks, dating can be carried out by measure-
ment and observation of the gestational sac [4]. The gestational 
sac is visible as early as 4 weeks, and should always be visible 

by 5 weeks. The size of the gestational sac can be correlated 
with gestational age [5]. Because the mean sac diameter (MSD) 
grows at a rate of 1 mm/day, gestational age can be estimated 
by the formula:

Gestational age (days) = 30 + MSD (mm) [6]

Among all measurements, determination of the maximum 
embryonic length (crown rump length [CRL]) up to 14 weeks’ 
gestation is the most accurate for determining gestational 
age. The random error is in the range of 4–8 days at the 95th 
percentile [7–12].

Second and third trimester

When the CRL is above 60 mm, other biometric parameters are 
more useful for dating the pregnancy [13]. Standardized meas-
urements include the biparietal diameter (BPD), head circum-
ference (HC), femur length (FL), humeral length (HL), and 
abdominal circumference (AC). These grow in a predictable 
way and so can be correlated with gestational age. Virtually 
any other bone or organ can be measured and compared with 
gestational age.

In a study that involved pregnancies conceived with IVF, 
the HC was the most predictive parameter of gestational age 
between 14 and 22 weeks’ gestation as it predicts gestational 
age by 3.4 days [1]. Other parameters, such as the BPD, AC, 
and FL have good accuracy. Combining various biometric 
parameters improves the prediction of gestational age slightly 
over the HC alone [1].

The AC is a measure of fetal girth. It includes soft tissues of 
the abdominal wall as well as a measure of internal organs, pri-
marily the liver. Unlike other commonly used fetal measure-
ments, it is not infl uenced by bone. The importance of the AC is 
refl ected by the fact that, at term, 95% of newborns are found 
to be within 20% of expected length of 20 cm, whereas the 
weight may vary by 100% or more. Therefore, differences in 
weight must be explained primarily by variations in girth. 
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Not surprisingly then, the AC is among the least predictive 
measures of fetal age but the most predictive of fetal growth 
[14–16].

Estimation of fetal weight

The best overall measure of fetal size is obtained by estimating 
fetal weight. Numerous formulas for estimating fetal weight 
have been described and utilized [17–19]. Using standard 
biometry, some formulas use head measurements and AC, 
others use long bone measurements and AC, and others use all 
four measurements. The AC is included in all commonly used 
formulas of estimated fetal weight, and the AC also strongly 
infl uences fetal weight estimates [20]. Weight estimates based 
on AC alone have also been reported [21,22].

Hadlock [17], Dudley [18], Coombs et al. [19], Rose and 
McCallum [23], and Medchill et al. [24] estimations of weight 
formulas, which include BPD, HC, AC, and FL, result in a 
mean absolute error of approximately 10% [25,26]. Some for-
mulas for estimating fetal weight are volume-based and would 
be expected to be more accurate in predicting fetal weight; 
however, these volume-based equations have not been shown 
to be consistently more accurate and some studies have 
resulted in large systematic errors [27].

In experienced hands, nearly 80% of estimated weights are 
within 10% of the actual birth weights and most of the remain-
ing are within 20% of birth weights. However, accuracy 
decreases with less experienced sonographers [28]. A number 
of studies have documented that prediction of fetal weight by 
ultrasound is limited. In one study, Baum et al. [28] found that 
sonographic estimation of fetal weight was no better than clin-
ical or patient estimates at term.

Intrauterine growth restriction

Defi nition

The term “small for gestational age” (SGA) is commonly used 
to describe all fetuses that are small. SGA fetuses represent a 
heterogeneous group of both normal and “growth-restricted” 
fetuses.

It should be clear that estimated weights and weight per-
centiles only evaluate fetal size. This approach cannot distin-
guish growth-restricted compromised fetuses from otherwise 
healthy fetuses who are simply small for gestational age. 
Therefore, it is important to correlate estimates of fetal size 
with other correlates of fetal health including amniotic fl uid, 
Doppler studies, and fetal activity. For this reason, the term 
intrauterine growth restriction (IUGR) is appropriately 
applied to fetuses who are SGA and who show other evidence 
of chronic hypoxemia or malnutrition. Nevertheless, the terms 
SGA and IUGR are frequently used interchangeably.

Dynamic evaluation of fetal growth with serial ultrasound 
is more important than a single examination when fetal 
measurements are below the 10th percentile. This is true 
irrespective of the methods used, including cross-sectional 
or longitudinal growth charts, customized growth 
charts, or predicted fetal growth. The optimal measurement 
interval in small fetuses that combines acceptable 
technical error with useful clinical data while minimizing 
intra- and interobserver variabilities appears to be 
approximately 10 days [29]. However, longer time intervals 
will refl ect fetal growth in low-risk patients more accurately 
[30].

Several defi nitions exist in the literature for the diagnosis of 
IUGR. The defi nition that is most commonly used in clinical 
practice is an estimated fetal weight at less than the 10th 
percentile for gestational age. At this diagnostic threshold, 
approximately 70% of “affected” fetuses will be constitution-
ally small and have no increase in perinatal morbidity or mor-
tality [31]. Using the 5th percentile as a cut-off for the diagnosis 
of IUGR may be more clinically applicable, given that perina-
tal morbidity and mortality have been shown to increase 
beyond this threshold [32]. Of all the ultrasound-derived bio-
metric parameters, the AC is the most sensitive indicator for 
growth restriction in the fetus. An AC of less than the 2.5th per-
centile for gestational age carries a sensitivity of greater than 
95% for the diagnosis of IUGR [33,34]. The growth profi le of 
the AC should therefore be monitored closely in fetuses at 
risk for growth abnormalities. Furthermore, when estimating 
fetal weights by ultrasound, the appropriate growth curves 
should be used. Curves generated at high altitudes will 
underestimate IUGR by approximately 50% for sea level 
population [35].

Symmetric versus asymmetric

“Symmetric” IUGR has been used to describe the 
growth pattern when all biometric measurements appear 
affected to the same degree, whereas “asymmetric” IUGR 
has been used to characterize a smaller AC compared with 
other growth parameters. Asymmetric IUGR would then 
show abnormal ratios such as the HC : AC or FL : AC ratio 
[36].

When fi rst introduced, the term symmetric IUGR was sug-
gested as more likely to refl ect underlying fetal condition 
including aneuploidy, whereas asymmetric IUGR suppos-
edly refl ected underlying uterine–placental vascular dysfunc-
tion. However, these assumptions have proved to be largely 
false. Asymmetric IUGR was more likely to be associated with 
a major fetal anomaly in one study [37], may be seen with aneu-
ploidy (e.g., triploidy), and can initially present as symmetric 
IUGR [38]. Fetuses with symmetric and asymmetric IUGR also 
show a similar degree of acid–base impairment [39]. The 
FL : AC ratio has also been found to be useful for prediction of 
IUGR [40].
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Risk factors

Causes and associations for IUGR are shown in Table 35.1. The 
most common associations are with maternal hypertension, 
and/or a history of IUGR in previous pregnancies. Con-
versely, a history of a prior SGA fetus is a risk factor for pre-
eclampsia [41].

Underlying uterine–placental dysfunction is a commonly 
evoked cause for otherwise unexplained fetal IUGR. Uterine–
placental dysfunction has been correlated with a range of 
pathologic fi ndings including failure of physiologic transfor-
mation of uterine spiral arteries by endovascular trophoblasts, 
smaller placentas, increase in the thickness of tertiary-stem 
villi vessel wall, and decrease in lumen circumference of spiral 
arterioles. Also, confi ned placental mosaicism has been found 
to carry a higher risk of IUGR and adverse outcome including 
fetal death [42]. Uterine–placental dysfunction produces fetal 
hypoxemia which results in subnormal growth, oligohydram-
nios, and alterations in blood fl ow [43].

Various chromosome abnormalities including those con-
fi ned to the placenta (confi ned placental mosaicism) may 
exhibit delayed growth as a prominent feature. Abnormal 

growth and development has also been associated with dis-
turbed genomic imprinting (expression of genes depending 
on whether they are located on the maternal or on the paternal 
chromosome). This has led to the suggestion that the genomic 
imprinting has evolved as a mechanism to regulate embryonic 
and fetal growth [44].

Many fetuses with chromosomal anomalies or other genetic 
syndromes may exhibit growth delay as a dominant feature 
(Table 35.2). It may be the primary, or in some cases the only 
sonographic evidence of underlying fetal anomalies. Early 
onset IUGR is a common manifestation of major chromosome 
abnormalities, particularly trisomies 18 and 13, and triploidy 
[45,46].

Among other variables, smaller fetal size tends to refl ect 
both maternal and paternal birth weights. Magnus et al. [47] 
found the mean maternal birth weight was signifi cantly less 
among those who had experienced two SGA births compared 
with those with no SGA births (3127 ± 54 g vs. 3424 ± 22 g). 
Interestingly, the mean paternal birth weight was also lower 
(3497 ± 88 g vs. 3665 ± 24 g) from affected pregnancies with 
two previous SGA births.

Outcome

When compared with appropriately grown fetuses matched 
for gestational age, IUGR fetuses have an increased risk of 
perinatal morbidity and mortality [48]. Long-term follow-up 
studies have shown an increased incidence of physical handi-
cap and neurodevelopmental delay in growth restricted 
fetuses [49,50]. The presence of chronic metabolic acidemia in 
utero, rather than actual birth weight appears to be the best pre-
dictor of long-term neurodevelopmental delay [51]. In preg-
nancies with growth restricted fetuses, timing of the delivery 
is the most critical step in clinical management. Balancing the 
risk of prematurity with the risk of long-term neurodevelop-
mental delay is a serious challenge facing physicians involved 
in the care of these pregnancies. In addition, IUGR fetuses 
may face long-term adverse adult health outcomes including 
accelerated atherosclerotic vascular disease, hypertension, 
and diabetes.

Management

Traditionally, the management of pregnancies with fetal 
growth restriction relied on cardiotocography for fetal sur-
veillance. During cardiotocography, the physician looks for 
heart rate variability as a sign of fetal well-being. Heart rate 
variability is the fi nal result of the rhythmic integrated activity 
of autonomic neurons generated by organized cardiorespira-
tory refl exes [52]. In growth restricted fetuses, higher baseline 
rates, decreased long- and short-term variability, and delayed 
maturation of reactivity is seen in heart rate tracings [53,54]. 
These studies have relied on computer generated analyses of 
fetal heart rate tracings in their evaluation. Unaided visual 

Table 35.1 Causes and associations with intrauterine growth restriction 

(IUGR).

Maternal

Pregnancy induced hypertension/preeclampsia

Severe chronic hypertension

Severe maternal diabetes mellitus

Collagen vascular disease

Heart disease

Smoking

Poor nutrition

Renal disease

Lung disease/hypoxia

Environmental agents

Endocrine disorders

Previous history of IUGR

Uterine–placental

Uterine–placental dysfunction

Placental infarct

Chronic abruption

Multiple gestation/twin transfusion syndrome

Confi ned placental mosaicism

Fetal

Chromosome abnormalities

Anomalies

Skeletal dysplasias

Multiple anomaly syndromes (see Table 35.2)

Infection

Teratogens
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analyses of fetal heart rate records have been shown to have 
limited reliability and reproducibility [55,56]. Furthermore, 
the presence of overtly abnormal patterns of fetal heart rate 
tracings represent late signs of fetal deterioration [57,58].

Doppler ultrasound has been shown to improve outcome in 
high-risk pregnancies [59]. The use of Doppler ultrasound in 
the management of pregnancies with fetal growth restriction 

has received signifi cant attention in the literature. Several 
cross-sectional and longitudinal studies have highlighted the 
fetal cardiovascular adaptation to hypoxemia and the pro-
gressive stages of such adaptation [60–65]. Findings from 
these studies and the use of Doppler ultrasound in the man-
agement of the growth restricted fetus are discussed in the fol-
lowing section.

micrognathia, sloping forehead, syndactyly, contractures, often with 

pterygia, polyhydramnios, small placenta, and short umbilical cord. Majority 

of patients are stillborn. DNA testing is not available

Noonan syndrome

Autosomal dominant. Associated with pulmonic stenosis, other congenital 

heart defects, webbed neck/increased nuchal translucency, short stature 

typically of postnatal onset, dysmorphic facies, pectus excavatum, and 

vertebral anomalies. DNA analysis is available

Pena–Shokier phenotype

Autosomal recessive in some families. Characterized by prenatal growth 

defi ciency, arthrogryposis, clubfoot, rocker-bottom feet, micrognathia, 

pulmonary hypoplasia, polyhydramnios, abnormal placenta, and short 

umbilical cord. DNA testing is not available

Roberts syndrome/Roberts phocomelia

Autosomal recessive with variable expression. Characterized by thalidomide-

type limb reduction defects often more severe in the upper limbs, 

microcephaly, severe prenatal growth defi ciency, mental retardation, cleft lip 

and/or palate. DNA testing is not available

Seckel syndrome

Autosomal recessive. Characterized by severe prenatal growth defi ciency, 

mental retardation, microcephaly, prominent nose, micrognathia, and 

missing ribs. DNA analysis is not available

Silver–Russell syndrome

Typically sporadic but has been associated with maternal UPD of 

chromosome 7 in about 10% of cases. Characterized by prenatal growth 

defi ciency, asymmetry of the limbs, triangular facies, relative microcephaly, 

and small and/or curved fi fth fi nger. UPD testing is available

Smith–Lemli–Opitz syndrome

Autosomal recessive. Characterized by failure to thrive, microcephaly, 2,3 

toe syndactyly, genital abnormalities, polydactyly, and congenital heart 

defects. Affected fetuses may have low unconjugated estriol MoM on 

maternal serum screening. Diagnostic testing available

Williams syndrome

Autosomal dominant microdeletion syndrome caused by a deletion of 

7p11.23. Characterized by mild prenatal growth defi ciency, congenital heart 

defect particularly supravalvular aortic stenosis, mental retardation, 

dysmorphic features, contractures, abnormal curvature of the spine, and 

renal anomalies. Diagnostic testing available by FISH analysis

Table 35.2 Genetic syndromes that include intrauterine growth restriction (IUGR).

Aarskog syndrome

X-linked. Associated with brachydactyly, shawl scrotum, hypertelorism, 

vertebral anomalies, and moderate short stature. DNA testing is available

Ataxia-telangiectasia syndrome

Autosomal recessive. Associated with growth defi ciency sometimes evident 

prenatally, ataxia, telangiectasias, and immunodefi ciency. DNA testing is 

available

Bloom syndrome

Autosomal recessive. More common in Ashkenazi Jewish population. 

Associated with prenatal growth defi ciency, butterfl y telangiectasia of the 

face, microcephaly, mild mental retardation in some cases, and occasional 

syndactyly and/or polydactyly. DNA analysis is available

Cornelia de Lange/Brachman syndrome

Autosomal dominant often de novo. Associated with prenatal growth 

defi ciency, micromelia, mental retardation, and synophrys. DNA testing is 

available

CHARGE syndrome

Characterized by coloboma, heart disease, choanal atresia, retarded growth 

(typically postnatal onset) or development, CNS abnormalities, genital 

anomalies, and ear anomalies and/or deafness. DNA testing is available

Coffi n–Siris syndrome

Autosomal recessive. Characterized by prenatal growth defi ciency, mental 

retardation, coarse facies, absence of terminal phalanges, and hypoplastic to 

absent fi ngernails and toenails. DNA testing is not currently available

Dubowitz syndrome

Autosomal recessive. Characterized by microcephaly, prenatal growth 

defi ciency, mental retardation, dysmorphic facies, 2,3 toe syndactyly, and 

eczema. DNA testing is not currently available

Fanconi anemia

Autosomal recessive. Characterized by radial ray defects including aplasia of 

the thumbs or supernumerary thumbs, short stature often of prenatal onset, 

pancytopenia, renal or other urinary tract abnormalities, cardiac defects, and 

gastrointestinal abnormalities. DNA testing is available

Johanson–Blizzard syndrome

Autosomal recessive. Rare syndrome associated with prenatal growth 

defi ciency, hypoplastic alae nasi, mental retardation, microcephaly, 

hydronephrosis, and pancreatic insuffi ciency. DNA testing is not currently 

available

Neu–Laxova syndrome

Autosomal recessive. Rare syndrome associated with severe prenatal growth 

defi ciency, microcephaly, exophthalmos, subcutaneous edema, 

FISH, fl uorescence in situ hybridization; MoM, multiples of the median; UPD, uniparental disomy.
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number of tertiary stem villi with placental maturation [67]. 
Diseases that obliterate small muscular arteries in placental 
tertiary stem villi result in a progressive decrease in end-
diastolic fl ow in the umbilical arterial Doppler waveforms 
until absent and then reverse fl ow during diastole is noted 
(Fig. 35.2) [68]. Reversed diastolic fl ow in the umbilical arterial 
circulation represents an advanced stage of placental compro-
mise and is associated with obliteration of more than 70% 
of placental tertiary villi arteries [69,70]. The presence of 
absent or reversed end-diastolic fl ow in the umbilical artery 
is commonly associated with severe IUGR and oligohy-
dramnios [71].

Doppler waveforms of the umbilical arteries can be obtained 
from any segment along the umbilical cord. Waveforms 
obtained from the placental end of the cord show more end-
diastolic fl ow than waveforms obtained from the abdominal 
cord insertion [72]. Differences in Doppler indices of arterial 
waveforms obtained from different anatomic locations of the 
same umbilical cord are generally minor and have no signifi -
cance in clinical practice [66].

Middle cerebral circulation
The cerebral circulation is normally a high impedance circula-
tion with continuous forward fl ow throughout the cardiac 
cycle [73]. The middle cerebral artery is the most accessible 
cerebral vessel to ultrasound imaging in the fetus and it carries 
more than 80% of cerebral blood fl ow [74]. In the presence of 
fetal hypoxemia, central redistribution of blood fl ow occurs, 
resulting in an increased blood fl ow to the brain, heart and 
adrenals, and a reduction in fl ow to the peripheral and placen-
tal circulations. This blood fl ow redistribution is known as the 
brain-sparing refl ex and has a major role in fetal adaptation to 
oxygen deprivation [73,75].

Fig. 35.1 Normal Doppler waveforms obtained 

from the umbilical artery in the third trimester. In 

the third trimester of pregnancy, the umbilical 

circulation is a low impedance circulation. Note 

the increased amount of fl ow at end diastole 

(white arrow). From Abuhamad [92] with 

permission.

Fig. 35.2 Reversed end-diastolic velocity is noted in the umbilical circulation 

when downstream impedance is increased. These Doppler waveforms are 

associated with signifi cant fetal compromise. From Abuhamad [92] with 

permission.

Fetal arterial Doppler

Umbilical circulation
The umbilical arterial circulation is normally a low impedance 
circulation, with an increase in the amount of end-diastolic 
fl ow with advancing gestation (Fig. 35.1) [66]. Umbilical arte-
rial Doppler waveforms refl ect the status of the placental cir-
culation, and the increase in end-diastolic fl ow that is seen 
with advancing gestation is a direct result of an increase in the 
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The right and left middle cerebral arteries represent major 
branches of the circle of Willis in the fetal brain. The circle of 
Willis, which is supplied by the internal carotids and vertebral 
arteries, can be imaged with color fl ow Doppler ultrasound 
in a transverse plane of the fetal head obtained at the base of 
the skull. In this transverse plane, the proximal and distal 
middle cerebral arteries are seen in their longitudinal view, 
with their course almost parallel to the ultrasound beam 
(Fig. 35.3). Middle cerebral artery Doppler waveforms, 
obtained from the proximal portion of the vessel, immediately 
after its origin from the circle of Willis, have shown the best 
reproducibility [76].

Fetal growth restriction and arterial Doppler

Central redistribution of blood fl ow to the brain, known as the 
brain-sparing refl ex, represents an early stage in fetal adapta-
tion to hypoxemia [62–65], and follows the lag in fetal growth 
[77]. At this early stage, the brain-sparing refl ex is clinically 
evident by increased end-diastolic fl ow in the middle cerebral 
artery (lower middle cerebral artery pulsatility or resistance 
index) and decreased end-diastolic fl ow in the umbilical artery 
(higher umbilical artery resistance index or S : D ratio). The 
cerebroplacental ratio, derived by dividing the cerebral resist-
ance index by the umbilical resistance index, defi nes the brain-
sparing refl ex and has been shown to predict outcome in IUGR 
fetuses at less than 34 weeks’ gestation [60,78–80].

In the presence of IUGR, Doppler changes in the umbilical 
artery precede the decrease in cerebroplacental ratio and 
middle cerebral artery pulsatility or resistance index [62,77]. 
However, middle cerebral artery Doppler waveforms are of 

clinical value in differentiating a growth restricted/hypox-
emic fetus from a constitutionally small/normoxemic fetus. In 
the clinical setting of a constitutionally small fetus, the 
presence of normal middle cerebral artery Doppler wave-
forms, obtained at less than 32 weeks’ gestation, have a 
97% negative predictive value for major adverse perinatal 
outcomes [81].

Several studies have shown that this early stage of arterial 
redistribution is not associated with the presence of fetal 
metabolic acidemia [62–65]. It is therefore inferred that 
infants delivered at this early stage of fetal adaptation are 
expected to have no adverse long-term neurodevelopmental 
complications.

Fetal growth restriction and venous Doppler

Chronic fetal hypoxemia results in decreased preload, 
decreased cardiac compliance, and elevated end-diastolic 
pressure in the right ventricle [61,82–85]. These changes 
are evident by an elevated central venous pressure in the 
chronically hypoxemic fetus, which is manifested by an 
increased reverse fl ow in Doppler waveforms of the ductus 
venosus (Fig. 35.4a,b) and the inferior vena cava (Fig. 35.5a,b) 
during late diastole. Changes in the fetal central venous 
circulation are associated with an advanced stage of fetal 
hypoxemia. At this late stage of fetal adaptation to hy-
poxemia, cardiac decompensation is often noted with myocar-
dial dysfunction [84]. Furthermore, fetal metabolic acidemia is 
often present in association with Doppler waveform abnor-
malities of the inferior vena cava and ductus venosus 
[57,61,62].

Fig. 35.3 Axial view of the fetal head in the 

second trimester with color Doppler showing the 

circulation at the level of the circle of Willis. Note 

the course of the middle cerebral arteries, almost 

parallel to the ultrasound beam. From Abuhamad 

[92] with permission.
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(a)

(b)

Fig. 35.4 Doppler velocity waveforms of the ductus venosus in a normal fetus (a) and a severely compromised fetus (b) in the third trimester of pregnancy. Note 

the presence of reverse fl ow during late diastole in the severely compromised fetus (b). Fig. 35.4b from Abuhamad [92] with permission.

Clinical application

In clinical practice, Doppler ultrasound provides important 
information on the extent of fetal compromise and thus may 
aid in the timing of delivery in IUGR fetuses. Arterial Doppler 
abnormalities, at the level of the umbilical and middle cerebral 
arteries (brain-sparing refl ex), confi rm the presence of hypox-
emia in the growth restricted fetus, and present early warning 
signs. Once arterial centralization occurs, however, no clear 
trend is noted in the observational period and thus arterial 
redistribution may not be helpful for the timing of the delivery 
[86–88]. On the other hand, the presence of reversed diastolic 
fl ow in the umbilical arteries is a sign of advanced fetal com-
promise, and strong consideration should be given for deliv-
ery except in cases of extreme prematurity. Cesarean delivery 
following a course of corticosteroids, when appropriate, 
should be given preference in this setting as labor may cause 
further fetal compromise.

The current literature is suggestive that venous Doppler 
abnormalities in the inferior vena cava and ductus 
venosus and abnormal fetal heart rate monitoring follow 
arterial Doppler abnormalities and are thus associated 

with a more advanced stage of fetal compromise [62–65,89]. 
Furthermore, in the majority of severely growth-restricted 
fetuses, sequential deterioration of arterial and venous 
Doppler precedes biophysical profi le score deterioration 
[63]. At least one-third of fetuses will show early signs of 
circulatory decompensation 1 week before biophysical profi le 
deterioration and, in most cases, Doppler deterioration 
precedes deterioration of biophysical profi le scores by 
1 day [63].

The occurrence of such abnormal late stage changes of vas-
cular adaptation by the IUGR fetus appears to be the best pre-
dictor of perinatal death, independent of gestational age and 
weight [65]. In a longitudinal study on Doppler and IUGR 
fetuses, all intrauterine deaths and all neonatal deaths, with 
the exception of one case, had late Doppler changes at the time 
of delivery, whereas only a few of the surviving fetuses showed 
such changes [65].

This sequential deterioration of the hypoxemic, growth 
restricted fetus is rarely seen at gestations beyond 34 weeks’ 
[77,90]. Indeed, normal umbilical artery Doppler is common 
in growth restricted fetuses in late gestation and cerebropla-
cental ratios have poor correlation with outcome of IUGR 
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(a)

(b)

Fig. 35.5 Doppler velocity waveforms of the inferior vena cava (IVC) in a normal fetus (a) and a severely compromised fetus (b) in the third trimester of pregnancy. 

The IVC Doppler waveforms have reverse fl ow during late diastole (atrial kick) in the normal fetus. Note the increase in reverse fl ow during late diastole in the 

severely compromised fetus (b) (white arrowhead). Fig. 35.5(a) from Abuhamad [93] with permission; Fig. 35.5(b) from Abuhamad [92] with permission.

fetuses at more than 34 weeks’ gestation [60]. Caution should 
therefore be exercised when umbilical artery Doppler is used 
in the clinical management of IUGR fetuses beyond 34 weeks’ 
gestation.

The natural history and pathophysiology of fetal growth 
restriction have not been fully elucidated as recent studies 
have highlighted the presence of signifi cant variation in fetal 
adaptation to hypoxemia. The pattern of incremental deterio-
ration of arterial Doppler abnormalities, followed by venous 
Doppler abnormalities, then followed by fetal heart tracings 
and biophysical profi le abnormalities is not seen by approxi-
mately 20% of preterm fetuses [62]. Furthermore, only 70% of 
IUGR fetuses showed signifi cant deterioration of all vascular 
beds by the time they were delivered and approximately 10% 
showed no signifi cant circulatory change by delivery time 
[63]. In a recent prospective observational study, more than 

50% of IUGR fetuses delivered because of abnormal fetal heart 
rate tracings did not have venous Doppler abnormalities [65]. 
In view of these fi ndings, the universal introduction of venous 
Doppler in the clinical management of the growth restricted 
fetus should await the results of randomized trials on this 
subject.

It is currently evident that fetal growth restriction is a 
complex disorder involving multiple fetal organs and systems 
[91]. While fetal biometry and arterial Doppler provide infor-
mation on the early compensatory phase of this disorder, 
venous Doppler, fetal heart rate analysis, and the biophysical 
profi le provide information on the later stages, commonly 
associated with fetal cardiovascular collapse. It is hoped that 
future studies will shed more light on the pathophysiology of 
this disease and on the various interactions of diagnostic tools 
in fetal surveillance.
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Case presentation

The patient is a 40-year-old G3 P2002 with a pregnancy result-
ing from assisted reproduction with IVF. She presented to her 
obstetrician at 29 weeks’ gestation for a routine prenatal visit. 
Prenatal care thus far had been uneventful except for 
abnormal quad screen with elevated maternal serum alpha-
fetoprotein and human chorionic gonadotropin. Detailed 
ultrasound examination at 19 weeks showed normal fetal 
anatomy.

Fundal height measured 26 cm and the patient was referred 
for an obstetric ultrasound examination. The patient reported 
good fetal movements, and vital signs were within normal 
limits with no proteinuria. Ultrasound examination revealed 
the following:
• Cephalic presentation
• Normal amniotic fl uid volume
• BPD and HC at the 26th percentile for gestational age
• AC at the 5th percentile for gestational age
• Estimated fetal weight at the 7th percentile for gestational 
age

When the biometric data were reported to the obstetrician, 
Doppler studies were ordered. Doppler studies revealed the 
following:
• Bilateral uterine artery notching (abnormal for gestational 
age)
• Umbilical artery S : D = 8.0 (abnormal for 29 weeks)
• Middle cerebral artery pulsatility index = 1.50 (abnormal for 
gestational age)
• Forward fl ow in the ductus venosus during the entire 
cardiac cycle (normal)

In view of the presence of IUGR with abnormal arterial 
Doppler waveforms, the patient was sent to Labor and Deliv-
ery where a course of steroids was initiated and a nonstress 
test (NST) showed reactive fetal heart rate. The patient was 
discharged home with the following instructions:
• Modifi ed bed rest
• Home nurse visitation in 24 hours to complete the steroid 
course
• Twice weekly NSTs, including amniotic fl uid assessment
• Weekly Doppler studies to include the umbilical artery, the 
middle cerebral artery, and the ductus venosus
• Follow-up fetal growth in 3 weeks

At 31 weeks’ gestation, 3 weeks from diagnosis, absent end-
diastolic velocity in the umbilical artery was noted. The patient 
was admitted to the hospital for daily testing, a second course 
of steroids, and twice weekly Doppler studies. Fetal biometry 
showed estimated fetal weight at the 4th percentile with 
decreased amniotic fl uid volume. The patient reported normal 
fetal activity. Fetal surveillance studies on admission showed 
the following:
• Absent end-diastolic velocity with intermittent reversed 
end-diastolic velocity noted in the umbilical artery

• Middle cerebral artery pulsatility index = 1.35
• Absent fl ow in late diastole in the ductus venosus
• NST with normal reactivity

On the second day of hospitilization, the patient reported 
decreased fetal movements, NST showed spontaneous decel-
erations, and Doppler studies showed persistent reversed 
end-diastolic velocity in the umbilical artery with persistent 
reversed fl ow during late diastole (atrial kick) in the ductus 
venosus. Biophysical profi le scored 4/8. The patient was 
delivered by cesarean of a male infant, weighing 1150 g with 
Apgar scores of 4 and 7 at 1 and 5 minutes, respectively. 
Arterial pH was 7.10 with base excess of –11. Both infant and 
mother did well with no major complications.
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36 Rh and other blood group 
alloimmunizations
Kenneth J. Moise, Jr.

The time-honored concept that the placenta is relatively imper-
vious to cell traffi cking between the fetus and its mother is no 
longer accepted. Flow cytometry can detect fetal red cell and 
red cell precursors in the maternal circulation in virtually all 
pregnancies [1,2].

In some patients, this exposure to fetal red cell antigens pro-
duces an antibody response that can be harmful to future 
offspring. The process is known as red cell alloimmunization 
(formerly isoimmunization). Active transplacental transport 
of these antibodies leads to their attachment to fetal red cells 
and sequestration in the fetal spleen. The quantity of the mater-
nal antibody (see below), the subclass of immunoglobulin G 
(IgG), and even the response of the fetal reticuloendothelial 
system have roles in the development of fetal anemia — a 
disease state known as hemolytic disease of the fetus and 
newborn (HDFN). In extreme cases, this severe anemia is asso-
ciated with the accumulation of extracellular fl uid in the form 
of ascites, pleural effusions, and scalp edema, a condition 
termed hydrops fetalis.

Prophylaxis

Prevention of maternal alloimmunization is almost uniformly 
successful in the case of exposure to the RhD or “Rhesus” 
antigen. Prophylactic immunoglobulin (Rhesus immuno-
globulin; RhIg) is now available in the USA in the form of 
four commercial preparations — two can only be administered 
intramuscularly while two can be given either intramuscularly 
or intravenously. RhIg is not effective once the patient has devel-
oped endogenous antibodies. Immunoglobulins to prevent 
sensitization to other red cell antigens are not available.

All pregnant patients should undergo an antibody screen to 
red cell antigens at the fi rst prenatal visit. In the case of a nega-
tive screen in the RhD-negative patient, further testing is 
unnecessary until 28 weeks’ gestation. Unless the patient’s 
partner is documented to be RhD negative, a 300-µg dose of 
RhIg should be administered. A repeat antibody screen at 28 

weeks is recommended by the American Association of Blood 
Banks, although the American College of Obstetricians and 
Gynecologists has left this to the discretion of the clinician [3]. 
Although this has not been studied for cost-effectiveness, a 
repeat screen will detect the rare patient who becomes RhD 
sensitized early in pregnancy. If a repeat screen is obtained, 
the intramuscular RhIg injection can be administered before 
the patient is sent for venipuncture. The short time interval 
between procedures will not affect the results of the antibody 
screen.

At delivery, a cord blood sample should be tested for neona-
tal RhD typing. If the neonate is determined to be RhD posi-
tive, a second dose of 300 µg RhIg should be administered to 
the mother within 72 hours of delivery. Approximately 0.1% 
of deliveries will be associated with a fetomaternal hemor-
rhage (FMH) in excess of 30 mL. More than the standard dose 
of RhIg will be required in these cases. Because risk factor 
assessment will only identify 50% of patients who have an 
excessive FMH at delivery, the routine screening of all post-
partum women is now recommended. Typically, this involves 
a sheep rosette test which is read qualitatively as positive or 
negative. If negative, one vial of RhIg (300 µg) is given. If posi-
tive, the bleed is quantitated with a Kleihauer–Betke stain or 
fetal cell stain by fl ow cytometry. Blood bank consultation 
should then be undertaken to determine the number of doses 
of RhIg to administer. The mechanism by which RhIg prevents 
sensitization is not well understood. Biochemical studies have 
revealed that the standard dose is insuffi cient to block all of the 
antigenic sites on the fetal red cells in the maternal circulation 
[4]. Therefore, if RhIg is inadvertently omitted after delivery, 
some protection has been proven with administration within 
13 days. It should not be withheld as late as 28 days after deliv-
ery if the need arises [5].

Additional indications for RhIg are listed in Table 36.1. 
Although a 50-µg dose of RhIg has been recommended for 
clinical situations up to 13 weeks’ gestation, most hospitals no 
longer stock this preparation and the cost is comparable to the 
standard 300-µg dose.
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Methods of surveillance

In recent years, techniques for fetal surveillance in cases of 
RhD alloimmunization have evolved to a more noninvasive 
approach. Many of these have led to a reduction in the rate of 
enhanced maternal immunization as a result of invasive pro-
cedures as well as a reduction in the rate of perinatal loss. Con-
sultation with a maternal-fetal specialist should be considered 
in these cases in an effort to offer the patient the latest advance-
ments in the fi eld.

Antibody titer

In the fi rst affected pregnancy, the maternal antibody titer con-
tinues to be used as the fi rst level of surveillance in the USA. 
Once the maternal antibody screen indicates the presence of 
an anti-D antibody, a titer should be ordered. A critical titer 
has been defi ned as the value for a particular institution that is 
associated with a risk for fetal hydrops. An anti-D titer of 32 in 
the fi rst affected pregnancy is often used. However, one must 
be cautious in the interpretation of antibody titers as they are 
crude estimates of the amount of circulating antibody. 
Today titers are performed much the same as they have been 

for several decades. Preserved human red cells are used 
as the indicator for the measurement of a biologic endpoint. 
These cells have a shelf life of 4 weeks, leading to the likely 
situation that subsequent titers will be performed using a 
different batch of indicator cells. In addition, large differences 
in titer can be seen between laboratories in the same patient, 
as many commercial facilities use such techniques as 
enzymatic treatment of the indicator red cells to overestimate 
the actual value of the titer. Additionally, newer gel 
technology will often produce titer results that are two or 
more dilutions higher than expected with older tube 
technology [6].

Ultrasound

Ultrasound has revolutionized the surveillance of the anemic 
fetus. An early study is indicated in an affected pregnancy to 
determine the gestational age accurately. In the past, ultra-
sound was used to detect fetal hydrops. Unfortunately, this 
represents an end-stage phase of HDFN with more than two-
thirds reduction in the fetal hemoglobin below the norm [7]. 
The most signifi cant breakthrough in the surveillance of the 
potentially anemic fetus has been the validation of the peak 
systolic middle cerebral artery (MCA) Doppler velocity. For 
many years, alloimmunized women were subjected to repeti-
tive amniocenteses to measure the amount of bilirubin in the 
amniotic fl uid — a surrogate test for the degree of ongoing fetal 
hemolysis. The test was often referred to as the ∆OD450 as it 
measured the change in optical density at 450 nm for the 
bilirubin peak using spectrophotometry. Results were plotted 
on various longitudinal curves named after their authors — the 
Liley and Queenan curves [8,9]. Recent studies have verifi ed 
the MCA Doppler to be more sensitive for predicting fetal 
anemia than the ∆OD450 [10]. The MCA can be easily visual-
ized with color fl ow Doppler. Pulsed Doppler is then used to 
measure the peak systolic velocity of the MCA just distal to its 
bifurcation from the internal carotid artery. Enhanced fetal 
cardiac output and a decrease in blood viscosity contribute to 
an increased blood fl ow velocity in fetal anemia. Because the 
general trend is for the MCA velocity to increase with advanc-
ing gestational age, results are reported in multiples of the 
median (MoM), much like serum alpha fetoprotein. The actual 
value can be plotted on standard curves (Table 36.2) or entered 
into a website that will calculate the MoM value (www.
perinatology.com). A value greater than 1.5 MoM is sugges-
tive of moderate to severe fetal anemia and requires further 
investigation through direct ultrasound-guided fetal blood 
sampling (cordocentesis) [11]. MCA Dopplers can be 
initiated as early as 18 weeks’ gestation and should be 
repeated every 1–2 weeks as the clinical situation warrants. 
After 35 weeks’ gestation, the false positive rate for the 
prediction of fetal anemia is increased probably as a result 
of fetal heart rate accelerations [12]. The advantage of 
serial MCA measurements is a reduction of over 80% in the 

Table 36.1 Indications for administration of Rhesus immunoglobulin. 

Reproduced with permission from Moise KJ. Red cell alloimmunization. In: 

Gabbe, Niebyl, Simpson, et al. (eds) Obstetrics: Normal and Abnormal 

Pregnancies, 5th edn. Philadelphia, PA: Elsevier, Saunders, (in press).

 Level of Evidence

Spontaneous abortion A

Elective abortion A

Threatened abortion

Ectopic pregnancy A

Hydatidiform mole B

Genetic amniocentesis A

Chorion villus biopsy A

Fetal blood sampling A

Placenta previa with bleeding C

Suspected abruption C

Intrauterine fetal demise C

Blunt trauma to the abdomen (includes C

 motor vehicle accidents)

At 28 weeks’ gestation, unless father of A

 fetus is RhD negative

Amniocentesis for fetal lung maturity A

External cephalic version C

Within 72 hours of delivery of an RhD-positive A

 infant

After administration of RhD-positive blood C

 components

Level A evidence (good and consistent scientifi c evidence) [3].

Level C evidence (consensus and expert opinion) [3].
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need for invasive diagnostic procedures such as amniocente-
sis and cordocentesis.

Fetal blood typing through DNA analysis

Paternal testing should begin early in the evaluation process 
of the alloimmunized patient. An RhD-negative result with 
assurance of paternity requires no further maternal testing 
after proper documentation of the paternity discussion with 
the patient in the medical record. Because more than 50% of 
RhD-positive partners are heterozygous, testing in consulta-
tion with the blood bank should be employed to determine the 
paternal zygosity. This is undertaken by serologic testing for 
the other paternal Rh antigens (C, c, E, e) and the use of race-
specifi c population tables. Results are reported as a percent 
chance for an individual to be heterozygous. In the case of 
a heterozygous paternal phenotype, amniocentesis can be 
undertaken at 15–17 weeks to obtain fetal DNA from the amni-
otic fl uid to determine the fetal RhD type. Such testing is also 
available for the majority of the other red cell antigens associ-
ated with HDFN. Both paternal and maternal blood samples 
should be sent to the reference laboratory with the amniotic 
fl uid aliquot in order to exclude gene rearrangements that may 
invalidate the fetal DNA result. If the patient’s partner is not 
available or if there is a question regarding paternity, paired 
maternal titers can be tested 8–10 weeks apart. If there is an 
increase in titer of more than fourfold (i.e., 4–32), an RhD-
negative fetal genotype by previous amniocentesis may be 
erroneous.

An exciting new development in fetal RhD typing involves 
the isolation of free fetal DNA in maternal serum [13]. In the 
UK, this technique has virtually replaced amniocentesis for 
fetal RhD determination in the case of a heterozygous paternal 
phenotype. It should be available for clinical use in the USA in 
the near future.

Overall clinical management

First sensitized pregnancy

• Follow maternal titers every 4 weeks up to 20 weeks’ gesta-
tion; repeat every 2 weeks thereafter.
• Once a critical value (usually 32) is reached in cases of a het-
erozygous paternal phenotype, perform amniocentesis at 15–
17 weeks to determine the fetal RhD status. Send maternal and 
paternal blood samples (usually in an EDTA tube) with the 
amniotic fl uid.
• If an RhD-negative fetus is found, no further testing is 
warranted.
• If a homozygous paternal phenotype or RhD-positive fetus 
by DNA analysis, begin serial MCA Dopplers as early as 24 
weeks’ gestation. Repeat weekly 3 times and assess trend. If 
not rising rapidly, consider MCAs every 2 weeks.
• If the MCA Doppler is >1.5 MoM, perform cordocentesis 
with blood readied for intrauterine transfusion (IUT) for a fetal 
hematocrit of <30%.
• If repeat MCA velocities remain <1.5 MoM, consider induc-
tion by 38 weeks’ gestation.
• In the case of an elevated MCA after 35 weeks’ gestation, 
consider repeating the study the following day. If the value 
remains elevated, perform amniocentesis for fetal lung matu-
rity and ∆OD450. If immature and the ∆OD450 value is not in the 
upper zone 2 of the Liley curve, consider repeat amniocentesis 
1 week later to confi rm maturity.
• Induce by 38 weeks’ gestation.

Previous severely affected fetus or infant 
(previous child requiring intrauterine or neonatal 
transfusion)

• Maternal titers are not helpful in predicting the onset of fetal 
anemia after the fi rst affected gestation.
• In cases of a heterozygous paternal phenotype, perform amni-
ocentesis at 15 weeks’ gestation to determine the fetal RhD status. 
If an RhD-negative fetus is found, no further testing is warranted.
• Begin MCA Doppler assessments at 18 weeks’ gestation. 
Repeat every week.
• When an MCA Doppler >1.5 MoM is noted, perform cordo-
centesis with blood readied for IUT for fetal hematocrit of <30%.
• If the MCA Doppler value does not become elevated, follow 
the same protocol after 35 weeks as for the fi rst affected preg-
nancy (see above).

Intrauterine transfusion

First introduced in 1963 by Sir William Liley, IUT has 
withstood the test of time as the most successful fetal therapy 
[14]. Initially the peritoneal cavity was used as the site of 

Table 36.2 Peak systolic middle cerebral artery values [11].

 1.29 MoM 1.50 MoM 
Weeks of (mild anemia) (moderate–severe anemia)
Gestation (cm/s) (cm/s)

18 29.9 34.8

20 32.8 38.2

22 36.0 41.9

24 39.5 46.0

26 43.3 50.4

28 47.6 55.4

30 52.2 60.7

32 57.3 66.6

34 62.9 73.1

36 69.0 80.2

38 75.7 88.0

40 83.0 96.6

MoM, multiples of the mean.
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transfusion; however, hydropic fetuses were found to exhibit 
poor absorption of transfused red cells. Today the direct intra-
vascular transfusion (IVT) of donor red cells into the fetal 
umbilical vein at its placental insertion is the most common 
method of IUT. Variations in the standard IVT approach 
include the inclusion of additional transfused cells into the 
peritoneal cavity at the same setting to prolong the inter-
val between procedures [15]. Additionally, the intrahepatic 
portion of the umbilical vein is used as the access site for IVT in 
many centers in Europe [16].

Limited visualization of the umbilical cord insertion pre-
cludes successful IVT prior to 18 weeks’ gestation. Most centers 
will not perform an IUT after 35 weeks. After the fi rst IVT, the 
second procedure is usually planned 7–10 days later with an 
expected decrement in the fetal hematocrit of approximately 
1% per day. Subsequent procedures are repeated at 2–3 week 
intervals based on fetal response and suppression of fetal 
erythropoiesis.

After the last procedure, the patient is scheduled for induc-
tion of labor at 38–39 weeks’ gestation to allow for fetal liver 
maturity. The addition of oral maternal phenobarbital may 
further enhance the ability of the fetal liver to conjugate 
bilirubin, thereby preventing the need for neonatal exchange 
transfusions [17]. Currently, the typical neonatal course for 
the fetus treated successfully with serial IUTs includes minimal 
need for phototherapy and discharge to home with the mother 
at the end of a routine postpartum stay. Breastfeeding is not 
contraindicated.

Outcome

In experienced centers, the overall perinatal survival with IUT 
is 85–90% [18]. Hydropic fetuses fare more poorly, with a 15% 
decrease in survival over their nonhydropic counterparts [19]. 
Suppression of fetal erythropoiesis because of serial IUTs can 
be associated with profound anemia in the fi rst few months of 
life. Weekly neonatal hematocrit and reticulocyte counts 
should be followed until there is evidence of renewed produc-
tion of red cells. Top-up red cell transfusions may be required 
in as many as 50% of cases [20].

Neurodevelopmental follow-up studies of neonates trans-
fused by IVT are limited in number. Most point to over a 90% 
chance of intact survival [21]. Hydrops fetalis does not seem to 
impact this outcome. Sensineural hearing loss may be slightly 
increased as a result of prolonged exposure of the fetus to high 
levels of bilirubin. A hearing screen should be performed 
during the early neonatal course and repeated by 2 years 
of life.

HDFN caused by non-RhD antibodies

Antibodies to the red cell antigens Lewis, I, and P are often 
encountered through antibody screening during prenatal 

care. Because these antibodies are typically of the IgM class, 
they are not associated with HDFN [22].

Antibodies to more than 50 other red cell antigens have been 
reported to be associated with HDFN (Table 36.3). However, 

Table 36.3 Non-RhD antibodies and associated hemolytic disease of the 

fetus and newborn (HDFN). Reproduced with permission from Moise KJ. 

Hemolytic disease of the fetus and newborn. In: Creasy RK, Resnik R, Iams J, 

(eds). Maternal-Fetal Medicine, 5th edition. Philadelphia, PA: W.B. Saunders. 

2004.

Antigen Specifi c Antigen Specifi c Antigen Specifi c
System Antigen System Antigen System Antigen

Frequently associated with severe disease

Kell K (K1)

Rhesus c

Infrequently associated with severe disease

Colton Coa MNS Mur Scianna Sc2

 Co3  MV  Rd

Diego ELO  s Other Ag Bi

 Dia  sD  Good

 Dib  S  Heibel

 Wra  U  HJK

 Wrb  Vw  Hta

Duffy Fya Rhesus Bea  Jones

Kell Jsb  C  Joslin

 k (K2)  Ce  Kg

 Kpa  Cw  Kuhn

 Kpb  ce  Lia

 K11  E  MAM

 K22  Ew  Niemetz

 Ku  Evans  REIT

 Ula  G  Reiter

Kidd Jka  Goa  Rd

MNS Ena  Hr  Sharp

 Far  Hro  Vel

 Hil  JAL  Zd

 Hut  Rh32

 M  Rh42

 Mia  Rh46

 Mta  STEM

 MUT  Tar

Associated with mild disease

Duffy Fyb Kidd Jkb Rhesus Riv

 Fy3  Jk3  RH29

Gerbich Ge2 MNS Mit Other Ata

 Ge3 Rhesus CX  JFV

 Ge4  Dw  Jra

 Lsa  e  Lan

Kell Jsa  HOFM

   LOCR
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only three of these antibodies cause signifi cant hemolytic 
disease where treatment with IUT is necessary: anti-RhD, 
anti-Rhc, and anti-Kell (K1). Most centers use a maternal titer 
of 32 in cases of non-RhD antibodies to initiate fetal surveil-
lance. Because the Kell antibody affects the fetus both at the 
level of the bone marrow to suppress erythropoiesis as well as 
causing the destruction of circulating red cells, a critical titer of 
8 is used in the case of Kell antibodies [23].

Case presentation 1

Surveillance of the fi rst affected gestation

A 30-year-old G2 P1001 was noted to have a positive antibody 
screen for anti-D at her fi rst prenatal visit at 8 weeks’ gestation. 
The patient had not received Rh immunoglobulin after her 
previous delivery in Mexico 3 years earlier. Her titer was 32 for 
anti-D. Paternal testing revealed a CcDe phenotype consistent 
with an 85% chance of a heterozygous state. The patient was 
scheduled for amniocentesis at 16 weeks’ gestation. Maternal 
and paternal blood samples were drawn and forwarded to the 
reference laboratory with the amniotic fl uid sample. Results 
indicated an RhD-positive fetus. At 24 weeks’ gestation the 
anti-D titer remained stable at 32. Serial MCA Doppler studies 
were initiated each week. After 3 weeks, these remained at 
1.1–1.2 MoM so the testing interval was lengthened to every 2 
weeks. The MCA Dopplers remained normal. Induction of 
labor was undertaken at 38 weeks’ gestation. A healthy 3713 g 
(8 lb 3 oz) female fetus was born vaginally. Cord blood revealed 
the child to be A, RhD positive, the direct Coombs was 1+, and 
the total bilirubin was 2.1 mg/dL. The infant required 3 days 
of bililight therapy with a peak bilirubin of 10 mg/dL. The 
infant was discharged on the fourth day of life and required no 
further treatment.

Case presentation 2

Surveillance of a subsequent affected gestation

The patient in case presentation 1 returned 2 years later with 
her third pregnancy. The current pregnancy had been fathered 
by the same partner as her previous gestation. At 10 weeks’ 
gestation, the maternal anti-D titer was 128. An amniocentesis 
at 15 weeks indicated an RhD-positive fetus. Serial MCA Dop-
plers were initiated each week starting at 18 weeks’ gestation. 
At 25 weeks, the MCA peak systolic velocity was 1.45 MoM. 
One week later it had risen to 1.7 MoM. The following day, an 
IUT was scheduled. Initial fetal blood at the time of cordocen-
tesis revealed blood type O, RhD positive, with a 3+ direct 
Coombs test. The fetal hematocrit was 25% with 15% reticulo-
cytes. An intravascular transfusion of 45 mL raised the fetal 
hematocrit to 50%. The patient returned for fi ve additional 

IUTs, the last one being performed at 35 weeks’ gestation. Oral 
phenobarbital was prescribed to the patient 10 days prior to 
her planned induction date in an effort to enhance the neonatal 
capability to conjugate bilirubin. She was induced at 38 weeks’ 
gestation and delivered a healthy 3004 g (6 lb 10 oz) male fetus. 
Cord blood testing revealed a hematocrit of 45% with a fetal 
cell stain consisting of 100% adult hemoglobin-containing red 
cells, indicating suppression of the fetal bone marrow. The 
infant was discharged on the second day of life and did not 
require bililight therapy. He was followed with weekly hema-
tocrit and reticulocyte counts by his pediatrician. At 4 weeks of 
age he was noted to be feeding poorly; the hematocrit had 
declined to 23%. He was admitted overnight for a “top-up” 
red cell transfusion. Subsequent testing revealed a rising retic-
ulocyte count. The infant required no further therapy.
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37 Multiple pregnancy
Young Mi Lee, Jane Cleary-Goldman, and Mary E. D’Alton

An epidemic of multiple gestations has been noted over the 
past two decades, attributed largely to an older patient popu-
lation secondary to delayed childbearing and the rise in 
assisted reproductive technology (ART) and ovulation induc-
tion. According to the National Vital Statistics Report for 2003, 
the twinning rate was a record high at 31.5 twin births per 1000 
total live births, representing a 67% rise since 1980 [1]. More 
impressive are the numbers of triplets and high-order multi-
ples, which have increased more than 500% since 1980 [1]. 
Perinatal complications have been strongly impacted by the 
widespread prevalence of multiple gestations as these preg-
nancies account for a disproportionate share of adverse out-
comes. The most profound implication of this epidemic is the 
problem of preterm delivery, currently the leading cause of 
hospitalization among pregnant women and the leading cause 
of infant death [2]. In addition to prematurity, multiple preg-
nancy is known to be associated with a greater number of other 
maternal and fetal problems including gestational hyperten-
sion, placental abruption, operative delivery, low birthweight, 
and adverse neurologic outcomes [3]. The overall increased 
perinatal risks associated with multiple gestations compared 
with singleton pregnancies are well documented, in addition 
to the increasing ways these high-risk pregnancies are affect-
ing medical expenditures and public health [1]. This chapter 
reviews multiple gestations and the current strategies for 
managing these complex pregnancies.

Impact of multiple pregnancy on 
perinatal outcomes

The two most important contributors to increased perinatal 
morbidity and mortality in multiple gestations appear to be 
increased rates of prematurity and complications of monocho-
rionicity. In 2002 in the USA, the mean age at delivery was 35.3 
weeks for twins, 32.2 weeks for triplets, and 29.9 weeks for 
quadruplets, compared to 38.8 weeks for singletons [4]. Off-
spring of multiple pregnancies weigh less than their singleton 

counterparts. The mean birthweight for singletons is 3332 g 
compared to 2347 g for twins, 1687 g for triplets, and 1309 g for 
quadruplets [4]. Neonates from multiple gestations are over-
represented among preterm and low birthweight (LBW) 
infants. In 2003, multiples accounted for 3% of all live births 
but more than 25% of very low birthweight (VLBW) infants 
[1]. In addition, neonates from multiple gestations currently 
comprise a disproportionate share of neonatal intensive care 
admissions and recent National Vital Statistics data indicate 
that nearly 20% of neonatal deaths are from multiple gesta-
tions. While the offspring of multiple gestations may be born 
earlier than singletons, preterm twin and triplet neonates 
appear to have similar birthweights, morbidities, and mortali-
ties as gestational age-matched controls [5–7]. Therefore, the 
outcome related to prematurity appears to be similar whether 
the pregnancy was a singleton or multiple gestation.

Besides prematurity, patients with multiples are at increased 
risk for adverse perinatal outcomes resulting from complica-
tions unique to the twinning process. In particular, monochor-
ionic placentation accounts for 20% of all twin pregnancies 
and carries a worse prognosis than dichorionicity. Complica-
tions from monochorionicity such as twin–twin transfusion 
syndrome (TTTS) continue to place these offspring at higher 
risk for long-term adverse outcomes. Cases of single intrauter-
ine fetal death (IUFD) in twins sharing a single placenta can be 
associated with a coincident insult leading to white matter 
damage in the surviving co-twin. Other unique but rare prob-
lems that occur in monochorionic pregnancies include cord 
entanglement in monoamniotic twins, conjoined twins, and 
twin reversed arterial perfusion (TRAP) sequence also known 
as acardiac twinning.

Multiple gestation is an independent risk factor for long-
term neurologic impairment. In various studies, children from 
a multiple pregnancy have a 4–17 times higher risk of develop-
ing cerebral palsy compared to their singleton counterparts 
[3,8–10]. With more investigators fi nding this correlation to be 
true at higher birthweights, this suggests that the risk is not 
simply related to an increased preterm delivery rate [9,10]. 
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One epidemiologic study reported that the risk of producing 
one child with cerebral palsy in twin, triplet, and quadruplet 
gestations was 15 per 1000 twins, 80 per 1000 triplets, and 429 
per 1000 quadruplets [10]. While many previous studies 
regarding this association were not optimally designed, the 
prevalence of cerebral palsy in multiple pregnancies reported 
in these studies is similar and ranges 6.7–12.6 per 1000 surviv-
ing infants [9]. This consistent conclusion suggests an associa-
tion between multiple birth and cerebral palsy. While a portion 
of this risk appears related to the higher rates of prematurity, 
there are many other risk factors for cerebral palsy seen with 
higher frequency in multiples including maternal hyperten-
sive disease, bleeding in pregnancy, LBW infants, congenital 
anomalies, and complications specifi c to monochorionicity 
[9,11].

Zygosity and chorionicity

Embryology

Zygosity refers to the genetic constitution of a twin pregnancy, 
while chorionicity indicates the pregnancy’s membrane com-
position. In dizygotic twins, chorionicity is determined by the 
mechanism of fertilization, while in monozygotic twins it is 
determined by the timing of embryonic division. The vast 
majority of dizygotic twins have separate dichorionic diamni-
otic placentas (each fetus has its own placental disk with a sep-
arate amnion and chorion). This is because dizygotic twins 
result from the fertilization of two different ova by two sepa-
rate sperm. The type of placenta that develops in a monozy-
gotic pregnancy is determined by the timing of cleavage of the 
fertilized ovum. If twinning is accomplished during the fi rst 
2–3 days, it precedes the separation of cells that eventually 
become the chorion. In that case, two chorions and two 
amnions will be formed. After approximately 3 days, twin-
ning cannot split the chorionic cavity and from that time 
forward, a monochorionic placenta results. If the split occurs 
between the third and eighth days, a diamniotic monochori-
onic placenta develops. Between the 8th and 13th days, the 
amnion has already formed, and the placenta will therefore be 
monoamniotic and monochorionic. Embryonic cleavage 
between the 13th and 15th days results in conjoined twins 
within a single amnion and chorion; beyond that point, the 
process of twinning does not occur [12]. Interestingly, rare 
cases of dizygotic monochorionic twins conceived following 
ART have been reported [13,14].

Ultrasound diagnosis of chorionicity

The determination of chorionicity is important in the manage-
ment of multiple gestations as monochorionic twins are at 
increased risk for poor outcomes. Antenatal knowledge of 
chorionicity can be critical for determining optimal manage-

ment. This is true when deciding whether intrauterine uterine 
growth restriction (IUGR) in one fetus of a twin gestation is 
caused by TTTS or uteroplacental insuffi ciency. Precise knowl-
edge of chorionicity is imperative when contemplating the 
selective termination (ST) of one abnormal twin or when 
performing elective fi rst trimester multifetal pregnancy 
reduction (MPR). If the gestation is monochorionic, a shared 
placental circulation could result in death or injury to a surviv-
ing fetus depending on the technique utilized for the termina-
tion procedure.

Chorionicity is most accurately determined in the fi rst tri-
mester. From 6 to 10 weeks, counting the number of gestational 
sacs with evaluation of the thickness of the dividing mem-
brane is the optimal method. Two separate gestational sacs, 
each containing a fetus and a thick dividing membrane, sug-
gests a dichorionic diamniotic pregnancy, while one gesta-
tional sac with a thin dividing membrane and two fetuses 
suggests a monochorionic diamniotic pregnancy [15]. The 
number of yolk sacs can also be used as an indirect method of 
determining amnionicity [16]. After 9 weeks, the dividing 
membranes become progressively thinner in monochorionic 
pregnancies. In dichorionic pregnancies, they remain thick 
and easy to identify at their attachment to the placenta as a tri-
angular projection (lambda or twin peak sign) [17–19]. Thus, 
in the late fi rst trimester, sonographic examination of the base 
of the intertwin membrane for the presence or absence of the 
lambda sign provides reliable distinction between dichorionic 
and monochorionic pregnancies [20].

Later in pregnancy, determination of chorionicity and 
amnionicity becomes less accurate and requires different tech-
niques. The sonographic prediction of chorionicity and amni-
onicity should be systematically approached by determining 
the number of placentas visualized and the sex of each fetus 
and then by assessing the membranes that divide the sacs. If 
two separate placental disks are seen, the pregnancy is dichor-
ionic. Likewise, if the twins are different genders, the preg-
nancy is most likely dichorionic. When a single placenta is 
present and the twins are of the same sex, careful sonographic 
examination of the dividing membrane will typically result in 
a correct diagnosis. Evaluation of three features in the inter-
twin membrane will provide an almost certain diagnosis about 
the chorionicity of a twin pregnancy:
1 Thickness of the intertwin membrane;
2 Number of layers visualized in the membrane; and
3 Assessment of the junction of the membrane with the pla-
centa for the “twin peak” sign [21].
It should be mentioned that the absence of the twin peak sign 
does not guarantee that the pregnancy is monochorionic.

In some pregnancies with monochorionic diamniotic pla-
centation, the dividing membranes may not be sonographi-
cally visualized because they are very thin. In other cases, they 
may not be seen because severe oligohydramnios causes them 
to be closely apposed to the fetus in that sac. This results in a 
“stuck twin” appearance, where the trapped fetus remains 
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fi rmly held against the uterine wall despite changes in mater-
nal position. Diagnosis of this condition confi rms the presence 
of a diamniotic gestation, which should be distinguished from 
a monoamniotic gestation with an absent dividing membrane. 
In the latter situation, free movement of both twins, and entan-
glement of their umbilical cords, can be identifi ed [22].

Fetal complications and multiple gestations

The offspring of a multiple gestation are at risk for many com-
plications in utero that may lead to long-term adverse out-
comes, including growth abnormalities, fetal wastage, and 
complications unique to the twinning process (Table 37.1).

IUGR and growth discordance

Birthweight is a function of many factors including gestational 
age, rate of fetal growth, ethnicity, and genetic composition. 
Two important antenatal markers for growth abnormalities 
are IUGR and growth discordance. IUGR remains a sono-
graphic and statistical diagnosis consisting of either an esti-
mated fetal weight (EFW) less than the 3rd percentile (2 
standard deviations from the mean) for gestational age or an 
EFW ≤10th percentile for gestational age along with evidence 
of fetal compromise (usually oligohydramnios or abnormal 
umbilical artery Doppler velocimetry) [23]. Growth discord-
ance is generally defi ned as ≥20% difference in EFW between 
fetuses of the same pregnancy expressed as a percentage of the 
larger EFW [23]. Both growth abnormalities are seen with 
increased frequency in multiple gestations.

IUGR has long been known to be associated with adverse 
perinatal outcomes. Neonatal morbidity (such as meconium 
aspiration syndrome, hypoglycemia, polycythemia, and pul-
monary hemorrhage) may be present in up to 50% of IUGR 
neonates [23]. Long-term studies show a twofold increased 

incidence of cerebral dysfunction (ranging from minor learn-
ing disabilities to cerebral palsy) in IUGR infants delivered at 
term and an even higher incidence if the infant was born 
preterm [9]. Multiple gestations present a dilemma both in 
diagnosis and management of IUGR. For example, fetuses 
suspected to be normally grown may be affected by iatrogenic 
preterm delivery secondary to interventions for a growth-
restricted co-twin. Current management of IUGR is aimed 
towards early diagnosis and fetal surveillance to aid in timing 
delivery.

Like IUGR, growth discordance has been associated with an 
increased risk for adverse perinatal outcomes [24]. Approxi-
mately 15% of twins are diagnosed with this condition [24]. 
Risk factors include monochorionicity, velamentous cord 
insertion, antenatal bleeding, uteroplacental insuffi ciency, 
and gestational hypertensive disease [24]. Growth discord-
ance has different implications depending on chorionicity and 
is more concerning in monochorionic twinning. Although 
IUGR can complicate a pregnancy with growth discordance, 
the second does not necessarily imply the fi rst. While some 
studies have demonstrated an increased risk for perinatal 
morbidity in growth discordant twins, others have not. In 
approximately two-thirds of discordant twin pairs, the smaller 
twin has a birthweight of less than 10% [25]. In a study of more 
than 10,000 discordant twins, the neonatal mortality rates 
were 29 versus 11 per 1000 live births when the smaller twin 
weighed less than the 10th percentile, compared with those 
who were above it [25]. Conversely, a recent study suggests 
that 20% growth discordance may result in an increased risk 
for some adverse outcomes but not for serious sequelae [26]. 
After adjusting for chorionicity, antenatal steroids, oligohy-
dramnios, preeclampsia, and gestational age at delivery, dis-
cordant twins were at increased risk for low or very low 
birthweight, neonatal intensive care unit (ICU) admission, 
neonatal oxygen requirement, and hyperbilirubinemia but 
did not seem to be at increased risk for serious neonatal mor-
bidity and mortality.

Fetal wastage

The incidence of early pregnancy loss in multiple gestations is 
higher than previously thought. The routine use of ultrasound 
has shown that early fetal wastage is common in multiple ges-
tations. In patients with twin gestations scanned in the fi rst tri-
mester, rates of demise ranged from 13% to 78% [27]. This 
phenomenon has been termed the vanishing twin. Explana-
tions for this occurrence include physiologic resorption, arte-
fact, and sonographic error. Although this condition has been 
associated with fi rst trimester bleeding and spotting, it has not 
been associated with adverse pregnancy outcomes.

During the second and third trimester, IUFD of one fetus in 
a multiple gestation is a rare complication affecting approxi-
mately 2–5% of twin pregnancies. Death of both fetuses in a 
twin pregnancy has been reported infrequently. In patients 

Table 37.1 Multiple gestation: fetal and neonatal risks.

Fetal wastage

Chromosomal abnormalities

Congenital malformations

Monochorionicity

 TTTS

 Monoamnionicity

 TRAP

Growth discordance/IUGR

Amniotic fl uid volume abnormalities

Prematurity

Low birthweight

Perinatal mortality

Cerebral palsy

IUGR, intrauterine growth restriction; TRAP, twin reversed arterial perfusion; 

TTTS, twin–twin transfusion syndrome.
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with high-order multiples, however, death of a single fetus 
may be more common. Studies have indicated single IUFD 
rates up to 17% in triplet pregnancies [28]. Death of one twin in 
the second or third trimesters can adversely affect the surviv-
ing fetus or fetuses in two ways:
1 Risk for multicystic encephalomalacia and multiorgan 
damage in monochorionic pregnancies; and
2 Preterm labor and delivery in both dichorionic and mono-
chorionic twins resulting in prematurity.

Two theories explain the pathophysiology of multiorgan 
damage in surviving monochorionic twins. One theory is 
based on the premise that the retained dead fetus creates 
thromboplastic materials which traverse the anastomoses 
between the placentas causing disseminated intravascular 
coagulation. This leads to infarctions and cystic changes in 
myriad organ systems including the kidneys, lungs, spleen, 
liver, and brain [29].

A more recent and widely accepted theory suggests that 
blood from the surviving twin may rapidly “back-bleed” into 
the demised twin through placental anastomosis (a capaci-
tance effect) [30]. Decreased circulatory tone in the dead twin 
causing blood to fl ow from the viable to the dead twin, may be 
the underlying pathophysiology [31]. The dead twin may 
become congested and the surviving twin anemic. If the hypo-
tension is severe enough, the surviving twin is at risk for 
ischemic damage to vital organs. Most evidence in the litera-
ture suggests that “back-bleeding” is the cause of multiorgan 
injury in surviving co-twins. As a result, immediate delivery 
of the co-twin following single IUFD in a monochorionic preg-
nancy does not improve outcome but rather adds to the addi-
tional risk of prematurity. Most cases are managed expectantly 
with close fetal surveillance. Normal fetal heart rate patterns 
and biophysical profi le scores cannot rule out multicystic 
encephalomalacia. Normal fetal magnetic resonance imaging, 
while investigational, may be reassuring [32].

In addition to multiorgan ischemic damage in monochori-
onic pregnancies, studies have demonstrated that IUFD of one 
twin can result in preterm delivery. Both dichorionic and 
monochorionic pregnancies are at risk for preterm delivery. In 
a study of 17 twin pregnancies complicated by IUFD, 76% of 
these pregnancies were delivered before 37 weeks. Eighty-six 
percent of the patients delivering prematurely presented in 
active labor [33].

When IUFD occurs in a multiple pregnancy, baseline mater-
nal hematologic laboratory investigation is suggested, includ-
ing prothrombin time (PT), partial thromboplastin time (PTT), 
fi brinogen level, and platelet count, because of the theoretical 
risk of maternal consumptive coagulopathy in the setting of a 
single IUFD. If these values are within normal limits, further 
surveillance is not indicated. Of note, mothers with IUFD 
in one twin do not appear to be at increased risk of infection 
from a retained twin [33]. Dystocia secondary to the dead fetus 
has been reported infrequently. Cesarean delivery rates 
appear increased in patients with single IUFD complicating a 

twin gestation because of higher rates of nonreassuring fetal 
status in the surviving twin [33].

Discordant anatomic abnormalities

There is general agreement that anomalies occur more fre-
quently in twins than in singletons, but controversy exists 
regarding the degree of difference [34–37]. The diagnosis of 
discordance for major genetic disorders or anatomic abnor-
malities in the second trimester places parents in a diffi cult 
position. Management choices include:
1 Expectant management;
2 Termination of the entire pregnancy; and
3 ST of the anomalous fetus.
ST differs from MPR, which is discussed later in this chapter. 
MPR refers to reduction in the number of fetuses a woman is 
carrying in order to reduce her risk of preterm delivery. ST, on 
the other hand, refers to terminating a specifi c fetus that is 
known to be abnormal. For dichorionic pregnancies, intracar-
diac injection with potassium chloride is utilized. In monocho-
rionic pregnancies, various cord occlusive procedures are 
employed [38].

Several issues should be considered when counseling 
patients about the management of a multiple pregnancy com-
plicated by a discordant anomaly:
1 Severity of the anomaly;
2 Chorionicity;
3 Effect of the anomalous fetus on the remaining fetus or 
fetuses; and
4 The parents’ personal, moral,  and ethical beliefs.
It is important to counsel patients that conservative manage-
ment can result in adverse outcomes for the healthy twin. 
Several studies have demonstrated that the normal fetus in a 
twin pregnancy discordant for major fetal anomalies may be at 
increased risk for preterm delivery, low birthweight, and peri-
natal morbidity and mortality [39–41].

Complications unique to monochorionicity

Monoamnionicity

Less than 1% of monozygotic twins are monoamniotic [42]. 
Monoamniotic twins have been associated with a high rate of 
perinatal mortality. Previous studies report a fetal mortality 
rate of greater than 50% but more recent studies indicate a 
perinatal mortality rate ranging from 10% to 21% [43–45]. 
Preterm delivery, IUGR, congenital anomalies, cord entangle-
ment, and cord accidents remain common in monoamniotic 
pregnancies. The management of these pregnancies is contro-
versial, particularly regarding the optimal protocol for ante-
natal surveillance and the optimal timing for delivery. Because 
IUFD can occur at any gestational age, some experts suggest 
early delivery in the late preterm period [46]. Other studies 
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have suggested that early delivery is not prudent secondary to 
the risks of prematurity [47]. The nonstress test is generally the 
preferred method of testing over the biophysical profi le, as 
cord compression may be indicated by variable decelerations. 
While the optimal management and timing of delivery for 
monoamniotic twins remains uncertain, our current practice 
includes routine hospitalization beginning at 24–26 weeks, 
daily nonstress tests, and, if uncomplicated, delivery at 34 
weeks is offered after antenatal corticosteroid administration 
and thorough counseling of the risks and benefi ts of elective 
preterm delivery.

Twin–twin transfusion syndrome

Monochorionic twins occur spontaneously in 0.4% of the 
general population. However, studies have reported that 
monozygotic twinning may be greater than 10 times higher in 
pregnancies following fertility treatment [48,49]. The primary 
concerns from monochorionic placentation include complica-
tions such as TTTS characterized by an unequal distribution of 
the blood fl ow across the shared placenta of two fetuses. 
Although all monochorionic twins share a portion of their vas-
culature, only approximately 15–20% will develop this condi-
tion [42,50]. Left untreated, there is up to 60–100% mortality 
rate for both twins.

Antenatal diagnosis is made sonographically and fi ndings 
include the presence of a single placenta, same-gender fetuses, 
weight discordance, and signifi cant amniotic fl uid discord-
ance. The recipient twin may have signs of heart failure and 
hydrops and the donor may demonstrate IUGR and a “stuck” 
appearance. Umbilical artery Doppler studies can be variable 
[51]. TTTS may be chronic or acute. A staging system devised 
by Quintero et al. [52] is commonly utilized to categorize 
disease severity and standardize comparison of different ther-
apies. The net effect of this hemodynamic imbalance is a large, 
plethoric recipient twin and a small, anemic donor twin. While 
the exact etiology has not been clearly delineated, the mecha-
nism is likely to involve shunting of arteriovenous anastomo-
ses [53].

Treatment depends on gestational age at diagnosis. Patients 
with early onset TTTS may opt for selective termination of one 
twin (usually the donor twin) or voluntary termination of the 
entire pregnancy. Diagnosis in the middle to late third trimes-
ter may be less aggressive depending on disease severity and 
the proximity to term. Current treatments for severe TTTS 
require physical intervention and include serial amnioreduc-
tion, septostomy, or selective fetoscopic laser coagulation 
of the communicating vessels. Proponents of laser ablation of 
the communicating vessels for the treatment of TTTS have 
argued that amnioreduction and septostomy do not treat the 
underlying condition. Two nonrandomized studies and one 
randomized trial comparing both techniques have shown that 
endoscopic surgery results in lower mortality rates (with the 
survival of at least one twin in 71–83% of procedures) and 

lower rates of neurologic complications than serial amnio-
reduction [54–56]. The recent randomized trial compared the 
two therapies in 142 women with severe TTTS identifi ed 
before 26 weeks’ gestation and demonstrated a signifi cant 
benefi t in the laser group, with both improved perinatal sur-
vival as well as short-term neurologic outcome [56]. The risk 
factors for developing TTTS remain elusive and many ques-
tions concerning this disease remain unanswered.

Maternal obstetric complications

Antepartum complications develop in over 80% of multiple 
pregnancies compared to 25% of singleton gestations [23]. 
Examples of adverse outcomes that may arise include anemia, 
urinary tract infections, gestational diabetes, abnormal pla-
centation, thromboembolism, preterm premature rupture of 
membranes, abruption, and postpartum hemorrhage (Table 
37.2) [3,57–59]. Pulmonary embolism, the leading cause of 
maternal death in the USA and around the world, and throm-
boembolism are about fi ve times more likely during preg-
nancy or the puerperium than in the nonpregnant state [60]. 
Women carrying multiples are believed to be at increased risk 
for both.

Preeclampsia and its related spectrum of diseases occur in 
approximately 5–8% of singleton pregnancies but the inci-
dence is higher in multiples [61,62]. Hypertensive diseases 
during pregnancy may manifest as hemolysis, elevated liver 
enzymes, and low platelet (HELLP) syndrome or eclampsia 
and can be associated with adverse sequelae including IUGR, 
placental abruption, disseminated intravascular coagulation, 
renal failure, and IUFD [61]. Unfortunately, no intervention to 
date (including aspirin and calcium supplementation) 
has been shown to prevent or reduce the incidence of pre-
eclampsia in these high-risk pregnancies and delivery remains 
the only defi nitive cure [63,64]. Both gestational hypertension 

Table 37.2 Multiple gestation: maternal risks.

Hyperemesis

Threatened miscarriage

Anemia

Gestational hypertension

Preterm labor/delivery

 Tocolysis complications

 Long-term bed rest

Placental abnormalities

 Abruption

 Abnormal placentation

Urinary tract infection

Gestational diabetes

Postpartum hemorrhage

Operative delivery

Thromboembolism
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and preeclampsia are more common in women carrying mul-
tiples, with the rates estimated to be 2–2.6 higher in twins com-
pared to singletons [62]. Rates of preeclampsia seem to be the 
same for both monozygotic and dizygotic twins [65]. When 
preeclampsia occurs in triplets and higher order multiples, it 
often occurs earlier, with more severity, and in an atypical 
presentation [57,66]. Finally, women carrying multifetal preg-
nancies may also be prone to developing acute fatty liver of 
pregnancy, one of the most serious maternal obstetric compli-
cations [67]. This disease process is characterized by hepatic 
dysfunction, severe coagulopathy, hypoglycemia, hyperam-
monemia, and can result in fetal and/or maternal death.

Antepartum management of 
multiple gestations

The management of multiple pregnancies include adequate 
nutrition, avoiding strenuous physical activity, and frequent 
prenatal visits. Patients should be counseled regarding the 
increased risk of complications associated with multiple ges-
tations. Women with multifetal pregnancies are currently rec-
ommended to increase their daily caloric intake approximately 
300 kcal more than women with singletons. Iron and folic acid 
supplementation is also advised. While the optimal weight 
gain for women with multiples has not been determined, it has 
been suggested that women with twins gain 15.87–20.41 kg 
(35–45 lb) [3,68]. Patients with multiples should be followed 
with serial growth scans because the offspring of these preg-
nancies are at risk for growth abnormalities.

Multifetal pregnancy reduction

Ovulation induction and ART have greatly contributed to the 
increasing number of high-order multiples. The purpose of 
fi rst-trimester MPR is to improve perinatal outcomes by 
decreasing maternal complications secondary to multiple ges-
tations and by decreasing adverse fetal outcomes associated 
with preterm delivery. Reducing a high-order multiple gesta-
tion to twins lowers the risk of preterm labor and delivery and 
increases the chances of higher birthweight and gestational 
age at delivery. In some instances, such as a history of a previ-
ous second trimester loss, reduction from twins to a singleton 
may be indicated.

Nonetheless, MPR is an ethical dilemma. The starting 
number of fetuses needed to justify the procedure is contro-
versial. There have been confl icting studies regarding whether 
or not MPR from triplets to twins results in improved perinatal 
outcomes compared to expectant management [69]. In addi-
tion, while most women do not regret their decision, women 
undergoing multifetal pregnancy reduction may have feel-
ings of loss, guilt, and sadness.

The procedure is most commonly performed transabdomi-
nally under ultrasound guidance between 10 and 13 weeks’ 

gestation. Potassium chloride is injected into the fetal heart 
until asystole is achieved. If chorionic villus sampling is per-
formed prior to the procedure and one fetus is found to have a 
genetic anomaly, that fetus is targeted. Otherwise, the fetus 
with a crown rump length smaller than expected for gesta-
tional age or the fetus most physically accessible is chosen. The 
fetus over the cervix is usually avoided. This procedure is 
reserved for dichorionic pregnancies. In monochorionic preg-
nancies, selectively reducing one fetus utilizing intracardiac 
potassium chloride is contraindicated because of the presence 
of communicating placental anastomoses. Selective reduc-
tion in these cases involves more technically challenging 
procedures.

There are several studies documenting pregnancy loss rates 
associated with multifetal pregnancy reduction. With exten-
sive experience, the current loss rate is approximately 6% [70]. 
There is little maternal risk associated with the procedure. The 
terminated fetus is usually resorbed or becomes a small papy-
raceous fetus. There have been no reports of coagulation 
disorders following this procedure [71]. Maternal serum 
alpha-fetoprotein (MSAFP) is elevated following MPR and ST 
and therefore cannot be used as a screening tool in these 
pregnancies.

