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For the sixth edition of Medical Complications During
Pregnancy, an obstetrician, Joshua A. Copel, has joined

the Editors; this addition is long overdue. The basic con-
cept of the book was based on the necessity for the internist
and the obstetrician to care for the pregnant woman
with medical problems together, often with, in addition,
the neonatologist. As Vice Chair for Obstetrics in the
Department of Obstetrics, Gynecology & Reproductive
Sciences at Yale University School of Medicine, Dr. Copel is
particularly well suited for such a role.

Another tenet of the book has been a commitment to
keep the book as current as possible by adding new
authors and new chapters to adequately cover the field. In
the fifth edition, chapters on immunology and on emer-
gency management of the obstetric patient were added to
reflect concerns or progress in the field. As a consequence
of the availability of new diagnostic and therapeutic
modalities, obstetricians are increasingly asked to make
difficult ethical decisions. A new chapter in bioethics has
been added in the sixth edition, as has a chapter on the
psychiatric consequences of pregnancy. New chapters
have been written on obstetric care, calcium disorders,
diabetes mellitus, rheumatic diseases, and dermatology.

Despite these changes, the basic purpose of the book
continues to be to provide answers to clinical questions of
physicians caring for pregnant women. Emphasis has been
placed on evidence-based medicine, in which the effect of
the disease process on pregnancy and the effect of the
pregnancy on the disease are examined. There has also
been an effort to provide the pathophysiologic foundation
on which to base diagnostic and therapeutic measures.

Modern medicine has enabled more women to survive
both acute and chronic illnesses that in the past would
have resulted in death or such severe disability as to pre-
clude childbearing. As more of these women become preg-
nant, the need for collaborative care by general
obstetricians, specialists in high-risk pregnancy, and
internists will only increase. Our purpose in this book is
to provide a template for that care and some common
ground: a set of information that is useful for physicians
from different disciplines who join together to care for
pregnant women with complex medical problems.

GERARD N. BURROW, MD
THOMAS P. DUFFY, MD
JOSHUA A. COPEL, MD
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Throughout the developed world in the 20th century,
improvements in blood banking, antibiotics, the treat-

ment of hypertension, and the advent of safe alternatives to
general anesthesia have led to a reduction in maternal and
fetal mortality and morbidity. Coupled with improvements
in the understanding of maternal-fetal pathophysiology
and with awareness of how changes in maternal physiology
affect fetal growth and development, these developments
have led to the awareness of high-risk pregnancy as the
care of two patients: the mother and fetus. A pregnancy
may be considered high risk because of maternal or fetal
conditions, but the outcomes are often intimately linked.

Prenatal care in most of the 20th century was designed
to identify hypertensive complications of pregnancy and
to expedite the care of women with preeclampsia. In the
1980s and 1990s, there was an increased emphasis on early
management of women at risk for prematurity, although
efforts to delay preterm delivery have, as a whole, been dis-
appointing. Also, since the mid-1970s, a new subspecialty
of maternal-fetal medicine has emerged, attracting physi-
cians trained in obstetrics with 2 to 3 years of additional
education in the management of women and fetuses during
complicated pregnancies.

The normal increase during pregnancy of both blood
volume and cardiac output is well tolerated in normal
women but may lead to heart failure in a patient with a
fixed cardiac lesion or output, such as mitral stenosis or
cardiomyopathy. Poor maintenance of cardiac output
subsequently affects uterine and fetal perfusion and,
therefore, fetal growth. The physiologic nadir of blood
pressure in the first and second trimesters with physiologic
elevation in the third trimester often makes it difficult to
distinguish preeclampsia from exacerbation of chronic
hypertension, and this dilemma is even more complicated
for women with systemic lupus erythematosus, who may
chronically have proteinuria, a hallmark of preeclampsia.
Ultimately, if hypertension is not controlled by hospital-
ization and medication regardless of the diagnosis, it will
lead to a need for delivery. The normal physiologic changes

during pregnancy are profound but generally well tolerated
by most pregnant women and are completely reversible.
Those that are of primary interest are reviewed in Table 1–1.
The objective of this chapter is to refine these concepts as
well as review the obstetric management and recent techno-
logic advances in the care of these complicated pregnancies.

PRECONCEPTION COUNSELING

The physician taking care of women has the opportunity
to have an impact not only on the lives of women but also
on the lives of their children. Preconception care is essential
in minimizing exposure to drugs and teratogens, maximiz-
ing nutritional status, and identifying medical conditions
that may either affect pregnancy or be influenced by it.1–3

In the United States, more than 150,000 birth defects
and more than 500,000 infant deaths, spontaneous abor-
tions, stillbirths, and miscarriages each year result from
defective fetal development.4 It is estimated that 1% to 5%
of congenital anomalies may be drug or chemical related.
Factors that determine a drug’s effect on the fetus include
dosage, duration, and time of exposure, as well as drug
metabolism, concurrent use of other drugs, genetic suscep-
tibility, and placental transfer. There is a critical period of
embryonic development from the 3rd through 12th weeks,
when the embryo is undergoing organogenesis. Before
this time, exposures tend either to cause abortion or to have
no effect at all (known as the “all-or-none phenomenon”).
After the 12th week, effects are generally limited to growth
and neural development.

Preconception counseling should be the mainstay of
women’s health care. Therefore, all physicians who care for
women of reproductive age need to be aware of the potential
influence of disease and medications on pregnancy and
make their patients aware of this impact. The effect of ter-
atogens often occurs prior to the recognition of pregnancy.
Examples of recognized teratogens and their associated
malformations are listed in Table 1–2. Infectious agents

1

1
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2 C H A P T E R 1 Obstetric Management of the High-Risk Patient

Organ System Change Clinical Correlate

Hematologic
Blood volume Increases by 45% “Dilutional anemia”
Plasma volume Increases —
Red cell volume Increases by 250-450 mL —
Iron requirements Increase Iron deficiency common
White blood cell count Increases to 12,000 cells/mm3 Diagnosis of infection difficult

(higher in stress or labor)
Fibrinogen, plasminogen, Increase Increased risk of venous thrombosis

factors VII, VIII, and X 
Platelets Increase turnover Normal > 100,000

Increase aggregation More EDTA-induced clumping; manual platelet count
needed to evaluate thrombocytopenia

C-reactive protein Increases Not useful as marker of acute infection
Sedimentation rate Increases Not useful as marker of acute infection

Cardiovascular
ECG Left axis deviation Nonspecific T wave changes
Chest radiograph Superior, lateral, and anterior displacement Enlarged cardiac silhouette straightened left heart border

of heart by enlarging uterus
Cardiac output Increases by 30% to 50% Systolic ejection murmurs common

Increased end-diastolic dimensions
Myocardial hypertrophy No long-term effect 

Stroke volume Increases Increased cardiac work
Heart rate Increases Palpitations common; increase in premature atrial

contractions; increase in arrhythmias
Blood pressure Decreases in 1st and 2nd trimesters Patient may need to decrease antihypertensive 

medications
Increases to baseline in 3rd trimester Increase in antihypertensive medication requirements

Difficulty in distinguishing chronic hypertension
from preeclampsia

Renal
Kidney length Increases by 1.5 cm None
Ureters Dilate Right > left
Bladder Relaxes Increased dead space, increased risk of urinary tract

infections and pyelonephritis
Need for prophylaxis with recurrent urinary tract

infections or pyelonephritis
Frequent follow-up for women with history of 

urinary tract infections
Renal plasma flow Increases by 50% —
Glomerular filtration Increases by 50% Increased clearance of medications; difficulty 

attaining therapeutic levels, need to adjust 
dosing interval

Proteinuria Increases Underlying proteinuria worsens with 
pregnancy; symptoms from protein loss more 
common in pregnancy

Glycosuria Increases Poor indicator of diabetes in pregnancy

Alimentary
Gastric emptying Delayed Heartburn, reflux
Sphincter tone Decreases Reflux
Motility Decreases Constipation, bloating
Gallbladder Increase in residual volume Increased risk of sludge and gallstones

Decrease in emptying Increase in symptoms with fatty diet
Cholesterol level Doubles Do not check in pregnancy
Binding protein levels Increase Increase in requirements of protein-bound medications
Transferrin level Increases —
Albumin level Decreases None
Alkaline phosphatase level Increases (placental origin) Unreliable test of liver disease
Transaminase levels Unchanged —
Drug metabolism Increases Close monitoring of drug levels

TABLE 1–1 Physiologic Changes of Pregnancy

(Continued)
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Agent Clinical Effect

Alcohol* Fetal alcohol syndrome: cardiac abnormalities (ASD, VSD), characteristic facies, IUGR, maxillary hypoplasia,
mental retardation, microcephaly

Methotrexate (antifolate) Abnormal cranial ossification, cleft palate, hydrocephaly, IUGR and postnatal growth abnormalities, mental 
retardation, microcephaly, neural tube defects, reduction of derivatives of first branchial arch

Androgens Masculinization of the female fetus
Angiotensin-converting Fetal and neonatal death, IUGR, neonatal anuria secondary to renal failure, oligohydramnios, pulmonary

enzyme inhibitors hypoplasia, skull hypoplasia (second and third trimester exposure)
Cocaine Cardiac abnormalities, dislocated hip, facial clefts, musculoskeletal malformations, pyloric stenosis,

respiratory malformations, ventriculomegaly
Cyclophosphamide Cleft palate, eye abnormalities, skeletal and limb abnormalities (first trimester exposure)
Diethylstilbestrol Cervical and uterine anomalies
Diphenylhydantoin Cardiac abnormalities, cleft lip/palate, hypoplastic nails and distal phalanges, IUGR, mental retardation, 

microcephaly
External radiation (>5 rad) Eye anomalies, IUGR, mental retardation, microcephaly
Hyperthermia Neural tube defects
Indomethacin Oligohydramnios, prenatal ductus arteriosus closure (reversible) (second and third trimester exposure)
Iodine deficiency and Deafness, fetal goiter, mental retardation

inorganic iodides
Isotretinoin Cardiovascular, CNS and ear anomalies, cleft lip/palate
Lead CNS abnormalities, microcephaly
Lithium carbonate Ebstein anomaly of the tricuspid valve
Methimazole Aplasia cutis
Methylmercury Blindness, deafness, IUGR, microcephaly, neonatal seizures, poor muscle tone
Naphthalene Hemolysis in G6PD-deficient infants
Nicotine IUGR, increased incidence of sudden infant death syndrome
Penicillamine Cutis laxa, joint hyperflexibility
Quinine (high dose) Ototoxicity
Streptomycin Ototoxicity
Tegretol Cardiac abnormalities, developmental delay, fingernail hypoplasia, minor craniofacial defects
Tetracycline Bone and tooth staining, dental enamel hypoplasia
Thalidomide Cardiac defects, ear and nasal anomalies, gastrointestinal atresias and stenosis, limb reduction deformities
Trimethadione Cardiac and CNS anomalies; developmental delay; high, arched palate; irregular teeth; IUGR; low-set ears;

V-shaped eyebrows
Valproic acid Cardiac abnormalities, dysmorphic facies, IUGR, neural tube defects
Warfarin Anomalies of eyes, hands, and neck; CNS anomalies and hemorrhage; IUGR; nasal hypoplasia; stippling

of secondary epiphyses

*Data are based on chronic use (10-12 drinks/day) associated with 30% incidence. Less known about lower amounts.
ASD, atrial septal defect; CNS, central nervous system; G6PD, glucose-6-phosphate dehydrogenase; IUGR, intrauterine growth restriction; VSD, ventricular septal defect.

TABLE 1–2 Teratogenic Agents

Organ System Change Clinical Correlate

Pulmonary
Minute ventilation Increases Subjective shortness of breath

Mild respiratory alkalosis
Total lung capacity Decreases by 5% None
Expiratory reserve volume Decreases by 20% Less dead space, more efficient ventilation
Tidal volume Increases by 40% —
Vital capacity Unchanged —
Inspiratory reserve volume Unchanged Unchanged
FEV1 Unchanged Decrease not explained by pregnancy
PaO2 Unchanged Hypoxemia abnormal

Integumentary
Skin
Hyperpigmentation Increases Linea nigra

Mask of pregnancy
Increase in nevi

Sweat glands Increase production Increase in sweating and acne

ECG, electrocardiogram; EDTA, ethylenediaminetetraacetic acid; FEV1, forced expiratory volume in 1 second; PaO2, partial pressure of arterial oxygen.

TABLE 1–1 Physiologic Changes of Pregnancy—cont’d
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can also cause maldevelopment in the human (Table 1–3).
The lethal or developmental effects may be the result of
mitotic inhibition, direct cytotoxicity, or necrosis.
Inflammatory responses to infection can lead to metaplasia,
scarring, or calcification, which lead to further damage.