Prenatal diagnosis

Prenatal diagnosis and genetic counseling are important in the 
management of patients with a multiple gestation because 
these pregnancies are at increased risk for both chromosomal 
and structural anomalies. Dizygotic twinning has been associ-
ated with advancing maternal age and many patients who 
undergo assisted conception, which is associated with an 
increased risk for multiples, are of advanced maternal age. 
Prenatal diagnosis has thus become a cornerstone in the man-
agement of these patients.

Many known chromosomal anomalies have been reported 
in twins. Dizygotic twins are usually discordant for these 
anomalies and monozygotic twins may rarely be as well. In 
dizygotic pregnancies, the maternal age-related risk for chro-
mosomal abnormalities for each twin is the same as in single-
ton pregnancies. It has been suggested that the chance of at 
least one fetus being affected by a chromosomal defect is twice 
as high as in singletons. In monozygotic twins, the risk for 
chromosomal abnormalities is the same as in singletons, and 
in the vast majority of cases both fetuses are affected or both 
are unaffected [72]. However, there are occasional case reports 
of monozygotic twins discordant for abnormalities of auto-
somal or sex chromosomes [73,74].

Genetic consultation should be offered to all patients of 
advanced maternal age with twins, triplets, and high-order 
multiples. In patients with singletons and monochorionic 
twins, “advanced maternal age” is currently defi ned as age 
greater than 35 years at expected date of delivery. In the litera-
ture, there are a range of maternal ages suggested as being 
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“advanced” when classifying patients with dichorionic twins. 
Reports suggest that women with twins may be labeled as 
such between the ages of 31 and 33 because their mid-trimester 
risk of having one fetus with Down syndrome is similar to that 
of a 35-year-old woman with a singleton [75,76]. With high-
order multiples, this age is thought to be even younger.

Amniocentesis is an appropriate option for women carrying 
multiples. Chorionic villus sampling of two or more fetuses is 
also suitable in experienced hands, and there is low risk for 
cross-contamination [77].

Screening for aneuploidy

In the fi rst trimester, nuchal translucency ultrasound meas-
urements combined with maternal age appears to be a pro-
mising method for aneuploidy screening in patients with 
multiples. Because the nuchal translucency distribution does 
not differ signifi cantly in singletons compared to twins, the 
Down syndrome detection rate in multiples using this modal-
ity is similar to that of singletons [78]. Increased nuchal trans-
lucency appears to be higher in patients with monochoronic 
pregnancies and it has been suggested that this may refl ect an 
early manifestation of TTTS in a portion of cases [79]. Nuchal 
translucency can be performed in pregnancies complicated by 
triplets and high-order multiples with similar accuracy as in 
singletons.

In singletons, fi rst trimester combined screening — maternal 
age and nuchal translucency combined with maternal serum 
free beta human chorionic gonadotropin (β-hCG) and preg-
nancy-associated plasma protein A (PAPP-A) — has been 
shown to detect approximately 82% of cases of Down syn-
drome for a 5% false positive rate [80]. In a recent prospective 
study, Spencer and Nicolaides reported a 75% detection rate of 
Down syndrome for a 9% false positive rate using nuchal 
translucency and fi rst trimester serum markers in 206 twin 
pregnancies [81]. The combination of nuchal translucency and 
biochemistry studies in twins may prove to give detection 
rates similar to singleton pregnancies. Larger prospective 
studies on fi rst trimester combined screening in twins are 
needed before defi nitive conclusions and recommendations 
for practice can be made.

Second trimester maternal serum screening for Down syn-
drome is more complex in patients with multiples compared 
to those with singletons. On average, maternal serum bio-
chemical markers are twice as high in twins as they are in sin-
gletons of the same gestational age [82]. In maternal serum 
screening programs for Down syndrome, these serum markers 
can be measured in a woman with twins and then divided by 
the corresponding medians for normal twins (“pseudo-risk” 
estimation). Nonetheless, experience with maternal serum 
screening in twins during the second trimester has been 
limited and interpretation of the analyte data may be diffi cult. 
In cases discordant for anomalies, altered serum levels from 
the affected fetus will be brought closer to the mean by the 

unaffected twin. Because second trimester maternal serum 
analytes are diffi cult to interpret in patients with a twin preg-
nancy, many medical centers do not offer this screening 
modality routinely to those individuals.

Screening for neural tube defects in multiples

In singletons, a second trimester MSAFP of greater than 2.5 
multiples of the median (MoM) has been used to screen for 
neural tube defects. Different MSAFP cut-offs are needed for 
twin pregnancies because the MSAFP level in a twin preg-
nancy is approximately double that of a singleton pregnancy. 
A cut-off of 4.5 MoM is often used for twins because it has a 
detection rate of 50–85% for a 5% false positive rate [83]. If an 
abnormal MSAFP is found, ultrasound is required for further 
evaluation. It is important to note that similar to maternal 
serum screening for aneuploidy, maternal serum screening 
for neural tube defects in a twin pregnancy will always be 
limited because it is impossible to confi rm which fetus is 
affected without performing an ultrasound examination. As a 
result, many centers do not offer this type of serum screening 
for twin pregnancies.

Screening for anatomic abnormalities

The fetuses of multiple gestations seem to be at increased risk 
for anatomic abnormalities. Careful sonographic, anatomic 
evaluation of each fetus should be obtained. No large-scale 
studies of ultrasound for fetal anatomy in multiples have been 
performed. Small studies have attempted to determine the 
predictive value of ultrasound in the detection of fetal anoma-
lies in multiples, and found it effective [84].

Prevention of preterm delivery

Patients with multiples are at increased risk for preterm labor 
and delivery. No therapy has proven to be effi cacious in 
decreasing the adverse outcomes from prematurity except the 
administration of corticosteroids and surfactant to improve 
fetal lung maturity and antibiotics to lengthen the latency 
period for patients with premature rupture of membranes 
[85–87]. This therapy does not treat the primary problem of 
preterm labor. Management strategies aimed at solving this 
dilemma that have not proven benefi cial include prophylactic 
cervical cerclage, routine bed rest, prophylactic tocolytics, and 
home uterine monitoring [3].

Prophylactic cervical cerclage in patients with a multiple 
gestation has not been consistently proven to prevent prema-
turity. A randomized trial of 128 patients with twins offered 
elective cerclage at 18–26 weeks did not demonstrate any 
benefi t [88]. Likewise, this intervention has not been shown to 
signifi cantly improve perinatal outcomes in triplets [89]. A 
recent meta-analysis of randomized control trials examined 
individual patient-level data to determine whether cerclage 
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prevented preterm birth in women with a short cervical length 
[90]. In the subgroup analysis of three trials including 49 twins, 
cerclage was associated with a signifi cantly higher incidence 
of preterm birth and perinatal mortality. However, this inves-
tigation was limited by small sample size. Until a large pro-
spective randomized trial of cerclage in multiples is performed, 
it remains diffi cult to refute a potential benefi t from this proce-
dure for a select group of women. Because this surgical proce-
dure carries potential risks for both the mother and her fetuses, 
cerclage placement for multiple gestations is generally 
reserved for women with either a strong history or objectively 
documented cervical incompetence.

The idea that prophylactic bed rest may decrease uterine 
activity makes common sense to both patients and physicians. 
However, the literature does not support any signifi cant 
benefi t from routine bed rest or hospitalization in multiples 
[3,91]. A Cochrane database review of six randomized trials 
involving over 600 multiples demonstrated a trend toward 
a decrease in low birthweight infants and a paradoxical 
increased risk of delivery at less than 34 weeks’ gestation with 
inpatient bed rest [92]. In addition, prophylactic bed rest may 
be associated with adverse complications such as thromboem-
bolic disease and can be disruptive to families.

Administration of prophylactic tocolytic agents has been 
attempted but has not been benefi cial. Women with 
multifetal pregnancies appear to be particularly prone to 
developing pulmonary edema and cardiovascular com-
plications after administration of beta-adrenergic agents 
because of their higher blood volume and lower colloid 
osmotic pressure [23,93]. As such, it seems prudent to restrict 
the use of those agents to women who are confi rmed to be in 
preterm labor.

Ambulatory home monitoring of uterine contractions with 
a tocodynamometer in an attempt to predict preterm labor has 
not been shown to be useful. A meta-analysis of six rand-
omized trials was unable to demonstrate a signifi cant benefi t 
of home uterine activity monitoring to reduce the risk of 
preterm delivery in patients with twins [94]. Furthermore, a 
prospective trial of 2422 patients (including 844 twins) rand-
omized women to weekly nurse contact, daily nurse contact, 
or daily nurse contact in addition to home uterine activity 
monitoring, and demonstrated no difference in preterm deliv-
ery prior to 35 weeks’ gestation [95].

Specialized twin clinics and transvaginal cervical length sur-
veillance are two current management strategies utilized in 
attempts to reduce the risk of adverse outcomes associated 
with multifetal pregnancies. In these clinics, patients have the 
opportunity to develop rapport with a small group of dedi-
cated caregivers [96]. Heightened awareness can increase com-
pliance with therapeutic directives and mothers are able to 
provide psychologic support to one another. Another more 
commonly utilized strategy in managing multiples is cervical 
length measurements. Premature cervical shortening and cer-
vical funneling detected by transvaginal ultrasound examina-

tion have good predictive capabilities for the development of 
preterm labor and delivery in women with multiple gestations 
[97–100]. Studies suggest that a cervical length measurement of 
≥35 mm at 24–26 weeks identifi es women with twins who are at 
low risk for delivery prior to 34 weeks’ gestation [98]. On the 
other hand, a cervical length of 25 mm or less with or without 
funneling at 24 weeks’ gestation predicts a high risk for preterm 
labor and delivery [97]. One study also found that a positive 
fetal fi bronectin test at 28 weeks is a signifi cant predictor of 
spontaneous preterm labor prior to 32 weeks’ gestation [97].

Antenatal surveillance

Although it is prudent to follow fetal growth with serial ultra-
sound scans, routine antenatal testing in patients with an 
uncomplicated multiple gestation has not been demonstrated 
to improve outcomes. Antenatal testing is suggested in all 
patients with multiple gestations complicated by IUGR, 
discordant growth, abnormal amniotic fl uid volumes, TTTS, 
monoamnionicity, fetal anomalies, single IUFD, and other 
medical or obstetric complications (Table 37.3). For women 
with twins, options for antenatal testing include the nonstress 
test, the biophysical profi le, and Doppler velocimetry assess-
ment if there is suspected IUGR.

When patients with a multiple gestation present for antena-
tal testing or labor monitoring, each fetal heart rate should be 
independently identifi ed to ensure precision. Monitoring of 
triplets and high-order multiples may require frequent sono-
graphic identifi cation of the appropriate fetus.

Routine Doppler studies have not been found to be helpful 
in the management of women with multiple gestations 
[101,102]. However, when IUGR or growth discordance is sus-
pected in one or more fetuses, Doppler velocimetry of the 
umbilical artery is a useful adjunct in assessing and following 
these pregnancies. Furthermore, in cases of monochorionic 
twins with IUGR, discordant growth, or amniotic fl uid volume 
abnormalities, Doppler studies of the ductus venosus may be 
helpful in identifying the possible overlapping pathologies of 
uteroplacental insuffi ciency and cardiac dysfunction.

Intrapartum period

A number of factors must be considered when determining 
the mode of delivery for patients with multiple gestations. 
These variables include the gestational age and estimated 
weights of the fetuses, their positions, the availability of real 
time ultrasound on the labor fl oor and in the delivery room, 
the capability of monitoring each twin independently during 
the entire intrapartum period, and the health care provider 
experience. When both twins are vertex, vaginal delivery is 
possible. During the time period between the delivery of the 
fi rst and second twin, it is important to demonstrate reassur-
ing status of the undelivered twin as evidenced by continuous 
fetal heart rate monitoring or by ultrasound. If the presenting 
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twin is nonvertex, cesarean delivery is suggested. Manage-
ment of vertex/nonvertex twins is variable. Vaginal delivery 
of a breech second twin with an estimated fetal weight of 1500–
3500 g in a woman with an adequate pelvis is reasonable. 
Cesarean delivery may be the preferred route of delivery if 
there is signifi cant growth discordance between the twins or if 
the provider does not have adequate experience with such 
deliveries. Some obstetricians have had favorable experiences 
delivering triplets vaginally. Nonetheless, most providers 
deliver triplets and higher order multiples by cesarean section 
because continuous fetal heart rate monitoring of triplets and 
higher order multiples in labor is challenging [3,68].

Conclusions

Advances in fertility treatment and delayed childbearing have 
resulted in a substantial increase in the incidence of multiple 
gestations. The high perinatal morbidity and mortality rates 
associated with multiple gestations are the result of a variety 
of factors, some which cannot be altered. Nonetheless, techno-
logical advances in recent years have given us new insights 

into problems particular to multifetal pregnancies as well as 
tools with which to detect and treat these problems. Early 
diagnosis of multiple gestations and serial ultrasound studies 
are important in the management of these high-risk pregnan-
cies and will hopefully have a benefi cial impact on maternal 
and neonatal outcomes.

Case presentation

A 38-year-old gravida 1 with twins in the moderate preterm 
gestation presented to a routine prenatal care visit and reported 
an “upset stomach” the previous weekend. Her prenatal 
course was signifi cant for a history of polycystic ovarian syn-
drome and an initial quadruplet pregnancy conceived with 
ovulation induction and intrauterine insemination. She had 
elected to have chorionic villus sampling and subsequent MPR 
to a dichorionic twin gestation. During a routine anatomic 
ultrasound survey at 20 weeks, the patient was noted to have a 
short cervix measuring 24 mm. Preterm labor precautions 
were reviewed, light activity was advised, and serial cervical 
length measurements were scheduled. At 28 weeks’ gestation, 
the patient was diagnosed with gestational diabetes which 
subsequently required insulin for glycemic control.

At her offi ce visit at 30w 6d gestation, the patient’s blood 
pressure was 150/92 mmHg and a urine dipstick revealed 2+ 
proteinuria. She was admitted and corticosteroids adminis-
tered to assist fetal lung maturation. After 72 hours of hospital-
ization, a 24-hour urine collection revealed 6 g protein and the 
patient developed unremitting epigastric pain. Laboratory 
evaluation revealed a platelet count of 70, liver enzymes of 530 
and 478, and a lactic dehydrogenase (LDH) of 990; the fi ndings 
were consistent with HELLP syndrome. A bedside ultrasound 
revealed the fetal presentations to be cephalic/breech. The 
cervix was 3 cm dilated with a Bishop score of 8. However, a 
38% twin weight discordancy had been estimated during a 
routine scan at 30 weeks with a higher estimated fetal weight 
for twin B.

Immediate delivery was recommended and the risks and 
benefi ts of attempted vaginal delivery and cesarean were 
discussed. The patient underwent an uncomplicated, 
primary low transverse cesarean delivery. Vigorous male and 
female infants were born. Although each neonate spent a 
brief period in the neonatal ICU, they were both discharged 
home after 2 weeks. There were no postpartum maternal 
complications and she was discharged home on postopera-
tive day 4.

This case highlights many of the common features of multi-
ple pregnancy including assisted conception, MPR, medical 
and obstetric complications, and preterm delivery. While the 
outcome for the majority of multiple gestations is favorable, 
these high-risk pregnancies can be associated with maternal 
and neonatal morbidity and mortality and thus warrant 
increased vigilance.

Table 37.3 Ultrasound management of patients with twins.

1 Ideally, ultrasound is performed in the fi rst trimester to determine the 

number of fetuses and amnionicity and chorionicity. Patients are also offered 

nuchal translucency ultrasound at 10–14 weeks’ gestation

2 A detailed ultrasound is scheduled at 18–20 weeks’ gestation. This 

includes standard biometry, assessment of amniotic fl uid volume in each sac, 

and an anatomic survey of each fetus. If the patient did not have a fi rst 

trimester ultrasound, an attempt is made to determine chorionicity by 

examining fetal gender, the number of placentas, the thickness as well as 

number of layers in the membrane separating the sacs, and the presence or 

absence of the lambda or twin peak sign

3 If the fi rst two scans are suggestive of a dichorionic pregnancy, fetal 

growth is performed every 3–4 weeks thereafter as long as fetal growth and 

amniotic fl uid volume in each sac remains normal

4 If the initial scan is suggestive of a monochorionic diamniotic pregnancy, 

subsequent scans are repeated every 2–3 weeks to follow for signs of TTTS. 

Fetal echocardiography is offered to patients with monochorionic twins 

because these pregnancies may be at increased risk for congenital heart 

defects

5 In either dichorionic or monochorionic pregnancies, if there is evidence of 

IUGR, discordant fetal growth, or discordant fl uid volumes, fetal surveillance 

is intensifi ed and includes frequent nonstress tests along with biophysical 

profi le and Doppler velocimetry studies

6 Daily nonstress testing starting at approximately 24–26 weeks’ gestation 

is suggested for patients with monoamniotic twins because of their risk for 

sudden IUFD from cord entanglement. Although cord accidents cannot be 

predicted, daily fetal heart rate monitoring may reveal increasing frequency 

of variable decelerations. When variable decelerations are identifi ed, 

continuous monitoring is recommended and may ultimately require delivery 

for nonreassuring fetal testing

IUFD, intrauterine fetal death; IUGR, intrauterine growth restriction; TTTS, 

twin–twin transfusion syndrome.
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38 Polyhydramnios and oligohydramnios
Michael G. Ross, Ron Beloosesky, and John T. Queenan

“All that fl uid which is contained in the ovum is called by the 
general name of the waters. The quantity, in proportion to the size 
of the different parts of the ovum, is greatest by far in early preg-
nancy. At the time of parturition, in some cases, it amounts to or 
exceeds four pints. In others, it is scarcely equal to as many ounces. 
It is usually in the largest quantity when the child has been some 
time dead, or is born in a weakly state.”
T. Denman, 1815

In 1815, Denman [1] recognized the great variation in amniotic 
fl uid (AF) volume and associated polyhydramnios with con-
genital malformations, fetal death, and fetal disease. Although 
our current knowledge of the intrauterine environment has 
expanded manyfold, we have not overturned any of Denman’s 
concepts [1].

Polyhydramnios and oligohydramnios are pathologic con-
ditions representing excess AF and diminished AF, respec-
tively. Numerous serious clinical conditions are associated 
with polyhydramnios and oligohydramnios. An understand-
ing of the normal AF parameters and the AF turnover is appro-
priate before embarking into the pathologic considerations.

Normal AF composition and volume

During the fi rst trimester, AF is isotonic with maternal plasma 
[2] but contains minimal protein. It is thought that the fl uid 
arises either from a transudate of fetal plasma through non-
keratinized fetal skin, or maternal plasma across the uterine 
decidua and/or placenta surface [3]. Thus, fetuses with renal 
agenesis may demonstrate normal fi rst trimester AF volumes 
(Table 38.1). With advancing gestation, AF osmolality and 
sodium concentration decrease, a result of the mixture of 
dilute fetal urine and isotonic fetal lung liquid production. In 
comparison with the fi rst half of pregnancy, AF osmolality 
decreases by 20–30 mOsm/kg with advancing gestation to 
levels approximately 85–90% of maternal serum osmolality 
[4] in the human, although there was no osmolality decrease in 
the AF near term in the rat [5]. AF urea, creatinine, and uric 

acid increase during the second half of pregnancy, resulting 
in AF concentrations of the urinary byproducts two to three 
times higher than fetal plasma [4].

Throughout the history of medicine, investigators have 
been intrigued with the concept of quantitating the volume of 
AF. In 1966, Charles and Jacoby [6] described a technique to 
measure the volume of AF by para-aminohippurate (PAH), a 
dye dilution technique. In 1972, Queenan et al. [7], using this 
technique, measured the AF volumes in 187 samples from 115 
patients with normal pregnancies. The volumes varied widely 
for the various weeks of gestation. The mean volumes were 
239 mL at 25–26 weeks, 984 mL at 33–34 weeks (the peak 
volume), 836 mL at term, and 544 mL at 41–42 weeks 
(Fig. 38.1).

Brace and Wolf [8] analyzed AF volumes in 12 published 
studies including 705 normal pregnancies at 8–43 weeks’ ges-
tation. They found that AF volume rises linearly from early 
gestation until 32 weeks, whereupon it remains constant until 
term, ranging between 700 and 800 mL. After 40 weeks, AF 
volume declines at a rate of 8% a week, to an average of 400 mL 
at 42 weeks. At 30 weeks’ gestation, the 95% confi dence inter-
vals about the mean (817 mL) covers the range 18–2100 mL. 
Thus, a volume less than 318 mL is considered oligohydram-
nios and more than 2100 mL polyhydramnios. The wide bio-
logic variability in the AF volume with advancing gestational 
age, especially before 32–35 weeks makes an absolute volume 
criterion for oligohydramnios or polyhydramnios inappro-
priate. Accordingly, AF volume abnormalities are best defi ned 
as a volume below the 5th percentile or above the 95th percen-
tile for gestational age.

Dynamics of AF turnover

AF is produced and resorbed in a dynamic process with large 
volumes of water circulated between the AF and fetal com-
partments. During the latter half of gestation, the primary 
sources of AF include fetal urine excretion and fl uid secreted 
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by the fetal lung. The primary pathways for water exit from the 
AF include removal by fetal swallowing and intramembra-
nous absorption across the fetal membranes into fetal blood. If 
the balance of fl uid exchange is disturbed, polyhydramnios or 
oligohydramnios develops. For instance, if a pathologic con-
dition increased the AF volume by 1 oz or 30 mL/day, 1 L of 
excess AF would accumulate in a month.

Fetal urine

Since the days of Hippocrates, physicians have believed that 
the fetus voids in utero. Today, fetal micturition is known to be 
the major source of AF. Chez et al. [9] studied fetal urine pro-
duction with indwelling catheters in rhesus monkeys, and 
reported the rate to be 5 mL/kg/hour, which correlates with 
the rate of swallowing in Pritchard’s studies [10]. In humans, 
fetal urine production changes with increasing gestation. The 
amount of urine produced by the human fetus has been esti-
mated by the use of ultrasound assessment of fetal bladder 
volume [11], although the accuracy of these measurements 
has been called into question. Exact human fetal urine produc-
tion rates across gestation are not established but appear to be 
in the range of 25% of bodyweight per day or nearly 1000 mL/
day near term [11,12]. Biochemical studies also attest to the 
importance of fetal micturition in determining AF volume. AF 

is isotonic in early pregnancy, but by term it becomes hypo-
tonic, a result of the increased contribution of hypotonic urine.

Kurjak et al. [13] studied fetal renal function in 255 normal 
singleton pregnancies and 133 complicated pregnancies 
between 22 and 41 weeks’ gestation. They evaluated the hourly 
fetal urine production rate (HFUPR), fetal glomerular fi ltra-
tion rate (GFR), fetal tubular water reabsorption (TWR), and 
the effect of furosemide on fetal micturition by sonography 
and biochemical tests. In normal pregnancies, the HFUPR 
increased from 2.2 mL/hour at 22 weeks to 26.3 mL/hour at 40 
weeks’ gestation. The fetal GFR was 2.66 mL/min at term and 
the percentage of TWR was 78%. In growth restricted fetuses, 
the HFUPR was below the 10th centile in 59% and was above 
normal in only 6%. The diuretic effect of furosemide was the 
same in growth restricted and in normal fetuses. In diabetic 
pregnancies, HFUPR values varied considerably and corre-
lated with fetal size. In 90% of pregnancies with polyhydram-
nios, the HFUPR was normal.

Oligohydramnios is associated with severe malformations 
of the fetal urinary system (e.g., renal agenesis), which is 
incompatible with urine production. In a review of 295 fetuses 
with renal agenesis, Jeffcoate and Scott [14] found suffi cient 
clinical data in 100 to establish a diagnosis of oligohydram-
nios. From these data, the investigators inferred that condi-
tions affecting fetal urine production would alter the AF 
volume. On the other hand, they also reported renal agenesis 
in a fetus with polyhydramnios. Others reported renal agene-
sis and normal AF volume [15,16].

Fetal lung fl uid

As early as 1888, investigators believed that the fetus made 
respiratory movements near term [17]. Since then, fetal respi-
ratory movements have been documented and are currently 
one component of a test of fetal well-being, the biophysical 
profi le. It was originally believed that the fetal lungs absorbed 
fl uid, as evidenced by the fi nding of meconium in the bron-
chial trees. However, it is now recognized that all mammalian 
fetuses normally secrete fl uid from their lungs. In the human, 
AF clearly contains phospholipids, such as lecithin and sphin-
gomyelin derived from type II aveolar cells; thus, at least some 
of the tracheal fl uid contributes to the AF volume. Liley [18] 
described some 800 mothers who had radiologic contrast 
media injected into the AF and noted that only four had the 
medium demonstrated in the fetal or neonatal lungs.

The absolute rate of fl uid production by the human fetal 
lungs has not been determined, although animal studies 
suggest that the respiratory tract has a major role in AF pro-
duction. Goodlin and Lloyd [19] demonstrated that the fetal 
lamb produces 50–80 mL/day tracheal fl uid. Adamson et al. 
[20] reported that the near term lamb has tracheal secretions of 
200–400 mL/day. Tracheal ligation in animals leads to over-
distention of the lungs, suggesting a relatively large outfl ow of 
fl uid from the lungs. This knowledge has been utilized in the 

Table 38.1 Typical increases in amniotic fl uid.
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Fig. 38.1 Normal AF (AF) volumes are plotted against weeks of gestation. 
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Queenan et al. [7] with permission.)
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development of therapeutic approaches to the treatment of 
diaphragmatic hernia; tracheal occlusion results in pulmo-
nary distension despite the presence of a thoracic mass. Under 
physiologic conditions, half of the fl uid exiting the lungs enters 
the AF and half is swallowed [21], therefore an average of 
approximately 165 mL/day lung liquid enters the AF near 
term. Fetal lung fl uid production is affected by physiologic 
and endocrine factors, but nearly all stimuli have been demon-
strated to reduce fetal lung liquid production, with no evi-
dence of stimulated production and nominal changes in fl uid 
composition. Increased arginine vasopressin [22], catecho-
lamines [23] and cortisol [24] decrease lung fl uid production. 
The marked increase in fetal plasma levels of these hormones 
during labor results in a cessation of lung fl uid production, 
after which lung liquid is resorbed into pulmonary lymphatics 
to prepare for newborn respiration.

Fetal swallowing

Swallowing is the major pathway for AF removal. Evidence of 
fetal swallowing of AF was established many years ago by 
amniography, a technique used to outline the fetal abdominal 
cavity for intrauterine transfusions [25]. Studies of near term 
pregnancies suggest that the human fetus swallows an average 
of 210–760 mL/day [26], which is considerably less than the 
volume of urine produced each day. However, fetal swallow-
ing may be reduced beginning a few days before delivery [27], 
so the rate of human fetal swallowing is probably under-
estimated. Fetal swallowing is increased during active as com-
pared with quiet sleep states. Furthermore, the near term fetus 
develops functional ingestive responses such that fetal swal-
lowing may increase in response to thirst or appetite stimula-
tion. Of note, fetal swallowing decreases with acute arterial 
hypotension [28] or hypoxia [21,29], indicating that oligohy-
dramnios associated with fetal hypoxia is not caused by 
increased AF resorption via swallowing.

The effect of fetal swallowing can be demonstrated by 
studying mothers who have delivered babies with tra-
cheoesophageal fi stulas. Of 228 such cases, 25 fetuses had 
complete obstruction between the mouth and the stomach and 
19 (76%) of these had polyhydramnios [30]. In a study of 169 
cases of polyhydramnios, 54 (32%) of the fetuses were unable 
to swallow [14].

Anencephaly is also associated with a high incidence of poly-
hydramnios. Although swallowing has been demonstrated in 
some of these fetuses, it is reasonable to believe that the swal-
lowing capability is reduced or absent in many. Surprisingly, 
Abramovich [31] demonstrated in eight anencephalic fetuses 
and one microcephalic fetus that those with the low AF 
volumes appeared to have reduced swallowing, whereas 
three fetuses with polyhydramnios appeared to swallow 
normal amounts. In light of these fi ndings, he suggested that 
the presence or absence of swallowing has little effect on the 
etiology of polyhydramnios in anencephaly.

The exposed meninges in anencephaly have been described 
as the source of the production of the excess AF [32]. Other 
authors disagreed [33], noting that the rudimentary and dis-
torted brain is almost always covered with a collagen mem-
brane. They proposed that fetal polyuria may contribute to the 
polyhydramnios because anencephalic fetuses lack antidiu-
retic hormone. Naeye et al. [34] also suggested that polyuria of 
the anencephalic fetus causes polyhydramnios.

How important swallowing is in controlling AF volume 
remains undefi ned. An inability to swallow in the setting of 
esophageal atresia but not in anencephaly appears to result in 
polyhydramnios in some cases.

Intramembranous fl ow

The amount of fl uid swallowed by the fetus does not equal the 
amount of fl uid produced by both the kidneys and the lungs in 
either human or ovine gestation. As the volume of AF does not 
greatly increase during the last half of pregnancy, another 
route of fl uid absorption is needed. The intramembranous 
(IM) pathway refers to the route of absorption between the 
fetal circulation and the amniotic cavity directly across 
the amnion. Although the contribution of the IM pathway to 
the overall regulation and maintenance of AF volume and 
composition has yet to be completely understood, results from 
in vivo and in vitro studies of ovine membrane permeability 
suggest that the permeability of the fetal chorioamnion is 
important in determining AF composition and volume [35–
37]. This IM fl ow, recirculating AF water to the fetal compart-
ment, is thought to be driven by the signifi cant osmotic 
gradient between the hypotonic AF and isotonic fetal plasma 
[38]. In addition, electrolytes (e.g., Na+) may diffuse down a 
concentration gradient from fetal plasma into the AF while - 
peptides (e.g., arginine vasopressin [39,40]) and other electro-
lytes (e.g., Cl–) may be recirculated to the fetal plasma.

Although never directly measured in humans, indirect 
evidence supports the presence of IM fl ow. Studies of intra-
amniotic 51Cr injection demonstrated appearance of the tracer 
in the circulation of fetuses with impaired swallowing [41]. 
Additionally, alterations in IM fl ow may contribute to AF 
clinical abnormalities, as membrane ultrastructure changes 
are noted with polyhydramnios or oligohydramnios [42]. 
Experimental estimates of the net IM fl ow averages 200–
250 mL/day in fetal sheep and likely balances the fl ow of urine 
and lung liquid with fetal swallowing under homeostatic 
conditions.

AF turnover

The AF is constantly recirculating. When diffusion of water is 
measured, approximately 500 mL water enters and leaves the 
amniotic sac each hour, with little effect on the total AF volume. 
However, estimates of actual bulk fl ow of water suggest that 
approximately 1000 mL/day enter and leave the amniotic 
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cavity at term. This results in a turnover of the entire volume of 
AF each day.

Clinical measurement of AF

A few decades ago, AF volume was estimated in crude ways 
such as measurement of fundal height, roentgenographic, or 
direct measurement at the time of delivery. The PAH dye dilu-
tion technique provides an accurate measurement but is an 
invasive technique and therefore limited to research [6].

Ultrasound examination is the only practical clinical means 
of assessing the AF volume. Several ultrasound methods have 
been used to estimate the AF volume; each has limitations in 
the detection of abnormal AF volumes. These methods can 
better identify true normal AF volumes than abnormal AF 
volumes (oligohydramnios and polyhydramnios), which they 
all detect poorly.

The single deepest pocket (SDP) measurement refers to the 
vertical dimension of the largest pocket of AF not containing 
umbilical cord or fetal extremities and measured at a right 
angle to the uterine contour. The horizontal component of this 
vertical dimension must be at least 1 cm. A normal SDP meas-
urement is 2.1–8 cm, with oligohydramnios defi ned as less 
than 2.0 cm and polyhydramnios as more than 8.0 cm. In a 
comparison of SDP with dye-determined AF volume, SDP 
poorly identifi es patients with oligohydramnios [43,44].

The AF index (AFI) is measured by fi rst dividing the uterus 
into four quadrants using the linea nigra for the right and left 
divisions and the umbilicus for the upper and lower quad-
rants. The maximum vertical AF pocket diameter in each 
quadrant not containing cord or fetal extremities is measured 
in centimeters; the sum of these measurements is the AFI. A 
normal AFI is 5.1–25 cm, with oligohydramnios defi ned as less 
than 5.0 cm and polyhydramnios as more than 25 cm (Table 
38.2). The accuracy of the AFI has been examined in several 
studies [43,45–48]. In comparison to dye dilution, the AFI 
overestimated actual volumes by 89% at low volumes and 
underestimated actual volumes by 54% at high volumes. 
Chauhan et al. [47] demonstrated the sensitivity, specifi city, 
positive, and negative predictive values of AFI ≤5 for predic-
tion of oligohydramnios were 5%, 98%, 80%, and 49%; these 
same characteristics for AFI >24 for prediction of polyhydram-
nios were 30%, 98%, 57%, and 93%, respectively.

The two diameter AF pocket is the product of the vertical 
depth multiplied by the horizontal diameter of the largest 
pocket of AF not containing umbilical cord or extremities (with 
the transducer held at a right angle to the uterine contour). A 
normal two-dimensional measurement is 15.1–50 cm2, with 
oligohydramnios defi ned as less than 15 cm2 and polyhydram-
nios as more than 50 cm2. Two series that compared the two 
diameter pocket and dye-determined AF volume found that 
the former identifi ed 81–94% of the dye-determined normal 
volumes and approximately 60% of pregnancies with low 
volumes [43,46]. Receiver operator curve analysis showed that 
for any specifi c two diameter pocket, the 95% confi dence range 
was so wide that ultrasonographic assessment was not a rea-
sonable refl ection of actual AF volume, and thus was not clini-
cally useful [47].

Subjective assessment of AF volume refers to visual inter-
pretation without sonographic measurements [49]. The ultra-
sonographer scans the uterine contents and subsequently 
reports the AF volume as oligohydramnios, normal, or poly-
hydramnios. One study involving 63 pregnancies compared 
the subjective assessment of AF volume with ultrasound 
measurement of AFI, the single deepest pocket technique, and 
the two diameter pocket method in the identifi cation of dye-
determined AF volume [49]. The subjective assessment of AF 
volume by an experienced examiner had a similar sensitivity 
to the other techniques for identifying dye-determined AF 
volumes.

All obstetric ultrasound examinations should include an 
assessment of AF volume. Although the ultrasonographer 
may elect to use only a subjective assessment, we recommend 
use of an objective measure (e.g., AFI) if the subjective assess-
ment is abnormal, in patients at increased risk of pregnancy 
complications, and in all patients examined in the third 
trimester.

Polyhydramnios

Defi nition

Historically, polyhydramnios has been characterized by an 
excessive accumulation of AF, usually more than 2000 mL. 
However, this defi nition does not take the normal physiologic 
changes that occur in the volume of AF as the gestational weeks 
change. There is a progressive increase in AF volume from a 
mean of 30 mL at 10 weeks to 190 mL at 16 weeks, peaking at 
780 mL at 32–35 weeks’ gestation; thereafter, AF volume pro-
gressively decreases to approximately 550 mL at 42 weeks [8]. 
The wide biologic variability in the AF volume with ad-
vancing gestational age makes an absolute volume criterion 
for oligohydramnios or polyhydramnios inappropriate. 
Accordingly, AF volume abnormalities are best defi ned as a 
volume below the 5th percentile or above the 95th percentile 
for gestational age.

Table 38.2 Diagnostic categories of the amniotic fl uid index (AFI). (From 

Moore and Cayle [68] with permission.)

AF Volume Percent of Patients AFI Value (cm)

Severe oligohydramnios  2 ≤5

Moderate oligohydramnios 20 5.1–8.0

Normal 76 8.1–24.0

Polyhydramnios  2 >24
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Diagnosis

Polyhydramnios is generally a problem of the late second to 
early third trimester. The clinician may notice that the uterus is 
consistently larger than expected for the stage of gestation, or 
there may be a sudden increase in uterine size. The fetal parts 
may be diffi cult to palpate and the fetal heart may be diffi cult 
to hear with Doppler ultrasound if the fetus moves about in the 
large volume of AF.

The diagnosis of polyhydramnios can be confi rmed by 
sonography by quantifying the AF. When one is scanning the 
pregnant uterus, it is possible to make a qualitative judgment 
as to the presence or absence of polyhydramnios. At 16 weeks’ 
gestation, when genetic amniocentesis is commonly per-
formed, the fetus and placenta each weigh approximately 
100 g and the AF volume is 200 mL. Therefore, at this time the 
AF volume constitutes approximately 50% of the uterine 
image (Table 38.3). At 28 weeks, when the fetus weighs 1000 g 
and the placenta weighs 200 g, the AF volume is approximately 
1000 mL, and comprises approximately 45% of the image of 
the uterus. At term, when the fetus and placenta weigh 3300 
and 500 g, respectively, the AF volume is approximately 
800 mL and makes up only approximately 17% of the image of 
the uterus (Table 38.3). Keeping these guidelines in mind will 
facilitate making a judgment about the normalcy of AF volume 
versus polyhydramnios or oligohydramnios.

In severe cases, the mere image confi rms the diagnosis 
because the fi ndings are dramatic. Nonetheless, it is useful to 
have a quantifi able value such as the AFI. The diagnosis of 
polyhydramnios is established by an AFI ≥25 cm.

Polyhydramnios may have both maternal and fetal seque-
lae. In mild cases, there are minimal maternal symptoms, gen-
erally consisting of abdominal discomfort and slight dyspnea. 
In moderate to severe polyhydramnios (AF volume greater 
than 4000 mL), there may be marked respiratory distress: 
dyspnea and orthopnea and usually edema of the lower 
extremities (Table 38.4).

The increased AF volume and overstretched myometrium 
place the patient with polyhydramnios at risk of certain com-
plications. Spontaneous labor with intact membranes usually 
produces contractions that are of poor quality because of the 
excessive uterine size. There is an increased incidence of 
abnormal presentations, and therefore there are more opera-
tive deliveries. Spontaneous rupture of the membranes causes 
a sudden decompression of the uterus, which increases the 
incidence of abruptio placentae and cord prolapse. There is a 
marked increase in the incidence of postpartum hemorrhage 
as a result of uterine overdistention resulting in uterine atony. 
Fetal complications include the myriad of congenital ano-
malies or abnormalities that result in increased fl uid produc-
tion or reduced fl uid resorption.

Associations

Clinically detectable polyhydramnios occurs in 0.4–0.5% of 
pregnancies. Most cases of mild polyhydramnios (e.g., AFI 
25–30 cm) are idiopathic (35–66%), and have a good prognosis, 
although the risks of preterm labor and fetal malpresentation 
remain. With increasing degrees of AF volume, the rate of fetal 
anomalies approaches 50%. It may be associated with diabetes 
mellitus, structural congenital malformations (usually of the 
central nervous system or gastrointestinal tract) impairing 
fetal swallowing, chromosomal abnormalities, multiple preg-
nancy (especially twin–twin transfusion syndrome or an acar-
diac twin), or blood group incompatibilities. When associated 
with fetal hydrops, polyhydramnios may be a result of fetal 
cardiac abnormalities, anemia or hypoproteinemia. Once poly-
hydramnios is diagnosed, a systematic maternal work-up is 
necessary to determine the cause. Management is determined 
by the underlying cause. The clinician should rule out such 
conditions as diabetes mellitus, erythroblastosis fetalis, and 
multiple pregnancy (e.g., twin–twin transfusion) by perform-
ing a glucose tolerance test, indirect Coombs test, and sono-
graphy, respectively.

In Queenan and Gadow’s [50] 1970 series of 358 patients 
with polyhydramnios, the major associated conditions were 
diabetes mellitus (25%), congenital malformations (20%), and 
erythroblastosis fetalis (11%) (Table 38.5). By 1987, the causes 
had changed considerably, according to Hill et al. [51]. The rep-
resentation of diabetes mellitus was lower, refl ecting stricter 
blood glucose control, and the occurrence of polyhydramnios 
resulting from Rhesus (Rh) incompatibility was markedly 
decreased as a result of Rh immunoglobulin prophylaxis. 
Panting-Kemp et al. [52] reported a 66% incidence of idiopathic 

Table 38.3 Typical amniotic fl uid (AF) volumes.

Gestation Fetus Placenta AF Volume AF as %
(weeks) (g) (g) (mL) of Total

16  100 100  200 50

28 1000 200 1000 45

36 2500 400  900 24

40 3300 500  800 17

Table 38.4 Polyhydramnios: chronic versus acute.

 Chronic Acute

Week of diagnosis 28–38 20–24

Fundal height by 24 weeks 20–26 29–32

 using calipers (cm)

Weight gain for 4-week  2–8 10–12

 interval at diagnosis (lb)

Outcome Varies according Perinatal death

  to cause

Maternal symptoms Mild to severe Severe
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polyhydramnios, with 4% of patients demonstrating fetal con-
genital malformation and 28% with maternal diabetes melli-
tus. The reduction in the rate of fetal malformations associated 
with polyhydramnios may represent a higher detection rate of 
the malformation by second trimester ultrasound and termi-
nation of severe cases before reaching viability.

Management

Treatment of polyhydramnios depends on the etiology and 
prognosis for effective treatment. Therapeutic amniocentesis 
is an option for the treatment of twin–twin transfusion 
syndrome. However, recent studies have indicated that feto-
scopic laser ablation of the communicating blood vessels is of 
greater effi cacy in severe cases presenting prior to fetal 
viability.

Conservative management includes modifi ed bed rest and 
assessment of uterine activity and fetal well-being. Diuretics 
are generally contraindicated because they deplete maternal 
vascular volume with little effect on the total AF volume. If 
moderate to severe polyhydramnios results in pronounced 
maternal distress, and sonographic study reveals a normal-
appearing fetus, a more aggressive approach becomes neces-
sary. If the fetus is mature, delivery is indicated. If the fetus is 
too immature for delivery, amniocentesis with drainage to 
normalize AF volume may be indicated. Complications of 
rapid removal of AF occur in 2–3% of procedures and 
include premature separation of the placenta, placental 
abruption, and premature rupture of membranes [53–55]. 
Reaccumulation of AF may rapidly occur and the procedure 
may need to be repeated every 2–3 days. A tocolytic agent 
should be considered to decrease the occurrence of uterine 
contractions.

For severe symptomatic polyhydramnios at less than 32 
weeks’ gestation, we suggest treatment with indomethacin 
following the amniocentesis to maintain normal AF volume 
without exposing the fetus to the risks of serial invasive proce-
dures. Prostaglandin synthetase inhibitors may stimulate fetal 
secretion of arginine vasopressin and facilitate vasopressin-
induced renal antidiuretic responses, and reduced renal blood 
fl ow, thereby reducing fetal urine fl ow. These agents may also 

impair production or enhance reabsorption of lung liquid [56]. 
Indomethacin is started at 25 mg orally four times daily. If 
there is no reduction in AF volume, then the dosage is gradu-
ally increased to 2–3 mg/kg/day [57]. Maternal side-effects, 
such as nausea, esophageal refl ux, gastritis, and emesis, are 
seen in approximately 4% of patients treated with indometh-
acin for preterm labor. The primary fetal concern with use of 
indomethacin is constriction of the ductus arteriosus and 
recent information suggests an increased risk of intraventricu-
lar hemorrhage. During indomethacin therapy we monitor 
AF volume two to three times per week. The drug is tapered 
when there is a reduction in AF volume, and stopped when 
polyhydramnios is no longer severe. We obtain fetal echocar-
diographic evaluations at intervals to examine ductal fl ow. If 
the fetus is found to have major malformations incompatible 
with life, delivery may be considered.

Future therapies

Future therapeutic approaches for polyhydramnios include 
the use of intra-amniotic pharmacologic agents to reduce fetal 
fl uid production. In ovine pregnancy, intra-amniotic adminis-
tration of either AVP or DDAVP results in rapid fetal plasma 
absorption and a marked decrease in fetal urine fl ow [40] 
although there is no effect on fetal swallowing [58].

Oligohydramnios

Defi nition

Oligohydramnios is a pathologic condition characterized by a 
decrease in AF volume. Although it can occur in the fi rst half of 
pregnancy, it is generally a problem of the second half.

Diagnosis

Oligohydramnios is suspected when the uterus is smaller than 
the date of gestation would suggest, and the diagnosis is made 
by sonography. The clinician relies on a quantifying method 
such as depth of the SDP, or, more commonly, the AFI. An AFI 
of 5.0–8.0 cm indicates borderline AF, whereas an AFI of 5.0 or 
less indicates oligohydramnios. The time in pregnancy when 
it develops has a bearing on the prognosis. When oligohy-
dramnios occurs as early as the second trimester, the progno-
sis is very poor [59].

Moore et al. [60] demonstrated the reliability and the predic-
tive value of a scoring system for oligohydramnios in the 
second trimester. Sixty-two cases of oligohydramnios were 
diagnosed sonographically between 13 and 28 weeks’ gesta-
tion. Three experienced sonographers used a subjective scale 
to rate the oligohydramnios as mild, moderate, severe, or 
anhydramniotic. Intraobserver reliability was excellent 
(intraclass correlation coeffi cient, 0.81). The overall perinatal 

Table 38.5 Polyhydramnios: associated conditions.

Cause 1970* 1987† 1999‡

Idiopathic (%) 35 66 65

Diabetes mellitus (%) 25 15 28

Congenital malformations (%) 21 13  4

Rh incompatibility (%) 11  1

Multiple pregnancy (%)  8  5  3

* Source: Queenan and Gadow [50].
† Source: Hill et al. [51].
‡ Source: Panting-Kemp et al. [52].
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mortality was 43% and the incidence of pulmonary hypopla-
sia was 33%. One-third had lethal congenital anomalies. The 
frequency of adverse outcomes strongly correlated with the 
most severe oligohydramnios or anhydramnios; 88% of the 
fetuses with severe oligohydramnios or anhydramnios had 
lethal outcomes, compared with 11% in the mild and moder-
ate oligohydramnios group. The presence of an anuric urinary 
tract anomaly was associated with the most severe grade of 
oligohydramnios and was uniformly fatal. Pulmonary hypo-
plasia was diagnosed in 60% of the severe oligohydramnios 
group versus 6% of the moderate group.

The investigators concluded that subjective grading of oli-
gohydramnios by experienced observers in the second trimes-
ter is both reliable and predictive of outcome. The fi nding of 
severe oligohydramnios in the second trimester is highly pre-
dictive of a poor fetal outcome and should stimulate an exten-
sive search for the etiology and consideration of intervention.

Clinical signifi cance

Oligohydramnios occurring as early as the second trimester is 
associated with a poor prognosis. Mercer and Brown [61] 
reported 39 cases of oligohydramnios in the second trimester, 
diagnosed by sonography. Nine of the pregnancies were asso-
ciated with fetal malformations: Potter syndrome [7], atrio-
ventricular disassociation [6], congenital absence of the 
thyroid [1], and multiple anomalies [7]. There were 10 unex-
plained stillbirths, one death resulting from abruptio placen-
tae, eight with perinatal mortality and morbidity after 
premature labor or abruptio placentae, and six live-born term 
infants. Although oligohydramnios in the second trimester is 
associated with a marked increase in perinatal mortality, it is 
not uniformly associated with a poor outcome.

Although oligohydramnios can be idiopathic, commonly it 
is associated with a specifi c clinical condition. The clinical con-
ditions most commonly associated with oligohydramnios are 
discussed below.

Premature rupture of membranes

Premature rupture of membranes (PROM) occurs in 2–4% of 
preterm gestations. The clinical implications for oligohydram-
nios in the setting of PROM are as follows. If PROM occurs 
before 24 weeks, there is an 80% chance of labor, infection, or 
both. The rate of perinatal mortality is 54% and the risk of per-
manent handicap in survivors is 40% [62]. It is not unusual 
for a pregnancy complicated by PROM to present initially 
as oligohydramnios with a normally functioning fetal blad-
der. Further work-up reveals a slow leak of AF resulting 
from PROM.

The earlier in pregnancy that PROM occurs, the more likely 
the risk of fetal pulmonary hypoplasia. If the PROM occurs at 
16–24 weeks’ gestation, the threat of pulmonary hypoplasia 
is great.

Oligohydramnios occurring secondary to PROM later in 
pregnancy creates a risk of umbilical cord compression. If 
compression occurs during labor, variable decelerations may 
become very problematic. This can be treated with amnioinfu-
sion to create a cushion to relieve the cord compression (see 
Chapter 51).

Congenital malformation

When managing oligohydramnios, the clinician should 
always rule out chromosome abnormalities and structural 
malformations. Malformations of the urogenital system are 
the most commonly associated with oligohydramnios. The 
classic is Potter syndrome, with renal agenesis, low-set ears, 
and facial pressure deformities. With little or no AF, it is very 
diffi cult to image the fetus and adrenal glands may be mis-
taken for kidneys. Transabdominal amnioinfusion can help in 
providing fl uid contrast for proper imaging (see Chapter 51). 
Additional urogenital problems can be encountered in the 
form of obstructive uropathy, such as posterior urethral valve 
syndrome, ureteropelvic junction syndrome, or ureterocystic 
junction obstruction. The obstructive uropathies can be 
detected as early as 14–16 weeks’ gestation. Bilateral cystic 
dysplasia of the fetal kidneys may be detected as early as 12 
weeks’ gestation. If the problem is unilateral, oligohydram-
nios is not likely. Cystic kidneys and renal pelvis dilatation are 
found with trisomy 21 and trisomy 18, so karyotype should be 
determined.

Intrauterine growth restriction

Between 3% and 7% of all pregnancies are complicated by 
intrauterine growth restriction (IUGR). These fetuses have a 
considerably higher incidence of problems including hypoxia, 
acidosis, meconium aspiration, and polycythemia. After birth, 
potential complications include hypoglycemia, necrotizing 
enterocolitis, and impaired growth and development.

Approximately 60% of fetuses with IUGR have decreased 
AF volume discernible on sonographic examination. This 
feature may be very useful in differentiating the pathologi-
cally growth restricted fetus from the one that is merely consti-
tutionally small. Generally, oligohydramnios in the IUGR 
fetus is a sign of potential fetal jeopardy and a thorough evalu-
ation of fetal well-being is indicated.

Postdate pregnancy

Approximately 3–7% of pregnancies extend beyond 42 com-
pleted weeks of gestation, dated from the fi rst day of the last 
normal menstrual period. These pregnancies have a higher 
incidence of perinatal mortality, perinatal morbidity, and 
macrosomia. Postdate pregnancies are a leading cause of 
obstetric malpractice litigation, with most of the cases involv-
ing neurologically impaired babies [63].
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The incidence of oligohydramnios increases in postdate 
pregnancies, in part a result of normal shifts in the rates of fl uid 
production and resorption (e.g., increased fetal swallowing) 
as well as a potential response to relative fetal hypoxia or nutri-
ent restriction secondary to placental aging. The signifi cance 
of oligohydramnios and spontaneous fetal heart rate decelera-
tions during antepartum testing of postdate pregnancies was 
evaluated by Small et al. [64]. The occurrence of oligohydram-
nios or spontaneous decelerations during testing necessitates 
consideration of prompt delivery. Fetuses with decreased AF 
volume are at increased risk for umbilical cord compression, 
meconium aspiration, and fetal compromise.

Twin pregnancy

Seventy-fi ve percent of twin pregnancies are dichorionic and 
25% are monochorionic. The fetal loss rate is much higher in 
monochorionic pregnancies as a result of twin–twin trans-
fusion syndrome. Monochorionic twin pregnancies may be 
identifi ed by the telltale “T sign” at the base of the intertwin 
membrane. The fi rst manifestation of twin–twin transfusion 
syndrome is an increased nuchal translucency in one or both 
fetuses at 10–14 weeks’ gestation. Subsequently, at 15–17 
weeks’ gestation there is intertwin disparity of AF volume 
manifested by folding of the intertwin membrane [65].

In multiple pregnancies where polyhydramnios and oligo-
hydramnios occur in separate sacs, there is a serious danger 
to the fetus with oligohydramnios. Chescheir and Seeds [66] 
reported on seven such twins with twin–twin transfusion syn-
drome resulting in a perinatal mortality rate of 71%. The occur-
rence of the complication before 26 weeks’ gestation resulted 
in death of all fetuses despite a variety of attempted therapies. 
In twin–twin transfusion syndrome, the donor twin becomes 
anemic and, over time, growth restricted, and develops oligo-
hydramnios. When the oligohydramnios is severe, the 
fetus becomes immobilized, generally against the uterine wall 
because of pressure from the sac with polyhydramnios. The 
fetus does not move despite changing of maternal position. 
This has been called the trapped twin syndrome.

Endoscopic laser ablation of the intercommunicating pla-
cental vessels [67] is recommended for severe twin–twin 
transfusion syndrome presenting prior to fetal viability. 
Following viability, amniodrainage from the twin with poly-
hydramnios may improve the AF volume of the donor twin 
with oligohydramnios [65].

Management

Amnioinfusion may be considered in pregnancies compli-
cated by oligohydramnios when the physician feels that 
augmenting the AF volume will provide diagnostic or thera-
peutic benefi t. Amnioinfusion may be performed therapeu-
tically, prophylactically, or as a diagnostic intervention (see 
Chapter 51).

Conclusions

Recent clinical and laboratory studies have provided an ever 
increasing understanding of the dynamics of amniotic fl uid 
volume, the clinical importance of oligo- and polyhydram-
nios, and the potential use of the amniotic cavity as a route for 
the administration of therapeutic agents to the fetus. AF is a 
dynamic body of water which provides essential functions for 
appropriate fetal growth and development. The extremes of 
volume — too much or too little — may be associated with an 
unfavorable prognosis. Appropriate diagnosis and manage-
ment of polyhydramnios and oligohydramnios is essential to 
optimize fetal outcome.

Case presentation

A 26-year-old gravida 2, para 1, with a history of one prior term 
vaginal delivery presented for prenatal care in the fi rst trimes-
ter. The patient’s fundal height was slightly greater than her 
dates, and a subsequent ultrasound revealed a twin gestation 
with a dividing membrane consistent with diamniotic mono-
chorionic placentation. Repeat ultrasounds demonstrated 
symmetric growth until a 26-week scan revealed a 20% weight 
discordance. A repeat ultrasound 2 weeks later demonstrated 
marked oligohydramnios (i.e., stuck twin) in the smaller twin, 
associated with an absence of bladder fi lling and polyhydram-
nios in the larger twin. A diagnosis of twin–twin transfusion 
syndrome was made. As the gestation was beyond fetal viabil-
ity, laser ablation of placental anastomoses was not enter-
tained. An amnioreduction procedure was performed with 
withdrawal of 2 L fl uid from the polyhydramnios sac. Sub-
sequent ultrasound confi rmed a reduction in amniotic fl uid in 
the polyhydramnios sac, and reaccumulation of fl uid in the 
oligohydramnios sac, although still subjectively reduced. A 
repeat amnioreduction was performed 1 week later. Shortly 
thereafter, the patient progressed into spontaneous labor 
and was operatively delivered at 29 weeks’ gestation. Twins 
demonstrated a 25% discordancy in weight, with evidence of 
polycythemia and anemia in the larger and smaller twin, 
repectively.

This case represents an example of twin–twin transfusion 
syndrome. The donor twin’s anemia, reduced intravascular 
volume, and mild hypoxemia result in relative oliguria. Con-
tinued fetal swallowing, despite reduced amniotic fl uid (e.g., 
urine) production contributes to the oligohydramnios. Con-
versely, the recipient twin develops polycythemia, increased 
intravascular volume, and elevated plasma atrial natriuretic 
factor levels. Markedly increased urine production contrib-
utes to the polyhydramnios state. Amnioreduction reduces 
intra-amniotic pressure, potentiating increased maternal 
to fetal placental water fl ow, and facilitating intravascular 
volume repletion and urine output in the donor twin. However, 
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the twin–twin transfusion pathophysiology continues, with 
continued transfer of plasma and red cells, and polyhydram-
nios/oligohydramnios recurs.
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39 Prevention of preterm birth
Paul J. Meis

The problem of preterm birth

Preterm birth is defi ned as a live birth before 37 completed 
weeks’ gestation. Preterm births can be classifi ed by their 
apparent etiology as spontaneous preterm labor and delivery, 
constituting approximately 45% of preterm births; births 
occurring after spontaneous premature preterm rupture of the 
fetal membranes (PPROM), approximately 35% of preterm 
births; and preterm births that result from a medical or obstet-
ric complication of the pregnancy, approximately 20% of 
preterm births [1]. Based on common risk factors for their 
occurrence, it may be appropriate to consider those births 
caused by spontaneous preterm labor and PPROM as a single 
entity and likely to be caused by similar pathogeneses [2].

The rate of preterm birth is high in the USA compared with 
other developed countries, and the rate has been increasing. In 
2004 (the last year for which data are available at the time of 
writing), 12.5% of all births in the USA were delivered prior to 
term, representing over half a million births. This rate has 
shown a steady increase over the past two decades, and repre-
sents an increase of more than 30% since the government began 
tracking preterm births in 1981. Compared with singleton 
births (one baby), multiple births in the USA were about six 
times more likely to be preterm in 2002 [3].

Preterm birth demonstrates a marked racial disparity. The 
rate of preterm birth for black infants is 17.6%, compared to 
10.7% for white infants. However, the rate of preterm birth for 
white infants remains high compared to rates of 6–8% for most 
European countries [4]. Preterm birth is the most common 
reason for the death of a newborn infant. Preterm birth is also 
the leading cause of cerebral palsy in the surviving children 
and is linked to other long-term developmental problems. In 
very premature infants, weighing 501–700 g, the mortality rate 
is approximately 70%, and with neonatal intensive care many 
of these deaths may occur as late as 100 days of hospitalization. 
The risk of severe handicap (cerebral palsy, mental retarda-
tion, epilepsy, blindness, or deafness) in survivors is approxi-
mately 20% [4].

The fi nancial costs of preterm birth are very high. In 2002, 
prematurity related infant stays resulted in hospital charges 
of $15,500,000,000. The costs of hospital care for infants 
born at 25–27 weeks’ gestation were more than 28 times 
those of infants born at term: $280,146 vs. $9803 [5]. Hospital 
costs in 2005 are likely to be even higher. These fi gures do not 
include the fi nancial costs to the families of handicapped 
children over their lifespan. In addition to the fi nancial 
costs of preterm birth, the families of very preterm infants 
are exposed to considerable stress in dealing with this problem 
and dysfunctional family patterns are common. For these 
reasons, preterm birth is recognized as a major public health 
problem and reduction of the rates of preterm birth as the 
most important goal in contemporary obstetric practice and 
research.

Preterm birth as a social phenomenon

Many studies have shown that the risk of preterm birth is 
related to low socioeconomic status. Given this relationship, 
why does the USA have high rates of preterm birth when it has 
one of the highest rates of per capita income of all the nations of 
the world? Several facts may explain this seeming contradic-
tion. Access to health care for individuals in the USA may be 
limited by the lack of health insurance. From 2001 census data, 
only 32.7% of the female population was covered through 
private health insurance or Medicaid. In the USA in 2004, 43.6 
million people lacked any kind of health insurance [6]. The 
increase in the number of people without insurance in 2002 
was the largest in a decade.

The racial disparity of insurance coverage is striking. In a 
study by Families USA, nearly 35% of Hispanics were unin-
sured, as were 20% of blacks and 12% of whites [7]. While 
many states have attempted to improve insurance coverage 
with Medicaid for low-income pregnant women, many gaps 
in coverage persist, and health problems of the women may 
not be covered by Medicaid insurance until the time of 
pregnancy.
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Income inequality is greater in the USA than in other major 
industrialized countries such as Canada, Australia, and Euro-
pean countries. In 2002, a total of 34.6 million Americans, 12.1% 
of the population, lived in poverty. A monograph by Miller [8] 
described some of the social support benefi ts enjoyed by preg-
nant women in Europe. The countries surveyed were Belgium, 
Denmark, Germany, France, Ireland, Netherlands, Norway, 
Spain, Switzerland, and the UK. In all of these countries, pre-
natal care is available to all without regard to their ability to 
pay. Many of these countries provide fi nancial incentives to 
pregnant women for attending prenatal visits. All of these 
countries provide paid pregnancy leave with job security, and 
routine home visits by a nurse following the delivery. In the 
Netherlands, women receive 100% of their salaries during 
maternity leave, and in Denmark and Sweden 90%. These pro-
grams are in contrast to the relative lack of organized social 
support for pregnant women in the USA.

Tocolytic drugs

Since the 1970s, much of the effort toward preventing preterm 
birth has been focused on attempts to halt preterm labor 
through the use of tocolytic drugs. Despite the wide usage of 
these drugs, the results have been disappointing. Since the 
time of the introduction of these drugs, no reduction has been 
observed in the rates of preterm birth in the USA or in other 
countries. Randomized placebo controlled trials of these drugs 
have found that the use of these drugs can be effective in delay-
ing preterm delivery for a matter of days, but that ultimate 
preterm delivery is not prevented [9]. The short-term delay in 
delivery, however, can be useful in allowing time for the effec-
tive use of antenatal steroid therapy to enhance fetal lung 
maturity. This lack of effectiveness of tocolytic therapy and the 
lack of other effective methods to reduce rates of preterm birth 
has led to the opinion by many that no effective and reproduci-
ble method of preventing preterm birth has been demon-
strated [9].

It would appear that once the labor process has begun, 
which likely occurs earlier than the clinical onset of labor, 
attempts to halt this process are futile and that effective pre-
vention for preterm labor must rely on programs or interven-
tions that are introduced early in pregnancy. Current evidence 
suggests that we may be at the threshold of the discovery of 
effective and clinically useful methods of preventing preterm 
birth. However, it may be years before these discoveries impact 
preterm delivery rates.

Prevention of preterm birth in France

The French experience in preterm birth prevention in the 1970s 
and 1980s is worthy of attention because it represented a 
formal program to reduce the rate of preterm births and 

because France was the only European country to experience a 
signifi cant decrease in the rate of preterm births. The program 
was under the direction of Dr. Emile Papiernik. A full descrip-
tion of this program was published by Papiernik and Goffi net 
[10]. Papiernik fi rst tested this program in a small district of 
France containing the city of Hagenau in the region of Alsace. 
The basic features of the program included the availability of 
early and equal prenatal care for all women without regard for 
ability to pay; provision of information that would convince 
the women to change their lifestyles; recognition, during pre-
natal care, of risk factors and warning signs of preterm birth; 
and appropriate use of maternity work leave and reduction of 
physical activity. The program was directed at all pregnant 
women, not only those at high risk. The success of this program 
in Hagenau led to its adoption throughout the entire country. 
In France, the proportion of deliveries at less than 37 weeks 
decreased from 8.2% in 1972 to 6.8% in 1976, 5.6% in 1982, and 
4.9% in 1988. Of even greater signifi cance, births at less than 34 
weeks decreased from 2.4% of deliveries in 1972 to 1.7% in 
1976, 1.2% in 1981, and 0.9% in 1988 [11]. Analysis of the 
preterm births revealed that the reduction occurred for spon-
taneous preterm births, and no decrease occurred for indicated 
preterm deliveries [11]. The decrease in preterm deliveries 
occurred mainly for women at low or moderate risk. Women 
at high risk for preterm delivery, because of a history of a pre-
vious preterm delivery or a previous stillbirth, did not experi-
ence a decreased rate of preterm delivery.

Since 1988 a trend has been seen in France for a modest 
increase in preterm births, to 4.43% in 1995 and 6.27% in 1998. 
The largest increases were identifi ed in the subgroup of indi-
cated preterm births, from 0.51% in 1972 to 2.31% in 1998 [10]. 
France has experienced an increased number of births to immi-
grant women who were born outside of continental France. 
An analysis of births in the Seine–Saint-Denis district in 2000 
found that almost half of all births occurred to these women. 
The only groups who experienced an increased rate of preterm 
births were women born in the French Caribbean or sub-
Saharan Africa, who had rates of preterm birth of 7.9 and 7.2%, 
respectively [12]. These rates are still low compared with rates 
of preterm birth in the USA.

Unfortunately, attempts to duplicate the French experience 
in the USA have not been successful. A multicenter rand-
omized trial of a system of patient education, physician educa-
tion, and weekly pelvic examination enrolled 2395 women. 
The results showed no signifi cant reduction in the study group 
compared to the control group [13]. There are several reasons 
that can be advanced for this lack of success. The program did 
not receive the same level of support of popular media as was 
present in France in helping to promote healthier lifestyles, 
and no governmental policy was in place that encouraged 
liberal pregnancy work leave. Perhaps more importantly, the 
trial was limited to women who were at high risk for preterm 
birth. In general, this group of women did not show benefi t 
in the French program. The results achieved by the French 
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experience are important, but without changes in health care 
policy, they may not be translatable to the health delivery 
system currently present in the USA.

Cervical cerclage

The concept of weakness in the compliance and passive ability 
of the uterine cervix to retain the fetus in pregnancy was fi rst 
advanced more than 50 years ago, but has remained contro-
versial up to the present time.

In 1955, Shirodkar [14] proposed surgical cerclage of the 
cervix as a treatment for women with a history of habitual 
abortion. The surgical technique that he reported, and other 
similar procedures, have been frequently used since that time 
with an estimated current frequency of use between 1 in 200 
and 1 in 2000 deliveries [15]. The traditional concept of this 
entity has been to consider the cervix as being competent or 
incompetent, with the treatment of cervical incompetence 
(better referred to as insuffi ciency) requiring surgical cerclage. 
Despite the relative popularity of this treatment to prevent 
preterm delivery, controversies have persisted regarding the 
best means of diagnosis of cervical insuffi ciency, appropriate 
indications for the procedure, and the effi cacy of the treatment 
to prevent preterm birth. The classic indications for the proce-
dure using the patient’s historical factors include a history of 
two or more consecutive second trimester pregnancy losses, a 
history of painless dilatation of the pregnant cervix to 4–6 cm, 
and a history of diethylstilbestrol (DES) exposure in utero of 
the pregnant women.

The availability of endovaginal ultrasonography to measure 
cervical length accurately and identify funneling of the inter-
nal os has both focused increased attention on the role of the 
cervix in preterm delivery and provided a potentially better 
means of evaluating cervical function.

Cervical length remains relatively stable up to the early 
third trimester of pregnancy at which time progressive 
shortening begins. The median cervical length is 35–40 mm at 
14–22 weeks and falls to approximately 35 mm at 24–28 weeks, 
and 30 mm after 32 weeks [16]. The cervical length at 22–32 
weeks’ gestation displays a normal distribution, with the 50th 
percentile approximately 35 mm and the 10th and 90th at 25 
and 45 mm, respectively [17,18]. The studies reported by Iams 
and other investigators have shown that the likelihood of 
preterm delivery is inversely related to the length of the cervix 
when measured at 24–28 weeks’ gestation. While the cervical 
length can now be measured with accuracy and the associated 
risk of preterm delivery better assessed, it is less certain that 
this risk can be altered by surgical cerclage of the shortened 
cervix.

Perhaps the most common cause of a shortened cervix is 
infl ammation, resulting from local effects of intravaginal and/
or intrauterine infection or to decidual hemorrhage with con-
sequent biochemically induced change in the cervix. These 

infl ammatory alterations in the cervix are similar to the 
changes that occur in preparation to labor at term, and are a 
prelude to preterm labor and delivery. The cervical appear-
ance in these women is currently indistinguishable from a 
shortened cervix resulting from intrinsic physical causes, but 
surgical cerclage in this circumstance would be counterpro-
ductive and would likely enhance the infl ammatory or hemor-
rhagic process.

The effi cacy of cervical cerclage in preventing preterm deliv-
ery has been evaluated by a number of randomized trials. 
Some of these trials enrolled women on the bases of historical 
pregnancy factors; other more recent trials enrolled patients 
on the basis of ultrasound measurement of cervical length. 
Grant reported a meta-analysis of four earlier trials [19]. Enroll-
ment into these trials was essentially by the subject’s past preg-
nancy history. A total of 1509 women were enrolled. The 
largest trial was conducted by the Medical Research Council 
and Royal College of Obstetrics and Gynaecology Working 
Group (MRC/RCOG) and enrolled 905 subjects [20]. The com-
bined odds ratios (OR) of the trials did not fi nd a statistically 
signifi cant reduction of delivery at less that 33 weeks’ gesta-
tion or at less than 37 weeks’ gestation. The largest single trial 
(MRC/RCOG) found OR of delivery at less than 33 weeks of 
0.67, which barely met statistical signifi cance (95% confi dence 
intervals [CI], 0.47–0.97). Subgroup analysis of this trial found 
that the only group of subjects who benefi ted were women 
with a history of combination of three or more preterm births 
or second trimester pregnancy losses [20].

Several randomized trials have reported the results of cervi-
cal cerclage for patients with a shortened cervix on ultrasound 
measurement.

Rush et al. [21] randomly assigned patients with sonographic 
evidence of cervical shortening (<25 mm) or funneling (>25%) 
between 16 and 24 weeks’ gestation to cerclage (n = 55) versus 
no cerclage (n = 58). There were no signifi cant differences in 
preterm birth rate (cerclage 35% vs. no cerclage 36%) or other 
perinatal outcomes between the two groups.

Althuisius et al. [22] recruited 35 women with a history of 
preterm birth at less than 34 weeks to the Cervical Incompe-
tence Prevention Randomized Cerclage Trial (CIPRACT). 
Study subjects were followed with endovaginal sonography 
and randomized to cerclage vs. bed rest if the cervical 
length fell below 25 mm. Of the 35 women enrolled, 19 
were randomly assigned to cerclage with modifi ed bed rest 
and 16 were assigned to bed rest alone. A preterm birth 
rate of 44% (7 of the 16 women) occurred in those women 
treated with bed rest alone, compared with zero in those 
treated with cerclage and modifi ed bed rest (0 of the 19 women; 
P = 0.002).

Berghella et al. [23] randomized 61 women found to have a 
shortened cervix to either bed rest or bed rest plus cervical cer-
clage. Some of the women had singleton pregnancies and had 
risk factors for preterm delivery, some of the women had a 
twin gestation, and some were at low risk for preterm delivery 
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but were identifi ed on routine screening to have a shortened 
cervix. Preterm delivery at less than 35 weeks occurred in 45% 
of the subjects in the cerclage group and 47% of the women in 
the bed rest group. No difference existed in any obstetric or 
neonatal outcome.

In 2004, To et al. [24] performed the largest randomized mul-
ticenter study examining the usefulness of cervical cerclage 
placement in women with a short cervix. The investigators 
screened 47,123 women using transvaginal ultrasound at 22–
24 weeks’ gestation and identifi ed 470 women with a cervical 
length of 15 mm or less. Two hundred and fi fty three patients 
were randomized to receive either a Shirodkar cervical cer-
clage (n = 127) or expectant management (n = 126). Study sub-
jects in the cerclage arm received a single dose of intravenous 
intraoperative antibiotics and all participants were adminis-
tered prophylactic steroids (two doses) for fetal lung maturity 
at 26–28 weeks’ gestation. There were no signifi cant differ-
ences in proportion of preterm birth rate before 33 weeks’ ges-
tation (cerclage 22% vs. no cerclage 26%; relative risk [RR] 0.84; 
P = 0.44) or other differences in perinatal or maternal morbid-
ity or mortality. This study is remarkable for the large number 
of women screened, the strict defi nition of shortened cervix 
(<15 mm), the relatively large number of subjects recruited 
and randomized, and the careful control of the quality of the 
surgical procedure used. The researchers concluded that, 
while transvaginal sonographic measurement of the cervical 
length at 22–24 weeks identifi es a group at high risk of preterm 
delivery, the insertion of a cerclage suture in such women 
with short cervices does not substantially reduce the risk of 
prematurity.

Berghella et al. [25] performed a meta-analysis of these four 
trials, including some additional subjects in the Rust and 
Althuisius trials. The total number of subjects was 607. The 
combined OR for these trials did not reach statistical signifi -
cance for delivery prior to 35 weeks (OR 0.84; 95% CI, 0.67–
1.06). Berghella performed subgroup analysis of these data. 
These analyses found an increased RR for delivery at less than 
35 weeks among women with twins having a short cervix who 
had a cerclage performed, compared with mothers of twins 
not so treated (RR 2.15; 95% CI, 1.15–4.01). In contrast, sub-
group analysis of women with a history of a previous preterm 
delivery and a shortened cervix had a decreased chance of 
preterm delivery at less than 35 weeks when cerclage was per-
formed (RR 0.61; 95% CI, 0.40–0.92).

In summary, while the ability to measure the cervix accu-
rately by means of transvaginal ultrasound improves the accu-
racy of predicting risk for preterm delivery, the use of this 
method has been disappointing for selecting women who 
might benefi t from cervical cerclage. It seems clear that women 
with twin gestations who may have a short cervix are poor 
candidates for a cerclage. Women with a prior preterm deliv-
ery and a short cervix may benefi t from this procedure and 
randomized trials of treating this group of women with cer-
clage are needed.

Infection and preterm birth

Several lines of evidence link the presence of infection and/or 
infl ammation and preterm birth. These include a strong asso-
ciation between histologic chorioamnionitis and preterm birth 
[26], particularly early preterm birth, an association of bacte-
rial vaginosis with preterm birth [27], and of periodontitis with 
preterm birth [28]. In addition, a small percentage of women in 
preterm labor with intact membranes have demonstrated the 
presence of bacterial invasion of the amniotic space [29].

These associations have stimulated a number of clinical 
trials of antibiotic therapy for women in preterm labor, and 
pregnant women with positive vaginal fetal fi bronectin, 
vaginal infections, or periodontal disease [30–34]. Unfortu-
nately, the results of these trials have been disappointing, 
showing a lack of positive prevention of preterm birth, or, in 
some cases, an increase in preterm birth in some groups of 
women treated with antibiotics [31,33,34].

An exception to these disappointing results is the improve-
ment demonstrated by treating women with preterm prema-
ture rupture of the fetal membranes with antibiotics such as 
erythromycin. These results include an increase in latency 
before labor, and improved neonatal outcome [35,36].

Progesterone prophylactic therapy to 
prevent preterm birth

The use of progesterone to prevent preterm delivery is not 
new, and the fi rst randomized trial of progesterone for this 
purpose was by Papiernik [37]. Several other small trials of 
progesterone therapy were reported over the next two decades. 
Recently, interest in this therapy has been reinvigorated as evi-
denced by the recent publication of fi ve review articles and an 
American College of Obstetricians and Gynecologists (ACOG) 
Committee Opinion [38–43]. The origin of this new enthusi-
asm and interest in progesterone was sparked by the publica-
tion in 2003 of two randomized trials; one using progesterone 
vaginal suppositories and the other 17-alpha hydroxyproges-
terone caproate (17P) injections to prevent recurrent preterm 
delivery [44,45].

The results of the early reported trials of progesterone were 
evaluated by two meta-analyses. Goldstein et al. [46], in 1989, 
published the results of a meta-analysis of randomized con-
trolled trials involving the use of progesterone or other pro-
gestogenic agents for the maintenance of pregnancy. Fifteen 
trials of variously defi ned, high-risk subjects were felt to be 
suitable for analysis. The trials employed six progestational 
drugs. The pooled OR for these trials showed no statistically 
signifi cant effect on rates of miscarriage, stillbirth, neonatal 
death, or preterm birth. The authors concluded that “pro-
gestogens should not be used outside of randomized trials at 
present.”
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In response to this publication, Keirse [47] presented, in 
1990, the results of an analysis of a more focused selection of 
trials. This meta-analysis was restricted to trials that employed 
17P, the most fully studied progestational agent, and included 
all placebo-controlled trials that used this drug. Pooled OR 
found no signifi cant effect on rates of miscarriage, perinatal 
death, or neonatal complications. However, in contrast to 
Goldstein et al.’s review, the OR for preterm birth was signifi -
cant at 0.5 (95% CI, 0.30–0.85), as was the OR for birthweight 
less than 2500 g, 0.46 (95% CI, 0.27–0.80). Keirse remarked that 
the results demonstrated by these trials contrasted markedly 
with the poor effectiveness of other efforts to reduce the occur-
rence of preterm birth, but that because no effect was demon-
strated to result in lower perinatal mortality or morbidity, 
“further well-controlled research would be necessary before it 
is recommended for clinical practice.”

A large trial of an oral progestogen was reported by Hobel 
et al. [48] in 1994. As part of a larger preterm birth prevention 
program, 823 patients were identifi ed as being at risk for 
preterm birth by a high-risk pregnancy scoring system. The 
drug used was Provera (medroxyprogesterone acetate), and 
411 patients were assigned to take 20 mg/day orally. The 
control group of 412 patients was given placebo tablets. The 
allocation to drug or placebo was on the basis of the particular 
prenatal clinic that the patient attended. The subjects were 
enrolled prior to 31 weeks’ gestation. The outcome of interest 
was delivery at less than 37 weeks. The rate of preterm deliv-
ery in the treatment group was 11.2%, compared with 7.3% in 
the placebo group. The rate of compliance for the subjects was 
low, with only 55% of the patients assigned to the Provera 
group actually taking the drug. This remains the only large 
trial of an oral progestational agent to prevent preterm birth.

Recently, two large trials have been reported of the use of 
progestogens to prevent preterm birth. In 2003, da Fonseca 
et al. [44] reported the results of a randomized, placebo con-
trolled trial of vaginal progesterone suppositories in 142 
women. The subjects were selected as being at high risk for 
preterm birth. The risk factor in over 90% of the subjects was 
that of a previous preterm delivery. The patients were ran-
domly assigned to daily insertion of either a 100-mg progester-
one suppository or a placebo suppository. The treatment 
period was 24–34 weeks’ gestation. All patients were moni-
tored for uterine contractions once weekly for 1 hour with an 
external tocodynamometer. Although 81 progesterone and 76 
placebo patients were entered into the study, several patients 
were excluded from analysis because of PPROM, or were lost 
to follow-up, leaving 72 progesterone and 70 placebo subjects. 
The rate of preterm delivery at less than 37 weeks in the pro-
gesterone patients was 13.8%, signifi cantly less than the rate in 
the placebo patients of 28.5%. The rate of preterm delivery at 
less than 34 weeks’ in the treatment group was 2.8% compared 
to 18.6% in the placebo group. These differences were statisti-
cally signifi cant. The rate of uterine contractions measured by 
the weekly hour-long recording was signifi cantly less at 28–34 

weeks in the progesterone patients compared to the placebo 
patients. Analysis of the results by intent to treat showed 
smaller differences between the groups but these differences 
remained statistically signifi cant [49].

Meis et al. [45] reported the results of a large multicenter 
trial of 17P conducted by the Maternal Fetal Medicine Units 
(MFMU) Network of the National Institute of Child Health 
and Human Development. The study enrolled women with a 
documented history of a previous spontaneous preterm deliv-
ery, which occurred as a consequence of either spontaneous 
preterm labor or PPROM. After receiving an ultrasound exam-
ination to rule out major fetal anomalies and determine gesta-
tional age, the subjects were offered the study and given a test 
dose of the placebo injection to assess compliance. If they chose 
to continue, they were randomly assigned, using a 2 : 1 ratio, to 
weekly injections of 250 mg 17P or a placebo injection. Treat-
ment was begun at 16–20 weeks’ gestation and was continued 
until delivery, or 37 weeks’ gestation, whichever came fi rst. 
The study planned to enroll 500 subjects, a sample size esti-
mated to be suffi cient to detect a 37% reduction in the rate of 
preterm birth. However, enrollment was halted at 463 sub-
jects, 310 in the treatment group and 153 in the placebo group, 
following a scheduled evaluation by the Data Safety and Mon-
itoring Committee, which found that the evidence of effi cacy 
for the primary outcome was such that further entry of patients 
was unnecessary. In this study, delivery at less than 37 weeks’ 
was reduced from 54.9% in the placebo group to 36.3% in the 
treatment group. Similar reductions were seen in delivery at 
less than 35 weeks’, from 30.7% to 20.6%, and in delivery at less 
than 32 weeks’, from 19.6% to 11.4%. All of these differences 
were statistically signifi cant. Rates of birthweight less than 
2500 g were signifi cantly reduced, as were rates of intraven-
tricular hemorrhage, necrotizing enterocolitis, and need for 
supplemental oxygen and ventilatory support. Rates of neo-
natal death were reduced from 5.9% in the placebo group to 
2.6% in the treatment group, although this difference did not 
reach statistical signifi cance. The women enrolled in this study 
had unusually high rates of preterm birth. This could be 
explained in part by the fact that the mean gestational age of 
their previous preterm delivery was quite early, at 31 weeks. 
In addition, one-third of the women had had more than one 
previous spontaneous preterm delivery. Despite random allo-
cation, more women in the placebo group had had more than 
one preterm delivery. Adjustment of the analysis controlling 
for the imbalance found that the treatment effect remained sig-
nifi cantly different from that of the placebo. A majority of the 
women were of African-American ethnicity and the treatment 
with 17P showed equal effi cacy in the African-American 
women and in the non-African-American subjects.

In 2003, the ACOG Committee on Obstetric Practice pub-
lished a Committee Opinion about the use of progesterone to 
reduce preterm birth [38]. The opinion recognized the benefi t 
shown in the two trials for women with a prior spontaneous 
preterm delivery. The opinion cautioned that progesterone 
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should not be recommended for women with other high-risk 
conditions (e.g., twin gestation, shortened cervix) outside of 
randomized trials.

Sanchez-Ramos et al. [43], in 2005, published a meta-
analysis of trials of progestational agents to prevent preterm 
births. He included the two recent trials in a total of 10 trials 
that met the search criteria. The analysis found that “compared 
with women randomized to the placebo, those who received 
progestational agents had lower rates of preterm delivery” 
(26.2% vs. 35.9%; OR 0.45; 95% CI, 0.25–0.80). The comparison 
of rates of perinatal mortality did not reach a statistically sig-
nifi cant difference (OR 0.69; 95% CI, 0.38–1.26). This recom-
mendation was reinforced by the recent report by Caritis et al. 
of the results of a large randomized trial of 17P in women with 
twin pregnancies [50]. This trial found a lack of effi cacy of pro-
gesterone treatment to prevent preterm delivery in women 
with twin gestations and confi rmed the earlier report of 
Hartikainen-Sorri et al. [51]. Thus, effective treatments to 
prevent preterm delivery in multiple gestation pregnancies 
remain to be discovered.

Petrini et al. [42] reported an interesting analysis of the 
potential impact of 17P treatment of women at risk for recur-
rent preterm delivery. Their calculations assumed a 33% 
reduction of preterm births (based on the results of the MFMU 
Network trial). By their calculations, if all women at risk for 
recurrent preterm delivery in the USA were treated with 17P, 
10,000 spontaneous preterm births would be prevented. 
However, the overall rate of preterm birth in the USA would 
be reduced only from 12.1% to 11.8%.

In summary, progesterone treatment has been demon-
strated to be an effective reproducible treatment to reduce the 
rate of preterm delivery in a select group of women (those with 
a prior spontaneous preterm delivery). Whether this treat-
ment is effective for other groups of high-risk pregnant women 
must await the results of further randomized trials. It is impor-
tant to realize that most preterm births in the USA occur to 
women with no identifi ed risk factors. Large reductions in the 
rate of preterm birth in the USA will likely depend on policies 
or treatments that can apply to the broad population of preg-
nant women.

Case presentation

The patient was a 25-year-old, gravida 2, para 1, whose previ-
ous pregnancy was delivered following spontaneous preterm 
rupture of the fetal membranes at 25 weeks followed by subse-
quent labor and delivery of a 625-g infant. The child survived 
but has been diagnosed with spastic quadriplegia form of 
cerebral palsy. She presented for prenatal care at 12 weeks. 
Physical examination was unremarkable. At 16 weeks, ultra-
sonography revealed a 16-week gestation with no obvious 
fetal anomalies and transvaginal sonography measured the 
cervix at 3.5 cm.

The patient was started on weekly injections of 250 mg 17P. 
The prenatal course was unremarkable until 33w 6d when 
preterm labor contractions began. On admission to labor and 
delivery, the cervix was fully effaced and 3–4 cm dilatated. 
Tocolysis with magnesium sulfate was started and the patient 
was given betamethasone, which was repeated at 24 hours. 
At 36 hours after admission, uterine contractions recurred 
despite the tocolytic treatment and the patient was delivered 
of a 2300-g infant at 34 weeks’ gestation. Apgar scores were 8 
and 9 at 1 and 5 minutes, respectively. The infant required no 
ventilatory support in the nursery and mother and infant were 
discharged home on day 3.

Treatment of this patient with 17P was appropriate as the 
history of delivery following PPROM is included in the crite-
ria of a prior spontaneous preterm delivery. Tocolysis initially 
halted labor and allowed time for steroid therapy with 
beta methasone. However, tocolysis was only effective for a 
short period, and preterm labor resumed. Treatment with 17P 
was effective in prolonging the pregnancy compared with the 
previous delivery, and the birth outcome was excellent. Treat-
ment with 17P is especially effective for women with a history 
of a very early preterm delivery, but the treatment does not 
guarantee carrying the pregnancy to term in every case.
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40 Pathogenesis and prediction of 
preterm delivery
Charles J. Lockwood

Preterm delivery (PTD) is defi ned as a birth before 37 com-
pleted weeks’ gestation. In 2004, the PTD rate in the USA was 
12.5% [1]. This represents an increase of nearly 20% since 1990. 
Although non-Hispanic white women saw the highest rela-
tive increases in their PTD rates, non-Hispanic black women 
retain a 1.5-fold overall higher PTD rate (11.5% vs. 17.9%, 
respectively) and a 2.5-fold higher rate of very premature 
births (<32 weeks) (1.63% vs. 4.04%, respectively). The two 
principal drivers of the recent increase in PTDs among non-
Hispanic white women have been the epidemic of multifetal 
gestations resulting from the increased availability of assisted 
reproductive technologies (ART) and those PTDs indicated by 
deteriorating maternal or fetal health.

Etiology and pathogenesis of 
spontaneous PTD

Proximate causes of PTD include medically indicated PTDs 
(18.7–35.2% of cases) and spontaneous PTDs resulting from 
either preterm labor (PTL) with intact fetal membranes (23.2–
64.1%) or preterm premature rupture of membranes (PPROM) 
(7.1–51.2%) [2]. Ultimately, all spontaneous PTDs utilize a 
common biochemical pathway of increased genital tract pros-
taglandin (PG) and protease production coupled with altera-
tions in progesterone receptor (PR) isoform expression in the 
cervix, decidua, myometrium, and fetal membranes that lead 
to a functional progesterone withdrawal. This fi nal common 
pathway is employed by each of four separate pathogenic 
pathways which have distinctive genetic and/or epidemio-
logic risk factors and unique biochemical triggers.

Maternal and/or fetal stress: premature 
activation of the placental–fetal hypothalamic–
pituitary–adrenal axis

Periconceptional maternal stress and anxiety are associated 
with modestly increased rates of spontaneous PTD with odds 

ratios (ORs) of 1.16 (95% confi dence intervals [CI]: 1.05–1.29) 
[3]. Depression among women of African descent is associated 
with an adjusted OR for PTD of 1.96 (95% CI, 1.04–3.72) [4]. 
Moreover, placental pathologic changes consistent with fetal 
stress and ischemia are 3–7 times more common in patients 
with spontaneous PTD compared with term controls [5,6]. 
Both elevated maternal stress and aberrant placentation are 
more common with fi rst pregnancies. In addition, there 
appears to be a genetic predisposition to both maternal mood 
disorders [7] and impaired placentation [8].

Corticotropin-releasing hormone (CRH), a 41-amino-acid 
peptide initially discovered in the hypothalamus but also 
expressed by placental, chorionic, amnionic, and decidual 
cells, appears to be the mediator of stress-associated PTDs [9]. 
Maternal plasma free CRH concentrations, which are almost 
entirely placental-derived, rise during the second half of preg-
nancy and peak during labor [10]. In contrast to the hypothala-
mus, where glucocorticoids inhibit CRH release, cortisol 
enhances placental production of CRH [11]. Both maternal 
and fetal stress is associated with elevated maternal and/or 
fetal cortisol levels [12–14]. Lockwood et al. [15] examined 
paired maternal and fetal hypothalamic–pituitary–adrenal 
(HPA) axis hormone levels in patients undergoing cordocen-
tesis across the second half of gestation and noted that 
placental-derived maternal serum CRH values correlated best 
with fetal cortisol (r = 0.40; P = 0.0002) but also modestly corre-
lated with maternal cortisol levels (r = 0.28; P = 0.01). Thus, 
rising maternal and/or fetal cortisol levels likely establish a 
positive feedback loop; to wit, placental-derived CRH stimu-
lates the release of fetal pituitary adrenocorticotropin (ACTH) 
to enhance fetal adrenal cortisol production which further 
stimulates placental CRH release [15].

The output of prostaglandins F2α and/or E2 is increased by 
CRH in cultured amnionic, chorionic, decidual, and placental 
cells [16,17]. These PGs bind to the uterotonic receptors, FP, 
EP-1, and EP-3, respectively, in the fundus and corpus of 
the uterus to mediate calcium fl ux and increase expression 
of oxytocin receptor, connexin 43 (gap junctions), and 
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cyclo-oxygenase-2 (COX-2), which triggers effective contrac-
tions and generates additional PGs, respectively [18–20]. Pros-
taglandins also promote premature rupture of the membranes 
(PROM) and cervical change by enhancing the synthesis of 
matrix metalloproteinases (MMPs) in the fetal membranes 
and cervix [19,21]. Moreover, PGs increase cervical expression 
of interleukin-8 (IL-8), which recruits and activates neu-
trophils, releasing additional MMPs and elastases which can 
promote cervical change and PROM [22]. Finally, recent 
studies suggest that both PGE2, and PGF2α increase the PR-A 
isoform and decrease the PR-B isoform in myometrium, cervix, 
amnion, chorion, and decidua [23–25]. Because PR-A antago-
nizes the classic PR-mediated genome effects of PR-B, PGs 
appear to induce a functional progesterone withdrawal. Corti-
sol released into the amniotic fl uid can directly stimulate fetal 
membrane PG production by increasing amnionic COX-2 
expression and inhibiting the chorionic PG metabolizing 
enzyme, 15-hydroxy-prostaglandin dehydrogenase (PGDH) 
[26,27].

With the development of the fetal adrenal zone of the fetal 
adrenal after 28–30 weeks’ gestation, stress-associated activa-
tion of the placental–fetal HPA axis also mediates PTD by 
enhancing placental estrogen production. This is because 
increased fetal adrenal zone production of dehydroepiandros-
terone sulfate (DHEAS) accompanies ACTH-induced fetal 
adrenal cortisol production. In addition, CRH can directly 
augment fetal adrenal DHEAS production [28]. Placental sul-
fatases cleave the sulfate conjugates of DHEAS and its 16-
hydroxy hepatic derivative allowing their conversion to 
estradiol (E2) and estrone (E1), as well as estriol (E3), respec-
tively. These estrogens increase expression of contraction-
associated proteins (CAPs) such as oxytocin receptor and 
connexin 43 [29,30]. Because reductions in PR-B expression 
lead to increased expression of the active form of the estrogen 
receptor-α (ER-α), rising placental estrogen production would 
be matched to PG-induced increases in ER-α expression [31].

Decidual-amnion-chorion infl ammation

Systemic infl ammation resulting from periodontal disease, 
pneumonia, sepsis, pancreatitis, acute cholecystitis, pyleone-
phritis, and asymptomatic bacteriuria as well as genital tract 
infl ammatory states such deciduitis, chorioamnionitis, and 
intra-amniotic infections are all associated with PTD [32–38]. 
Indeed, genital tract infl ammation is the most common ante-
cedent of very early PTDs, accounting for more than half of 
cases [37,38]. Multiple prospective cohort studies have estab-
lished a modest association between bacterial vaginosis (BV) 
and an increased risk of spontaneous PTD (OR 1.4–2.2), with 
the strongest association noted for BV detected at less than 16 
weeks (OR 7.55; 95% CI, 1.80–31.65) [39–41]. The occurrence 
of BV facilitates overgrowth of upper genital tract faculta-
tive bacteria such as mycoplasma species and Gardnerella 
vaginalis, Gram-negative bacteria such as Escherichia coli, and 

Gram-positive cocci [42,43], as well as urinary tract coloniza-
tion and infections [44]. In turn, asymptomatic bacteriuria and 
vaginal E. coli colonization are linked to a twofold increase in 
PTD [45–47].

The link between BV and associated overgrowth of lower 
and upper genital and urinary tract bacteria with PTD refl ects 
the pivotal role of the innate immune response. Gram-
negative bacterial endotoxins bind to cervical and fetal mem-
brane Toll-like receptor 4 (TLR-4) and Gram-positive bacterial 
exotoxins bind to TLR-2 on decidual cells and leukocytes to 
elicit production of tumor necrosis factor-α (TNF-α) and IL-1β 
[48–50]. In turn, TNFα, IL-1β, and/or endotoxins such as 
lipopolysaccharide (LPS) induce expression of the transcrip-
tion factor, NFκB, which enhances MMP-1, MMP-3, MMP-9, 
and COX-2 expression and inhibits PGDH and PR-B gene 
expression in myometrium, decidua, fetal membranes, and/
or cervix while promoting programmed cell death (apoptosis) 
in amnionic epithelial cells [51–61]. Moreover, TNF-α, IL-1β, 
and LPS also stimulated IL-6 production in amniochorion and 
decidua [62,63], which further augments amnionic and decid-
ual PG production [64]. Finally, IL-1β and TNF-α induce IL-8 
production in the fetal membranes, decidua, and cervix, effects 
that are potentiated by IL-6 [63,65]. Given that IL-8 causes 
recruitment and activation of neutrophils that release addi-
tional MMPs and elastases, it further exacerbates the PTD-
enhancing effects of genital tract infl ammation.

The most common microorganisms identifi ed in the fetal 
membranes and amniotic fl uid of patients with infl ammation-
associated PTD are Ureaplasma urealyticum, Mycoplasma 
hominis, Gardnerella vaginalis, and bacteroides species [66,67]. 
As these organisms are generally of low virulence, it has been 
posited that a genetically determined exaggerated maternal 
and/or fetal infl ammatory response rather than the presence 
of microorganisms per se triggers PTD. Indeed, the 15% recur-
rence risk of PTD coupled with its aggregation in certain fami-
lies, and concordance in twins are consistent with a genetic 
link [68–71]. The T2 allele of the TNF-α gene causes increased 
expression of TNF-α and confers an increased risk of PPROM 
in African-American women [72]. Moreover, African-
American mothers harboring both this polymorphism and BV 
are at even greater risk of PTD (OR 6.1; 95% CI, 1.9–21.0) [73]. 
Simhan et al. [74] reported the association between the IL-6-
174 promoter polymorphism and a decreased risk of PTD 
among white women [74]. Lorenz et al. [75] observed an 
increased frequency of two (Asp299Gly and Thr399Ile) poly-
morphisms for TLR-4, the major endotoxin-signaling recep-
tor, in a population of white infants delivering preterm. These 
fi ndings may help account for disparate ethnic and racial 
patterns in PTD rates.

Fetal genotypes may also have a role in the genesis of PTD. 
The presence of a fetal MMP-1 mutation has also been found 
to increase the risk of PPROM when present in African-
American fetuses, suggesting genetic infl uences on fetal mem-
brane structural integrity contribute to PPROM [76]. Similarly, 
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a 14 CA-repeat allele in the MMP-9 gene enhances transcrip-
tion and is more common in African-American neonates 
whose mothers had experienced PPROM [77]. Homozygosity 
for the IL-1β+3953 allele 1 in African-American fetuses is asso-
ciated with an increased risk of PTD while Hispanic fetuses 
carrying the IL-1RN allele 2 have an increased risk for PPROM 
(OR 6.5; 95% CI, 1.25–37.7) [78]. Finally, gene–environmental 
interactions may also be important in infl ammation-
associated PTD. Polymorphisms in drug metabolizing genes, 
CYP1A1 HincII RFLP and GSTT1 shorten gestation among 
Chinese women exposed to benzene [79] and US women 
exposed to cigarette smoke [80].

Abruption-associated PTD

Decidual hemorrhage (aka placental abruption) originates in 
damaged spiral arteries or arterioles and presents clinically as 
vaginal bleeding or either a retroplacental or retrochorionic 
hematoma formation noted on ultrasound. When vaginal 
bleeding occurs in more than one trimester it is associated with 
a nearly 50% risk of PPROM (OR 7.4; 95% CI, 2.2–25.6) 
[81]. Decidual hemosiderin deposition and retrochorionic 
hematoma formation is present in 38% of patients with PTD 
between 22 and 32 weeks’ gestation resulting from PPROM 
and 36% of patients experiencing PTD after PTL compared 
with only 0.8% following term delivery (P < 0.01) [82]. Utero-
placental vascular lesions associated with abruption include 
spiral artery vascular thrombosis and failed physiologic trans-
formation of uteroplacental vessels. These vasculopathies 
may be associated with inherited and acquired thrombophilias 
[83,84], and hypertension as well as environmental stimuli 
including heavy cigarette smoking, cocaine, and trauma [85]. 
Abruption-associated PTDs are more common in older, white, 
married, parous, college educated patients presenting a demo-
graphic profi le distinct from that associated with patients 
with stress-induced PTDs (nulliparous, anxious, or depressed 
patients) or infl ammation-associated PTDs (young, minority, 
poor) [86]. The association of abruption with increasing mater-
nal age may refl ect increase in myometrial artery sclerosis 
which increases from 11% of spiral arteries at age 17–19 years 
to 83% after age 39 [87].

The decidua is a rich source of tissue factor, the primary 
initiator of clotting through thrombin generation [88]. Thus, 
decidual hemorrhage results in intense local thrombin genera-
tion. The expression of MMP-1 and MMP-3 protein and mRNA 
output by cultured term decidual cells is signifi cantly enhanced 
by thrombin binding to its receptor, protease-activated recep-
tor type-1 (PAR-1) [89,90]. Lockwood et al. [91] recently 
reported that abruption-associated PPROM is accompanied 
by dense decidual neutrophil infi ltration in the absence of 
infection. Decidual neutrophils colocalized with areas of 
thrombin-induced fi brin deposition and thrombin–PAR-1 
enhances IL-8 mRNA and protein expression in cultured term 
decidual cells [91]. Neutrophils are a rich source of elastase 

and MMP-9 [92] which contribute to PPROM and cervical 
effacement. Stephenson et al. [93] have shown that thrombin 
also enhances MMP-9 expression in cultured amniochorion. 
These studies suggest a mechanism linking abruption-
associated PPROM to decidual thrombin–PAR interactions. A 
link between thrombin and PTL has been described by Phil-
lippe and Chien [94] who reported that thrombin–PAR inter-
actions trigger myometrial contractions.

Mechanical stretching of the uterus resulting 
from multifetal gestations

There is a decrease in the gestational age at delivery with 
increasing numbers of fetuses from 35.3 weeks with twins to 
29.9 weeks with quadruplets [95], implicating mechanical 
stretching in the PTD process. Mechanical dilatation of 
the cervix promotes cervical ripening through the induction 
of endogenous PG [96] and increased MMP-1 expression 
[21,97]. Polyhydramnios and multifetal gestation-induced 
mechanical stretch increases amnion COX-2 expression and 
related PG production [98,99]. Myometrial stretch induces 
oxytocin receptor, COX-2, IL-8, and connexin 43 expression 
[100–103].

Final common pathway of PTD

The generation of PG and proteases refl ects the fi nal common 
pathway of delivery, whether occurring preterm or at term. 
Levels of PGs increase in reproductive tract tissues, maternal 
plasma, and amniotic fl uid immediately prior to, and during 
parturition [104–107]. Concomitant with rising PG levels is the 
upregulation of myometrial PG receptors prior to the onset of 
labor [108,109]. PGs induce functional progesterone with-
drawal, enhance sensitivity to estrogens, and increase MMP 
and IL-8 expression. Moreover, all the pathways of prematu-
rity described above also directly trigger MMP and IL-8 
expression to mediate cervical change and fetal membrane 
rupture. Prior to 20 weeks’ gestation, the myometrium is 
quiescent because of the high PR-B, low ER-α, low circulating 
estrogen levels, and inhibition of CAP gene expression. 
Therefore, infl ammation, abruption, and excess stretch occur-
ring prior to 24 weeks presents as “incompetent cervix” with 
or without subsequent PPROM and not PTL. Figure 40.1 
presents a schematic of the discrete pathogenic processes 
leading to prematurity and their fi nal common biochemical 
pathway.

Prediction of PTD

The four PTD pathogenic processes outlined above present 
unique biochemical or biophysical signatures. Efforts to 
exploit these “signatures” to identify patients at risk from a 
given pathway have met with modest success. In addition, the 
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fi nal common pathway of cervical and fetal membrane prote-
olysis can be discerned by assessment of cervicovaginal levels 
of fetal fi bronectin (fFN) derived from the chorion or cervical 
length determination by ultrasound. The literature examining 
the effi cacy of these various predictors is marked by heteroge-
neous patient populations with a varying prevalence of PTD, 
diverse assays and cut-offs, and varying defi nitions of PTD. 
Comparison of markers therefore requires conversion of their 
predictive estimates to positive and negative likelihood ratios 
(LR). The LR is a measure of the predictive accuracy of a diag-
nostic test, independent of prevalence. A positive likelihood 
ratio [LR(+)] is calculated by dividing the sensitivity by the 
false positive rate. It describes by how much a given positive 
result raises a priori risk. A negative likelihood ratio [LR(–)] is 
calculated by dividing the false negative rate by specifi city 
and demonstrates how a given negative test result lowers a 
priori risks.

Pathway-specifi c markers

Putative markers of fetal stress include CRH and salivary 
estriol. Maternal levels of CRH rise in the weeks before labor 
[10]. However, the largest studies have not found CRH to be 
predictive of PTD [110,111]. Among those studies fi nding an 
association between maternal CRH levels and PTD, the availa-
ble LRs have been less than robust: 1.8–4.0 for LR(+) and 0.47–
0.77 for LR(–) for second trimester maternal CRH levels 
predicting PTD among asymptomatic patients [112–115]. The 
test performs no better among symptomatic patients with 
LR(+) of 3.9 and LR(–) of 0.67 [116]. The detection of salivary 
estriol levels ≥2.1 ng/mL is predictive of PTD within 72 hours 
between 32 and 37 weeks but again with only a modest LR(+) 
of 2.37 and LR(–) of 0.61 [117,118].

Markers of the infl ammatory pathway perform modestly 
better. Lockwood et al. [119] conducted a prospective study 

cohort among 161 high-risk asymptomatic patients sampled 
every 3–4 weeks between 24 and 36 weeks and noted a 4.2-fold 
increase in maximal cervical IL-6 concentrations among 
patients with subsequent PTDs <37 weeks compared with 
those with subsequent term deliveries [119]. A single cervical 
IL-6 value >250 pg/mL identifi ed patients with subsequent 
PTD compared with those having term deliveries with LR(+) 
of 3.33 and LR(–) of 0.59. Multiple logistic regression indicated 
that a cervical IL-6 level >250 pg/mL was an independent pre-
dictor of spontaneous PTD with an adjusted OR of 4.8 (95% CI, 
1.7–14.3). The Maternal Fetal Medicine (MFM) Network con-
duced a nested case–control study in an asymptomatic high-
risk population and noted that while IL-6 concentrations were 
signifi cantly higher in cases compared with controls (212 ± 339 
vs. 111 ± 186 pg/mL; P = 0.008), only 20% of cases had IL-6 
values >90th percentile [120]. Moreover, regression analysis 
suggested that after adjusting for other PTD risk factors, 
including a positive fFN test result, body mass index <19.8 kg/
m2, vaginal bleeding in the fi rst or second trimester, previous 
spontaneous PTD and short cervix, elevated cervical IL-6 
levels were not independently associated with spontaneous 
PTD. Among symptomatic patients, the published LRs for cer-
vical IL-6 for the prediction of PTD were 1.82–3.63 for LR(+) 
and 0.3–0.8 for LR(–) [65,121–124].

Holst et al. [65] found higher cervical IL-8 levels among 
women who subsequently delivered preterm compared with 
those delivering at term (median 11.3 ng/mL, range 0.15–
98.1 ng/mL vs. 4.9 ng/mL, range 0.15–41.0 ng/mL; P = 0.002). 
The presence of cervical IL-8 values ≥7.7 ng/mL predicted 
PTD ≤7 days with LR(+) of 2.38 and LR(–) of 0.51. Kurkinen-
Raty et al. [122] observed LR(+) of 1.4 (95% CI, 0.9–2.4) for a cer-
vical IL-8 value >3.74 µg/L among symptomatic patients 
sampled between 22 and 32 weeks. Rizzo et al. [125] observed 
cervical IL-8 values >450 pg/mL were comparable with that of 
fFN values >50 ng/mL in predicting PTD and that a cervical 
IL-8 level >860 pg/mL predicted a positive amniotic fl uid 
culture with LR(+) of 2.4 and LR(–) of 0.28. In contrast, Coleman 
et al. [123] were not able to confi rm any PTD predictive value 
to cervical IL-8 determinations. Other markers of lower geni-
tal tract infection including cervical lactoferrin, sialidase, 
defensins, follistatin-free activin, serum β2-microglobulin, 
latex C-reactive protein, intracellular adhesion molecule-1, 
elevated vaginal pH, and cervical neutrophils do not appear to 
be predictive of PTD [126–131].

Given the high concentrations of tissue factor in the decidua 
[88], abruption leads to excess thrombin generation, explain-
ing the consumptive coagulopathy noted in severe cases. 
Thus, thrombin would appear to be an ideal marker for the 
detection of abruption-associated PTDs. Rosen et al. [132] 
noted that thrombin–antithrombin complexes (TAT) >3.9 µg/
L predict subsequent PPROM in asymptomatic patients with 
LR(+) of 2.75 and LR(–) of 0.18. Among symptomatic patients 
TAT complex levels >6.3 µg/L between 24 and 33 weeks 
predict PTD within 3 weeks with LR(+) of 5.5 and LR(–) of 0.55 
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[133]. Chaiworapongsa et al. [134] observed that TAT complex 
levels >20 µg/L predict PTD <37 weeks with LR(+) of 2.9 and 
LR(–) of 0.6.

Markers of the fi nal common pathway

Fibronectins are large extracellular matrix and plasma pro-
teins. A heavily glycosylated form, termed fFN, is present in 
the amniotic fl uid, placental, and fetal membranes [135]. The 
fFN molecule is produced by extravillous cytotrophoblasts in 
the anchoring villi and cytotrophoblastic shell as well as the 
chorion; it is released into cervicovaginal secretions when the 
extracellular matrix of the chorionic–decidual interface is dis-
rupted prior to labor [136]. It is also produced by amnion epi-
thelium and released into the amniotic fl uid where it attains 
very high concentrations [135]. Thus, fFN is positioned to be 
deported into the cervicovaginal secretions following occult 
or overt PPROM [135].

Lockwood et al. [135] fi rst described the association between 
the presence of cervicovaginal fFN (>50 ng/mL) between 22 
and 37 weeks’ gestation and an increased risk of PTD among 
symptomatic patients with LR(+) of 4.67 and LR(–) of 0.22. 
Given evidence that fFN determinations retained their predic-
tive value for only 2–3 weeks, Peaceman et al. [137] assessed 
the value of fFN for predicting PTD within 7–14 days in symp-
tomatic patients and noted LR(+) of 4.9 and 4.9, respectively, 
and LR(–) of 0.15 and 0.21, respectively. Of note, the corre-
sponding negative predictive values in this population-based 
study were 99.5 and 99.2%, respectively. Meta-analysis of 14 
studies examining the accuracy of fFN reported pooled LRs 
for the prediction of PTD within 7–14 days in symptomatic 
patients of 5.43 (95% CI, 4.36–6.74) for LR(+) and 0.25 (95% CI, 
0.2–0.31) for the LR(–). The comparable values for predicting 
PTD prior to 34 weeks were 3.64 (95% CI, 3.32–5.73) and 0.32 
(95% CI, 0.16–0.66), respectively, among eight studies [138].

Lockwood et al. [139] also assessed the utility of cervicovagi-
nal fFN in the prediction of subsequent PTD amongst high-
risk asymptomatic patients sampled every 2–4 weeks between 
24 and 37 weeks’ gestation. A vaginal fFN value >50 ng/mL 
predicted PTD with LR(+) of 3.4 and LR(–) of 0.4. Vaginal fFN 
predicted PTDs resulting from PTL and PPROM with equal 
effi ciency. The MFM Network subsequently assessed the 
value of cervicovaginal fFN obtained at 22–24 weeks among 
nearly 3000 asymptomatic women and found LR(+) of 6.3 and 
LR(–) of 0.84 [140]. A meta-analysis of studies among high-risk 
asymptomatic patients has demonstrated pooled LRs for the 
prediction of PTD <34 weeks 4.01 (95% CI, 2.93–5.49) for LR(+) 
and 0.78 (95% CI, 0.72-0.84) for LR(–) [138].

The fFN test appears equally valid in patients with twins, 
cervical cerclage, and prior multifetal reduction procedures, 
and a speculum need not be used to obtain a vaginal specimen 
[141–144]. While the principal utility of the fFN lies in its very 
high negative predictive value (>99% for delivery within 2 

weeks), most studies suggest a positive predictive value for 
PTD in general of >50%, suggesting that fFN positive pati-
ents beyond 23 completed weeks of gestation should receive 
corticosteroids.

Between 22 and 30 weeks’ gestation, the length of the cervix 
assumes a Gaussian distribution with the 5th percentile at 
20 mm, 10th percentile at 25 mm, 50th percentile at 35 mm, and 
90th percentile at 45 mm. The relative risk of PTD increases as 
the length of the cervix decreases. When women with shorter 
cervixes at 24 weeks were compared with women with values 
above the 75th percentile, the relative risks of PTD among the 
women with shorter cervixes were as follows: 1.98 for cervical 
lengths ≤40 mm, 2.35 for lengths ≤35 mm, 3.79 for lengths 
≤30 mm, 6.19 for lengths ≤26 mm, 9.49 for lengths ≤22 mm, and 
13.99 for lengths ≤13 mm [145].

Among symptomatic women who go on to deliver preterm, 
80–100% have a cervical length <30 mm when initially evalu-
ated because of contractions. As a rule, a subsequent PTD is 
highly unlikely in symptomatic women when the cervix is 
longer than 30 mm, unless abruption is the cause of their con-
tractions. Conversely, PTD is quite likely when a cervix meas-
ures <15 mm [146]. In one study of 216 women, in 173 cases the 
cervical length was ≥15 mm and only one of these women 
delivered within 7 days, while in the 43 patients with cervical 
lengths <15 mm, delivery within 7 days occurred in 37% [147]. 
Vendittelli and Volumenie [148] conducted a meta-analysis of 
the utility of cervical sonographic length determination for the 
prediction of PTD among symptomatic patients. Nine articles 
met their inclusion criteria, the optimal predictive cut-off 
varied from 18 to 30 mm, and the prevalence of PTD was 37.3%. 
The authors found that relative risk for the occurrence of PTD 
when the cervical length was ≤18 mm was 3.9 (95% CI, 1.8–8.5) 
and that sensitivities for predicting PTD ranged from 68 to 
100%, while the specifi city ranged from 30 to 78%.

In asymptomatic women with a history of PTD, the gesta-
tional age at PTD in the previous pregnancy correlates with 
the cervical length in the subsequent gestation [149]. Cervical 
length measurements in the second trimester in asymptomatic 
women with a history of prior spontaneous PTD predict recur-
rent spontaneous PTD. The MFM Network examined the 
value of cervical ultrasound in predicting PTD <35 weeks 
among high-risk asymptomatic patients [150]. Patients under-
went cervical sonography every 2 weeks and lengths <25 mm 
noted at any time were associated with a relative risk for spon-
taneous PTD of 4.5 (95% CI, 2.7–7.6) but LR(+) of only 1.5 and 
LR(–) of 0.39. The effi cacy of cervical length in predicting PTD 
in asymptomatic low-risk women is quite low. In a series of 
3694 unselected Finnish women scanned at 18–24 weeks, a 
25 mm cut-off yielded insignifi cant LR(+) and LR(–) [151]. 
Similar results were found in a large US cohort [152].

The optimal PTD diagnostic accuracy occurs when combin-
ing vaginal fFN with cervical length determinations. Hincz 
et al. [153] prospectively evaluated 82 symptomatic patients 
with cervical sonography and fFN if the cervical length was 
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between 2.0 and 3.1 cm. Defi ning a positive patient as either 
those with a cervical length <2.1 cm or a positive fFN, they pre-
dicted delivery within 28 days with LR(+) of 8.6 and LR(–) of 
0.16. The sensitivity of this two-step method was 86%, with a 
specifi city of 90%, positive predictive value of 63%, and nega-
tive predictive value of 97%. Interestingly, among patients 
with a cervical length of 2.0–3.1 mm, 71.4% of those with a pos-
itive fFN delivered within 28 days while only 7.4% of those 
with negative fFN delivered within 28 days. Figure 40.2 
describes this algorithm for evaluating symptomatic patients 
with both fFN and cervical sonography. It represents the most 
sensitive, specifi c, and accurate available diagnostic para-

digm. Patients found at risk would qualify for a course of ante-
natal steroids when ≥24 weeks’ gestation, as well as short-term 
tocolysis, and antibiotic therapy for BV, urinary tract infec-
tions, or group B β-streptococcus if present or while cultures 
are pending.

The MFM Network examined high-risk asymptomatic 
women between 24 and 28 weeks with fFN and cervical sono-
graphy and observed that patients with both a positive fFN 
and a short cervix on transvaginal ultrasound were at rela-
tively high risk of spontaneous PTD (33.3%) while the absence 
of either marker places them at very low risk of PTD <34 weeks 
(1.3%) [154]. Based on expert opinion and these data, we 
employ the algorithm outlined in Fig. 40.3 for evaluating high-
risk asymptomatic patients. Patients are evaluated every 3 
weeks from 22 to 32 weeks. Again, patients found at risk can be 
treated with a course of antenatal corticosteroids and may 
benefi t from decreased work and more intense surveillance.

Conclusions

Substantial strides have been made in our understanding of 
the pathogenesis of PTD. However, evaluation of the utility of 
biochemical and biophysical mediators of the major patho-
genic markers have not produced effi cient predictors of PTD 
(i.e., markers with high LR(+) and low LR(–) values). Identifi -
cation of cervicovaginal fFN and cervical shortening on trans-
vaginal sonography are the most accurate and effi cient 
markers of PTD. Both are indicators of the fi nal common 
pathway of genital tract extracellular matrix breakdown. 
High-risk asymptomatic patients found with either a short 
cervix or positive fFN are eligible for antenatal corticosteroids. 
However, most practitioners rely on the high negative predic-
tive value of a long cervix and/or negative fFN to avoid intro-
duction of costly and potentially dangerous interventions of 
unproven effi cacy. Future methods of risk assessment will 
likely rely on detection of genetic predispositions to PTD.

Case presentation 1

A 28-year-old primigravida at 28 weeks’ gestation returns 
from her exercise class and notes intermittent abdominal tight-
ening. She contacts her obstetrician who instructs her to 
decrease activity, increase oral fl uids, and call if the pain con-
tinues. After several hours the patient notes more frequent 
pain. She is instructed to come to the hospital. On admission 
she is noted to have contractions every 6–8 minutes. Intrave-
nous fl uids are administered and a vaginal swab is obtained. 
The attending physician performs a cervical ultrasound. The 
latter demonstrates a cervical length of 2.8 cm. The vaginal 
swab is sent for a fFN determination which returns negative. 
The patient is sent home and instructed to return to the offi ce in 
1 week.

• SSE: swab for fFN

GBBS, STD cultures

R/O ROM (F,N,P)

• US cervical length

Cx <2.0 cm Cx 2.0–3.1 cm Cx >3.1 cm

Treat

Check fFN

D/C repeat in 1–
2 weeks

+ -

Fig. 40.2 Paradigm for using fetal fi bronectin (fFN) and/or cervical 

ultrasound in symptomatic patients. Cx, cervix; D/C, discharge patient; GBBS, 

group B β-streptococcus; R/O ROM, rule out rupture of fetal membranes; 

SSE, sterile speculum exam; STD, sexually transmitted disease; US, 

ultrasound.

Evaluate patient either at 24 and 28
weeks or every 3 weeks from 22 to 31
weeks with: swab for fFN and/or US
cervical length

Cx <2.5 cm Cx 2.5–3.4 cm Cx >3.4 cm

Treat

Check fFN

D/C repeat in 1–
2 weeks

+ -

Fig. 40.3 Paradigm for using fFN and/or cervical ultrasound (US) in high-risk 

asymptomatic patients. Cx, cervix; D/C, discharge patient.
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Case presentation 2

A 39-year-old G3P2 at 24 weeks notes the onset of heavy 
vaginal bleeding. Her pregnancy had been complicated by 
intermittent vaginal bleeding in the fi rst trimester. She is 
seen by her physician in his offi ce who examines her and 
notes a long closed posterior cervical exam. An ultrasound 
reveals a low-lying posterior placenta with a possible retro-
chorionic hematoma. The patient is admitted to the hospi-
tal with a presumed abruption, given intravenous fl uids and a 
course of corticosteroids. She is discharged in 48 hours and 
instructed to stop work. The vaginal bleeding continues 
intermittently for the next 3 weeks. At 27 weeks, she awakens 
with gross rupture of the membranes and bloody amniotic 
fl uid.
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41 Preterm premature rupture of membranes
Brian M. Mercer

Rupture of fetal membranes before the onset of labor (prema-
ture rupture of membranes, PROM) complicates 8–10% of 
pregnancies, and is responsible for nearly one-third of preterm 
births [1–3]. PROM, especially preterm PROM (PPROM), has 
been associated with brief latency from membrane rupture to 
delivery, an increased risk of chorioamnionitis, and umbilical 
cord compression. As such PPROM is associated with 
increased risk of perinatal complications. An understanding 
of gestational age-dependent risks of delivery, the risks and 
potential benefi ts of conservative management, and opportu-
nities to reduce complications of preterm birth will help the 
clinician improve outcomes after this frequent pregnancy 
complication.

Mechanisms

Spontaneous membrane rupture at term results from progres-
sive weakening of the membranes because of collagen remod-
eling and cellular apoptosis, and from increased intrauterine 
pressure with uterine contractions when membrane rupture 
occurs subsequent to the onset of labor. While PPROM near 
term likely results in most cases from these same physiologic 
processes, PPROM remote from term has been associated with 
several pathologic processes, especially infection and infl am-
mation. Reported clinical risk factors predisposing to intrau-
terine infection and/or infl ammation, membrane stretch, and 
local tissue hypoxia have included low socioeconomic status, 
maternal undernutrition, cigarette smoking, uterine bleeding 
and work in pregnancy, cervical cerclage in situ, prior preterm 
labor and acute pulmonary disease in the current pregnancy, 
and bacterial vaginosis in addition to other urogenital infec-
tions [1–9]. It has been proposed that there could be a genetic 
predisposition to PPROM in some women, either through 
inheritance of non-wild-type polymorphisms for proinfl am-
matory cytokines and metalloproteases [10,11], or through 
heritable connective tissue disorders of collagen metabolism. 
Among the strongest risk factors for PPROM is a history of 

preterm birth in a previous gestation, particularly one result-
ing from PPROM (odds ratio [OR] 3.3–6.3) [9].

The role of ascending infection in the pathogenesis of 
PPROM is particularly plausible as bacterial proteases (colla-
genases and phospholipases) can cause membrane weaken-
ing. Ascending bacterial colonization can also cause a local 
infl ammatory response including production of cytokines, 
prostaglandins, and metalloproteases which cause membrane 
degradation and weakening. Preterm contractions can lead to 
strain hardening of the membranes, while cervical dilatation 
can result in exposure of the membranes to vaginal microor-
ganisms and reduce underlying tissue support.

Prediction and prevention

Although the above-mentioned clinical risk factors have been 
associated with PPROM, most women with these characteris-
tics do not develop PPROM and the majority of women with 
PPROM lack these risk factors. This has led to interest in ancil-
lary testing for prediction of PPROM. Recent study has found 
both short cervical length on transvaginal ultrasound (less 
than 25 mm; relative risk [RR] 3.2) and the presence of fetal 
fi bronectin (fFN) in cervicovaginal secretions (RR 2.5) to be 
associated with an increased risk of preterm birth resulting 
from PROM [9]. However, like clinical risk factors, these 
modalities also fail to identify the majority of women destined 
to have PPROM and thus they are not recommended as routine 
screening tests for low-risk women.

Identifi cation and treatment of sexually transmitted urogeni-
tal infections such as Chlamydia trachomatis and Neisseria gonor-
rhoea can reduce the risks of PROM and preterm birth. Treatment 
of symptomatic bacterial vaginosis and Trichomonas vaginalis 
infection is also likely benefi cial, although treatment of 
women with asymptomatic vaginal infections is controversial 
and may even be harmful [12,13]. While it is likely that 
smoking cessation, adequate nutrition before and during 
pregnancy, and avoidance of unnecessary cervical cerclage 
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could reduce the risk of PPROM, direct benefi t has not been 
demonstrated.

Diagnosis

Diagnosis of membrane rupture is best made by sterile specu-
lum examination of women presenting with a suspicious 
clinical history or found to have oligohydramnios on ultra-
sonography. Evident fl uid passing through the cervical os is 
diagnostic. An alkaline vaginal pH (>6.0–6.5) with Nitrazine 
paper and the presence of a “ferning” pattern on microscopic 
examination of dried vaginal secretions are supportive when 
visual inspection is equivocal. These tests are subject to false 
positive fi ndings because of the presence of cervical mucus, 
blood, semen, alkaline antiseptics, or bacterial vaginosis, and 
can be falsely negative with prolonged leakage and oligohy-
dramnios. Repeat speculum examination after prolonged bed 
rest may provide diagnostic information if initial testing is 
negative despite a suspicious history. In the absence of fetal 
growth restriction or urogenital abnormalities, ultrasound 
evidence of oligohydramnios is suggestive but not diagnostic 
of membrane rupture. The diagnosis can be confi rmed unequi-
vocally by indigo carmine amnioinfusion with observation for 
passage of dye per vaginum.

Although a variety of substances, including fFN, prolactin, 
alpha-fetoprotein, human chorionic gonadotropin, insulin-
like growth factor binding protein 1 (IGFBP-1), and lacate have 
been evaluated for their ability to assist in the diagnosis of 
membrane rupture, these have not generally been studied for 
their diagnostic ability among women in whom the diagnosis 
of membrane rupture remains unclear after clinical examina-
tion. Further, some of these markers do not require membrane 
rupture to be present in cervicovaginal secretions. For these 
reasons, routine testing with these markers is not recom-
mended until their clinical value is clarifi ed.

Clinical course

Brief latency from membrane rupture to delivery, increased 
risk of intrauterine and neonatal infection, and oligohydram-
nios have been considered hallmarks of PPROM. Each can 
impact pregnancy outcomes, and each has implications 
regarding clinical management of women with PPROM.

While it is true that mean and median latency from mem-
brane rupture to delivery increase with decreasing gestational 
age at membrane rupture, the clinical importance of this 
fi nding is overstated. The likelihood of delivery within 1 week, 
during conservative management of PROM at 24–32 weeks, is 
approximately half of those remaining pregnant at any given 
time, up to 34 weeks [14,15]. Approximately one-quarter of 
those with membrane rupture near the limit of viability will 
remain pregnant for 1 month or more. Those with PROM at or 
near term are rarely given the opportunity to remain pregnant 

for an extended time. Benefi ts of conservative management 
include additional time for induction of fetal pulmonary matu-
rity and prevention of intraventricular hemorrhage through 
administration of antenatal corticosteroids (24–48 hours 
latency required), and reduction of gestational age-dependent 
morbidity through extended latency (more than approxi-
mately 1 week latency required).

Chorioamnionitis complicates 13–60% of pregnancies with 
PROM, and is increasingly common with decreasing gesta-
tional age at membrane rupture [16]. Abruptio placentae, 
amnionitis, and endometritis complicate 4–12%, 13–60%, and 
2–13% of pregnancies, respectively, when membrane rupture 
occurs remote from term [16–18]. Amniotic fl uid cultures from 
amniocentesis specimens are positive in 25–35% of asympto-
matic women after PPROM [19]. Maternal sepsis is uncom-
mon (approximately 1%) but is a serious complication of 
PROM remote from term. Conservative management of 
PROM at any gestational age increases the risk of chorioamni-
onitis. Fetal demise after PPROM is believed to result in most 
cases from umbilical cord compression. Fetal infection, pla-
cental abruption, and umbilical cord prolapse can also lead to 
fetal death. Overall, fetal death complicates approximately 1% 
of pregnancies conservatively managed after PPROM. This 
risk increases in the face of chorioamnionitis, and when PROM 
occurs near the limit of potential viability. Abruptio placentae 
(approximately 4–12%) may occur before or after membrane 
rupture [20,21].

Therefore, expeditious delivery should be considered if the 
fetus is considered to be at low risk for gestational age-depend-
ent morbidity, if antenatal corticosteroids are not going to be 
administered when only brief pregnancy prolongation is 
anticipated, or if continued attempts to extend latency more 
than approximately 1 week is not planned after antenatal cor-
ticosteroid treatment has been completed.

Evaluation

In general, women with PROM at term do not require addi-
tional specifi c evaluations unless additional complications 
occur. Initial evaluation of the woman presenting with PPROM 
includes (Table 41.1):
1 Maternal uterine activity and fetal heart rate monitoring for 
labor, umbilical cord compression, and for fetal well-being if 
the limit of potential viability has been reached;
2 Clinical assessment for chorioamnionitis (fever ≥38.0°C 
[100.4°F] with uterine tenderness, maternal or fetal tachycar-
dia, vaginal discharge); and
3 Ultrasound to confi rm gestational age and to identify fetal 
malformations associated with PROM and oligohydramnios 
if not previously performed, to determine fetal presentation, 
and to estimate fetal weight and amniotic fl uid volume.

Digital cervical examination should be avoided if possible 
until the diagnosis of PROM has been excluded or a decision to 
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deliver has been made. Digital examination in this setting 
shortens latency and increases the risk of chorioamnionitis 
while adding little information over that obtained by visual 
examination [22]. Cervical cultures for Neisseria gonorrhoeae 
and Chlamydia trachomatis, anovaginal culture for group B 
streptococci (GBS), and urinalysis with urine culture should 
be considered if not recently performed. Positive cultures 
should lead to appropriate therapy. Intrapartum prophylaxis 
should be administered to those with positive GBS cultures, 
regardless of intervening antibiotic treatments [23].

If the diagnosis of chorioamnionitis is suspected but not 
clear, maternal blood white blood cell (WBC) count and ultra-
sound guided amniocentesis can sometimes be helpful. A 
maternal WBC count above 16,000/mm3 is supportive of sus-
picious clinical fi ndings. It is helpful to obtain a baseline WBC 
count on presentation after PPROM to be used during initial 
assessment and for subsequent comparison if needed during 
conservative management. It is important to remember that 
there is signifi cant variation in WBC count between patients, 

and that the WBC count is elevated in pregnancy and for 5–
7 days after administration of antenatal corticosteroids. As 
such, this test should not be used in isolation. Amniotic fl uid 
Gram stain, WBC count (≥30 cells/µL considered abnormal), 
and glucose concentration (less than 16–20 mg/dL considered 
abnormal) can also provide rapid supportive information 
regarding the presence of intra-amniotic infection [24–26]. 
Elevated amniotic fl uid, blood, and vaginal fl uid cytokine 
levels have also been associated with intrauterine infection 
after PPROM; however, tests for these markers are not gener-
ally available for clinical use. Culture for aerobic and anaero-
bic bacteria and for mycoplasma can be helpful, but results are 
generally not available before a management decision is 
needed.

Management

Delivery after PPROM is mandated by the presence of clinical 
chorioamnionitis, nonreassuring fetal testing, signifi cant 
vaginal bleeding, and advanced labor. In the absence of these 
conditions, conservative management may be appropriate. If 
conservative management of the patient with PPROM is being 
considered, initial extended monitoring followed by intermit-
tent monitoring at least daily is appropriate. Biophysical 
profi le testing can be helpful if fetal heart rate testing is nonre-
active. A nonreactive fetal heart rate or a nonreassuring bio-
physical profi le score can be a sign of intrauterine infection, 
particularly if testing had previously been reassuring [26,27]. 
In the stable patient, gestational age is important in determin-
ing whether conservative management or expeditious deliv-
ery should be pursued [19].

Preterm PROM near term (34–36w 6d)

Infants born after PROM near term (34–36w 6d) have a rela-
tively low risk of serious morbidity and antenatal corticoster-
oids are not generally recommended for fetal maturation at 
this gestation. Although there are risks of neonatal morbidity 
at this gestation, these risks are not likely to be reduced with 
the relatively brief latency anticipated at this gestation, and 
the risks related to intrauterine infection and umbilical cord 
compression outweigh the potential benefi ts of conservative 
management [28,29]. Because of these factors, women with 
PPROM at 34–36w 6d are best treated by expeditious delivery. 
Intrapartum GBS prophylaxis should be given in the absence 
of a recent (less than 6 weeks) negative anovaginal GBS 
culture.

PROM near term (32–33w 6d)

When PROM occurs at 32–33w 6d gestation, fetal pulmonary 
maturity should be assessed from amniotic fl uid collected 
from the vaginal pool or by amniocentesis if feasible. From 

Table 41.1 Considerations for initial evaluation of the woman with preterm 

premature rupture of membranes (PPROM).

Maternal uterine activity monitoring for labor

Fetal heart rate monitoring for umbilical cord compression (and fetal well-

 being if the limit of viability has been reached)

Clinical assessment for chorioamnionitis

Ultrasound to confi rm gestational age, estimate fetal growth, and 

  amniotic fl uid volume, identify fetal malformations associated with PROM/

oligohydramnios if not previously carried out, and to determine fetal 

presentation

Visual inspection of cervical dilatation and effacement if not in active 

 labor

Cervical cultures for Neisseria gonorrhoeae and Chlamydia 

 trachomatis if not recently performed

Anovaginal culture for group B streptococcus if not recently performed

Urinalysis with urine culture if not recently performed

Baseline maternal blood white blood cell

Vaginal pool or ultrasound guided amniocentesis sampling for fetal 

 pulmonary maturity at 32–33 weeks’ gestation

PROM, premature rupture of membranes.

Table 41.2 Adjuncts to the evaluation of the woman with equivocal 

fi ndings of intra-amniotic infection.

Maternal blood white blood cell count

Rising values and a value above 16,000/mm3 are supportive of the diagnosis 

if antenatal corticosteroids not administered within 5–7 days

Ultrasound guided amniocentesis

Positive culture considered abnormal

Positive Gram stain supportive but may be falsely positive as a result of 

 contamination

White blood cell count ≥30 cells/µL considered abnormal

Glucose concentration <16–20 mg/dL considered abnormal



Chapter 41

348

either site, a foam stability index ≥47, phosphatidyl glycerol 
positive, lecithin : sphingomyelin (L : S) ratio ≥2/1 or TDx-
FLMassay ≥55 can be considered indicative of fetal pulmonary 
maturity [30–33]. The L : S ratio and FLM results may be falsely 
immature in the presence of blood or meconium contamina-
tion, although the presence of either should lead to considera-
tion of delivery [34–36]. If a mature fetal pulmonary profi le is 
obtained, expeditious delivery should be considered in 
accordance with the recommendations for PROM at 34–36w 

6d as these infants are at low risk for complications of prema-
turity and conservative management increases the risk of 
infectious morbidity [29]. If testing reveals an immature pul-
monary profi le or if fl uid cannot be obtained, induction of fetal 
pulmonary maturation with antenatal corticosteroids fol-
lowed by delivery at 24–48 hours or at 34 weeks’ gestation is 
recommended. If after antenatal corticosteroid administration 
the patient is ≥33 weeks’ gestation, it is unlikely that further 
delay of delivery to 34 weeks will result in substantial reduc-

Table 41.3 Options for management of the woman with preterm premature rupture of membranes (PROM), according to gestational age at membrane rupture.

PROM near term (34–36w 6d)*

Expeditious delivery, by labor induction or cesarean delivery as indicated

Intrapartum GBS prophylaxis in the absence of a recent negative anovaginal culture

Broad-spectrum intrapartum antibiotics for suspected chorioamnionitis

PROM near term (32–33w 6d)*

Expeditious delivery, by labor induction or cesarean delivery as indicated, if fetal pulmonary maturity evident on sampling from the vaginal pool or by 

 amniocentesis

Antenatal corticosteroids for fetal maturation if amniotic fl uid testing reveals an immature profi le or if fl uid unavailable, followed by;

• Delivery 24–48 hours after antenatal corticosteroids if ≥33 weeks’ gestation

or

• Delivery 24–48 hours after antenatal corticosteroids if or at 34 weeks if <33 weeks’ gestation (if conservatively managed, treat as described for PROM at 23–

31w 6d)

Intrapartum GBS prophylaxis in the absence of a recent negative culture

Broad-spectrum intrapartum antibiotics for suspected chorioamnionitis

PROM remote from term (23–31w 6d)*

Conservative inpatient management

Transfer to a tertiary care facility if adequate facilities for neonatal care not available

At least daily assessment for labor, amnionitis, placental abruption, and fetal well-being

Leg exercises, antiembolic stockings, and/or prophylactic heparin

Fetal growth assessment by ultrasound every 3–4 weeks

Antenatal corticosteroids for fetal maturation if not previously administered

Broad-spectrum antibiotics to prolong pregnancy and reduce neonatal morbidity

Tocolytic therapy for labor can be given but should not be administered if there is suspicion of intrauterine infection, fetal compromise, or placental abruption

Consider elective delivery at 34 weeks’ gestation if remains pregnant to this time

Intrapartum GBS prophylaxis in the absence of a recent negative culture

Broad-spectrum intrapartum antibiotics for suspected chorioamnionitis

Previable PROM (<23 weeks)

Counsel regarding:

• Potential for previable, periviable, and preterm birth

• Impact of oligohydramnios on pulmonary development and risk of lethal pulmonary hypoplasia and restriction deformities

• Risks of adverse fetal, neonatal, and long-term infant outcomes with early preterm birth

• Risks of maternal morbidities with conservative management

Deliver by labor induction or dilatation and evacuation according to individual circumstances

or

Manage conservatively with:

• Initial evaluation for intrauterine infection, labor, fetal death, or placental abruption

• Strict pelvic rest and modifi ed bed/couch rest

• Serial ultrasound for fetal weight and pulmonary growth, and amniotic fl uid volume

• Broad-spectrum antibiotics to prolong pregnancy and reduce neonatal morbidity may be helpful but no specifi c data are available for this gestational age

• Treat as for PROM at 23–31w 6d once the limit of viability has been reached

GBS, group B streptococcus.

* Delivery is mandated by the presence of chorioamnionitis, nonreassuring fetal testing/fetal death, signifi cant vaginal bleeding, and for advanced labor.
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tion in infant morbidities. Delivery is recommended before 
complications ensue. If conservative management is pursued, 
evaluation and treatment should be as described below for 
PROM at 23–31w 6d.

PROM remote from term (23–31w 6d)

Delivery at 23–31w 6d gestation is associated with signifi cant 
risks of neonatal morbidity and mortality resulting from pre-
maturity. These women are generally best served by conserva-
tive inpatient management after PROM to prolong pregnancy 
and reduce gestational age-dependent morbidity in the 
absence of chorioamnionitis, placental abruption, advanced 
labor, or nonreassuring fetal testing. Because the latency is fre-
quently brief and clinical fi ndings can change over a short 
period of time, transfer to a tertiary care facility before acute 
complications occur should be considered if adequate facili-
ties are not available at the initial institution. During conserva-
tive management, patients should have at least daily 
assessment for evidence of labor, chorioamnionitis, placental 
abruption, and fetal well-being. Leg exercises, antiembolic 
stockings, and/or prophylactic doses of subcutaneous heparin 
may be of value in preventing thromboembolic complications 
[37]. Fetal growth should be assessed with ultrasound every 
3–4 weeks. Although initial severe oligohydramnios has been 
associated with brief latency, this fi nding is an inaccurate pre-
dictor of latency or neonatal outcomes and should not be used 
to determine clinical management other than as an adjunct to 
confi rm resealing of the membranes with restoration of a 
normal amniotic fl uid index. The patient who remains stable is 
generally delivered at 34 weeks’ gestation because of the 
ongoing but low risk of fetal loss with conservative manage-
ment and the high likelihood of survival without long-term 
complications after delivery at this gestational age.

Several adjunctive therapies have been proposed during 
conservative management of PROM remote from term. A 
single course of antenatal corticosteroids for fetal maturation 
is recommended to reduce the risks of neonatal respiratory 
distress and intraventricular hemorrhage (without increasing 
the risk of neonatal infection) [38,39]. Either 12 mg betametha-
sone i.m. every 24 hours for two doses, or 6 mg dexamethasone 
i.m. every 12 hours for four doses is appropriate. Broad-spec-
trum antibiotic therapy should be administered to treat or 
prevent ascending subclinical decidual infection in order to 
prolong pregnancy, and to reduce neonatal infectious and 
gestational age-dependent morbidity [40,41]. Intravenous 
therapy (48 hours) with ampicillin (2 g i.v. every 6 h) and eryth-
romycin (250 mg i.v. every 6 h) followed by limited duration 
oral therapy (5 days) with amoxicillin (250 mg p.o. every 8 h) 
and enteric-coated erythromycin base (333 mg p.o. every 8 h) 
has been recommended by the National Institute of Child 
Health and Human Development and the Maternal Fetal 
Medicine Units (NICHD-MFMU) Network. Therapy for 
shorter periods has not been studied with adequate numbers, 

has not been shown to offer equivalent neonatal benefi ts 
[42,43], and is not recommended. Recent shortages have led to 
the need for substitution of alternative antibiotic agents. Oral 
ampicillin, erythromycin, and azithromycin are likely appro-
priate substitutions for the above agents, as needed. The 
optimal broad-spectrum therapy for women who are penicil-
lin allergic has not been determined. The Oracle trial [44] has 
suggested that single-agent erythromycin may be appropri-
ate, and has also raised concern that broad-spectrum antibiotic 
therapy might increase the risk of necrotizing enterocolitis. 
This latter fi nding is not consistent with the NICHD-MFMU 
trial in which broad-spectrum antibiotic therapy in a higher 
risk population reduced the risk of stage 2–3 necrotizing ente-
rocolitis [40]. Management of GBS carriers after the initial 
7 days of antibiotic therapy has not been well studied. Options 
include:
1 Subsequent intrapartum prophylaxis only;
2 Continued narrow-spectrum GBS prophylaxis from com-
pletion of the initial 7-day course through delivery;
3 Follow-up anovaginal culture after completion of the 7-day 
course, with continued narrow spectrum therapy against GBS 
until delivery for those with persistently positive cultures; or
4 Follow-up anovaginal culture of those having extended 
latency after initial antibiotic treatment, with repeat treatment 
of women with subsequently positive cultures.
Regardless of antepartum antibiotic treatments, intrapartum 
prophylaxis should be given to all known GBS carriers. Toco-
lytic therapy for women with PPROM has been shown to 
reduce the likelihood of delivery at 24–48 hours in some studies 
[45–48]. However, such treatment has not been shown to 
improve neonatal outcomes. Tocolytic therapy should not be 
administered after PPROM if there is suspicion of intrauterine 
infection, fetal compromise, or placental abruption. Further 
study is needed regarding tocolytic therapy after PPROM.

Previable PROM (less than 23 weeks)

PPROM before the limit of viability (currently 23 weeks’ gesta-
tion) is particularly grave as it can lead to previable delivery 
with no potential for survival, delivery near the limit of viabil-
ity where the majority of survivors are at risk for acute and 
long-term complications, or to delivery after extended latency 
with pulmonary hypoplasia and restriction deformities 
resulting from severe oligohydramnios at the time of critical 
pulmonary development and/or prolonged severe oligohy-
dramnios. Alternatively, some conservatively managed 
patients will have extended latency with survival of a healthy 
infant and some may have spontaneous resealing of the mem-
branes with reaccumulation of amniotic fl uid. Gestational age 
should be estimated based on the earliest available ultrasound 
and menstrual history. These patients should be counseled 
realistically regarding potential fetal and neonatal outcomes 
after early preterm birth [19]. The risk of stillbirth during con-
servative management and delivery is approximately 15%. 
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Most of these pregnancies will deliver before or near the limit 
of viability, where neonatal death is either assured or common. 
The risk of long-term sequelae will depend on the gestational 
age at delivery. Persistent oligohydramnios is a prognostic 
indicator of poor outcomes after PROM before 20 weeks, with 
a high risk of lethal pulmonary hypoplasia regardless of 
extended latency. Conservative management is also associ-
ated with a frequent chorioamnionitis (39%), endometritis 
(14%), retained placenta/postpartum hemorrhage necessitat-
ing curettage (12%), and placental abruption (3%).

Should the patient desire delivery after counseling, options 
for labor induction include high-dose intravenous oxytocin, 
intravaginal prostaglandin E2, and oral or intravaginal pros-
taglandin E1 (misoprostol) according to clinical circumstances. 
Dilatation and evacuation can be an option for caregivers with 
experience in this technique. Placement of intracervical lami-
naria before labor induction or dilatation and evacuation may 
be helpful. Women undergoing conservative management 
should be initially evaluated for evidence of intrauterine infec-
tion, labor, or placental abruption. Although supportive data 
are lacking, it is prudent to advise the patient to pursue strict 
pelvic rest to reduce the potential for ascending infection and 
it may be helpful to pursue modifi ed bed or couch rest to 
enhance the potential for membrane resealing. In the absence 
of data supporting either approach, inpatient or outpatient 
monitoring may be considered appropriate with considera-
tion given to individual clinical circumstances. Serial ultra-
sound can be helpful to evaluate for fetal growth and persistent 
oligohydramnios, and estimate fetal pulmonary growth (tho-
racic/abdominal circumference ratio or chest circumference) 
[49–51]. Information from such testing is useful in counseling 
and ongoing care of the patient with PROM before the limit of 
viability. Women with PROM before the limit of viability have 
been included in some studies of broad-spectrum antibiotic 
therapy after PROM. However, the numbers of these women 
are too small to know if treatment of this subgroup is effective, 
and most studies do not present data separately for these 
women. A number of small studies have evaluated the poten-
tial to reseal the fetal membranes after previable PROM. Some 
techniques have included transabdominal/transcervical 
amnioinfusion, and Gelfoam or fi brin-platelet-cryoprecipitate 
instillation [52–54]. Data regarding effi cacy and safety of these 
techniques are too limited at this time to warrant their 
incorporation into clinical practice. Once the limit of viability 
has been reached, many clinicians will admit the patient for 
ongoing bed rest in order to allow early diagnosis and inter-
vention for infection, abruption, labor, and nonreassuring 
fetal heart rate patterns (see management of PROM at 23–31w 
6d above). Administration of antenatal corticosteroids for fetal 
maturation is appropriate at this time. It is not known if admin-
istration of broad-spectrum antibiotics for pregnancy prolon-
gation will assist women with PPROM who have already had 
prolonged latency before admission with no evident 
infection.

Special circumstances

Cerclage

Cerclage is a well-described risk factor for PROM [55,56]. 
When the cerclage is removed after PROM occurs, the risk of 
perinatal complications is as those with PROM who had no 
cerclage [56,57]. Although no individual study has achieved 
statistical signifi cance, reviews of studies comparing cerclage 
retention or removal after PPROM suggest a trend towards 
increased maternal infection with retained cerclage [58–60]. 
Perhaps more important is that no study has found cerclage 
retention after PPROM to signifi cantly reduce infant morbid-
ity, and one study has found increased infection-related neo-
natal death with cerclage retention. As such, cerclage should 
generally be removed when PROM occurs. If the cerclage is 
retained concurrent to antenatal corticosteroid treatment for 
fetal maturation, broad-spectrum antibiotic administration 
should be given to reduce the risk of infection and the cerclage 
should be removed after steroid benefi t has been achieved 
(24–48 hours).

Herpes simplex virus

Typically, women with active primary or secondary herpes 
simplex virus (HSV) infection should be delivered expedi-
tiously by caesarean section when PROM occurs at or near 
term. Alternatively, when PROM complicates HSV infection 
near the limit of fetal viability and the mother shows no evi-
dence of systemic infection, conservative management may be 
appropriate [61]. During conservative management, treat-
ment with acyclovir (200 mg p.o. fi ve times a day or 500 mg i.v. 
every 6 hours) would be appropriate to reduce viral shedding 
and the likelihood of recurrences before delivery.

Human immunodefi ciency virus

Given the poor prognosis of perinatally acquired HIV infec-
tion and increasing risk of vertical transmission with increas-
ing duration of membrane rupture, expeditious cesarean 
delivery is recommended when PROM occurs after the limit of 
fetal viability is recommended. Vaginal delivery may be 
appropriate for selected women with a low viral titer. If con-
servative management is undertaken, multiagent antiretro-
viral therapy with serial monitoring of maternal viral load 
and CD4 counts should be initiated.

Resealing of the membranes

A small number of women will have cessation of leakage with 
resealing of the membranes, particularly those with PROM 
after amniocentesis [14,62,63]. In the absence of data in this 
regard, we empirically continue inpatient observation for 
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approximately 1 week after cessation of leakage and normali-
zation of the amniotic fl uid index to encourage healing of the 
membrane rupture site. These women are subsequently dis-
charged with instructions for modifi ed bed rest, pelvic rest, 
and are advised to return should labor, vaginal bleeding, 
abdominal tenderness or fever, or recurrent membrane 
rupture ensue.

Case presentation

A 23-year-old, G2P0101, with singleton gestation presented at 
28 weeks with perineal wetness for approximately 2 hours. 
She denied contractions, abdominal pain, vaginal bleeding, 
fever, or chills. She had a prior 32-week preterm birth resulting 
from preterm labor, but no other pregnancy complications. 
Past medical and allergy histories were negative. Specifi c clin-
ical fi ndings included: temperature 37.2°C, pulse 92 beats/
min, RR 18, symphysis-fundal height (SFH) 32 cm, with no 
fundal tenderness. A catheterized urine specimen revealed no 
leukocytes and culture was subsequently negative. Sterile 
speculum examination revealed moist vaginal side walls but 
no fl uid pool in the posterior fornix. A sterile swab of the 
vaginal sidewalls revealed a complex arborized ferning 
pattern and Nitrazine paper applied to this site turned blue, 
confi rming membrane rupture. Visual inspection suggested a 
cervix 2 cm dilatated and approximately 1.5 cm long. Endocer-
vical swabs for Neisseria gonorrhoeae and Chlamydia trachomatis, 
and distal vagina/anal swabs for GBS were obtained. Ultra-
sound revealed appropriate fetal growth, a longitudinal 
cephalic lie, and oligohydramnios (amniotic fl uid index 
36 mm). The fetal bladder was normal in size and position. 
There was no evident hydronephrosis. Monitoring revealed a 
fetal heart rate of 140–150 beats/min with intermittent accel-
erations and no decelerations or contractions. Maternal WBC 
count was 12,000/mm3.

After counseling regarding the risks of preterm birth at 28 
weeks and of conservative management, the potential benefi ts 
of conservative management, antibiotics (NICHD-MFMU 
protocol) and corticosteroid treatment (12 mg betamethasone 
i.m. every 24 h for two doses) were initiated, and neonatology 
consultation was obtained. The patient was transferred to the 
antepartum unit after 6 hours of reassuring continuous fetal/
contraction monitoring, for continued bed rest with bathroom 
privileges. Daily assessments revealed no clinically evident 
chorioamnionitis, abruption, or contractions. Fetal testing 
remained reassuring. Cultures were negative. On hospital day 
23, at 31 weeks’ gestation, the patient reported mild lower 
abdominal cramping. External monitoring revealed irregular 
brief contractions with moderate variable-type decelerations. 
Speculum examination revealed umbilical cord at the external 
os. With the patient in knee–chest position and a vaginal hand 
elevating the presenting part, the patient was taken for imme-
diate cesarean delivery resulting in a liveborn infant with 

Apgar scores of 4 and 7 at 1 and 5 minutes, respectively. 
Newborn resuscitation and intubation were performed 
before transfer to the neonatal ICU. Cord blood pH was within 
normal limits and placental evaluation revealed no chorioam-
nionitis. The mother was discharged home on postoperative 
day 3 for outpatient postoperative evaluation and for coun-
seling regarding her risk of recurrent preterm birth. The infant 
suffered mild respiratory distress syndrome and hyperbiliru-
binemia requiring phototherapy, but no sepsis or intraven-
tricular hemorrhage, and is gaining weight at 2 weeks of life.
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42 Management of preterm labor
Vincenzo Berghella

Major advances with prematurity will come only from a better 
understanding of the pathophysiology leading to preterm 
birth (PTB). Prevention efforts in asymptomatic women are 
more benefi cial than treatment of symptomatic women. 
Despite massive research efforts in primary or secondary pre-
vention, millions of women in the USA present with symp-
toms of preterm labor (PTL) every year. Given the dire 
consequences of PTB, especially very early PTB, all should be 
done to avoid PTB even when it is most diffi cult (i.e., the 
woman has manifest symptoms of PTL).

Management of the woman with symptoms of PTL starts 
with initial assessment of history, physical exam, and specifi c 
laboratory and other screening tests to establish diagnosis and 
prognosis, so as to obtain an accurate initial assessment and 
decide the correct interventions.

Evaluation: history, physical exam, and 
screening tests

The history should include at least a review of specifi c symp-
toms, such as cramps, abdominal “tightenings,” low backache, 
pelvic pressure, increased vaginal discharge, or spotting. It is 
paramount to obtain the exact determination of gestational 
age. To assess prognosis, specifi c risk factors for PTB should be 
reviewed. Such risks are listed in Table 42.1.

The physical exam should include an assessment of vital 
signs, fetal heart monitoring, an abdominal exam for uterine 
tenderness and contractions, cervical exam by speculum for 
Nitrazine, pooling, ferning, visual examination of cervix 
(especially if preterm premature rupture of membranes 
[PPROM]), collection for fetal fi bronectin (fFN) and group B 
streptococci (GBS), and Chlamydia and gonorrhea DNA tests. 
If there is no PPROM diagnosis, a manual cervical exam can be 
performed for dilatation, cervical length and/or effacement, 
station, and presentation.

Laboratory tests that should be considered include Rapid 
Plasma Reagin (RPR) or Venereal Disease Research Labora-

tory (VDRL) to rule out syphilis in high-risk women, rapid 
HIV (if status unknown), cervicovaginal fFN, vaginorectal 
GBS, urinary drug screen (UDS), urinalysis, and urine culture. 
In women without specifi c symptoms of these infections, there 
is no evidence that screening for BV, Trichomonas, Mycoplasma 
or Ureaplasma is benefi cial.

In addition, there are other important screening tests that 
are suggested. An ultrasound should assess for fetal demise, 
major anomaly, compromise, polyhydramnios, placenta 
previa, placental abruption, fetal presentation, and estimated 
fetal weight. A transvaginal ultrasound (TVU) can be per-
formed for cervical length (CL) evaluation. Amniocentesis 
may be considered to check for intra-amniotic infection (IAI) 
(incidence approximately 5–15%) if equivocal signs of chorio-
amnionitis are present, and fetal lung maturity (FLM) (espe-
cially between 33 and 37 weeks). If the diagnosis of IAI is made 
(≥2 of uterine tenderness, maternal fever ≥38°C (≥100.4°F), 
maternal tachycardia, fetal tachycardia — in the absence of 
other infection), delivery is recommended even without amni-
ocentesis. The rates of IAI (documented by amniotic fl uid 
culture) by pregnancy status at <37 weeks are approximately: 
5–15% for PTL (intact membranes), 20–30% for PPROM (no 
labor), 30–40% for PPROM (labor), and 50% if cervix ≥2 cm/80% 
in second trimester. The rates of infection are indirectly pro-
portional to gestational age. There is insuffi ent evidence to rec-
ommend amniocentesis in all cases of PTL.

Initial assessment

Diagnosis of PTL

The vast majority of the women who present with symptoms 
of PTL do not deliver preterm even without intervention. 
Therefore, it is important to establish the diagnosis of PTL 
before any treatment is ever considered. One of the most com-
monly used PTL diagnoses is the presence of uterine contrac-
tions (≥4/20 minutes or ≥8/hour) and documented cervical 
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change with intact membranes at 20–36w 6d. In fact, 70–80% of 
women even with this diagnosis of PTL do not deliver preterm. 
Women without cervical change do not have PTL and should 
not receive tocolysis.

Fetal fi bronectin and cervical length

Because so many women with a diagnosis of PTL do not deliver 
preterm, two predictive tests, fFN and TVU CL, can aid in the 
initial assessment of the true chance of delivering preterm. 
These tests have been studied extensively for over 10 years, 
and are now becoming more common in the assessment of 
PTL, as they are the best predictive screening tests available. 
Because no trial has yet demonstrated their benefi t, these tests 
cannot yet be considered standard of care. Women with PTL 
but negative fFN and TVU CL ≥30 mm have a less than 1% 
chance of delivering within 1 week, and a more than 95% 
chance of delivering ≥35 weeks without therapy [1], and 
should therefore not receive any treatment. Women with posi-
tive fFN, or with TVU CL less than 20 mm, are at highest risk of 
PTB, and should receive treatment interventions.

Interventions

The main interventions for the woman with PTL at high risk 
for delivering preterm are aimed at increasing fetal matura-
tion and stopping uterine contractions to avoid PTB. In addi-
tion, it is important to consider referral to a tertiary care center 
if the neonatal intensive care unit (ICU) is not adequate for the 
gestational age of the potential neonate. The woman and her 
family members should be counseled regarding morbidity 

and mortality for the possible preterm infant, using the most 
up-to-date data. Current (2007) survival is 0% at 21 weeks, 75% 
at 25 weeks, and more than 95% at 29 weeks, while intact sur-
vival at 18 months is over 50% after 25 weeks. Disabilities in 
mental and psychomotor development, neuromotor function 
(including cerebral palsy), or sensory and communication 
function are present in at least 50% of fetuses born ≤25 weeks’ 
gestation [2]. A neonatology consult at 22–34 weeks should 
always be obtained to discuss neonatal prognosis and man-
agement. Obstetric counseling should review the principles 
and progress of management of PTL. Specifi c interventions 
should aim to treat any positive tests or infections, such as 
urinary tract infections, sexually transmitted diseases (STDs), 
GBS, and HIV.

Women with multiple gestations should not be treated dif-
ferently from those with singletons, except for caution in that 
their risk of pulmonary edema is greater when exposed to beta-
mimetics or magnesium sulfate [3].There is insuffi cient evi-
dence to justify the use of steroids for FLM and tocolysis before 
23 weeks and after 33w 6d.

Prophylaxis to prevent neonatal morbidity/
mortality from PTB (fetal maturation)

Betamethasone and dexamethasone are the only two cortico-
steroids that cross the placenta reliably and have been shown 
to benefi t the fetus. The regimen for one course of betametha-
sone is 12 mg IM every 24 hours for 2 doses and for dexametha-
sone is 6 mg IM every 6 hours for 4 doses. Betamethasone, if 
available, is preferred to dexamethasone [4]. Corticosteroids 
given prior to PTB (either spontaneous or indicated) are effec-
tive in preventing respiratory distress syndrome (RDS), intra-
ventricular hemorrhage (IVH), and neonatal mortality [5]. 
Antenatal administration of 24 mg of betamethasone or of 
dexa methasone to women expected to give birth preterm is 
associated with a 40% reduction in neonatal mortality, 47% 
reduction in RDS, and 52% reduction in IVH in preterm infants. 
There is a trend for a 41% reduction in necrotizing enterocolitis 
(NEC). These benefi ts apply to at least 24–33w 6d, and are not 
limited by gender or race. The effects are signifi cant mostly at 
48 hours to 7 days from the fi rst dose, but treatment should not 
be withheld even if delivery appears imminent, and effects 
even for babies delivered more than 7 days later have been 
reported. Such steroids should therefore be administered to 
any woman at these gestational ages at signifi cant PTB risk 
upon identifi cation of that risk. The results are mostly from 
singleton gestations, with insuffi cient data on multiple 
gestations.