Awareness of the need to optimize a medical condition
before pregnancy is crucial, because many disease mecha-
nisms are profoundly sensitive to the physiologic and
hormonal changes in pregnancy. Routine health care
maintenance for women with significant medical illnesses,
such as pacemaker replacement and battery changes, stress
testing, and appropriate medication changes and testing
are best done before pregnancy.

Chronic maternal conditions are associated with an
increased risk of teratogenicity. For example, diabetes
increases the risk of a fetal abnormality by twofold to three-
fold.5 There is still considerable controversy about whether
the abnormalities are caused by only hyperglycemia or by
the changes in pH and free fatty acids as well as the pres-
ence of hypoglycemia and ketosis.6,7 Despite this debate,
multiple studies have demonstrated that diabetic mothers
with hemoglobin A1c levels greater than 7.5 have a twofold
increased risk of congenital malformations, and the risk
is greater with increasing hemoglobin A1c levels.8,9 There
are major cost savings associated with preconception dia-
betic care; these savings are secondary predominantly to
a decrease in congenital anomalies.10–13

In mothers with phenylketonuria, levels of phenylala-
nine higher than 20 mg/dL are associated with a 90% inci-
dence of congenital malformations in their fetuses,
whereas levels lower than 16 mg/dL are associated with a
20% incidence.14 Control of phenylalanine levels through-
out the pregnancy is necessary to minimize the ongoing
risk of abnormal fetal brain development throughout ges-
tation. This often requires input from a nutritionist as
well as close monitoring of blood levels.

In mothers with seizures, there is a twofold to threefold
increased incidence of congenital anomalies in fetuses
regardless of whether the mothers are taking antiseizure
medications.15 This baseline risk of teratogenicity is fur-
ther increased by the medications used for treatment of

the disorder. However, the risk of uncontrolled seizures for
the mother and fetus far outweighs the potential medica-
tion risk. Phenylhydantoin is associated with an increased
risk of cleft lip/palate and congenital heart disease, as well
as a malformation sequence seen in up to 30% of exposed
infants, known as the fetal hydantoin syndrome.16,17 The dis-
order consists of growth restriction, mental retardation,
nail hypoplasia, and a variety of craniofacial abnormali-
ties. Trimethadione and carbamazepine have also been
reported to produce similar defects, and valproic acid and
carbamazepine exposure result in a significantly higher
risk of neural tube defects.18-21 The malformations seen
are similar because the breakdown products of many of
the medications and their interference with folate metab-
olism are the primary mechanisms of teratogenicity.22,23

Elevated levels of oxidative metabolites, which are nor-
mally eliminated by the enzyme epoxide hydroxylase, have
been associated with an increase in malformations.
Unfortunately, predisposition to low enzyme levels may
be genetically predetermined; thus, women who have one
child with a malformation are more likely to have another
affected child.24 Studies have shown that exposure to
higher doses, as well as to multiple medications, increases
the fetal risk.25 Barbiturates seem to have the least risk of
teratogenicity and therefore may represent the safest med-
ication to use if control of seizures can be obtained before
conception. Folate requirements increase in pregnancy,
and women taking antiepileptic medications who plan to
become pregnant should begin taking supplemental
folate. Careful monitoring of drug levels is necessary
because protein binding, metabolism, and excretion of
medications all increase in pregnancy.

ANTEPARTUM CARE

Routine obstetric care entails detailed medical, surgical,
and family histories and a risk factor assessment based on
the intake interview. In patients without risk factors,
monthly visits are performed in the first and second
trimesters with monitoring of blood pressure, weight,

Agent Clinical Effect

Cytomegalovirus IUGR, mental retardation, microcephaly, chorioretinitis, deafness, hydrocephalus, intracranial hemorrhage and
calcification, seizures, cerebral palsy, hepatosplenomegaly, chronic hepatitis, thrombocytopenia, anemia, death

Herpes simplex IUGR, encephalitis, seizures, conjunctivitis, pulmonary disease, vesicular lesions, hepatosplenomegaly, hepatitis,
anemia, thrombocytopenia, death

Parvovirus B19 Anemia secondary to bone marrow suppression, myocarditis, hydrops
Rubella IUGR, mental retardation, microcephaly, deafness, cataracts, glaucoma, cardiovascular anomalies, hepatosplenomegaly,

thrombocytopenia, purpura
Syphilis Hepatosplenomegaly, hypotonia, rhinorrhea, periostitis, rash
Toxoplasmosis IUGR, mental retardation, microcephaly, hydrocephalus, cerebral calcifications, seizures, chorioretinitis, 

hepatosplenomegaly, hydrops
Varicella Mental retardation, seizures, cataracts, microphthalmia, optic atrophy, chorioretinitis, hepatosplenomegaly,

cutaneous scars
Venezuelan equine Hydrocephalus, porencephaly, cataracts, microphthalmia

encephalitis

IUGR, intrauterine growth restriction.

TABLE 1–3 Fetal Effects of Infectious Agents in Humans



C H A P T E R 1 Obstetric Management of the High-Risk Patient 5

an assessment of signs and symptoms of preterm labor, and
evaluation of fetal growth by fundal height measurement.
Monitoring is generally more frequent in the third trimester
and in high-risk pregnancies, although standards have not
been established. The basic laboratory tests recommended
for all pregnant women are listed in Table 1–4. Monitoring
of drug levels is performed more frequently in pregnancy
because of the increase in liver metabolism, volume of dis-
tribution, and glomerular filtration rate, as well as changes
in binding and binding proteins. Monitoring of thyroid
function in the setting of thyroid disease is performed
more frequently in pregnancy because of increased bind-
ing of thyroid hormone, increases in metabolism, and
increases in hormone requirements. The need for thyroid
hormone replacement in hypothyroidism almost doubles
in pregnancy. Thyroid function also needs to be monitored
closely in the postpartum period as hormone requirements
return to baseline.

Thorough patient and family histories often reveal risk
factors for genetically transmissible diseases. Women with
a history of a stillbirth should receive genetic counseling
because a stillborn fetus has a 6% to 11% risk of having
a chromosomal abnormality. Couples with a history of
three or more pregnancy losses or prolonged infertility
have up to a 6% risk of a chromosomal abnormality. A pre-
vious child with a chromosomal abnormality or congeni-
tal malformation likewise puts the parents at increased
risk with future pregnancies.26

Ethnicity is also important, because certain groups
carry a higher risk for genetic diseases. Caucasians have
a 1:20 risk of carrying a recessive gene for cystic fibrosis.
Mutation analysis is informative in up to 90% of Caucasian

carriers and should be offered to all patients.27 Individuals
of Mediterranean descent have a 1:12 risk of being carriers
of the β-thalassemia gene.28 The mean corpuscular volume
is useful as a screening test for thalassemia trait. Ashkenazi
Jews, who have a 1:30 risk of carrying the gene for Tay-Sachs
disease and a 1:40 risk of carrying the gene for Canavan’s
disease, should be offered testing for these carrier states,
preferably before pregnancy because the testing for
Tay-Sachs is more complex during pregnancy as a result
of changes in hexosaminidase A activity.29 The carrier rate
for sickle cell disease is 1:12 among African-Americans.30

When both parents are carriers of any of these autosomal
recessive diseases, the chance of having an affected child is
25%, and prenatal testing should be offered.

Although the risk of Down’s syndrome (trisomy 21) is
highest in women aged 35 or older, the majority of affected
infants are born to women younger than 35, inasmuch as
they represent a larger percentage of the childbearing pop-
ulation. Prenatal screening on the basis of age alone detects
only 30% of these infants; thus screening for maternal
serum markers has been used to increase detection.31

Maternal serum α-fetoprotein (AFP) is the major early fetal
serum protein. It enters the amniotic fluid via fetal renal
excretion, transudation through skin, and open lesions such
as spina bifida and ventral wall defects. An elevated mater-
nal serum level is frequently found with open neural tube
and ventral wall defects, twin gestations, intrauterine fetal
demise, and pregnancies at risk for growth restriction and
fetal demise.32-34 In contrast, a low maternal serum level of
AFP has been associated with an increased risk of trisomy 21
and other autosomal trisomies. Maternal serum AFP testing
in women younger than 35 detects an additional 25% of

Complete blood cell count (registration and third trimester)
Blood type and antibody screen (indirect Coombs titer)
Hepatitis B surface antigen
Hemoglobin electrophoresis (need not be repeated if previously documented in record)
VDRL or RPR (if positive, test further with FTA-ABS)
Rubella titer
HIV*
Papanicolaou smear
Cervical cultures for gonorrhea and chlamydia (culture or PCR)
Urinalysis (culture if >5 WBCs/hpf or positive leukocyte esterase finding)
One hour 50 gram glucose challenge (28 weeks, or earlier if risk factors)
Three-hour 100-g glucose test (if 1-hour test result is abnormal)
Quadruple screen (maternal serum α-fetoprotein, human chorionic gonadotropin, estriol, and inhibin) (15-20 weeks)*
Genetic testing*
Ultrasonography*
Group B streptococcal swab from vagina and rectum (35-37 weeks)

Routine visit
Weight
Blood pressure
Urine dipstick tests for protein, glucose
Estimation of fetal growth and position by fundal height and palpation
Auscultation of fetal heart
Brief physical examination, including reflex testing and check for edema
Determination of symptoms of preterm labor (contractions, rupture of membranes, bleeding)
Cervical examination if necessary

*Tests generally recommended but necessitating patient counseling to determine appropriateness.
FTA-ABS, fluorescent treponemal antibody absorption (test); HIV, human immunodeficiency virus; hpf, high-power field; PCR, polymerase chain reaction; RPR, rapid
plasma reagin (test); VDRL, Venereal Disease Research Laboratory (test); WBC, white blood cell.

TABLE 1–4 Basic Laboratory Tests
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pregnancies affected by Down’s syndrome, with a 5%
false-positive rate (i.e., in 5% of women with normal preg-
nancies, the risk of trisomy 21 is thought to be higher
than the 1:270 risk in a 35-year-old woman). Maternal serum
concentrations of human chorionic gonadotropin tend to
be higher than normal, and those of unconjugated estriol
are lower, in the presence of fetal Down’s syndrome. The
additional use of these markers along with maternal
serum AFP (“triple screen”) improves the detection rate of
Down’s syndrome to 67%, with a 7.2% false-positive
rate.35,36 The addition of the use of inhibin A (“quadruple
test”) has improved the detection of Down’s syndrome to
74% with no change in the false-positive rate. In the first
trimester, the combination of pregnancy-associated
plasma protein A, free β-human chorionic gonadotropin,
maternal serum AFP, and unconjugated estriol can yield
a 70% detection rate, and an even higher rate is achieved
when the nuchal thickness is measured between 11 and
14 weeks (Fig. 1–1).37

Ultrasonography has been used as a screening tool in the
detection of neural tube and ventral wall defects in women
with elevated maternal serum AFP; when performed by
an experienced clinician, it has a very high sensitivity
and specificity (Fig. 1–2).38-40 Routine ultrasonography in
all obstetric patients remains a controversial issue in the
United States, but if the parents desire information on
prenatal diagnosis of congenital anomalies, then second
trimester ultrasonography at a facility with extensive
experience in the identification of fetal anomalies is cer-
tainly advisable.41-47 The addition of ultrasound detection
of nuchal translucency to first trimester serum testing
increases the detection of Down’s syndrome to 88% and
offers couples the best noninvasive screening available to
date. Definitive testing for fetal karyotype requires an
invasive procedure and can be obtained by chorionic vil-
lus sampling (CVS) or amniocentesis. CVS is essentially a
placental biopsy and allows for determination of the fetal
karyotype as well as extraction of DNA for detection of many
genetic diseases.48,49 It can be performed transcervically or

transabdominally with ultrasound guidance of the biopsy
catheter or needle, depending on the location of the pla-
centa. Advantages of CVS are that it can be performed in the
first trimester (10 to 12 weeks) and results are generally
available in less than a week. Thus, pregnancy termination,
if desired, is a less complicated and more private procedure.
CVS has a procedure-related miscarriage rate of 0.5% to 1%. In
some centers, concern was raised about an excess of transverse
distal limb abnormalities; however, if there is any associa-
tion, it is clustered primarily among procedures performed
at less than 10 weeks’ gestation.50 Ultrasonographically
guided amniocentesis can be performed after 15 weeks’
gestation; the procedure-related miscarriage rate is esti-
mated at 0.5%. Amniocytes are extracted from the amniotic
fluid and can take 1 to 2 weeks to grow in culture in order to
yield fetal DNA and a karyotype. Amniotic fluid can also
be assessed for levels of AFP and acetylcholinesterase, both
of which are increased when the integrity of the fetal integu-
ment is interrupted, as in spina bifida, anencephaly, or ven-
tral wall defects. The availability of both polymerase chain
reaction testing and culture of amniotic fluid has made
the diagnosis of fetal viral and bacterial infections more
accurate.51-53 Because of the gestational age at which the pro-
cedure is performed, as well as the length of time necessary
in tissue culture, termination of pregnancy after amnio-
centesis must be performed by either dilation and evacua-
tion, a more complex procedure than in the first trimester, or
induction of labor with prostaglandin. Fluorescent in situ
hybridization specifically for chromosomes 21, 13, and 18
and for the sex chromosomes has allowed more rapid
diagnosis of the more common trisomies.54

Amniocentesis is also used in the third trimester for veri-
fication of lung maturity. The predominant constituent of
amniotic fluid is fetal urine, which the fetus swallows and
“breathes.” The phospholipids or surfactants in the lung act
as the emulsifying agents that keep the alveoli open. Lung
secretions exit the trachea into the amniotic fluid cavity,
and therefore the assessment of the ratio of lecithin/
sphingomyelin or the presence of phosphatidylglycerol by

BA
Figure 1–1. Screening for aneuploidy by nuchal translucency measurement. A, Normal nuchal translucency. Sagittal view of fetus with
calipers on nuchal translucency. Arrow depicts normal unfused amniotic membrane. B, Abnormal nuchal translucency. Sagittal view of fetus
with calipers on nuchal translucency. Arrow depicts normal unfused amniotic membrane.
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FE
Figure 1–2. Screening for abnormalities with ultrasonography. A, Normal sagittal view of the spine with normal skin integrity overlying the
bony vertebrae. B, Spina bifida. Arrow indicates normal portion of thoracic spine. Asterisk indicates lumbar meningomyelocele with splaying
of vertebrae. C, Intracranial findings associated with spina bifida. Calipers indicate normal nuchal thickness measurement (less than 6 mm).
Arrow shows “banana sign,” which is the effect of the Arnold-Chiari malformation on the cerebellum with tethering of the cerebellum and
obliteration of the cisterna magna. D, Normal abdominal circumference. Calipers indicate skin margins at the level of the umbilical vein
(asterisk). E, Omphalocele. Sagittal view of the fetus; arrow indicates membrane-covered omphalocele with liver inside it. F, Gastroschisis.
Sagittal view of the fetus; arrow indicates free loops of bowel in the amniotic fluid.
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amniocentesis enables the determination of lung maturity
in cases of elective delivery.55 The relative ease of access to
amniotic fluid and the discovery that fetal urine, like a
urinalysis in an adult, can offer a reflection of the fetal
status led to the use of amniocentesis in the assessment of
fetal anemia in Rh isoimmunization and other blood
group incompatibilities.56 The presence of antibodies that
cross the placenta to the fetus in the Rh-sensitized mother
leads to hemolytic disease of the fetus and fetal hyper-
bilirubinemia. The byproducts of hemoglobin degradation
are assessed through spectrophotometric analysis of biliru-
bin pigment in the amniotic fluid, and graphs for the indi-
rect assessment of fetal anemia are thus widely available.
Since 1990, this indirect but invasive method of assessment
of anemia has been replaced by direct fetal assessment
through percutaneous umbilical blood sampling. Fetal
blood sampling under ultrasonographic guidance has
allowed access to the fetus for assessment of anemia and
thrombocytopenia, as well as other biochemical parameters
and karyotype, and has become the route for treatment of
the anemic fetus through direct transfusion, which has rev-
olutionized the treatment of isoimmunization.57-59

Although the use of routine ultrasonography in
uncomplicated pregnancies may be controversial, its use
in high-risk pregnancies has improved the diagnosis of
complications. Accurate determination of gestational age
is crucial because interventions for prematurity and post-
maturity are dependent on accurate dating. Fetal growth
disturbances are increased in diseases that affect uterine
blood flow. Commonly used obstetric dating criteria are
listed in Table 1–5. First trimester determination of gesta-
tional age gives the most accurate prediction of gesta-
tional age (±5 days), but measurements in the second
trimester still offer projections of dating to within 10 days
and also enable assessment of fetal anatomy. Sonographic
studies performed in the third trimester cannot be used
for accurate determination of gestational age, because
there can be a discrepancy of up to 3 weeks. Once an esti-
mated due date is determined by ultrasonography, it
should not be altered by later ultrasonograms, because
this will make the diagnosis of a growth aberration more
difficult. Ultrasonography is key in the determination of
aberrant growth patterns and often aids in the timing

of delivery. It provides information not only about the
fetal size but also about behavior and blood flow. With
decreasing uteroplacental perfusion, there are changes in
distribution of blood flow, which are thought to be pro-
tective to more vital organs. Centralization of blood flow
allows delivery of oxygenated blood to the head, heart, and
adrenal glands, and it is equivalent to the compensatory
process seen in adults in shock. This leads to maintenance
of fetal head growth and brain function and has led to the
term brain-sparing or asymmetric intrauterine growth restric-
tion, in which the fetal head growth is maintained but the
abdominal circumference lags as a result of the decrease
in liver size from reduced glycogen stores. Symmetrical
growth restriction is thought to be a process more inher-
ent to the fetus whether the fetal size is genetically prede-
termined (“constitutionally small”); is affected by early
toxicity, viral infection, or chromosomal aberrations; or is
a more severe manifestation of early growth restriction.
When symmetric growth restriction results from placen-
tal factors, it represents a lack or reversal of the normal
compensatory changes and is an ominous sign.

Uteroplacental factors are the cause of approximately
half of cases of intrauterine growth restriction (defined as
growth less than the 10th percentile by gestational age),
although morbidity is generally seen once growth is below
the fifth percentile.60 Changes in blood flow through the
placenta affect the amount of blood received by the fetus.
The decrease in blood flow to the fetus and shunting of
blood away from the fetal kidneys to more vital organs
leads to decrease in fetal urine production, which is man-
ifested as decreased amniotic fluid or oligohydramnios.
Therefore, a quick determination of the amniotic fluid
volume aids in the assessment of fetal well-being. With
decreasing fetal pH and oxygen levels, fetal movements
also decrease, first by conservation of breathing move-
ments and eventually with loss of movement and tone.
These parameters, along with monitoring of the fetal
heart rate (nonstress test), constitute the biophysical pro-
file (BPP). The fetal behavioral assessment of the BPP
developed by Manning and colleagues61 provides insight
into the fetal status. The developed scoring system is pre-
sented in Table 1–6. A low score has been demonstrated to
be correlated with asphyxia both in low- and high-risk

Criterion Dating Accuracy Clinical Correlate

Last menstrual period 2 weeks Not useful if cycles are irregular; only 60% of women can accurately 
date pregnancy by menstrual dates

First-trimester uterine size 2 weeks Dependent on operator skill and maternal habitus
Second and third trimester uterine size 8 weeks Dependent on operator skill, maternal habitus, uterine and fetal

size, and fetal position
Fetal heart tone auscultation 2 weeks Dependent on maternal habitus, may be auscultated at 12 weeks

with Doppler stethoscope
Fundal height measurements 3 weeks Dependent on maternal habitus
First trimester ultrasonography 5 days Crown-rump length performed at 6 to 12 weeks; accuracy improved

with vaginal ultrasonography
Second trimester ultrasonography 10-14 days Biometry obtained at 15 to 22 weeks
Third trimester ultrasonography 21 days Biometry obtained after 22 weeks

TABLE 1–5 Gestational Dating Criteria
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pregnancies, and management based on use of the system
has been shown to significantly lower perinatal morbidity
and mortality. In the initial prospective clinical trial of 1184
patients at high risk, the BPP was used to determine the
timing of delivery; its use was found to result in a corrected
perinatal mortality rate (PMR) of 5 per 1000 (historical
controls had a PMR of 40.5 per 1000).62 This research was
expanded to include 12,620 patients, which yielded a PMR
of 1.9 in 1000. The false-negative rate, defined as a stillbirth
within 1 week of a normal test result, is less than 1 in 1000
births.63 The BPP has become an invaluable tool in moni-
toring pregnancies at risk for increased fetal morbidity.

The changes in blood flow previously described can
also be assessed through Doppler flow-velocity waveform
analysis of the fetus. The systolic-to-diastolic (S/D) char-
acteristics of the Doppler waveform of the umbilical
artery are a reflection of impedance to flow in the fetal-
placental circulation. With increasing gestational age, the
placenta normally becomes an organ of low impedance
secondary to extensive branching of highly compliant ves-
sels. Therefore, in normal gestation, diastolic flow increases
and the S/D ratio falls. With increased impedance to flow,
lower diastolic velocities are seen, which results in elevated
S/D ratios (Fig. 1–3). As the resistance increases, diastolic
flow eventually stops and then reverses. In gestations
complicated with intrauterine growth restriction, approxi-
mately 60% to 74% have high umbilical artery S/D ratios.64

Fetuses with abnormal Doppler waveforms have a higher
incidence of perinatal asphyxia and death than do those with
normal flow characteristics. Fetuses with no or reversed end-
diastolic flow have a high incidence of heart rate decelera-
tions and death within the subsequent 7 to 14 days.65 The
centralization of blood flow with redistribution of cerebral
blood flow seen in growth restriction has led to the use of

middle cerebral artery (MCA) waveforms as an adjunct to
umbilical cord Doppler analysis. Usually a decrease in
umbilical artery diastolic velocity is accompanied by an
increase in MCA diastolic velocity, which indicates cerebral
vasodilation.66-68 The loss of the expected increase in cere-
bral diastolic flow is a prognosticator of poor fetal outcome.

Serial growth ultrasonograms allow clinicians to estab-
lish a pattern of growth very similar to the growth curves
established in routine pediatric care, in which maintenance
of a pattern of growth is important. A downward trend in
growth percentile, together with changes in fetal heart
rate testing, fetal behavioral profile, and blood flow velocity
waveforms are used to aid in the timing of delivery. Many
fetuses with growth restriction and abnormal Doppler
waveforms tolerate labor poorly, as they have little reserve
to compensate for the decrease in uteroplacental blood
flow normally associated with uterine contractions.
Unfortunately, assessment of maternal risk factors lacks
sensitivity and specificity in the detection of growth restric-
tion. Clinical indicators such as fundal height assessment
are dependent on maternal habitus, as well as fetal position,
amniotic fluid volume, and uterine size and position. This
has led to use of third trimester ultrasonography in screen-
ing pregnancies at increased risk for growth aberrations
secondary to fetal and maternal factors.

MCA Doppler analysis has also revolutionized the
management of the Rh-sensitized pregnancy, inasmuch as
anemic fetuses have an increase in MCA peak systolic
velocity.69,70 Normal values for MCA peak velocities across
the second and third trimesters are available.71 This allows
more specific timing of invasive procedures such as trans-
fusion before the development of fetal hydrops or com-
promise. It also limits the number of invasive procedures
needed, thereby limiting further sensitization.

Biophysical Score if 
Component Finding Normal

Breathing Breathing for at least 30 seconds’ duration 2
Body movements Three or more body/limb movements 2
Tone One or more episode of active extension with return to flexion of limbs or trunk; hand 2

opening and closing
Amniotic fluid At least one pocket of 2 cm 2
Fetal heart rate Two episodes or more of fetal heart rate acceleration of ≥15 bpm and of at least 15 seconds’ duration 2

Score Interpretation and Management
10/10 Normal infant, low risk for chronic asphyxia

Repeat test weekly or twice weekly if diabetic or post term
8/10 Normal infant, low risk for chronic asphyxia

Repeat test weekly or twice weekly
Deliver if amniotic fluid is decreased at >36 weeks

6 /10 Suspected chronic asphyxia
Repeat test in 4-6 hours

4/10 Suspected chronic asphyxia
Deliver if amniotic fluid is decreased at >36 weeks
Consider in utero resuscitation if infant is extremely premature

0-2/10 Strong suspicion of asphyxia
Attempt in utero resuscitation only with careful intensive fetal monitoring
If score remains <4, deliver if fetus is sufficiently mature to survive

Adapted from Manning FA, Platt LD, Sipos L: Antepartum fetal evaluation: Development of a fetal biophysical profile. Am J Obstet Gynecol 1980;136:787-795.
bpm, beats per minute.

TABLE 1–6 Biophysical Profile Scoring
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Figure 1–3. Doppler flow velocity waveforms. A, Normal systolic/diastolic (S/D) ratio of the umbilical artery. B, Elevated S/D ratio with
decreasing diastolic flow. C, Absence of end-diastolic flow. D, Reversed end-diastolic flow.