There is not enough evidence to evaluate the use of repeated 
doses of corticosteroids in women who remain undelivered 
more than 7 days after the fi rst course, but who are at contin-
ued risk of PTB [5]. Fewer infants (36% less) in the repeat 
dose(s) of corticosteroids group had severe lung disease com-
pared with infants in the placebo group [6]. No statistically 

Table 42.1 Risk factors for preterm birth (PTB).

Obstetric gynecologic history: prior spontaneous PTB; prior STL; prior ≥2 

 D&Es; prior cone biopsy; uterine anomalies; DES exposure; myomata; 

 extremes of interpregnancy intervals; ART

Maternal lifestyle (e.g., smoking, drug abuse, STD)

Maternal prepregnancy weight <50 kg (<120 lb); poor nutritional status

Maternal age extremes (<19; >35 years)

Race (especially African-American)

Education (<12 grade)

Certain medical conditions (e.g., DM, HTN)

Low socioeconomic status

Limited prenatal care

Family history of spontaneous PTB (poorly studied)

Vaginal bleeding (especially during second trimester)

Stress (mostly related to above risks)

Anemia

Periodontal disease

ART, assisted reproductive technologies; D&E, dilatation and evacuation; 

DES, diethylstilbestrol; DM, diabetes mellitus; HTN, hypertension; STD, 

sexually transmitted disease; STL, second trimester loss.
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signifi cant differences have been reported for any of the other 
primary outcomes which included other measures of respira-
tory morbidity, small for gestational age at birth, perinatal 
death, IVH, periventricular leukomalacia, and maternal infec-
tious morbidity. Fewer infants in the repeat dose(s) of corticos-
teroids group needed surfactant compared with infants in the 
placebo group [7].

There are no contraindications. When used for only one 
course, no signifi cant side-effects have been reported. If four 
courses or more are used, there is a possible association with 
birthweight <10th percentile and small neonatal head circum-
ference (<10th percentile), with evidence of some later “catch-
up” growth. No adverse consequences of prophylactic 
corticosteroids for PTB in either the mothers or, most impor-
tantly, the infants, even at 10+ years follow-up, have been 
identifi ed. There is no increase in maternal or fetal/neonatal 
infection.

Thyrotropin-releasing hormone, phenobarbital, and vita-
min K have not been shown to be benefi cial for fetal matura-
tion and PTL management.

Nontocolytic interventions

Bed rest, hydration, and sedation have not been shown to be 
benefi cial in the management of PTL. Bed rest has never been 
tested in singleton gestations complicated by PTL or PPROM. 
In twin pregnancies with cervical dilatation, bed rest in the 
hospital has not been shown to decrease PTB [8].

Hydration

Intravenous hydration does not seem to be benefi cial, even 
during the period of evaluation soon after admission, in the 
management of women with PTL. Compared with bed rest 
alone, hydration is associated with similar incidence of PTB at 
<37, <34, or <32 weeks [9]. Admission to neonatal ICU occurs 
with similar frequency in both groups. Cost of treatment is 
obviously higher in the hydration group. No studies evalu-
ated oral hydration in women with evidence of dehydra-
tion [9].

Antibiotics

There is no clear overall benefi t or detriment from prophylac-
tic antibiotic treatment for women with PTL with intact mem-
branes on neonatal outcomes, and there are concerns about a 
trend for increased neonatal mortality for those who received 
antibiotics (relative risk [RR] 1.52; 95% confi dence interval 
[CI], 0.99–2.34) [10]. Rates of PTB at less than 36–37 weeks are 
similar in antibiotics and placebo groups, as is perinatal mor-
tality. There is a 26% reduction in maternal infection with the 
use of prophylactic antibiotics. Of the different antibiotics or 
combinations studied so far (macrolide antibiotics, beta-
lactam antibiotics, a combination of beta-lactam and macrolide 

antibiotics, and antibiotics active against anaerobes), antibiot-
ics active against anaerobes, which included three trials [11–
13] and a total of 294 women, show a statistically signifi cant 
increase (about 10 days) in the interval from randomization to 
delivery, a 38% reduction in the number of women giving birth 
within 7 days of enrollment, and fewer (by 37%) admissions 
to neonatal ICU (one trial). Further research is needed to 
determine if there is a subgroup of women who could ex-
perience benefi t from antibiotic treatment for PTL, and to 
identify which antibiotic or combination of antibiotics is 
most effective [10].

GBS prophylaxis

Until GBS maternal status is known, penicillin (or ampicillin if 
not available) should be given to women with a diagnosis of 
PTL receiving steroids to prevent GBS neonatal infections, 
unless allergic [14].

Tocolysis

The principles of tocolytic therapy are listed in Table 42.2, and 
contraindications are listed in Table 42.3.

Primary tocolysis — single agent

Betamimetics
Ritodrine and terbutaline have been the more commonly 
studied agents.

Table 42.2 Principles of tocolytic therapy.

At 24–33w 6d, steroids for fetal maturation should always be given if 

tocolysis is initiated. Tocolytics should not be used without concomitant use 

of steroids for fetal maturation

Tocolysis is typically used for 48 hours to allow steroid effect. Given side- 

effects, consider stopping tocolytic therapy at 48 hours after steroids given if 

PTL under control

No tocolytic agent has been shown to improve perinatal mortality

There is no tocolytic agent that is more safe and effi cacious. COX  inhibitors 

are the only class of primary tocolytics shown to decrease PTB <37 weeks 

compared with placebo, while COX inhibitors, betamimetics and ORA have 

been shown to signifi cantly prolong pregnancy at 48 hours and 7 days 

compared with placebo. COX inhibitors, CCB, and ORA, properly used, have 

signifi cantly less side-effects than betamimetics

There is no maintenance tocolytic agent that prevents PTB or perinatal 

morbidity/mortality. There is insuffi cient evidence to evaluate multiple 

tocolytic agents for primary tocolysis, refractory (primary agent is failing, so 

another is started) tocolysis, or repeated tocolysis (after successful primary 

tocolysis)

CCB, calcium-channel blocker; COX, cyclo-oxygenase; ORA, oxytocin 

receptor antagonist; PTB, preterm birth; PTL, preterm labor.
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Dose. Ritodrine: 50–100 µg/min i.v. initial dose, increase 
50 µg/min every 10 min (max 350 µg/min) (p.o. 1–20 mg every 
2–4 hours).

Terbutaline: 25 mg s.q. every 20 min at fi rst, then 2–3 hours; 
or 5–10 µg/min i.v., max 80 µg/min; or 2.5–5 mg p.o. every 2–
4 hours (hold if maternal heart rate over 120/min).

Mechanism of action. Stimulate B2 receptor through cyclic ade-
nosine monophosphate, so no free calcium for myometrial 
contraction.

Evidence for effectiveness. Betamimetics decrease by 37% the 
number of women in PTL giving birth within 48 hours com-
pared with placebo, and decrease by 22% the number of births 
within 7 days [15]. There is a trend for reduction of PTB at less 
than 37 weeks’ gestation (RR 0.95; 95% CI, 0.88–1.03). No 
benefi t is demonstrated for betamimetics on RDS or perinatal 
death. A few trials reported the following outcomes, with no 
difference detected in cerebral palsy, infant death, and NEC. 
Ritodrine has been the agent studied usually, with insuffi cient 
evidence to evaluate effectiveness of other betamimetics [15].

Comparison with other tocolytics. See below.

Specifi c contraindications. Cardiac arrhythmia or other signifi -
cant cardiac disease; diabetes mellitus (DM); poorly control-
led thyroid disease (for ritodrine).

Side-effects. MATERNAL: Hyperglycemia (140–200 mg/dL 
glucose in 20–50%. Mechanism: decreased peripheral insulin 
sensitivity and increased endogenous glucose production); 
hyperinsulinemia; hypokalemia (K <3 mEq/L in 50%); 
tremors, nervousness, dyspnea (10%), chest pain (5–10%), 
tachycardia/palpitations, arrhythmia (3%); ECG changes (2–
3%); hypotension (2–3%); pulmonary edema (<1–5%; mecha-
nism: reduced sodium excretion, leading to sodium and 
therefore fl uid retention); headaches; nausea/vomiting; and 

nasal stuffi ness. Ritodrine specifi c: altered thyroid function, 
antidiuresis.

FETAL/NEONATAL: Ritodrine: tachycardia, hypoglyc-
emia, hypocalcemia, hyperbilirubinemia, hypotension, IVH. 
Terbutaline: tachycardia, hyperinsulinemia, hyperglycemia, 
myocardial and septal hypertrophy, myocardial ischemia.

Calcium-channel blockers
Nifedipine (most commonly) and nicardipine have been the 
calcium-channel blocker (CCB) agents studied.

Dose. Nifedipine 20–30 mg for one dose, then 10–20 mg every 
4–8 hours (max. 90 mg/day) (nicardipine dose similar).

Mechanism of action. Impair calcium channels, so inhibit infl ux 
of calcium into cell, and therefore myometrial contraction.

Evidence for effectiveness. There are no studies of CCB compared 
with placebo for PTB prevention. When compared with any 
other tocolytic agent (mainly betamimetics), CCB reduce the 
number of women giving birth within 7 days of receiving treat-
ment by 24% and PTB at less than 34 weeks’ gestation by 17% 
[16]. CCB show a trend to reduce PTB within 48 hours of initia-
tion of treatment (RR 0.80; 95% CI, 0.61–1.05), and PTB at less 
than 37 weeks’ gestation (RR 0.95; 95% CI, 0.83–1.09). CCB also 
reduces the frequency of neonatal RDS by 37%, NEC by 79%, 
IVH by 41%, and neonatal jaundice by 27%. CCB also reduce 
the requirement for women to have treatment ceased for 
adverse drug reaction by an impressive 86%. There are insuffi -
cient data regarding the effects of different dosage regimens 
and formulations of CCB on maternal and neonatal outcomes; 
the most studied is nifedipine, at the dosage shown above. 
CCB should therefore be preferred to betamimetics for 
tocolysis [16].

Specifi c contraindications. Cardiac disease; hypotension 
(<90/50 mmHg); concominant use of magnesium; caution in 
renal disease.

Side-effects. MATERNAL: Flushing, headache, dizziness, 
nausea, transient hypotension. Caution in women with hypo-
tension and renal disease, as well as women on magnesium 
(cardiovascular collapse).

FETAL/NEONATAL: None.

Cyclo-oxygenase inhibitors
Non-selective cyclo-oxygenase (COX) inhibitor: indometh-
acin (Indocin). Selective COX-inhibitors (preferential COX-2 
inhibitors): sulindac (Clinoril); rofecoxib (Vioxx); celecoxib 
(Celebrex); ketorolac (Toradol); nimesulide.

Dose. Indomethacin: 50–100 mg loading dose (rectal or vaginal 
route preferred, oral otherwise), then 25–50 mg every 6 hours 
for 48 hours max, and always <32 weeks. Sulindac: 200 mg p.o. 

Table 42.3 Contraindications to tocolytic therapy.

Maternal

Chorioamnionitis

Severe vaginal bleeding/abruption

Preeclampsia

Medical contraindications to specifi c tocolytic agent (see text)

Other maternal medical condition that makes continuing the pregnancy 

 inadvisable

Fetal

IUFD

Major (especially if lethal) fetal anomaly or chromosome abnormality

Other fetal conditions in which prolongation of pregnancy is inadvisable

Documented fetal maturity

IUFD, intrauterine fetal death.
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every 12 hours for 48 hours. Ketorolac: 60 mg i.m., then 30 mg 
i.m. every 6 hours for 48 hours.

Mechanism of action. COX inhibitors, so inhibit prostaglandin 
synthesis, therefore inhibit myometrial contraction.

Evidence for effectiveness. The nonselective COX inhibitor, 
indomethacin, was used in 10/13 trials.

When compared with placebo, COX inhibition (indometh-
acin only studied) results in a 79% reduction in PTB at less than 
37 weeks, an increase in gestational age of 3.5 weeks, and an 
increase in birthweight of approximately 700 g in two small 
trials [17–19]. There is a trend towards a reduction in delivery 
within 48 hours of initiation of treatment (RR 0.20; 95% CI, 
0.03–1.28) and within 7 days (RR 0.41; 95% CI, 0.10–1.66) [17]. 
No differences are detected in any other reported outcomes 
including perinatal mortality and RDS.

Used for 48 hours only, the intravaginal route (100 mg every 
12 hours) decreases delivery at 48 hours (3/23 vs. 8/23) and at 
less than 7 days (5/23 vs. 13/23) compared with rectal/oral 
(100 mg rectally, followed by 25 mg p.o. every 6 hours), with 
some improvement in neonatal morbidities [20].

Compared with betamimetics, COX inhibitors signifi cantly 
reduce by 63% the number of women delivering within 
48 hours of initiation of treatment. Compared with magne-
sium sulfate, COX inhibitors have a trend for a lower number 
of women delivering within 48 hours of initiation of treatment 
(RR 0.75; 95% CI, 0.40–1.40) and lower PTB at less than 37 
weeks (RR 0.55; 95% CI, 0.17–1.73).

A comparison of nonselective (indomethacin and sulindac) 
versus selective (rofecoxib and nimesulide) COX-2 inhibitor 
[21,22] does not demonstrate any differences in maternal or 
neonatal outcomes. Because of the small numbers, all esti-
mates of effect are imprecise and need to be interpreted with 
caution.

Specifi c contraindications. Renal or hepatic disease, active peptic 
ulcer disease, poorly controlled hypertension (HTN), nonster-
oidal anti-infl ammatory drug (NSAID) sensitive asthma, coag-
ulation disorders/thrombocytopenia.

Side-effects. When used for only 48 hours, no serious maternal 
or fetal/neonatal side-effects occur, and fetal surveillance is 
not indicated. Usually COX inhibitors are better tolerated by 
the mother than other tocolytics such as magnesium and 
betamimetics.

MATERNAL: As with any NSAID, mild gastrointestinal 
upset — nausea, heartburn (take with some food/milk) (COX-
1). Gastrointestinal bleeding (COX-1), coagulation and plate-
let abnormalities (COX-1), asthma if aspirin-sensitive. NSAIDs 
may obscure elevation in temperature. Longterm rofecoxib 
(Vioxx) use in adults has been associated with stroke, so this 
drug is now not available in many countries.

FETAL/NEONATAL: In randomized controlled trials 
(RCTs), 403 women received short-term tocolysis (up to 
48 hours) with COX inhibitors (mainly indomethacin) and 
there was only one case of antenatal closure of the ductus arte-
riosus (incidence <0.3%). There was no increase in the inci-
dence of patent ductus arteriosus postnatally [17]. No 
difference in incidences of IVH, bronchopulmonary dyspla-
sia, patent ductus arteriosus, NEC, or perinatal mortality was 
noted in a review of RCTs aimed at evaluating safety [23]. Use 
for more than 48 hours, especially ≥32 weeks, is associated 
with signifi cant fetal effects such as constriction of the ductus 
arteriosus, which can lead to hydrops, pulmonary hyperten-
sion, and death, and renal insuffi ciency, manifested in utero by 
oligohydramnios. Other effects with prolonged use such as 
hyperbilirubinemia, NEC, and IVH have not been shown with 
less than 72-hour use. Selective COX-2 inhibitors have not 
been shown consistently to be any safer for the fetus/neonate 
than nonselective COX inhibitors such as indomethacin. 
Therefore, continuous use of COX inhibitors for more than 
48 hours and ≥32 weeks is contraindicated.

Magnesium sulfate (MgSO4)
Dose. 40 g MgSO4 in 1 L d51/2NS. Initial: 4–6 g/30 min, 
then 2–4 g/hour. A dose of 5 g/hour has not been shown to be
benefi cial in perinatal outcome compared with a dose of 
2 g/hour, and is associated with signifi cant side-effects 
[24]. Weaning MgSO4 tocolysis has no benefi ts and a few 
harmful side-effects compared with stopping MgSO4 
abruptly [25].

Mechanism of action. Intracellular calcium antagonist.

Evidence for effectiveness. Compared with placebo, there is 
insuffi cient evidence to show if magnesium sulfate reduces 
the incidence of PTB or perinatal morbidity and mortality 
[26–28]. Compared with all controls (including other tocolyt-
ics), magnesium sulfate did not prevent PTB at 48 hours, PTB 
at less than 37 weeks or PTB at less than 32 weeks. Perinatal 
death was higher but very rare, while perinatal morbidities 
were similar [26]. Dosage of magnesium did not affect 
effi cacy.

Specifi c contraindications. Myasthenia gravis.

Management. Aim for 4–7 MgSO4 level. Monitor urinary 
output. Follow deep tendon refl exes: ↓ at ≥8, absent ≥10. ≥10: 
respiratory depression; ≥15 risk of cardiac arrest.

Side-effects. MATERNAL: Flushing, lethargy, headache, 
muscle weakness, diplopia, dry mouth, pulmonary edema 
(1%; Mech: intravenous overhydration), cardiac arrest.

FETAL/NEONATAL: Lethargy, hypotonia, hypocalcemia, 
respiratory depression. Prolonged use: demineralization.
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Oxytocin receptor antagonists
Atosiban (Tractocile in Europe) is not Food and Drug Admin-
istration (FDA) approved, and therefore not available in the 
USA.

Dose. Atosiban 6.75 mg bolus, then 300 µg/min i.v. for 3 hours, 
then 100 µg/min (max. 45 hours).

Mechanism of action. Competitive inhibitor of oxytocin via 
blockade of oxytocin receptor.

Evidence for effectiveness. Compared with placebo, atosiban did 
not reduce incidence of preterm birth or improve neonatal 
outcome. In one trial, atosiban was associated with an increase 
in infant deaths at 12 months of age compared with placebo 
[29]. However, this trial randomized signifi cantly more 
women to atosiban before 26 weeks’ gestation. Use of atosiban 
resulted in lower infant birthweight and more maternal 
adverse drug reactions. Compared with betamimetics, atosi-
ban had similar incidences of PTB or perinatal morbidity/
mortality. Atosiban was associated with fewer maternal drug 
reactions requiring treatment cessation [30].

Side-effects. Minimal to none.
There is currently insuffi cient evidence to support the 

administration of nitric oxide donors [31], progesterone, or 
alcohol for prevention of PTB in women with PTL.

Primary tocolysis — multiple agents simultaneously

Indomethacin and ampicillin-sulbactam do not prevent PTB 
compared with placebo in women in PTL already receiving 
MgSO4 tocolysis [32].

Refractory tocolysis — primary agent is failing

Indomethacin is similar to sulindac in prevention of PTB in 
women failing primary MgSO4 tocolysis [33].

Maintenance tocolysis — after successful 
primary tocolysis

There is evidence that all agents used so far for maintenance 
tocolysis do not prevent PTB, recurrent PTL, recurrent 
hospitalizations, or perinatal morbidity and mortality. 
These include oral betamimetics [34], terbutaline pump 
[35], CCB [36], COX inhibitors [37,38], magnesium [39], or 
atosiban [40].

Mode of delivery

There is insuffi cient evidence to evaluate the use of a policy 
for uniform elective cesarean delivery (CD) compared 

with expectant management and selective CD for preterm 
babies (approximately 24–36 weeks) [41]. Mothers in the elec-
tive CD group have higher morbidity, while babies in the 
ele-ctive CD group show no statistical differences compared 
with expectant management, except a more frequent low cord 
pH. The numbers so far are too small for defi nite conclusions, 
including for differentiating by fetal presentation [41].

Case presentation

A 25-year-old, African-American, G6P0141 calls her obstetri-
cian at 28w 6d with complaints of vaginal pressure. Upon 
questioning, she states that she might have inter-
mittent cramps. Based on this history, the attending phy-
sician asks her to come to labor and delivery to be 
evaluated.

Her past obstetric history is signifi cant for two spontaneous 
abortions, two induced abortions, and one PTB at 30 weeks the 
year prior. This PTB had been preceded by PTL, unsuccess-
fully treated with magnesium sulfate. She received steroids 
for fetal maturation, and her 1484 g (3 lb 4 oz) baby is currently 
doing well. She denies any other risk factors for PTB. Her pre-
natal course has been uneventful. Her expected date of con-
fi nement has been confi rmed by an 18-week ultrasound. Her 
prenatal laboratory tests were within normal limits, including 
a negative HIV test.

On physical exam, her blood pressure is 110/74 mmHg, 
pulse 86 beats/min, temperature 36.9°C (98.4°F), respiratory 
rate 20. No tenderness or contractions are identifi ed. On specu-
lum exam, pooling, ferning, and nitrazine are negative, and so 
rupture of membranes is ruled out. Tests for fFN, GBS, gonor-
rhea and Chlamydia are collected. Her cervical exam is 2 cm 
dilatated, 1 cm long-2 station. The clinical impression is vertex 
presentation, and size less than dates. Fetal heart and toco-
monitoring are initiated.

Twenty minutes after arrival, the fetal heart appears reas-
suring and appropriate for gestational age. On tocomonitor-
ing, she is contracting every 4 minutes. An ultrasound is 
performed, and reveals an appropriate for gestational age esti-
mated fetal weight (1498 g), vertex presentation, no placenta 
previa, and amniotic fl uid index of 10. TVU reveals a cervical 
length of 19 mm.

Based on contraction frequency and cervical exam fi ndings, 
a diagnosis of PTL is made. Betamethasone 12 mg i.m. is 
given with a plan to give a second dose at 24 hours. Indometh-
acin 100 mg p.r. is given, with a plan for continuing 
indomethacin 50 mg every 6 hours for 48 hours. Extensive 
counseling is given regarding safety and effectiveness of 
all interventions, prognosis, and possible complications. 
A neonatal consult is ordered. The neonatal intensive care unit 
is level III, and there is availability for care in case of a 28-week 
PTB.
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An hour later, contractions are diminishing in frequency 
and intensity. Regular nutrition is allowed. Later, the contrac-
tions resolve, the fFN result is positive, while GBS, gonorrhea, 
Chlamydia and urine culture are negative. Antibiotics are 
discontinued. Hospitalization is continued as planned for a 
total of 48 hours, with tocomonitoring for 1 hour every shift 
and at the patient’s request if she feels symptoms of PTL.

Forty-eight hours after initial assessment, she is discharged 
home with PTL precautions and close follow-up, aware of her 
high chance of PTB at less than 35 weeks and its consequences.
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43 Placenta previa and related 
placental disorders
Yinka Oyelese

The placenta usually implants in the upper uterine segment. 
However, in some cases, it implants in the lower uterine 
segment, either covering the internal cervical os, or lying in 
close proximity to it. This abnormal implantation into the 
lower segment, called placenta previa, is an important cause of 
bleeding in the second half of pregnancy and during labor, 
and is associated with signifi cant maternal and perinatal mor-
bidity and occasionally mortality. Placenta previa may also be 
associated with two other clinically important conditions, pla-
centa accreta and vasa previa, which are also discussed in this 
chapter.

Placenta previa

Placenta previa has traditionally been classifi ed into four types 
(Figs 43.1 and 43.2):
1 Complete placenta previa, where the placenta completely 
overlies the internal os (Fig. 43.2).
2 Partial placenta previa, where the placenta partially overlies 
the internal os.
3 Marginal placenta previa, where the placental edge just 
reaches to the internal os, but does not cover it (Fig. 43.3).
4 Low-lying placenta, which reaches into the lower uterine 
segment but does not reach the internal os.

Incidence and risk factors

Placenta previa complicates approximately 1 in 200 pregnan-
cies (0.5%) [1,2]. Studies have identifi ed several risk factors for 
placenta previa. These include prior cesarean delivery [3], 
prior uterine surgery, smoking [2], multifetal gestation [4], 
cocaine use, increasing parity, and increasing maternal age 
[1,2,5]. The risk of placenta previa increases with the number 
of prior cesarean deliveries in a dose–response manner. It is 
not clear why the placenta in some pregnancies implants in the 
lower uterine segment. However, it has been established that 
scarring of the endometrium as a consequence of cesarean 

delivery or intrauterine surgery signifi cantly increases the risk 
of placenta previa.

Clinical presentation

Patients with placenta previa typically present with painless 
bleeding in the early third trimester. The initial bleed is usually 
not very heavy, and typically does not lead to delivery, but is 
frequently suffi cient to cause signifi cant alarm. However, 
approximately one-third of cases of placenta previa will expe-
rience no bleeding prior to the onset of labor [6]. Not infre-
quently, there is a fetal malpresentation or unstable lie. This is 
because the placenta lies in the lower uterine segment, pre-
venting engagement of the fetal head.

Diagnosis

The diagnosis of placenta previa is usually made by sonogra-
phy. This typically occurs in one of two scenarios. In the fi rst, 
the diagnosis is made in asymptomatic women on routine 
sonography, and the second is when sonography is performed 
in women who present with vaginal bleeding in the late second 
trimester or early third trimester. Transabominal sonography 
will detect the majority of cases of placenta previa. However, 
transabdominal sonography will produce false positive or 
false negative diagnoses of placenta previa in 10–20% of cases 
[7]. A common reason for false positive diagnoses is the 
approximation of the anterior and posterior walls of the lower 
uterine segment that occurs with the bladder fi lling that is nec-
essary for transabdominal sonography; this may give a false 
impression of a placenta previa [8]. Crucial landmarks such as 
the internal os and the lower placental edge are frequently not 
adequately visualized using transabdominal sonography, 
producing a false negative diagnosis [7]. In addition, the fetal 
head may prevent adequate visualization of the region over 
the cervix [8]. Finally, a posterior placenta may be diffi cult to 
image transabdominally. Transvaginal sonography places the 
transducer closer to the region of interest, and because of the 
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Complete Partial Marginal Low-lying

Fig. 43.1 Types of placenta previa. Complete: 

Placental tissue completely overlies the internal os 

(can be central or noncentral, depending on 

whether or not the center of the placenta is 

directly over the os). Partial: Placental tissue is 

situated over part of the os but does not 

completely overlie it. Marginal: Placental tissue 

approaches the edge of the os but does not 

overlie any part of it. Low-lying: Placental tissue is 

implanted in the lower uterine segment but does 

not reach the edge of the os. From Oyelese and 

Smulian [46] with permission from Lippincott, 

Williams and Wilkins.

Fig. 43.3 Transvaginal sonogram demonstrating a marginal placenta previa 

(p). The internal os is again clearly shown (short arrow). There is a prominent 

sinus at the placental edge. The actual placental edge is indicated by the long 

arrow. Because this placenta was less than 2 cm from the internal os, the 

patient required a cesarean delivery. The fetal head is marked “h”.

Fig. 43.2 Transvaginal sonogram of a complete placenta previa (placenta 

marked “p”). The placenta can be seen completely overlying the internal os 

(indicated by the arrow). The fetal head is marked “h”.

higher frequencies produced by transvaginal transducers, 
produces images of superior resolution to those obtained by 
transabdominal sonography [8]. In virtually all cases, the 
internal os and the placenta can be adequately visualized 
using this technique (Figs 43.2 and 43.3). Numerous studies 
have consistently demonstrated that transvaginal sonography 
is more accurate in the diagnosis of placenta previa than 
transabdominal sonography [8,9]. Furthermore, the technique 
is safe and does not lead to an increase in vaginal bleeding 
[9,10]. When transvaginal sonography is used, false positive 
diagnoses of placenta previa are avoided; thus, the reported 
incidence of placenta previa using transvaginal sonography is 
considerably lower than that obtained by transabdominal 
sonography. This has several potential benefi ts, the main one 

being that women who do not actually have a placenta previa 
do not have unnecessary lifestyle restrictions and interven-
tions. Translabial or transperineal sonography and magnetic 
resonance imaging (MRI) have also been used for placental 
location. However, these techniques have no benefi ts over the 
more readily available transvaginal sonogram.

Placental migration

It has been well documented that the majority of women in 
whom a placenta previa is detected in the second trimester 
will no longer have a placenta previa by the third trimester. It 
is not clear why this occurs. Studies using transvaginal sonog-
raphy have shown that the incidence of second trimester 
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placenta previa is 1.1–4.9% [11]. Approximately 90% of these 
will resolve before term [11]. The apparent movement of the 
placenta away from the cervix is most likely the consequence 
of the development of the lower uterine segment, leading to a 
stationary lower placental edge appearing to move away from 
the cervix. Another proposed mechanism is preferential 
growth of the placenta towards the better vascularized fundus. 
The likelihood that a second trimester placenta previa will 
persist until term can be determined by the degree by which 
the placenta overlies the internal os in the second trimester. 
Placentas that do not cover the internal os in the second trimes-
ter are unlikely to be placenta previas at term. Conversely, pla-
centas that overlie the internal os by 1.5 cm or more are less 
likely to resolve by term [11].

Management

Women who present with vaginal bleeding in the late second 
or third trimester should be considered to have a placenta 
previa until proven otherwise. However, it must be empha-
sized that even though this bleeding is classically described as 
painless, there may be pain, probably the consequence of con-
tractions or placental separation. A digital vaginal examina-
tion is contraindicated; this may provoke torrential vaginal 
bleeding. At least one (and preferably two) wide-bore intrave-
nous cannulae should be inserted and intravenous fl uids 
should be started. Blood should be taken for a complete blood 
count, blood type, and screen, and at least 2 units of blood 
should be cross-matched. Sonography, preferably by the 
transvaginal route, should be performed to confi rm or rule out 
the diagnosis of placenta previa. The patient should be admit-
ted and, initially at least, placed on bed rest. Blood pressure, 
pulse, and urine output should be monitored closely. Fetal 
sonography should be performed to rule out fetal anomalies, 
evaluate fetal growth and amniotic fl uid volume. Continuous 
fetal heart rate monitoring should be commenced. Steroids 
should be administered to promote fetal lung maturation if the 
gestational age is between 24 and 32 weeks. In women who are 
having contractions, cautious use of tocolytics is reasonable 
[12]. Frequently, the contractions cause further placental sepa-
ration, which causes further bleeding, which in turn causes 
more contractions, and thus a vicious cycle is set up. It was tra-
ditionally taught that tocolytics should not be used in the pres-
ence of vaginal bleeding. However, studies of tocolytic usage 
in women with placenta previa have demonstrated that they 
may safely be used with caution, and are associated with sig-
nifi cant prolongation of gestation and increased birthweight 
[12,13].

The subsequent management depends on gestational 
age, the fetal and maternal status, and the presence of any 
other coexisting conditions. At a gestational age of less 
than 36 weeks, conservative management, rather than 
immediate delivery, is desirable, because prematurity is the 
cause of most of the perinatal mortality associated with 

placenta previa. Blood transfusions may be given as required. 
Cotton et al. [14] found that delivery could be deferred 
with conservative management in two-thirds of patients 
with symptomatic placenta previa, and that half of patients 
with an initial hemorrhagic episode exceeding 500 mL did 
not require immediate delivery. These authors achieved a 
mean prolongation of pregnancy of 16.8 days in women 
with symptomatic previas. Similarly, Silver et al. [15], with 
conservative aggressive management, prolonged gestation 
by at least 4 weeks in 50% of patients with a symptomatic 
previa.

 If the mother and fetus are stable, hospitalization for at least 
48 hours is justifi ed. When there has been no bleeding for at 
least 24–48 hours, the patient may be discharged and subse-
quently managed as an outpatient [16]. However, it is essential 
that women who are considered for outpatient management 
live in close proximity to the hospital, have a responsible adult 
at home, and have access to telephone services and transporta-
tion. Outpatient management has been compared with inpa-
tient management in a few studies [16,17]. A randomized 
controlled study found that stable patients with placenta 
previa could be safely managed as outpatients with substan-
tial savings in hospital costs, and no worse outcomes (assessed 
by gestational age at delivery, birthweights, blood transfu-
sions, and neonatal outcomes) than women managed as 
inpatients [17].

Complications

Fetal

Placenta previa is associated with increased perinatal mortal-
ity as well as an excess in neonatal deaths after live births 
[18,19]. There is a higher risk of preterm birth, and prematurity 
is the reason for most of the perinatal deaths [18]. Placenta 
previa is also associated with an increased risk of congenital 
malformations, respiratory distress syndrome, and intrauter-
ine growth restriction [18]. The perinatal mortality rate associ-
ated with placenta previa is approximately three times that of 
controls [18,19].

Maternal

Women with complete or partial placenta previa require cesar-
ean delivery. In addition, the condition is a major cause of 
obstetric hemorrhage [20]. Frequently, blood transfusions are 
necessary. While in almost all cases of placenta previa there is 
some degree of placental separation, women with placenta 
previa are also at increased risk of concurrent placental abrup-
tion. Prolonged bed rest may put women at greater risk of 
thromboembolic disease [20]. Morbid adherence of the pla-
centa occurs more frequently in women with placenta 
previa, and frequently these women will go on to have a 
hysterectomy [20].
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Timing of delivery

Women with a placenta previa should be delivered by cesar-
ean at a time when fetal lung maturation is likely, and before 
catastrophic bleeding occurs. Doubtless, these patients are 
better delivered in a controlled scheduled setting, rather than 
as an emergency for bleeding. A recent study demonstrated 
that the perinatal mortality for pregnancies complicated by 
placenta previa started to rise after approximately 37 weeks 
[19]. For these reasons, scheduled cesarean delivery at 36–37 
weeks after documentation of fetal lung maturity by amnio-
centesis appears reasonable.

Mode of delivery and uterine incisions

There is consensus that women with complete or partial pla-
centa previa require cesarean delivery. What is more contro-
versial is the mode of delivery of women with placentas that lie 
in close proximity to the internal os, but do not cover it. At least 
three studies have addressed the mode of delivery in these 
patients [21–23]. Oppenheimer et al. [21] found that a lower 
placental edge to internal os distance of 2 cm or greater was 
likely to result in a successful trial of labor. Similar fi ndings 
were noted by Bhide et al. [22]. Women who had a placental 
edge to os distance in excess of 2 cm did not require cesarean 
delivery for bleeding, whereas when the distance was less, the 
patients invariably required cesarean delivery. It must be 
pointed out that in these studies, the delivering obstetricians 
were not blinded to the ultrasound results, and thus these 
results may be signifi cantly biased. Nonetheless, it does appear 
reasonable to offer women with a placental edge to os distance 
of 2 cm or greater by transvaginal sonography, who have no 
other contraindications to vaginal delivery, a trial of labor.

In women with an anterior placenta previa, the surgeon 
generally has to either incise through the placenta, separate 
the placenta prior to delivery of the fetus or make an incision 
that avoids the placenta, such as a vertical fundal incision. 
Generally, a lower segment transverse incision can be used, 
but it is useful to determine placental location by sonography 
prior to the operation, and preferably to avoid the placenta.

Vasa previa

The term vasa previa refers to fetal blood vessels running 
through the membranes over the cervix, unprotected by 
umbilical cord or placental tissue (Fig. 43.4) [24]. Conse-
quently, when the membranes rupture, these vessels fre-
quently rupture also, often resulting in fetal exsanguination 
[24]. Undiagnosed prenatally, this condition carries a perina-
tal mortality of approximately 56% [25]. Vasa previa can result 
from velamentous insertion of the umbilical cord into the pla-
centa or from vessels running between lobes of a placenta with 
accessory lobes [24].

Incidence and risk factors

The diagnosis of vasa previa is often missed, and thus accurate 
estimates of the frequency of this condition are diffi cult to 
make. Nonetheless, studies suggest that the incidence of clini-
cally recognized vasa previa is approximately 1 in 2500 deliv-
eries [24]. Major risk factors for vasa previa include second 
trimester low-lying placentas or placenta previa [24–27]. This 
risk exists even when the placenta previa is no longer low-
lying by the time of delivery [25,27]. Other risk factors include 
pregnancies resulting from in vitro fertilization [24,28], multi-
fetal gestations, and pregnancies where the placenta has one 
or more succenturiate lobes [24,25].

Pathophysiology

While the exact reason for developing vasa previa remains 
unknown, two main hypotheses exist as to the condition’s 
pathogenesis. In the fi rst, it is thought that the portion of the 
placenta that overlies the cervix early in pregnancy undergoes 
atrophy because of poor vascularity in that region, leaving 
blood vessels running exposed through the membranes. The 
second hypothesis suggests that the placenta grows preferen-
tially toward the better vascularized upper segment, again 
leaving blood vessels exposed during its differential growth.

Clinical presentation

The classic presentation of vasa previa is of vaginal bleeding at 
the time of rupture of the membranes followed by fetal death 

Fig. 43.4 Vasa previa shown after cesarean delivery. In this case, the 

diagnosis had been made prenatally. Prominent velamentous vessels traverse 

the membranes (arrows). “p” marks the placenta.
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or distress. A sinusoidal fetal heart rate tracing in this scenario 
is virtually pathognomonic of vasa previa (Fig. 43.5). Pressure 
on the exposed vessels by the presenting part may lead to 
recurrent variable decelerations, even in cases with intact 
membranes. Rarely, fetal vessels may be palpated in the 
unruptured membranes during a cervical examination [24]. 
More recently, vasa previa has been diagnosed during routine 
second trimester sonography or during sonography in patients 
presenting with bleeding in the second half of pregnancy or 
patients having sonography for low-lying placentas [29–32].

Diagnosis

The diagnosis of vasa previa may be made based on a history 
of fetal death or distress associated with bleeding when the 
membranes rupture. The delivery of an extremely pale, exsan-
guinated infant and the fi nding of ruptured velamentous 

vessels on placental examination after delivery confi rm the 
diagnosis. The diagnosis of vasa previa may be made in 
asymptomatic women during second trimester obstetric 
sonography. Vasa previa has the appearance of linear or 
tubular structures overlying the cervix. Color Doppler should 
be employed to demonstrate fl ow through these vessels, and if 
pulsed Doppler demonstrates a fetal umbilical or venous 
waveform, the diagnosis is confi rmed (Fig. 43.6). Care must be 
taken to distinguish a vasa previa from a funic presentation. In 
a funic presentation, the vessels will move away from the 
cervix with changes in maternal position, while the position 
will remain constant.

Several studies have examined the utility of routine screen-
ing for vasa previa in asymptomatic patients during the second 
trimester obstetric sonogram [29–32]. These studies have con-
sistently demonstrated that vasa previa can be diagnosed with 
accuracy and without excessive extra time over that required 
for the obstetric examination [29–32]. The strategy for screen-
ing for vasa previa consists of identifying the placental cord 
insertion during the sonographic examination. This essen-
tially excludes a vasa previa unless there is a multilobed pla-
centa. In women with multilobed placentas, those with second 
trimester low-lying placentas, and those with multifetal gesta-
tions, transvaginal sonography with a color Doppler sweep of 
the region over the cervix should be performed. The diagnosis 
of vasa previa has been made in women presenting with third 
trimester bleeding by testing the vaginal blood for fetal blood 
cells using a test such as the Apt test or Kleihauer–Betke test. 
However, these tests are rarely used for this purpose, and 
diagnosis by ultrasound is preferable.

Management

Asymptomatic women with a second trimester diagnosis of 
vasa previa should be informed about the diagnosis and about 
the severity of the condition. These women should report to 
hospital immediately should they experience contractions, 
bleeding, or loss of fl uid. Coitus should be avoided. Consider-

Fig. 43.5 Sinusoidal fetal heart rate tracing in a 

patient with a ruptured vasa previa. The patient, 

in labor, ruptured her membranes and had 

bleeding at the same time. Emergent cesarean 

delivery was performed. The infant was born 

extremely pale, was immediately transfused, 

and did well.

Fig. 43.6 Color Doppler of vasa previa showing fl ow through a vessel 

running over the internal os (marked by the asterisk). The fetal head is 

marked “h”.
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ation should be given to admission to the hospital at approxi-
mately 32 weeks’ gestation. The major purpose for admission 
is to ensure quick access to immediate cesarean delivery 
should the membranes rupture. Because the majority of these 
women will be delivered preterm, steroids should be adminis-
tered to promote fetal lung maturation. The patient should be 
seen by a neonatologist, and facilities for immediate neonatal 
blood transfusion in the delivery room should be available. 
Delivery should be by cesarean at 35–36 weeks or after docu-
mentation of fetal lung maturation, or if in the third trimester, 
should signifi cant bleeding, labor, or rupture of the mem-
branes occur. When the membranes have ruptured, immedi-
ate cesarean delivery and neonatal blood transfusion may be 
life-saving [33]. Recently, we have used three-dimensional 
sonography to map out the course of the vessels prior to 
surgery in order to plan our incision to avoid transecting the 
vessels. At cesarean delivery, a transverse uterine incision 
may be made, but it is important to avoid incising or rupturing 
the membranes after the uterine incision. Every attempt 
should be made to deliver the fetus en caul.

Outcomes

Perinatal deaths from vasa previa are for the most part pre-
ventable; good outcomes depend on prenatal diagnosis and 
delivery by cesarean before the membranes rupture [24]. 
Because the fetal blood volume is only approximately 100 mL/
kg at term, relatively small amounts of blood loss may prove 
catastrophic to the fetus, and thus everything must be done to 
ensure delivery before fetal hemorrhage occurs [24]. A study 
of 155 cases of vasa previa demonstrated that the most impor-
tant factor in assuring a good perinatal outcome was prenatal 
diagnosis; the perinatal mortality in pregnancies in which the 
prenatal diagnosis had been made was 56% [25]. Furthermore, 
in survivors in cases where the prenatal diagnosis had not 
been made, the median Apgar scores were 1 at 1 minute and 4 
at 5 minutes [25]. In addition, over half of these survivors 
required neonatal blood transfusions [25]. Conversely, when 
the diagnosis was made prenatally, less than 3% of fetuses/
neonates died (over 97% survived), and the median Apgar 
scores were 7 and 9 at 1 and 5 minutes, respectively [25]. In 
these patients, neonatal blood transfusions were rarely 
required [25].

Placenta accreta

Placenta accreta refers to a placenta that is abnormally adher-
ent. This condition is caused by a defi ciency of the decidua 
basalis. Invasion into the myometrium is called placenta 
increta, while invasion through the serosa is termed placenta 
percreta. In all these entities, the placenta does not separate 
after delivery and the condition is associated with massive 
blood loss and high maternal morbidity and mortality. In 

addition, a placenta percreta may invade into surrounding 
structures such as the bladder.

Incidence and risk factors

The incidence of placenta accreta is estimated at 1 in 500–2500 
pregnancies [34,35]. The most important risk factors for pla-
centa accreta are a prior cesarean delivery and a placenta 
previa in the current pregnancy [34,35]. Clark et al. [36] showed 
that the incidence of placenta accreta increased with the 
number of prior cesarean deliveries, rising from 25% in women 
with one prior cesarean to 68% in women with a low-lying pla-
centa and three prior cesarean deliveries. Consequently, as a 
result of increasing cesarean rates, the incidence of placenta 
accreta is rising.

Clinical presentation and diagnosis

Placenta accreta should be suspected, particularly in women 
with a history of prior cesarean or intrauterine surgery, when 
the placenta fails to separate after delivery. However, the diag-
nosis may be made prenatally using sonography [37,38]. Pla-
centa accreta should be suspected in women with a prior 
cesarean delivery who have a placenta previa in the current 
pregnancy [37]. These women should have sonographic 
examination for evidence of placenta accreta [37]. Comstock 
reviewed the antenatal sonographic diagnosis of placenta 
accreta and found that the most reliable sign of placenta accreta 
is the presence of prominent vascular spaces or lacunae in the 
placenta [37,38]. This may give the placenta a “moth-eaten” 
appearance (Fig. 43.7). Other sonographic signs of placenta 
accreta include absence of the retroplacental clear space, the 

Fig. 43.7 Gray-scale sonogram of placenta accreta. Note the prominent 

lacunae in the placenta, giving a “moth-eaten” appearance (arrow).
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presence of a highly vascular myometrial–bladder interface, 
and invasion into the bladder [37,38]. These authors found a 
sensitivity of 93% and a positive predictive value of 92% using 
gray-scale ultrasound for placenta accreta. Color Doppler 
imaging has been used in the diagnosis of placenta accreta, 
with the main fi nding being turbulent lacunar blood fl ow 
extending from the placenta into the surrounding tissues. MRI 
is useful and accurate in diagnosing placenta accreta, but does 
not appear to offer any advantages over sonography, except in 
cases where there is a posterior placenta. Elevated maternal 
serum alpha-fetoprotein (MSAFP) levels may be found in 
women with placenta accreta [39], and therefore women with 
unexplained elevated MSAFP levels should have targeted 
sonography to rule out placenta accreta.

Management

The standard treatment for placenta accreta is cesarean deliv-
ery with immediate hysterectomy. No attempt should be 
made to separate the placenta, because this may lead to cata-
strophic hemorrhage. Generally, the fetus is delivered through 
a fundal incision, avoiding the placenta. Surgery for placenta 
accreta is associated with massive blood loss, with the average 
blood loss being approximately 3000–5000 mL [40]. Therefore, 
these women should be delivered, preferably under control-
led scheduled conditions, in a center with skilled personnel 
and adequate blood transfusion facilities [40]. These women 
are at risk of disseminated intravascular coagulopathy, and 
blood components such as fresh frozen plasma and cryopre-
cipitate should be readily available. Because of the risk of 
involvement of the bladder and ureters, consulting a urologist 
is advisable [40]. Preoperative placement of ureteral stents 
may help minimize the risk of ureteric or bladder injury. 
Women with placenta accreta should be evaluated preopera-
tively by the anesthesiologist. Embolization of the internal 
iliac vessels or the uterine vessels may signifi cantly reduce 
blood loss, and may aid in performing surgery under more 
controlled conditions, without catastrophic hemorrhage 
[41,42].

Several recent reports have documented successfully man-
aging placenta accreta without hysterectomy, leaving the 
uterus in place after the delivery [43,44]. This approach poten-
tially has several benefi ts. First, fertility is preserved. Second, 
it has been proposed that this management modality is associ-
ated with less blood loss and lower morbidity. In some cases, 
methotrexate was administered, and internal iliac artery 
embolization may be helpful. Adverse outcomes have been 
reported with conservative management [45]. Massive hem-
orrhage may occur suddenly, requiring surgery under emer-
gent uncontrolled conditions [45]. Also there is the potential 
risk of serious intrauterine infection. Nevertheless, it does 
appear that this may be a viable option in a very few well-
selected women who are well informed, motivated, and desire 
to keep their fertility.

Case presentation

A 40-year-old woman with a history of a prior term cesarean 
delivery for breech presentation had a routine transabdomi-
nal sonogram at 20 weeks which showed a complete placenta 
previa. She presented to hospital at 30 weeks’ gestation with 
painless vaginal bleeding. Transabdominal and transvaginal 
sonography demonstrated a complete placenta previa with 
large lacunae (Fig. 43.7). In addition, color Doppler revealed 
turbulent blood fl ow through these lacunae, and was sugges-
tive of absence of the subplacental “clear space.” A diagnosis 
of placenta accreta was made. The patient was admitted to 
hospital. Two wide-bore intravenous cannulae were inserted, 
and blood was sent for type and screen. The blood bank was 
contacted to ensure that at least 4 units of compatible blood as 
well as blood replacement products could be made available 
at short notice. The patient was kept on bed rest until the bleed-
ing stopped 48 hours later. Two days later, because she was 
asymptomatic, she was discharged with instructions to come 
to the hospital immediately should she experience any bleed-
ing or contractions. At 36 weeks, amniocentesis was per-
formed, and fetal lung maturation was documented. She was 
delivered by classic cesarean delivery. Prior to the delivery, 
balloon catheters had been inserted in the internal iliac arteries 
bilaterally by interventional radiology, and ureteric stents 
were inserted by urology. Following delivery of the infant, the 
balloons were infl ated. Cesarean hysterectomy was per-
formed. The patient lost 2000 mL blood and was transfused 
with 2 units of packed red blood cells. Her postoperative 
course was uncomplicated and she was discharged home on 
postoperative day 4. Pathologic examination of the uterus 
revealed a placenta increta.

Management points

 1 The patient had been noted on second trimester sonogra-
phy to have a placenta previa but was not admitted until she 
was symptomatic. Asymptomatic women with placenta 
previa do not require admission in the second trimester; most 
of these cases resolve spontaneously.
 2 On admission, intravenous (i.v.) access was established 
with two 16-gauge i.v. lines and crystalloid infusion was 
administered to maintain hemodynamic stability and urine 
output.
 3 The blood bank made sure that adequate blood products 
were readily available.
 4 Fetal sonography was performed, as was continuous fetal 
monitoring.
 5 Close monitoring of the maternal hemodynamic status 
was performed.
 6 Because of the history of prior cesarean and a complete 
previa, targeted sonography was performed which allowed 
the prenatal diagnosis of placenta accreta.
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 7 Following resolution of the acute episode, the patient was 
discharged on bed rest and asked to avoid coitus. She was a 
candidate for outpatient management because she lived close 
to the hospital, had a telephone and a car, and had an adult 
with her at all times.
 8 At 36 weeks, amniocentesis was performed, and lung 
maturity documented.
 9 Delivery was by cesarean under scheduled controlled con-
ditions. A multidisciplinary approach with a team including 
the maternal fetal medicine specialist, anesthesiologist, urolo-
gist, interventional radiologist, blood bank team, and neona-
tologist ensured a good outcome.
10 Blood was replaced liberally as were blood factors in order 
to prevent disseminated intravascular coagulopathy.
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44 Prolonged pregnancy
Errol R. Norwitz and Victoria Snegovskikh

The timely onset of labor and delivery is an important deter-
minant of perinatal outcome. Both preterm births (defi ned as 
delivery prior to 37 weeks’ gestation) and post-term births are 
associated with increased neonatal morbidity and mortality. 
Much attention has been paid to the problem of preterm labor 
and birth. However, despite the high prevalence of post-term 
pregnancy (10% of all deliveries), the observation that antepar-
tum stillbirths account for more perinatal deaths than either 
complications of prematurity or sudden infant death syn-
drome, and the fact that the risks of post-term pregnancy 
can be easily avoided by earlier induction of labor, relatively 
less attention has been paid to the management of prolonged 
pregnancy. This chapter reviews in detail the risks of 
continuing pregnancy beyond the due date, the option of 
induction of labor, and the management of low-risk post-
term pregnancies.

Defi nitions

Prolonged (post-term) pregnancy is defi ned as a pregnancy 
that continues to or beyond 42w 0d (294 days) from the fi rst 
day of the last normal menstrual period or 14 days beyond the 
best obstetric estimate of the date of delivery (EDD) [1,2]. The 
term ‘postdates’ is not well defi ned and, as such, is best 
avoided.

Incidence

The prevalence of post-term pregnancy depends on the patient 
population, including such factors as the percentage of primi-
gravid women, women with pregnancy complications, the 
prevalence of ultrasound assessment of gestational age, and 
the frequency of spontaneous preterm birth. Local practice 
patterns such as the rates of scheduled cesarean delivery and 
routine labor induction will also affect the overall prevalence 
of post-term birth. In the USA, approximately 18% of all sin-

gleton pregnancies continue beyond 41 weeks, 10% (range 3–
14%) continue beyond 42 weeks and are therefore post-term, 
and 4% (2–7%) continue beyond 43 completed weeks in the 
absence of obstetric intervention [1,3,4].

Etiology

The most common cause of prolonged pregnancy is an error in 
gestational age dating. Reliance on standard clinical criteria 
(Table 44.1) contributes to inaccurate diagnosis and tends to 
overestimate gestational age [5–8]. Uncertainty in dating 
parameters should prompt ultrasound assessment of gesta-
tional age (discussed below). In most cases of “true” post-term 
pregnancy, the cause is not known. Risk factors include nulli-
parity and a prior post-term pregnancy [9,10]. Rarer causes 
include placental sulfatase defi ciency (an X-linked recessive 
disorder characterized by low circulating estriol levels), fetal 
adrenal insuffi ciency or hypoplasia [11], and fetal anenceph-
aly (in the absence of polyhydramnios). Recent data have also 
shown an association with male fetuses [12]. There is no con-
sistent association between post-term pregnancy and mater-
nal age, parity, or ethnicity.

Genetic factors may also have a role in prolonging preg-
nancy [10,13,14]. In one study, women who were the product 
of a prolonged pregnancy were more likely themselves to have 
a prolonged pregnancy (relative risk [RR] 1.3) [10]. Similarly, 
women who have had a prior post-term pregnancy are more 
likely to have another such pregnancy [10,14]. For example, 
after one prolonged pregnancy, the risk of a second such preg-
nancy in the subsequent birth is increased 2.7-fold (from 10% 
to 27%). If there have been two successive prolonged pregnan-
cies, the incidence rises to 39% [6]. Paternal genes expressed in 
the fetoplacental unit also appear to infl uence length of gesta-
tion. In a recent Danish sibling-pair case–control study, the 
rate of prolonged gestation in a second pregnancy among 
21,746 female sibling pairs whose fi rst delivery was post-term 
was 20% compared to 7.7% among 7009 female sibling pairs 
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whose fi rst delivery was at term [14]. However, the risk of 
recurrent post-term delivery was reduced to 15% when the 
fi rst and second child had different fathers (odds ratio [OR] 
0.73; 95% confi dence interval [CI], 0.63–0.84) [14].

Complications of post-term pregnancy

Recent studies have shown that the risks to the fetus [15–23] 
and to the mother [20,24–26] of continuing the pregnancy 
beyond the EDD are greater than originally appreciated.

Fetal risks

Antepartum stillbirths account for more perinatal deaths than 
either complications of prematurity or sudden infant death 
syndrome [19]. Perinatal mortality (defi ned as stillbirths plus 
early neonatal deaths) at 42 weeks’ gestation is twice that at 40 
weeks (4–7 vs. 2–3 per 1000 deliveries, respectively) and 
increases fourfold at 43 weeks and fi ve- to sevenfold at 44 
weeks [17–20,27]. Additionally, recent epidemiologic studies 
suggest that these calculations may actually underestimate 
the risk of stillbirth and early neonatal death, because these 
data used all pregnancies rather than ongoing (undelivered) 
pregnancies as the denominator (Figs 44.1 and 44.2). Once a 
fetus is delivered, it is no longer at risk of intrauterine fetal 
demise (stillbirth). In one retrospective study of over 170,000 
singleton births, Hilder et al. [18] demonstrated that the still-
birth rate increased sixfold (from 0.35 to 2.12 per 1000 preg-
nancies) when the denominator was changed from all 
deliveries to ongoing (undelivered) pregnancies. These data 
also demonstrate that, when calculated per 1000 ongoing 
pregnancies, fetal and neonatal mortality rates increase 
sharply after 40 weeks (Fig. 44.1). Cotzias et al. [19] used the 
same database to calculate the risk of stillbirth in ongoing 
pregnancies for each gestational age from 35 to 43 weeks. The 
risk of stillbirth was 1 in 926 ongoing pregnancies at 40 weeks’ 
gestation, 1 in 826 at 41 weeks, 1 in 769 at 42 weeks, and 1 in 633 
at 43 weeks. Uteroplacental insuffi ciency, asphyxia (with and 
without meconium), intrauterine infection, and anencephaly 
all contribute to the excess perinatal deaths, although post-
term anencephaly is essentially nonexistent with modern 
obstetric care [28].

Table 44.1 Clinical criteria commonly used to confi rm gestational age. 

From ACOG [1].

Reported last normal menstrual period (estimated due date can be 

  calculated by subtracting 3 months and adding 7 days to the fi rst day of the 

last normal menstrual period [Nägele rule]) or date of assisted reproductive 

technology (intrauterine insemination or embryo transfer)

The size of the uterus as estimated on bimanual examination in the fi rst 

  trimester should be consistent with dates

The perception of fetal movement (“quickening”) usually occurs at 18–20 

  weeks in nulliparous women and 16–18 weeks in multiparous women

Fetal heart tones can be heard with a nonelectronic fetal stethoscope by 

  18–20 weeks and with a Doppler ultrasound by 10–12 weeks

At 20 weeks, the fundal height in a singleton pregnancy should be 

  approximately 20 cm above the pubic symphysis (usually corresponding to 

the umbilicus)

Ultrasound, including crown rump length of the fetus during the fi rst 

  trimester or fetal biometry (biparietal diameter, head circumference, and/

or femur length) during the second trimester
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Fig. 44.1 Multiple studies have reported that 

antepartum stillbirths increase after 38–39 

weeks’ gestation. This was fi rst demonstrated in 

1987 (Yudkin et al. [15] [A]). Subsequent studies 

showed that this was true not only of antepartum 

stillbirth, but also of mortality within the fi rst year 

of life (e.g., Rand et al. [20] [B]). Further studies 

have shown that the same relationship exists in 

both nulliparous and multiparous women (Smith 

[21] [C]) and in women of advanced maternal age 

(Feldman [17] [D]).
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Post-term infants are larger than term infants (2.5–10% vs. 
0.8–1%, respectively), with a higher incidence of fetal macro-
somia (defi ned as an estimated fetal weight of more than 
4500 g) [29,30]. Complications associated with fetal macro-
somia include prolonged labor, cephalopelvic disproportion, 
and shoulder dystocia with resultant risks of orthopedic or 
neurologic injury. Approximately 20% of post-term fetuses 
have “fetal dysmaturity (postmaturity) syndrome,” which 
describes infants with characteristics of chronic intrauterine 
growth restriction from uteroplacental insuffi ciency [31–33]. 
These pregnancies are at increased risk of umbilical cord com-
pression from oligohydramnios, nonreassuring fetal antepar-
tum or intrapartum assessment, intrauterine passage of 
meconium, and short-term neonatal complications (e.g., 
hypoglycemia, seizures, and respiratory insuffi ciency). Meco-
nium aspiration syndrome refers to respiratory compromise 
with tachypnea, cyanosis, and reduced pulmonary compli-
ance in newborn infants exposed to meconium in utero [34]. It 
is primarily a disease of post-term infants. Indeed, the fourfold 
decrease in the incidence of the meconium aspiration syn-

drome in the USA from 1990 to 1998 has been attributed pri-
marily to a reduction in the post-term delivery rate [35], with 
very little contribution from conventional interventions 
designed to protect the lungs from the chemical pneumonitis 
caused by chronic meconium exposure, such as amnioinfu-
sion [36,37] and routine nasopharyngeal suctioning of meco-
nium-stained neonates [38]. Post-term pregnancy is also an 
independent risk factor for neonatal encephalopathy [39] and 
for death in the fi rst year of life [18–20].

Maternal risks

The maternal risks of prolonged pregnancy are often underap-
preciated. These include an increase in labor dystocia (9–12% 
vs. 2–7% at term), an increase in severe perineal injury (third 
and fourth degree perineal lacerations) related to macrosomia 
(3.3% vs. 2.6% at term), and a doubling in the rate of cesarean 
delivery (14% vs. 7% at term) [20,24–26]. The latter is associ-
ated with higher risks of complications such as endometritis, 
hemorrhage, and thromboembolic disease [40,41]. In addition 
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to the medical risks, the emotional impact (anxiety and frus-
tration) of carrying a pregnancy 2 weeks beyond the EDD 
should not be underestimated.

Prevention and management of 
post-term pregnancy

Appropriate management of post-term pregnancy includes 
accurate gestational age assessment in early pregnancy, ante-
natal fetal surveillance, and the timely initiation of delivery if 
spontaneous labor does not occur.

Accurate gestational age assessment

An accurate EDD should be calculated early in pregnancy. 
This may be based upon standard clinical criteria, including a 
known last menstrual period in women with regular, normal 
menstrual cycles, and confi rmatory uterine sizing (Table 44.1). 
However, uncertainty in dating parameters should prompt 
ultrasound assessment of gestational age. Some studies 
suggest that routine early ultrasound examination may reduce 
the rate of false positive diagnoses and thereby the overall rate 
of post-term pregnancy from 10% to approximately 1–3%, and 
thereby minimize unnecessary intervention [5–8,42–45]. In 
one study, the rates of labor induction for post-term pregnancy 
in low-risk women randomly assigned to routine fi rst or 
second trimester ultrasound screening were 5% and 13%, 
respectively [42]. A recent meta-analysis found a similar 
reduction in the overall rates of induction of labor for post-
term pregnancy (OR 0.68; 95% CI, 0.57–0.82) among women 
who underwent sonographic gestational age assessment 
before 24 weeks [5]. However, the practice of ultrasound for 
pregnancy dating has not been recommended as a standard of 
prenatal care in the USA [46,47].

Antenatal fetal surveillance

Post-term pregnancy is a universally accepted indication for 
antenatal fetal monitoring [1,48,49]. However, the effi cacy of 
this approach has not been validated by prospective rand-
omized trials. Indeed, because of ethical and medicolegal con-
cerns, there are no studies of post-term pregnancies that 
include a nonmonitored control group, and it is highly unlikely 
that such a trial will ever be performed. Options for evaluating 
fetal well-being include nonstress testing (NST) with or 
without amniotic fl uid volume assessment, the biophysical 
profi le (BPP), the oxytocin challenge test, or a combination of 
these modalities. There is no consensus in the literature as to 
which of these modalities is preferred, and no single method 
has been shown to be superior [1,48–50].

The American College of Obstetricians and Gynecologists 
(ACOG) has recommended that antepartum fetal surveillance 
be initiated by 42 weeks (EDD + 14 days), without a specifi c 

recommendation regarding type of test or frequency [1,48]. 
Many investigators would advise twice weekly testing with 
some evaluation of amniotic fl uid volume [49]. Doppler ultra-
sonography has no benefi t in monitoring the post-term fetus 
and is not recommended for this indication [49,51]. There is 
insuffi cient evidence to show that initiating antenatal surveil-
lance at 40–42 weeks’ gestation improves pregnancy outcome 
or confers any benefi t to the fetus [1,48]. Therefore, testing 
should begin at 42 weeks’ gestation. If testing cannot be sched-
uled for 42w 0d, it is preferable (medicolegally) to perform the 
fi rst test a few days earlier rather than a few days later.

Timing of delivery

Delivery is typically recommended when the risks to the fetus 
by continuing the pregnancy are greater than those faced by 
the neonate after birth. High-risk patients (Table 44.2) should 
not be allowed to progress into the post-term period because 
in these pregnancies the balance appears to shift in favor of 
delivery at around 38–39 weeks’ gestation. Management of 
low-risk pregnancies is more controversial. Because delivery 
cannot always be brought about readily, maternal risks and 
considerations are more apt to confound this decision. Factors 
that need to be considered include results of antepartum fetal 
assessment, favorability of the cervix, gestational age, and 
maternal preference, after discussion of the risks, benefi ts, and 
alternatives to expectant management with antepartum moni-
toring versus labor induction.

Table 44.2 High-risk pregnancies.

Maternal factors

Preeclampsia (gestational proteinuric hypertension)

Chronic hypertension

Diabetes mellitus (including gestational diabetes)

Maternal cardiac disease

Chronic renal disease

Chronic pulmonary disease

Active thromboembolic disease

Fetal factors

Nonreassuring fetal testing (“fetal distress”)

Intrauterine growth restriction

Isoimmunization

Intra-amniotic infection

Known fetal structural anomaly

Prior unexplained stillbirth

Multiple pregnancy

Uteroplacental factors

Premature rupture of fetal membranes

Unexplained oligohydramnios

Prior classic (high vertical) hysterotomy

Placenta previa

Abruptio placenta

Vasa previa
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Antepartum fetal assessment

Delivery should be effected immediately if there is evidence of 
fetal compromise (nonreassuring fetal testing) or oligohy-
dramnios [1,52,53]. Oligohydramnios may result from feto-
placental insuffi ciency or increased renal artery resistance [54] 
and may predispose to umbilical cord compression, thus 
leading to intermittent fetal hypoxemia, meconium passage, 
or meconium aspiration. Adverse pregnancy outcome (nonre-
assuring fetal heart rate tracing, neonatal intensive care unit 
(ICU) admission, low Apgar) is more common when oligohy-
dramnios is present [54–57]. Frequent (twice weekly) screen-
ing of post-term patients for oligohydramnios is important 
because amniotic fl uid can become drastically reduced within 
24–48 hours [58]. However, a consistent defi nition of low 
amniotic fl uid volume in the post-term pregnancy has not 
been established. Options include largest vertical fl uid pocket 
<2 cm, amniotic fl uid index (AFI) <5, and a product of length × 
width × depth of the largest pocket <60 [53,59,60]. A prospec-
tive, double blind, cohort study of 1584 women after 40 weeks’ 
gestation found that an AFI <5, but not a largest vertical fl uid 
pocket <2 cm, was associated with birth asphyxia and meco-
nium aspiration, although the sensitivity for adverse outcomes 
was low [57]. The ability to extrapolate this fi nding is limited 
by the relatively early gestational age at testing (almost 60% of 
tests were performed at 40–41 weeks) and by the absence of 
repeat testing in patients who did not deliver for 7 or more 
days after the ultrasound examination (23% of subjects) [57].

Favorability of the cervix

There is insuffi cient evidence to determine whether expectant 
management or labor induction in post-term pregnancies with 
a favorable cervical examination yields a better outcome. A 
favorable cervical examination is defi ned as a Bishop score ≥6, 
which has been shown to be superior to transvaginal ultra-
sound assessment of cervical length at term to predict the time 
interval from induction to delivery [61,62]. One of the reasons 
for the lack of data is that the majority of publications compar-
ing induction to expectant management excluded this group 
of patients or initiated induction at the time the cervix became 
favorable. In studies that did examine this subgroup, there 
was no apparent increased risk associated with expectant 
management [1]. When the ongoing risk of stillbirth (albeit 
small) is weighed against the very low risk (both in absolute 
and relative terms) of failed induction leading to cesarean 
delivery with a favorable cervical examination, common sense 
suggests that routine induction of labor is a reasonable option 
for such women at or after 41 weeks’ gestation.

In the setting of an unfavorable cervical examination, both 
expectant management and labor induction are associated 
with low complication rates in low-risk post-term gravida. 
However, there appears to be a small advantage to labor induc-
tion at 41 weeks’ gestation using cervical ripening agents, 

when indicated, regardless of parity or method of induction. 
The introduction of preinduction cervical maturation has 
resulted in fewer failed and serial inductions, lower fetal and 
maternal morbidity, a shorter hospital stay, lower medical 
cost, and possibly a lower rate of cesarean delivery in the 
general obstetric population [1,48,63–65].

The largest trial of routine post-term induction compared 
with expectant management randomly assigned 3407 low-risk 
women with uncomplicated singleton pregnancies at 41 
weeks’ gestation to induction of labor (with or without cervi-
cal ripening agents) within 4 days of randomization or expect-
ant management until 44 weeks [66]. Elective induction 
resulted in a lower cesarean delivery rate (21.2% vs. 24.5%), 
primarily because of fewer surgeries for nonreassuring fetal 
tracings. A subsequent cost analysis of these data reported a 
policy of routine labor induction resulted in lower costs com-
pared with expectant management (Canadian $2939 and 
$3132, respectively) [67]. In addition, a meta-analysis of 19 
trials of routine versus selective induction of labor in post-
term patients found that routine induction after 41 weeks was 
associated with a lower rate of perinatal mortality (OR 0.2; 95% 
CI, 0.06–0.70) and no increase in the cesarean delivery rate (OR 
1.02; 95% CI, 0.75–1.38) [50]. The actual risk of stillbirth during 
the 41st week (41w 0d to 41w 6d) was 1.04–1.27 per 1000 unde-
livered women compared with 1.55–3.10 at or beyond 42 
weeks [68]. These fi ndings, similar to those of other meta-anal-
yses [69], suggest that routine induction at 41 weeks’ gestation 
has fetal benefi t without incurring additional maternal risks 
because of a higher rate of cesarean delivery [20]. However, 
this conclusion has not been universally accepted [25,68]. An 
improved ability to identify women who will have a success-
ful induction of labor would allow obstetric care providers to 
better individualize their recommendations. For example, 
some [70–74] but not all studies [75,76] have shown that ele-
vated levels of fetal fi bronectin (fFN) in cervicovaginal secre-
tions at term are predictive of a shorter interval until delivery 
and a successful induction of labor, even in nulliparas with an 
unfavorable cervical examination [71]. More data, including a 
cost–benefi t analysis, are needed before this test can be rou-
tinely recommended.

In patients with a prior cesarean delivery who decline elec-
tive repeat cesarean at 39 weeks’ gestation, failure to go into 
labor spontaneously by 41 weeks should prompt further dis-
cussion about elective repeat cesarean. Every effort should be 
made to avoid induction of labor in such patients, because of 
the increased risk of uterine rupture [77].

Gestational age

ACOG no longer describes any specifi c upper limit of gesta-
tional age for expectantly managed pregnancies [1]. Although 
post-term pregnancy is defi ned as a pregnancy ≥42 weeks’ 
gestation, the two large multicenter randomized studies of 
management of prolonged pregnancy reported favorable 
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outcomes with routine induction as early as 41 weeks’ gesta-
tion [66,78]. Many physicians now induce labor between 
weeks 41 and 42, and virtually all do not allow pregnancy to 
extend beyond 43 weeks’ gestation (EDD + 3 weeks). These 
practices are supported by recent studies suggesting that 
the rate of fetal demise is signifi cantly higher than the rate of 
neonatal death at any time after 283 days’ gestation (40 
weeks + 3 days) [21,79,80].

What is post-term for multiples?

The defi nition of term (and hence post-term) should incorpo-
rate not only the natural history of such pregnancies, but also 
the effect of gestational age on perinatal mortality. The 
average length of gestation is 40 weeks in singletons, 36 weeks 
in twins, 33 weeks in triplets, and 29 weeks in quadruplets [81–
84]. To investigate the effect of gestational age on perinatal 
mortality, Minakami and Sato [85] compared the outcome of 
88,936 infants born of multiple pregnancies (96% of which 
were twins) with that of 6,020,542 infants born of singleton 
pregnancies after 26 weeks’ gestation between 1989 and 1993. 
In this cohort, the lowest perinatal mortality rate was seen 
at 38 weeks in multiple pregnancies compared with 40 weeks 
in singleton pregnancies (10.5 vs. 9.7 deaths per 1000 
deliveries, respectively). Thereafter, the perinatal mortality 
rate increased for both groups, but was more exaggerated in 
multiple pregnancies. Indeed, the risk of perinatal death was 
sixfold higher for fetuses of multiple pregnancies born after 37 
weeks compared with singleton fetuses born at or after 40 
weeks (RR 6.6; 95% CI, 6.1–7.1) [85]. Although no consensus 
has been reached, these data suggest that that the normal 
length of gestation for twins should be regarded as 38 rather 
than 40 weeks. As such, every effort should be made to deli-
ver uncomplicated twins by 40 weeks’ gestation (post-term 
for twins).

Intrapartum management

The post-term fetus is at higher risk of intrapartum fetal heart 
rate abnormalities and passage of meconium [86]. For this 
reason, most authors recommend continuous electronic fetal 
monitoring in labor for these pregnancies. Intrapartum spon-
taneous or induced fetal heart rate accelerations coupled with 
adequate fetal heart rate variability are reliable signs of a non-
acidotic fetus [87].

Prognosis

At 1 and 2 years of age, the general intelligence quotient, phys-
ical milestones, and frequency of intercurrent illnesses is 
the same for normal term infants and those from prolonged 
pregnancies [33].

Conclusions

The risks of routine induction of labor (specifi cally failed 
induction leading to cesarean delivery) in the era of cervical 
ripening agents is lower than previously reported. The risk of 
fetal death is also low, but not zero, with expectantly managed, 
carefully monitored post-term pregnancies. For these reasons, 
the authors favor a policy of routine induction of labor for low-
risk pregnancies at 41 weeks’ gestation.

Case presentation

A 33-year-old Asian woman, gravida 3, para 0, presents for 
routine prenatal care at 41w 0d gestation. Her prior pregnan-
cies included a fi rst trimester spontaneous abortion and a 20-
week preterm and previable delivery as a result of cervical 
insuffi ciency. Review of her past medical and surgical histo-
ries are otherwise unremarkable. This pregnancy has been 
uncomplicated to date. Dating criteria include a fi rm last men-
strual period, confi rmed by a 6-week ultrasound. An elective 
Shirodkar cervical cerclage was placed at 14 weeks and 
removed electively without incident at 37 weeks. Level II 
ultrasound at 18 weeks’ gestation confi rmed a structurally 
normal male fetus and a fundal placenta.

The woman perceives good fetal movements, but reports 
only irregular uterine contractions and denies symptoms sug-
gestive of rupture of membranes. A perineal culture taken at 
36 weeks confi rms that she is not a group B streptococcus 
carrier. Abdominal examination using Leopold maneuver 
confi rms a singleton fetus with an estimated fetal weight of 
3500 g. The presentation is cephalic and the vertex is engaged 
in the maternal pelvis. Pelvic examination confi rms a gyne-
coid pelvis with adequate clinical pelvimetry. The cervix is 
posterior, fi rm, and closed. Fetal well-being is confi rmed with 
a baseline fetal heart rate of 140 beats/min and a reactive NST. 
You explain that up to 30% of all low-risk pregnancies con-
tinue beyond 41 weeks’ gestation and that there is no proven 
benefi t to routine fetal testing at this gestational age. The 
patient strongly desires a vaginal delivery, and understands 
that obstetric intervention in the setting of an unfavorable cer-
vical examination likely increases the risk of cesarean deliv-
ery. You review symptoms and signs of labor, and discharge 
the woman home to follow-up in 1 week.

The patient returns at 42w 0d gestation. She again reports 
good fetal movements and rare contractions. Estimated fetal 
weight is 4000 g. Pelvic examination shows the cervix to be 
1 cm dilatated, 50% effaced, and posterior. Station is high. You 
offer the patient cervical ripening and induction for post-term 
pregnancy, but she declines. Fetal NST is reactive and amni-
otic fl uid index is 12.2 cm. You again discharge the woman 
home after reviewing symptoms and signs of labor. A follow-
up visit is planned in 2 days.
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The woman presents the next day to labor and delivery with 
regular contractions every 3–4 minutes. Initial cervical examina-
tion is 4 cm dilatated, 90% effaced, with the vertex at 0 station 
and membranes bulging. Position is noted to be occiput poste-
rior. Estimated fetal weight is 4200 g. Fetal heart rate tracing is 
reactive with a baseline of 140–145 beats/min. Intermittent vari-
able decelerations are noted. You again review the options for 
pain management in labor, and the patient declines analgesia at 
this time. Over the next 2 hours, the patient’s contractions become 
milder and less frequent and there is no further cervical change 
or descent of the presenting part. Fetal well-being remains reas-
suring. After counseling, you rupture the fetal membranes and 
note moderate meconium staining of the amniotic fl uid. You 
start oxytocin augmentation. Because of a diffi culty in tracing 
the fetal heart rate, you place a fetal scalp electrode. Over the 
next 4 hours, the contractions are noted to be adequate (>200 Mon-
tevideo units), but there is no further cervical dilatation or 
descent of the presenting part. Moreover, you note increasing 
caput succedaneum, more exaggerated moulding of the fetal 
skull bones, and repetitive severe variable decelerations on car-
diotocography. You make a diagnosis of cephalopelvic dispro-
portion and recommend cesarean delivery.

An uncomplicated primary cesarean delivery is performed 
under spinal anesthesia. A viable male infant is delivered in 
the occiput posterior position without diffi culty. Moderate 
meconium staining of the amniotic fl uid is confi rmed, and 
mouth and nose are suctioned on the abdomen. The baby is 
vigorous at birth. Apgar scores are assigned as 8 at 1 minute 
and 9 at 5 minutes. Although a segment of umbilical cord was 
collected at delivery, no cord gases were sent. The birthweight 
was 4890 g. The baby was discharged home on day 4 of life 
along with the mother.
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45 Cesarean delivery
Michael W. Varner

By the mid-20th century, cesarean delivery (CD) was fi rmly 
established in Western obstetric practice, primarily as a 
procedure to improve maternal outcomes in labor. With the 
evolution of neonatal medicine through the latter half of the 
century, CD has been increasingly performed for fetal 
indications.

The 15-year interval from 1970 through 1985 saw an unpar-
alleled increase in the CD rate, both in the USA [1] and else-
where [2], with the cesarean rate in the USA temporarily 
peaking at 24.4% in 1987. The ensuing 15-year interval saw a 
stabilization of this rate (down to 20.6% in 1996), in large part 
as a result of efforts to encourage vaginal birth following pre-
vious CD [3,4], widely abbreviated as VBAC (vaginal birth 
after cesarean).

The fi rst years of the 21st century have seen a further increase 
in the CD rate, primarily as a result of evolving pressures 
against VBAC in community hospitals and an increasing fre-
quency of CD for failure to make adequate progress in labor 
[5]. An additional factor, the performance of CD on demand, 
has become more widespread since its endorsement by the 
American College of Obstetricians and Gynecology (ACOG) 
[6]. The most recent US CD rate available at the time of this 
writing is 27.6% (Fig. 45.1).

Maternal and perinatal morbidity 
and mortality

For the past several decades the maternal mortality ratios in 
the USA have remained essentially unchanged [7]. However, 
within that relatively constant prevalence, there has been a 
gradual shift in etiologies. The historic HIT (hemorrhage, 
infection, toxemia) maternal mortality triad is being replaced 
by the TEC triad (trauma, embolism, cardiac). While one might 
argue that increasing CD rates are decreasing maternal deaths 
from some of the HIT triad (particularly hemorrhage), one 

might equally argue that the increasing CD rate is associated 
with an increased risk of maternal death from some of 
the TEC triad, particularly thromboembolic disease. What 
does seem clear, however, is that the dramatic increase 
in CD rates seen over the past two decades has not been 
associated with a corresponding decrease in maternal 
mortality.