PRETERM LABOR

Despite a concerted effort to diagnose and treat preterm
labor, there has been little change in the rates of prematu-
rity since the early 1980s. This is probably because of the
diverse causes of preterm labor. Prematurity prevention
efforts have focused on screening and identification of
women with risk factors for prematurity, patient education,
and tocolysis once labor begins. Unfortunately, most pre-
vention studies lack sensitivity and specificity. Risk scoring
systems based on social, behavioral, medical, obstetric, and
demographic risk factors have been found to be of variable
use, depending on the population screened. Most series
report a sensitivity of 50% and a positive predictive value of
20% to 25% for preterm birth.72,73 In the past, home uterine
activity monitoring had been advocated as a method of
early detection of contractions, thus theoretically allowing
for the benefits of tocolysis before advanced cervical dila-
tion. With this technology, the patient at home applies a
contraction monitor, and contractions are recorded and

transmitted to a central receiving station for analysis via
modem. A nurse subsequently discusses the transmission
with the patient by telephone. Randomized control trials
of home uterine activity monitoring have failed to demon-
strate any improvement in gestational age at delivery or
birth weight in comparison with close telephone contact
without monitoring.74-76

More recently, fetal fibronectin and cervical ultra-
sonography have been used to stratify risk of preterm
delivery. Fetal fibronectin is a protein produced by the
fetal membranes, which is found near the interface of the
fetal membranes and decidua. It is likely to be the adhesive
that keeps the placental unit intact and is commonly found
in vaginal secretions in the first trimester and at term. Its
presence before 35 weeks is correlated with increase in rel-
ative risk of preterm delivery.77-80 Quantitative assays have
demonstrated an increase in risk with increasing values;
unfortunately, the positive predictive value in singleton
gestations is only 3%. Although it is a poor predictor of
preterm delivery, its negative predictive value is greater
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than 99%, which makes it a useful tool in distinguishing
true preterm labor from clinically insignificant contrac-
tions, thus potentially limiting aggressive tocolysis and hos-
pitalization in patients with negative screens. Transvaginal
ultrasonography of cervical length has also been used in
both symptomatic and asymptomatic patients to predict
relative risk of preterm delivery because it provides an
objective and reproducible assessment of effacement and
dilation. A sonographically determined shortened cervical
length alone or in conjunction with a positive fetal
fibronectin has been demonstrated to increase the risk of
preterm delivery (Fig. 1–4).

Studies have suggested that regardless of the cause, con-
tractions are a response to an inflammatory process within
the decidua that leads to an increase in prostaglandins E2
and F2 and cytokines.81,82 This inflammatory process can
be initiated by a wide variety of agents, including infection,
hemorrhage, and hypoxia. Therefore, it is not surprising
that studies have not been able to demonstrate a significant
effect of tocolysis as either prophylaxis against or treatment
for preterm delivery, because the precipitant of labor may
not be comparable between groups compared. Studies of
tocolysis with β-sympathomimetic agents (such as terbu-
taline and ritodrine) have documented prolongation

of pregnancy for up to 48 hours but no change in the rate
of preterm delivery.83,84 Therefore, treatment is often lim-
ited for 48 hours to enable the use of antenatal cortico-
steroids, which have been demonstrated to decrease the
risk of neonatal respiratory distress syndrome and intra-
ventricular hemorrhage.85,86 Intravenous tocolysis has not
been beneficial in prospective randomized trials conducted
in women with preterm premature rupture of membranes.87

Antibiotic therapy has been demonstrated to decrease the
risk of neonatal infection in preterm premature rupture of
membranes, as well as to prolong the period before the
onset of labor without increasing the maternal morbidity.88

β-Sympathomimetic agents such as ritodrine and
terbutaline are used in the oral, subcutaneous, and intra-
venous forms. Side effects of these agents are more com-
mon when they are used intravenously and include
tachycardia, arrhythmias, pulmonary edema, increased
cardiac output, myocardial ischemia, decreased serum
potassium levels, and hyperglycemia. These side effects
are often dose limiting and can be exacerbated by the use
of excessive intravenous fluids, infection, or the concomi-
tant use of magnesium sulfate.89

Magnesium sulfate is commonly used in many centers for
both tocolysis and seizure prophylaxis in preeclampsia.
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Figure 1–4. Transvaginal ultrasound of the cervix. A, Normal cervical length. Calipers mark the internal and external os. B, Shortening of
the cervix with Valsalva maneuver. C, Shortening of the cervix with funneling of the internal os. This represents the amniotic membranes 
prolapsing through the internal os of the cervix.
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Several prospective studies have compared its effects with
those of β-adrenergic agents and found it to be similar.90

Its major toxicity is fluid overload and pulmonary edema.
Therapeutic tocolysis is usually achieved at levels of 4.5 to
6.5 mg/dL. Magnesium toxicity begins with lethargy and
nausea at magnesium levels of 6.5 to 7.0 mg/dL; respiratory
depression begins at about 8 mg/dL, and cardiac arrest
occurs at 10 mg/dL. Close monitoring of input and output,
as well as of reflexes, symptoms, and magnesium levels, is
vital, particularly in patients with compromised renal
function. Indomethacin has also been used as a tocolytic
and has been demonstrated to be more effective than
placebo.91 It has minimal maternal side effects and can be
given both orally and rectally. However, fetal side effects
preclude its long-term use. These effects include premature
closure of the ductus arteriosus, pulmonary hypertension,
and oligohydramnios, which occur more commonly with
administration longer than 48 hours and in fetuses of ges-
tational ages of more than 32 weeks.92 A short course of
indomethacin failed to demonstrate any sequelae in a long-
term follow-up study of treated infants.93 Therefore, it is
an option for short-term use and is useful in the setting of
emergency or late cervical cerclage.

The calcium channel blocker nifedipine was compared
with ritodrine in a randomized trial and was shown to
have a comparable effect.94 It was also demonstrated to
have fewer side effects and has the advantage of being
orally administered. Care must be taken in using it con-
comitantly with magnesium sulfate because of the com-
pounded effect on calcium channels and the potential for
affecting cardiac output. The long-term effects of calcium
channel blockers as tocolytics have not been evaluated
systematically in neonates.

Resuscitation of the preterm infant is optimized by
delivery at a tertiary center with a neonatology team present.
Although measures of fetal well-being, such as the nonstress
test, can be more difficult to obtain in premature infants,
the judicious use of fetal heart rate variability with elec-
tronic fetal monitoring, the use of prophylactic amnioin-
fusion (replacement of fluid in the amniotic cavity with
preterm rupture of membranes) to decrease the risk of cord
compression and the relatively small size of the infant
often allow for a successful vaginal delivery if the infant is
in the vertex position. Concerns arise in vaginal delivery of
the premature or growth-restricted infant from a breech
position because of the relative size discrepancy between
the head and body and the risk of head entrapment
through an incompletely dilated cervix. The benefits of
cesarean section to the very premature fetus must be bal-
anced with the risks to the mother and should be weighed
with counseling on neonatal survival and long-term
morbidity.

Decisions for timing and mode of delivery are generally
based on maternal and fetal testing, as well as gestational
age. Women with stable medical conditions and fetuses
who are tolerating the intrauterine environment without
evidence of compromise by antenatal testing are allowed to
continue to term and await spontaneous labor. Cesarean
section is rarely indicated for medical complications of
pregnancy. It is used prophylactically in the setting of an
intracranial lesion such as an arteriovenous malformation
or aneurysm, for which concerns include rupture as well

as deteriorating maternal status or coagulopathy with an
unripe cervix. The judicious use of induction of labor for
maternal and fetal indications may be warranted for the
medically unstable patient at term after her medical status
is optimized. In cases of maternal or fetal compromise,
decisions on delivery are based on gestational age and
maternal medical stability.

For the truly unstable gravida, resuscitation of the
mother is an absolute prerequisite for resuscitation of the
fetus, as the fetus is completely dependent on the mother
for oxygenation and perfusion. Delivery when the mother
is acidotic, whether from sepsis or diabetic ketoacidosis,
leads only to two sick patients, whereas correction of
metabolic disturbances often leads to a better maternal
and neonatal outcome. A sign of effective ventilation in a
critically ill patient is the lack of contractions or fetal
heart rate decelerations, because maternal hypoxia leads
to both and to the necessity of delivery in a critically ill
mother for the sake of her fetus. Avoidance of labor in the
critically ill mother until she is medically stabilized can be
crucial, because the physiologic changes that occur during
labor, delivery, and the postpartum period can be dramatic.
With each contraction, there is an increase in the amount
of blood flow that returns to the heart, as well as changes
in heart rate that are related to pain and anxiety. These
normal changes are well tolerated by the healthy woman
but may compromise the patient with a fixed ejection
fraction. Tachycardia limits diastolic filling, and therefore
a lack of anesthesia may further compromise cardiac output.
Valsalva maneuvers decrease the return of blood to the
heart, and both systemic and pulmonary perfusion can
therefore have a profound effect on cardiac output and
oxygenation. Thus, the use of forceps and vacuum has been
proposed in patients with cardiac disease to avoid the shift
in blood volume and its effect on cardiac output. The
avoidance of labor and elective cesarean delivery to “control”
of factors of labor only leads to increases in blood loss and
risk of infection. Consultation with anesthesiologists is
critical for the delivery of these patients. Epidural anes-
thesia has been shown to neutralize many of the cardio-
vascular changes seen in labor, which are probably related
more to the effect of pain than to the process of labor.

After delivery, the expected shift in fluids and blood
volume from the uteroplacental circulation to the maternal
circulation in the first 48 hours place women with cardio-
vascular disease and heart failure at increased risk for heart
failure and arrhythmias. Therefore, cardiac monitoring
should be continued for at least 24 hours after delivery.

Close collaboration of specialists in maternal-fetal med-
icine and subspecialties can only improve the outcomes of
these high-risk pregnancies. It allows for the understand-
ing of the physiologic changes of pregnancy and how they
affect both the mother and her fetus in the normal and
compromised state, and it enables the incorporation of
advances in medical technology into their care.
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The changes in the maternal milieu that characterize
the diabetic state can have profound effects on the

growth and development of the fetus, increasing the risk
of perinatal morbidity and mortality, as well as having
adverse effects that can persist throughout adult life.
Physiologic adaptations induced by pregnancy can
unmask latent maternal diabetes or result in transient
worsening of preexisting vascular compromise.

OVERVIEW OF CARBOHYDRATE
METABOLISM

The body requires a constant source of energy, and this is
provided mainly by glucose. On entering a cell, glucose
may undergo oxidative (i.e., glycolysis) or nonoxidative
metabolism, chiefly glycogen synthesis. Therefore, the
regulation of plasma glucose levels and the entry of glu-
cose into cells are of critical importance.

The Postprandial Phase

After the ingestion of carbohydrates, plasma glucose con-
centrations begin to rise. This change is detected by the
islets of the endocrine pancreas, which contain specialized
insulin-secreting cells (β cells). In response, insulin secre-
tion increases rapidly, and circulating plasma insulin con-
centrations rise. Insulin interacts with its receptor in
hepatocytes and peripheral tissues, such as skeletal mus-
cle and adipocytes. In muscle and, to a lesser extent, in fat,
insulin promotes cellular glucose uptake, removing 
glucose from the systemic circulation. The synthesis of
glycogen, a storage form of glucose, is also promoted in
myocytes. Muscle amino acid uptake is triggered, with a
simultaneous inhibition of proteolysis. Insulin also inhibits
lipolysis in adipocytes and secondarily decreases the
release of free fatty acids. In the liver, insulin promotes the
storage of excess glucose as glycogen while simultaneously

decreasing both glycogenolysis (the breakdown of glyco-
gen) and gluconeogenesis (the production of new glucose).

The Postabsorptive Phase

Four to 6 hours after meal ingestion, when circulating
glucose concentrations have fallen to baseline, insulin lev-
els also decline to basal levels. Thus, glucose and amino
acid uptake by muscle is reduced. Glucose uptake by fat is
also attenuated. Meanwhile, and as a direct result of the
decreased circulating concentration of insulin, the liver is
transformed from an organ of net glucose disposal to one
of net glucose production, in an attempt to support ambi-
ent glucose concentrations. Initially, this occurs primarily
through glycogenolysis. As glycogen stores decrease, glu-
coneogenesis contributes a greater proportion to overall
hepatic glucose production. This occurs via the conver-
sion of lactate, amino acids (primarily alanine), and, to a
lesser extent, glycerol.

The Fasting Phase

Twelve hours or more after a meal, glycogen stores are fur-
ther depleted, and gluconeogenesis becomes the prime
source of circulating glucose. Because amino acids are a
major substrate of this new glucose production, gluco-
neogenesis requires net protein catabolism. In addition,
the simultaneous breakdown of fat plays a key metabolic
role at this time. The low circulating insulin concentra-
tions allow lipolysis to proceed unabated, providing glyc-
erol to the liver for gluconeogenesis, as well as free fatty
acids for conversion to ketone bodies. The latter may be
oxidized for energy by certain tissues. Although ketone
bodies, chiefly acetoacetate and β-hydroxybutyrate, accu-
mulate, metabolic acidosis does not typically result,
because the ketone bodies are rapidly cleared by the kid-
neys and their systemic levels remain low.

2
DIABETES AND PREGNANCY
A n n e  B .  K e n s h o l e
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The cycle is initiated once again with food ingestion,
indicated by a rise in glucose and amino acid concentra-
tions, which leads to another prompt increase in insulin
secretion, followed by the movement of glucose and
amino acids into cells and, once again, suppression of
hepatic glucose output.

In summary, in the fed state, insulin serves both as an
anabolic factor and as an anticatabolic factor. It enhances
the supply of energy to cells in the form of glucose,
enabling ongoing metabolism, growth, and development.
It simultaneously inhibits the breakdown of fat and pro-
tein stores while attenuating the production of glucose
from the liver. Conversely, during periods of fasting, it is
the relative absence of insulin that allows for endogenous
glucose production, primarily from the liver, in addition
to catabolism of muscle and fat stores to meet the body’s
continuous requirements for energy.

METABOLIC CHANGES DURING
NORMAL PREGNANCY

In pregnancy, important changes occur in carbohydrate,
lipid, and ketone body and amino acid metabolism that
serve to enhance nutrient supply to the fetus. A progres-
sive state of insulin resistance is induced, resulting in 
a 2.5-fold to threefold increase in insulin secretion by
term.1,2 Fasting plasma glucose (FPG) levels decline dur-
ing the third trimester, reflecting the increasing demand
for glucose with accelerating fetal growth. Postprandial
glucose levels are slightly higher than in the nonpregnant
state. During the first and second trimesters, the preg-
nant woman is in an anabolic state; her fat deposits
increase as a result of hyperphagia and enhanced lipogen-
esis. A catabolic state characterizes the third trimester,
with enhanced lipolytic activity in adipose tissue, which
results in increased plasma levels of free fatty acids and
glycerol and a consequent increased production of triglyc-
erides. Glycerol becomes the preferred gluconeogenetic
substrate; other more essential substrates such as amino
acids are saved for the fetus. Maternal triglycerides do not
cross the placenta but are hydrolyzed, releasing fatty acids
to the fetus. The enhanced ketogenesis that occurs during
fasting in late pregnancy permits the easy transfer of
ketones to the fetus, in whom they are used as fuels for
oxidative metabolism as well as lipogenic substrates.

In the postprandial phase, resistance to the cellular
actions of insulin dominates, most notably at the level of
skeletal muscle, in which insulin allows glucose entry into
cells, thus lowering plasma glucose concentrations. This has
been demonstrated definitively through the glucose
“clamp” technique. In such studies, a pharmacologic
amount of insulin is administered to subjects, and glucose
uptake (or “disposal”) into peripheral tissues is determined
by the amount of exogenous dextrose necessary to maintain
glucose concentrations in the normal range. Such investiga-
tions have demonstrated a 50% to 70% decline in insulin
sensitivity by the third trimester, in comparison with that in
nonpregnant control subjects. The effect of insulin on the
liver, in which it attenuates endogenous glucose produc-
tion, may also be decreased during pregnancy. Although
human placental lactogen, cortisol, and a placental growth

hormone (GH) variant make major contributions to the
insulin resistance of pregnancy, tumor necrosis factor α has
been shown to be the most significant independent predic-
tor of insulin sensitivity.3 Elevated leptin levels further con-
tribute to progressive insulin resistance.4

Placental GH behaves similarly to native GH, a known
counterregulatory hormone. The secretion of native pitu-
itary GH is actually suppressed because of placental secre-
tion of the GH variant, which itself stimulates insulin-like
growth factor 1 (IGF-1) production by the liver and periph-
eral tissues.

Elevated estrogen, progesterone, and prolactin concen-
trations also decrease insulin sensitivity during preg-
nancy; insulin sensitivity is further affected by increasing
caloric intake, body weight, and adiposity, together with a
decrease in physical activity. Other hormones known to
affect insulin secretion or action include glucagon and
catecholamines, but their secretion is not known to be
altered by pregnancy.

Carbohydrate Metabolism in Pregnancy

As a result of diminishing maternal sensitivity to insulin,
pregnancy is characterized by increased circulating
insulin, because, in health, the maternal β cells compen-
sate for the added demand by enhanced insulin secretion.
The teleologic explanation for the insulin resistance of
pregnancy is not clear. Some authorities have speculated
that the small increases in circulating glucose concentra-
tions enable nutrient flux from mother to fetus, allowing
for the fetus’ growth and development. Insulin resistance
may also promote the accumulation of adipose tissue, a
mechanism that allows for maternal caloric storage.

In the fasting state, two important changes occur in
maternal carbohydrate metabolism. First, the FPG level
declines. The reason for this phenomenon is not fully
apparent, inasmuch as the caloric demand of the fetus in
early pregnancy is too small to serve as a nutritional “drain”
on the mother. Early findings indicate that a decrease in
hepatic gluconeogenesis, primarily from decreased amino
acid substrate availability, is responsible. This could result
from the impact of placental hormones on amino acid
release from skeletal muscle. With the progression of
pregnancy, however, the shunting of actual calories to the
fetus may play a greater role in the relative maternal fast-
ing hypoglycemia of pregnancy. In a study of pregnant
women during the second trimester, no change in either
basal glucose turnover or gluconeogenesis was found.
This suggests that the decline in maternal FPG concen-
trations does indeed result from utilization by the grow-
ing fetus, whose development is probably fueled by the
increase in maternal postprandial plasma glucose levels.5
During fasting, a generalized enhancement of fat catabo-
lism is additionally observed, a direct result of the lipoly-
tic effect of pregnancy, which has been attributed to the
effects of placental GH variant.6 This results in increased
circulating concentrations of free fatty acids, providing
greater substrate to the liver for ketone body production.
The mild fasting hypoglycemia is associated with a  com-
pensatory decrease in insulin levels, which allows for
further enhancement of ketone production. The effects of
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the maternal metabolic environment on the fetus are
shown in Figure 2–1.

In summary, pregnancy is characterized by accelerated
starvation during fasting, when glucose levels fall and fat
breakdown is augmented, followed by a state of facilitated
anabolism after feeding, which enhances nutrient supply
to the fetus.

MATERNAL-FETAL INTERACTIONS AND
INTERMEDIARY METABOLISM

The growth of the fetus during the 9 months of gestation is
an impressive biologic feat of energy efficiency, involving the
transport of a massive amount and assortment of nutrients
from the mother to the fetus. This fetal demand represents
a significant metabolic obligation on the part of the mother,
requiring maternal nutrient storage. Very little is under-
stood about the maternal provision for the nutritional
demands of the developing embryo in early gestation. Later
in gestation, however, the placenta serves as a conduit for
most of the important nutrients. Carbohydrates, in the
form of glucose, traverse the placental circulation through a
process of facilitated transport via insulin-dependent 
placental glucose transporters.7 Ambient fetal glucose con-
centrations are known to be 20 to 40 mg/dL lower than

simultaneous maternal levels. Thus, the placenta, which is
insulin-independent, may act as a partial inhibitor of glu-
cose transport. Active transport of amino acids across the
placenta also occurs and is, in part, concentration depend-
ent.8 Free fatty acids pass freely, although the actual trans-
port mechanisms are not well understood; concentrations
are generally higher in the mother than in the fetus.
Triglycerides do not cross the placenta, being hydrolyzed to
free fatty acids and glycerol within the placenta.9 Ketone
bodies such as acetoacetate and β−hydroxybutyrate are
freely diffusible across the placenta, and fetal and maternal
concentrations are equal. Glucose supports the energy
requirement of the fetus; amino acids are incorporated into
proteins, and free fatty acids are re-esterified into fats by
fetal tissues. However, access of the principal hormones that
govern maternal intermediary metabolism, including that
of insulin, is blocked by the placenta. Instead, from the 11th
week of gestation onwards, fetal metabolism is controlled by
insulin derived from the fetal pancreas.

In the setting of suboptimally controlled diabetes, ele-
vated fetal glucose levels stimulate fetal insulin secretion.
This provides one explanation for the excessive fetal
growth, or macrosomia, that is the hallmark of the diabetic
pregnancy.

In summary, nutrient supply flows essentially freely from
the mother to the fetus, whereas the endocrine systems that

Figure 2–1. Diagrammatic representation of changes in the maternal metabolic environment during the pregnancy of a diabetic patient
and their effects on the placenta and fetus. TG, triglycerides. (Adapted from Hod M, Rabinerson D, Peled Y: Gestational diabetes mellitus:
Is it a clinical entity? Diabetes Rev 1995;3:604.)
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control the metabolic fate of these nutrients remain sepa-
rate. During pregnancy in the diabetic patient, higher-than-
normal maternal concentrations of glucose and free fatty
acids provide increased anabolic substrate for the fetus, giv-
ing rise to a series of metabolic changes that result in
abnormally increased fetal growth. Therefore, an impor-
tant goal in managing the diabetic pregnancy is to main-
tain maternal glucose concentration as close to normal as
possible throughout the entire pregnancy.

OVERVIEW OF DIABETES

Diagnosis

The diagnosis of diabetes is made when the FPG concen-
tration is 126 mg/dL or higher, or when any ambient
levels are over 200 mg/dL, in conjunction with typical
symptoms, such as polyuria, polydipsia, and weight loss.
Alternatively, the diagnosis may be made after a standard
oral glucose tolerance test (OGTT) with a 75-g glucose
load.10 The OGTT is not performed routinely, because the
diagnosis is usually determined easily from one of the
other two methods. The glycosylated hemoglobin A1c
(HbA1c) is usually, but not invariably, elevated in these sit-
uations; however, the test for HbA1c is specific but insen-
sitive and is therefore not widely accepted as a way of
establishing the diagnosis.

Classification

Type 1 Diabetes

The term diabetes indicates solely the presence of chronic
hyperglycemia (Table 2–1). The underlying causes, however,
may be quite disparate in pathophysiologic terms. Type 1
diabetes mellitus, formerly referred to as insulin-dependent
diabetes mellitus or juvenile-onset diabetes mellitus, generally
occurs in individuals younger than 40 years, usually
younger than 30. Clinically, the onset is typically abrupt
and obvious, with marked hyperglycemia developing over
several days to weeks, usually in association with weight
loss, fatigue, polyuria, and polydipsia and often with blur-
ring of vision and, ultimately, volume contraction. The
presence of ketoacidosis indicates absolute deficiency of
insulin, which results in both hyperglycemia and unre-
strained lipolysis. In this setting, increased circulating con-
centrations of free fatty acids provide substrate to the liver
for the production of both new glucose and ketone bodies.
Because renal ketone clearance is decreased as a result of
volume contraction, circulating ketone concentrations rise,
leading to an anion gap metabolic acidosis. If uncorrected,
the dehydration and acid-base disturbance lead to further

Type 1 diabetes mellitus
Type 2 diabetes mellitus
Diabetes resulting from another disease process (secondary diabetes)
Gestational diabetes mellitus

TABLE 2–1 Classification of Diabetes Mellitus

Figure 2–2. Major pathophysiologic contributions to hyperglycemia
in type 2 diabetes.
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electrolyte abnormalities, cardiac dysrhythmias, hemody-
namic collapse, and, ultimately, death.

In contrast to patients with type 2 diabetes, individuals
with type 1 diabetes are often lean.

The etiologic pathogenesis of this disease remains
incompletely understood, although it ultimately results
from autoimmune destruction of pancreatic islets, which
involves both genetic and environmental factors. Although
pancreatic islet destruction may occur over a period of
years, the clinical manifestations of type 1 diabetes
develop rapidly when a critical number of islet cells have
failed. Several autoantibodies, such as those directed
against glutamic acid decarboxylase (an enzyme within
the β cells) and insulin itself, can be detected early in the
course of the disease.

Type 2 Diabetes

Type 2 diabetes mellitus, previously termed non–insulin-
dependent diabetes mellitus, is in many ways an entirely sepa-
rate disorder. The autoimmune markers of type 1 diabetes
are typically absent. Although relative pancreatic insuffi-
ciency is, by definition, present in all individuals with type 2
diabetes, the first and perhaps primary disorder in most is
peripheral insulin resistance, primarily at the level of
skeletal muscle. These two pathophysiologic defects, in
combination with augmented hepatic glucose produc-
tion, which similarly results from the tandem of
decreased pancreatic insulin supply and hepatocyte resist-
ance to insulin action, form what has been described as
the “triumvirate” of type 2 diabetes11 (Fig. 2–2).