Fortunately, maternal mortality is a relatively rare event in 
the USA. “Near-miss” maternal morbidity, on the other hand, 
is a more common entity, occurring in 0.4–1.0% of pregnancies 
in developed countries [8]. Geller et al. [9] have described a 
useful set of clinical criteria for this defi nition: organ failure (≥1 
organ system), extended intubation (>12 hours), intensive care 
unit (ICU) admission, surgical intervention, and transfusion 
(>3 units). While several of these conditions are more likely 
associated with CD, it is not yet clear that CD per se increases 
the risk to a previously healthy woman for “near-miss” 
morbidity.

However, neonatal mortality rates continue to decrease, 
primarily as a result of continuing advancements in neonatal 
medicine. Peripartum deaths resulting from birth asphyxia 
are very uncommon in contemporary US obstetric practice. 
However, the contribution to these ongoing perinatal 
improvements has as yet not been proven to be a result of 
the increasing CD rates. In fact, there is evidence that 
babies delivered by scheduled elective repeat CD at term 
are at increased risk of developing respiratory problems 
(adjusted odds ratio [OR] 2.3; 95% confi dence interval [CI], 
1.4–3.8) [10].

Evidence-based operative considerations

While debate about indications for CD are ongoing, there has 
been a substantial body of evidence-based recommendations 
that address various aspects of the surgical technique.
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Antibiotic prophylaxis

It is clear that women who are delivered abdominally are at 
increased risk of endometritis and/or wound infection. The 
Cochrane review of 81 clinical trials confi rms that it is benefi -
cial for these women to receive antibiotics either immediately 
before, during, or immediately after their CD, whether or not 
they have clinical evidence of infection. Women who receive 
antibiotic prophylaxis at the time of CD have lower rates of 
endometritis, whether the CD was performed during labor 
(relative risk [RR] 0.39; 95% CI, 0.34–0.46) or electively (RR 
0.38; 95% CI, 0.22–0.64) [11]. The risk of wound infection was 
also reduced in women receiving antibiotic prophylaxis at 
the time of CD, being somewhat greater in those women being 
delivered nonelectively (RR 0.36; 95% CI, 0.26–0.51) than 
for women being delivered electively (RR 0.73; 95% CI, 
0.53–0.99) [11].

Manual removal of the placenta

Manual removal of the placenta is associated with a clinically 
important and statistically signifi cant increase in maternal 
blood loss (weighted mean difference 436 mL; 95% CI, 348–
525 mL) [12]. Manual removal was also associated with 
increased postpartum endometritis (OR 5.44; 95% CI, 1.25–
23.75) and trend toward an increase in fetomaternal hemor-
rhage (OR 2.19; 95% CI, 0.69–6.93).

Extra-abdominal versus intra-abdominal repair of 
the uterine incision

Six randomized clinical trials, consisting of 1221 participating 
women, compared uterine exteriorization with intra-abdomi-
nal repair. There were no signifi cant differences between the 
groups in most of the outcomes examined, with the exceptions 
of febrile morbidity and length of hospital stay. Febrile mor-
bidity was lower (RR 0.41; 95% CI, 0.17–0.97) and length 
of hospital stay was longer (weighted mean difference 0.24 
days; 95% CI 0.08–0.39) with extra-abdominal closure of the 
hysterotomy [13].

Single versus two-layer hysterotomy closure

There appear to be no perioperative advantages or disadvan-
tages for routine use of single layer closure compared with 
two-layer closure, expect that of a shorter operation time 
[14]. However, there are insuffi cient long-term follow-up data 
to make any conclusions regarding risks for subsequent 
pregnancies.

Abdominal wall closure techniques

In a meta-analysis of seven studies involving over 2000 
women, Anderson and Gates [15] concluded that the risk of 
hematoma or seroma was reduced with closure of the subcuta-
neous tissue compared with nonclosure (RR 0.52; 95% CI, 
0.33–0.82). The risk of wound complications (defi ned as 
hematoma, seroma, wound infection, or wound separation) 
was also reduced with subcutaneous tissue closure (RR 0.68; 
95% CI, 0.52–0.88). There are no data to address questions of 
either suture techniques or materials for closure of the rectus 
sheath.

Thromboprophylaxis

In the developed world, thromboembolic disease is now the 
most common cause of direct obstetric death, and is more 
common following CD. ACOG do not have a specifi c policy 
statement regarding thromboprophylaxis following CD and 
there are inadequate randomized controlled trial data on 
which to make fi rm recommendations. The National Collabo-
rating Center for Women’s and Children’s Health does have a 
policy statement on this issue: ‘Women having a CD should be 
offered thromboprophylaxis, as they are at increased risk of 
venous thromboembolism. The choice of method of prophy-
laxis (e.g., graduated stockings, hydration, early mobilization, 
low molecular weight heparin) should take into account risk 
of thromboembolic disease and following existing guidelines 
[16].” Thus, while the optimum regimen(s) have yet to be 
clearly delineated, it is clear that consideration should be 
given to the possibility of thromboembolic complications 
after any CD.

Treatment of postoperative endometritis

In a review of 15 clinical trials, the Cochrane review also con-
fi rmed that the combination of gentamycin and clindamycin 
has fewer treatment failures than other regimens (treatment 
failure with other regimens RR 1.44; 95% CI, 1.15–1.80) [17]. 
Drug regimens with poor activity against penicillin-resistant 
anaerobes were particularly likely to be unsuccessful (RR 1.94; 
95% CI, 1.38–2.72) [17]. Three studies that compared contin-
ued oral antibiotic therapy after intravenous therapy but with 
no oral therapy found no differences in recurrent infection or 
any other adverse outcomes [17].
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Potential risks of repeat cesarean delivery

One major contributor to the current increase in the overall CD 
rate is the dramatic decline in VBAC (Fig. 45.1). A modest 
decline in VBAC rates had started in 1998 but this was acceler-
ated by a 1999 Technical Bulletin from ACOG [18] that cau-
tioned against VBAC unless the facilities and staff to perform 
emergency repeat CD were “immediately available.”

The VBAC rate in 2003 was only 10.6%, a 16% decline from 
12.6% in 2002. Overall, the VBAC rate has decreased 63% since 
1996, while the primary cesarean section rate has climbed 
31% during this same interval. At the time of this writing, the 
defi nitive statements on risks associated with VBAC are the 
papers produced by the National Institute of Child Health 
and Human Development (NICHD) funded Maternal-Fetal 
Medicine Units Network Cesarean Registry [19]. These 
results are outlined in more detail in Chapter 46. While the 
magnitude of these risks is small, physician practice patterns 
and medicolegal concerns will undoubtedly keep interest in 
VBAC low in the near future.

While substantial attention has been paid to the risks of 
VBAC, rather less attention has been directed to the risks of 
repeat CD. In the largest series to address this issue, Silver [20] 
reviewed the outcomes of 30,132 CDs performed without 
labor. He found that the risk of accreta, hysterectomy, blood 
transfusion, cystotomy, bowel injury, ureteric injury, previa, 
ileus, postoperative ventilation, ICU admission, operative 
time, and hospital days signifi cantly increased with increas-
ing numbers of CDs. Accreta was present in 15 (0.24%), 49 
(0.31%), 36 (0.57%), 31 (2.13%), 6 (2.31%), and 6 (6,74%) women 
undergoing their fi rst, second, third, fourth, fi fth, and sixth or 
more cesareans. Hysterectomy was required in 40 (0.65%) fi rst, 
67 (0.42%) second, 57 (0.90%) third, 35 (2.40%) fourth, 9 (3.46%) 
fi fth, and 8 (8.99%) sixth or more cesareans. In the 723 women 
with previa, the risk for accreta was 3%, 11%, 40%, 61%, and 
67% for fi rst, second, third, fourth, and fi fth or more repeat 
cesareans, respectively. They confi rmed that serious maternal 
morbidity increases with increasing numbers of CD and sug-
gested that the number of intended pregnancies should be fac-
tored into consideration of elective repeat CD versus trial of 
labor in women with prior CD. They also note that over 80,000 
women in the USA had their fourth or more cesarean last year, 
making their recommendations more widely applicable than 
might often be expected.

In another large series, Gesteland et al. [21] reviewed an elec-
tronic database in order to compare the rates of placenta 
previa, placenta accreta, and placental abruption between 
women delivered only vaginally and women delivered only 
by CD. Women delivered by one or more cesareans without 
any vaginal deliveries were compared with women who had 
one or more vaginal delivery only. They found that placenta 
previa and accreta increased with the number of previous 
CDs. The rate of placenta previa also increases with maternal 

age, independent of parity and mode of delivery. The rate of 
accreta increases even more dramatically in patients with prior 
CDs and placenta previa. Prior CD did not increase the rate of 
abruption in future pregnancies.

Infl uence of different patient populations 
on cesarean delivery rates

CD rates vary substantially between geographic areas in the 
USA [22] and often vary substantially between hospitals in the 
same community [23]. Numerous factors contribute to these 
differences, including the availability of ancillary staff (e.g., 
anesthesia, pediatrics), training and experience of the 
surgeon(s), and characteristics of particular patient popula-
tions. The latter observation has been frequently cited as an 
explanation for these observed differences. Although not 
widely utilized in the USA, the Robson CD classifi cation 
system [24] allows comparison of cesarean rates within spe-
cifi c subsets of an obstetric population and thereby obviates 
many of the historic arguments that have arisen when com-
paring overall cesarean rates between different populations. 
In this system, any CD can be placed in one, but only one, of 10 
mutually exclusive patient population categories (Table 45.1). 
This classifi cation system could be of value for defi ning and 
comparing optimum CD rates for different patient popula-
tions. Fischer et al. [25] demonstrated signifi cant practice 
pattern differences in Robson group 1 women (term primi-
gravidas, vertex presentation, spontaneous labor; see Table 
45.1) between hospitals in the same geographic area with high 
(16.3%) and low (7.8%) CD rates. Although women delivering 
in the low CD rate hospital were not more likely to receive oxy-
tocin augmentation, their mean maximum oxytocin dosage 
was higher (14.5 vs. 11.5 units; P <0.001) and they were more 

Table 45.1 Robson cesarean classifi cation [24].

Group Description

 1  Nullipara, >37 weeks, single, cephalic presentation, spontaneous 

 labor

 2  Nullipara, >37 weeks, single, cephalic presentation, induced labor 

 or CD before labor

 3  Multipara, no previous CD, >37 weeks, single, cephalic 

 presentation, spontaneous labor

 4  Multipara, no previous CD, >37 weeks, single, cephalic 

 presentation, induced labor

 5 Multipara, previous CD, >37 weeks, single, cephalic presentation

 6 Nullipara, single breech presentation

 7 Multipara, single breech presentation

 8 Multiple gestation (with or without previous CD)

 9  Singleton pregnancy, oblique or transverse lie (excluding breech, 

 with or without previous CD)

10 Single, cephalic pregnancy, <37 weeks (including previous CD)
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likely to receive both fetal scalp electrodes (60.9% vs. 37.3%; 
P <0.001) and intrauterine pressure catheters (63.8% vs. 26.0%; 
P <0.001) compared with an equivalent population in a high 
CD rate hospital with a similar patient population. They con-
cluded that such benchmarking practices could be considered 
in obstetric practices interested in long-term reductions of 
their CD rates.

Current indications for cesarean delivery

Failure to progress in labor

The most common indication for primary CD is failure to 
progress in labor. The landmark papers of Friedman [26,27] 
have defi ned the expectations of normal labor progress for the 
past generation of obstetric practitioners in the USA.

In the 1980s, there was hope that the active management 
of labor, as initially championed by the National Maternity 
Hospital in Dublin [28], might reverse the increasing CD 
rates. Unfortunately, this management approach has ulti-
mately failed to stop a rising CD rate in Ireland [29].

There has been no suggestion that maternal pelves or uterine 
activity has changed appreciably in the USA over the past 
several decades. Likewise, mean birthweight has not increased 
in recent years (1990, 3365 g; 2003, 3325 g) [22]. However, the 
frequency of CD for failure to progress in labor has continued 
to increase during the same interval.

Researchers at the University of Alabama at Birmingham 
have put forth convincing data that extending the minimum 
period of oxytocin augmentation for active-phase labor arrest 
from 2 to at least 4 hours is effective and safe [30]. Following 
the diagnosis of a 2-hour active-phase arrest, oxytocin was ini-
tiated with an intent to achieve a sustained uterine contraction 
pattern of greater than 200 Montevideo units. CD was not per-
formed for labor arrest until at least 4 hours of a sustained 
uterine contraction pattern of greater than 200 Montevideo 
units, or a minimum of 6 hours of oxytocin augmentation if 
this contraction pattern could not be achieved. A total of 542 
women were managed by this protocol and 92% delivered 
vaginally. They have subsequently demonstrated that oxy-
tocin-augmented labor proceeds at a slower rate than sponta-
neous labor [31]. During oxytocin augmentation, nulliparas 
who were delivered vaginally dilated at a median rate of 
1.4 cm/hour versus 1.8 cm/hour for parous women. In 
both groups, the 5th percentile of cervical dilatation rate was 
0.5 cm/hour.

Another contributor to the increased rate of CD because of 
failure to progress in labor is the epidemic increase in obesity 
seen in the USA over the past two decades. LaCoursiere et al. 
[32] have shown that a 40% increase in prepregnancy over-
weight (body mass index [BMI] 25.0–29.9) and obesity (BMI 
≥30) over a recent 10-year interval in Utah (1991–2001) was 
accompanied by an attributable fraction of CD of 0.388 (0.369–

0.407). Put differently, among all women undergoing CD at 
the end of this interval, 1 in 7 was attributable to overweight 
and/or obesity.

Fetal distress

The Cochrane systematic review demonstrated that women 
followed in labor were more likely to be delivered abdomi-
nally and their babies were less likely to suffer neonatal 
asphyxial seizure (RR 0.52; 95% CI, 0.32–0.82) [33]. However, 
the majority of babies delivered abdominally for “nonreassur-
ing fetal heart rate patterns” or “fetal distress” suffered no 
perinatal complications and long-term follow-up of the Dublin 
population revealed no difference in any neuropsychiatric or 
developmental landmarks by age 5 years [34].

Earlier attempts to reduce false positive interventions 
focused on fetal scalp blood sampling for fetal pH determina-
tion and did demonstrate a reduced CD rate for this indication 
[35]. However, the diffi culties of maintaining this equipment, 
as well as the invasive nature of the procedure, precluded its 
widescale use, particularly in the community sector. More 
recently, fetal pulse oximetry has been evaluated as a less inva-
sive technique for assessment of fetal oxygenation during 
labor, with convincing animal and human data to suggest that 
a fetal oxygen saturation of greater than 30% was almost never 
associated with a pH of <7.15 [36–38]. An initial evaluation 
demonstrated a convincing reduction in CD rates for the diag-
nosis of “fetal distress” but interestingly demonstrated that 
those fetuses with nonreassuring fetal heart rates plus reassur-
ing pulse oximetry were more likely to require CD eventually 
for the diagnosis of failure to progress in labor [39]. More 
recently, a large randomized controlled trial failed to show 
any benefi t to fetal pulse oximetry when applied prospectively 
to primigravidas at term in labor [40].

Malpresentation

In 3–4% of laboring patients, the fetus is in breech presenta-
tion. Current practice calls for CD, except in unusual circum-
stances. The only ways to lower this fi gure would be to reduce 
the frequency of CD for breech presentation (not likely in early 
21st century Western obstetrics in view of the Term Breech 
Trial results [41]) or to reduce the incidence of breech, which 
can be accomplished by external cephalic version (ECV). 
Because breech presentation is more common in primigravi-
das and because ECV is less likely to be successful near term in 
this same group, several studies have confi rmed that ECV is 
more likely to be effective if performed at 34–36 weeks in prim-
igravidas. ECV can be deferred to 37–38 weeks in multiparous 
women. Although historic concerns about complications such 
as cord entanglement, placental abruption, fetomaternal 
transfusion, and ruptured uterus have limited the use of ECV 
is some areas, these problems seem to be more theoretic 
than real [42]. Nonetheless, ECV should only be performed 
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in a hospital setting where emergency CD is “immediately 
available.”

Repeat cesarean

Safe reduction in CD rates for primigravidas will proportion-
ately reduce the number of repeat CDs required. In view of the 
aforementioned dominant indications for primary CD, a 
modern defi nition of failure to progress in labor, a critical dis-
tinction between “fetal distress” versus “fetal stress” and/or 
“provider distress,” and timely correction of breech presenta-
tion can all contribute to a lower rate of repeat CD. Higher 
order repeat CDs are clearly associated with increased mater-
nal morbidity. While it is less clear that a single repeat CD is 
associated with signifi cant maternal risk, the admonition that 
“today’s primigravidas are tomorrow’s multigravidas” is still 
germane inasmuch as the subgroup of women with the lowest 
risk of peripartum complications are multiparous women 
undergoing normal vaginal delivery with a surgically intact 
uterus.

Case presentation 1

A 33-year-old primigravida is admitted at 41w 2d gestation for 
induction of labor with the diagnosis of postdates pregnancy. 
Her Bishop score is 3 and she initially receives 25 µg misopros-
tol per vaginam every 4 hours for a total of three doses, at 
which time her Bishop score has improved to 7. She is begun 
on oxytocin and her contractions increase in frequency and 
intensity. She declines an offer of epidural anesthesia. The fetal 
heart rate tracing remains reassuring. After 6 hours her cervix 
is 4 cm dilatated and completely effaced, with the vertex esti-
mated at –2 station. An amniotomy is performed for augmen-
tation of labor with return of a large amount of clear fl uid. With 
the next contraction sustained fetal bradycardia is noted on 
the fetal monitor. A sterile vaginal examination is performed 
and reveals umbilical cord prolapsing through the cervix. The 
presenting part is elevated, the oxytocin discontinued, and she 
is urgently transferred to the operating room where she ini-
tially received 0.25 mg terbutaline subcutaneously for uterine 
relaxation. Following induction of general anesthesia, an 
emergency CD is performed via a transverse suprapubic 
abdominal incision.

She was delivered of a 3600-g female whose Apgar scores 
were 4 and 8 and whose cord artery pH was 7.07 and who 
thereafter did well. She received 1 g cefazolin intravenously 
following delivery of the baby. She remained afebrile after 
delivery and was nursing her baby on the third postpartum 
day when she developed shortness of breath and left-sided 
chest pain. A chest spiral CT revealed a pulmonary embolism 
in the lower lobe of the right lung. She was begun on intrave-
nous heparin and oral coumadin. After 2 days her symptoms 
were greatly improved and the heparin discontinued. She was 

discharged on the sixth postpartum day on oral coumadin. 
She was advised to use condoms and foam for contraception.

Case presentation 2

An 18-year-old primigravida who is 1.68 m (5 feet 6 inches) tall 
and whose late-pregnancy BMI is 28.6, presents at 39w 4d ges-
tation for evaluation of labor. She is found to be 3 cm dilatated 
and completely effaced and is contracting painfully every 
3 minutes. She is admitted with the diagnosis of spontaneous 
labor. After 2 hours there has been no change in her cervix yet 
she remains quite uncomfortable. The decision is made to 
provide an epidural for pain relief and to proceed thereafter 
with amniotomy. Both are accomplished uneventfully, the 
latter revealing clear amniotic fl uid. The fetal heart rate pattern 
remains reactive.

After another 2 hours there has still been no change in her 
cervical examination. Internal heart rate and pressure cathe-
ters are placed, revealing a reactive fetal heart rate with a base-
line of 130–140 beats/min and contractions whose total 
Montevideo units average 140. Oxytocin augmentation is 
begun with resultant increase of her average Montevideo units 
to 210.

She progresses to 6 cm dilatation but thereafter fails to make 
any further change in either cervical dilatation or station of the 
vertex in the ensuing 2 hours. As a result, she is taken to the 
operating room where a primary CD is performed for the diag-
nosis of failure to progress in labor. A male infant weighing 
3280 g is delivered whose Apgar scores are 8 and 9 at 1 and 
5 minutes, respectively.

Her intraoperative course is complicated by uterine atony 
that responds to 250 mg carboprost given intramuscularly. 
The estimated blood loss is 1200 mL. She has a single tempera-
ture elevation to 38.6°C in the recovery room, is started on 
broad-spectrum antibiotics, and remains afebrile thereafter. 
Her postoperative course is thereafter uncomplicated and she 
is discharged with her baby on postoperative day 3.

Case presentation 3

A 34-year-old gravida 3, para 2-0-0-2 woman is admitted at 
39w 0d gestation for scheduled repeat CD. Her fi rst cesarean 
was performed because of breech presentation diagnosed at 
the time of labor. Her second delivery was a repeat cesarean at 
term and she is admitted now for scheduled repeat cesarean 
and tubal ligation. She is known to be Rh-negative and received 
300 µg RhoGAM intramuscularly at 28 weeks in all three preg-
nancies and had also received RhoGAM following delivery of 
her fi rst child. Her second baby was Rh-negative and RhoGAM 
had not been administered following delivery.

A repeat cesarean is performed following induction of ade-
quate spinal anesthesia. At the time of surgery, multiple dense 
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adhesions are encountered between the omentum and the 
lower uterine section. After these are removed, further diffi -
culty is encountered dissecting the bladder from the anterior 
lower uterine segment. Because she has requested permanent 
sterilization, the decision is made to perform a transverse hys-
terotomy in the lower contractile portion of the uterus. This is 
performed and a 3760-g male is delivered with some diffi culty. 
The placenta is delivered spontaneously and subsequent 
inspection reveals a 4-cm extension of the hysterotomy inferi-
orly on the left side. This is repaired with running, locking, 
absorbable sutures and the hysterotomy repaired in two layers 
with similar suture materials. A Pomeroy tubal ligation is per-
formed and segments of fallopian tube submitted for histo-
logic confi rmation.

Prior to closure of the abdomen the bladder is distended 
with sterile milk and none is seen intra-abdominally. The 
remainder of the procedure is accomplished uneventfully. 
The estimated blood loss is 1000 mL.

Analysis of a cord blood sample reveals the baby to be Rh-
positive. Although a tubal ligation had been performed, she 
received 300 µg RhoGAM intramuscularly.
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46 Vaginal birth after cesarean delivery
Mark B. Landon

Trends in VBAC-TOL

Over 25 year ago, Bottoms et al. [1] concluded that primary 
emphasis should be placed on reducing cesarean deliveries 
for dystocia and repeat operations as these two indications 
were the primary causes of the increased national rate of 
cesarean deliveries. This sentiment was expressed by the 1981 
National Institute of Child Health and Human Development 
(NICHD) sponsored conference which also recognized the 
importance of decreasing elective repeat operations as a means 
of curtailing the rising overall cesarean rate [2]. A modest 
decline in cesarean delivery followed from 1988 to 1996, which 
was largely the result of an increased trial of labor (TOL) rate in 
women with prior cesareans. However, by 2004, only 9.2% of 
women with prior cesarean underwent a TOL in the USA [3]. 
Remarkably, nearly two-thirds of women with a prior cesar-
ean are actually candidates for a TOL [4]. Thus, the majority of 
repeat operations can be considered elective and are clearly 
infl uenced by physician discretion [5]. TOL rates are consist-
ently lower in the USA when compared with European 
nations, suggesting signifi cant underutilization of TOL in the 
USA [6]. As 8–10% of the obstetric population has had previ-
ous cesarean delivery, more widespread use of TOL could 
decrease the overall cesarean delivery rate by approximately 
5% [7].

The evolution in management of the woman with prior 
cesarean delivery is apparent through review of several 
American College of Obstetricians and Gynecologists (ACOG) 
documents and key studies over the last 15 years. In 1988, 
ACOG published “Guidelines for vaginal delivery after a pre-
vious cesarean birth,” recommending VBAC-TOL (vaginal 
birth after cesarean delivery–trial of labor), as it became clear 
that this procedure was safe and did not appear to be associ-
ated with excess perinatal morbidity compared with elective 
cesarean delivery. They recommended that each hospital 
develop its own protocol for the management of VBAC-TOL 
patients and that a woman with one prior low transverse cesar-

ean delivery should be counseled and encouraged to attempt 
labor in the absence of a contraindication such as a prior classic 
incision. This recommendation was supported by several 
large case series attesting to the safety and effectiveness of 
TOL [8–12]. Driven by this encouraging information, VBAC 
rates reached a peak of 28.3% by 1996. Third-party payers and 
managed care organizations embraced these data and began 
to encourage TOL for women with prior cesarean delivery by 
tracking provider and institutional VBAC rates. Physicians, 
feeling pressure to lower cesarean delivery rates, began to 
offer TOL liberally and may have included less than optimal 
candidates.

With greater utilization of VBAC-TOLs, reports surfaced 
suggesting a possibly greater than previously appreciated risk 
for uterine rupture and its maternal and fetal consequences 
[13–17]. Descriptions of uterine rupture with maternal 
hemorrhage, hysterectomy, and adverse perinatal outcomes 
including death and brain injury set the stage for the precipi-
tous decline in VBAC witnessed during the last decade 
[18–21].

Eventually, ACOG acknowledged the apparent statistically 
small but signifi cant risks of uterine rupture with poor out-
comes for both women and their infants during TOL [22]. It 
was also recognized that such adverse events during a TOL 
might precipitate malpractice litigation. A more conservative 
approach to TOL has thus been adopted by even ardent sup-
porters of VBAC. Nonetheless, in its updated 2004 bulletin 
ACOG states clearly that most women with one previous 
cesarean delivery with a low transverse incision are candi-
dates for VBAC and should be counseled about VBAC and 
offered TOL [23].

Candidates for TOL

Women who have had low transverse uterine incision with 
prior cesarean delivery and have no contraindications to 
vaginal birth can be considered candidates for TOL. The 



Chapter 46

390

following are criteria suggested by ACOG [23] for identify-
ing candidates for VBAC:
• One previous low transverse cesarean delivery;
• Clinically adequate pelvis;
• No other uterine scars or previous rupture; and
• Physicians immediately available throughout active labor 
capable of monitoring labor and performing an emergency 
cesarean delivery.

Additionally, several retrospective studies would indicate 
that it may be reasonable to offer TOL to women in other clini-
cal situations. These would include: two previous low trans-
verse cesarean deliveries, gestation beyond 40 weeks, previous 
low vertical incision, unknown uterine scar type, and twin 
gestation [23].

TOL is contraindicated in women at high risk for uterine 
rupture and should not be attempted in the following 
circumstances:
• Previous classic or T-shaped incision or extensive transfun-
dal uterine surgery;
• Previous uterine rupture;
• Medical or obstetric complications that preclude vaginal 
delivery; or
• Inability to perform emergency cesarean delivery because 
of unavailable surgeon, anesthesia, suffi cient staff or faculty.

Success rates for TOL

The overall success rate for VBAC appears to be in the 70–80% 
range according to published reports [24–26]. In published 
series with the highest TOL rates, success was only present in 
60% of cases [27]. More recently, selective criteria resulting in 
TOL rates in the 30% range have been associated with a higher 
number of vaginal births, 70–75% [28,29]. Several predictors of 
successful TOL have been well described (Table 46.1). The 

prior indication for the cesarean delivery clearly impacts on 
the likelihood of successful VBAC. A history of prior vaginal 
birth or a nonrecurring condition such as breech or fetal dis-
tress is associated with the highest success rates for VBAC 
(Table 46.1) [10]. Understanding that there is no reliable 
method to predict success of TOL for an individual woman, a 
number of factors have been studied which infl uence success 
and these are summarized in the following sections.

Maternal demographics

Race, age, body mass index, and insurance status have all been 
demonstrated to impact the success of TOL [28]. In a multi-
center study of 14,529 term pregnancies undergoing TOL, 
Caucasian women had an overall 78% success rate compared 
with 70% in non-Caucasian women [28]. Obese women are 
more likely to fail TOL as are women older than age 40 [28]. 
Confl icting data exist with regard to payer status (uninsured 
versus private patients).

Prior indication for cesarean delivery

Success rates for women whose fi rst cesarean delivery was 
performed for a nonrecurring indication (breech, nonreassur-
ing fetal well-being) are similar to vaginal delivery rates 
among nulliparous women [30]. Prior cesarean for breech 
presentation is associated with the highest reported success 
rate of 89% [28,30]. In contrast, prior operative delivery for 
cephalopelvic disproportion or failure to progress is associ-
ated with success rates in the range 50–67% [31–33]. If dystocia 
was diagnosed between 5 and 9 cm in a prior labor, 67–73% of 
VBAC attempts are successful compared with only 13% if 
prior cesarean delivery was performed during the second 
stage of labor [34].

Prior vaginal delivery

Prior vaginal delivery including prior successful VBAC is 
apparently the best predictor for a successful TOL [28]. In one 
series, a prior vaginal delivery was associated with an 87% 
success rate compared with 61% success in women without 
prior vaginal delivery [28]. Caughey et al. [35] reported patients 
with a prior VBAC had a 93% success rate compared with 85% 
for women with a vaginal delivery prior to their cesarean birth 
that were without prior VBAC.

Birthweight

Large for gestational age or fetal macrosomia is associated 
with a lower likelihood of VBAC success [29]. Birthweight 
greater than 4000 g in particular is associated with a signifi -
cantly higher risk of failed TOL [28]. Nonetheless, Flamm and 
Goings [36] reported that 60–70% of women who attempt 
VBAC with a macrosomic fetus are successful.

Table 46.1 Success rates for trial of labor. After Landon et al. [28].

 VBAC Success (%)

Prior indication

CPD/FTP 63.5

NRFWB 72.6

Malpresentation 83.8

Prior vaginal delivery

Yes 86.6

No 60.9

Labor type

Induction 67.4

Augmented 73.9

Spontaneous 80.6

CPD, cephalopelvic disproportion; FTP, failure to progress; NRFWB, 

nonreassuring fetal well-being; VBAC, vaginal birth after cesarean delivery.
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Labor status and cervical examination

Both labor status and cervical examination upon admission 
infl uence VBAC success [37]. An 86% VBAC success rate has 
been reported in women presenting with cervical dilatation 
≥4 cm [38]. Conversely, the success rate drops to 67% if the cer-
vical examination is less than 4 cm upon admission.

Women who undergo induction of labor are at higher risk 
for a failed TOL or repeat cesarean delivery compared with 
those who enter spontaneous labor [28,38]. This risk is approx-
imately 1.5- to 2.0-fold higher. Landon et al. [28] reported a 
67.4% successful VBAC rate in women undergoing induction 
versus 80.6% in those entering spontaneous labor. Remark-
ably, Grinstead and Grobman [39] reported a surprisingly 
high success rate (78%) in 429 women undergoing induction 
with prior cesarean delivery. These authors noted several 
factors in addition to past obstetric history, including indica-
tion for induction and need for cervical ripening as determi-
nants of VBAC success [39].

Previous incision type

Previous incision type may be unknown in certain patients. It 
appears that women with unknown scar have VBAC success 
rates similar to those of women with documented prior low 
transverse incisions [28]. Similarly, women with previous low 
vertical incisions do not appear to have lower VBAC success 
rates [40].

Multiple prior cesarean deliveries

Women with more than one prior cesarean have been demon-
strated to consistently have a lower likelihood of achieving 
VBAC [41–43]. Caughey et al. [41] reported a 75% success rate 
for women with one prior cesarean compared with 62% in 
women with two prior operations. In contrast, Macones et al.’s 
[44] large multicenter study of 13,617 women undergoing TOL 
revealed a 75.5% success rate for women with two prior cesar-
eans, which was not statistically different from the 75% success 
rate in women with one prior operation (Table 46.3).

Risks of VBAC-TOL

Uterine rupture

The principal risk associated with VBAC-TOL is uterine 
rupture. This complication is directly attributable to attempted 
VBAC, as symptomatic rupture is a rare observation at the 
time of elective repeat operations [45,46]. An important dis-
tinction exists between uterine rupture and uterine scar dehis-
cence. This difference is clinically relevant as dehiscence most 
often represents an occult scar separation observed at laparot-
omy in women with a prior cesarean delivery. The serosa of 

the uterus is intact with most cases of dehiscence and hemor-
rhage is absent. In contrast, uterine rupture is a thorough dis-
ruption of all uterine layers with consequences of hemorrhage, 
cord compression, potential abruption, fetal compromise, and 
signifi cant maternal morbidity. The VBAC literature varies 
with respect to terminology, defi nitions, and ascertainment 
for uterine rupture [47]. A review of 10 observational studies 
providing the best evidence on the occurrence of symptomatic 
rupture with TOL revealing rupture rates ranging from 0 in 
1000 in a small study to 7.8 in 1000 in the largest study, with a 
pooled rate of 3.8 per 1000 TOL [47,48]. The large, multicenter, 
prospective, observational Maternal Fetal Medicine Units 
(MFMU) Network study reported a 0.69% incidence with 124 
symptomatic ruptures occurring in 17,898 women undergo-
ing TOL [49].

The rate of uterine rupture depends on both the type and 
location of the previous uterine incision (Table 46.2). Uterine 
rupture rates are highest with previous classic or T-shaped 
incisions, with a reported range of 4–9% [50]. The risk for 
rupture with a previous low vertical incision is diffi cult to 
determine. Distinguishing this incision type from classic inci-
sion can be arbitrary and low vertical incision is relatively 
uncommon. Two reports suggest a rupture rate of 0.8–1.1% for 
prior low vertical scar [50,51].

Women with unknown scar type may not be at increased 
risk for uterine rupture. This may simply be because most 
cases are undocumented prior low transverse incisions. 
Among 3206 women with unknown scar in the MFMU 
Network report, uterine rupture occurred in 0.5% of TOL [49].

The most serious sequelae of uterine rupture include peri-
natal death, fetal hypoxic brain injury, and hysterectomy. 
Guise et al. [48] calculated a rate of 0.14 additional perinatal 
deaths per 1000 TOL related to uterine rupture. This fi gure is 
similar to the NICHD-MFMU Network study in which there 
were two neonatal deaths among 124 ruptures, for an overall 
rate of rupture-related perinatal death of 0.11 per 1000 TOL 
[49]. Chauhan et al. [52], in reviewing 880 maternal uterine 
ruptures during a 20-year period, calculated 40 perinatal 
deaths in 91,039 TOL for a rate of 0.4 per 1000.

In most studies, perinatal hypoxic brain injury has been an 
underreported adverse outcome related to uterine rupture. 
Landon et al. [49] found a signifi cant increase in the rate of 

Table 46.2 Success rates for trial of labor with two prior cesarean 

deliveries.

Author n Success Rate (%)

Miller et al. [42] 2936 75.3

Caughey et al. [41]  134 62.0

Macones et al. [44] 1082 74.6

Landon et al. [43]  876 67.0
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hypoxic ischemic encephalopathy (HIE) related to uterine 
rupture among the offspring of women who underwent 
TOL at term, compared with the children of women who 
underwent elective repeat cesarean delivery (0.46 per 1000 
TOL versus no cases, respectively). In 114 cases of uterine 
rupture at term, seven infants (6.2%) sustained HIE and two of 
these infants died in the neonatal period.

Maternal hysterectomy may be a complication of uterine 
rupture, particularly if the defect is unrepairable or is 
associated with uncontrollable hemorrhage. In fi ve studies 
reporting on hysterectomies related to rupture, seven cases 
occurred in 60 symptomatic ruptures (13%; range 4–27%), 
indicating that 3.4 per 10,000 women electing TOL sustain a 
rupture that necessitates hysterectomy [47]. The NICHD-
MFMU Network study included 5/124 (4%) rupture cases 
requiring hysterectomy in which the uterus could not be 
repaired [49].

Risk factors for uterine rupture

Rates of uterine rupture vary signifi cantly depending on a 
variety of associated risk factors. In addition to uterine scar 
type, obstetric history characteristics including number of 
prior cesareans, prior vaginal delivery, interdelivery interval, 
and uterine closure technique have all been reported to affect 
the risk of uterine rupture. Similarly, factors related to labor 
management including induction and the use of oxytocin aug-
mentation have all been studied.

Number of prior cesarean deliveries
Miller et al. [42] reported uterine rupture in 1.7% of women 
with two or more previous cesarean deliveries compared with 
a frequency of 0.6% in those with one prior operation (odds 
ratio [OR] 3.06; 95% confi dence interval [CI], 1.95–4.79). Inter-
estingly, the risk for uterine rupture was not increased further 
for women with three prior cesareans. Caughey et al. [41] con-
ducted a smaller study of 134 women with two prior cesareans 
and controlled for labor characteristics as well as obstetric 
history. These authors reported a rate of uterine rupture of 
3.7% among these 134 women compared with 0.8% in the 3757 
women with one previous scar (OR 4.5; 95% CI, 1.18–11.5). This 
information led to the ACOG recommendation that TOL for 
women with two prior cesarean deliveries be limited to those 
with a history of prior vaginal delivery [23]. Recently, Macones 
et al. [44] reported a uterine rupture rate of 20/1082 (1.8%) in 
women with two prior cesareans compared with 113/12,535 
(0.9%) in women with one prior operation (adjusted OR 2.3; 
95% CI, 1.37–3.85). In contrast, an analysis from the MFMU 
Network Cesarean Registry found no signifi cant difference in 
rupture rates in women with one prior cesarean; 115/16,916 
(0.7%) versus multiple prior cesareans 9/982 (0.9%) [43]. Thus, 
it appears that if multiple prior cesarean section is associated 
with an increased risk for uterine rupture, the magnitude of 
any additional risk is fairly small.

Prior vaginal delivery
Prior vaginal delivery is protective against uterine rupture fol-
lowing TOL. Zelop et al. [53] noted the rate of uterine rupture 
among women with prior vaginal birth to be 0.2% (2/1021) 
compared with 1.1% (30/2762) among women with no prior 
vaginal deliveries. A similar protective effect of prior vaginal 
birth has been reported in two large multicenter studies [43,54]. 
There is currently no information as to whether a history of 
successful VBAC is also protective against uterine rupture.

Uterine closure technique
Single-layer uterine closure technique has gained popularity 
as it may be associated with shorter operating time with similar 
short-term complications compared with the traditional two-
layer technique. A retrospective study of 292 women under-
going TOL found similar rates of uterine rupture for women 
with one- and two-layer closures [55]. Chapman et al. [56] con-
ducted a randomized trial that compared the incidence of 
uterine rupture in 145 women who received either one- or 
two-layer closure at their primary cesarean delivery. No cases 
of uterine rupture were found in either group; however, the 
study is of insuffi cient size to detect a potential difference. A 
large observational cohort study identifi ed an approximate 
fourfold increased rate of rupture following single-layer 
closure technique when compared with previous double-layer 
closure [56,57]. These authors conducted detailed review of 
operative reports in which the rate of rupture was 15/1489 
(3.1%) with single-layer closure versus 8/1491 (0.5%) with 
previous double-layer closure. A large randomized study will 
be necessary to resolve whether single-layer closure increases 
the risk of subsequent uterine rupture.

Interpregnancy interval
Short interpregnancy intervals have been studied as a risk 
factor for uterine rupture during TOL [58–60]. Shipp et al. [58] 
reported an incidence of rupture of 2.3% (7/311) in women 
with an interdelivery interval less than 18 months compared 
with 1.1% (22/2098) with a longer interdelivery interval. In 
contrast, Huang et al. [59] found no increased risk for uterine 
rupture with an interdelivery interval of less than 18 months. 
Bujold et al. [60] have reported an interdelivery interval of less 
than 24 months to be independently associated with an almost 
threefold increased risk for uterine rupture. These authors 
reported a rate of rupture of 2.8% in women with a short inter-
val versus 0.9% in women with more than 2 years since the 
prior cesarean birth.

Table 46.3 Risk of uterine rupture with trial of labor.

Prior Incision Type Rupture Rate (%)

Low transverse 0.5–1.0

Low vertical 0.8–1.1

Classic or T-shaped      4–9
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Labor induction
Induction of labor appears be associated with an increased 
risk of uterine rupture [49,54,61]. Lydon-Rochelle et al. [61] 
reported a uterine rupture rate of 24/2326 (1.0%) for women 
undergoing induction compared with 56/10,789 (1.5%) 
women with spontaneous onset of labor. In the prospective 
MFMU Network cohort analysis, Landon et al. [49] noted the 
risk for uterine rupture to be nearly threefold elevated (OR 
2.86; 95% CI, 1.75–4.67) with uterine rupture occurring after 
48/4708 (1.0%) of induced TOL versus 24/6685 (0.4%) of spon-
taneous labors. After controlling for various potential con-
founders, the risk of uterine rupture in women undergoing 
oxytocin labor induction has been reported to be increased 4.6-
fold compared with spontaneous labor (rupture rate of 2.0% 
versus 0.7%) [53]. Despite these analyses, it remains unclear 
whether induction causes uterine rupture or whether an asso-
ciated risk factor such as cervical status is the ultimate cause.

Confl icting data also exist whether various induction 
methods increase the risk for uterine rupture [62]. Lydon-
Rochelle et al.’s [61] study suggested an increased risk for 
uterine rupture with use of prostaglandins for labor induction. 
Uterine rupture was noted in 15/1960 (0.8%) of women 
induced without prostaglandin use compared with 9/366 
(2.5%) induced with prostaglandin use. Two recent large 
studies have failed to confi rm the fi ndings of Lydon-Rochelle 
et al. of an increased risk of rupture associated with the use of 
prostaglandin agents alone for induction [49,54]. Macones et 
al. [54] did report an increased risk for rupture in women 
undergoing induction only if they received a combination of 
prostaglandins and oxytocin. In the MFMU Network study, 
there were no cases of uterine rupture when prostaglandin 
alone was used for induction, including 52 cases of misopros-
tol use [49]. The safety of this medication, which is popular for 
cervical ripening and labor induction, has been challenged for 
women attempting VBAC. Despite several studies that did not 
demonstrate an increased risk for rupture with prostagland-
ins and the fact that no studies or meta-analyses of suffi cient 
size have detected a statistically increased risk for rupture 
with misoprostol use, ACOG has issued a committee opinion 
discouraging the use of prostaglandins for cervical ripening or 
induction in women attempting VBAC-TOL until this issue is 
further clarifi ed [63].

Labor augmentation
Excessive use of oxytocin may be associated with uterine 
rupture such that careful labor augmentation should be prac-
ticed in women attempting TOL [20]. In a case–control study, 
Leung et al. [20] reported an odds ratio of 2.7 for uterine rupture 
in women receiving oxytocin augmentation. In contrast, a 
meta-analysis concluded that oxytocin does not increase the 
risk for uterine rupture [10]. Dysfunctional labor including 
arrest disorders actually increased the risk sevenfold and thus 
may actually be the primary factor responsible for rupture. In 
support of this concept, Zelop et al. [53] found that labor aug-

mentation with oxytocin did not signifi cantly increase the risk 
for rupture. In the MFMU Network study, the rate of uterine 
rupture with oxytocin augmentation was 52/6009 (0.9%) 
compared with 24/6685 (0.4%) without oxytocin use [49]. In 
summary, oxytocin augmentation may marginally increase 
the risk for uterine rupture in women undergoing TOL. It 
follows that judicious use of oxytocin should be employed in 
this population.

Management of VBAC-TOL

Because uterine rupture may be catastrophic, it is recom-
mended that TOL after prior cesarean delivery should only be 
attempted in institutions equipped to respond to emergencies, 
with physicians immediately available to provide emergent 
care [23]. Thus, an obstetrician and anesthesia personnel must 
both be available to comply with this recommendation.

Recommendations for management of women undergoing 
a TOL after prior cesarean delivery are primarily based upon 
expert opinion. Women attempting VBAC should be encour-
aged to contact their health care provider promptly when labor 
or ruptured membranes occur. Continuous electronic fetal 
heart rate (FHR) monitoring is prudent, although the need for 
intrauterine pressure catheter monitoring is debatable. Studies 
that have examined FHR patterns prior to uterine rupture 
consistently report that nonreassuring signs, particularly 
signifi cant variable decelerations or bradycardia, are the 
most common fi nding accompanying uterine rupture [64,65]. 
Despite the presence of adequate personnel to proceed with 
emergency cesarean delivery, prompt intervention does 
not always prevent fetal neurologic injury or death [48,66]. In 
one study, signifi cant neonatal morbidity occurred when 
18 minutes or longer elapsed between the onset of FHR decel-
eration and delivery [20]. If prolonged deceleration is preceded 
by variable or late decelerations, fetal injury may occur as early 
as 10 minutes from the onset of the terminal deceleration.

TOL is not a contraindication to the use of epidural analge-
sia. Moreover, epidural use does not appear to affect success 
rates [28]. Epidural analgesia also does not mask the signs 
and symptoms of uterine rupture. Oxytocin augmentation is 
employed as necessary, understanding that hyperstimulation 
should be avoided. In a case–control study, Goetzl et al. [67] 
reported no association between uterine rupture and oxytocin 
dosing intervals, total dose utilized, and the mean duration of 
oxytocin administration.

Vaginal delivery is conducted as in cases without a history 
of prior cesarean. Most individuals do not routinely explore 
the uterus in order to detect asymptomatic scar dehiscences 
because these generally heal well. However, excessive vaginal 
bleeding or maternal hypotension should be promptly evalu-
ated including assessment for possible uterine rupture. Of 124 
cases of uterine rupture accompanying TOL, 14 (11%) were 
identifi ed following vaginal delivery [49].
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  Elective Repeated
 Trial of Labor Cesarean Delivery
Complication (n = 17,898) (n = 15,801) Odds Ratio (98% CI)

Uterine rupture 124 (0.7)   0 –

Hysterectomy  41 (0.2)  47 (0.3) 0.77 (0.51–1.17)

Thromboembolic disease   7 (0.04)  10 (0.1) 0.62 (0.24–1.62)

Transfusion 304 (1.7) 158 (1.0) 1.71 (1.41–2.08)

Endometritis 517 (2.9) 285 (1.8) 1.62 (1.40–1.87)

Maternal death   3 (0.02)   7 (0.04) 0.38 (1.10–1.46)

One or more of the above 978 (5.5) 563 (3.6) 1.56 (1.41–1.74)

Table 46.4 Comparison of maternal 

complications in trial of labor vs. elective repeat 

cesarean delivery. After Landon et al. [49].

Table 46.5 Risks associated with trial of labor (TOL).

Uterine rupture and related morbidity

Uterine rupture (0.5–1.0/100 TOL)

Perinatal death and/or encephalopathy  (0.5/1000 TOL)

Hysterectomy (0.3/1000 TOL)

Increased maternal morbidity with failed trial of labor

Transfusion

Endometritis

Length of stay

Potential risk for perinatal asphyxia with labor (cord prolapse, abruption)

Potential risk for antepartum stillbirth beyond 39 weeks’ gestation

Table 46.6 Risks associated with elective repeat cesarean delivery.

Increased maternal morbidity compared with successful trial of labor

Increased length of stay and recovery

Increased risks for abnormal placentation and hemorrhage with successive 

cesarean operations

Counseling for VBAC-TOL

A pregnant woman with prior cesarean delivery is at risk for 
both maternal and perinatal complications whether undergo-
ing TOL or choosing elective repeat operation (Table 46.4). 
Complications of both procedures should be discussed and an 
attempt should be made to individualize risk for both uterine 
rupture and the likelihood of successful VBAC (Tables 46.1 
and 46.5). For example, a woman who might require induction 
of labor may be at slight increased risk for uterine rupture and 
is also less likely to achieve vaginal delivery. Future childbear-
ing and the risks of multiple cesarean deliveries including 
risks of placenta previa and accreta should also be considered 
(see Chapter 45).

It is important to make every possible effort to obtain the 
operative records of a prior cesarean delivery in order to deter-
mine previous uterine incision type. This is particularly rele-
vant to cases of prior preterm breech delivery in which vertical 

uterine incision or a low transverse incision in an undevel-
oped lower uterine segment might preclude TOL. There 
may be an increased rate of subsequent uterine rupture 
in women with a prior preterm cesarean attempting TOL 
[68]. If previous uterine incision type is unknown, the im-
plications of this missing information should also be 
discussed.

Following complete informed consent detailing the risks 
and benefi ts for the individual woman, the delivery plan 
should be formulated by both the patient and physician. Doc-
umentation of counseling is advisable and some practitioners 
prefer to use a specifi c VBAC consent form. Many women will 
elect repeat operation after thorough counseling. However, 
VBAC-TOL should continue to remain an option for most 
women with prior cesarean delivery (Tables 46.5 and 46.6). 
The magnitude of risks accompanying TOL must be conveyed 
to the women undergoing counseling. The attributable risk for 
a serious adverse perinatal outcome (perinatal death or HIE) 
at term appears to be approximately 1 in 2000 TOL [49]. Comb-
ining an independent risk for hysterectomy attributable to 
uterine rupture at term with the risk for newborn HIE indi-
cates the chance of one of these adverse events occurring to be 
approximately 1 in 1250 cases [49].

The decision to elect TOL may also increase the risk for peri-
natal death and HIE unrelated to uterine rupture. For women 
awaiting spontaneous labor beyond 39 weeks, there is a small 
possibility of unexplained stillbirth which might be avoidable 
with scheduled repeat operation. A risk for fetal hypoxia and 
its sequelae may also accompany labor events unrelated to 
the uterine scar. In the MFMU Network study, fi ve cases of 
nonrupture-related HIE occurred in term infants in the TOL 
group compared with none in the elective repeat cesarean 
population [49].

Case presentation

A 31-year-old gravida 2 para 1 at 40 weeks’ gestation presents 
for continued prenatal care. This woman underwent a low 
transverse cesarean delivery for breech presentation 2 years 
previously. She has been planning to attempt TOL and, having 
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reached 40 weeks’ gestation, is considering her options. Her 
cervical examination reveals a long closed cervix.

Prior to reaching term, this woman will have undergone 
complete counseling regarding benefi ts and risks of TOL. The 
counseling should include a detailed discussion of risks of 
TOL including potential uterine rupture and its sequelae. The 
benefi ts of VBAC including faster recovery and shorter hospi-
tal stay will be reviewed. Providing this woman is not inter-
ested in having a large family, the option of scheduled repeat 
cesarean delivery should also be presented. If she is consider-
ing several future pregnancies, multiple repeat operations 
may pose additional risk for her of accreta and hysterectomy.

As this woman has a history of prior breech as an indication 
for cesarean, her overall chance for successful TOL is approxi-
mately 80%. However, she may be forced to consider induc-
tion if she does not enter spontaneous labor in the next week. If 
her cervix remains unfavorable, her chance for successful 
VBAC may only be 50–60%. In addition, induction may slightly 
increase her risk for uterine rupture from 0.4% to approxi-
mately 1%. This information should be considered in planning 
the mode of delivery. A reasonable approach provided the 
woman still desires TOL after discussion, might be to wait 1 
week (41 weeks) and assess the cervical status at that time. If 
the cervix ripens, induction may be planned whereas if the 
cervix remains unfavorable, a repeat cesarean could be 
scheduled.
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47 Breech delivery
Edward R. Yeomans and Larry C. Gilstrap

Previous editions of this textbook have chronicled the unprec-
edented change in the conduct of breech delivery in the USA: 
the rate of cesarean breech delivery rose sharply from 5–20% 
in the 1950s to 80% by 1980 [1]. In 1999 it was 84.5% [2]. This 
change is even more signifi cant because the highly publicized 
Term Breech Trial [3], a multinational, multisite, randomized 
controlled trial, was not published until 2000. Based on the 
results of this trial, as well as other retrospective studies the 
American College of Obstetricians and Gynecologists (ACOG) 
issued a committee opinion [4] which stated that planned 
vaginal delivery of a singleton term breech may no longer be 
appropriate. However, it is the conviction of the authors of this 
chapter, and the editors of this textbook [5], that teaching the 
techniques of vaginal breech delivery is both necessary and 
appropriate. Evidence has accumulated since the publication 
of the Term Breech Trial that supports offering an attempt at 
vaginal breech delivery in very carefully selected and consent-
ing women [6–11].

The objectives of this chapter are to review this recent evi-
dence, to present reasonable and prudent selection criteria for 
women at term with breech presentation, and to describe 
proper technique for breech vaginal and abdominal deli-
very. Finally, it is stressed that the critical step between can-
didate selection and vaginal breech delivery is the astute 
management of labor in a woman with breech presentation 
at term.

Epidemiology

The incidence of term breech presentation is approximately 3–
4%. Accurate determination of breech presentation during 
prenatal care, followed by referral for and successful comple-
tion of external cephalic version (ECV) may lower that inci-
dence somewhat. The approximate breakdown by type of 
breech is: frank (65–70%), complete (5–10%), and footling (20–
30%). In 2003, 87% of breech presentations underwent cesar-
ean delivery [12]. It is not possible to determine how many of 

the vaginal deliveries were planned, nor to analyze the 
cesarean delivery rate by type of breech.

Maternal/perinatal outcomes following 
vaginal breech delivery (2000–06)

The Term Breech Trial [3] compared planned cesarean deliv-
ery with planned vaginal delivery for breech presentation at 
term. Maternal morbidity and mortality was not found to be 
different between groups. The impact of a uterine scar in a sub-
sequent pregnancy, such as uterine rupture, placenta accreta, 
and the need for repeat cesarean delivery, was not considered. 
The salient and highly publicized conclusion of this trial was 
that planned cesarean delivery reduced perinatal mortality 
and serious neonatal morbidity by one-third. However, many 
of the deaths in the vaginal delivery arm were unrelated to the 
mode of delivery. Moreover, the defi nitions used for “serious 
neonatal morbidity” are at least debatable. Multiple letters to 
the editor and editorials have been written that take issue with 
either the conduct of the Term Breech Trial or the interpreta-
tion of the results. Such post hoc discussion is interesting but 
not germane to the readers of this textbook. The cesarean 
delivery rate prior to the publication of the Term Breech Trial 
was already high and it was predicted that more cesarean 
breech deliveries would occur after the trial. However, this has 
not been the case in all centers. Shown in Table 47.1 are data 
that have accumulated since the Term Breech Trial [6–11], 
demonstrating that vaginal breech delivery is still being con-
ducted at individual centers. In addition, the success rate for 
attempted vaginal delivery at these centers is greater than or 
equal to that in the Term Breech Trial and morbidity and mor-
tality in the vaginal breech group is signifi cantly less than that 
reported in the trial though generally higher in the trial of 
labor/vaginal delivery groups. For each of the studies cited, 
the elective cesarean delivery rate was well below that in the 
USA. However, as noted in Table 47.1, none of the data came 
from centers in the USA. Importantly, relatively few reports of 
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vaginal breech delivery after the Term Breech Trial are 
expected to come from the USA, given the litigation risk, and 
those that do will have very small numbers. A report from the 
authors’ institution illustrates this [13].

One exception to the small numbers is a population-based 
study from California where approximately 5000 vaginal 
breech deliveries were compared with 60,000 prelabor cesar-
ean breech deliveries [14,15]. Neonatal mortality was lower 
than that reported in the Term Breech Trial. Morbidity was still 
increased for vaginal breech deliveries compared to elective 
cesarean deliveries. However, this report was based on birth 
certifi cate and maternal and neonatal hospital discharge data. 
Such methodology imposes signifi cant limitations on the con-
clusions drawn: selection criteria for vaginal breech delivery 
were not reported, skill of the operator could not be assessed, 
and even the type of breech could not be verifi ed. The follow-
ing section elaborates on the importance of selection criteria, 
labor management, and delivery technique because they 
dramatically affect outcome.

Selection criteria for attempted vaginal 
breech delivery

The success rate for vaginal breech delivery is defi ned as the 
number delivering vaginally divided by the number attempt-
ing vaginal delivery. This rate varies between centers, but for 
the series of articles referenced in Table 47.1, it ranged between 
49% and 77%. However, to compute the overall vaginal breech 
delivery rate, the success rate has to be multiplied by a “fi rst 
term” which refl ects the proportion of term breeches offered 
an attempt at vaginal breech delivery (see the equation below). 
This “fi rst term” is also variable. In Table 47.1, this variability 
is in the range 46–69%, but the reader should recall that these 
reports all came from centers with a strong interest in vaginal 

breech delivery. In the USA, the variability of this term is 
undoubtedly greater, because the low end of the range is lower 
(near zero in some centers). In other words, the fact that 87% of 
breeches are delivered abdominally in the USA implies that 
only a small minority of women actually attempt vaginal 
breech delivery. Of the two terms, it is the one most affected 
by selection criteria. It should be apparent to the reader that it 
is also the one that is infl uenced by the informed consent 
process.

 Vaginal breech
delivery VBD rate

Attempted VBD
No term breeches( )

=
.

××
Successful VBD
Attempted VBD

In general, selection criteria for vaginal breech delivery can 
be considered lax or stringent. The more stringent the criteria, 
the smaller the proportion of term breech presentations 
allowed a trial of labor. So what are considered reasonable 
selection criteria? Those cited in Table 47.2 are open to criti-
cism but they do provide a framework for clinicians to adapt to 
their local practice environments. These criteria are the ones in 
use at the authors’ institutions. Two of the listed criteria are 

Table 47.1 Summary of maternal and perinatal outcomes following vaginal breech delivery. All reports were published after the Term Breech Trial and all came 

from centers outside the USA.

     Serious
     morbidity  Mortality
 Total Elective Allowed Successful
Reference breech (n) C/S TOL TOL Vag C/S Vag* C/S

[6]  841 349 (41.5%) 492 (58.5%) 254 (52%) – – 2 0

[7]†  809 427 (52.8%) 382 (47.2%) 284 (74.3%) 0.5% 0% 0 0

[8] 1433 552 (38.5%) 881 (61.5%) 416 (47.2%) 5.9% 0.9% 3 1

[9]  986 396 (40.2%) 590 (59.8%) 455 (77.1%) 1.2% 0.5% 1 1

[10]  699 218 (31.2%) 481 (68.8%) 352 (71%) 2.3% 0.5% 0 0

[11]  641 343 (53.5%) 298 (46.5%) 146 (49%) 0.7% 0% 3 0

C/S, cesarean section; TOL, trial of labor; Vag, vaginal.

* Of the total of nine deaths with vaginal delivery, only one [8] was related to mode of delivery.

† 73 cases were excluded from the 882 breeches reported by the authors.

Table 47.2 Selection criteria for vaginal breech delivery.

Estimated fetal weight 2000–4000 g*

Complete or frank breech presentation

Fetal head fl exed or military†

Adequate maternal pelvis‡

Normal fetal morphology

Experienced operator

Informed consent

* By either clinical or ultrasound estimation. Others [11] have suggested 

2500–3800 g.

† Ultrasound or radiographic determination, not clinical.

‡ As determined by an experienced examiner or radiographically.
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deserving of special emphasis: an experienced operator and 
a consenting patient. Operator experience will eventually 
diminish without training during residency, and experience 
affects all three areas covered in this section: selection 
criteria, management of labor, and conduct of vaginal 
breech delivery. Finally, the manner in which consent is 
obtained, the discussion of risks and benefi ts, along with 
alternatives, is often biased by the perception of medicolegal 
risk to the person obtaining the consent and caring for the 
patient.

Labor management

Once an appropriate candidate for vaginal breech delivery is 
identifi ed, careful labor management is essential in order to 
achieve a good outcome. All studies report a 20–50% incidence 
of intrapartum cesarean delivery, commonly attributed to 
either nonreassuring fetal status or failure to progress. With 
regard to the former, electronic fetal heart rate monitoring 
(EFM) is recommended, although EFM has not been shown to 
be a clear benefi t for vertex or breech presentations. If the fetal 
heart rate tracing is concerning enough to consider fetal blood 
sampling, prompt cesarean delivery is reasonable instead. The 
use of oxytocin for induction or augmentation has long been a 
point of contention in vaginal breech delivery. Alarab et al. [11] 
allowed neither but still achieved a respectable rate of vaginal 
breech delivery. At the authors’ institutions, use of oxytocin 
for either induction or augmentation is permitted, but is indi-
vidualized and used sparingly. In contrast, the Term Breech 
Trial had a combined rate of induction and augmentation of 
more than 60%.

The management of labor in breech presentations is more 
complex than simply interpreting fetal heart rate information 
and monitoring labor progress. Attention must be paid to 
position of the patient, timing and type of anesthesia, and 
emotional support and encouragement. In the second 
stage, the importance of coached pushing [16] has not been 
evaluated, nor has the incidence of second stage cesarean 
delivery. Timing and type of episiotomy may also be impor-
tant factors. It is noteworthy that episiotomy is not necessary 
in all cases.

Technique of vaginal breech delivery

Once careful selection of candidates and astute labor manage-
ment have allowed for the possibility of vaginal breech deliv-
ery, proper conduct of the delivery will minimize trauma and 
optimize overall outcome. Listed in Table 47.3 are a number of 
complications associated with, but not unique to, vaginal 
breech delivery. While not guaranteed to eliminate complica-
tions, the suggestions that appear in Table 47.4 should produce 
the best possible results. Despite the time-honored use of the 

Mauriceau–Smellie–Veit maneuver, the authors favor the 
routine application of either Piper or Laufe forceps to the after-
coming head. Both Laufe and Piper forceps have a reverse 
pelvic curve to facilitate application to the aftercoming head 
from below. The low neonatal morbidity and mortality associ-
ated with vaginal breech delivery that we and others (Table 
47.1) have reported make it feasible to continue to teach this 
technique to residents in training. The effectiveness of simula-
tion training to acquire skill is intriguing but requires further 
evaluation [16].

Cesarean delivery for term 
breech presentation

Most of the suggestions for vaginal breech delivery listed in 
Table 47.4 apply equally to cesarean delivery of a breech. 
Proper placement of the hands of the operator on the bony 
pelvis of the infant can prevent some of the abdominal trauma 
listed in Table 47.3. Given that the current cesarean to vaginal 
delivery ratio is nearly 9 : 1, residents can be trained in the 
application of Laufe forceps to the aftercoming head at 
cesarean delivery [17]. Almost all cesarean deliveries for 

Table 47.3 Morbidity associated with breech delivery.

Intracranial hemorrhage  Pharyngeal diverticulum

Cervical spine injury  Brachial plexus palsy

Liver  Scrotal/testicular/labial trauma

Adrenal Blunt trauma Skull fracture

Spleen  Long bone fracture

Bladder rupture

Table 47.4 Suggestions for vaginal breech delivery.

Do Do Not

Await spontaneous delivery Pull on the fetus prematurely

 to the umbilicus*

Perform episiotomy as indicated Grasp the fetal abdomen

Grasp the fetal pelvis over Put transverse pressure on long

 bony prominences   bones (risk of fracture)

 (sacrum and iliac crests) 

Apply fi nger pressure parallel Allow the fetus to rotate

 to long bones   ventrally

Use forceps for the aftercoming Attempt vaginal delivery

 head  though an incompletely

  dilated cervix

If forceps not available, maintain Panic

 fl exion of aftercoming head

 with suprapubic pressure

* Except under unusual circumstances.
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breech presentation are performed for fetal indications; 
that is, to prevent either birth injury or hypoxia/acidemia 
that are, albeit infrequently, associated with vaginal breech 
delivery. With that purpose in mind it is very important 
that the uterine incision be adequate to deliver the infant 
atraumatically.

Conclusions

Some women will still desire to attempt a vaginal delivery 
of a breech fetus. Other women with breech presentation 
will be seen for the fi rst time in either advanced labor or 
with imminent delivery. Physicians will still be called upon 
to manage labor and vaginal delivery in these circumstances. 
Finally, some physicians remain unconvinced by the 
evidence against planned vaginal delivery and prefer to 
offer selected women a trial of labor and vaginal breech 
delivery. At some centers, additional experience with 
vaginal breech delivery can be gained via delivery of the 
second twin, but there are important distinctions between 
breech singleton and breech second twin. Total breech extrac-
tion is permissible for second twin but is rarely performed for 
a singleton. Continuing to train the next generation of obstetri-
cians in the principles and conduct of vaginal breech delivery 
is imperative.

Case presentation

A 26-year-old G1P0, was admitted in active labor at 39 weeks’ 
gestation. On examination, she was completely effaced, 5-cm 
dilated, and had a frank breech presentation confi rmed by 
ultrasound. The fetal head was noted to be fl exed and the ultra-
sound estimated fetal weight of 3150 g was consistent with a 
clinical estimate of 3400 g. Ultrasound examination revealed a 
morphologically normal fetus. Clinical pelvimetry was per-
formed by two residents and an attending and the pelvis was 
deemed to be adequate for breech delivery. Radiographic pel-
vimetry was not obtained. The patient had received prenatal 
care from a midwife and was highly motivated to avoid cesar-
ean delivery. She consented to vaginal breech delivery and 
requested and received epidural analgesia. She reached 
complete dilatation in 4 hours and her second stage lasted 
45 minutes. Assisted vaginal breech delivery was performed 
by a second-year resident and a fourth-year resident placed 
Piper forceps to deliver the aftercoming head. A faculty with 
25 years of experience supervised the labor and delivery. 
Apgar scores were 7 at 1 minute and 9 at 5 minutes. Mother 
and infant were discharged home on postpartum day 2, 
doing well.
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The fi rst “modern” recorded use of pain relief for childbirth 
was in 1847, when Dr. James Young Simpson administered 
ether to facilitate vaginal delivery for a woman with a deformed 
pelvis. Since that time, obstetric anesthesia practice has 
evolved from the use of systemic routes for analgesic adminis-
tration (inhalation, intravenous, intramuscular) to regional 
administration of analgesics by the epidural and spinal routes. 
Currently, in the USA, more than 60% of parturients receive 
regional analgesia to manage their pain of childbirth. An 
advantage of the regional approach is that relatively low doses 
of analgesics reliably provide pain relief. Thus, the fetus is 
spared exposure to the relatively large doses of medication 
required when the systemic approach is used. Although the 
systemic route remains an option, it is currently used for a 
minority of parturients. This review describes current prac-
tices in obstetric anesthesia.

Labor and vaginal delivery

Consequences of unrelieved pain

The pain of childbirth, which is likely to be the most severe 
pain that a woman experiences [1], results in untoward physi-
ologic effects [2]. The hyperventilation that accompanies labor 
pain causes profound hypocarbia, which may suppress the 
ventilatory drive between contractions and produce maternal 
hypoxemia and loss of consciousness [3]. The accompanying 
respiratory alkalosis interferes with fetal oxygenation by shift-
ing the oxyhemoglobin dissociation curve in favor of the 
mother and by producing uteroplacental vasoconstriction [4]. 
The neurohumoral responses to stress and pain also conspire 
to adversely affect placental perfusion and fetal oxygenation. 
These changes are mediated by increases in circulating cate-
cholamines, which decrease uterine blood fl ow [5]. Epidural 
analgesia lowers circulating maternal epinephrine, and 
effectively inhibits the respiratory [6] and neurohumoral [7] 
responses to pain, with a resultant increase in oxygen tension 

in the parturient and fetus [8]. There is also evidence that 
unrelieved pain during childbirth may contribute to the 
development of postpartum psychologic problems including 
postpartum depression [9] and post-traumatic stress disorder 
(PTSD) [10].

Multimodal regional analgesia

Current methods for providing pain relief for labor and vaginal 
delivery are considerably different from the techniques that 
were used as recently as 15 years ago. Regional analgesia for 
childbirth has been transformed from a one-drug approach 
using a local anesthetic, to an approach in which different 
classes of analgesics are administered concurrently; most 
commonly, a local anesthetic and an opioid. Although local 
anesthetics produce profound analgesia, they indiscrimi-
nately block conduction in all nerves with which they come in 
contact, and therefore also produce unwanted effects: hypo-
tension and motor block. Hypotension may decrease fetal 
oxygen delivery by reducing placental perfusion. Motor block 
may cause profound lower extremity weakness, which can be 
very distressing for the parturient. Moreover, profound motor 
and sensory block may interfere with effective pushing during 
the second stage, particularly if the parturient is unable to per-
ceive rectal or vaginal pressure, as the presence of this pres-
sure facilitates expulsive efforts.

The traditional approach to regional analgesia, in which a 
local anesthetic was used as the sole agent, changed when cli-
nicians recognized the analgesic effi cacy of opioids adminis-
tered into the neuraxis. Unlike local anesthetics, which act by 
blocking nerve conduction, opioids injected into the neuraxis 
inhibit pain by binding to specifi c spinal opioid receptors. 
Opioids and local anesthetics act synergistically, so relatively 
low doses of each agent are required. This synergism is the 
rationale for the concurrent use of a combination of different 
types of analgesics, and is known as multimodal analgesia 
[11]. Some clinicians combine other classes of analgesics 
such as those that stimulate adrenergic (e.g., epinephrine, 
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clonidine) and cholinergic (e.g., neostigmine) receptors to 
further potentiate analgesia.

A distinct advantage of multimodal analgesia is that it pro-
duces fewer side-effects than typically occur when a local 
anesthetic is used alone. The different classes of analgesics act 
through different mechanisms, and they also have distinct 
side-effect profi les. Furthermore, the likelihood of side-effects 
is reduced because with the multimodal approach, a relatively 
low dose of each component is used. The profound motor 
block that was a frequent accompaniment of high concentra-
tions of local anesthetic does not occur with the low concentra-
tions of local anesthetics that are part of the multimodal 
approach. Hypotension, which commonly occurred with epi-
dural administration of high concentrations of local anesthetic, 
is also less likely to occur when low concentrations are 
administered.

Pruritus and nausea are the most common untoward effects 
that occur with neuraxial multimodal analgesic regimens, and 
are caused by the opioid component. These side-effects may 
be dose-related, and are more likely to occur with the relatively 
water-soluble opioid morphine, and less likely to occur with 
relatively lipophilic opioids such as fentanyl and sufentanil. 
Opioid side-effects may be treated by intravenous administra-
tion of specifi c opioid receptor antagonists such as naloxone, 
naltrexone, nalmefene, or nalbuphine. Fortunately, low doses 
of opioid antagonists selectively reverse the unwanted effects 
without appreciably affecting the analgesia. Another side-
effect that may occur after intrathecal injection of opioid alone 
is fetal bradycardia or late decelerations of the fetal heart rate, 
as a result of uterine hyperactivity. This effect is twice as likely 
to occur after intrathecal administration of opioid alone than 
after epidural administration of local anesthetic and opioid 
(24% vs. 11%) [12]. The fetal bradycardia may be reversed 
by administration of a tocolytic, such as terbutaline or 
nitroglycerine.

For patients, the improved lower extremity mobility is 
perhaps the most noticeable effect of multimodal analgesia. 
Although commonly described as a “walking epidural,” this 
term is a poor descriptor, as few parturients walk much during 
labor after their pain is relieved. Furthermore, the lack of motor 
block is not a result of the epidural approach per se, but may 
also be achieved with a spinal approach, or a combined spinal 
and epidural (combined spinal–epidural, CSE) approach. The 
primary determinant of motor block intensity is the concentra-
tion of local anesthetic, not its site of administration.

Epidural, spinal, and combined 
spinal–epidural analgesia

Safe and effective multimodal regional analgesia may be 
achieved by using the epidural or spinal routes, or a combina-
tion of both. An advantage of the epidural approach is that a 
catheter may be inserted into the epidural space to facilitate 
continuous and/or intermittent analgesic dosing to prolong 

the duration of pain relief. With spinal techniques, the dura-
tion of analgesia is limited to the duration of action of a single 
dose, as catheterization of the intrathecal space is rarely per-
formed. The onset of analgesia is more rapid with the spinal 
approach (3–5 minutes) than it is with the epidural approach 
(approximately 10 minutes). The CSE approach offers the 
advantages of both the spinal and epidural techniques; rapid 
onset of analgesia and prolonged duration if needed.

The type of regional analgesia chosen for a particular patient 
depends on many factors. One of the most important determi-
nants is the anticipated duration of labor. In early labor, when 
delivery is not expected for many hours, catheterization of the 
epidural space is indicated (epidural or CSE technique) to 
establish a conduit for administering multiple doses of analge-
sics. For an epidural technique, the analgesic medication is 
typically administered using a continuous infusion pump, 
perhaps with patient-controlled epidural analgesia (PCEA; 
see below). For a CSE technique, a dose of analgesics is admin-
istered intrathecally and then a catheter is inserted into the epi-
dural space. The epidural analgesics may be administered 
either immediately after the intrathecal injection, or when the 
pain relief from the initial intrathecal dose begins to wane.

Epidural catheterization is a sensible approach at any time 
during labor for parturients who have a high likelihood of an 
instrumental or operative delivery, as it permits administra-
tion of additional anesthetics, should they be needed. If deliv-
ery is imminent, a single-shot spinal is a reasonable choice, 
because analgesia onset is rapid. However, these patients may 
benefi t more from a CSE technique, as it requires little addi-
tional time compared to an epidural technique, and an ind-
welling epidural catheter may be quite helpful. The epidural 
catheter may be used to administer additional analgesics 
if delivery does not occur as quickly as anticipated, if the 
intrathecal medication does not produce adequate analgesia, 
or if an instrumental or operative delivery is required.

Patient-controlled epidural analgesia

Programmable, microprocessor-controlled infusion pumps 
facilitate precise administration of analgesics into the epidural 
space. Continuous infusion of analgesics is advantageous, as it 
avoids the peaks and valleys of pain and relief that occur with 
intermittent bolus dosing. PCEA is a further refi nement of this 
technology. Originally introduced for intravenous use, PCEA 
enables the parturient to “fi ne-tune” her pain relief. PCEA 
may be administered using intermittent boluses exclusively, 
or intermittent boluses superimposed on a background infu-
sion, which appears to be a superior strategy [13]. PCEA has 
many advantages over non-PCEA techniques including better 
analgesia and decreased anesthetic requirement, as well as 
improved patient satisfaction [14], because the patient feels 
empowered by having some control over her pain relief.

Ideally, PCEA is used to provide analgesia for the duration 
of labor and delivery. For some patients, the low dose deliv-
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ered from the infusion pump may not be adequate for the late 
fi rst stage and second stage of labor, when a somatic pain com-
ponent is superimposed on the visceral pain input. Break-
through pain that occurs during continuous epidural infusion 
is treated by increasing the rate of the infusion or by adminis-
tration of a more concentrated dose of anesthetic as a “rescue 
dose.” Ideally, with PCEA, the parturient titrates the analgesia 
to experience a sensation of pressure during the second stage 
of labor, while maintaining lower extremity motor strength. 
PCEA may be continued to provide analgesia through deliv-
ery. However, many practitioners prefer to halt the epidural 
administration of analgesics during the second stage of labor. 
These practitioners believe that curtailing epidural analgesia 
will increase the likelihood of spontaneous vaginal delivery. 
Although conclusive data are not yet available, a meta-
analysis showed that discontinuing epidural analgesia did not 
decrease the incidence of instrumental deliveries, but did 
result in signifi cant increases in pain [15].

Timing of regional pain relief

The optimal time for administering regional pain relief has 
been an issue plagued by misunderstanding and controversy 
for decades. Those opposed to “early” administration of epi-
dural analgesia have claimed that it would somehow interfere 
with the progress and outcome of labor. Proponents of “early” 
administration of epidural analgesia have maintained that 
there is no proven deleterious effect on labor’s progress or 
outcome, and that parturients should not be denied the right 
to have their pain relieved. Two recently published studies 
found that administration of regional analgesia prior to 4 cm 
cervical dilatation in nulliparous women did not infl uence the 
outcome of labor. Vahratian et al. [16] reviewed data during 
two 1-year intervals: before and after epidural use increased 
from 2% to 92% at Tripler Army Medical Center in Hawaii. 
They found that the timing of epidural administration did not 
affect the incidence of forceps or cesarean deliveries. In a pro-
spective study, Wong et al. [17] compared the effect of CSE 
analgesia administered prior to 4 cm cervical dilatation to epi-
dural analgesia initiated after 4 cm dilatation on the progress 
and outcome of labor. The women randomized to receive epi-
dural analgesia had their initial pain managed with intrave-
nous opioids. The rate of cesarean delivery was not statistically 
different whether the women received CSE analgesia prior to 
4 cm (18%) or epidural analgesia after 4 cm dilatation (21%). 
Interestingly, labor progressed more rapidly in the women 
who received early regional analgesia. That group reached full 
cervical dilatation 89 minutes before the group that had their 
regional analgesia delayed until after 4 cm cervical dilatation 
[17]. These studies support the principle of allowing women to 
have pain relief whenever they choose, as the American 
College of Obstetricians and Gynecologists has noted “In the 
absence of a medical contraindication, maternal request is a 
suffi cient medical indication for pain relief during labor” [18].

Cesarean delivery

Most cesarean deliveries in the USA are performed under 
regional anesthesia. Spinal anesthesia is most commonly used 
for planned cesarean deliveries, although epidural anesthesia 
and CSE anesthesia are also used. If the decision to perform a 
cesarean delivery is reached after labor has commenced, and 
the parturient is receiving epidural analgesia, surgical anesthe-
sia is readily achieved by injecting a more concentrated dose of 
local anesthetic through the epidural catheter. Currently, in 
the USA, general anesthesia is used for 3–5% of planned and 
15–30% of emergent cesarean deliveries [19]. The unconscious-
ness that accompanies general anesthesia increases the risk of 
pulmonary aspiration of gastric contents. A large survey 
found that maternal mortality associated with general and 
regional anesthesia was 32 and 2 per million cases, respec-
tively [20], reinforcing the belief that regional anesthesia is 
inherently safer. In addition to the potential safety issues, 
general anesthesia-induced unconsciousness prevents the 
mother from experiencing the moment of birth. However, 
regional anesthesia is associated with its own unique potential 
side-effects, such as postspinal headache and, rarely, spinal 
hematoma, epidural abscess, meningitis, or nerve damage.

The status of the fetus is an important factor in determining 
the anesthetic choice. If urgent delivery of the fetus is indi-
cated, and if there is no indwelling epidural catheter, general 
anesthesia is preferred. However, in some circumstances there 
may be suffi cient time to induce spinal anesthesia. Epidural 
anesthesia is the least desirable choice if time is of the essence 
because of the prolonged latency of block onset compared to 
the spinal approach. Ultimately, the choice of anesthetic tech-
nique is infl uenced by a variety of factors including the urgency 
of the procedure, maternal and fetal status, and physician and 
patient preference.

Cesarean delivery requires a denser anesthetic block than 
labor analgesia, as surgical stimulation causes more intense 
pain than occurs during labor. A denser block is achieved by 
administering a relatively high concentration of local anes-
thetic, as much as 10-fold greater than is used to provide labor 
analgesia. This dose predictably produces a profound motor 
block. In addition, cesarean delivery necessitates a higher der-
matomal anesthetic level than does labor analgesia. Whereas 
sensory block to the 10th thoracic dermatome is suffi cient to 
provide labor analgesia, the anesthetic level must be extended 
to at least the 4th thoracic dermatome for cesarean delivery, 
lest the parturient perceives pain from intraoperative perito-
neal manipulation.