The natural history of type 2 diabetes begins with a
period of insulin resistance with preserved, indeed aug-
mented, insulin secretion. As occurs in normal pregnancy,
this insensitivity to insulin action in peripheral tissues is
compensated by enhanced pancreatic insulin production,
leading to elevated circulating insulin concentrations. Thus,
the plasma glucose level remains normal. As the disease pro-
gresses, pancreatic islet cell function begins to falter and is
no longer able to meet demands for increased insulin secre-
tion. As a result, relative insulin insufficiency and hyper-
glycemia develop, first manifested in the postprandial
setting, whereas fasting glucose levels are usually preserved
until late in the course of the disease. Insulin levels at this



point may actually still be higher than those measured in
control subjects. In contrast to patients with type 1 diabetes,
typical patients with type 2 diabetes have traditionally been
middle-aged or older at presentation; however, type 2 dia-
betes is now being increasingly recognized among over-
weight children and young adults with a family history of
type 2 diabetes or in ethnic groups with high rates of dia-
betes. Of individuals with type 2 diabetes, 80% are over-
weight or obese with excess adipose accumulation within
the abdomen, in the so-called “android” pattern, which is a
marker of the insulin-resistant state. Insulin secretion per-
sists to some extent in most affected patients; thus, ketoaci-
dosis is rare. Because of renal glucose clearance, plasma
glucose elevations plateau in the range of 250 to 350 mg/dL,
in the absence of a superimposed deterioration in renal
function or marked dehydration. In many patients with
type 2 diabetes, a group of other clinical findings is also
commonly encountered, including abdominal adiposity,
hypertension, dyslipidemia, microalbuminuria and
increased risk of premature cardiovascular disease. This
constellation of findings is referred to as the insulin resistance
syndrome, the metabolic syndrome, or “syndrome X.”12

Some cases of diabetes mellitus are difficult to catego-
rize because affected patients have features of both type 1
and type 2. Lean individuals who appear to have type 2 are
increasingly recognized to have progressive β cell failure, a
manifestation of slowly developing type 1. Several new
forms of diabetes have been described. One is known as
maturity-onset diabetes of the young. Affected individuals
present with diabetes during childhood or their teens.
Although they may initially experience severe hyper-
glycemia, sometimes even with ketoacidosis, later they are
often able to maintain normal blood glucose levels with
oral agents alone. One subtype of maturity-onset diabetes
of the young has been associated with an abnormality in
pancreatic glucorecognition—that is, the ability of the
islet cells to “sense” ambient glycemia—which is related to
a defect in the gene coding for the enzyme glucokinase.

Other forms of diabetes include gestational diabetes
mellitus (GDM), which is first detected during pregnancy.
As later discussed, GDM is being increasingly recognized
as little more than a manifestation of type 2 diabetes that
is condensed into a shorter timeframe.13 Secondary dia-
betes mellitus (Table 2–2) is diabetes for which the origin
is attributed to a separate disease process. This is further
subdivided into diabetes originating from diseases of the

endocrine pancreas (pancreatitis, cystic fibrosis, thal-
assemia, or hemochromatosis), other endocrinopathies
(hyperthyroidism, Cushing’s syndrome, acromegaly, and
pheochromocytoma), and a number of genetic syn-
dromes. Secondary diabetes is uncommon in general and
is rare in pregnant women.

THE MANAGEMENT OF DIABETES

Most people with type 1 diabetes are now on a regimen of
two, three, or four injections of insulin each day; insulin
pumps are gaining ever-increasing acceptance, because of
the enhanced quality of life that they offer, as well as
improved glycemic control. Frequent measurement of
capillary glucose levels with a hand-held meter is a vital
component of successful control, as is educating each
affected patient to use a combination of estimating the
amount of carbohydrates ingested at each meal or snack,
coupled with adjustments in individual insulin doses to
accommodate for the postprandial glycemic excursions
that are predicted. Additional adjustments in food and
insulin have to be made to reduce the likelihood of
exercise-induced hypoglycemia. Although such intensive
management can result in HbA1c levels in the normal or
near-normal range, high and sustained motivation is
required on the part of the patient and his or her care-
givers. Such tight control increases the likelihood of more
frequent and more severe hypoglycemia.

Several insulin types are available, each with their own
pharmacokinetic profile involving unique onset, peak,
and duration of action (Table 2–3). Patients with the best
control are usually on individualized programs involving
multiple injections of mixtures of various insulin types.
A comprehensive diabetic management program also
involves intensive education, a well-balanced meal plan,
and the judicious use of exercise.

In contrast, type 2 diabetes is often initially treated
with a combination of diet, emphasizing caloric restric-
tion, and exercise, with the goal of weight loss of 5% to
10% of the weight at presentation. These steps, however,
are commonly inadequate by themselves for attaining
desirable glucose control. Thus, most patients soon
require oral hypoglycemic agents, often a combination of
two or more that have different mechanisms of action.
Metformin or one of the thiazolidinediones are effective
in combating the insulin resistance that typifies impaired
glucose tolerance or early type 2 diabetes, whereas the 
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Genetic defects in β cell function (e.g., maturity-onset diabetes
of the young)

Genetic defects in insulin action (e.g., leprechaunism)
Exocrine pancreatic diseases (e.g., pancreatitis, cystic fibrosis)
Other endocrinopathies (e.g., Cushing’s syndrome, acromegaly,

pheochromocytoma)
Drug/chemical-induced (e.g., glucocorticoids, pentamidine)
Infections (e.g., congenital rubella, cytomegalovirus)
Uncommon forms of immune-mediated diabetes (e.g., “stiff-man”

syndrome)
Other genetic syndromes (e.g., Klinefelter’s, Prader-Willi, Laurence-

Moon-Biedl syndromes; myotonic dystrophy)

TABLE 2–2 Disorders Associated with Secondary
Diabetes

Time Course of Action

Insulin Type Onset Peak Duration

Rapid acting: Lispro 10-15 min 1-2 hr 3-4 hr
Insulin, Aspart

Short acting: Regular 0.5-1 hr 2-5 hr 5-8 hr
Intermediate acting

NPH 2-4 hr 6-10 hr 16-24 hr
Lente 3-4 hr 6-12 hr 16-24 hr

Long acting: Ultralente 6-10 hr 18 hr 24-30 hr
Glargine 90 min None 24 hr

TABLE 2–3 Pharmacokinetics of Human Insulin
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secretagogues are chiefly of value in lean patients with type 2
diabetes or in combination therapy when HbA1c levels
remain unacceptably elevated (Table 2–4). Of particular
interest is that none of these medications is currently
approved for use in pregnancy; therefore, they should be
used with caution in women of childbearing age, unless
adequate contraception is being practiced. An increasing
number of women with the polycystic ovary syndrome
with or without associated impaired glucose tolerance and
type 2 diabetes are taking metformin to enhance ovulation.

Metformin, a biguanide, works mainly by suppressing
hepatic glucose output. It also has a modest effect on
peripheral glucose uptake. Beneficial effects on peripheral
insulin sensitivity have also been measured, although, as
with the sulfonylureas, it has been difficult to discern
whether this is a primary or secondary effect. Use of met-
formin may result in diarrhea, but this usually abates with
continued use and slow dosage titration. It has also been
associated in rare cases with lactic acidosis, usually in
patients already predisposed, such as those with renal fail-
ure, hepatic dysfunction, or ethanol abuse. The α-glucosidase
inhibitors (e.g., acarbose) are not targeted at a specific lesion
of diabetes but impair intestinal carbohydrate absorption
by inhibiting the action of an enzyme in the small intestinal
brush border. This attenuates the postprandial glucose
excursion. Acarbose ingestion frequently leads to gastroin-
testinal distress, especially flatulence, as may be expected
from a drug that increases carbohydrate load to the distal
intestine. The thiazolidinediones act mainly by enhancing
uptake of glucose at the peripheral level, together with a
modest reduction in hepatic glucose output. They are
increasingly used, in combination with metformin or in an
“insulin-sparing” strategy, together with one or more daily
injections of insulin. The safety of the thiazolidinediones in
pregnancy has not been established.

The meglitinides (e.g., repaglinide) are chemically dis-
similar to sulfonylureas but also increase pancreatic
insulin secretion.

It should be reiterated that, despite the advent of new
antidiabetic pharmacologic agents, mainstays of therapy
continue to be diet, exercise, and attainment of ideal body
weight. Concurrent treatment of associated conditions—
specifically, other cardiovascular risk factors, such as obe-
sity, hyperlipidemia, and hypertension—is also imperative.

Diabetic Complications

Diabetes-related complications include those resulting from
microvascular and macrovascular disease. Microvascular
complications primarily involve the kidneys (nephropa-
thy), the eyes (retinopathy), and the peripheral nerves

(neuropathy), although the pathogenesis of neuropathy 
is probably a combination of mechanical disruption of
the myelin sheath and microcirculatory impairment.
Macrovascular complications involve the coronary arter-
ies, the cerebral circulation, and the vascular supply to the
lower extremities, which may result in myocardial infarc-
tion, stroke, and peripheral vascular disease, respectively.

Diabetic Nephropathy

Diabetic nephropathy begins with a period of glomerular
hyperfiltration, leading to intraglomerular hypertension.
After a variable period of years, glomerular injury devel-
ops, and, eventually, glomerular scarring and loss occur.
Abnormal protein excretion progresses from micro-
albuminuria (20 to 300 mg/day) to macroalbuminuria
(>300 mg/day) and sometimes to frank nephrotic syn-
drome levels (protein excretion >3.5 g/day). The glomeru-
lar filtration rate eventually declines and azotemia results,
ultimately necessitating renal replacement therapy, either
dialysis or organ transplantation. Diabetes is the second
most common cause of renal failure in North America.
Treatment with angiotensin-converting enzyme inhibitors
has been shown to delay the progression to end-stage
renal failure and is routinely prescribed to patients with
diabetes once microalbuminuria is detected. Angiotensin-
converting enzyme inhibitors are teratogenic, however,
and although there is general agreement that they should
not be used in the second and third trimesters, uncer-
tainty persists as to whether they should be discontinued
in preparation for pregnancy.

Diabetic Retinopathy

The retinal microvasculature is also frequently involved in
long-standing diabetes. Background diabetic retinopathy is
manifested clinically by the detection of hard exudates,
microaneurysms, and minor hemorrhages. This condition
is not usually associated with visual loss but is a marker for
the future development of more significant disease.
Preproliferative retinopathy is manifested by the presence
of cotton-wool spots, which are indicative of retinal infarc-
tions. Such ischemia of the retina eventually provides an
angiogenic stimulus, although the new blood vessels that
form are frequently abnormal in both appearance and
structure. In proliferative retinopathy, blood vessel fragility
predisposes to significant retinal and vitreous hemorrhage.
Edema of the retina may also occur. Involvement of the
macula results in visual loss. Studies have confirmed a
beneficial effect on sight preservation with laser photo-
coagulation in the setting of both macular edema and
proliferative diabetic retinopathy.

↑ Pancreatic ↓ Hepatic Glucose ↑ Peripheral ↓ Gut Carbohydrate
Class of Drug Insulin Secretion Production Glucose Utilization Absorption

Sulfonylureas/meglitinides X
Biguanides X X X
Thiazolidinediones X X
α-Glucosidase inhibitors X

TABLE 2–4 Primary Mechanisms of Action of Oral Agents for Type 2 Diabetes
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Diabetic Neuropathy

Diabetic neuropathy has protean manifestations. The most
common form is somatosensory peripheral neuropathy.
This results in sensory loss in a stocking-glove distribution,
often in association with paraesthesias or dysesthesias.
Acute mononeuropathies may also occur; either cranial or
peripheral nerves or even entire spinal nerve roots may be
affected. Autonomic neuropathy, although less common,
may have a more significant impact on the patient’s quality
of life, and multiple organs may be affected. In the gas-
trointestinal tract, diabetic gastroparesis and diabetic diar-
rhea lead to significant disability. Involvement of the
urinary tract may result in atonic bladder, urinary reten-
tion, a predisposition to urinary tract infections, and over-
flow incontinence. In men, erectile dysfunction results
from autonomic neuropathy, vascular disease, or both.
Cardiovascular involvement may manifest with orthostatic
hypotension. Unawareness of hypoglycemia constitutes a
hazard to the patient and to society in general and neces-
sitates targeting blood glucose to higher levels than usual.
To date, no treatment, other than improvement in
glycemic control, has been shown to delay or reverse the
neuropathic complications of diabetes. However, several
therapeutic modalities can be directed at symptom ame-
lioration. Specific treatment regimens can help control
the various manifestations of autonomic dysfunction.

The diabetic complication that causes the most mor-
bidity and premature death is atherosclerotic disease of
the large vessels. Patients with diabetes are at a twofold to
fourfold higher risk of both stroke and myocardial infarc-
tion than is the general population. The risk is even
higher in women than in men. Coronary artery disease,
which is often asymptomatic, is a hazard for women with
type 1 and type 2 diabetes who are still in their reproduc-
tive years. Because of lower extremity vascular occlusions,
diabetes is the leading cause of nontraumatic amputa-
tions in North America. The accelerated aggressive ather-
osclerosis that characterizes diabetes has multiple causes,
including coexisting hypertension and dyslipidemia. The
role of hyperglycemia in the development and progression
of atherosclerosis remains uncertain.

The Relationship between Glycemic 
Control and Complications

The role of hyperglycemia in the development and pro-
gression of microvascular complications was confirmed
in 1993 with the publication of the Diabetes Control and
Complications Trial (DCCT),14 a large multicenter, ran-
domized, prospective trial comparing conventional with
intensive glycemic control. In this study, approximately
1400 patients with type 1 diabetes were randomly
assigned to receive either conventional or intensive
insulin regimens. The patients in the first group (control
subjects) were administered one or two insulin injections
daily and met with the investigators every 3 to 4 months.
The goal was to maintain an asymptomatic state but not
to achieve any specific degree of glycemic control. The lat-
ter group (intensively treated subjects) took injections
three to four times per day or used an insulin pump, and
these subjects met with the study team monthly, with

even more frequent telephone consultation. Their
glycemic control was targeted to approach normal levels.
The therapeutic dichotomy resulted in and was able to
maintain an absolute HbA1c difference of approximately
2% between the two groups (9% for conventional therapy
vs. 7% for intensive). After 9 years, significant differences
in the rates of the development of diabetes complications
were observed, with 56% to 76% decreases in the appear-
ance or progression of retinopathy, microalbuminuria,
and peripheral nerve dysfunction. Despite these encour-
aging findings, intensive glucose control is not without
its risks: Subjects randomly assigned to this group experi-
enced three times as many severe hypoglycemic episodes
as those who were assigned to a conventional regimen.
On the basis of this study, however, most type 1 diabetes
patients should be considered for tight glycemic control
with the target goals as set forth by the American Diabetes
Association (ADA) (Table 2–5).

The largest prospective study of type 2 diabetes is the
United Kingdom Prospective Diabetes Study.15 This large
and complex study confirmed that the major risk was
macrovascular disease, especially coronary artery disease;
however, there was no statistically significant correlation
with glycemic control. Metformin monotherapy reduced
the rate of cardiovascular outcomes in obese patients.
Several studies, including the United Kingdom Prospective
Diabetes Study, have confirmed the importance of tight
blood pressure control in patients with type 2 diabetes.
The drugs or the class of drug used may be less important
than maintaining target levels.

DIABETES AND PREGNANCY

Before the discovery of insulin in 1922, girls with diabetes
frequently did not survive to childbearing age. In those
who did, diabetes during pregnancy was associated with
high maternal and infant mortality rates, both approach-
ing 50%16; stillbirths were the primary causes of perinatal
deaths. Insulin resulted in a miraculous reduction in the
maternal mortality rate, although perinatal losses were
not substantially reduced. Women with more advanced
and severe disease finally had the opportunity to become
pregnant safely. Since 1970, much has been learned about
the important relationship between maternal glycemic
control before and during pregnancy and fetal outcomes.
The perinatal mortality rate has simultaneously improved
as an intensive approach to the diabetic pregnancy has
become standard. In the 1960s, for example, the perinatal
mortality rate in the pregnancies of women with type 1
was approximately 250 per 1000 live births. By the 1980s,

From American Diabetes Association: 2004 Clinical practice recommendations.
Diabetes Care 2004;27(Suppl 1).

TABLE 2–5 Glycemic Goals for Adults with Diabetes
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the rate had fallen more than 90%, to 20 per 1000. Indeed,
a true shift in the therapeutic paradigm had occurred.

Whereas the primary goal in the diabetic pregnancy
used to be maternal and fetal survival, today’s chief con-
cern is to approximate the clinical outcomes of nondia-
betic pregnancies, particularly with regard to maternal
health and the rates of congenital anomalies, fetal macro-
somia, and perinatal complications.

Despite ongoing advances in the field, diabetes during
pregnancy, particularly when it is poorly controlled, con-
tinues to be associated with several significant threats to
the health of both the mother and her children. Most stud-
ies in developed countries continue to report a 5% to 8%
congenital anomaly rate, which is responsible for 50% of
the perinatal mortality observed.17 Outcomes of diabetic
pregnancies in developing regions remain much worse.18

Risk to both the fetus and the mother in the diabetic preg-
nancy is associated with the degree of glycemic control, the
coexistence of cardiovascular or renal complications, and
other factors, such as maternal obesity and hypertensive dis-
orders. An essential concept that has developed from years of
epidemiologic observation is the differential effect of diabetic
control just before conception and during the first 7 weeks of
gestation, when organogenesis is occurring, in comparison
with that during the second and third trimesters. Glycemic
control during the early phase affects primarily the risk of
fetal congenital malformations, whereas maternal outcomes,
the risk of fetal macrosomia (and its attendant obstetric com-
plications), and much of the risk of neonatal complications
are influenced by management in the latter phase.

Classification

The White classification of diabetic pregnancy is of historic
significance.19 It is featured in Table 2–6. Although it
remains in widespread use, it may not be fully applicable to
modern diabetic management, because its primary focus is
on the duration of maternal diabetes, which is 
no longer a prime determinant of maternal and fetal 
outcome. In addition, the White classification did not
account for a degree of glycemic control before or during
the pregnancy. A simpler classification is now used in many
centers (Table 2–7). This schema places the diabetes pri-
marily in the context of the pregnancy (i.e., as a preexisting

condition) or one that was acquired during pregnancy. In
addition, practical emphasis is placed on the maternal com-
plications that are known to influence or to be influenced
by the progress of the pregnancy (particularly retinopathy,
renal disease, and cardiovascular disease). Type 1 or type 2
diabetes that existed before the pregnancy is termed preges-
tational diabetes. Diabetes that is diagnosed during the preg-
nancy is termed gestational diabetes. This terminology does
not distinguish between the important subset of women
with previously unrecognized type 2 diabetes and women
with “true” gestational diabetes in whom carbohydrate
intolerance of varying degrees is induced by the insulin
resistance that characterizes the latter half of pregnancy.

Pregestational Diabetes

Fertility and Contraceptive Options

In diabetic women with reasonable glycemic control, fertil-
ity is well maintained.20 Only in women with very poorly
controlled diabetes, often in the setting of a major eating
disorder, does a form of hypothalamic amenorrhea that
results in infertility occur. Women with the polycystic ovary
syndrome and hyperandrogenism are at increased risk for
impaired glucose tolerance or type 2 diabetes and have
impaired fertility. However, women with type 1 diabetes
with onset at an early age and duration of diabetes of
20 years or more can achieve successful pregnancies. As a
result, pregnancy is a common event in diabetic women of
childbearing age. Therefore, it is important for physicians
caring for women with diabetes to assist them in planning
each pregnancy: if necessary, delaying conception until
glycemic control has been optimized and vascular compli-
cations stabilized. Preventing unwanted pregnancies is cru-
cial. This is particularly true in patients with preexisting
complications, which may worsen during pregnancy, or
when control is inadequate. Thus, appropriate birth con-
trol counseling should be offered to all diabetic women of
reproductive ability. The continuous use of a reliable and
acceptable form of contraception is the primary concern.
Oral contraceptives are the preferred method for most
women with diabetes. The low-dose preparations now used
have minimal effects on carbohydrate and lipid metabolism.
Previous concerns that intrauterine devices might predispose

From Hare JW: Gestational diabetes and the White classification. Diabetes Care 1980;3:394.

TABLE 2–6 White Classification of Diabetes in Pregnancy
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the woman with diabetes to an increased risk of infection
have abated. Periodic intramuscular injection of depot for-
mulations of progesterone is another reasonable option
because of its effectiveness, especially in patients in whom
compliance or appropriate follow-up cannot be secured.
Surgical sterilization should be offered to any woman who
chooses, for any reason, not to become pregnant.

Epidemiology

Pregestational diabetes includes both type 1 and type 2
(Fig. 2–3). In North America, 2 to 4 per 1000 pregnancies
involves a woman with type 1 diabetes. In these women,
neither early age at onset nor longer duration of diabetes
is now thought to be predictive of adverse perinatal or

Pregestational Diabetes (“Overt” Diabetes)
1. Type 1 diabetes

a. Complicated by retinopathy
b. Complicated by nephropathy
c. Complicated by coronary artery disease

2. Type 2 diabetes
a. Complicated by retinopathy
b. Complicated by nephropathy
c. Complicated by coronary artery disease

Pregnancy-Related or Gestational Diabetes
1. Diet-controlled
2. Insulin-requiring

TABLE 2–7 Alternative Classification of Diabetes in
Pregnancy

Figure 2–3. Worldwide prevalences of diabetes mellitus and impaired glucose tolerance (IGT) in women from the ages of 20 to 39. PNG,
Papua New Guinea. (From World Health Organization Ad Hoc Diabetes Reporting Group: Diabetes and impaired glucose tolerance in
women aged 20-39 years. World Health Stat Q 1992;45:324.)



24 C H A P T E R 2 Diabetes and Pregnancy

maternal outcomes. On the other hand, the presence
of vascular complications affecting one or more systems
has significant implications for both mother and child.
This situation was previously perceived as uncommon;
however, current data suggest that approximately 1% of
pregnancies in unselected populations involve women
with type 2 diabetes, but the prevalence is considerably
higher, ranging from 3% to 6%, among aboriginal women.
A population-based survey carried out in the United States
in 1995 found that type 2 diabetes accounted for 65% of
pregestational diabetic pregnancies that year, in compari-
son with only 26% in 1980. The patterns of adverse fetal
and maternal outcome are the same in type 2 and type 1
diabetes. Major congenital anomalies were detected in
4.4% of infants born to women with a diagnosis of preges-
tational type 2 diabetes, which is similar to the rate of
4.6% in infants of women with previously unrecognized
type 2 diabetes, the diagnosis being confirmed by glucose
tolerance testing 6 weeks post partum. Among women
with type 1 in that study, major congenital anomalies
were found in 5.9% of infants.21 Type 2 also confers an
increased risk of maternal morbidity and perinatal mor-
tality. In a Japanese study,22 nonproliferative retinopathy
was found in 28% and proliferative retinopathy in 4.3% of
gravidas with type 2; 1.4% had nephropathy. The perinatal
mortality rate was four times higher among infants of
mothers with type 2 diabetes than in those of mothers
with type 1 in a New Zealand study.23 Congenital malfor-
mations accounted for only 2% of the perinatal deaths.

Furthermore, there was a sevenfold increase in the rate of
late fetal death among the infants of women with type 2
diabetes. Potential confounding factors included the
older age and greater incidence of obesity of the women
with type 2 diabetes who also presented for management
later in pregnancy. Many women with type 2 diabetes, as
well as their caregivers, perceive type 2 diabetes as having
less significance with regard to pregnancy and are therefore
less likely to plan their pregnancies. There is clearly a need
to educate all women with pregestational diabetes mellitus
as well as health professionals about the importance of
prepregnancy planning and meticulous management
throughout pregnancy.

Fetal Implications

The abnormal metabolic milieu of the diabetic pregnancy
can have deleterious effects on the fetus at all stages of
gestation (Fig. 2–4). Thus, the diabetic pregnancy is asso-
ciated with multiple potential complications for the fetus
and neonate, which directly or indirectly result from the
maternal metabolic derangements. Although the risk of
pregnancy-related complications in pregestational dia-
betic pregnancies has definitively been shown to be
decreased24 with improved glycemic control, the other
metabolic derangements that characterize the diabetic
pregnancy contribute to the increased perinatal morbid-
ity and mortality that are still encountered.

Figure 2–4. Diagrammatic representation of the multiple deleterious effects of the pregnancy of a diabetic patient on the children, during
the various periods of fetal and postnatal life. CNS, central nervous system; RDS, respiratory distress syndrome. (Adapted from Hod M,
Rabinerson D, Peled Y: Gestational diabetes mellitus: Is it a clinical entity? Diabetes Rev 1995;3:605.)