Physiologic changes of pregnancy have important clinical 
implications for providing anesthesia for cesarean delivery. 
The gastroesophageal sphincter is relatively incompetent, 
increasing the risk of pulmonary aspiration of gastric contents 
when upper airway refl exes are compromised during induc-
tion of general anesthesia. Pain, anxiety, sedatives, and opiates 
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contribute by prolonging intestinal transit time, increasing the 
risk of aspiration of gastric contents. Edema of upper airway 
tissues, especially in preeclamptic parturients, may render tra-
cheal intubation more diffi cult. The greater basal metabolic 
rate and reduced pulmonary functional residual capacity pre-
dispose to the development of hypoxemia during the apneic 
interval that accompanies the induction of general anesthesia. 
Compression of the aorta and vena cava by the gravid uterus 
decreases venous return, cardiac output, and blood pressure. 
Thus, when the parturient is in the supine position, the uterus 
must be displaced off the great vessels by placing a wedge 
under the right hip (left uterine displacement).

Left uterine displacement does not eliminate the occurrence 
of maternal hypotension during induction of anesthesia. In 
contrast to the low concentrations of local anesthetic used for 
labor analgesia, which are unlikely to cause maternal hypo-
tension, the higher concentrations used for cesarean delivery 
are very likely to produce hypotension. The reduction in blood 
pressure is caused by sympathetic block mediated vasodilata-
tion, which causes pooling of blood in capacitance vessels. 
Hypotension is particularly likely to occur with spinal anesthe-
sia (55–71% of women) [21]. Interestingly, spinal anesthesia is 
also associated with relatively greater fetal acidemia than epi-
dural or general anesthesia [22]. Strategies to mitigate regional 
anesthesia-induced hypotension include prophylactic volume 
expansion with intravenous fl uids and administration of vaso-
pressors. Although prophylactic intravenous fl uid adminis-
tration does not prevent maternal hypotension resulting from 
regional anesthesia, it does reduce its incidence. Vasopressors, 
such as ephedrine and phenylephrine, reverse the regional 
anesthesia-induced hypotension. Mixed alpha- and beta-
agonists such as ephedrine produce a greater degree of fetal 
acidosis than a pure alpha-agonist such as phenylephrine [23].

Postoperative analgesia

The pain that accompanies cesarean delivery has pathophysi-
ologic consequences that may result in medical complications. 
For example, discomfort induced by moving about may limit 
ambulation and lead to the formation of venous thrombi. 
Remaining at bed rest promotes atelectasis, makes clearing of 
pulmonary secretions more diffi cult, and predisposes to pneu-
monia. Good pain relief may help to prevent these effects.

Systemically administered opiates have been the mainstay 
of postoperative pain relief regimens. On-demand intramus-
cular techniques have been largely replaced by intravenous 
patient-controlled analgesia (PCA). In comparison with intra-
muscular administration, intravenous PCA results in more 
reliable plasma levels and a more rapid onset of analgesia. 
Various opiates may be used for intravenous PCA, including 
morphine, fentanyl, and its congeners. For patients receiving 
regional anesthesia for cesarean delivery, postoperative anal-
gesia is often provided by administration of opioids into the 
intrathecal or epidural space. Morphine (0.2–0.4 mg intrathe-

cal; 2–4 mg epidural) is the most popular opioid for this appli-
cation because of its relatively prolonged duration of action. A 
single morphine dose in the neuraxis provides analgesia for 
up to 24 hours. Bothersome side-effects, including pruritus 
and nausea, are treated with opioid antagonists (as outlined 
above). Respiratory depression, a feared side-effect of neurax-
ial opioids, is not likely to occur during the postpartum period, 
because of the persistence of pregnancy-associated increases 
in respiratory drive. Another option to provide excellent post-
operative analgesia is PCEA. Whether an intravenous or neu-
raxial approach is used after cesarean delivery, administration 
of a nonsteroidal anti-infl ammatory drug (NSAID) such as 
ibuprofen or ketorolac is helpful in potentiating the analgesia 
[24]. Furthermore, NSAIDs are particularly effective in reliev-
ing the cramping pain of postpartum uterine involution.

Case presentation

A 42-year-old G3P0 presents to the labor and delivery suite at 
39 weeks’ gestation with presumed rupture of membranes. 
She states she is experiencing severe pain in her lower abdomen 
with each uterine contraction. A pelvic examination confi rms 
rupture of membranes, and fi nds cervical dilatation to be 2 cm; 
fetal head not engaged. The patient indicates her desire for 
pain relief. Her obstetrician and the anesthesiologist on duty 
are consulted. They agree that the patient is a candidate for 
regional analgesia, as rupture of membranes and a diagnosis 
of labor have committed the patient to delivery. The patient is 
offered and accepts epidural analgesia. An epidural catheter is 
sited at the L3–L4 interspace, and analgesia is initiated with 
20 mL 0.06% bupivacaine and 0.4 µg/mL sufentanil. Analge-
sia is maintained with an infusion of the same solution at 
6 mL/hour. PCEA is instituted giving the parturient the option 
of self-dosing 5 mL every 10 minutes. When her cervical dilata-
tion reaches 8 cm, she states that her self-administered doses 
are no longer suffi cient to relieve her pain, so the anesthesiolo-
gist administers a rescue dose of 5 mL 0.125% bupivacaine. 
Within 10 minutes, this provides relief of her pain, and after-
wards she only senses rectal pressure with each contraction. 
After reaching full dilatation, she delivers a 3430 g baby boy 
over an intact perineum after a 78-minute second stage. 
Although she sensed pressure while she was pushing, she 
denied experiencing pain.
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49 Genetic amniocentesis and chorionic 
villus sampling
Ronald J. Wapner

The prenatal diagnosis of genetic disorders is an important 
component of modern obstetrics. The most common tech-
niques used for obtaining fetal tissues for genetic testing are 
amniocentesis and chorionic villus sampling (CVS). In this 
chapter we review the most frequent indications for amnio-
centesis and CVS, and consider the techniques, safety, and 
diagnostic aspects of these procedures.

Indications for prenatal diagnosis

Cytogenetic indications include:
1 Advanced maternal age (usually ≥35 years);
2 Positive screening results for trisomy 21 or 18;
3 Previous offspring with a chromosome abnormality;
4 Balanced structural chromosome rearrangement in a parent; 
and
5 Fetal sex determination in X-linked recessive disorders for 
which a specifi c prenatal diagnostic test is not yet available.

At present, advanced maternal age remains an independent 
indication for invasive testing. However, aneuploid risk 
assessment has improved to such an extent that women 35 
years and older should consider initial risk modifi cation using 
biochemistry and ultrasound prior to choosing invasive 
testing [1–4].

The indications for the prenatal diagnosis of mendelian dis-
orders have increased rapidly over the past decade. Couples 
are recognized to be at increased risk by:
1 A history of a previously affected child or relative; or
2 Identifi cation by population screening.
Cystic fi brosis, alpha- or beta-thalassemia, sickle cell anemia, 
hemophilia, Tay–Sachs disease, and Duchenne or Becker mus-
cular dystrophy are among the most common conditions. 
Either enzymatic or DNA analysis may be required, depend-
ing on the specifi c disorder.

In general, almost all cytogenetic and mendelian diagnoses 
can be made using either amniotic fl uid or chorionic villi. 
Patients at increased risk for fetal neural tube defects, in which 

amniotic fl uid levels of alpha-fetoprotein (AFP) are deter-
mined, are not candidates for CVS.

Amniocentesis

Traditional amniocentesis (≥15 weeks’ gestation)

Technique

Amniocentesis for genetic evaluation is usually performed at 
15–17 weeks’ gestation based on the beginning of the last men-
strual period. At this stage of gestation, the volume of amniotic 
fl uid is approximately 200 mL and the ratio of viable to nonvi-
able cells in the amniotic fl uid is relatively high [5]. Also, the 
interval prior to fetal viability is adequate to permit diagnostic 
studies and allow the option of pregnancy termination should 
an abnormality be detected.

An ultrasound examination immediately prior to the proce-
dure is performed to evaluate fetal number and viability, 
confi rm gestational age by fetal biometric measurements, 
establish placental location, and estimate amniotic fl uid 
volume. A fetal anatomic survey to screen for major anomalies 
is routinely performed. In addition, ultrasonography may be 
useful in discovering maternal gynecologic conditions (e.g., 
leiomyoma) that could infl uence the technique or timing of the 
amniocentesis.

Ultrasound is used to determine the optimal needle inser-
tion path. An approach is chosen that avoids passage through 
maternal bowel or bladder and places the needle into a large 
pocket of fl uid away from the fetus. The placenta should be 
avoided when possible but on some occasions this is not possi-
ble. Use of Doppler color fl ow imaging is helpful in these situa-
tions in avoiding penetration of large placental vessels or the 
umbilical cord. When traversing the placenta is necessary, 
select the thinnest portion possible.

The maternal skin is cleaned with an iodine-based solution, 
and sterile drapes are placed around the needle insertion site. 
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A local anesthetic (e.g., 2–3 mL 1% lidocaine) may be used, but 
in most cases this is not necessary. We use a 22-gauge spinal 
needle and recommend a needle no larger than a 20-gauge. 
During the entire procedure, ultrasonographic monitoring 
with continuous visualization of the needle should be per-
formed. Needle insertion should be performed with one 
smooth continuous motion until the tip is within the amniotic 
cavity (Fig. 49.1).

After the needle tip is satisfactorily positioned in the 
amniotic cavity, the stylet is removed. The fi rst 1–2 mL 
which theoretically contain maternal cells from blood 
vessels, the abdominal wall, or the myometrium are usually 
discarded.

Twenty to 30 mL amniotic fl uid is aspirated into sterile, dis-
posable plastic syringes. It is preferable to use 10- or 20-mL 
syringes because only gentle traction on the barrel of the 
syringe is desirable or necessary. Overly vigorous traction in 
search of fl uid, especially with a 30–50-mL syringe, can result 
in the amniotic membranes being drawn into the needle, 
obstructing fl ow. Once the amniotic fl uid is obtained, it is 
either left in the labeled syringes or transferred into labeled 
fl asks that are either transported at ambient temperature 
directly to the laboratory or are prepared for shipping.

Fetal heart activity should be documented again by ultra-
sonographic visualization following amniocentesis. Patients 
should be alerted that occasional cramping and loss of a small 
amount of amniotic fl uid may occur shortly after the proce-

dure. Instructions to report excessive vaginal fl uid loss, bleed-
ing, or fever should be given. We recommend that strenuous 
exercise (e.g., jogging or aerobic exercises) and coitus be 
avoided for a day. Most other normal activities may be 
resumed immediately following the procedure.

Fetomaternal transfusion caused by disruption of the feto-
placental circulation might occur and have an immunizing 
effect. While the magnitude of the risk has not been deter-
mined, the American College of Obstetricians and Gynecolo-
gists recommends that 300 µg Rh-immunoglobulin (RhIG) be 
administered to all Rh negative woman. This should be carried 
out irrespective of whether the needle has traversed the 
placenta [6].

Multiple gestations

Amniocentesis can be performed on each fetus in a multiple 
gestation, provided the amniotic fl uid volume is adequate [7]. 
In addition to the ultrasound evaluation performed for single-
tons, the location of the placentas and identifi cation of the 
dividing membrane is observed and documented. Aspiration 
of amniotic fl uid from the fi rst sac is performed as for a single-
ton. Prior to removing the needle, 2–3 mL indigo carmine or 
Evans blue dye is injected, diluted 1 : 10 in bacteriostatic water. 
After the membrane separating the two sacs has been revisual-
ized, a second amniocentesis is performed into the sac of the 
second fetus. Aspiration of clear fl uid confi rms that the second 
sac has truly been entered (Fig. 49.2). Methylene blue should 
never be used as an indicator because it has been associated 
with jejunoileal atresia and fetal death following intra-
amniotic injection [8]. Amniocentesis can be performed 
successfully in almost all twin pregnancies with apparently 
no increased risks over that of amniocentesis in singleton 
pregnancies [7,9].

Triplets (and presumably gestations of greater multiplicity) 
can be managed by sequentially injecting dye into successive 
sacs following withdrawal of clear amniotic fl uid from each 
sac. The number of aspirations of clear amniotic fl uid should 
equal the number of fetuses. As long as clear fl uid can be aspi-
rated, one can be reassured that a new amniotic sac has been 
entered.

Safety

Risks of mid-trimester amniocentesis can be divided into those 
affecting the mother and those affecting the fetus. Maternal 
risks are quite low, with amnionitis occurring only rarely. 
However, cases of maternal sepsis, some of which have led to 
maternal death, have been reported [10]. These are usually 
associated with bowel fl ora such as Escherichia coli and under-
score the importance of avoiding inadvertent bowel penetra-
tion during the procedure. Minor maternal complications 
such as transient vaginal spotting and minimal amniotic fl uid 
leakage occur after 1% or less of procedures and almost always 

Fig. 49.1 Amniocentesis performed concurrently with ultrasound. (From 

Simpson and Elias [59] with permission.)
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are self-limited. Even signifi cant fl uid leakage will usually 
spontaneously resolve with bed rest [11]. Other very rare 
complications include intra-abdominal viscous injury and 
hemorrhage.

The most concerning complication of amniocentesis is the 
risk of procedure-induced miscarriage. Only one study has 
evaluated this in a prospective randomized fashion, compar-

ing woman having amniocentesis with those having no proce-
dure. This trial involved 4606 women aged 25–34 years who 
were without known risk factors for fetal genetic abnormali-
ties [12]. Women with three or more previous spontaneous 
abortions, diabetes mellitus, multiple gestation, uterine 
anomalies, or intrauterine contraceptive devices were 
excluded. Maternal age, social group, smoking history, 
number of previous induced and spontaneous abortions, still-
births, live births, and low-birthweight infants were 
comparable in the study and control groups, as was gesta-
tional age at the time of entry into the study. Amniocentesis 
was performed under real-time ultrasound guidance with a 
20-gauge needle by experienced operators. The total sponta-
neous abortion rate after 16 weeks was 1.7% in the amniocen-
tesis patients compared with 0.7% in control subjects (P = 0.01) 
(95% confi dence interval [CI], 0.3–1.5; relative risk [RR] 2.3). 
Respiratory distress syndrome was diagnosed more often 
(RR 2.1) in the study group and more infants were treated for 
pneumonia (RR 2.5).

Recently, Seeds [13] performed a meta-analysis of studies 
evaluating the pregnancy loss risk associated with second tri-
mester amniocentesis. Overall, 68,119 amniocenteses from 
both controlled and uncontrolled studies were included and 
provided a substantive basis for several conclusions:
1 Contemporary amniocentesis with concurrent ultrasound 
guidance in controlled studies appears to be associated with a 
procedure-related rate of excess pregnancy loss of 0.6% (95% 
CI, 0.31–0.90).
2 The use of concurrent ultrasound guidance appears to 
reduce the number of punctures and the incidence of bloody 
fl uid.
3 Direct fetal needle trauma is rare, but may occur more fre-
quently than is reported because of a failure to diagnose and a 
failure of consistent production of sequelae.
4 There is no additional risk of pregnancy loss if placental 
puncture is required.

Based on this information, patients undergoing second 
trimester amniocentesis should be counseled that there is 
approximately a 1.5% pregnancy loss rate following the proce-
dure. Of these, approximately 1 in 3 are procedure-induced; so 
the risk of a procedure-induced pregnancy loss is approxi-
mately 1 in 200 to 1 in 300 sampled pregnancies.

Early amniocentesis (<14 weeks’ gestation)

In recent years some obstetricians have recommended earlier 
amniocentesis (<14 weeks’ gestation) as an alternative to CVS 
for patients who desire prenatal diagnosis. However, recent 
randomized controlled studies have shown that these earlier 
procedures have an increased procedure-induced pregnancy 
loss rate and a 10-fold increased risk of club foot [14–21]. 
Accordingly, it is currently recommended that amniocentesis 
not be performed prior to 14 weeks and preferably be deferred 
until 15 weeks or later.

(a)

(b)

(c)

Fig. 49.2 Technique of amniocentesis in twin gestations, performed under 

concurrent ultrasound guidance. (a) Fluid aspirated from the fi rst amniotic 

sac. (b) Indigo carmine injected into the fi rst amniotic sac. (c) Second tap in 

the ultrasonographically determined location of the second fetus. Clear fl uid 

confi rms that the second amniotic sac was successfully aspirated. (From Elias 

et al. [7] with permission.)
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Chorionic villus sampling

Chorionic villus sampling involves suction aspiration of indi-
vidual villi from the site of the developing placenta (chorion 
frondosum). The procedure can be performed by either a trans-
cervical approach using a catheter or transabdominally using 
a needle. Studies have shown that the sampling routes are 
equally safe [22], with the best results coming from centers 
skilled in both procedures. This assures sampling of any pla-
cental location and allows the operator to choose the safest 
approach for each patient.

Technique

Transcervical chorionic villus sampling

The optimal time for transcervical sampling is 11–13 weeks 
6 days. Prior to CVS, fetal viability and normal fetal growth are 
confi rmed by ultrasound. In addition, ultrasound is used to 
identify the location of the placenta, evaluate uterine position, 
assure appropriate bladder fi lling, eliminate the possibility of 
additional demised gestational sacs that could contaminate 
the sample, locate uterine contractions that may distort the 
sampling path, and image the cervix as it enters into the uterine 
cavity.

The procedure is performed with a plastic catheter with a 
1.5-mm external diameter which encloses a metal obturator 
ending in a blunt tip which extends just distal to the tip of the 
cannula. Absolute contraindications include maternal blood 
group sensitization and active cervical infection with gonor-
rhea or herpes.

The patient is placed in the lithotomy position. The vagina is 
cleansed with povidone-iodine solution, a speculum inserted 
sterilely and the cervix and vagina further cleansed. A catheter 
with its encased obturator is curved slightly and introduced 
transcervically under concurrent ultrasonographic visualiza-
tion. The device is directed into the placenta, parallel to its long 
axis (Fig. 49.3). It is important that the catheter is inserted into 
the chorion frondosum and avoids injury to the membranes or 
decidua. This is assured by choosing a tissue plane that offers 
no resistance as the catheter is advanced. Once the catheter 
is well within the placenta, the obturator is withdrawn and 
the catheter connected to a 20- or 30-mL syringe containing 
approximately 5 mL tissue culture medium and a small 
amount of heparin. Chorionic villi are obtained by slowly 
removing the catheter as negative pressure is created by 
retracting the syringe plunger. An adequate sample is at least 
5 mg (approximately fi ve moderate-sized villi), but 10–25 mg 
is preferred.

Adequacy of the sample should be confi rmed immediately 
after retrieval by direct visualization of the villi fl oating in the 
syringe. It is important to differentiate villi from the small 
amount of decidua that is usually also present. Villi have a 

branching frond-like appearance whereas decidua is 
amorphous. If necessary, a dissecting microscope can be 
used to confi rm the adequacy of the sample. If additional villi 
are required, a second attempt is performed with a new 
catheter. In general, two aspirations can be safely performed. 
On rare occasions, three attempts may be required but the 
risk of pregnancy loss is slightly increased when this is 
necessary.

Villi are retained in a transport medium and transferred to 
the laboratory, where they are dissected free of decidua and 
blood clots using fi ne forceps. Cytogenetic studies are per-
formed either by direct harvest (cytotrophoblast cells) after an 
overnight incubation or after establishment of in situ cultures 
(mesenchymal core cells) that are harvested at 5–8 days. 
Chorionic villi can also be processed for DNA or enzymatic 
analyses.

Following CVS, fetal heart activity is verifi ed by ultrasonog-
raphy and the patient discharged. Patients are informed that a 
small amount of bleeding or spotting is not unusual and is 
without consequence. They should notify the physician of 
heavy bleeding, leakage of fl uid, or fever. Unsensitized Rh-
negative patients are given RhIG. Maternal serum AFP screen-
ing for fetal neural tube defects or a detailed ultrasound is 
necessary at 15–18 weeks’ gestation; AFP assay results are not 
affected by the prior invasive procedure.

Transabdominal chorionic villus sampling

Transabdominal CVS is now widely used as a complement to 
transcervical sampling. Placentas especially amenable to this 

Pubic symphysis

Bladder

Placenta

Fig. 49.3 Transcervical chorionic villus sampling.
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approach include those located in the fundus or anteriorly in a 
slightly antefl exed uterus. Samples retrieved transabdomi-
nally are usually smaller, making the transcervical approach 
preferable when larger samples are required for complex labo-
ratory analysis.

The patient is placed in the supine position. An insertion 
path that avoids the bowel and bladder and allows the needle 
to be placed within the placenta, parallel to the chorionic 
membrane, is chosen by ultrasonographic examination. The 
abdominal skin is cleansed with povidone-iodine solution, 
and the abdominal area draped in a fashion similar to amnio-
centesis. The skin may be infi ltrated with local anesthetic but 
this is usually not necessary because any discomfort usually 
occurs secondary to uterine puncture. A standard 20-gauge 
spinal needle with stylet is inserted percutaneously through 
the maternal abdominal wall and myometrium. The tip is 
advanced into the long axis of the placenta under concurrent 
ultrasound monitoring (Fig. 49.4). Once in place, the stylet is 
withdrawn and a 20-mL syringe containing approximately 
5 mL of media and heparin is attached to the needle and the 
plunger pulled back until moderate pressure is felt. Some 
centers will attach a biopsy aspiration device (Cook Ob/Gyn, 
Spencer, IN) to the syringe to facilitate one-handed retrieval. 

We have found this to be unnecessary. Chorionic villi are 
obtained by performing approximately 3–7 passes through 
the placenta remaining parallel to the membrane. With each of 
these passes the needle is slightly redirected to sample differ-
ent sites. The needle is then withdrawn under continuous neg-
ative pressure. The amount of villi obtained by transabdominal 
CVS is about half that usually obtained by transcervical aspi-
ration [23]. However, such smaller amounts are still adequate 
for diagnostic testing. If a repeat sampling is required, a new 
needle is used.

Variations in technique for transabdominal CVS have been 
proposed. In addition to the “freehand technique” described 
above, others have used needles with cutting abilities and 
double-needle systems with an 18-gauge, thin-walled, outer 
needle guide and a 20-gauge sampling needle. In our center 
we fi nd that a biopsy guide is quite helpful in defi ning the exact 
site and angle for needle insertion.

Transabdominal CVS may also be used in the late second 
and third trimesters for performing rapid fetal karyotype 
analysis, thus offering an alternative to cordocentesis and late 
amniocentesis. Transcervical CVS cannot be used for this 
purpose.

Safety comparisons

Pregnancy loss after chorionic villus sampling

Although post-CVS loss rates (calculated from the time of the 
procedure until 28 weeks’ gestation) are approximately 1% 
greater than those after amniocentesis (2.5% vs. 1.5%), this 
comparison fails to take into consideration that the back-
ground miscarriage rate at 11–13 weeks is approximately 1% 
greater than at 15–16 weeks. To compare the two procedures 
appropriately, studies must enroll all patients in the fi rst tri-
mester, assign them to either approach, and then calculate the 
frequency of all subsequent losses, including spontaneous 
and induced abortions. In 1989, the Canadian Collaborative 
CVS/Amniocentesis Clinical Trial Group [24] reported such a 
prospective randomized trial and demonstrated equivalent 
safety of CVS and second trimester amniocentesis. In over 
2650 patients assigned to either procedure, there was a 7.6% 
loss rate in the CVS group and a 7.0% loss rate in the amniocen-
tesis group (95% CI, 0.92–1.30; RR 1.10). No signifi cant differ-
ences were noted in the incidence of preterm birth, low 
birthweight, or rate of maternal complication. The investiga-
tors concluded that these data “may reassure women on the 
safety of fi rst trimester CVS” [24].

A multicenter, prospective, nonrandomized study has been 
performed in the USA and enrolled 2235 women in the fi rst tri-
mester who chose either transcervical CVS or second trimester 
amniocentesis [25]. An excess pregnancy loss rate of 0.8% in 
the CVS group over the amniocentesis group was calculated, 
which was not statistically signifi cant. Repeated catheter 

(a)

(b)

Fig. 49.4 Transabdominal chorionic villus sampling performed: (a) in an 

anterior placenta; and (b) in a posterior placenta.
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insertions were signifi cantly associated with pregnancy loss, 
with cases requiring three or more passes having a 10.8% 
spontaneous abortion rate, compared with 2.9% in cases that 
required only one pass.

Eight US centers later participated in a second National 
Institute of Child Health and Human Development (NICHD) 
sponsored collaborative study to address the relative safety of 
transcervical and transabdominal CVS [22]. Subjects in whom 
either procedure was technically feasible were randomized 
into transabdominal and transcervical arms. Loss rates were 
nearly identical in the two groups. With availability of 
both transcervical and transabdominal CVS, total loss rates 
decreased over the rate seen in the initial trial described above, 
which only included transcervical CVS, obliterating even the 
nonsignifi cant arithmetic difference between amniocentesis 
and CVS loss rates.

Further information comes from a Danish randomized trial 
[26] which assigned 1068 patients to transcervical CVS, 1078 to 
transabdominal CVS, and 1158 to second trimester amniocen-
tesis. There was no difference in loss rates between transab-
dominal CVS and amniocentesis (95% CI, 0.66–1.23; RR 0.9). 
Overall, there was a slight increased risk of pregnancy loss fol-
lowing CVS (95% CI, 1.01–1.67; RR 1.30) compared with amni-
ocentesis which was completely accounted for by an excess of 
losses in the group sampled transcervically (95% CI, 1.30–2.22; 
RR 1.70); the technique with which this group of investigators 
had the least experience. Excess loss following transcervical 
CVS has not been replicated in four other direct comparisons 
[22,27–29].

A prospective, randomized, collaborative comparison of 
more than 3200 pregnancies, sponsored by the European 
Medical Research Council, reported that CVS had a 4.6% 
greater pregnancy loss rate than amniocentesis (95% CI, 1.24–
1.84; RR 1.51) [30]. The present consensus is that operator inex-
perience with CVS accounts for the discrepancy between this 
trial in which operators were only required to perform 30 
“practice procedures” and the other major studies performed 
by physicians already performing CVS in clinical practice. 
The US trial consisted of seven experienced centers and the 
Canadian trial 11, whereas the Medical Research Council 
trial used 31. There were, on average, 325 cases per center 
in the US study, 106 in the Canadian study, and 52 in the 
European trial.

CVS, particularly the transcervical approach, has a rela-
tively prolonged learning curve. Saura et al. [31] suggested 
that over 400 cases may be required before safety is maximized. 
The role of experience as demonstrated by three sequential 
NICHD sponsored trials is of interest. In three sequential 
studies in which the majority of operators remained relatively 
constant, the post-procedure loss rate following CVS fell from 
3.2% in the initial trial performed 1985–87, [25] to 2.4% for the 
trial performed 1987–89 [22] to only 1.3% in their most recent 
experience of 1997–2001 [19]. These data strongly suggest the 
value of operator experience.

Limb reduction defects

Firth et al. [32,33] reported fi ve occurrences of severe limb 
abnormalities out of 289 pregnancies sampled by CVS between 
56 and 66 days. Four of these cases had the unusual but severe 
oromandibular-limb hypogenesis syndrome, which occurs in 
the general population at a rate of 1 in 175,000 births [34]. 
Burton et al. [35] then reported on 14 more post-CVS cases of 
limb reduction defects (LRD) ranging from mild to severe, 
only two of which occurred when sampling was performed 
beyond 9.5 weeks. Alternatively, the World Health Organiza-
tion (WHO) gathered data and concluded that CVS was not 
associated with LRD when performed after 8 completed weeks 
of pregnancy [34,36]. The infrequent occurrence of LRD after 
CVS was echoed by the American College of Obstetricians and 
Gynecologists, who stated that a risk for LRD of 1 in 3000 
would be a prudent upper limit for counseling patients [37]. 
The WHO experience has been expanded and now contains 
information on 216,381 procedures [38]. These data have been 
used to analyze the frequency of limb anomalies, their pattern, 
and their associated gestational age at sampling. No overall 
increased risk of LRD or any difference in the pattern of defects 
was identifi ed when compared with the general population. 
To investigate a possible temporal relationship between CVS 
and LRD, a subset of 106,383 cases was stratifi ed by the week at 
which the procedure was performed. The incidence of LRD 
was 11.7, 4.9, 3.8, 3.4, and 2.3 per 10,000 CVS procedures in 
weeks 8, 9, 10, 11, and more than 12, respectively. Only the rate 
at week 8 exceeded the background risk of 6.0 per 10,000 births. 
The association of LRD and early gestational age sampling has 
been further supported in reports by Brambati et al. [39] and 
Wapner et al. [40]. Brambati et al. [39] had a LRD incidence of 
1.6% for procedures performed in weeks 6 and 7, 0.1% in week 
8, and 0.059% (population frequency) in week 9. The associa-
tion of structural anomalies with early CVS as well as early 
amniocentesis demonstrates that gestational age “windows of 
vulnerability” exist for any prenatal diagnostic procedure and 
should serve as a warning when any new test is developed. 
Patients can be reassured that performing CVS in the gesta-
tional window of 10–13 weeks does not increase the risk of any 
type of LRD. CVS sampling before 10 weeks is not recom-
mended, except in very unusual circumstances, such as when 
a patient’s religious beliefs may preclude a pregnancy termi-
nation beyond a specifi c gestational age [4]. However, these 
patients must be informed that the incidence of severe LRD 
could be as high as 1–2%.

Finally, the Committee on Genetics of the American College 
of Obstetricians and Gynecologists [37] considered all the 
above data and rendered the following conclusions and 
recommendations:
• Transcervical and transabdominal CVS, when performed at 
10–12 weeks’ gestation, are relatively safe and accurate proce-
dures and may be considered acceptable alternatives to mid-
trimester genetic amniocentesis.
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• Until further information is available, CVS for clinical appli-
cation should not be performed before 10 weeks’ gestation.
• CVS requires appropriate genetic counseling before the 
procedure is performed, an operator experienced in perform-
ing the technique, and a laboratory experienced in processing 
the villus specimen and interpreting the results. Counseling 
should include comparing and contrasting the risks and bene-
fi ts of amniocentesis and CVS.
• Although further studies are needed to determine whether 
there is an increased risk of transverse digital defi ciency fol-
lowing CVS performed at 10–12 weeks’ gestation, it is prudent 
to counsel patients that such an outcome is possible and that 
the estimated risk may be in the order of 1 in 3000 births.

Diagnostic studies

Cytogenetics

Analysis of either chorionic villi or amniotic fl uid cells has 
certain pitfalls that should be recognized by the obstetrician 
[41–43]. First, cells may not grow, or growth may be insuffi -
cient to perform analyses. Although now uncommon, failure 
of amniotic cell cultures still occurs. Chorionic villus cultures 
are likewise usually successful and in fact, may require fewer 
days for growth than amniotic fl uid cell cultures.

A second potential laboratory problem is that in vitro chro-
mosome aberrations may arise in amniotic fl uid or villus cul-
tures. In fact, cells containing at least one additional structurally 
abnormal chromosome are detected in 1–3% of all amniotic 
cell cultures [42]. If such cells are confi ned to a single culture 
fl ask or clone, the phenomenon is termed pseudomosaicism 
and is not considered clinically important. If a chromosome 
abnormality is detected in more than one fl ask or clone, true 
mosaicism is said to exist, and is considered clinically 
signifi cant.

While amniocentesis has been available for over three 
decades, CVS is a relatively new procedure and has required 
almost 10 years to understand the unique aspects of evaluat-
ing placental tissue. As opposed to cells retrieved by amnio-
centesis, which are predominantly extravasated fetal cells, 
chorionic villi have three major components: an outer layer of 
hormonally active syncytiotrophoblast, a middle layer of 
cytotrophoblast from which syncytiotrophoblast cells are 
derived, and an inner mesodermal core containing fetal blood 
capillaries. The cytotrophoblast has a high mitotic index, with 
many spontaneous mitoses available for immediate chromo-
some analysis, whereas the mesenchymal core requires 
culture. Because these multiple tissue sources arise from 
slightly different lineages, the reliability of CVS results needed 
to be confi rmed.

We now know with certainty that genetic evaluation of cho-
rionic villi provides a high degree of accuracy; particularly in 
regard to the diagnosis of common trisomies. The US collabo-

rative study revealed a 99.7% rate of successful cytogenetic 
diagnosis, with only 1.1% of the patients requiring a second 
diagnostic test, such as amniocentesis or fetal blood analysis, 
to further interpret the results [43,44]. In most cases, the addi-
tional testing was required to delineate the clinical signifi cance 
of mosaic or other ambiguous results (76%), whereas labora-
tory failure (21%) and maternal cell contamination (3%) also 
required follow-up testing. As laboratories have become more 
familiar with handling and interpreting villus material and 
operators have become more skilled in obtaining adequately 
sized samples, the need for additional evaluation has con-
tinued to decrease.

Maternal cell contamination

Chorionic villus samples typically contain a mixture of 
placental villi and maternally derived decidua. Although 
specimens are thoroughly cleaned and separated under a 
microscope, some maternal cells may occasionally remain and 
grow in culture. As a result, two cell lines, one fetal and the 
other maternal, may be identifi ed. In other cases, the maternal 
cell line may completely overgrow the culture, thereby leading 
to diagnostic errors, including incorrect sex determination 
[43,44], and potentially to false negative diagnoses, although 
there are no published reports of the latter. Direct preparations 
of chorionic villi are generally thought to prevent maternal cell 
contamination, whereas long-term culture has a rate varying 
from 1.8% to 4%. Fortunately, when this occurs, the contami-
nating cells are easily identifi ed as maternal and should not 
lead to clinical errors. Contamination of samples with signifi -
cant amounts of maternal decidual tissue occurs more 
frequently with a small sample size, making selection of 
appropriate tissue by the laboratory diffi cult. In experienced 
centers in which adequate quantities of villi are available 
and laboratory personnel are skilled in villus preparation, this 
problem has disappeared [44,45]. Choosing only whole, 
clearly typical villus material and discarding any atypical 
fragments, small pieces, or fragments with adherent decidua 
will avoid confusion. Therefore, if at the time of sampling the 
initial aspiration is small, a second pass should be performed 
rather than risk inaccurate results. When proper care is taken 
and good cooperation and communication exist between the 
sampler and the laboratory, prevention of even small amounts 
of contaminating maternal tissue can be accomplished.

Confi ned placental mosaicism

Another potential associated with CVS is mosaicism confi ned 
to the placenta [46]. Although the fetus and placenta have a 
common ancestry, chorionic villus tissue will not always 
refl ect fetal genotype [44]. Although initially there was concern 
that this might invalidate CVS as a prenatal diagnostic tool, 
subsequent investigations have led to a clearer understanding 
of villus biology, so that accurate clinical interpretation is now 
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possible and may in some cases add clinically relevant infor-
mation. It should be recalled that mosaicism also occurs in 
0.25% of amniotic cell cultures and is only confi rmed in 70–
80% of abortuses or live births [42,47].

Discrepancies between the cytogenetics of the placenta and 
fetus can occur because early in development the cells contrib-
uting to the chorionic villi become separate and distinct from 
those forming the embryo. Specifi cally, at approximately the 
32–64-cell stage, only 3–4 cells become the inner cell mass and 
form the embryo, whereas the remainder become precursors 
of the extra embryonic tissues. Mosaicism can then occur 
through two possible mechanisms [48].

An initial meiotic error in one of the gametes can lead to a tri-
somic conceptus that normally would spontaneously abort. 
However, if during subsequent mitotic divisions one or more 
of the early aneuploid cells loses one of the trisomic chromo-
somes through anaphase lag, the embryo can be “rescued” by 
reduction of a portion of its cells to disomy. This will result in a 
mosaic morula with the percentage of normal cells dependent 
on the cell division at which rescue occurred. Because only a 
small proportion of cells are incorporated into the inner cell 
mass and perhaps because the embryo is less tolerant of aneu-
ploid cells than the placenta, the abnormal cells are frequently 
isolated in the extra fetal tissues resulting in “confi ned placen-
tal mosaicism.”

In the second mechanism, mitotic postzygotic errors 
produce a mosaic morula or blastocyst with the distribution 
and percent of aneuploid cells dependent on the timing of 
nondisjunction. If mitotic errors occur early in the develop-
ment of the morula, they may segregate to the inner cell mass 
and have the same potential to produce an affected fetus as do 
meiotic errors. Mitotic errors occurring after primary cell dif-
ferentiation and compartmentalization has been completed 
lead to cytogenetic abnormalities in only one lineage.

The mechanism of meiotic (trisomy) rescue can lead to uni-
parental disomy (UPD). This occurs when the original trisomic 
cell containing two chromosomes from one parent and one 
from the other expels the unmatched chromosome, resulting 
in progenitor cells containing a pair of chromosomes from a 
single parent. UPD has clinical consequences when the chro-
mosome pair involved carries imprinted genes in which 
expression is based on the parent of origin. For example, 
Prader–Willi syndrome may result from uniparental maternal 
disomy for chromosome 15. Therefore, a CVS diagnosis of 
confi ned placental mosaicism for trisomy 15 may be the initial 
clue that UPD may be present. Because of this, when trisomy 
15 (either complete or mosaic) is confi ned to the placenta, eval-
uation for UPD by amniotic fl uid analysis is required [49,50]. 
In addition, chromosomes 7, 11, 14, and 22 are believed to be 
imprinted and require similar follow-up [51].

Confi ned placental mosaicism unassociated with UPD has 
been shown to alter placental function and lead to fetal growth 
failure or perinatal death [52–54]. Although the effect is limited 
to specifi c chromosomes, the exact mechanism by which the 

presence of an abnormal cell line within the placenta alters 
function is unknown. The most striking example of the clinical 
impact of confi ned placental mosaicism occurs with trisomy 
16. Confi ned placental mosaicism for chromosome 16 most 
often leads to severe intrauterine growth restriction, prematu-
rity, or perinatal death, with less than 35% of pregnancies 
resulting in normal, appropriate-for-gestational-age, full-
term infants [53,55–57].

Enzymatic and DNA analyses

Most biochemical diagnoses that can be made from amniotic 
fl uid or cultured amniocytes can also be made from chorionic 
villi [5]. In many cases, the results are available more rapidly 
and effi ciently when villi are used because suffi cient enzyme 
or DNA is present to allow direct analysis rather than requir-
ing tissue culture. However, for certain rare biochemical diag-
nosis, villi will not be an appropriate or reliable diagnostic 
source [58]. To ensure that appropriate testing is possible, the 
laboratory should be consulted before sampling.

Because many of these disorders are autosomal recessive or 
X-linked and have a 25% or greater risk of resulting in an 
affected pregnancy, performing prenatal diagnosis by amnio-
centesis is not recommended because:
1 The procedure is usually not carried out until 15 weeks’ gesta-
tion or later, compared to 10–12 weeks’ gestation for CVS; and
2 Amniocentesis does not yield suffi cient DNA for many 
analyses without additional weeks of cell culture [41].
There are potential pitfalls of CVS including maternal cell con-
tamination, failure to optimize laboratory conditions for 
chorionic villi analyses (e.g., appropriate controls matched 
for gestational age), or investigator inexperience with a parti-
cular assay.

Case presentation

Mrs Smith is a 29-year-old G1P0 presenting for genetic coun-
seling at 12 weeks’ gestation because of a fi rst trimester com-
bined screen giving her a 1 in 100 risk of fetal Down syndrome.

After a complete pedigree is performed and no other genetic 
risks are identifi ed, the patient is informed that because of her 
increased risk of aneuploidy she may wish to consider under-
going invasive prenatal diagnosis. At 12 weeks’ gestation the 
preferred procedure is CVS. She is informed that although 
there is approximately a 2.5% risk of pregnancy loss following 
the procedure, most of these miscarriages are unrelated to the 
sampling. The procedure-induced risk of loss is approximately 
1 in 200. This is a similar risk compared to amniocentesis so 
there is no advantage to waiting until 16 weeks to have an 
amniocentesis performed. She is also informed that previous 
concerns that CVS may cause fetal LRD do not apply because 
this does not occur if the procedure is performed after the 
10th week.
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Other potential risks include a small chance of bleeding 
and spotting. Rare complications include leakage of fl uid 
and maternal infections. She is informed that the results of 
the CVS karyotype are very accurate but in approximately 
1% of cases an extra cell line may be present in the 
placenta which may require further evaluation including 
amniocentesis.

The patient decides to undergo the CVS procedure. Prior to 
the procedure her physician performs a cervical culture for 
gonococcus which is negative. Her blood type is checked and 
she is found to be A negative with a negative antibody screen. 
She has a transcervical CVS procedure without diffi culty and 
receives 300 µg RhIG immediately following the CVS. In 
7 days, she receives a call from the genetic counselor telling her 
that she is having a chromosomally normal son. She is advised 
that CVS does not test for spina bifi da so that at 16 weeks she 
should have a maternal serum AFP drawn and an ultrasound 
to evaluate fetal anatomy.
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50 Direct fetal blood sampling: cordocentesis
Alessandro Ghidini and Caterina Bocchi

Cordocentesis is the ultrasound-guided technique of choice 
used to gain access to fetal blood. Because it provides direct 
access to fetal blood, it can be used for diagnostic purposes, 
offering unique insights for the diagnosis and clinical manage-
ment of some important fetal pathologic conditions. More-
over, cordocentesis can be the initial step prior to transfusion 
of blood or platelets.

Indications

During the period since its original description in 1982, cordo-
centesis has seen a change in its indications, as many condi-
tions that required diagnosis by cordocentesis can now be 
diagnosed using DNA analysis of material obtained by chori-
onic villus sampling or amniocentesis. Nevertheless, the con-
ditions shown in Table 50.1 remain as examples of possible 
indications for cordocentesis. The most common ones are dis-
cussed in this chapter.

Cytogenetic diagnosis

Diagnostic cordocentesis for karyotype analysis is indicated 
when results are required within a few days, such as when the 
time limit for legal termination is near or when delivery is 
imminent. Such situations may be encountered when fetal 
anatomy survey detects structural abnormalities. In a series of 
936 fetuses with structural anomalies identifi ed by ultrasound, 
the prevalence of chromosome anomalies was 12% in fetuses 
with an isolated structural anomaly and 29% in fetuses with 
multiple anomalies [1]. Trisomies 21, 18, 13, and monosomy X 
accounted for 80% of all anomalies [1], suggesting that fl uores-
cence in situ hybridization (FISH) on amniocytes could be an 
important alternative to cordocentesis in such cases. A contro-
versial indication for rapid fetal karyotype may be diagnosis 
of polyhydramnios (amniotic fl uid index of 25 cm or more) 
in absence of sonographically detected anomalies, maternal 
diabetes, or isoimmunization. The rate of chromosomal 

abnormalities in such cases ranges from 0.3% to 3.2% [2,3]. 
Cordocentesis can be helpful in identifying karyotype anoma-
lies as a cause of early onset and severe fetal growth restriction 
(FGR). The risk of aneuploidy is higher with more severe 
growth disorders, earlier gestational age at diagnosis, and 
when FGR is associated with polyhydramnios (27%), struc-
tural anomalies (31%), or both (50%) [1].

Cordocentesis may also have a role in confi rmation of fetal 
involvement of true mosaicism at genetic amniocentesis, 
which has been reported in 0.1–0.3% of cases [4]. However, 
parents should be informed that the absence of abnormal cells 
in fetal blood does not exclude the possibility that a mosaic cell 
line may be present in fetal tissues other than blood; that the 
proportion of the abnormal cell line in amniotic fl uid or fetal 
blood does not necessarily correspond to the proportion in 
other fetal tissues.

Congenital infections

Cordocentesis has only a limited role in the prenatal diagnosis 
and treatment of congenital infections. In fact, when per-
formed in cases of documented maternal infection, it has the 
potential of facilitating transplacental passage of infectious 
agents. Amniocentesis is currently the primary tool used to 
diagnose fetal infection. However, cordocentesis retains an 
important role in the management of fetal parvovirus infec-
tion, which can lead to fetal hydrops resulting from severe 
anemia with or without direct myocardial injury [5]. In a series 
of 539 fetuses with parvovirus-induced hydrops who were not 
transfused, 34% resolved spontaneously and 30% died [6]. 
Noninvasive monitoring of fetal anemia can now be accom-
plished with Doppler velocimetry of the middle cerebral 
artery [7,8]. Suspicion of fetal anemia at Doppler velocimetry 
is an indication of cordocentesis in preparation for blood trans-
fusion. Elevated fetal reticulocyte count at cordocentesis may 
help to identify those fetuses with resolving anemia, thus 
indicating that fetal transfusion is not required. Since these 
fetuses may also be profoundly thrombocytopenic, platelets 
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should be available for transfusion if confi rmed by coulter 
counter or if there is excess bleeding.

Acid–base balance in fetal growth restriction

Cordocentesis has been proposed in the assessment of fetal 
acid–base status and to assist in the identifi cation of the optimal 
timing for delivery in severe FGR. However, cordocentesis 
carries a 9–14% rate of procedure-related loss among FGR 
fetuses [9,10]. Moreover, its value for longitudinal assessment 
of fetal well-being is currently unproven.

Severe twin–twin transfusion syndrome

Cordocentesis has been proposed to assess severity of inter-
twin discrepancy in hematocrit in cases of twin–twin transfu-
sion syndrome (TTTS), which may assist in choosing the 
optimal timing for delivery [11]. However, the evidence is 
lacking that cordocentesis for this indication may improve 
perinatal outcome. Following a co-twin death, cordocentesis 
may allow identifi cation of severe fetal anemia in the surviv-
ing twin. However, it is unknown whether prompt correction 
of the fetal anemia may ameliorate the outcome. Moreover, 
pertinent information can be obtained noninvasively using 
Doppler velocimetry of the fetal middle cerebral artery (per-
sonal observation) [12].

Fetal anemia

Suspicion of fetal anemia either in the setting of an alloimmu-
nologic process (e.g., maternal immunization to Rh or Kell 
incompatible fetus), or from other reasons (parvovirus, 
homozygous alpha-thalassemia, nonimmune hydrops, feto-
maternal hemorrhage) is an indication for cordocentesis in 

preparation for fetal transfusion. Less common indications for 
fetal blood sampling include detection of thalassemia major or 
sickle cell disease in the presence of carrier parents and when 
rapid diagnosis is desired.

Fetal thrombocytopenia

Cordocentesis may have a role in the management of immune 
thrombocytopenias to assist in the decision to initiate or change 
therapy, and in preparation for platelet transfusion.

Technique

Cordocentesis should not be attempted without considerable 
experience in sonographically guided invasive procedures. 
The skill should be acquired under the guidance and supervi-
sion of someone skilled in the procedure. Prior to fetal viabil-
ity, cordocentesis can be performed in any room used for 
sonographic examinations or in a labor room. After viability, 
the procedure should be performed in proximity to an operat-
ing room because an emergency cesarean delivery may be 
required if nonreassuring fetal heart rate patterns develop 
during or after the procedure.

Preparation

A sample of maternal blood should be drawn before the proce-
dure for subsequent quality control of the fetal samples 
obtained. An obstetric ultrasound examination should be per-
formed to determine fetal viability, position, biometry, loca-
tion of the placenta, and to select the optimal site for aspiration 
(i.e., cord insertion on an anterior or posterior placenta or a free 
loop of cord). The maternal abdomen should be cleaned with 
an antiseptic solution and draped. We use sterile gowns, caps, 
and masks to minimize the risk of fi eld contamination. The 
probe is covered with a sterile probe cover that extends along 
the cable to the ultrasound machine.

Equipment and medications (Table 50.2)

The use of an antibiotic prophylaxis is based on evidence that 
up to 40% of procedure-related fetal losses are associated with 
intrauterine infection [13]. The risk of chorioamnionitis far 
outweighs the risk of adverse drug reactions. On the contrary, 
the risk–benefi t ratio of the use of corticosteroids to enhance 
fetal lung maturity has yet to be evaluated, given the small risk 
of procedure-related preterm delivery. If steroids are consid-
ered, they should be administered at least 24 hours prior to the 
procedure. Most operators prefer to insert the needle while 
holding the transducer themselves; once the needle tip is in 
place, an assistant is necessary either to hold the transducer or 
to draw the blood samples. Other operators prefer to be guided 
throughout the procedure by an assistant. The use of a needle 

Table 50.1 Indications for cordocentesis.

Rapid karyotype analysis

Fetal structural anomalies

Idiopathic polyhydramnios

Unexplained fetal growth restriction

Abnormalities at amniocentesis

Congenital infections

Fetal growth restriction

Twin–twin transfusion syndrome

Fetal thyroid disorders

Coagulopathies (e.g., hemophilia)

Suspected fetal anemia

Immune

Nonimmune

Suspected fetal thrombocytopenia

Alloimmune thrombocytopenia
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guide to target the sampling site may decrease the risk of cord 
laceration or needle displacement [14], but it restricts the lateral 
motion of the needle and hampers the procedure if the needle 
needs repositioning. This problem can be resolved by remov-
ing the guiding device during the procedure, if it becomes nec-
essary. A “free-hand technique” is also commonly employed 
because it provides fl exibility for adjusting the needle path. The 
length of the needle should take into account the thickness of 
the maternal panniculus, location of the target segment of cord, 
and the possibility of intervening events (e.g., contractions). 
The standard length of a spinal needle is 8.9 cm but longer 
needles are available (15 cm). Priming the needle with sodium 
citrate solution or heparin immediately before the procedure 
helps to prevent clot formation.

Sampling procedure

Identifi cation of a fi xed segment of the cord or the insertion site 
of the umbilical cord in the placenta is essential. Color Doppler 
can be used to assist in site identifi cation. Cordocentesis is 
easiest when the placenta is anterior; such an approach also 
decreases the vulnerability of the needle to fetal movements. 
When the placenta is posterior, manipulation of the maternal 
abdomen may be necessary to move the fetus away from the 
sampling site. Because crossing the amniotic cavity makes the 
needle vulnerable to fetal movements, administration of para-
lytic agents to the fetus may be necessary. Alternatively, the 
intrahepatic portion of the umbilical vein can be accessed. It 
may be necessary to perform a therapeutic amniocentesis to 
gain access to the cord insertion in cases complicated by poly-
hydramnios with a posterior placenta. Oligohydramnios can 
also interfere with visualization of the insertion site of the cord; 
amnioinfusion or needling of a fi xed loop of cord may over-
come the diffi culty.

Some important additional considerations are as follow:
1 Amniocentesis, if indicated, should be performed prior to 

cordocentesis to avoid blood contamination of the fl uid speci-
men. After aspiration of amniotic fl uid, the needle is either 
advanced into the cord or, in cases with an anterior placenta, 
withdrawn within the placental mass, reoriented, and 
advanced into the cord.
2 It is easier and safer to sample the umbilical vein than an 
artery; puncture of the artery has been associated with a greater 
incidence of bradycardia and longer post-procedural bleeding 
[15,16]. The vessels can be distinguished by their relative size 
and by the direction of blood fl ow using Doppler color fl ow 
mapping. Distinction of the origin of the sample (arterial vs. 
venous) is crucial for interpretation of the acid–base and oxy-
genation status of the fetus.
3 Upon entering the umbilical cord, the stylet is removed and 
blood is withdrawn into a syringe attached to the hub of the 
needle. Proper positioning of the needle can be confi rmed 
by injection of physiologic saline solution into the cord and 
observation of turbulent fl ow along the vessel. After umbilical 
blood fl ow is documented by color Doppler, an initial sam-
ple should be submitted to distinguish fetal from maternal 
cells (see below). RhIg should be used in unsensitized Rh neg-
ative women.

Post-procedure monitoring

After the sample is obtained, the needle is withdrawn and the 
puncture site monitored for bleeding. If an intrauterine trans-
fusion is performed after sampling, the fetal heart rate should 
be monitored intermittently by interrogating an umbilical 
artery near the sampling area using pulse Doppler. If the 
patient has a viable fetus, the fetal heart rate is also monitored 
for at least 1–2 hours after the procedure using an external fetal 
heart rate monitor. RhIg should be used in unsensitized Rh 
negative women.

Quality control

Contamination with maternal blood or amniotic fl uid can alter 
the diagnostic value of the fetal blood specimen. The purity of 
the fetal blood sample is commonly assessed using the red 
blood cell size determination (mean corpuscular volume, 
MCV) because fetal red blood cells are larger than maternal 
ones. On occasion, this parameter can be misinterpreted (e.g., 
in the presence of macrocytic anemia or after repeated 
fetal transfusions of adult donor blood). Other methods to 
differentiate maternal from fetal blood include Apt test, 
Kleihauer–Betke test, human chorionic gonadotropin (hCG) 
determination, or blood typing (I antigen present only on adult 
red blood cells). The hCG determination is the best marker 
for detection of maternal blood contamination [17]. The 
fetal blood : amniotic fl uid : maternal blood ratio of hCG is 
1 : 100 : 400. The HCC determination can detect as little as 0.2% 

Table 50.2 Equipment and medications needed for cordocentesis.

48 hours prior to the procedure

Corticosteroids (optional between 24 and 34 weeks’ gestation)

On the day of the procedure

Identify optimal insertion site for the needle in relation to fetal and 

 placental position (using color Doppler if necessary)

Maternal intravenous access (recommended)

Antibiotics (broad-spectrum prophylaxis, 30–60 min prior to the 

 procedure)

On the sterile cart

Local anesthesia (e.g. lidocaine 1% solution in 10 mL syringe)

Needle guide (optional)

Needles (20- to 22-gauge spinal needles, 8.9–15 cm)

Aspiration syringes (1 or 2 mL) primed with anticoagulant (e.g., heparin)

Aspiration syringes (10–20 mL) if amniocentesis is necessary 

3 or 5 mL syringes with normal saline
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contamination with maternal blood or 1% contamination with 
amniotic fl uid [17]. In Apt test, 0.1 mL sampled blood is added 
to a glass tube containing alkali reagent (5 mL water and 0.3 mL 
10% potassium hydroxide) and the tube is gently shaken 
for 2 minutes. The sample is considered contaminated with 
maternal blood if the colour of the mixture changes from 
red to green–brown [18,19]. The utility of Kleihauer–Betke 
test is limited during the late third trimester because fetal 
erythrocytes contain increasing amounts of haemoglobin A 
near term.

Dilution with amniotic fl uid can be inferred by a similarly 
proportional decrease in the number of red blood cells, white 
blood cells, and platelets in the specimen. Confi rmation can be 
obtained by observing an amniotic fl uid arborization pattern 
or multiple desquamated epithelial cells on a smear [20,21].

Samples

Fetal blood samples are placed into tubes containing ethylene-
diaminetetra-acetic acid (EDTA) or heparin and mixed well to 
prevent clotting. The appropriate tubes and minimum 
required amount of blood for specifi c studies are listed in Table 
50.3. The maximal volume of blood removed should not 
exceed 6–7% of the fetoplacental blood volume for the gesta-
tional age, which can be calculated as 100 mL/kg of estimated 
fetal weight [22].

Normal values

The distribution of the most common hematologic and acid–
base parameters in fetal blood in relation to gestational age are 
available in the literature (www.uptodate.com).

Complications

Bleeding, bradycardia, and infection are the major fetal com-
plications associated with cordocentesis. Maternal complica-
tions unrelated to the pregnancy are unusual.

Bleeding from the puncture site is the most common compli-
cation of cordocentesis, occurring in up to half of cases [15,23]. 
Puncture of the umbilical artery is associated with a signifi -
cantly longer duration of bleeding than venipuncture [15,16]. 
Post-procedural bleeding appears to carry a more ominous 
prognosis when it occurs at less than 21 weeks’ gestation [24]. 
Fetuses with defects in platelet number or function are at sig-
nifi cant risk for potentially fatal bleeding from the puncture 
site [25]. Thus, it is prudent to slowly transfuse the fetus with 
concentrated, washed maternal platelets while awaiting the 
fetal platelet count when cordocentesis is performed to diag-
nose a fetal platelet disorder. Dislodgement of the needle 
before platelet transfusion can have fatal consequences for the 
fetus affected with a platelet abnormality.

Cord hematoma is generally asymptomatic, but can be asso-
ciated with a transient or prolonged sudden fetal bradycardia 
[23,26,27]. Expectant management is recommended in the 
presence of reassuring fetal monitoring and a nonexpanding 
hematoma.

Fetomaternal hemorrhage (FMH) is more common with an 
anterior rather than a posterior placenta, with procedures 
lasting longer than 3 minutes, and with those requiring two or 
more needle insertions [28–30]. A signifi cant FMH occurs in 
approximately 40% of cases [28–30] and can be defi ned by 
either a more than 50% post-procedural increase in maternal 
serum alpha-fetoprotein concentration from blood taken 
immediately before and after cordocentesis, or Kleihauer–
Betke staining of the maternal blood showing a calculated 
FMH of more than 1 mL. The main consequence of 
FMH is increase in maternal antibody titers when the 
procedure is performed for red blood cell isoimmunization 
[28,29].

Transient fetal bradycardia is reported in 3–12% of fetuses 
[13,15,16,31]. A higher incidence of bradycardia is described in 
cases involving puncture of an umbilical artery [16] and among 
growth restricted fetuses (17%). The greatest risk of bradycar-
dia is in the growth-restricted fetus with absent diastolic fl ow 
in the umbilical artery by Doppler analysis (21%) [16].

Maternal infections from cordocentesis are rare and mainly 
limited to chorioamnionitis when procedures are performed 
without antibiotic prophylaxis. Infection occurs in less than 
1% of procedures but is responsible for up to 40% of pregnancy 
losses associated with the procedure [9,13,16,31].

Procedure-related pregnancy loss risks are diffi cult to 
assess. Losses that occur within a short time after the proce-
dure are usually considered to be procedure-related. A review 
of the published series of low-risk cases found an overall risk 
of fetal loss of 1.4% before 28 weeks’ gestation, and an addi-

Table 50.3 Collection tubes for laboratory studies.

Tube Content Tests

EDTA Complete blood cell count

 Reticulocyte count

 Kleiheuer–Betke test

 Polymerase chain reaction

Citrate Coagulation studies

Dry tube Blood group typing

 Coombs (direct or indirect)

 Total and specifi c IgM

 Serum chemistry

Sodium heparin Molecular biology analysis

 Blood gas analysis

 Karyotype or fl uorescence in situ hybridization

EDTA, ethylenediaminetetra-acetic acid; IgM, immunoglobulin M.
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tional 1.4% risk of perinatal death after 28 weeks [32]. This loss 
rate is signifi cantly greater than that related to amniocentesis 
(0.5–1.0%) and about six times higher than that of a general 
obstetric population near term. Another study compared 
pregnancy outcome in 1020 women with no known fetal 
anomalies undergoing cordocentesis at 16–24 weeks’ gesta-
tion with matched control subjects [33]. The pregnancy loss 
rates before 28 weeks in the cordocentesis and control groups 
were 1.8% and 0.7%, respectively, and 1.5% and 1.1%, respec-
tively, after 28 weeks.

The risk of fetal loss is higher in presence of fetal pathology. 
The total spontaneous pregnancy loss rate within 2 weeks of 
the procedure is 1% when it is performed for diagnosis 
of genetic disorders or karyotyping, 7–13% in the presence of 
structural fetal anomalies, 9–14% among growth restricted 
fetuses, and 25% in fetuses with nonimmune hydrops [9,10]. 
There is a higher frequency of fetal loss in smaller series, 
suggesting that operator experience affects the complication 
rate [13]. Both puncture of the intrahepatic portion of the 
umbilical vein and cardiocentesis carry an increased risk of 
fetal death.

Case presentation

A 26-year-old gravida 4 Para 2012 had a history of the second 
child with jaundice requiring phototherapy. An indirect 
Coombs test at 11 weeks was positive for anti-Kell with titer of 
1 : 8. At amniocentesis at 20 weeks, DNA studies by polymer-
ase chain reaction (PCR) on amniocytes predicted a Kell-
positive fetus. Maternal titers monitored serially revealed an 
increase to 1 : 32 at 32 weeks accompanied by an elevation in 
peak systolic velocity in the middle cerebral artery (70 cm/s). 
Cordocentesis documented a fetal hematocrit of 15.5%. After 
transfusion of 120 mL packed red blood cells, the fetal hemat-
ocrit increased to 36.4%. The fetus was delivered 1 week later 
because of nonreassuring fetal testing and the baby did well. 
Three years later the same patient was pregnant again. Indi-
rect Coombs titers were stable at 1 : 4. In light of the experience 
with the previous pregnancy, fetal status was monitored with 
serial Doppler velocimetry of the middle cerebral artery. At 31 
weeks, a sudden increase was noted in peak systolic velocity 
(89 cm/s). Cordocentesis revealed a Kell-positive fetus with 
an initial hematocrit of 22.3%. After transfusion of 90 mL Kell-
negative blood, the hematocrit increased to 37.7%. Serial trans-
fusions were continued and delivery effected at 36.5 weeks, 
when fetal lung maturity was documented. The baby was 
delivered and did well.

This case illustrates how information provided by noninva-
sive testing (Doppler velocimetry of the fetal middle 
cerebral artery), amniocentesis, and cordocentesis can suc-
cessfully be combined to assist in the management, minimize 
risks of unnecessary procedures, and ensure an optimal 
outcome.
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51 Amnioinfusion: indications 
and controversies
Catherine Y. Spong

Amnioinfusion was fi rst described in 1957 at a postgraduate 
course in obstetrics and gynecology [1]. Despite this early 
report, amnioinfusion was not widely accepted until the late 
1980s. A recent survey of amnioinfusion practices in US aca-
demic obstetric gynecologic departments revealed that 96% of 
responding centers use amnioinfusion and 79% have a formal 
protocol [2].

Amnioinfusion is defi ned as the insertion of fl uid into 
the amniotic cavity. This procedure can be performed 
transcervically through an intrauterine pressure catheter 
when membranes are ruptured, or transabdominally in 
those with intact membranes. Amnioinfusion is used 
for a variety of indications, including relief of repetitive 
fetal heart rate decelerations during labor or to improve 
sonographic visualization in the setting of oligohy-
dramnios, among other indications which are described 
below.

Inclusion and exclusion criteria

Patients with contraindications for vaginal delivery (e.g., pla-
centa previa) are not candidates for transcervical amnio-
infusion; however, they may receive a transabdominal 
amnioinfusion if indicated. Patients with prior cesarean 
section, myomectomy with entry into the endometrium, or 
history of a vertical uterine scar were not initially considered 
to be candidates for amnioinfusion during labor. However, 
studies have shown that amnioinfusion is safe in these 
patients because most of the fl uid leaks and thus minimizes 
uterine distention [3]; however, it is important to monitor 
that fl uid is leaking out. The presence of chorioamnionitis 
has been a relative contraindication to amnioinfusion. Support 
for this view rests on the following fi ndings: with amnio-
infusion, a foreign body is introduced into the infected 
cavity and fl uid is inserted into a potentially weakened, 
infected uterus. The infusion washes out the amniotic 
fl uid, which has bacteriolytic properties [4]. However, amnio-

infusion used in the presence of chorioamnionitis also 
washes out the bacteria present within the uterus. No rand-
omized controlled trials have been performed to clarify this 
situation.

Amount infused

There are many different protocols for amnioinfusion. For a 
transcervical infusion, the infusate can be given as a bolus of 
250–500 mL of fl uid and repeated until the indication resolves. 
Alternatively, a constant infusion of 180 mL/h can be started 
after the bolus. In a transabdominal amnioinfusion, 250–
800 mL saline solution can be infused, depending on 
the indication. The change in amniotic fl uid volume after 
amnioinfusion was studied by one team. In 30 women with 
oligohydramnios at 37 weeks’ gestation or later, a bolus of 
250 mL increased the amniotic fl uid index (AFI) 4.3 cm with 
a standard deviation of 1.5 cm [5].

Route of administration

For a transcervical infusion, a sterile catheter, either single or 
double lumen, is placed transcervically and infusion of sterile 
physiologic fl uid is started. Transabdominal infusion is per-
formed through a sterile needle inserted into the amniotic 
cavity (similar to an amniocentesis) under ultrasonographic 
guidance.

The type of solution used for amnioinfusion does not affect 
the outcome. One team of investigators compared effects of 
normal saline with those of lactated Ringer solution [6]. No 
differences were identifi ed in neonatal outcome, duration 
of labor, neonatal serum electrolytes, or cord blood gas 
values among the groups. Another study showed that the 
temperature of the infusate, warmed versus room tempera-
ture, is not associated with detectable differences in neonatal 
outcome [7].
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Studied indications

The studied indications for amnioinfusion can be divided into 
two groups: treatment and prophylaxis. Therapeutic indica-
tions include the following:
1 Relief of repetitive variable decelerations.
2 Treatment of chorioamnionitis.
3 Improvement of visualization of fetal anatomy for pre-
natal diagnosis of congenital anomalies in the setting of 
oligohydramnios.
4 Improvement of the odds of success after a failed version.
Prophylactic amnioinfusion has been proposed for the pre-
vention of fetal heart rate decelerations in term or preterm 
patients in labor with oligohydramnios and for patients with 
meconium-stained amniotic fl uid.

Relief of repetitive variable decelerations

Variable decelerations are usually caused by umbilical cord 
compression resulting from oligohydramnios, entrapment 
of the cord, or a true knot in the cord. Variable decelera-
tions observed after amniotomy were probably caused by 
oligohydramnios [8]. The initial treatment for variable 
decelerations consists of changing the maternal position to 
shift the fetus off of the umbilical cord and administering 
oxygen to the mother to increase oxygen delivery to the 
fetus. Because amnioinfusion can replace fl uid, studies were 
designed to evaluate whether this procedure could relieve 
variable decelerations by providing a “cushion” for the umbil-
ical cord.

In 1983, Miyazaki and Taylor [9] treated 42 patients who had 
repetitive or prolonged variable decelerations with transcer-
vical amnioinfusion. Amnioinfusion effectively resolved the 
fetal heart rate pattern in 68% of patients with repetitive varia-
ble decelerations and in 86% of those with prolonged decelera-
tions. In 1985, Miyazaki and Nevarez [10] randomized 96 
patients with repetitive variable decelerations not relieved by 
changes in position or administration of oxygen to either 
receive or not receive amnioinfusion. Relief of variable decel-
erations occurred in 51% of patients treated with amnioinfu-
sion compared with only 4% of the control (noninfused) 
group. These results demonstrated that amnioinfusion is 
benefi cial for the treatment of repetitive or prolonged 
variable decelerations.

Because variable decelerations are often associated with 
oligohydramnios, a study was performed to evaluate whether 
an AFI obtained before amnioinfusion can predict the 
success of amnioinfusion in the presence of repetitive variable 
decelerations [11]. The AFI was measured in 67 patients 
prior to amnioinfusion. Amnioinfusion was considered suc-
cessful if there was a 50% or greater decrease in total number 
of variable decelerations or a 50% decrease in atypical or 

severe variable decelerations. The probability of amnioinfu-
sion success decreased with higher preamnioinfusion AFI. A 
preamnioinfusion AFI of more than 8 cm was associated 
with a less than 50% chance for relief of the decelerations 
with amnioinfusion. If the index prior to amnioinfusion was 
more than 8 cm, the cause of the fetal heart rate pattern 
was commonly either a tight nuchal cord or a true knot in the 
cord — conditions that are not relieved with amnioinfusion. 
This suggests that obtaining an AFI prior to initiating an amni-
oinfusion for repetitive variable heart rate decelerations may 
predict the success, with greater success likely if the initial AFI 
is low.

Treatment or prophylaxis 
of chorioamnionitis

Amnioinfusion with an antibiotic infusate has potential to 
deliver locally high levels of antibiotics while avoiding toxic-
ity to the mother and fetus. Antibiotics in the amniotic fl uid are 
in direct contact with the fetus and could inhibit bacterial 
growth on fetal skin and in the respiratory and gastrointestinal 
tracts. In 1981, Goodlin [1] performed transcervical amnioin-
fusions with ampicillin (1 g in 500 mL saline solution) in 53 
laboring patients with documented chorioamnionitis. Of the 
patients, 96% had negative amniotic fl uid cultures after infu-
sion. In 1988, another team studied 64 term patients with 
premature rupture of membranes (PROM) and no clinical 
evidence of infection in an attempt to determine the best anti-
biotic method for preventing ascending infection [12]. Patients 
received infusion of two doses of latamoxef, cefoperazone, or 
cefotaxime sodium through a transcervical catheter. All three 
antibiotics maintained concentrations above 10 µg/mL even 
24 hours after infusion.

Amnioinfusion studies have also been performed to deter-
mine whether the infusion can dilute pathogens associated 
with amnionitis. Patients with ruptured membranes for longer 
than 6 hours and no evidence of infection were randomized to 
a routine amnioinfusion or a noninfused control group [13]. 
Patients receiving amnioinfusion had signifi cantly less chori-
oamnionitis or endometritis than did the controls (25% vs. 
50%; P = 0.03). In a retrospective study, investigators evalu-
ated 97 laboring patients who were at 35 weeks’ gestation or 
later, did not receive antibiotics, and delivered by cesarean 
section [14]. Of the 97 patients, 23 received amnioinfusion in 
labor and the 74 noninfused patients were controls. The inci-
dence of postpartum endometritis was signifi cantly lower in 
the amnioinfused patients (13%) compared with control sub-
jects (38%, P = 0.03).

For the treatment or prophylaxis of chorioamnionitis, 
an antibiotic infusate appears safe. However, the studies 
are too different and few in numbers to permit drawing 
defi nitive conclusions. Some studies suggested that amnio-
infusion decreases the incidence of infectious morbidity; 
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other studies reported this as a complication [15,16]. 
Further studies are needed to establish the role, if any, for 
amnioinfusion in the prophylaxis or treatment of 
chorioamnionitis.

Congenital anomalies in the setting 
of oligohydramnios

Congenital anomalies can be associated with oligohydram-
nios [17]. However, decreased amniotic fl uid volume can 
impair ultrasonographic visualization of the fetus. Trans-
abdominal amnioinfusion has been proposed to aid in the 
visualization of fetal anatomy by increasing the amount of 
amniotic fl uid.

In 1991, one group evaluated 61 pregnancies with oligohy-
dramnios [18]. Amnioinfusion with saline stained with blue 
dye (indigo carmine) improved visualization in all cases and 
allowed confi rmation and identifi cation of fetal malforma-
tions in 23 patients and membrane rupture in 15. Results after 
amnioinfusion led to a change in diagnosis in 13% of patients. 
Reaspiration of the amniotic-infused fl uid mixture also aided 
in karyotype analysis. Other reports showed similar results 
[19–25]. Complications associated with transabdominal amni-
oinfusion include procedure-related rupture of membranes, 
preterm labor, and amnionitis.

Transabdominal amnioinfusion allows improved fetal 
evaluation and karyotyping in the presence of oligohydram-
nios. However, this procedure is not without complications 
and should be performed only if management would be 
affected by the results.

Failed version

External cephalic version in breech presentation is benefi cial 
for both the mother and the neonate. At term, 4% of presenta-
tions are breech; of these, fewer than 25% will spontaneously 
change to vertex presentation. Because the odds of a successful 
version increase with the volume of amniotic fl uid, transab-
dominal amnioinfusion has been considered after an unsuc-
cessful external cephalic version, to improve the chances of 
success for a reattempt at version.

In a series of six patients in whom three unsuccessful 
external cephalic versions had been attempted, transabdomi-
nal infusion of 800 mL of warmed saline solution over 10 
minutes led to successful version after infusion in all 
patients [26]. Version was performed on the day after amnio-
infusion. All patients had transient uterine contractions imme-
diately after the procedure. In this series, the postinfusion 
version was performed 24 hours after infusion; however, 
because the turnover rate of amniotic fl uid is rapid (24–
72 hours), the benefi t of waiting 24 hours after infusion is 
uncertain.

Prophylaxis in laboring patients 
with oligohydramnios

Because amnioinfusion can treat variable decelerations caused 
by cord compression resulting from oligohydramnios, pro-
phylactic use of amnioinfusion in the setting of oligohy-
dramnios has been proposed to avoid developing variable 
decelerations in both term and preterm infants [27].

In 1990, one group randomized 60 patients at more than 37 
weeks’ gestation with oligohydramnios, defi ned as an AFI of 
5 cm or less [28]. Thirty patients without variable decelerations 
received amnioinfusion to keep their AFI above 8 cm; the 
remaining 30 did not receive amnioinfusion. In the amnioinfu-
sion group there were signifi cant improvements with respect 
to variable decelerations, operative delivery, fetal distress, 
and umbilical artery pH. Other studies reported similar results 
(Table 51.1) [5,16,29–32]. However, the control groups in these 
studies were not given amnioinfusion even if they developed 
repetitive variable decelerations, an action that may have 
created a bias.

In a randomized study carried out in 1994, term patients 
with oligohydramnios receiving prophylactic amnioin-
fusion for oligohydramnios were compared with a control 
group in whom therapeutic amnioinfusion was given to 
control patients only if they developed repetitive moderate or 
severe variable decelerations [15]. No signifi cant differences 
in variable decelerations, operative delivery, fetal distress, 
or umbilical artery pH were identifi ed between the two 
groups. Only 22% of the control group developed moderate or 
severe variable decelerations and required amnioinfusion. 
Thus, in four of fi ve term patients with oligohydramnios, 
neither prophylactic nor therapeutic amnioinfusion was 
indicated.

The use of prophylactic amnioinfusion for oligohydramnios 
appears benefi cial when compared with no amnioinfusion. 
However, when compared with therapeutic amnioinfusion 
(amnioinfusion for the development of repetitive variable 
decelerations), prophylactic amnioinfusion has no apparent 
benefi t in term patients with oligohydramnios.

Amnioinfusion to prevent decelerations in 
preterm premature rupture of membranes

When there is preterm premature rupture of membranes 
(PPROM), during labor fetuses may have higher risks associ-
ated with variable decelerations. The premature fetus without 
the amniotic fl uid cushion may be unable to withstand uterine 
contractions. Amnioinfusion increases the amount of fl uid in 
the amniotic cavity. The increased fl uid may provide a cushion 
during labor, and in the antepartum period allows for fetal 
movement and may improve fetal development in patients 
with PPROM.



Chapter 51

428

A 1985 study involved 61 patients with PPROM with gesta-
tional ages between 26 and 35 weeks [32]. Patients were rand-
omized to receive prophylactic amnioinfusion during labor or 
no amnioinfusion. In the amnioinfused group, umbilical 
artery and venous pH were improved and there were signifi -
cantly fewer severe and total variable decelerations in both the 
fi rst and second stages of labor. However, the control group 
did not receive amnioinfusion even in the presence of repeti-
tive variable decelerations.

A nonrandomized study of amnioinfusion in 49 women at 
less than 26 weeks’ gestation with PPROM for more than 
4 days found that women with persistent oligohydramnios 
despite amnioinfusion had the worst outcome with 20% neo-
natal survival, 62% pulmonary hypoplasia and, of the survi-
vors, 60% had abnormal neurologic outcomes as compared 
with those in whom amnioinfusion was not necessary or was 
successful [33]. Others have reported similar fi ndings [34].

Amnioinfusion may be benefi cial in laboring patients with 
PPROM because the increase in amniotic fl uid cushions the 
preterm fetus during contractions. However, there are no 
studies evaluating prophylactic versus therapeutic amnioin-
fusion in PPROM patients in labor and the data are inadequate 

to recommend either prophylactic amnioinfusion to improve 
pregnancy outcome in women with PPROM.

Prophylactic amnioinfusion for meconium-
stained amniotic fl uid

An important complication of meconium-stained amniotic 
fl uid is the development of meconium aspiration syndrome in 
the neonate. This syndrome occurs in 1–4% of infants who 
have meconium-stained amniotic fl uid. The mortality rate is 
25% [35]. Amnioinfusion can dilute meconium in the amniotic 
fl uid and thus has the potential to prevent meconium aspira-
tion syndrome [36]. However, amnioinfusion may also make 
very thick meconium soluble and thus may increase the risk 
for meconium aspiration syndrome. Furthermore, studies 
have suggested that meconium aspiration syndrome predates 
labor, thus limiting the utility of amnioinfusion for prevention 
[37]. Studies were performed to evaluate whether prophylac-
tic amnioinfusion for meconium would be benefi cial and 
if it would decrease the incidence of meconium aspiration 
syndrome.

Table 51.1 Amnioinfusion prophylaxis for oligohydramnios.

     No. of
Study Defi nition GA AI Method No. of AIs Controls Findings

Amnioinfusion vs. no amnioinfusion

Strong et al. [5] AFI ≤ 5 cm >37 wk Bolus to 30 30 ↓Operative del

   AFI > 8 cm   ↓Severity of VD

      ↓Mec passage

      ↑Umbil art pH

Nageotte et al. [28] AFI < 8 cm >42 wk Continuous 26 50 ↓Frequency and severity of VD

  or IUGR    No ∆ C/S

      No ∆ umbil art pH

Schrimmer et al. [29] AFI < 5 cm NS, Bolus to 175 130 ↓Operative del

  41-wk AFI ≥ 10 cm   ↓C/S

  mean    ↑Umbil art pH

MacGregor et al. [30] <1 × 1 cm >26 wk Continuous 19 16 ↓Frequency of VD

 pocket     No ∆ C/S

      No ∆ umbil art pH

Chauhan et al. [31] AFI ≤ 5 cm ≥37 wk Bolus to 21 17 No ∆ C/S

   AFI ≥ 5.1   No ∆ umbil art pH

Amnioinfusion vs. standard care

Ogundipe et al. [15] AFI < 5 cm ≥36 wk Continuous 56 60 No ∆ fetal distress

      No ∆ C/S

      No ∆ umbil art pH

      ↑Intrapartum fever

AFI, amniotic fl uid index; AI, amnioinfusion; C/S, cesarean section; del, delivery; GA, gestational age; IUGR, intrauterine growth restriction; mec, meconium; NS, 

not specifi ed; Oligo, oligohydramnios; umbil art, umbilical artery; VD, variable decelerations; ∆, change.
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In a 1989 study, 85 patients with thick meconium were rand-
omized to receive prophylactic amnioinfusion or no amnioin-
fusion [38]. The patients receiving amnioinfusion had 
signifi cantly less fetal distress, less meconium below the cords, 
and operative deliveries. However, amnioinfusion was not 
offered to the patients in the control group who developed 
variable decelerations. These results were confi rmed in other 
studies with the same design (Table 51.2) [36,39–43]. It is 
unclear whether the worse obstetric outcome in the con-
trol groups could have been averted by therapeutic 
amnioinfusions.

In 1994, 93 term patients with moderate to thick meconium 
were randomized to receive prophylactic amnioinfusion or 
standard care, which included therapeutic amnioinfusion for 
variable decelerations occurring after enrollment [44]. No 
signifi cant differences in operative deliveries, fetal distress, 
Apgar scores, meconium below the cords, or umbilical pH 
values were identifi ed between the prophylactic and thera-
peutic amnioinfusion groups. There were four cases of meco-
nium aspiration syndrome; three occurred in the prophylactic 
amnioinfusion group and one in the standard care group. Of 
the patients receiving standard care, eight (16%) required 
therapeutic amnioinfusion for repetitive severe variable de-
celerations. In this study, prophylactic amnioinfusion did 
not improve perinatal outcome compared with standard 
management.

Indirect evidence in support of this conclusion comes from 
two retrospective studies. In 1992, investigators evaluated a 
protocol of routine prophylactic amnioinfusion for thick 
meconium and found that meconium aspiration syndrome 
continued to occur at the same rate [45]. Six patients 
with amnioinfusion developed meconium aspiration syn-
drome. In 1995, another team evaluated their policy of routine 
prophylactic amnioinfusion for meconium in 937 patients 
with moderately thick meconium [16]. No amnioinfusion was 
performed in 53% of the patients because of imminent deliv-
ery, occult meconium, or cesarean section. There was no 
improvement in neonatal outcome between those who 
received amnioinfusion and those who did not. Specifi cally, 
there were no changes in Apgar scores, in the amount of meco-
nium below the cords, or in the incidence of meconium aspira-
tion syndrome.

Two meta-analyses have been performed [46,47] including 
over 2000 patients which found that amnioinfusion was bene-
fi cial in patients with meconium-stained amniotic fl uid in 
reducing meconium below the cords and meconium aspira-
tion syndrome. However, these analyses were compromised 
by large differences in the trial designs and did not account 
for the presence of oligohydramnios or abnormalities in the 
fetal heart rate patterns. A large international multicenter 
trial at 56 centers in 13 countries randomized 1998 patients 
with thick meconium at term to amnioinfusion or no 
amnioinfusion [48]. This trial stratifi ed according to the 
presence or absence of fetal heart rate variable decelerations. 

In the overall group, amnioinfusion did not improve perinatal 
death or meconium aspiration syndrome (4.5% in amnioin-
fused vs. 3.4% in the control group; relative risk [RR] 1.3). 
Amnioinfusion did not reduce the risk of meconium aspira-
tion syndrome (4.4% vs. 3.1%), cesarean delivery (31.8% vs. 
29%), or other major indicators of maternal or neonatal mor-
bidity. The study did not have the power to evaluate if the pro-
cedure might be benefi cial in the subgroup of patients with 
decelerations.

Prophylactic amnioinfusion for meconium is not indicated 
and is not benefi cial as the data demonstrate that amnioinfu-
sion for this indication does not reduce meconium-related 
morbidity. Data are not available on whether therapeutic 
amnioinfusion in this setting decreases meconium aspiration 
syndrome or other meconium-related morbidities. However, 
amnioinfusion is a reasonable approach to treatment of repeti-
tive variable decelerations irrespective of amniotic fl uid meco-
nium status. Thus, in the setting of meconium-stained fl uid in 
the presence of repetitive fetal heart rate variable decelera-
tions, amnioinfusion may be benefi cial.

Complications of amnioinfusion

Of the centers that responded to an amnioinfusion survey, 
26% reported at least one associated complication. The most 
frequent complication was uterine hypertonus (14%), fol-
lowed by abnormal fetal heart tracing (9%) [2]. In a case report 
of uterine overdistention, the intrauterine pressure reached 
50 mmHg, and the fetus developed decelerations and brady-
cardia that were relieved by draining amniotic fl uid [49]. Two 
other teams also have published case reports of uterine over-
distention [50,51]. This potential complication emphasizes the 
importance of monitoring the amount infused as well as the 
amount of amniotic fl uid leaking out.

The incidence of amnionitis or endometritis in relationship 
with amnioinfusion is unclear. Two randomized controlled 
trials showed an association between amnioinfusion and 
higher rates of maternal infection [5,15]. One retrospective 
study confi rmed the association [16]. However, eight rand-
omized controlled studies demonstrated no change in the inci-
dence of maternal infection with amnioinfusion [28,29,34–39]. 
It is known that amnioinfusion washes out amniotic fl uid, 
which has bacteriolytic properties. This action possibly 
explains an increase in the incidence of infection. However, 
amnioinfusion also washes out bacteria and cleanses the 
amnion and fetus, which may lower infectious morbidity. 
Whether the association represents a causal relationship 
remains to be proven.

Other complications described in association with amnioin-
fusion include dehiscence of uterine scar, umbilical cord pro-
lapse, and maternal pulmonary embolus [9,52,53]. Whether 
the rate of these rare complications is increased by amnioinfu-
sion remains to be proven.
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Table 51.2 Amnioinfusion prophylaxis for meconium.

Study Type Meconium Classifi cation GA n Findings in Amnioinfused Group

Amnioinfusion vs. no amnioinfusion

Wenstrom and Parsons [38] P–R Thick NS 39 wk 80 ↓Operative delivery

   (mean)  ↓Mec below cords

     ↓Fetal distress

     No ∆ mec aspiration

     No ∆ umbil art pH

Sadovsky et al. [36] P–R >Trace ≥34 wk 40 ↓Thickness of mec

     ↓Mec below cords

     ↑Umbil art pH

     No mec aspiration

Macri et al. [39] P–R Thick oligohydramnios >37 wk 160 ↓Operative delivery

  (AFI ≤ 5)   ↓Mec below cords

     ↓Mec aspiration

     ↑Umbil art pH

     ↑1 and 5 Apgar scores

Cialone et al. [40] P–R Moderate–thick >36 wk 105 ↑Birthweight

     ↓Fetal distress

     ↓Mec aspiration

     ↑Umbil art pH

Eriksen et al. [41] P–R Thick >36 wk 124 No ∆ operative delivery

     No ∆ fetal distress

     No ∆ umbil art pH

     ↓Mec below cords

Puertas et al. [42] P–R >Mod mec Term 206 ↓Cesarean delivery (fetal distress)

     ↓Mec below cords

     ↑pH

Rathore et al. [43] P–R >Mod mec ≥37 wks 200 ↓Cesarean delivery

     ↓Mec below cords

     ↑1 min Apgar score

Fraser et al. [48] P–R Thick mec >36 wks 1998 No ∆ MAS

     No ∆ cesarean delivery

     No ∆ perinatal death

     No ∆ maternal or neonatal morbidity

Amnioinfusion vs. standard care

Parsons et al. [45] R Thick NS NS No ∆ mec aspiration

     No ∆ NICU admissions

     No ∆ umbil art pH

      for mec aspiration

Spong et al. [44] P–R Moderate–thick ≥37 wk 93 No ∆ operative delivery

     No ∆ fetal distress

     No ∆ umbil art pH

     No ∆ mec below cords

     No ∆ mec aspiration

Usta et al. [16] R Moderate–thick NS 937 No ∆ mec below cords

     No ∆ mec aspiration

     ↑Operative delivery

     ↑Endometritis

AFI, amniotic fl uid index; GA, gestational age; mec, meconium; MAS, meconium aspiration syndrome; NICU, neonatal intensive care unit; NS, not specifi ed; P–R, 

prospective randomized; R, retrospective (evaluation of policy of routine AI in all cases with meconium); umbil art, umbilical artery; wk, weeks; ∆, change.
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Conclusions

Amnioinfusion, an easy procedure to perform, can increase 
the amniotic fl uid volume and relieve variable decelerations. 
Table 51.3 summarizes the indications for amnioinfusion and 
its relative usefulness.

Case presentation

A 32-year-old nulliparous woman presents to labor and deliv-
ery in active labor. Review of medical records and examina-
tion reveals she is in labor (4 cm dilatated, 80% effaced, –1 
station) with a singleton term baby and no other medical com-
plications. The clinically estimated fetal weight is 3400 g. She 
was monitored and then allowed to ambulate. After several 
hours she complained of leaking fl uid and is found to have 
ruptured membranes. The fetal heart tracing has had a steady 
baseline of 140 beats/min with good accelerations and uterine 
contractions every 3–4 minutes. After rupture of membranes, 
repetitive variable decelerations are noted, reaching a nadir of 
50–60 beats/min with a “v” pattern. Alteration of the maternal 
position did not alleviate the variable decelerations. Assess-
ment of the amniotic fl uid index found oligohydramnios with 
an AFI of 1.2 cm. Internal monitors were placed including a 
double lumen intrauterine pressure catheter to allow infusion 
of fl uid along with monitoring of intrauterine pressure. 
Amnioinfusion was started with room temperature normal 
saline with a 500-mL bolus followed by a constant infusion 
of 180 mL/h (3 mL/min). Monitoring of the bed pads was 
assessed to confi rm leaking of fl uid. The fetal heart rate tracing 
improved after the bolus of fl uid was complete with resolution 
of the repetitive variable decelerations. After several hours she 
complained of pressure and examination revealed she was 
completely dilatated and +2 station. The amnioinfusion was 
stopped. After 45 minutes of pushing, she delivered a 3250 g 
female with Apgar scores of 8 and 9.

Table 51.3 Indications for amnioinfusion.

 Benefi cial Uncertain No Benefi t

Therapeutic

Repetitive variable �

 decelerations

Chorioamnionitis  �

Severe oligohydramnios �

Failed version  �

Prophylaxis

Preterm premature  �

 rupture of membranes

Term oligohydramnios   �

Meconium   �
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Over the last decade, technologic advances have allowed a 
transition towards less invasive procedures. Initial fetal surgi-
cal procedures depended on maternal laparotomy and hyster-
otomy. This approach evolved into maternal laparotomy 
with uterine endoscopy and most recently into percutaneous 
approaches. It appears that the less invasive approaches are 
associated with a less complicated postoperative recovery for 
the mother, but morbidity is not eliminated [1].

As the proposed indications for fetal surgical interventions 
and the number of procedures performed have expanded, so 
too have the centers at which they are performed and the 
number of physicians performing them. Nevertheless, the 
availability and proven utility of these procedures remain 
very limited when compared with the number of fetuses with 
malformations. One of the responsibilities of physicians with 
an interest in prenatal diagnosis and intervention is to deter-
mine training needs and oversight for operators and centers 
involved in this fi eld. It is unclear how many centers would be 
needed given the rarity of these malformations in which a fetal 
surgical approach may be effective and the even smaller pro-
portion of those with malformation that may need fetal inter-
vention. We must achieve a delicate balance between the ease 
of accessibility and surgical experience.

Open fetal surgery (hysterotomy)

The feasibility of performing a hysterotomy with subsequent 
closure of the gravid human uterus was tested in the primate. 
The safety profi le in this series of primate fetal surgeries was 
reassuring, including subsequent fertility [2]. The human 
experience is now quite extensive, both from our own center 
and others [1,3,4], and has been primarily associated with the 
large numbers of fetal spina bifi da repairs. We currently 
reserve hysterotomies for repair of spina bifi da, resection of 
sacrococcygeal teratomas (SCTs) and other tumors, and lobec-
tomies for congenital cystic adenomatoid malformations 
(CCAM).

Risks and benefi ts

We have recently reviewed our experience at the University of 
California, San Francisco (UCSF) with maternal hysterotomy 
(Table 52.1) [1]. Eighty-seven hysterotomies were performed 
between 1989 and 2003. There were signifi cant postoperative 
complications. In the early experience, pulmonary edema 
related to multiple tocolytic use, particularly nitroglycerin, 
and aggressive fl uid management were signifi cant problems 
[5]. Transfusion for intraoperative blood loss was not uncom-
mon. Pregnancy outcomes were also adversely impacted by 
high rates of premature rupture of membrane and preterm 
labor. The mean time from hysterotomy to delivery 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). 
Others have similar experiences with respect to an increased 
risk of preterm delivery following hysterotomy [6,7]. Most of 
the morbidity associated with hysterotomy has decreased 
with experience. Signifi cant pulmonary edema or blood loss is 
now rare, and the mean gestational age at the time of delivery 
following in utero repair of myelomeningocele (MMC) is now 
around 34 weeks.

The practical aspects of hysterotomy and postoperative 
management have evolved since the early years of experience. 
The following is a description of our current approach. Lengthy 
discussions regarding the risks, benefi ts, and alternatives of 
the procedure are important, including the experimental 
nature of the surgery. We generally differentiate the risks to 
the mother, the fetus, and the pregnancy in our counseling. 
The risks to the mother are similar to other major abdominal 
surgery, although in this case there is no direct physical benefi t 
to her. In addition, there are the risks associated with aggres-
sive tocolytic therapy and bed rest in a hypercoagulable state. 
The risks to the fetus are primarily vascular instability and 
hypoperfusion intraoperatively, leading to injury or death, 
and prematurity resulting from postoperative complications. 
The risks to the pregnancy are primarily preterm labor, 
premature rupture of membranes, and preterm delivery. 
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Infectious complications are rare, except when premature 
rupture of membranes leads to chorioamnionitis. An impor-
tant additional counseling point is that all subsequent deliver-
ies, including the index pregnancy, must be by cesarean 
section. Data regarding future fertility is reassuring, with no 
increased incidence of infertility in the UCSF experience in 
those patients subsequently attempting pregnancy [8]. Expe-
rience from Children’s Hospital of Philadelphia (CHOP) sug-
gests a substantial risk of uterine rupture in subsequent 
pregnancies that may be as high as 17%. This is higher than the 
risk after previous low transverse cesarean delivery (1% or 
less) or classic cesarean delivery (4–5%). Another potential 
risk in subsequent pregnancies is placenta accreta. The reason 
for this is that the uterine location of the hysterotomy incision 
performed in the second trimester is not in the same area as a 
cesarean delivery uterine entry site. There is an increased risk 
of placenta accreta in any setting where implantation occurs 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 placenta accreta in a fetal surgical 
patient of ours in a subsequent pregnancy (approximately 80 
patients and 40 subsequent pregnancies).

Technique

The following is our usual management scheme. Prior to 
surgery, the patients are premedicated with indomethacin 
and a cephalosporin. Compression stockings and pneumatic 
antithrombotic boots are placed on the lower extremities. 
General anesthesia is initiated, with high levels of a halogen-
ated inhalational agent to maximize uterine relaxation. A 
Foley catheter is placed to drain the bladder. An epidural cath-
eter is placed for postoperative pain control. Following prep-

ping and draping, ultrasound transducers with sterile covers 
are used to identify fetal lie and placental location. The latter 
will determine the need for exteriorization of the uterus to 
allow access to the posterior aspect in cases of an anterior pla-
centa. The transverse skin incision is generally a third of the 
way between the pubic symphysis and the umbilicus, lower 
with an anterior placenta, so that the uterus can more easily be 
exteriorized. Usually, the rectus muscles need to be at least 
partially transected to allow appropriate exposure. Once the 
peritoneal cavity is entered, the ultrasound transducer is 
placed directly on the myometrium and the edge of the pla-
centa identifi ed and marked. The general strategy is to place 
the hysterotomy as far from the placenta as possible, with the 
direction of the incision parallel to its edge. This will minimize 
the risk of extension towards the placenta, as placental bed 
bleeding cannot generally be controlled. The additional deter-
minant for the site of the hysterotomy is the fetal surgical site 
and fetal position. Frequently, transuterine (hands on serosal 
surface of uterus) fetal manipulation will achieve successful 
position.

Initial uterine entry can be performed either using the 
Bruner–Tulipan trochar, or direct cut-down. The initial entry 
is then extended using the Harrison uterine stapler. Use of 
ultrasound is critical to confi rm that the stapler compresses no 
fetal part or loop of cord, and is defi nitively intra-amniotic. 
The stapler fi res a line of dissolvable staples 8 cm long and cuts 
in between them. This produces a hemostatic myometrial inci-
sion with the membranes tacked to the myometrium, mini-
mizing the risk of dissection. Occasionally, bleeding from the 
myometrial edge, particularly at the apices, requires place-
ment of atraumatic clamps or a fi gure of eight stitch. Specially 
designed Harrison–Moran backbiting retractors provide 
further hemostasis and exposure (Figs 52.1 and 52.2).

Table 52.1 Maternal morbidity and mortality for 178 interventions at University of California, San Francisco (UCSF) with postoperative continuing pregnancy 

and divided into operative subgroups.

  Endoscopy Percutaneous
 Open FETENDO/ FIGS/ All 
Operative Technique Hysterotomy Lap-FETENDO Lap-FIGS Interventions

Patients with postop continuing pregnancy 79 68 31 178

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%)

PTL leading to delivery 26/79 (32.9%) 18/68 (26.5%) 4/31 (12.9%) 48/178 (27.0%)

Premature rupture of membranes (PROM) 41/79 (51.9%) 30/68 (44.1%) 8/31 (25.8%) 79/178 (44.4%)

Chorioamnionitis 7/79 (8.9%) 1/68 (1.5%) 0/31 (0.0%) 8/178 (4.5%)

PTL, Preterm labor.
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Once the hysterotomy incision is appropriately hemostatic, 
attention can be turned to the fetus. Only that part of the fetus 
needed to perform the procedure should be exteriorized. This 
is important for fetal temperature control, and to avoid tissue 
desiccation and abruption secondary to uterine decompres-
sion. The fetus can be monitored using either a pulse oximeter 
and/or sonographic surveillance of the fetal heart. During the 
surgery, continued relaxation of the uterus is monitored by 
palpation, and the serosal surfaces are irrigated with warm 
saline. If the uterus begins to contract, options include increas-
ing inhalational agents, use of nitroglycerin or loading with 
magnesium sulfate, or a combination of the above.

Following the procedure on the fetus, the uterine closure 
begins. This is usually the time we initiate the bolus of magne-
sium sulfate, followed by a maintenance dose. The uterus is 
closed in two layers of No. 0 polyglycolic monofi lament suture. 

Full-thickness interrupted stay sutures are placed fi rst but not 
tied, then the continuous suture is placed. Prior to tying the 
continuous suture, a catheter is used to refi ll the amniotic 
cavity under ultrasound guidance with lactated Ringer solu-
tion. The fl uid is replenished to a level of low normal fl uid, 
then the stay sutures are tied. When it is assured that the suture 
line is hemostatic and hydrostatic, the abdominal wall is closed 
in layers in the usual fashion.

Postoperative recovery in our unit is accomplished in the 
labor and delivery suite. For pain control, the preoperatively 
placed epidural catheter is used for the fi rst 48 hours. Intrave-
nous magnesium sulfate is continued for 24 hours and oral 
nifedipine then initiated. Indomethacin is continued for a total 
of 48 hours, with ductal constriction surveillance performed 
by fetal echocardiography daily. The nifedipine is continued 
long term. Activity is limited to bed rest for the fi rst 48 hours 
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postoperatively and then liberalized. Upon discharge, patients 
are still encouraged to limit activity. Close outpatient follow-
up with weekly visits and ultrasounds is our routine.

Indications for open fetal surgery

Myelomeningocele (MMC)

The most common indication for hysterotomy-based fetal 
intervention currently in our center is MMC. This is a birth 
defect with sequelae that affect both the central and peripheral 
nervous systems. A change in cerebrospinal fl uid (CSF) 
dynamics results in the Arnold–Chiari II malformation and 
hydrocephalus. The abnormally exposed spinal cord results in 
lifelong lower extremity neurologic defi ciency, fecal and 
urinary incontinence, sexual dysfunction, and skeletal 
deformities. This defect carries enormous personal, familial, 

and societal costs, as the near normal lifespan of the affected 
child is characterized by hospitalization, multiple operations, 
disability, and, occasionally, institutionalization. Although it 
has been assumed that the spinal cord itself is intrinsically 
malformed in children with this defect, recent work suggests 
that the neurologic impairment after birth may be caused by 
exposure and trauma to the spinal cord in utero, and that cover-
ing the exposed cord may prevent the development of the 
Chiari malformation [9].

Since 1997, more than 200 fetuses have had in utero closure of 
MMC by open fetal surgery. Preliminary clinical evidence 
suggests this procedure reduces the incidence of shunt-
dependent hydrocephalus and restores the cerebellum and 
brainstem to a more normal confi guration. However, clinical 
results of fetal surgery for MMC are based on comparisons 
with historical controls, examine only effi cacy not safety, and 
lack long-term follow-up.
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The National Institutes of Health (NIH) has funded a 
multicenter randomized clinical trial (Management of 
Myelomeningocele Study or “MOMS”) of 200 patients that 
will be conducted at three centers: UCSF; CHOP; and Vander-
bilt University Medical Center, along with an independent 
Data and Study Coordinating Center, the George Washington 
University Biostatistics Center. There is a moratorium on 
performing this surgery outside the trial until the results are 
reported.

Congenital cystic adenomatoid malformation

Congenital cystic adenomatoid malformation (CCAM) 
leading to hydrops is another indication for hysterotomy. 
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 hypoplasia 
[10]. The pathophysiology of hydrops and the feasibility 
of resecting the fetal lung have been studied in animals [10,11]. 
Experience managing more than 200 cases suggests that most 
lesions can be successfully treated after birth, and that some 
lesions resolve before birth [12]. Although only a few fetuses 
with very large lesions develop hydrops before 26 weeks’ ges-
tation, these lesions may progress rapidly and the fetuses die 
in utero. Careful sonographic surveillance of large lesions is 
necessary to detect the fi rst signs of hydrops, because fetuses 
developing hydrops can be successfully treated by emergency 
resection of the abnormal lobe in utero. Fetal pulmonary 
lobectomy has proven to be surprisingly simple and quite 
successful at UCSF and CHOP. For lesions with single large 
cysts, thoracoamniotic shunting has also been successful [13]. 

Percutaneous ablation techniques are being investigated. We 
have seen regression of very large lesions with hydrops after 
maternal steroid treatment.

Sacrococcygeal teratoma

Hysterotomy is the most common fetal surgical approach to 
treat fetuses in high output failure and hydrops with large 
SCTs. Most neonates with SCT survive, and malignant inva-
sion is unusual. However, the prognosis of patients with SCT 
diagnosed prenatally (by sonogram or elevated alpha-
fetoprotein [AFP]) may be 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 fl ow through the tumor. Because hydrops may 
progress quite rapidly to fetal death, close sonographic follow-
up is critical. Attempts to interrupt the vascular steal phenom-
enon by sonographically guided or fetoscopic techniques have 
not yet been successful. Excision of the tumor reverses the 
pathophysiology if it is performed before “mirror syndrome” 
(maternal preeclampsia) develops in the mother. Hysteroto-
mies in these cases may involve quite large incisions because 
of the 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 
fi rst applied to pregnancies complicated by diaphragmatic 
hernia, urinary tract obstruction, and twin–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 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 compared with hysterotomy cases. This included 
general anesthesia, use of multiple tocolytics, and prolonged 
hospitalization. One important difference even initially was 
that patients could labor following FETENDO procedures. 
Since these initial cases, endoscopic procedures have become 
less invasive with smaller instruments passed through 3-mm 
ports. This may explain why pregnancy outcomes and pulmo-
nary edema rates were initially similar comparing the hyster-
otomy and endoscopy groups, although transfusions were 
required less frequently in the latter cases (Table 52.1) [1]. The 
interval from procedure to delivery was also little changed as 
was the gestational age at delivery. In our experience, many of 
the deliveries still required cesarean section to accommodate 
EXIT procedures [1,13]. This is essentially a cesarean delivery 
in which the cord is not clamped until airway management is 
secure. It involves strategies similar to those used for open 
surgery, including uterine relaxation with general anesthesia, 
myometrial incision hemostasis with staples, and fetal moni-
toring. The endoscopic procedures that necessitated EXITs 
were balloon tracheal occlusions for congenital diaphragmatic 
hernias. This was also amongst the most frequent indication 
for an endoscopic fetal surgical approach at UCSF.

Percutaneous FETENDO

Currently, we rarely use the more invasive Lap-FETENDO 
and have since progressed towards a percutaneous approach 
using a smaller 2.0-mm 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 
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twin–twin transfusion. We anticipate based on our early expe-
rience and that of others [13] that the risk profi le with percuta-
neous micro-endoscopy will be similar to percutaneous 
sonography-guided procedures (see below). The periopera-
tive management is very different compared to the more 
invasive procedures. Although patients are treated with pro-
phylactic indomethacin and antibiotics, uterine relaxation 
from inhalational agents is not required and may in fact be det-
rimental. Therefore, we generally use regional 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 24–48-hour course of 
indomethacin or nifedipine is often all that is required. In cases 
where there are signifi cant postoperative changes in uterine 
size, such as with interventions for twin–twin transfusion syn-
drome (TTTS), prophylactic intravenous magnesium sulfate 
may be helpful. This has to be balanced against the risk of port 
site hemorrhage, which may be more likely in our experience 
with a greater degree of uterine relaxation.

Indications for fetoscopic surgery (FETENDO)

Congenital diaphragmatic hernia

The fundamental problem in babies born with a congenital 
diaphragmatic hernia (CDH) is pulmonary 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 aban-
doned. Fetal tracheal occlusion was developed as an alterna-
tive strategy to promote fetal lung growth by preventing 
normal egress of lung fl uid. Occlusion of the fetal trachea was 
shown to stimulate fetal lung growth in a variety of animal 
models. Techniques to achieve reversible fetal tracheal occlu-
sion were explored in animal models and then applied clini-
cally, evolving from external metal clips placed on the trachea 
by open hysterotomy or fetoscopic 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 CDH. 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 better than that of historic controls (37%), but proved 
no better than that of concurrent randomized controls. 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 new-
borns with suspected pulmonary hypoplasia. Attempts to 
improve outcome for severe CDH by treatments either before 
or after birth have proven to be double-edged swords. Inten-
sive care after birth has improved survival but has increased 
long-term sequelae in survivors, and is expensive. Interven-
tion before birth may increase lung size, but prematurity 
caused by the intervention itself can be detrimental. In our 
study, babies with severe CDH who had tracheal occlusion 
before birth were born on average at 31 weeks, as a conse-
quence of the intervention. The observation that their rates of 
survival and respiratory outcomes (including duration of 
oxygen requirement) were comparable to infants without tra-
cheal occlusion who were born at 37 weeks, suggests that tra-
cheal occlusion improved pulmonary hypoplasia, but the 
improvement in lung growth was adversely affected by pul-
monary immaturity related to earlier delivery.

The current results underscore the role of randomized trials 
in evaluating promising new therapies. This is the second 
NIH-sponsored trial comparing a new prenatal intervention 
for severe fetal CDH. The fi rst trial showed that complete sur-
gical repair of the anatomic defect (which required hysterot-
omy), although feasible, was no better than postnatal repair in 
improving survival and was ineffective when the liver as well 
as the bowel were herniated [15]. That trial led to the abandon-
ment of open complete repair at our institution and subse-
quently around the world. Information derived from that trial 
regarding measures of severity of pulmonary hypoplasia 
(including liver herniation and the development of the 
lung : head ratio [LHR], area of contralateral lung in axial plane 
at level of four chamber view of heart, normalized to head 
circumference) led to the development of an alternative 
physiologic strategy to enlarge the hypoplastic fetal lung by 
temporary tracheal occlusion and to the development of 
less-invasive fetal endoscopic techniques that did not require 
hysterotomy to achieve temporary, reversible tracheal occlu-
sion [16,17].

Our ability to accurately diagnose and assess 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 an LHR 
above 1.4 have an excellent prognosis (100% in our experi-
ence). In this study, fetuses with an LHR between 0.9 and 1.4 
had a chance of survival greater than 80% when delivered at a 
tertiary care center. The small number of fetuses with LHR 
below 0.9 had a poor prognosis in both treatment groups, and 
should be the focus of further studies [18].

Because tracheal occlusion does work in enlarging hypo-
plastic lungs, approaches to tracheal occlusion other than that 
used here might be benefi cial. Although the duration of occlu-
sion in this study (36.2 ± 14.7 days) is comparable with that 
studied in animal models [18,19], the optimal timing and dura-
tion of occlusion is not known in humans. Short-term occlu-
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sion later in gestation and earlier occlusion (with possible 
reversal in utero) have been studied in animal models [21,22] 
and applied in humans. It is also possible that the risk of pre-
mature rupture of membranes leading to preterm labor and 
delivery might be reduced by using smaller 2-mm fetoscopes 
percutaneously and by newly developed techniques to seal 
membranes. Fetuses with an LHR less than 0.9 have poor sur-
vival and remain the focus for new treatment strategies either 
before or after birth.

Twin–twin transfusion syndrome

TTTS was one of the fi rst entities to be treated endoscopically 
at UCSF. It is a complication of monochorionic multiple gesta-
tions resulting from an imbalance in blood fl ow through vas-
cular communications, such that one twin is compromised 
and the other favored. It is the most common serious complica-
tion of monochorionic twin gestations, affecting between 4% 
and 35% of monochorionic twin pregnancies, or approxi-
mately 0.1–0.9 per 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 gesta-
tions [23]. Standard therapy has been limited to serial amnio-
reduction, 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 neu-
rologic and cardiac morbidity. Selective fetoscopic laser photo-
coagulation of communicating vessels has emerged as an 
alternative treatment strategy with at least comparable, if not 
superior, survival to serial amnioreduction, as demonstrated 
in a randomized trial in Europe [24].

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 B2 microglob-
ulin levels and the sonographic appearance of fetal kidneys 
have proven reliable [24–27]. Of all fetuses with urinary tract 
dilatation, the vast majority do not require intervention. 
However, fetuses with bilateral hydronephrosis and bladder 
distension resulting from urethral obstruction subsequently 
developing oligohydramnios require treatment. Depending 
on the gestational age, the fetus can be delivered early for 
postnatal decompression. Alternatively, the bladder can be 
decompressed in utero by a catheter vesicoamniotic shunt 
(e.g., Harrison shunt) placed percutaneously under sono-
graphic guidance [29], by fetoscopic vesicostomy [30,31], or 

more recently by fetocystoscopic ablation of urethral valves 
[32]. Treatment with shunting has been relatively disappoint-
ing, 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 developed a per-
cutaneous fetal cystoscopic technique to disrupt posterior ure-
thral valves through a single 3-mm port.

Fetal intervention guided by sonography

The fi rst fetal procedure, developed in the early 1980s, was 
percutaneous sonographically guided placement of fetal 
bladder catheter shunt. Many other catheter-shunt procedures 
have been developed and described [33]. More recently, we 
have developed percutaneous sonographically guided radio-
frequency ablation procedures for management of anomalous 
multiple gestations. All these procedures we now group as 
‘fetal intervention guided by sonography’ (FIGS). Very com-
plicated procedures may still require laparotomy (Lap-FIGS).

Percutaneous or micro-FIGS is used to sample or drain fetal 
blood, urine, and fl uid collection, to sample fetal tissue, to 
place catheter shunts in the fetal bladder, chest, abdomen, or 
ventricles, and to perform radiofrequency ablation (RFA). The 
most common indication at UCSF is RFA for acardiac twins/
twin reversed arterial perfusion (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 we 
use, these techniques are more invasive, using at least 3-mm 
trochars. Additionally, the length of the cord or its position 
may preclude use of these instruments. The perioperative 
management of these patients is similar to the current micro-
FETENDO patients. The procedures are performed under 
spinal anesthesia, with prophylactic antibiotics and indomet-
acin. Postoperative tocolysis is rarely necessary and the 
patients are frequently discharged within hours of the proce-
dure. Ultrasound is critical both for the planning and execu-
tion of the procedure. We attempt to avoid entry into the sac of 
a normal twin if at all possible. The RFA needle is guided into 
the abdominal cord insertion of the abnormal twin under 
ultrasound guidance. The tines (thin wires protruding out of 
the needle like hooks) are then deployed and energy delivered 
to the device to create thermal injury to the tissue. The device 
we currently use measures the temperature at the tines. This 
allows us to use an energy level to provide the quickest obliter-
ation of the vascular communications possible. This is of 
benefi t as there are theoretical concerns regarding the differ-
ential obliteration of arterial and venous vessels, which might 
place the normal twin at risk for exsanguination. Ultrasound is 
also used to monitor the procedure and welfare of the normal 
twin. Thermal injury can be monitored by watching for the 
characteristic out-gassing in the tissue. Once active energy 
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delivery to the device has ceased, color-fl ow Doppler can be 
used to detect any residual fl ow, both in the cord and the 
abnormal fetus. Once absence of blood fl ow is confi rmed, the 
tines are retracted and the device then withdrawn. We have 
not found an increased frequency of adverse outcomes with a 
transplacental approach. We have had good success with this 
approach with a survival rate of close to 95% and a mean gesta-
tional age at delivery of over 35 weeks and an average time 
from procedure of over 11 weeks. There has been no maternal 
pulmonary edema or blood loss.

There are a few complicated FIGS procedures that may 
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 benefi t from prenatal correction. For example, if obstruc-
tion of blood fl ow across the pulmonary or aortic valve inter-
feres with development of the ventricles or pulmonary or 
systemic vasculature, relief of the anatomic obstruction may 
allow normal development with an improved outcome. Alter-
natively, 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 [33]. The procedure is technically 
diffi cult. Several centers are developing experimental tech-
niques to correct fetal heart defects [34].

In summary, fetal surgery has evolved considerably since 
its birth at UCSF two decades ago. The indications remain 
quite limited, but numerically have the potential to expand 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.

Case presentation

The patient is a 36-year-old G3P2 at 18 weeks’ gestation. She 
was referred to a perinatologist for evaluation because an 
ultrasound was suspicious for a twin pregnancy with demise 
of an anomalous fetus with a cystic hygroma.

The perinatologist performed a detailed ultrasound and 
identifi ed a monochorionic diamnionic twin pregnancy. One 
twin is morphologically normal and the other has a torso with 
edematous skin and no heart and is of similar size to the normal 
twin. The blood fl ow in the cord is reversed with fl ow in the 
single artery towards the anomalous twin. This therefore is an 
acardiac twin and the situation represents TRAP. The perina-
tologist discusses with the patient and her partner that in cases 
of TRAP, the normal or pump twin is at risk of cardiac failure, 
hydrops, and stillbirth. They discuss the management options 
including observation or intervention with bipolar cord coag-
ulation or RFA.

The family is seen for evaluation. Ultrasound documents 
the previous fi ndings and also identifi es polyhydramnios and 

an enlarged intra-abdominal umbilical vein in the pump twin 
sac, and signifi cant blood fl ow into the acardiac twin. Fetal 
echocardiography shows increased biventricular output in 
the pump twin with some increased pulsatility in the ductus 
venosus. The multidisciplinary team meets with the patient 
and her family and discusses the management options 
and risks and benefi ts of each. They decide to proceed 
with RFA.

The procedure is performed the next day, under spinal 
anesthesia in the operating room. The RFA device is deployed 
percutaneously under ultrasound guidance into the abdomen 
of the acardiac twin at the level of the cord insertion. The device 
is energized, and the tissue is heated acutely. After cool down, 
ultrasound documents cessation of blood fl ow based on color 
fl ow and pulse Doppler. The patient stays hospitalized over-
night. The next day a repeat ultrasound confi rms no acute 
changes in the pump twin without residual fl ow into the acar-
diac twin. She is discharged home to return to the care of her 
referring perinatologist and primary obstetrician. Several 
months later she delivers a healthy infant at term by induced 
vaginal delivery.
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53 Problems in the newborn
Avroy A. Fanaroff

Background—the population; statistical 
defi nitions: infant mortality

More than half of neonatal deaths in the USA still occur in the 
approximately 60,000 very low birth weight (VLBW) infants 
born each year, but advances in neonatal and perinatal care 
have improved the chances of survival for such infants. Hence, 
in 2006, in excess of 80% of low birthweight (LBW) infants were 
the benefi ciaries of antenatal corticosteroids with an attendant 
survival rate of approximately 85%. Factors infl uencing sur-
vival rate include antenatal corticosteroids, birthweight, ges-
tational age, gender, race, mode, and site of delivery. There is 
improved survival with advancing birthweight and gesta-
tional age. Almost 60% of infants with a birthweight of 
501–750 g, 90% of 751–1000 g infants, and in excess of 95% of 
infants who weigh 1001–1500 g survive to hospital discharge. 
Survival almost doubles at 23–24 weeks (30–60%), increasing 
steadily between 25 and 27 weeks, and leveling off thereafter 
(80% at 25 weeks, 85% at 26 weeks, 90% at 27 weeks, and 92% at 
28 weeks). Although there were dramatic increases in survival 
following the introduction of surfactant and widespread use 
of antenatal corticosteroids, mortality rates appear to have 
leveled off.

Whether the dramatic improvements in survival of extre-
mely preterm infants have resulted in increased rates and 
absolute numbers of disabled survivors has been a matter of 
much debate and concern for physicians caring for these 
infants. Interpretation of the literature on long-term outcome 
of extremely preterm infants is limited by small sample sizes, 
lack of population- and gestational age-based samples, differ-
ing proportions of inborn infants, different times of assess-
ment and outcome measures, inconsistent classifi cation of 
neurodevelopmental impairment, and excessive loss to 
follow-up [1,2].

The rate of preterm survival without major sensorineural 
disability at 2 years, based on infants who had survived to 
initial hospital discharge, was 80%. Twenty percent of the chil-

dren had a major sensorineural disability (bilateral blindness, 
deafness, cerebral palsy of such severity that the child did not 
walk or walked with great diffi culty, or had an intelligence 
quotient greater than 2 standard deviations below the mean); 
11% had cerebral palsy. Risk factors during the initial hospital-
ization for major disability at 5 years of age were grade 3 or 4 
intraventricular hemorrhage (IVH), cystic periventricular leu-
komalacia, postnatal steroid therapy, and surgery before dis-
charge. Among the almost half of the cohort who had none of 
these risk factors, the rate of survival without major sen-
sorineural disability was 93%, similar to the rate among the 
normal birthweight controls [3–5].

Parents and physicians of extremely preterm neonates 
require reliable information on their prognosis for survival 
and survival without disability in order to make informed 
decisions about how to best provide for their care. This 
information is, of necessity, offset in time from current 
practice and is often not specifi c to the institution caring for 
the infant or to the individual infant. Current estimates of the 
range in survival without impairment (calculated from the 
product of the lowest survival and the lowest survival without 
impairment rates vs. the highest survival and highest 
survival without impairment rates) at 23 weeks is 4–28%; 
at 24 weeks 12–49%; and at 25 weeks 23–78%. Moreover, 
although preterm infants may not be neurodevelopmentally 
impaired at follow-up, they are at signifi cant risk of 
academic diffi culties so that they are more likely to be enrolled 
in special education classes and are at increased risk for 
developing attention defi cit hyperactivity disorder (ADHD) 
compared with the term controls. Fewer VLBW infants 
ultimately graduate from high school compared with their 
term peers. 

In summary, advances in perinatal care have led to the sur-
vival of increasing numbers of children born at the lower limits 
of viability. VLBW children have poorer outcomes relative to 
normal birthweight term controls in neurologic and health 
status, cognitive-neuropsychological skills, school perform-
ance, academic achievement, and behavior. Outcomes are 
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highly variable but are related to medical risk factors, neonatal 
medical complications of prematurity, and social risk factors. 
Attention is increasingly focused on long-term outcome as an 
indicator of the individual infant’s medical and social risk 
factors, as well as the quality of the medical care the infant 
received. Systematic evaluation of risk factors (e.g., infl amma-
tory exposures, nutritional status, brain injury on magnetic 
resonance imaging), and care practices (e.g., ventilatory man-
agement) may identify strategies and interventions needed to 
achieve further improvements in the outcome of babies born 
at the limits of viability.

Thermoregulation

Thermoregulation of the fetus

The metabolic rate of the fetus per tissue weight is relatively 
high when compared with that of an adult. Moreover, heat is 
transferred to the fetus via the placenta and the uterus, result-
ing in a 0.5°C higher temperature than that of the mother. Also, 
any changes in the maternal temperature are closely followed 
in the fetus to maintain this gradient. The maternal arterial 
temperature is the single most important factor in thermoreg-
ulation of the fetus. The fetus does not independently regulate 
its body temperature. If the pregnant woman develops pro-
longed and high fever, it reduces the effi ciency of the placenta 
in dissipating the heat generated by the fetus. This causes 
hyperthermia of the fetus, which could result in teratogenesis, 
spontaneous abortion, stillbirth, or premature delivery. 
Maternal fever early in pregnancy is potentially teratogenic. 

The umbilical circulation transfers 85% of the heat produced 
by the fetus to the maternal circulation. The remaining 15% is 
dissipated through the fetal skin to the amnion, and is then 
transferred through the uterine wall to the maternal abdomen. 
As long as fetal heat production and loss are appropriately bal-
anced, the temperature differential between the fetus and the 
mother remains constant. However, if the umbilical circula-
tion is interrupted for any reason, the fetal temperature will 
rise and the fetus may become profoundly hyperthermic 
which may adversely affect brain development. Whereas the 
neonate will generate extra heat by nonshivering thermogene-
sis, this mechanism is inhibited in the fetus by adenosine and 
prostaglandin E2 derived from the placenta. Both these agents 
have strong antilipolytic actions. 

Thermal regulation after birth

At birth neonates rapidly drop their temperature in response 
to the relatively cold extrauterine environment together with 
large convective, radiant, and evaporative heat loss. That is 
why it is critically important to rapidly dry and warm high risk 
neonates. The neonate must accelerate heat production which 
occurs predominantly by nonshivering thermogenesis as 

shivering is rarely seen in term infants and never in preterm 
infants. Nonshivering thermogenesis is initiated by 
lipolysis in the richly vascular brown adipose tissue. Thermo-
genesis must begin shortly after birth and continue for several 
hours. Because thermogenesis requires adequate oxygena-
tion, a distressed neonate with hypoxemia cannot produce 
an adequate amount of heat to increase its temperature and 
body temperature falls. This is notable in preterm infants 
where the inability to accommodate to cold stress has long 
been recognized as a major difference between the preterm 
and the term neonate. 

Thermal regulation under 
special circumstances

The delivery room

At delivery, newborn infants rapidly lose heat by evaporative, 
radiant, and convective heat losses. Heat losses by conduction 
are minimal unless the infant is placed on a cold surface. Heat 
losses may be minimized by immediately drying infants with 
dry, prewarmed towels, and wrapping and placing them 
under a radiant warmer. The delivery room should be kept 
reasonably warm (more than 25°C) and both term and preterm 
infants should be dried with prewarmed blankets, wrapped, 
and placed under a radiant warmer. 

Preterm infants are especially prone to hypothermia imme-
diately following birth. Excessive evaporative heat loss and 
the relatively cool ambient temperature of the delivery room 
may be important contributing factors. It is important to keep 
the delivery room warm and in controlled trials which evalu-
ate the effect of placing infants <29 weeks gestation in poly-
urethane bags up to their necks immediately after delivery 
even before being dried, the infants had higher mean admis-
sion temperatures upon arrival in the nursery and the conclu-
sion is that polyurethane occlusive skin wrapping prevents 
rather than delays heat loss at delivery in very preterm 
infants.

Radiant warmers

Rapid, safe warming of hypothermic infants can be accom-
plished with radiant warmers. These heating devices maintain 
body temperature by providing radiant heat. Radiant warmers 
allow for easy accessibility to the infant and are used predomi-
nantly in the delivery room and in the care of ill infants who 
need intensive monitoring and frequent interventions. The 
optimal skin temperature for the control of radiant heaters is 
undetermined, but radiant warmers should be used only with 
a servocontrol and an abdominal skin temperature set at 
36.5°C. Such constraints as possible dislodgement of the probe 
and the need for the thermistor to be covered by an aluminum 
patch should be clearly understood by those who operate 
radiant warmers. Radiant warmers signifi cantly increase 



Chapter 53

444

insensible water loss, especially in preterm infants (50% or 
more). This can result in rapid dehydration unless there is suf-
fi cient water replacement.

Transport

Newborn infants, especially those who are preterm, are at risk 
of hypothermia while being transported from delivery 
room to nursery, from one hospital to another, or to and 
from the operating room. Formerly, a prewarmed, double-
walled transport incubator or a single-walled transporter 
with the infant dressed and/or covered by a blanket or silver 
swaddler helped prevent a fall in body temperature. 
More recently, the infants are immediately covered with 
plastic bags. Transport by aircraft increases the risk of hypo-
thermia by radiant heat loss, so the use of a double-walled 
transporter is recommended to decrease the loss of body tem-
perature. For procedures, the infant should be placed under a 
radiant warmer with servocontrol on a continuously warmed 
mattress, in a draft-free, humidifi ed (50%) room to minimize 
heat loss. 

Induced cooling

Hypothermia is protective against brain injury after asphyxia-
tion in animal models. Recent randomized trials of hypother-
mia have been completed in infants with a gestational age of at 
least 36 weeks who were admitted to the hospital at or before 
6 hours of age with either severe acidosis or perinatal 
complications and resuscitation at birth and who had moder-
ate or severe encephalopathy [6,7]. In both trials, death or 
moderate or severe disability was reduced with cooling. Also 
there were no differences noted in the frequency of clinically 
important complications. Shankaran et al. [6] reported no 
increase in major disability such as cerebral palsy among sur-
vivors. Moderate cooling offers a new therapy for asphyxia 
neonatorum.

Anemia

Anemia is defi ned as a hemoglobin level less than 12 g/100 mL 
in the fi rst week of life. The hemoglobin and hematocrit peak at 
3–12 hours of age as levels both rise 2–3 g/100 mL and 3–6%, 
respectively. The capillary values for both hemoglobin and 
hematocrit are consistently higher than venous or arterial 
measurements.

There are many causes of anemia in the neonatal period. 
Anemia may result from one of three causes: hemorrhage, 
hemolysis, and failure of red blood cell production. The pres-
ence of severe anemia at the time of delivery or on the fi rst day 
of life is usually the result of hemorrhage or hemolysis result-
ing from isoimmunization. When the anemia is secondary to 
acute blood loss at the time of birth, there may be evidence of 

circulatory insuffi ciency. Causes of anemia in the neonatal 
period include the following. 

Obstetric accidents and malformations of the placenta 
and cord

This subgroup includes rupture of a normal or abnormal 
umbilical cord. Rupture of the normal umbilical cord is rare 
and may result from an unattended precipitous delivery. 
Severe fetal hemorrhage may accompany placenta previa, 
abruptio placentae, or incision of the placenta or umbilical 
cord during cesarean delivery. Failure of the infant to receive 
the usual placental transfusion during the cesarean delivery 
and clamping the cord with the infant above the placenta 
aggravates the situation, because fetoplacental hemorrhage 
will occur. It may be extremely diffi cult to distinguish the 
infant with hypovolemic shock from the severely asphyxiated 
newborn; both may be extremely pale with evidence of poor 
perfusion and circulatory insuffi ciency. 

Occult hemorrhage prior to birth

Although some degree of hemorrhage from the fetus into the 
maternal circulation occurs during 50% of pregnancies, it has 
been estimated that in only 1% will the amount of fetal loss 
exceed 40 mL and cause anemia in the newborn. Massive 
fetal–maternal hemorrhage, defi ned as more than 150 mL fetal 
blood in the maternal circulation, is said to account for 3% 
of perinatal mortality and occurs in approximately 1 in 800 
deliveries. Some of the causes of fetal–maternal hemorrhage 
include amniocentesis, external version, fundal pressure dur-
ing the second stage of labor, the use of intravenous oxytoxics, 
trauma, placenta previa, and abruptio placentae [8].

The clinical manifestations of fetal–maternal hemorrhage 
depend on the timing and acuity. Chronic bleeding results in a 
very pale infant, not necessarily in distress or manifesting any 
features of shock but with enlargement of the liver and spleen. 
The blood smear is typically microcytic and hypochromic, and 
there is no evidence of hemolysis. Fetal cells can be demon-
strated in the maternal circulation, usually by means of 
the acid elution technique of Kleihauer and Betke. If fetal–
maternal hemorrhage of signifi cant proportions has occurred 
acutely, the clinical features of shock and hypoperfusion pre-
dominate. The red blood cell morphology is normocytic and 
normochromic, and no hepatosplenomegaly is present. In 
contrast with the infants with chronic loss, who require only 
iron supplementation, these latter infants are in dire need of 
fl uid replacement to restore intravascular volume, and then 
blood transfusion.

Internal hemorrhage

There are many potential sites for blood loss in the newborn. 
The detection of anemia during the fi rst days of life should 
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initiate a careful evaluation to determine the source of blood 
loss. The fi nding of a large cephalohematoma or extensive 
swelling of the scalp associated with a subaponeurotic collec-
tion of blood is a common site of blood loss. Infants delivered 
in the breech position may have signifi cant blood loss into the 
muscles and manifest bruising but not necessarily swelling. 
The advent of ultrasonography and computed tomography 
(CT) has facilitated the search for intracranial and intra-
abdominal sites of blood loss. 

Traditionally, adrenal hemorrhage, rupture of the liver, and 
rupture of the spleen all accompany diffi cult and traumatic 
deliveries of both macrosomic and premature infants, and 
are more likely to be noted with breech presentation. The 
usual clinical manifestations of shock are accompanied by 
specifi c abdominal fi ndings, which includes periumbilical 
discoloration.

Iatrogenic blood loss

Iatrogenic blood loss is associated with excessive blood with-
drawal, bleeding from inadequate clamping of the umbilical 
cord, bleeding associated with improper management of the 
umbilical arterial catheters, or excessive bleeding following 
procedures such as circumcision. It is important to monitor 
closely the volume of blood withdrawn from sick neonates, to 
restrict the number of laboratory investigations, and to draw 
the minimal volume of blood necessary. Strict adherence to 
protocols regarding care of catheters diminishes the risks of 
hemorrhage from this source.

Hemolytic anemias

There are many causes of hemolytic disease in the newborn. 
The presence of jaundice distinguishes hemolytic anemia 
from that characterized by blood loss. Major categories of 
hemolysis of signifi cance in the neonatal period are as 
follows:
1 Isoimmunization
2 Congenital defects of the red blood cell
3 Acquired defects of the red blood cell

The problem of isoimmunization is dealt with in Chapter 36. 
Congenital defects of the red blood cell, which include the 
enzymatic defects, are characterized by specifi c morphology 
of the red blood cell or the presence of abnormal hemoglobin. 
Among the causes of acquired defects of the red blood cell are 
a variety of bacterial and viral infections (notably parvovirus 
which may cause aplastic anemia) and a multitude of drugs 
and toxins.

In summary, hemorrhage is the most common cause of early 
anemia. The cause is usually apparent from the history. The 
initial evaluation requires a complete blood count with smear 
and reticulocyte count, total and direct bilirubin, blood type 
and Coombs’ test, and the Kleihauer–Betke test on maternal 
blood. TORCH titers (for a group of infections comprising 

Toxoplasma gondii, other viruses, rubella, cytomegalovirus, 
and herpes simplex), a full coagulation profi le, red blood cell 
enzymes, and hemoglobin electrophoresis are analyzed as 
indicated by the history and physical examination.

If signifi cant hemorrhage has occurred and the neonate 
manifests shock with reduced blood pressure and metabolic 
acidosis, arrangements should be made for immediate blood 
transfusion. In the meantime, circulation is supported with 
fl uid pushes to expand the intravascular volume, and mechan-
ical ventilation to optimize oxygenation.

Respiratory disorders

Respiratory distress syndrome

Clinical features

Respiratory distress syndrome (RDS) remains a major cause of 
morbidity in newborn babies. The greatest risk factor appears 
to be low gestational age, whereas other risk factors include 
maternal diabetes, hydrops fetalis, and perinatal asphyxia. 
Although the diagnosis can be established biochemically by 
documentation of surfactant defi ciency in amniotic fl uid or in 
tracheal or gastric aspirate, this is rarely performed and a clini-
cal diagnosis is made, hence statistical data on the prevalence 
must be interpreted with caution. Nonetheless, the incidence 
of RDS probably exceeds 80% at a gestation of less than 
27 weeks, although severity varies widely. With improved 
survival, sequelae have increased dramatically, especially 
bronchopulmonary dysplasia (BPD), because of the disease 
process as well as modes of treatment [26–29].

Impaired or delayed surfactant synthesis superimposed on 
a structurally immature lung appears to be key to the patho-
genesis of RDS. The resultant decrease in lung compliance 
leads to alveolar hypoventilation and ventilation–perfusion 
imbalance. This in turn leads to hypoxemia, which may cause 
metabolic acidosis, and both may contribute to pulmonary 
vasoconstriction and aggravate hypoxemia. Meanwhile, high 
inspired oxygen and barotrauma from assisted ventilation 
initiate an infl ammatory process in the immature lung that 
paves the way for development of chronic neonatal lung 
disease or BPD.

Infants with RDS typically present with a combination of 
tachypnea, nasal fl aring, subcostal and intercostal retractions, 
cyanosis, and expiratory grunting. Retractions are prominent 
and are the result of the very compliant ribcage being drawn 
in on inspiration as the infant generates high intrathoracic 
pressures to expand the poorly compliant lungs. The typical 
expiratory grunt is thought to result from partial closure 
of the glottis during expiration and, in this way, acts as a 
means of trapping alveolar air and maintaining an adequate 
end-expiratory lung volume (or functional residual capacity, 
FRC). Although these signs are characteristic of neonatal 
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respiratory disease, they may result from a wide variety of 
nonpulmonary causes, such as hypothermia, hypoglycemia, 
anemia, polycythemia, or metabolic acidosis. Furthermore, 
such nonpulmonary conditions may complicate the clinical 
course of RDS.

A constant feature of RDS in the pre-surfactant era was the 
early onset of clinical signs of the disease, typically within 1–2 
hours of delivery. The uncomplicated natural course of clini-
cal disease was characterized by a progressive worsening of 
symptoms, with a peak severity by days 2–3 and onset of 
recovery by 72 hours. This is now rare because all but the 
mildest cases of RDS are treated with exogenous surfactant. 
RDS requiring assisted ventilation may be complicated by the 
development of air leaks, signifi cant shunting through a patent 
ductus arteriosus, or BPD, and the infant’s recovery may be 
delayed for days to months.

The typical radiographic features consist of a diffuse reticu-
logranular pattern in both lung fi elds with superimposed air 
bronchograms. These fi ndings cannot be reliably differenti-
ated from those of neonatal pneumonia, most commonly 
caused by group B streptococci. This problem has been the 
major reason for the widespread use of antibiotics in the initial 
management of infants with RDS. 

Management

In an infant with respiratory symptoms (especially if preterm), 
there is a tendency to conclude that underlying pulmonary 
parenchymal disease is present; however, the differential 
diagnosis is extensive. Disorders of the upper airway (e.g., 
choanal atresia, micrognathia), larynx, trachea, intrathoracic 
airway, chest wall, central nervous system, cardiovascular 
system, and musculoskeletal system—together with hemato-
logic and metabolic problems or sepsis—may be easily con-
fused with lung disorders. Analysis of simple laboratory data 
includes blood gases, hematocrit, blood sugar, and white 
blood cell count with differential, together with appropriate 
radiographic studies. 

General measures

Infants with respiratory diffi culty require an optimal thermal 
environment to minimize oxygen consumption and oxygen 
requirements. The ability to supply an adequate caloric intake 
to the critically ill infant receiving respiratory assistance is 
facilitated by intravenous hyperalimentation including lipid 
solutions commencing on the fi rst day after birth. 

Metabolic acidosis is most often encountered when the 
infant has been depressed at birth and required resuscitation. 
A subsequent metabolic acidosis out of proportion to the 
degree of respiratory distress may signify hypoperfusion, 
sepsis, or an IVH. It is not necessary to correct metabolic or res-
piratory acidosis if the pH is greater than 7.25, whereas a pH of 
less than 7.20 typically requires intervention. In the case of 

respiratory acidosis, alkali therapy is not indicated until some 
form of assisted ventilation has been initiated.

It is customary to maintain a venous hematocrit of at least 
40% during the acute phase of RDS to support an adequate 
oxygen-carrying capacity. Arterial oxygen tension (Pao2) is 
maintained at 50–80 mmHg. Although umbilical arterial cath-
eters still form the basic means of arterial sampling in infants 
with RDS, the list of catheter-related thrombotic, embolic, and 
ischemic complications is formidable. Saturation is monitored 
continuously, with efforts made to keep the saturation at 
89–94%.

Surfactant therapy

Surfactant therapy has been a major advance in the care of 
infants with RDS. All regimens of surfactant therapy appear to 
decrease the incidence of air leaks and improve oxygenation of 
ventilated preterm infants. More strikingly, mortality from 
RDS, and even overall mortality of preterm infants, is signifi -
cantly reduced, especially when multiple-dose surfactant 
therapy is used for these infants. In contrast with the impres-
sive improvement in mortality, the incidence of BPD, IVH, 
sepsis, and symptomatic patent ductus arteriosus appears 
unaltered in most studies [9–17].

The overall incidence of BPD has not been reduced by the 
use of surfactant therapy. This may be a consequence of 
enhanced survival, and there is evidence that surfactant has 
increased the rate of survival without BPD. Presumably, BPD 
is more likely to be a direct consequence of barotrauma in the 
preterm survivors of neonatal intensive care who have a more 
advanced gestational age, and such diverse factors as impaired 
respiratory drive, nutritional compromise, intercurrent infec-
tion, and congestive heart failure are less of a problem than in 
the smallest survivors of assisted ventilation.

Transient tachypnea

Transient tachypnea typically presents as respiratory distress 
in term infants or preterm infants who are close to term. The 
clinical features comprise various combinations of mild cya-
nosis, grunting, fl aring, retracting, and tachypnea in the fi rst 
few hours after birth associated with a modest requirement for 
supplemental oxygen. The chest radiograph shows prominent 
perihilar streaking which may represent engorgement of the 
periarterial lymphatics that participate in the clearance of 
alveolar fl uid. The radiographic appearance can usually 
be readily distinguished from the diffuse reticulogranular 
pattern with air bronchograms that is characteristic of RDS.

Patchy infi ltrates that clear within 48 hours and are associ-
ated with perihilar streaking are probably also manifestations 
of transient tachypnea. Differentiation from neonatal pneu-
monia or meconium aspiration can be extremely diffi cult, 
especially if antenatal or postnatal history includes risk factors 
for these disorders. Transient tachypnea of the newborn by 
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defi nition is self-limiting with no risk of recurrence or residual 
pulmonary dysfunction.

Extracorporeal membrane oxygenation

Indications and patient selection

Because of the invasive nature of extracorporeal membrane 
oxygenation (ECMO), most notably the need to ligate the right 
common carotid artery in many patients and the risk of major 
hemorrhage resulting from systemic heparinization, ECMO 
continues to be reserved for neonates who do not respond to 
maximal conventional support and are believed to have a 
chance of survival of 20% or less [18]. Because of the high risk 
of intracranial hemorrhage in babies born before 34 weeks’ 
gestation, ECMO is currently applicable only to term or near-
term infants. In general, to be considered for ECMO therapy, a 
baby must have completed 34 weeks’ gestation, weigh at least 
2 kg, and have a reversible cause of pulmonary or cardiac 
failure. Meconium aspiration syndrome is the most frequent 
cause of respiratory failure leading to ECMO. Other common 
underlying conditions are diaphragmatic hernia, sepsis, con-
genital pneumonia, RDS, and perinatal asphyxia. Persistent 
pulmonary hypertension of the newborn (PPHN) is almost 
always a major contributing factor, usually accompanied by 
varying degrees of myocardial dysfunction. Primary cardiac 
failure is a relatively rare indication for ECMO and the success 
of the procedure in these patients is limited.

The survival rate for ECMO patients listed in the Extracor-
poreal Life Support Organization (ELSO) Registry based at the 
University of Michigan as of July 1997 is 80.4% [19]. For the 
years 1973–82 the survival rate was 57.8%, rising to 82.2% in 
1983–89. The survival rate has declined slightly in 1990–97 to 
79.8%, refl ecting a change in the patient mix toward a greater 
proportion of more diffi cult cases. The prognosis for survival 
depends mainly on birthweight, gestational age, and the 
underlying diagnosis (Fig. 53.1). Admission pH may also be a 
useful prognostic feature.

Serious complications of ECMO are not frequent but can be 
devastating. Of greatest concern are those related to systemic 
heparinization and to the ligation of the carotid and perhaps 
jugular vessels. Intracranial hemorrhage occurs in approxi-
mately 16% of patients and is more frequent in babies of 34–
35 weeks’ gestation. Other signifi cant complications include 
internal hemorrhage, renal failure, and seizures. Cerebral in-
farction, predominantly involving the right hemisphere, is an 
occasional occurrence in patients who were hypotensive at the 
time of carotid artery ligation. Follow-up data suggest that 
despite the extreme severity of their neonatal illness, most 
ECMO graduates survive the experience without apparent 
neurologic or developmental impairment. Transient feeding 
problems are a frequent occurrence and may delay discharge. 
However, they rarely persist beyond a few weeks, except in 

children with diaphragmatic hernia. Sensorineural hearing 
loss is a common complication of ECMO and was noted in 29 
of 111 (26%) ECMO graduates. The need for early, routine, 
audiologic evaluations throughout childhood for all ECMO 
graduates is apparent. 

Jaundice

Bilirubin is produced from breakdown of hemoglobin, 
myoglobin cytochromes, and other heme-containing com-
pounds mainly in the liver, spleen, and bone marrow. The 
indirect bilirubin so formed is water-insoluble but fat-soluble, 
and hence potentially toxic to the central nervous system. 
Beta-glucuronidase present in human milk enhances the reab-
sorption of bilirubin from the gut [20]. In the fetus, the indirect 
bilirubin is transported across the placenta. Hyperbilirubine-
mia is observed either when production of bilirubin is 
enhanced (e.g., hemolysis) or when elimination is reduced.

An elevated bilirubin level (hyperbilirubinemia) is the most 
common problem encountered in the full-term neonate and is 
a signifi cant problem in the late preterm infant (36–38 weeks). 
Hyperbilirubinemia is clinically relevant in the neonate 
because it has been associated with kernicterus (yellow stain-
ing of the basal ganglia and hippocampus). Most reports indi-
cate that in term infants, without evidence of hemolysis, 
kernicterus is unlikely to occur if the serum bilirubin is main-
tained below 25 mg/dL, although kernicterus has been 
reported at autopsy in low birthweight infants when the serum 
bilirubin never exceeded 10 mg/dL. There has been a resur-
gence of kernicterus in term and near-term infants attributable 
to early discharge, poorly supervised breast feeding, and inad-
equate follow-up most notably of late preterm infants (13–
15 weeks’ gestation) [21,22].

Clinical manifestations of kernicterus in the full-term 
infant include temperature instability, lethargy, poor feeding, 
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high-pitched cry, vomiting, and hypotonia. Subsequently, 
irritability, opisthotonus, sun-setting appearance of the eyes, 
and seizures may occur. “Wind-milling” movements of the 
extremities have been reported. Pulmonary or gastric 
hemorrhage may occur as a terminal event. Long-term 
sequelae include the spastic or athetoid form of cerebral 
palsy, hearing loss (especially high-tone), paralysis of upward 
gaze, and enamel hypoplasia. In the preterm infant, 
fi sting, apnea, and increased tone may be the only acute mani-
festations. The search continues for a method of identifying 
infants at greatest risk to determine if and when encephalo-
pathy is imminent.

Jaundice usually progresses from the head and neck to the 
trunk and limbs. It disappears in the reverse direction. The 
onset of signifi cant jaundice within the fi rst 36 hours of life, 
persistence beyond the fi rst week of life, a serum bilirubin that 
is rapidly rising or has exceeded the 90th percentile for age in 
hours according to the Bhutani nomogram or a combination 
thereof, is an indication for investigation of the jaundice [23]. 
Generally, the serum bilirubin ranges between 6 and 7 mg/dL 
between days 2 and 4 and infants with bilirubin levels above 
the 90th percentile for their age (in hours) require investiga-
tion and treatment [23].

Bilirubin can now be detected noninvasively via transcuta-
neous monitors. Maisels and Kring [24] sequentially followed 
infants’ bilirubin levels using the transcutaneous technology. 
They concluded that infants who require closer evaluation 
and observation initially are those whose bilirubin levels are 
≥95th percentile (i.e., increasing more rapidly than 0.22 mg/
dL/hour in the fi rst 24 hours, 0.15 mg/dL/hour at 24–48 
hours, and 0.06 mg/dL/hour after 48 hours). 

In determining the cause of jaundice the important histori-
cal data include the blood types of the parents and the isoim-
mune status, ethnic origin of parents, maternal drug history, 
gestation, mode of delivery, past history with regard to jaun-
diced neonates, stooling pattern, and method of feeding. Jaun-
dice associated with breastfeeding is the most common cause 
of hyperbilirubinemia in the otherwise healthy full-term 
infant.

The presence of plethora, bruising, and cephalohematoma 
should be sought. Hepatosplenomegaly accompanied by 
pallor, purpura, and rashes may indicate congenital infection 
or hemolytic disease. The initial evaluation should always 
include a complete blood count with smear and reticulocyte 
count, blood type of mother and infant, direct antibody test, 
total and direct bilirubin level, and urinalysis to rule out infec-
tion and galactosemia. If the infant is sick with the jaundice, a 
blood culture, spinal tap, and chest radiograph are also indi-
cated. If the direct bilirubin exceeds 10% of the total, this indi-
cates either biliary obstruction or hepatocellular damage. 
Therefore, in addition to the aforementioned studies, serum 
protein and protein electrophoresis, serum transaminases, α1-
antitrypsin concentration, hepatitis-associated antigens and 
titers, TORCH titers, sweat chloride, and clotting profi le may 

be indicated. An abdominal ultrasonograph may prove 
extremely productive, as may CT scan of the liver. A liver 
biopsy may be indicated.

Persistent elevation of the indirect bilirubin occurs 
predominantly with hemolytic disease, hypothyroidism, or 
breastmilk jaundice. The latter has been attributed at various 
times to hormones in the breastmilk, to nonesterifi ed fatty 
acids in the breastmilk that inhibit glucuronyl transferase, 
and to the presence of β-glucuronidase in human milk, 
which enhances the enterohepatic circulation of bilirubin. 
ABO incompatibility is the most common cause of hemolytic 
disease in the newborn. A very high anti-A or anti-B antibody 
titer may be found in the maternal serum; the infant’s 
blood smear reveals abundant spherocytes, and the reticulo-
cyte count may be elevated. Hemolytic disease of the 
newborn, secondary to Rh incompatibility, has become 
extremely rare with the widespread screening and use of Rh 
immunoglobulin, so that g6PD defi ciency has become more 
important [25].

Treatment

It is important to ensure adequate hydration of jaundiced 
neonates. This has generated considerable controversy 
because proponents of breastfeeding are convinced that sup-
plementation with formula or water decreases the success of 
breastfeeding. Evidence is strongly mounting to indicate that 
a reduced calorie or fl uid intake is responsible for the early 
elevated bilirubin levels noted among breastfed infants. 
Breastfeeding should not be discontinued during the fi rst 
days of life. 

Phototherapy has been extensively used for the treatment of 
jaundice [26]. Light reduces bilirubin levels predominantly by 
photoisomerization and, to a lesser extent, photo-oxidation. 
Essentially during photoisomerization, bilirubin is rapidly 
converted from a relatively insoluble state to water-soluble 
photoisomers. When bilirubin is exposed to light, native 
bilirubin is converted to photobilirubin and the structural 
isomer lumirubin. Lumirubin appears to be the principal 
route of pigment elimination during phototherapy. Before 
phototherapy is ordered, the cause of the hyperbilirubinemia 
should be investigated. Most recent studies on the 
natural history of jaundice reveal that the early use of 
phototherapy offers no advantage, and prophylactic photo-
therapy, even in tiny immature infants, has not proved to be 
necessary.

Guidelines for the use of phototherapy and exchange trans-
fusions are outlined in guidelines published by the American 
Academy of Pediatrics [27]. It is important to recognize that 
these are only guidelines. Therapy should always be dictated 
by the clinical condition and clinical evaluation, not merely by 
laboratory tests. In bruised, asphyxiated, acidotic, or poten-
tially septic infants, more liberal indications for treatment are 
often used (Fig. 53.2). 
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Lactation

A  mother’s decision to breastfeed her baby, and facilitating 
her lactation success, commences during pregnancy and is 
heavily infl uenced by all her caregivers. In view of the unique 
content of human milk together with the short- and long-term 
benefi ts of feeding human milk to the neonate, every effort 
should be made to encourage breastfeeding. 

When discussing nutritional support the clinician should 
mention the psychosocial aspects of breastfeeding as well as 
the compelling nutritional and immunologic advantages of 
breastmilk over formula. Breastfed infants have improved 
general health, growth, and development, with fewer and less 
severe episodes of diarrhea, less sudden infant deaths, fewer 
lower respiratory infections or otitis media, less bacteremia, 
bacterial meningitis, urinary tract infection, and necrotizing 
enterocolitis. Breastfeeding has also been related to possible 
enhancement of cognitive development. There are also con-
siderable emotional and physical benefi ts for the mother.

Properties of human milk

The major component of human milk is water, making up 
approximately 50% of the milk by volume. There is a balance 
of proteins (the major components of which are alpha-
lactalbumin and whey), carbohydrates (lactose), and fats [28]. 
The fats are composed of cholesterol, triglycerides, short-chain 
fatty acids and long-chain polyunsaturated (LCP) fatty acids. 
The LCP fatty acids (16- to 22-carbon length) are needed for 
brain and retinal development. Large amounts of omega-6 
and omega-3 LCP fatty acids, predominantly the 20-carbon 
arachidonic acid (AA) and the 22-carbon docosahexaenoic 
acid (DHA), are deposited in the developing brain and retina 

during prenatal and early postnatal growth [29–34]. As an 
infant may have a limited ability to synthesize optimal levels 
of AA and DHA from linoleic and linolenic acid, these two 
fatty acids may be essential. Infant formulas in the USA have 
only recently been supplemented with AA and DHA.

The majority of proteins in milk are blood plasma derived. 
Other proteins such as alpha-lactalbumin are unique to the 
mammary gland and are synthesized de novo upon 
stimulation by prolactin, insulin, and cortisol. Enzymes and 
bioactive substances, which may have both local and systemic 
effects, add credence to the concept of human milk as a 
dynamic substance with nutritive as well as nonnutritive 
functions.

Human milk is a dynamic substance, its characteristics 
evolving as the infant matures. For example, early milk or 
colostrum has higher concentrations of protein and minerals 
than does mature milk, but lower concentrations of fat. This 
relationship reverses as the infant matures. Also, within a 
given breastfeeding session, the milk fi rst ingested by the 
infant has a lower fat content (fore milk), and as the infant con-
tinues to nurse over the next several minutes, the fat content 
increases (hind milk), facilitating satiety in the infant. There 
are various enzymes in human milk, some specifi c for the bio-
synthesis of milk components in the mammary gland (e.g., 
lactose synthetase, fatty acid synthetase, and thioesterase) and 
some specifi c for the digestion of proteins, fats, and carbohy-
drates that facilitate food breakdown and absorption of human 
milk by the infant. In addition, certain enzymes serve as trans-
port moieties for other substances such as zinc, selenium, and 
magnesium.

Human milk also contains a host of hormones, enzymes, 
cytokines, growth factors, and a myriad of nutrients including 
immunoglobulins, lactoferrin, lysozyme, glycoconjugates, 
oligosaccharides, and various types of white blood cells that 
protects the intestine from infectious pathogens and intact 
dietary antigens. Indeed, there is a wide repertoire of antibac-
terial, antiviral, antifungal, and food antibodies in human milk 
that refl ect the antigenic repertoire of the mother’s intestine 
and respiratory tract. Therefore mother’s milk is a signifi cant 
source of passively provided secretory immunoglobulin A 
(sIgA)-specifi c antibody for the infant during the time of 
reduced neonatal gut immune function. Assuming mother 
and infant, who are closely associated, share common gut 
fl ora, then the antigen specifi city of mother’s milk sIgA 
will be directed against the same antigens present in the 
neonate’s gut.

Whereas human milk is a unique species-specifi c nutritive 
fl uid, commercially available formulas are not. In fact, formu-
las are inert nutritive fl uids whose composition is modeled 
after human milk. Each provides adequate amounts of protein, 
fat, carbohydrate, minerals, and vitamins for the growth of 
normal infants. Further, long-term epidemiologic studies 
demonstrated a number of interesting differences between 
breastfed and formula-fed infants. More specifi cally, studies 
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of infants during the fi rst years of life demonstrated a protec-
tive effect of human milk against infectious disease [35–40]. 
Human milk is the preferred feeding for all infants, including 
premature and sick newborns, with rare exceptions. When 
direct breastfeeding is not possible, expressed human milk, 
fortifi ed when necessary for the premature infant, should be 
provided. Before advising against breastfeeding or recom-
mending premature weaning, the practitioner should weigh 
thoughtfully the benefi ts of breastfeeding against the risks of 
not receiving human milk [41].

Neonates, especially those born prematurely with an imma-
ture or unsensitized immune system, are highly dependent on 
the delivery of substances to the gut to help stimulate gut epi-
thelial cell proliferation and closure from the outside world. In 
addition, there appears to be a critical period in brain develop-
ment when diet infl uences later outcome; as a consequence, 
preterm infants who receive mother’s milk are afforded a 
lower risk of adverse neurodevelopmental sequelae. It is rec-
ommended then that premature infants receive mother’s milk 
with fortifi cation [42,43]. 

There are a few situations where feeding human milk to 
neonates is contraindicated. Galactosemia is one of the few 
absolute contraindications to the use of human milk. Other sit-
uations include maternal chemotherapy; illegal drug use by 
the mother or radioactive isotopes that mandate temporary 
interruption of breastfeeding; untreated active tuberculosis; 
and the infant in the USA whose mother has been infected with 
the human immunodefi ciency virus. Most prescribed and 
over the counter medications are safe for the breastfed 
infant [44]. 

Case presentation

A term infant, birthweight 3700 g, who is exclusively breastfed 
becomes lethargic and is noted to be jaundiced on the fourth 
day of life. His weight is 3367 g (down 9% from birthweight), 
the hematocrit is 60%, and the infant’s serum sodium is 
147 meq/L. There is no history of vomiting, diarrhea, or exces-
sive voiding. He has only had two wet diapers in the past 24 
hours. 

Whereas weight loss and jaundice are common in breastfed 
babies, this combination of severe dehydration with hyper-
natremia and jaundice is not very common. These fi ndings 
refl ect usually an inadequate intake of milk. Normal babies 
lose 1–2% of their body weight per day until the mother’s milk 
comes in (usually by day 3); and thereafter they rapidly gain 
weight. Infants receiving insuffi cient breastmilk often appear 
to be content (i.e., they cry less in contrast to the irritable 
formula-fed infants who are not getting suffi cient milk).

The condition known as “hypernatremic dehydration” 
results when newborn infants are unable to establish a suffi -
cient transfer of breastmilk during nursing, either because 
they do not latch on well or there is inadequate milk produc-

tion. The condition is more common amongst fi rst time 
mothers.

Breastmilk jaundice refers to an elevation of indirect 
bilirubin in a breastfed newborn that develops following the 
fi rst 4–7 days of life, persists, and has no other identifi able 
cause. In contrast, breastfeeding jaundice occurs before the 
fi rst 4–7 days of life and is caused by insuffi cient production or 
intake of breastmilk. 

Breastmilk jaundice is thought to be caused by a substance 
or substances in the breastmilk that inhibits uridine diphos-
phoglucuronic acid (UDPGA) glucuronyl transferase result-
ing in a prolonged unconjugated hyperbilirubinemia. 
Lipoprotein lipase, found in some breastmilk, produces non-
esterifi ed long-chain fatty acids, is one such substance. Another 
mechanism is enhanced enterohepatic circulation of bilirubin 
induced by beta glucuronidase which is abundant in breast-
milk and not found in formula. 
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54 Neonatal encephalopathy and 
cerebral palsy
Gary D.V. Hankins and Monica Longo

The incidence of cerebral palsy is 1–2 per 1000 births and has 
remained unchanged over the last 40 years. The occurrence of 
cerebral palsy is independent of either geographic or economic 
boundaries. It has also been remarkably resistant to eradica-
tion by the introduction of technology such as electronic fetal 
heart rate monitoring or the increase in cesarean delivery rates. 
Indeed, the great hope of electronic fetal heart rate monitoring 
was that intrapartum asphyxia would be promptly identifi ed, 
delivery rapidly achieved, and neurologic injury of the infant 
averted. This would in fact parallel the thought processes 
advanced by the orthopedic surgeon, Little [1], over a century 
ago, taught that virtually all cerebral palsy was caused 
by intrapartum events, whether deprivation of oxygen, 
trauma, or the combination of the two. Unfortunately, despite 
an escalation of the cesarean delivery rate from approximately 
6% in 1970 to a rate approaching 30% nationally today [2], the 
incidence of cerebral palsy in the USA has remained constant 
[3]. These facts then would seem to support the evolving 
concept that cerebral palsy results from the combination of 
the genetic make-up of the individual and the subsequent 
collision of that individual during development with the 
environment that they are exposed to, both intrauterine as 
well as extrauterine for the fi rst several days, months, or years 
of life. As examples, the South Australian Cerebral Palsy 
Research Group has recently reported that inheritance of 
MTHFR C677T approximately doubles the risk of cerebral 
palsy in preterm infants. A combination of homozygous 
MTHFR C677T and heterozygous prothrombin gene muta-
tion increased the risk of quadriplegia fi vefold in all gesta-
tional ages [4]. This is clearly an example of genetic inheritance 
leading to cerebral palsy. The same group also demonstrated 
that perinatal exposure to the neurotropic herpes group B 
viruses nearly doubled the risk of cerebral palsy relative to the 
control group [5].

Neonatal encephalopathy

Neonatal encephalopathy is a condition defi ned in and 
described for term (more than 37 completed weeks’ gestation) 
and near term (more than 34 completed weeks’ gestation) 
infants. It is a clinically defi ned syndrome of disturbed 
neurologic function manifest by diffi culty with initiating 
and maintaining respiration, depression of tone and refl exes, 
altered level of consciousness, and often seizures. Addition-
ally, it must manifest within the fi rst week of life. The 
differential diagnosis for neonatal encephalopathy is 
shown in Table 54.1.

Hypoxia suffi cient to result in hypoxic ischemic encepha-
lopathy (HIE) is only one subset of the larger category of neo-
natal encephalopathy. If there has been intrapartum asphyxia 
suffi cient to result in long-term neurologic injury manifest as 
cerebral palsy, then the neonate will manifest the injury as 
encephalopathy during labor. It is biologically implausible to 
suggest that one can have suffi cient intrapartum asphyxia to 
result in cerebral palsy, yet the newborn would have a com-
pletely normal hospital course during labor that was in fact 
void of encephalopathy.

Cerebral palsy

Cerebral palsy is defi ned as a chronic neuromuscular disabil-
ity characterized by abnormal control of movement or posture 
appearing early in life and not the result of recognized pro-
gressive disease [6]. The causes of cerebral palsy are in large 
part the same as the antecedents of neonatal encephalopathy 
(Table 54.1). In a sentinel publication, MacLennan [7] notes 
that epidemiologic studies suggest that in approximately 90% 
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of cases of cerebral palsy, intrapartum hypoxia could not be 
the cause and in the remaining 10% intrapartum signs compat-
ible with damaging hypoxia may have had antenatal or intra-
partum origins.

A group of investigators led by Badawi [8] reported on the 
antecedents of moderate to severe neonatal encephalopathy 
from their patient population in metropolitan Western Aus-
tralia. This study involved 164 term infants with moderate or 
severe neonatal encephalopathy and 400 randomly selected 
appropriate controls. Within their population, the prevalence 
of moderate or severe newborn encephalopathy was 3.8 in 
1000 term live births. The diagnosis of either moderate or 
severe newborn encephalopathy was associated with a neona-
tal fatality rate of 9.1%. In Fig. 54.1, the risk factors for newborn 
encephalopathy in their population that achieved statistical 
signifi cance are shown and substratifi ed according to whe-
ther they occurred preconceptionally, intrapartum, or in the 
antepartum period. Data shown are the increase in adjusted 

odds ratio. Badawi et al.’s data are striking inasmuch as the tra-
ditional risk factors, including abnormal histopathology of the 
placenta, the need for emergency cesarean section, or the use 
of vacuum or forceps to achieve vaginal delivery, were among 
the lowest, although statistically signifi cant, risk factors iden-
tifi ed. In contrast, family history of seizure disorder or neuro-
logic disorder and maternal thyroid disease were much more 
highly associated with moderate to severe encephalopathy 
than the traditional risk factors. This again emphasizes the 
potential role of genetics in causing both encephalopathy as 
well as cerebral palsy. The role of environment is also demon-
strated from Badawi et al.’s data, with factors such as viral 
illness during the index pregnancy, moderate or severe 
antepartum bleeding, intrapartum fever, and severe pre-
eclampsia being signifi cant increased risk factors for dev-
elopment of these disorders. Thus, we return to the role of 
genetics and the impact of environment on causation of 
this neurologic injury. This is repeatedly being affi rmed by 
clinical studies employing a variety of rapidly advancing 
technologies [4,5].

When Badawi et al. analyzed their data as regards the distri-
bution of risk factors for newborn encephalopathy, they 
concluded that in 69% of the population there were only 
antepartum risk factors. In 25%, there were antepartum risk 
factors and potential impact of intrapartum hypoxia, but in 
only 4% did intrapartum hypoxia seem to be the logical cause 
(Fig. 54.2). This team of investigators’ overall conclusions were 
that the causes of newborn encephalopathy are heterogeneous 
and that many of the causal pathways start before birth. A 
much earlier study by Blair and Stanley [9] had similarly con-
cluded that in only 8% of all children with spastic cerebral 
palsy was intrapartum asphyxia the possible cause of their 
brain damage.

Table 54.1 Differential diagnosis of neonatal encephalopathy.

Developmental abnormalities

Metabolic abnormalities

Autoimmune disorders

Coagulation disorders

Infections

Trauma

Hypoxia

Intrauterine growth restriction (IUGR)

Multiple gestations

Antepartum hemorrhage

Chromosomal abnormalities

Persistent breech/transverse lie

38.23

9.7

6.3

4.37

3.57

2.97

2.07

4.44

4.29

3.82

2.23

2.17

4.43

2.73

2.55

0 5 10 15 20 25 30 35 40 45

IUGR <3rd percentile

Maternal thyroid disease

Severe preeclampsia

Acute intrapartum event

Infertility treatment

IUGR 3rd–9th percentile

Occiput posterior presentation

Intrapartum fever

Moderate/severe antepartum bleeding

Viral illness

Family Hx neurologic disorders

Family Hx seizure

Instrumental delivery

Emergency cesarean

Abnormal placental appearance

Adjusted odds ratio

Preconception
Intrapartum
Antepartum

Fig. 54.1 Risk factors for newvorn 

encephalopathy. After Badawi et al. [8]. Hx, 

history; IUGR, intrauterine growth restriction.
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The importance of intrauterine growth restriction (IUGR) as 
a risk factor for newborn encephalopathy deserves special 
emphasis. In Badawi et al.’s study, growth restriction between 
the 3rd and 9th percentile carried an adjusted odds ratio of 4.37 
for moderate or severe neonatal encephalopathy. When the 
growth restriction was severe, defi ned as less than the 3rd per-
centile, the adjusted odds ratio increased to a staggering 38.23. 
In a series reported by Cowan et al. [10], 11–15% of the popula-
tion with encephalopathy were at the 3–10th percentile, com-
pared with 13–16% when the growth restriction was less than 
the 3rd percentile. Their study population was recruited from 
the Wilhelmina Children’s Hospital, Utrecht, the Netherlands 
and Hammersmith and Queen Charlotte’s Hospitals, London, 
UK. Substantially similar results were reported from the Uni-
versity of California, San Francisco, and Loma Linda Chil-
dren’s Hospital, where newborns with either a watershed 
predominant or a total brain/basal ganglia/thalamus pre-
dominant injury had a higher incidence of intrauterine growth 
restriction than did those infants having a normal scan [11].

The clinician is thus cautioned that while all growth 
restricted babies are at increased risk for newborn encepha-
lopathy, the risk is extraordinarily high for those infants with 
growth restriction at less than the 3rd percentile. Accordingly, 
great care in the timing and route of delivery of these fetuses is 
encouraged so that they might be delivered in an optimal met-
abolic condition. It would also seem prudent to have a neona-
tologist present at the birth and to provide immediate care of 
the newborn. Induction of anesthesia may be a very high-risk 
period, as many of these fetuses are marginally compensated 

and will be poorly tolerant of epidural-induced hypotension. 
Fetal monitoring is necessary in the operating or delivery 
room. In cases of cesarean delivery, the interval from fetal 
monitoring to delivery should be as short as possible.

Task force on neonatal encephalopathy and 
cerebral palsy

In January 2003, a monograph summarizing the state of the 
science on neonatal encephalopathy and cerebral palsy was 
copublished by the American College of Obstetricians and 
Gynecologists and the American Academy of Pediatrics. At 
the time of publication it was recognized that the topic would 
require updating as the scientifi c database and knowledge on 
the topic expanded. In that monograph, the criteria to defi ne 
an acute event suffi cient to cause cerebral palsy were listed, as 
modifi ed by the Task Force from the template provided by the 
International Cerebral Palsy Task Force (Table 54.2). It was 
emphasized that all four criteria must be met in order to make 
this association. Additionally, criteria were also listed that col-
lectively suggest an intrapartum timing, defi ned as within 
close proximity to labor and delivery (e.g., 0–48 hours), but 
which were non-specifi c to asphyxia insults (Table 54.3). 
Among the criteria for elucidating timing was early imag-
ing studies showing evidence of acute nonfocal cerebral 
abnormalities.

Antepartum risk factors
only (69%)

Antepartum risk
factors and
intrapartum

hypoxia (25%)

Intrapartum hypoxia
only (4%)

Unknown (2%)

Fig. 54.2 Distribution of risk factors for newborn encephalopathy. After 

Badawi et al. [8]

Table 54.2 Essential criteria to defi ne an acute intrapartum event suffi cient 

to cause cerebral palsy (must meet all four).

1 Evidence of a metabolic acidosis in fetal umbilical cord arterial blood 

obtained at delivery (pH <7 and base defi cit of ≥12 mmol/L)

2 Early onset of severe or moderate neonatal encephalopathy in infants born 

at ≥34 weeks’ gestation

3 Cerebral palsy of the spastic quadriplegic or dyskinetic type

4 Exclusion of other identifi able etiologies, such as trauma, coagulation 

disorders, infectious conditions, or genetic disorders

Table 54.3 Criteria that collectively suggest an intrapartum timing (within 

close proximity to labor and delivery, e.g., 0–48 hours) but that are 

nonspecifi c for an asphyxial insult.

1 A sentinel (signal) hypoxic event occurring immediately before or during 

labor

2 A sudden and sustained fetal bradycardia or the absence of fetal heart rate 

variability in the presence of persistent late or persistent variable 

decelerations, usually after a hypoxic sentinel event when the pattern was 

previously normal

3 Apgar scores of 0–3 beyond 5 minutes

4 Onset of multisystem involvement within 72 hours of birth

5 Early imaging study showing evidence of acute nonfocal cerebral 

abnormality



Neonatal Encephalopathy and Cerebral Palsy

455

Subsequent to the publication of this monograph, three 
important papers on neuroimaging have been published. The 
fi rst of these publications was by Graham et al. [12] and dealt 
with an earlier gestation than covered by the Task Force, which 
was restricted to the term and near term infant. In contrast, 
Graham et al.’s study was of the preterm infant of 23–34 weeks’ 
gestation. The signifi cant fi ndings by these authors included 
that in this specifi c population, intrapartum hypoxia ischemia 
as manifested by metabolic acidosis was rarely associating 
with white matter injury, and was not different from that seen 
in premature neonates without injury.

The second study was by Cowen et al. [10]. These investiga-
tors divided their population into two groups. Group 1 was 
defi ned as those with neonatal encephalopathy with or 
without seizures, and evidence of perinatal asphyxia. This 
group consisted of infants with neonatal encephalopathy, 
defi ned by abnormal tone pattern, feeding diffi culties, altered 
alertness, and at least three of the following criteria:
1 Late decelerations on fetal monitoring or meconium 
staining;
2 Delayed onset of respiration;
3 Arterial cord blood pH <7.14;
4 Apgar score <7 at 5 minutes;
5 Multiorgan failure.
Their second group consisted of infants who had seizures 
within 72 hours of birth but who did not meet the criteria for 
neonatal encephalopathy. In the fi rst group, brain imaging 
studies showed evidence of an acute insult without estab-
lished injury or atrophy in 80% of infants. Magnetic resonance 
imaging (MRI) showed evidence of established injury in only 
two infants (<1%), although tiny foci of established white 
matter gliosis, in addition to acute injury, were seen in 3/21 on 
postmortem examination. In group 2, acute focal damage was 
noted in 62 (69%) infants. Two (3%) also had evidence of ante-
natal injury. Cowen et al. [10] concluded that although their 
results could not exclude the possibility that antenatal or 
genetic factors might predispose some infants to perinatal 
brain injury, their data strongly suggested that events in the 
immediate perinatal period were most important in neonatal 
brain injury. A valid criticism of this study is the criteria 
selected for inclusion into their group 1. Either late decelera-
tions on fetal monitoring or meconium staining are notori-
ously poor predictors of intrapartum asphyxia. Delayed onset 
of respirations can be for numerous reasons, and a large 
number of babies will be born with blood pH <7.1 and almost 
all will be neurologically intact. What these authors fail to tell 
us is how many of their total population would have met at 
least three of the fi ve criteria that they listed for inclusion in the 
acute injury group.

The study by Miller et al. [11] reported that the watershed 
pattern of injury was seen in 78 newborns (45%), the basal 
ganglia/thalamus pattern was seen in 44 newborns (25%), and 
normal MRI studies were seen in 51 newborns (30%). Antena-
tal conditions such as maternal substance abuse, gestational 

diabetes, premature ruptured membranes, preeclampsia, and 
intrauterine growth restriction did not differ between the 
injury patterns. The basal ganglia/thalamus pattern was asso-
ciated with more severe neonatal signs, including more inten-
sive resuscitation at birth, more severe encephalopathy, and 
more severe seizures. The basal ganglia/thalamus pattern 
was most highly associated with impaired motor and cogni-
tive outcome at 30 months. These authors concluded that the 
patterns of brain injury in term neonatal encephalopathy are 
associated with different clinical presentation and different 
neurodevelopmental outcomes. Further and contrary to prior 
epidemiologic studies, they noted that measured prenatal 
factors did not predict the pattern of brain injury. Like Cowan 
et al., they noted that the MRI fi ndings in their cohort were con-
sistent with the recent, rather than chronic brain injury in the 
majority of patients and the antenatal conditions measured 
were remarkably similar between newborns with normal and 
abnormal MRI scan results. They felt that these observations 
highlighted the potential of interventions to ameliorate brain 
injury in the newborn. They remarked that the dissociation of 
antenatal risk factors from the severity of the clinical presenta-
tions supports the hypothesis that the etiology of brain injury 
in neonatal encephalopathy is distinct from these antenatal 
risk factors. They further noted that the watershed pattern had 
predominantly cognitive impairments at 30 months that were 
not detected at 12 months of age. The cognitive defi cits in this 
group often occurred without functional motor defi cits. They 
hypothesized that abnormal outcome after neonatal encepha-
lopathy may not be limited to cerebral palsy and often requires 
follow-up beyond 12 months of age to be detected.

Conclusions

How are we to resolve the epidemiologic studies with the 
more recent conclusions from imaging studies? Because new-
borns with severe encephalopathy are more likely to be identi-
fi ed for research studies in the intensive care nursery and these 
newborns are more likely to have the basal ganglia/thalamus 
injury pattern, it is that possible that the prospective MRI 
studies of neonatal encephalopathy will over-represent peri-
natally acquired injury compared with population-based epi-
demiologic surveys. Because population-based retrospective 
studies identify a preponderance of antenatal risk factors and 
smaller prospective cohort studies identify the perinatal 
occurrence of brain injury, there is a pressing need to establish 
the mechanistic link between prenatal risk factors and etiol-
ogy of brain injury. This is critical to the prevention of acquired 
neonatal brain injury and may be achieved with the develop-
ment and application of more accurate in utero measures of 
brain injury, such as fetal MRI.

Both the American College of Obstetricians and Gynecolo-
gists and the American Academy of Pediatrics acknowledged 
that their 2003 summary would require updating as the 
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scientifi c database and knowledge on the topic expanded. 
They went on to state that only with more complete under-
standing of the precise origins of the pathophysiology of neo-
natal encephalopathy and cerebral palsy could logical 
hypotheses be designed and tested to reduce this occurrence. 
Finally, they recommended several important areas of research 
and for research funding. We would again emphasize the need 
for funding and studies to address this very important issue in 
neurodevelopment, neuroimaging, and potential improve-
ments in outcomes for populations worldwide.

Case presentation

A 27-year-old G2 P0100 was accepted for maternal transport 
with diagnoses of 28 weeks estimated gestational age and 
severe preeclampsia. Her past medical history was signifi cant 
for a prior intrauterine fetal demise at 31 weeks’ gestation, that 
pregnancy was also complicated by severe preeclampsia. Fol-
lowing successful aeromedical transport, she was received in 
Labor and Delivery where standard treatment for severe pre-
eclampsia was instituted, including magnesium sulfate for 
prevention of eclamptic seizures and betamethasone for fetal 
lung maturation. Because of the severity of her disease process, 
labor induction with oxytocin was also instituted. Hydrala-
zine was given in 5-mg incremental doses to control and 
reduce systolic blood pressure to less than 180 mmHg and 
diastolic blood pressure to less than 110 mmHg. Ten hours 
into the labor induction, a series of eight repetitive late deceler-
ations was noted. The oxytocin was discontinued, the woman 
placed in left lateral position, and oxygen was administered at 
10 L/min by face mask. The fetal heart rate promptly normal-
ized; however, beat–beat variability was judged to be reduced 
consistent with the estimated gestational age as well as the 
administration of magnesium sulfate.

As vaginal delivery was remote, the alternative of cesarean 
section was discussed because of fetal intolerance of labor. 
Following informed consent, the patient was taken to the 
operating room for cesarean delivery. General endotracheal 
anesthesia was necessitated by maternal thrombocytopenia. 
A low vertical uterine incision was employed as the lower 
uterine segment was poorly developed and thick and a verti-
cal incision would allow the most atraumatic delivery. A 970-g 
infant was delivered and passed to a neonatologist who 
assigned Apgar scores of 1/0/0/0/0. The fetus/infant was 
pronounced dead at 20 minutes of age. The admission cover 
sheet for this infant by the pediatricians recorded a 26–29 
weeks’ estimated gestational age, male infant with severe birth 
asphyxia. In the diagnostic codes listed for discharge was 
included acute respiratory failure with inability to resuscitate 
the infant in the delivery room and birth asphyxia. The autopsy 
report also returned fi ndings consistent with chronic intrau-
terine anoxia, as well as possible acute anoxia secondary to 
prolonged labor and diffi cult delivery. These diagnoses were 

rendered by the pathologist despite the fact that “gross and 
microscopic examinations were normal.” Cord gases were 
obtained at delivery and showed for the umbilical arterial 
blood a pH of 7.273, Pco2 of 57.6, Po2 of 17.4, HCO3 of 25.9, and 
base excess of –4.0. A cord venous blood gas showed a pH of 
7.30, Pco2 of 50.0, Po2 of 18.6, HCO3 of 24.1, and base excess of –
1.6. Conclusively then, the cord gases rule out “birth asphyxia” 
and the fetus was additionally delivered in an atraumatic 
fashion. Fortunately, when neuropathology results were fi nal-
ized they demonstrated lesions within the brain that dated at 
least 96 hours of age, placing the injury well before the woman 
presented to the outlying hospital or before transport to the 
medical center.

This case demonstrates several critical points. Perhaps the 
most important is the need to be precise in the terminology 
that we employ and to diagnose birth asphyxia on objective 
rather than subjective criteria. Secondly, the value of cord 
blood studies obtained at delivery and of continuous elec-
tronic monitoring to exclude intrapartum asphyxia is well 
demonstrated. Finally, while the pathologist initially listed 
several erroneous diagnoses, largely based upon erroneous 
diagnoses contained in the pediatric chart, the record was 
eventually corrected with the neuropathology results. This 
would then point out the importance of a pathologic diagnosis 
of the intrauterine fetal demise and additionally also supply-
ing the pathologist with accurate information upon which to 
base their conclusions. This case would beg for the establish-
ment of set criteria for the evaluation of a newborn with 
suspected intrapartum asphyxia to include set times for neu-
roimaging studies as well as evaluation of the newborn for 
multiorgan system injury or insult.
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membranes 346
α-cells, fetal 89
acetaminophen 49–50
acetylcholinesterase screen 70
acyclovir 51–52

herpes simplex virus 228–229
during pregnancy 169

acid–base status
normal 105
see also metabolic acidosis

activated protein C (APC) 121, 134
acute fatty liver of pregnancy 309

adrenal gland, fetal 85–86
fetal adrenal zone development 334

adrenocorticotrophic hormone (ACTH) 
82, 84, 86

alcohol abuse 24, 25, 26–30
fetal effects 24, 25, 26
postpartum care 29–30
pregnancy management 26–27
prenatal care 27, 28–29, 29

aldosterone 163
alkylating agents, teratogens 43
alpha-fetoprotein

maternal screening 67–69, 70, 71
combined fi rst/second trimester 76
second trimester 75–76

multiple pregnancy 310
placenta accreta diagnosis 368

amniocentesis 70, 91
congenital infections 419
cytogenetics 415
diagnostic studies 415–416
DNA analysis 416
early 411
enzymatic analysis 416
genetic testing 409–411
miscarriage 411
multiple pregnancy 310, 410, 411
polyhydramnios 321
pregnancy loss risk 411
prematurity evaluation 354
prior to cordocentesis 420
safety 410–411
technique 409–410
traditional 409–411
ultrasound 409, 411

amnioinfusion 425–431
administration route 425
amount infused 425
chorioamnionitis 425, 426–427
complications 429
deceleration prevention in PPROM 

427–428
indications 426, 431
meconium-stained amniotic fl uid 

428–429, 430
oligohydramnios 322, 323, 425, 426, 

427, 428, 431

prophylactic in labor 427, 428
transabdominal 322, 323, 427
transcervical 425
variable deceleration relief 426

amnionicity 305–306
amnionitis 346
amniotic fl uid

anencephaly 318
aspiration 410
clinical measurement 319
composition 316
intramembranous fl ow 318
meconium-stained 428–429, 430
recirculation 318–319
single deepest pocket measurement 

319, 377
techniques for obtaining 91
turnover dynamics 316–319
volume 316, 376

polyhydramnios 320
subjective assessment 319

see also oligohydramnios; 
polyhydramnios

amniotic fl uid embolism (AFE) 280–281
plasma products 282–283
recombinant factor VIIA 283

amniotic fl uid index (AFI) 95, 96–97, 
101

measurement 319
mild preeclampsia 273
oligohydramnios 321
polyhydramnios 320
prolonged pregnancy 377

ampicillin 51, 234, 235
preterm labor 359
resistance 234

analgesia/analgesics 49–50, 401–404
combined spinal–epidural 402
multimodal 401–402
postoperative 404
regional 401–402
side-effects 402

anaphylactoid syndrome of pregnancy 
280

androgens
resistance 84
teratogenicity 44
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anemia
fetal 223, 420
iron defi ciency 14, 15–16
neonatal 444–445
see also hemolytic disease of the 

newborn
anencephaly 67

alpha-fetoprotein maternal screening 
68–69

amniotic fl uid excess 318
fetal swallowing 318

anesthesia 401
regional

cesarean delivery 403–404
fetoscopic surgery 438

aneuploidy, fetal 72–77
advanced maternal age-related 

253–254
combined fi rst and second trimester 

screening 76–77
heritable factors 254
minor markers 75
multiple pregnancy 310
screening 310
second trimester

serum screening 75–76
sonographic screening 75

spontaneous abortion 253
structural malformations 75

angiotensin converting enzyme (ACE) 
gene polymorphism 127

angiotensin converting enzyme (ACE) 
inhibitors

contraindications 170–171, 210
renal insuffi ciency 165–166
teratogenicity 41, 42–43, 165–166

angiotensin II 16
angiotensin receptor blockers 165–166

contraindications 210
anhydramnios 322
antepartum fetal monitoring 95–102

diagnostic conditions 100–101
tests 95–99

antibiotics
amnioinfusion for chorioamnionitis 

426–427
cervical incompetence management 

267, 268
preterm birth 329
preterm labor 356
prophylactic

cesarean delivery 383
cordocentesis 420

toxicity 51
anticardiolipin antibodies 125, 217, 218

spontaneous abortion 257
anticoagulant system 119
anticoagulants

endogenous 134
mechanical heart valve anticoagulation 

149–151
pharmacology 127–129
spontaneous abortion prevention 256

anticonvulsants, fetal 
syndrome 201–203

anti-D antibody 299
anti-D immunoglobulin 114
antidepressants 48–49

antidiuretic hormone (ADH) 83, 84, 
163–164

antiepileptic drugs 201
breastfeeding 206
clearance 204–205
contraception with 201, 202
fetal syndrome 201–203
management 204–205
monotherapy 202–203, 206
neonatal vitamin K defi ciency 205
postpartum 206
prenatal screening 203
teratogenicity 43, 201–204

antihistamines 50–51
antihypertensive drugs 50, 211–212

preeclampsia
postpartum management 275
severe 274

teratogenicity 42–43
antimetabolites, teratogenicity 44–45
antinuclear antibody (ANA) 214
antiphospholipid antibodies (APA) 123, 

124–125, 218–219
spontaneous abortion 256–257
systemic lupus erythematosus 214, 

217
antiphospholipid antibody syndrome 

49, 217, 218, 219, 220
antiretroviral drugs 243, 244–247, 

247–248
anti-SSA/Ro antibodies 217
anti-SSB/La antibodies 217
antithrombin 121–122, 134

defi ciency 119–120, 122, 129
antithrombin III (AT-III) 129
antithyroid drugs, teratogenicity 45
antiviral drugs 51–52
anxiety, maternal 333
aortic aneurysm rupture 151
aortic coarctation, maternal 151
aortic dissection, Marfan syndrome 153
aortic regurgitation, maternal 148
aortic root dissection, Marfan syndrome 

153
aortic stenosis 149
arachidonic acid 449
arginine vasotocin (AVT) 83
Arnold–Chiari II malformation 69

open fetal surgery 436
arterial blood gases, pulmonary embolism 

137
Asherman syndrome 255
aspirin 49–50

mechanical heart valve patients 151
spontaneous abortion prevention 256
systemic lupus erythematosus 219, 

220
thrombophilia 127

assisted reproduction 3, 4
asthma 192–199

acute 197–198
assessment 194
chronic 196–197
delivery 198
diagnosis 194
effects on pregnancy 192–194
fetal monitoring 197–198
inadequate control 193

labor 198
management 194–198
patient education 195–196
pharmacologic therapy 196–198
severity 193, 194–195

atherosclerosis, heart transplantation 
172, 174

atosiban 359
atrial fi brillation 158

maternal 148
atrial septal defect, maternal 152
autosomal disorders

dominant 61–62
recessive 61, 62

azathioprine 156, 158, 170

bacterial vaginosis 254
preterm delivery 334

bacteriuria
sickle cell disease 110
streptococci group B 235

basilizimab 170
β-cells, fetal 88–89
bed rest

multiple pregnancy 311
preterm labor 356

behavioral therapy, substance abuse 26
benzene 34
benzodiazepines 48
beta agonists 105, 198
beta-adrenergic agents 198
betamethasone 47–48, 355

fetal maturation 355
Bifi dobacterium 18
bilirubin

fetal 301
neonatal jaundice 447–448, 449

biophysical profi le 3, 4, 95, 97, 98, 99, 101
IUGR 292, 293
maternal hypertension 212
prolonged pregnancy 376
score deterioration 292

birth asphyxia 456
birth weight

cigarette smoking 13
energy/protein supplementation 14
famine conditions 10
neonatal deaths 442
preeclampsia 7
repeat tendency 8
trial of labor 390
see also low birthweight; very low 

birthweight
blastocyst, mosaic 416
blood gases

asthma 197
pulmonary embolism 137

blood loss
cesarean delivery 15
iatrogenic neonatal 445
placenta accreta surgery 368
placenta manual removal 383
placenta previa 364
vasa previa 365–366

see also hemorrhage
blood pressure

pregnancy 143, 163
see also hypertension, maternal
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blood product replacement 280, 
282–283

blood sampling, direct fetal 419–423
blood volume in pregnancy 143, 144
body mass index (BMI) 6, 9

prepregnancy 10–11, 20
preterm delivery 10

bone turnover, lactation/pregnancy 16
bradycardia, transient fetal 422
brain imaging in neonatal encephalopathy 

455
brain injury, fetal hypoxic 391–392
brain-sparing refl ex 290, 291, 292
breastfeeding 449–450

antiepileptic drugs 206
benefi ts 18–19
contraindications 450
HIV infection 248
medications 48, 49, 50, 51, 52

teratogens 42–43, 44, 45, 46, 47
rubella infection 224
transplantation patients 174

breastmilk
composition 19
drug concentrations 42
environmental agents 42
expressed 450
nutritional quality 19
properties 449–450
volume 19

breastmilk jaundice 448, 450
breech delivery 397–400

labor management 399
vaginal 397–398, 400

selection criteria 398–399
technique 399

breech presentation 385–386
blood loss 445
cesarean delivery 399–400
epidemiology 397
external cephalic version 397, 427

calcium
fetal levels 16
requirements in pregnancy 12, 14, 15, 

16
supplementation 16

calcium-channel blockers 105, 171
hypertension therapy 211, 212
preterm labor 357
renal insuffi ciency 166

Canavan disease 63, 64
captopril 42–43
carbamazepine

neural tube defects 17, 202
teratogenicity 43, 203

carbohydrate, dietary 177
carbohydrate intolerance 176
cardiac abnormalities

fetal malformations 75
fetal risk 146
maternal congenital 151–153

cardiac afterload, peripartum 
cardiomyopathy 154

cardiac arrest, cesarean delivery 284
cardiac arrhythmias, maternal 156
cardiac contractility, peripartum 

cardiomyopathy 154

cardiac disease, New York Heart 
Association classifi cation 
143–145

cardiac disease, maternal 143–159
counseling 143–146
fetal cardiac abnormality risk 146
maternal mortality 143, 145, 149, 151, 

152
valvular heart disease 146–151

cardiac dysfunction, sickle cell disease 
110

cardiac function, pregnancy changes 
143, 144

cardiac output
early gestation 38
mitral stenosis 147
pregnancy 143, 144, 149

cardiac physiology, maternal 7
cardiac preload, peripartum 

cardiomyopathy 154
cardiogenic shock, amniotic fl uid 

embolism 280
cardiomyopathy, peripartum 153–155
cardiovascular drugs 157–158
cardiovascular failure, amniotic fl uid 

embolism 280
carotid artery ligation 447
carrier screening 62–64
case–control surveillance, teratogens 

41–42
catheter vesicoamniotic shunt 439
CD4 counts 243, 249
cephalohematoma 444–445

neonatal jaundice 448
cephalosporins 51
cerclage, cervical 266

complications 267
management after 267
multiple pregnancy 310–311
preterm birth prevention 328–329
preterm premature rupture of the 

membranes 350
prophylactic 264–265, 310–311

cerebral blood fl ow, fetal 290
cerebral palsy 452–454

multiple pregnancy 304–305
cervix

dysplasia treatment procedures 265
examination 354

trial of labor 391
favourability in prolonged pregnancy 

377
length surveillance 311, 337–338

prematurity assessment 355
shortening 311, 328–329, 337–338

see also cerclage, cervical
cervix, incompetent 263–268

biologic continuum 263
diagnosis 263–264
management 264–265

adjunctive strategies 267–268
risk factors 265
sonographic diagnosis 265–266

cesarean delivery 382–387
5-minute rule 284
abdominal wall closure 383
anesthesia 403–404
antibiotic prophylaxis 383

anticoagulation management 151
blood loss 15
breech presentation 397–398, 399–400
diabetes mellitus 184
eclampsia 278
evidence-based operative 

considerations 382–383
fetal distress 385
gestational diabetes 179
HELLP syndrome 277
HIV infection 248
hysterotomy closure 383
indications 385–386
malpresentation of fetus 385–386
maternal morbidity/mortality 382
multiple pregnancy 312
multiple prior 391
perimortem 280, 283–284
perinatal morbidity/mortality 382
placenta accreta 367, 368
placenta manual removal 383
placenta previa 364, 365
postoperative analgesia 404
postoperative endometritis 383
preeclampsia 275
preterm labor 359
prior indication 390
prolonged pregnancy 377
rate 384–385
repeat 384, 386
thrombocytopenia 116
thromboembolism risk 135
thromboprophylaxis 383
tonic–clonic seizures 205–206
transplantation patients 173
uterine incision repair 383
vasa previa 367

CFTR gene 64
chancre 225
chelation therapy, lead toxicity 33
chest X-ray

fetal risk 139–140
pulmonary embolism 137

chickenpox 231–232
Chlamydia trachomatis (chlamydia) 254

screening 29
chorioamnionitis 267, 268

amnioinfusion 425, 426–427
prematurity evaluation 354
preterm birth 329
preterm premature rupture of the 

membranes 346, 347
prophylaxis 426–427
risk with cordocentesis 420
treatment 426–427

chorionic villus sampling 64, 76, 77
confi ned placental mosaicism 

415–416
cytogenetics 415
diagnostic studies 415–416
DNA analysis 416
enzymatic analysis 416
genetic testing 409, 411–417
limb abnormalities 414–415
maternal cell contamination 415
multiple pregnancy 310
pregnancy loss 413–414
safety 413–415
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chorionic villus sampling (cont.)
technique 412–413
transabdominal 412–413
transcervical 412

chorionic villus surface area 7
chorionicity 305–306
chromosomal anomalies

multiple pregnancy 309
oligohydramnios 322

cigarette smoking, birth weight 13
ciprofl oxacin 51
circle of Willis, fetal 291
cleft lip/palate, antiepileptic drug 

exposure 202, 203
clindamycin 234, 235

resistance 234
clotting factors

pregnancy 119, 135
see also individual factors

coagulation cascade 283
disseminated intravascular coagulation 

281
pregnancy 133–134, 143, 144

cocaine use 211
cognitive outcome, epilepsy 203
colostrum 449
combined spinal–epidural analgesia 402
computed tomography (CT), spiral 138
congenital adrenal hyperplasia (CAH) 86
congenital cystoid adenomatoid 

malformation 433, 437
congenital diaphragmatic hernia 437, 

438–439
congenital malformations

anticonvulsants 17, 202, 203
cardiac

fetal 75
maternal 151–153

developmental pathology 202
diabetes 182
fetal anticonvulsant syndrome 201–203
fetoscopic surgery 437, 438–439
multiple pregnancy 307, 309, 310
oligohydramnios 322, 427
polyhydramnios association 320, 321
timing 202
ultrasound detection 310

see also neural tube defects
congenital rubella syndrome 224
connexin 43 334
contraction stress test (CST) 95, 97, 98, 99
contraction-associated proteins 334
convulsions, eclampsia 277, 278
cooling, induced 444
cord blood studies 456
cordocentesis 3, 4, 419–423

complications 422–423
congenital infections 419
fetal anemia 420
fetal growth restriction acid–base 

balance 420
fetal platelet count 115–116
fetal thrombocytopenia 420
infections 422
post-procedure monitoring 420
pregnancy loss 422–423
quality control 420–421
sampling procedure 420

technique 420–421
twin–twin transfusion syndrome 420

corticosteroids
asthma 193, 197, 198
fetal maturation 350, 355–356
fetal thrombocytopenia 115
HELLP syndrome 276
immunosuppressive action 156
inhaled 197, 198
oral 197
systemic 198

corticotropin-releasing hormone (CRH) 
81, 82, 84

fetal stress marker 336
preterm birth 333–334, 336

coumadin 151
coumarin derivatives 45
counseling

HIV infection 243
maternal cardiac disease 143–146
multiple pregnancy 307, 309–310
prepregnancy for transplantation 

patients 168
preterm premature rupture of the 

membranes 349–350
substance abuse 27
vaginal birth after cesarean delivery 

394
creatinine, serum levels 165, 166

elevated 211
cromolyn 197
crown–rump length, fetal 77

dating of pregnancy 286
Cushing syndrome 211
cyclo-oxygenase (COX) inhibitors 

357–358
cyclophosphamide

contraindication in pregnancy 218
premature ovarian failure 217
teratogen 43

cyclosporine 156, 170, 171
CYP21A2 defi ciency 86, 89
cystic fi brosis, carrier screening 62, 63, 

64, 65
cystic hygroma 74–75
cytogenetics

amniocentesis 415
chorionic villus sampling 415
diagnostic 419

cytomegalovirus (CMV) 229–231
clinical manifestations 229
diagnosis 229–230
management 230–231
pathogenesis 229
prevention 230–231
transmission 229
transplantation patients 169

dacliximab 170
danaparoid 129
dating of pregnancy 286–287
D-dimer assays 135–136, 137–138
decidua basalis defi ciency 367
decidual hemorrhage see abruptio 

placentae
decidual tissue factor 119, 135
decidual-amnion-chorion infl ammation 

334–335

deep vein thrombosis (DVT) 133
clinical risk scoring system 136
D-dimer assays 135–136
diagnostic algorithm 135, 136
risk assessment 135
venous imaging 136

dehydration, hypernatremic 450
dehydroepiandrosterone sulfate 

(DHEAS) 86
fetal adrenal zone production 334

delivery
acute myocardial infarction 156
asthma management 198
eclampsia 278
epilepsy 205–206
gestational diabetes 179
HELLP syndrome 277
HIV infection 248
maternal hypertension 212–213
multiple pregnancy 312
placenta previa 364, 365
preeclampsia 275
preterm labor 359
sickle cell disease 111
timing for prolonged pregnancy 

376–378
see also cesarean delivery; vaginal 

birth after cesarean delivery; 
vaginal delivery

delivery room, thermoregulation 443
dental amalgam 33
depression, medications 48–49
dexamethasone 47–48

fetal maturation 355
diabetes 182–184

antenatal testing 178–179
congenital malformations 182
evaluation 182–183
fetal lung maturation delay 93
gestational 176–180

delivery 179
glucose testing 177–178
postpartum care 179
treatment 177–178

insulin-dependent 182
perinatal mortality 182
polyhydramnios association 320, 

321
preconception care 182
preconceptual 17
screening in pregnancy 176–177
White’s classifi cation 183

diaphragmatic hernia 437, 438–439
diazepam 48
dichorionicity 304

fetal complications 307
diet, maternal

gestational diabetes 177
quantity/quality 8

see also nutrition, maternal
dietary recommendations 19–20
diethylstilbestrol 44

in utero exposure 265
1,25-dihydroxycholecalciferol 16
diphenhydramine 50–51
disomy, uniparental 416
disseminated intravascular coagulation 

(DIC) 114, 280, 281–282
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multiple pregnancy 308
recombinant factor VIIA 283

diuresis, cardiac disease 154, 158
diuretics, nephrotic syndrome 164
dizygotic twins 305

maternal age 309
DNA analysis 416

fetal blood typing 300
docosahexaenoic acid (DHA) 449
Doppler imaging 299–300

arterial 291
DVT 136
fetal

arterial 290–291, 293
clinical application 292–293
intrauterine growth restriction 

289–293
middle cerebral artery 223, 290–291, 

299–300
venous 291, 292, 293

multiple pregnancy 311
placenta accreta diagnosis 368
vasa previa 366

Doppler velocimetry 95, 98–99, 101
multiple pregnancy 311

Down syndrome 72–77
likelihood ratios 75
minor markers 75
risk 75
screening 310

combined fi rst and second trimester 
76–77

maternal serum 310
second trimester 75–76

drug safety categories 39–41
Duchenne muscular dystrophy 62
ductus venosus Doppler waveform 

analysis 72–73, 291, 292
duodenal atresia 75
dysgenic growth restriction 7
dyspnea of pregnancy 194

Ebstein anomaly 152–153
echocardiography

fetal 146
pregnancy 144

eclampsia 277–278
factor V Leiden mutation 125
intrapartum acute myocardial 

infarction 155
management 277–278
multiple pregnancy 308–309

efavirenz 247–248
Eisenmenger syndrome, maternal 152, 

172
electrocardiography (ECG)

cardiac arrhythmias 156
maternal 156
pregnancy 144
pulmonary embolism 137

emergency care 280–284
enalapril 42–43
encephalocele 67

alpha-fetoprotein maternal screening 
68–69

encephalopathy
hypoxic ischemic 391–392, 394, 452
induced cooling 444

neonatal 375, 452–456
antecedents 453
brain imaging 455
task force 454–455

end-diastolic fl ow 99
endocrinopathies, spontaneous abortion 

254–255
endometritis

post-cesarean delivery 383
preterm premature rupture of the 

membranes 346
β-endorphin 84
end-stage renal disease 168
energy

requirements in pregnancy 12, 14, 15
supplementation 14

enoxaparin 256
environmental agents 31–35

breastmilk 42
lead 32–33
mercury 33–34
types 34

enzymatic analysis 416
epidemiologic studies 31
epidural analgesia 402

patient-controlled 402–403
epidural anesthesia

asthma 198
trial of labor 393

epidural catheterization 402
epilepsy 201–207

delivery 205–206
fetal death 203
labor 205–206
neurodevelopmental outcome 203
obstetric complications 205
perinatal death 203–204
postpartum care 206
prenatal screening 203

erythema infectiosum 222
erythroblastosis fetalis 320
erythromycin 234, 235

preterm birth 329
resistance 234

estradiol 88
estriol

salivary 336
unconjugated 75–76

estrogens
placental production 334
teratogenicity 44

ethical issues, HIV infection 249
euglycemia

maintenance 183
pancreas transplantation 171

exchange transfusion
neonatal jaundice 448
sickle cell disease 110–111

exercise, diabetic care 177
external cephalic version 397

failed 427
extracorporeal membrane oxygenation 

(ECMO) 447

factor V Leiden (FVL) mutation 120–121, 
126

preeclampsia 125
spontaneous abortion 255–256

factor Va 121
factor VII 133
factor VIIa, recombinant 283
factor VIII 143
factor VIIIa 121
factor X 133–134

activation 283
factor Xa 121, 133–134
familial dysautonomia 63, 64
family history, genetic screening 61
famine conditions 6, 10
FDA pregnancy safety category 39–41
ferritin, serum level 14, 16
fetal alcohol spectrum disorder 26
fetal anomalies see congenital 

malformations
fetal anticonvulsant syndrome 201–203
fetal dysmaturity syndrome 375
fetal growth restriction

acid–base balance 420
cordocentesis 419
nutritional 7
relative risk of delivery 10
symmetric 7
transplantation patients 174

fetal heart rate (FHR)
accelerations 104, 105
assessment 104, 105
baseline 104
decelerations 105, 106
nonreassuring 105
pattern defi nitions 104–105
reassuring 105
variability 104–105

fetal heart rate tracing (FHT) 96
interpretation 104–106

fetal intervention guided by sonography 
(FIGS) 439–440

fetal loss see abortion, spontaneous
fetal membranes

resealing 350–351
see also preterm premature rupture of 

the membranes (PPROM)
fetomaternal hemorrhage 422, 444
fetomaternal transfusion 410
fetoscopic surgery (FETENDO) 437–439

congenital diaphragmatic hernia 437, 
438–439

indications 438–439
percutaneous 437–438
twin–twin transfusion syndrome 437, 

438, 439
urinary tract obstruction 437, 439

fetus
alcohol abuse effects 24, 25, 26
antenatal surveillance 376
antepartum monitoring 95–102, 377

diagnostic conditions 100–101
tests 95–99

blood sampling 419–423
blood typing through DNA analysis 

300
bradycardia 422
calcium levels 16
comprehensive evaluation of condition 

3, 4
congenital heart block 217
cytomegalovirus 230
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fetus (cont.)
death in vasa previa 365–366, 367
distress and cesarean delivery 385
Doppler imaging 289–293
hemorrhage 444

prevention 367
hyperthermia 443
hypoxic brain injury with uterine 

rupture 391–392
infections 222, 223, 224, 227, 230, 231

diagnosis 419
liver maturity 301
malpresentation 385–386
maturation 350, 355–356
micturition 317
movement 95–96, 179, 212
oxygen deprivation 290, 291
parvovirus infection 222, 223
placenta previa complications 364
radiation exposure risk 139–140
resuscitation 105–106
rubella infection 224
substance abuse effects 24, 25, 26
surgery 433–440
surveillance in SLE 218
swallowing 317, 318
thermoregulation 443
toxoplasmosis 227
urine 317
varicella infection 231
weight

estimation 287
mild preeclampsia 273
see also gestational age; growth, fetal; 

intrauterine fetal death (IUFD); 
intrauterine growth restriction 
(IUGR); multiple pregnancy

fi brillin, defective 153
fi brinogen 119, 135, 143, 144
fi brinolysis 134
fi brinolytic system 119
fi bronectin, fetal (fFN) 336, 337–338

prematurity
assessment 355
evaluation 354

preterm premature rupture of the 
membranes 345

prolonged pregnancy 377
fi fth disease 222
fi sh consumption 34–35

mercury 33–34
fl uconazole 46
fl uoride toxicity 18
fl uoxetine 48–49
foam stability index (FSI) 92
folate antagonists 17
folate/folic acid 17–18

fetal karyotype 254
folic acid supplements 12, 13, 14, 15, 

17–18
diabetic patients 182
prenatal 21

follicular stimulating hormone (FSH) 
83–84, 88

fondaparinux 129
formula milks 449–450
foster care placement 29
fresh frozen plasma (FFP) 282–283

functional outcome prediction 70
fusion inhibitors 247

galactosemia 450
genes 61–62
genetic counseling, multiple pregnancy 

309–310
genetic factors 374–376
genetic screening 61–65

newborn 65
prenatal diagnosis 64
sickle cell disease 111

genetic testing 409–417
see also amniocentesis; chorionic villus 

sampling
genetics 3, 4
genital herpes 51
genital tract cancer, immunosuppressive 

drugs 168
German measles 224
germline mosaicism 61–62
gestational age 286–287

accurate assessment 376
criteria for confi rmation 374
dating error 373
inaccuracy 10
placenta previa 364
prolonged pregnancy 377–378
repeat tendency 8

glomerular fi ltration rate (GFR)
early gestation 38
kidney transplantation 170
pregnancy 163

glucocorticoids
systemic lupus erythematosus 218, 

219
thrombocytopenia 114

glucose
blood level determination 183
fetal levels 88
maternal levels 177–178

glucose challenge test 176, 180
glucose tolerance testing (GTT) 176–177

gestational diabetes 179, 180
pancreas transplantation 171

glyburide, gestational diabetes 178
glycemic control, maternal 183–184
goiter, fetal 87, 89
gonadotropin releasing hormone (GnRH) 

81, 82
congenital defi ciency 84

gonadotropins 83–84
gonads, development 88
gonorrhea screening 29
GPIIB/IIIa receptors 133
Graves’ disease 45, 87–88, 89, 188

follow-up 189
growth, fetal 6–9

curves 7
discordance in multiple pregnancy 306
evaluation 287
factors affecting 8
linear 6–7
velocity 7

see also fetal growth restriction
growth hormone (GH) 84–85
growth hormone releasing hormone 

(GHRH) 81, 82, 85

Haemophilus infl uenzae type B vaccination 
110

Hashimoto thyroiditis 87–88, 186
head circumference:abdominal 

circumference ratio 7
hearing loss, solvent abuse 34
heart, fetal see fetal heart rate (FHR); fetal 

heart rate tracing (FHT)
heart block, congenital

fetal 217
neonatal lupus erythematosus 217, 

220
heart disease, congenital 172

antiepileptic drug exposure 202
heart rate, fetal

IUGR 293
sinusoidal tracing 366
vasa previa 366

heart rate, maternal 144
heart transplantation 172

pregnancy after 156, 158
heart valve disease, maternal 146–151

fetal/maternal risk 148
heart valves, mechanical 149–151
HELLP syndrome 171, 173, 275–277

dexamethasone 48
diagnostic criteria 275
factor V Leiden mutation 125
management 276–277
multiple pregnancy 308, 312–313
platelet transfusion 282
SLE differential diagnosis 216
thrombocytopenia 114

hemoglobin 14, 15, 16, 109
glycosylated 182, 184

hemoglobin S 109
hemoglobin S/beta-thalassemia disease 

110
hemoglobin SC disease 109–110
hemoglobin SS disease 109
hemoglobinopathies 109–110

carrier screening 62, 63–64
see also sickle cell disease

hemolysis, elevated liver enzymes and 
low platelet count syndrome see 
HELLP syndrome

hemolytic disease of the newborn 
298–301, 302, 445

end-stage phase 299
jaundice 448
non-RhD antibodies 301–302

hemophilias, recombinant factor VIIa 
283

hemorrhage
fetal 367, 444
fetomaternal 422, 444
neonates 444–445

see also blood loss; intracranial 
hemorrhage

hemostasis
physiology 133–134
pregnancy changes 119, 120, 135

heparin 134
disseminated intravascular coagulation 

281–282
systemic lupus erythematosus 219, 

220
thrombocytopenia 128–129
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heparin, low-molecular weight 128, 129
mechanical heart valve anticoagulation 

149–150
systemic lupus erythematosus 219
thrombophilia 126–127

heparin, unfractionated 128, 129
mechanical heart valve anticoagulation 

149, 150, 151
systemic lupus erythematosus 219

heparin cofactor II 134
heparinization, systemic in neonates 

447
hepatic disease

acute fatty liver of pregnancy 309
liver transplantation 171–172

hepatitis
perinatal infection 238–240

hepatitis A 238
hepatitis B 239

chronic carrier state 239
hepatitis D coinfection/superinfection 

239
screening 29
transplantation patients 169
vaccination 110

hepatitis C 239–240
liver transplantation 171
screening 29
transplantation patients 169

hepatitis D 239
hepatitis E 238
hepatitis G 240
herpes, genital 51
herpes simplex virus 227–229

clinical manifestations 228
diagnosis 228
management 228–229
pathogenesis 227–228
preterm premature rupture of the 

membranes 350
transmission 227–228
transplantation patients 169

highly active retroviral therapy (HAART) 
243, 247–248, 249

homocysteine 123
hormones

fetal hypothalamus 81–83
fetal pituitary 83–85
placental 7
teratogenic 44

hospital care for substance abuse 29–30
human chorionic gonadotrophin (hCG)

Down syndrome 76, 310
fi rst trimester screening 74
hypothyroidism 186–187
maternal blood determination 

420–421
placental 88

human immunodefi ciency virus (HIV) 
242–249

antiretroviral drugs 243, 244–247, 
247–248

breastfeeding contraindication 450
counseling 243
ethical issues 249
infected patient identifi cation 

242–243
legal issues 249

mother-to-child transmission 
prevention 243

preterm premature rupture of the 
membranes 350

screening 29
seropositive women 243, 247–248
testing 242–243
transplantation patients 169

human papillomavirus (HPV) 169
human platelet antigens (HPAs) 115, 

117
hydralazine 50, 211, 212

eclampsia management 278
hydration, preterm labor 356
hydrocephalus 69

open fetal surgery 436
hydrops fetalis 75

parvovirus infection 222, 223
hydroxychloroquine 218
1,25-hydroxycholecalciferol 17
21-hydroxylase defi ciency 86, 89
17α-hydroxyprogesterone caproate 

(17-OHPC) 311, 329, 330, 331
hyperglycemia

fetal 183
fi rst trimester 17
maternal 183

hyperhomocysteinemia 123
hypernatremic dehydration 450
hypertension, maternal 165–166

chronic 210–213
classifi cation 210
delivery indications 212–213
differential diagnosis 210, 211
evaluation 210–211
fetal evaluation 212
gestational 271–279, 308–309
heart transplantation 172
kidney transplantation 170–171, 173
medications 50

teratogenicity 42–43
mild 272–273
multiple pregnancy 308–309
postpartum follow-up 213
preconceptual therapy guidelines 210
severe 279
therapy during pregnancy 211–212

see also eclampsia; preeclampsia
hyperthermia, fetal 443
hyperthyroidism

fetal 88
maternal 188–189

hypoglycemic agents, gestational diabetes 
178

hypotension, maternal 404
hypothalamic–pituitary–adrenal (HPA) 

axis 82
premature activation 333–334

hypothalamus, fetal
hormones 81–83
ontogeny 81

hypothyroidism
fetal 87–88
neonatal 448

hypothyroidism, maternal 186–190
diagnosis 186–187
follow-up 188
treatment 187–188

hypoxia ischemia, intrapartum 455
hysterectomy

placenta accreta 368
repeat cesarean delivery 384
uterine rupture 391, 392, 394

hysterotomy 433–437
closure 383
indications 436–437
postoperative recovery 435–436
risks and benefi ts 433–434
technique 434–436

ibuprofen 49–50
idiopathic thrombocytopenic purpura 

(ITP) 113–114
immigrant women, preterm births 327
immunoglobulin A (IgA) 449
immunoglobulin E (IgE) 193
immunosuppressive drugs 156, 158

fetal circulation 174
genital tract cancer 168
pregnancy 169–170

indomethacin 198
polyhydramnios 321
preterm labor 357–358, 359

infections
asthma effects 193
congenital 419
cordocentesis 422
fetal 222, 223, 224, 227, 230, 231

diagnosis 419
intra-amniotic 354
perinatal 222–232

streptococci group B 234–236
prematurity management 354
preterm birth 329, 334
preterm premature rupture of the 

membranes 345, 347, 350
spontaneous abortion 254
transplantation patients 169

see also named infections
inferior vena cava, Doppler waveform 

291, 292, 293
infl ammatory pathway markers 336
inhalers, optimum technique 196
inhibin 88
inhibin-A serum levels 76
insulin

administration 183
fetal levels 88
gestational diabetes 178
resistance 176, 179

insulin-like growth factor I (IGF-I) 85, 89
insulin-like growth factor II (IGF-II) 89
interleukin 6 (IL-6) 336
interleukin 8 (IL-8) 336
internal iliac artery embolization 368
interpregnancy interval 392
intracranial aneurysm rupture 151
intracranial hemorrhage

extracorporeal membrane oxygenation 
447

fetal thrombocytopenia 114–115, 116
intrapartum event criteria 454
intrapartum hypoxia ischemia 455
intrauterine fetal death (IUFD) 95

multiple gestation 306–307, 308
single in twin pregnancy 304



Index

466

intrauterine growth restriction (IUGR) 
99, 287–294

asymmetric 287
defi nition 287
Doppler imaging 289–293
genetic syndromes 289
inherited thrombophilia 125
management 288–293
maternal hypertension 212
multiple pregnancy 306, 308
neonatal encephalopathy 454
oligohydramnios 322
outcome 288
risk factors 288
symmetric 287
systemic lupus erythematosus 217

intravenous immunoglobulin (IVIG)
spontaneous abortion prevention 257
thrombocytopenia 114, 115, 116

iodine
defi ciency 19, 87

endemic 186
toxicity 18

iron 15
supplementation 14–16
toxicity 18

iron fumarate 15
iron gluconate 15
iron sulfate 15
isotretinoin 47

jaundice
neonatal 447–448, 449
treatment 448

Jewish genetic diseases 62, 64, 65
jugular vessel ligation 447

Kallmann syndrome 83–84
karyotype analysis 69–70

cordocentesis 419
oligohydramnios 322, 427

Kell antibody 301, 302
kernicterus 447–448
kick counts 95–96

gestational diabetes 179
maternal hypertension 212

kidney
fetal bilateral cystic dysplasia 322
maternal transplantation 168–171

graft function 170
obstetric emergencies 173
pancreas combination 172
rejection 170

see also renal entries

labetalol 50
eclampsia management 278
renal insuffi ciency 166

labor
analgesia/anesthesia 401–403
asthma management 198
augmentation 393

breech delivery 399
labor arrest 385

epilepsy 205–206
failure to progress 385
induction

eclampsia 278

post-term 377
uterine rupture 393

oligohydramnios 427, 428
prophylactic amnioinfusion 427, 428
sickle cell disease 111
status 391
trial of 389–395

labor, preterm 354
delivery 359
diagnosis 354–355
interventions 355–359
neonatal morbidity/mortality 

prevention 355–356
tocolytic therapy 356–359
transplantation patients 173

see also preterm delivery; preterm 
premature rupture of the 
membranes (PPROM)

lactation 449–450
benefi ts 18–19
bone turnover 16
dietary recommendations 19–20
iron requirements 15

see also breastfeeding; breastmilk
lactotrophs 85
lamellar body counts 92, 93
lamotrigine

clearance during pregnancy 205
congenital malformations 202, 203
monotherapy 207

laparotomy, fetal intervention guided by 
sonography 440

lead toxicity 32–33
lecithin:sphingomyelin (L:S) ratio 91, 93
left ventricular failure 281
left ventricular fi lling maintenance 

147–148
left ventricular function 154
leukotriene receptor antagonists 197
levothyroxine 188, 189, 190
limb reduction defects 414–415
lisinopril teratogenicity 42–43
lithium 46
liver

acute fatty liver of pregnancy 309
transplantation 171–172

long-chain polyunsaturated (LCP) fatty 
acids 449

low birthweight
asthma association 193
heart transplantation 172
multiple pregnancy 304
neonatal deaths 442

lung, fetal
fl uid 317–318
maturity 91–93, 354
profi le 92

see also surfactant
lung transplantation, maternal 172–173
lupus anticoagulant 123–124, 214, 217, 

218–219
spontaneous abortion 256–257

lupus erythematosus
neonatal 217

see also systemic lupus erythematosus 
(SLE)

lupus fl ares 214–216
diagnosis 218

lupus nephropathy 216–217
luteinizing hormone (LH) 83–84, 88

McDonald cerclage 264–265, 266
α2-macroglobulin 134
macrosomia

diabetes mellitus 184
gestational diabetes 179
post-term infants 375

magnesium
defi ciency 19
requirements in pregnancy 12, 14, 15, 

16–17
toxicity 18

magnesium sulfate 102, 105, 279
asthma 198
eclampsia management 277–278
preterm labor 358
severe preeclampsia 273

magnetic resonance angiography (MRA) 
138

magnetic resonance imaging (MRI)
DVT 136
placenta accreta diagnosis 368

malpresentation, fetal 385–386
see also breech presentation

Marfan syndrome, maternal 153
maternal age

dizygotic twins 309
genetic counseling 309–310
trial of labor 390

maternal serum alpha-fetoprotein 
(MSAFP) screening 67–69, 70, 71

combined fi rst/second trimester 76
multiple pregnancy 310
placenta accreta diagnosis 368
second trimester 75–76

matrix metalloproteinases 334–335
measles–mumps–rubella (MMR) vaccine 

224
meconium

lamellar body count 92
thick 429

meconium aspiration syndrome 375, 
428–429, 430

meconium-stained amniotic fl uid 
428–429, 430

medications 38–52
asthma 196–198
breastfeeding 42–43, 48, 49, 50, 51, 52

teratogens 42–43, 44, 45, 46, 47
clearance 38, 39
paternal exposure 39
pharmacokinetics 38, 39
systemic lupus erythematosus 218

medroxyprogesterone acetate 44
meiotic rescue 416
mendelian disorders 61–65
mendelian inheritance 61–62
meningocele 67

see also myelomeningocele
menstrual data

inaccuracy 10
unreliable 6

mercury 33–34
metabolic acidosis

intrapartum hypoxia ischemia 455
respiratory distress syndrome 446



Index

467

methimazole 188–189
methimazole–carbimazole 45
methotrexate 44–45, 368

contraindication in pregnancy 218
methyl mercury 33
methyldopa 50

renal insuffi ciency 166
methylene tetrahydrofolate reductase 

(MTHFR), thermolabile mutant 
gene mutation 123

methyltestosterone 44
metronidazole 51
microcephaly

antiepileptic drugs 203
fetal swallowing 318

micturition, fetal 317
middle cerebral artery (MCA)

Doppler evaluation 223, 290–291, 
299–300

IUGR fetuses 99, 290–291
milk, vitamin D-fortifi ed 17
minerals, toxicity 18
miscarriage see abortion, spontaneous
misoprostol 46–47
mitral regurgitation 148
mitral stenosis

left ventricular fi lling maintenance 
147–148

maternal 146–148
mitral valve prolapse, maternal 148–149
mitral valvuloplasty, percutaneous 

balloon 146
molybdenum toxicity 18
monoamnionicity 305, 307–308
monochorionicity 304, 305

fetal complications 307–308
monozygotic pregnancy 305
mosaic morula 416
mosaicism

confi ned 415–416
cordocentesis 419

mucous patches 225
müllerian duct anomalies 255
multifetal pregnancy reduction (MPR) 

307, 309
multiple pregnancy 304–313

amniocentesis 410, 411
anatomic abnormalities 310
aneuploidy 310
antenatal surveillance 311
antepartum management 309–312
counseling 307
discordant anatomic abnormalities 307
fetal complications 306–307
fetal lung maturity 93
fetal wastage 306–307
genetic counseling 309–310
HELLP syndrome 308, 312–313
intrapartum monitoring 311–312
maternal nutrition 11
neural tube defects 310
oligohydramnios 323
perinatal outcomes 304–305
polyhydramnios 323
post-term defi nition 378
prenatal diagnosis 309–310
preterm delivery prevention 310–

311

ultrasound 311, 312
uterine mechanical stretching 335

multivitamins, prenatal 12, 13, 14, 15
mycophenolate mofetil 156, 158
mycoplasma 254
myelomeningocele 67

functional outcome 70
open fetal surgery 436–437
see also neural tube defects

myocardial infarction (MI), acute 
maternal 155–156

myoma, submucous uterine 255

nasal bone sonography 72
natural killer (NK) cells 257
necrotizing enterocolitis 355
neonatal alloimmune thrombocytopenia 

(NAIT) 115, 116–117
neonatal lupus erythematosus 217
neonates

anemia 444–445
cytomegalovirus 229, 230
deaths 442
encephalopathy 452, 453–456
extracorporeal membrane oxygenation 

447
genetic screening 65
hemorrhage 444–445
hepatitis B infection 239
herpes simplex virus infection 228
hypothermia 443
jaundice 447–448, 449
morbidity/mortality prevention in 

preterm labor 355–356
respiratory disorders 445–447
thermal regulation 443
varicella infection 231

nephrotic syndrome, pregnancy 164–165
neural tube defects 17, 18

antiepileptic drug exposure 202
diagnostic ultrasound 69–70
folic acid supplements 182
multiple pregnancy 310
open fetal surgery 436–437
prognosis 70
screening 67–71
serum screening 67–69
see also myelomeningocele

neurohypophyseal hormones 83
neutrophils, decidual 335
nevirapine 248
New York Heart Association (NYHA) 

cardiac disease classifi cation 
143–145

nicardipine 357
nifedipine 211, 212

eclampsia 278
preeclampsia post-partum 

management 275
preterm labor 357

nipple stimulation 98
Nitrazine 354
non-steroidal anti-infl ammatory drugs 

(NSAIDs) 50
after cesarean delivery 404
teratogenicity 41

non-stress test (NST) 95, 96–97, 99, 101
maternal diabetes 184

maternal hypertension 212
mild preeclampsia 273
prolonged pregnancy 376

nuchal translucency (NT)
Down syndrome 310
sonography 72, 73, 76, 77

nutrition, maternal 6–21
assessment 11–12, 13, 14, 15
dietary recommendations 19–20
gestational diabetes 177
interventions 12–18

obesity 11
failure to progress in labor 385
trial of labor 390
weight gain target levels 20

obstetric complications
antiphospholipid antibodies 124–125
epilepsy 205
inherited thrombophilia 125–126
multiple pregnancy 308–309
systemic lupus erythematosus 217

obstetric emergencies, transplantation 
patients 173–174

oligohydramnios 321–323
amnioinfusion 322, 323, 425, 426, 427, 

428, 431
clinical signifi cance 322–323
congenital anomalies 427
defi nition 319, 321
diagnosis 321–322
fetal swallowing 318
fetal urinary system malformations 

317
IUGR fetus 322
labor prophylaxis 427, 428
membrane rupture 346
multiple pregnancy 305–306, 323
postdate pregnancy 322–323, 375, 

377
preterm premature rupture of the 

membranes 350
twin pregnancy 323
ultrasound 321–322
variable decelerations 426

omega-3 LCP fatty acids 449
omega-6 LCP fatty acids 449
oocytes 253
opioids

intrathecal 402
regional analgesia 401

orange juice, iron absorption 15
organ systems, pregnancy effects 38, 

39
organic solvents 34
oxygen deprivation, fetal adaptation 

290, 291
oxygenation, fetal markers 105
oxygen-carrying capacity, respiratory 

distress syndrome 446
oxytocin 83

labor augmentation 393
breech delivery 399
for labor arrest 385

uterine contractions 98
oxytocin challenge test 376
oxytocin receptor 334
oxytocin receptor antagonists 359



Index

468

pancreas transplantation 171, 172
pancreatic hormones 88–89
parathyroid hormone (PTH) 16
parvovirus B19 222–224
patent ductus arteriosus, maternal 

152
patient education, asthma 195–196
patient-controlled analgesia (PCA), 

intravenous 404
patient-controlled epidural analgesia 

(PCEA) 402–403, 404
penicillamine 47
penicillin 234, 235

resistance 234
penicillin G 51, 226
percutaneous balloon mitral 

valvuloplasty 146
perinatal medicine, advances 3, 4
perinatal mortality

asthma association 193
epilepsy 203–204
underweight women 9–10
uterine rupture 391

persistent pulmonary hypertension of the 
newborn (PPHN) 49

pesticides 34
phenobarbital 202, 301
phenytoin, teratogenicity 43
phosphatidylglycerol assessment 91–92, 

93
phototherapy, neonatal jaundice 448
pituitary, fetal

anterior 83–85
ontogeny 81

placenta
absorptive capacity 7
confi ned mosaicism 415–416
disorders 362–369
environmental agents 32
famine conditions 10
hormone production 7
malformation 444
manual removal 383
migration 363–364
preferential growth 364
separation failure 367–368
teratogenic drugs 39

see also abruptio placentae
placenta accreta 367–368

repeat cesarean delivery 384
placenta previa 362–365

clinical presentation 362
complications 364
delivery timing 365
diagnosis 362–363
fetal hemorrhage 444
incidence 362
management 364
repeat cesarean delivery 384
risk factors 362
types 363

placental hormones 7
placental sulfatase defi ciency 373
plasma products transfusion 282–283
plasma volume 143, 144
plasminogen activator inhibitor 1 (PAI-1) 

119, 134
elevated levels 122–123, 135

plasminogen activator inhibitor 2 (PAI-2) 
119, 134

elevated levels 135
platelet aggregation 133
platelet count

fetal 115–116
HELLP syndrome 277
thrombocytopenia 114, 116

platelet plug formation 133
platelet transfusions 282

thrombocytopenia 114, 116
pneumonia

sickle cell disease 110
varicella 231

polychlorinated biphenyls (PCBs) 34
polycystic ovarian syndrome (PCOS) 

254
polyhydramnios 319–321

associations 320–321
fetal swallowing 318
fetal urinary system malformations 

317
management 321
multiple pregnancy 323
uterine mechanical stretching 335

polyploidy, spontaneous abortion 253
polyps, uterine 255
ponderal index 7
postdate pregnancy see prolonged 

pregnancy
postpartum care, alcohol/substance 

abuse 29–30
Prader–Willi syndrome 416
prednisone 170

thrombocytopenia 114
preeclampsia 271–275

asthma association 193
birth weight 7
etiology 272
factor V Leiden mutation 125
heart transplantation 172
hypertension 212–213
inherited thrombophilia 125
intrapartum acute myocardial 

infarction 155
kidney transplantation 170–171
management 272, 274–275
mild 272–273, 274
multiple pregnancy 308–309
pathophysiology 272
postpartum management 275
prediction 278–279
prevention 278–279
renal disease 211
severe 273–275, 279
systemic lupus erythematosus 217
thrombocytopenia 114
transplantation patients 173

pregnancy, immunosuppressive drugs 
169–170

Pregnancy Nutrition Surveillance System 
20

pregnancy-associated plasma protein A 
(PAPP-A) 73–74, 76

Down syndrome 310
prematurity

assessment 354–355
asthma association 193

evaluation 354
extreme 442
heart transplantation 172
interventions 355–359
management 354–360
neurodevelopmental sequelae 450
outcomes 442–443
prognosis 442
risk factors 443
survival 442
syphilis 225
transplantation patients 174

see also labor, preterm; preterm 
delivery; preterm premature 
rupture of the membranes 
(PPROM)

prenatal diagnosis, genetic disease 64
preterm delivery

abruption-associated 335
bacterial vaginosis 334
cervical cerclage 328–329
decidual-amnion-chorion 

infl ammation 334–335
diagnostic accuracy 337–338
etiology 333–335
fi nancial costs 326
handicap risk 326
infections 329, 334
maternal body mass index 10
maternal weight 10
multiple pregnancy 304, 310–311
pathway-specifi c markers 336–337
prediction 335–337
prevention 326–331

multiple pregnancy 310–311
progesterone prophylaxis 329–331
recurrent 331
social phenomenon 326–327
spontaneous 263

see also labor, preterm
preterm premature rupture of the 

membranes (PPROM) 345–351
abruption-associated 335
cerclage management 267
cervical cerclage 350
cervical incompetence 267, 268
counseling 349–350
deceleration prevention 427–428
fetal membrane resealing 350–351
infections 345, 347, 350
management 347–350
mechanisms 345
oligohydramnios 322
prediction 345–346
prematurity management 354
prevention 326, 345–346
previable 349–350
progesterone in prevention 330
streptococci group B 235, 236
systemic lupus erythematosus 217
transplantation patients 173

progesterone
prophylaxis for preterm birth 329–331
spontaneous abortion 254–255

progestogens, preterm birth prevention 
329–331

prolactin 85
spontaneous abortion 255



Index

469

prolonged pregnancy 373–379
antenatal fetal surveillance 376, 377
cesarean delivery 377
defi nition 373
delivery timing 376–378
etiology 373–374
genetic factors 373–374
incidence 373
intrapartum management 378
management 376–378
maternal risk 375–376
multiple pregnancy 378
oligohydramnios 322–323
prevention 376–378
prognosis 378
stillbirth 374, 375, 377

proopiomelanocortin (POMC) 84
propoxyphene 49–50
propranolol 50
propylthiouracil (PTU) 87, 88, 89

hyperthyroidism 188
thyroid storm 189

prostaglandins
corticotropin-releasing hormone effects 

333–334
delivery 198
fi nal common pathway of delivery 335

protease inhibitors (PIs) 243, 245–247
protein, dietary supplementation 14
protein C defi ciency 121
protein S 121, 134

defi ciency 121, 126
pregnancy 119, 135

protein Z defi ciency 122, 134
proteinuria, maternal 164–165, 165

hypertension 211, 213
prothrombin gene G20210A mutation 

121, 125, 126
psychiatric disorders, substance abuse 

26–27
pulmonary angiography

fetal risk 139–140
pulmonary embolism 138

pulmonary arteriography 137
pulmonary artery pressure 152
pulmonary edema 158

aortic stenosis 149
lung transplantation 173

pulmonary embolism 133, 136–140
D-dimer assays 137–138
diagnostic algorithm 139
diagnostic studies 137
patient work-up 139
risk assessment 136, 137

pulmonary hypertension, persistent of the 
newborn (PPHN) 49

pulmonary hypoplasia
congenital diaphragmatic hernia 438
oligohydramnios 322

pulmonary maturity tests 91–93
pulmonary valve lesions, maternal 148
pyelonephritis, sickle cell disease 110

rachischisis defect 67
radiation exposure, fetal risk 139–140
radioidine therapy, ablative 186
red blood cells

defects 445

hemolysis 109
mass in pregnancy 143, 144
packed 282
prophylactic transfusion 110–111
transfusion 282, 301

refl ux, asthma exacerbation 194, 195
renal agenesis 317
renal blood fl ow 163
renal disease, maternal 163, 164–167

hypertension 211
lupus nephropathy 216–217
nephrotic syndrome 164–165

renal failure
chronic 168
multiple pregnancy 308

renal insuffi ciency, maternal 
165–166

renal tubular function, maternal 164
respiratory distress syndrome 91, 

445–446
gestational diabetes 179
risk 92–93
surfactant therapy 446

resuscitation, fetal 105–106
retinoids 47
retinol 18
rhesus alloimmunization 3, 298–301, 

302, 448
antibody titers 299
clinical management 300
fetal blood typing 300
fetal lung maturation delay 93
intrauterine transfusion 300–301
prophylaxis 298, 299
surveillance 299–300
thrombocytopenia 114

rhesus antigen (RhD) 298
rhesus immunoglobulin (RhIg) 298, 299, 

448
amniocentesis 410

rhesus sensitization, transplantation 
patients 169

rhesus status, blood product replacement 
282, 283

rheumatic heart disease 146, 149
ritodrine 105, 356–357
rubella 224

sacrococcygeal teratoma 433, 437
scalp stimulation 105
seizures

control 206
during delivery 205–206
eclampsia 277, 278
during pregnancy 204

selective serotonin reuptake inhibitors 
(SSRIs) 48–49

selective termination (ST) 307, 308
selenium toxicity 18
serine protease inhibitors (SERPINs) 

134
sertraline 48–49
sexually transmitted infections

premature rupture of the membranes 
345, 347

prematurity management 354
Sheehan syndrome 186
Shirodkar cerclage 264

shock
cardiogenic with amniotic fl uid 

embolism 280
neonates 444, 445

shoulder dystocia, gestational diabetes 
179

sickle cell crisis 109, 110
sickle cell disease 63–64, 109–112

fetal assessment 111
genetic evaluation 111
red blood cell prophylactic transfusion 

110–111
sickle hemoglobin (S) see hemoglobin S
sinusitis, asthma exacerbation 194–195
sirolimus 170
small for gestational age 287

see also intrauterine growth restriction 
(IUGR)

smoking 27
sodium retention in pregnancy 163
solvent abuse 34
somatostatin 81, 82
sonography see ultrasound
sphingomyelin 91
spina bifi da

antiepileptic drug exposure 202
open 67

alpha-fetoprotein maternal screening 
68–69

ultrasonography 69
outcome 70
screening 71
see also neural tube defect and 

myelomeningocele
spinal analgesia 402
spinal anesthesia 404
spiramycin 227
splenectomy, thrombocytopenia 114, 115
steroidogenesis 88
steroids 47–48

see also corticosteroids
stillbirth

epilepsy 203
post-term pregnancy 374, 375, 377
syphilis 225
systemic lupus erythematosus 217

streptococci group B (GBS) 234–235, 236
antibiotics 234, 235
epidemiology 234
isolation 234
prematurity management 354
preterm labor 356
prevention 235, 236

stress
fetal

markers 336–337
preterm delivery 333–334

maternal 6
preterm delivery 333–334

stroke volume 284
pregnancy 144

stuck twin 305–306
substance abuse 24–30

fetal effects 24, 25, 26
hospital care 29–30
postpartum care 29–30
pregnancy management 26–27
prenatal care 27, 28–29, 29



Index

470

substance abuse (cont.)
screening 24
withdrawal 27

sulindac 359
surfactant

fetal lung 91–92
neonatal therapy 3, 4
therapy 446

surfactant:albumin ratio 92
surgery, fetal 433–440

endoscopic 437–439
open 433–437
sonography-guided 439–440

swallowing, fetal 317, 318
syphilis 225–226

screening 29
systemic lupus erythematosus (SLE) 

123–124, 211, 214–220
diagnostic criteria 214, 215
differential diagnosis 216
drug regimens 218
epidemiology 214
etiology 214
fetal surveillance 218
management 217–218
morbidity/mortality 216
pathogenesis 214–216
pregnancy effects 216–217

tachycardia prevention 147, 148
tachypnea, transient 446–447
tacrolimus 156, 170
Tay–Sachs disease 63, 64
teratogenicity evaluation 41–42
teratogens 38–42

FDA pregnancy safety category 
39–41

follow-up studies 41
identifi cation 41–42
immunosuppressive drugs 169–170
known 41, 42–47
neural tube defects 17
time of exposure 38

terbutaline 105, 356–357
testes, fetal 88
testosterone 88
tetracyclines 51
tetralogy of Fallot, maternal 153
thalassemias 63, 64

hemoglobin S/beta-thalassemia disease 
110

thalidomide
neural tube defects 17
teratogenicity 41, 47

theophylline 197
thimerosal 33
thrombin 134, 335
thrombin-activatable fi brinolysis 

inhibitor (TAFI) 134
thrombin–antithrombin (TAT) complexes 

336–337
thrombocytopenia 113–117

alloimmune 115–116
neonatal 115, 116–117

autoimmune 113–115
fetal 114–116, 420
gestational 113, 116
heparin-induced 128–129

maternal 113–114
platelet transfusion 282

thromboembolic disorders 133–140
diagnosis 135–140
pathophysiology 135
pregnancy 143
risk factors 135

thrombophilia
acquired 123–125
adverse pregnancy outcome prevention 

126–127
inherited 119–123, 125–126

recurrent miscarriage 255–256
management 127, 128
pregnancy 143
prevention 127
screening 127

thromboprophylaxis, cesarean delivery 
383

thyroglobulin 87
thyroid, fetal 86–88

dysgenesis 87
thyroid, maternal 87
thyroid disease, maternal 87, 88
thyroid stimulating hormone (TSH) 

85
thyroid stimulating hormone (TSH) 

receptor 87
thyroid storm 189
thyroidectomy 186
thyroiditis

chronic autoimmune 186
postpartum 189
transient immune 189

thyroperoxidase (TPO) 87
thyrotoxicosis 188
thyrotropin-releasing hormone (TRH) 

81, 82, 85
thyroxine (T4) 87

gene mutations 87
hyperthyroidism diagnosis 188
hypothyroidism diagnosis 186–187
intra-amniotic administration 88

tissue factor 133–134
decidual 336

tissue factor pathway inhibitor (TFPI) 
134

tissue-type plasminogen activator (tPA) 
134

tocolytic therapy 105
cervical cerclage 267
maintenance 359
multiple pregnancy 311
preterm birth prevention 327
preterm labor 356–359
primary 359
refractory 359

toluene 34
tonic–clonic seizures 204

labor 205–206
Toxoplasma gondii (toxoplasmosis) 

226–227
tracheal occlusion 438–439
transfusion

blood product replacement 
282–283

intrauterine 223–224, 300–301, 302
maternal in placenta previa 364

neonatal in vasa previa 367
neonatal jaundice 448
platelet 114, 116, 282
red blood cells 282, 301
sickle cell disease 110–111

transplantation patients 168–174
antepartum care 168–169
follow-up of offspring 174
intrapartum management 173
pregnancy timing 168
prepregnancy assessment/counselling 

168
urinary tract infections 169

transposition of the great vessels, 
maternal 153

trapped twin syndrome 323
Treponema pallidum (syphilis) 225–226
trial of labor 389–395

birthweight 390
candidates 389–390
cervical examination 391
counseling 394
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