PERIOD OF
EXPOSURE

COMPLICATIONS TYPE OF
DIABETES

TERATOGEN

Hyperinsulinemia

Aberrant fuel
mixture

1st trimester

2nd trimester

3rd trimester

Congenital anomalies
Spontaneous abortions
Early growth delay

Macrosomia
Organomegaly
Chronic hypoxemia
Stillbirth

Birth injury

RDS
Hypoglycemia
Hypocalcemia
Polycythemia
Hyperbilirubinemia

Obesity
Type 2 diabetes
(CNS developmental
 delay)

DELIVERY

NEONATE

CHILD/
ADULT



C H A P T E R 2 Diabetes and Pregnancy 25

Congenital Anomalies

The reported incidence of malformations continues to be
between two and four times the expected frequency, with
a positive correlation between periconceptional glycosy-
lated hemoglobin levels and malformation rates. Diabetic
embryopathy, however, is multifactorial. Abnormalities in
levels of arachidonic acid and myoinositol levels, genera-
tion of excess oxygen free radicals, lipid peroxidation,
somatomedin inhibitors, mitochondrial damage, and
activation of apoptotic pathways have been implicated.25

Nevertheless, obtaining the best day-to-day blood glucose
levels and the lowest glycosylated hemoglobin measure-
ment that can be safely achieved in all women with preges-
tational diabetes should be a standard of care. During the
periconception period, achieving average fasting capillary
glucose concentrations of 70 to 130 mg/dL and a glycosy-
lated hemoglobin measurement less than four standard
deviations above normal minimizes the risk of glycemia-
related congenital anomalies.26

A wide variety of anomalies have been described, most
involving the cardiac, neural, skeletal, gastrointestinal,
and genitourinary structures (Table 2–8). The most com-
mon include ventricular and atrial septal defects; transpo-
sition of the great vessels; caudal regression syndrome and
other neural tube defects; gastrointestinal atresias; and
urinary tract malformations, such as renal agenesis, cystic
kidney, and duplex ureter.

In a seminal study in 1983, Fuhrmann and colleagues
reported a 5.5% congenital malformation rate among 420
infants born to women with type 1 diabetes, in compari-
son with 1.4% in a nondiabetic control group.27 Greene
and associates assessed outcomes in 303 pregnant women
with type 1 diabetes.28 The incidence of major malforma-
tions was 3.0% in the group with first trimester HbA1 val-
ues of 9.3% or less, whereas it was 40% with HbA1 levels
above 14.4%; this comparison yielded a risk ratio of 13.
Note was made, however, of a broad range of control over
which the risks were not substantially elevated (Fig. 2–5).
Miller and colleagues also found a significantly higher
incidence of major congenital anomalies in the infants of
women with elevated HbA1c values.29 In this study, 13% of
116 women with type 1 diabetes delivered infants with

major congenital anomalies. The mean initial HbA1 level
was significantly higher in the group with major anom-
alies (9.6% vs. 8.4%), and there was no relationship to the
White classification. When the study population was
divided into women with glycohemoglobin values higher
than 8.5% and those with values less than 8.5%, a signifi-
cant difference in the malformation rate was seen: Of the
children, 22% in the poorly controlled group and 3% in the
well-controlled group were affected. Ylinen and colleagues
measured HbA1 at the end of the 15th week of gestation in
142 type 1 diabetic pregnancies.30 The HbA1 level was 9.5%
in women with pregnancies complicated by fetal malfor-
mations, significantly higher than that in unaffected preg-
nancies (8%). In addition, malformations occurred in 35%
of pregnancies in women with HbA1 levels at 10% or more,
in 13% of those with HbA1 levels between 8% and 9.9%, and
in only 5% of those with levels below 8%.

That factors other than maternal glycemic control 
contribute to fetal anomalies was also suggested by the
Diabetes in Early Pregnancy (DIEP) study, analyzed by

From Kucera J: Rate and type of congenital anomalies among offspring of
diabetic women. J Reprod Med 1971;7:61-70.

TABLE 2–8 Congenital Malformations Found More
Frequently in Infants of Mothers with Pregestational
Diabetes

Figure 2–5. Major malformations and spontaneous
abortions according to first trimester hemoglobin A1
(HbA1) levels in 303 pregnancies of women with 
insulin-requiring diabetes. (From Greene M, Hare JW,
Cloherty JP, et al: First-trimester hemoglobin A1 risk for
major malformation and spontaneous abortion in 
diabetic pregnancy. Teratology 1989;39:227. Reprinted 
by permission of John Wiley & Sons, Inc.)
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Mills and colleagues.31 They found no relationship
between increased malformation rates in infants of dia-
betic mothers and glycemic control during the period of
organogenesis. In this study, 347 diabetic and 389 control
women were enrolled within 21 days of conception. An
additional 279 diabetic women entered the study after 
21 days. Major malformations occurred in the infants of
4.9% of the early-entry diabetic women, 9% of the late-
entry diabetic women, and 2.1% of the control group. The
differences were statistically significant between the early-
entry diabetic group and the control subjects, as well as
between the early- and late-entry diabetic subjects. In
early-entry subjects, mean blood glucose and HbA1 levels
during the early first trimester were not significantly
higher than in the women whose infants were malformed.
Early glycemic data were not available in the late-entry
diabetic women. Thus, the failure to find a correlation
between glycemic control and malformation rate may lie
in the fact that the early-entry patients were generally well
controlled. Thus, any differences may have eluded detec-
tion because of the statistical design of the trial. Indeed,
virtually all the early-entry study subjects would have been
included in the “well-controlled” group of Miller and col-
leagues. Together, the data of Miller and Mills and their
respective associates appear to conclude that poor mater-
nal glycemic control explains some but not all of the
propensity toward fetal malformations in the pregesta-
tional diabetic pregnancy.

Similarly, patient education and initiating intensive
management before conception have been demonstrated
to significantly decrease but not normalize the risk of
congenital malformations.32

In Fuhrmann and associates’ study, a subgroup of 
125 women began intensive treatment before conception;
only one malformation (0.8%) occurred in this group.27

Steel and colleagues compared the gestational outcomes
of 143 women with type 1 diabetes who had attended a
preconception clinic with the outcomes of 96 diabetic
women who did not receive specific pregestational care.33

The preconception care recipients had lower HbA1 levels
in the first trimester (8.4% vs. 10.5%) and a higher inci-
dence of hypoglycemia (27% vs. 8%) but fewer infants with
congenital anomalies (1% vs. 10%). Kitzmiller and cowork-
ers recruited 84 women with type 1 diabetes for intensive
preconception care, and their outcomes were compared
with those of 110 women who were already pregnant
when referred to the investigators at 6 to 30 weeks of preg-
nancy.34 Only one major anomaly (1.2%) occurred among
the infants in the preconception care recipients,
in comparison with 12 (10.9%) of 110 in the postconcep-
tion group. Transient hypoglycemia during embryogene-
sis was experienced by 60% of women in the preconception
group. This was not associated with detectable sequelae
in the children. In the DCCT, 270 pregnancies occurred
during 9 years among the more than 1400 patients
with type 1 diabetes. In the patients who received con-
ventional treatment, the mean level of HbA1c fell from
8.1% to 6.6% during the pregnancies. In the intensively
managed group, the corresponding data were 7.4% and
6.6%. Nine congenital malformations occurred: eight in
the control group, whose treatment was generally
not intensified until after the discovery of pregnancy,

and only one in the intensively managed group. The
small numbers involved resulted in borderline statistical
significance.

Early intensive diabetes management not only is
advantageous for maternal and fetal health but also has
been shown to be cost effective. A financial analysis of the
California Early Diabetes and Pregnancy Program con-
cluded that $5 was ultimately saved for every dollar spent
by the program, which served to improve the diabetic
management of women with type 1 diabetes in the pre-
conception phase.35

Early Pregnancy Loss

The risk of spontaneous abortions in diabetic pregnan-
cies is increased according to some but not all reports.36,37

As in the case of fetal malformations, maternal HbA1c lev-
els at the end of the first trimester are positively corre-
lated with this risk. A nonlinear relationship appears to
exist between the spectrum of glycemic control and preg-
nancy loss: Risks are much higher with the highest HbA1c
percentiles.

In one uncontrolled observational study of 132 preg-
nancies in 91 women with type 1 diabetes, the spontaneous
abortion rate was 30%, the incidence peaking between the
10th and 12th gestational weeks. This is more than twice
the frequency reported in the literature from normal preg-
nancies. This group of patients was, however, generally
treated suboptimally by modern standards during the pre-
conception phase. Higher abortion rates were associated
with more advanced White classification, but relationship
with glycemic control was not assessed.

In the outcomes study of 303 pregnant women with type 1
diabetes by Greene and colleagues,28 spontaneous abortions
occurred in 12.4% of women with first trimester HbA1 levels
of 9.3% or less but in 37.5% of those with HbA1 levels above
14.4%, which yielded a risk ratio of 3. As with congenital
anomalies, there was a broad range of control over which
the risks were not substantially elevated (see Fig. 2–5).

In the DIEP study,24 the incidence of spontaneous
abortion in 386 women with generally well-controlled
type 1 diabetes pregnancies (16.1%) was not substantially
different from that in a normal control group of 432
women (16.2%). In the diabetic women who did have
spontaneous abortions, however, higher fasting and post-
prandial glucose levels in the first trimester were detected,
in compared with those whose pregnancies continued to
term. The authors calculated that in the subgroup of
women with poor first trimester control, an increase of 1
standard deviation in HbA1c above the normal range was
associated with an increase of 3 % in the rate of pregnancy
loss (Fig. 2–6).

Studies continue to show that the incidence of both
congenital anomalies and pregnancy loss depends only in
part on the degree of preconception care received by the
diabetic woman and the level of glycemic control
achieved.36-40 Of the 270 pregnancies in the DCCT, rates
of spontaneous abortion were not significantly different
between the intensively and conventionally treated groups
(10.4% vs. 13.3%).41

The exact explanation for the association of diabetes
with fetal loss is unclear but presumably involves several
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factors working in concert. These factors may include
hyperosmolality; ketosis; disruption of glycolysis; DNA
glycosylation; inhibitors of various growth factors, such as
IGF-1; arachidonic acid deficiency; the generation of oxy-
gen radicals; altered myoinositol metabolism; cell mem-
brane lipid peroxidation42; and decreased prostaglandin
concentrations.43

Macrosomia

Suboptimal glycemic control spurs fetal growth during
the second and third trimesters, as excess nutrients (glu-
cose, amino acids, and free fatty acids) are delivered to
the fetus. Excess glucose from the maternal circulation
stimulates insulin production by fetal β cells, leading to
increased anabolic processes, including the deposition
of stored calories as fetal fat. Endocrine secretion by the
fetal pancreas begins by the 11th gestational week, and it
is after this that fetal macrosomia may first be detected
by ultrasonography. The increase in fetal body fat occurs
in the insulin-dependent tissues, such as the liver,
intraabdominal, and thigh adipose stores.44 Macrosomia
may occur in the presence of adequate maternal
glycemic control, which indicates that fetal hyperinsu-
linemia induced by hyperglycemia is only one of several
factors that lead to macrosomia.45 Nevertheless, several
groups have convincingly demonstrated that the best
predictor of fetal size is maternal postprandial plasma
glucose concentrations during the third trimester. This
relationship is stronger than that between fetal size and
either maternal fasting glucose or HbA1c level. These
data support the accepted position that strict control
should be maintained throughout the entire pregnancy.
Macrosomia is variously defined as a weight of 4000 or
4500 g, and this may in part explain the wide range in
the incidence of macrosomia, from 8% to 43%, noted in
type 1 pregnancies.

Late Fetal Demise

Stillbirth rates in pregestational diabetic pregnancies con-
tinue to be reported with a frequency of 0% to 4%,29,46,47

which is a marked improvement in comparison with pre-
vious eras. This has presumably resulted from an overall
improvement in medical and obstetric care in addition to
more sophisticated methods of monitoring fetal well-
being. The risk rises as term approaches; therefore, in
many centers, induction of delivery at 38 weeks of gesta-
tion is standard. The exact reasons for fetal demise are
unclear but may be related to maternal diabetic ketoaci-
dosis, fetal acidosis, or placental insufficiency resulting
from underlying vasculopathy. Placental insufficiency is
thought to be the cause of the increased rate of sudden
intrauterine demise that is seen with macrosomic fetuses
or in women with type 1 diabetes of long duration, even in
the absence of overt vascular complication.

A progressive decline in perinatal death rates has been
achieved. Most large series report a neonatal mortality
rate in the 5% range; 50% of deaths are attributed to con-
genital malformations that are incompatible with life.
The respiratory distress syndrome, which was previously a
major cause of neonatal demise, is encountered less often,
in part because of the widespread use of amniocentesis for
assessment of fetal lung maturity as well as surfactant
treatment of the neonate.

Neonatal Morbid Conditions Associated
with Diabetic Pregnancies

Other than fetal loss, congenital malformations and
macrosomia, the infant of the diabetic mother is at risk for
several other morbid conditions. These include neonatal
hypoglycemia, hypocalcemia, hyperbilirubinemia, poly-
cythemia/hyperviscosity, and self-limiting asymmetrical

Figure 2–6. Rate of pregnancy loss by mean first
trimester hemoglobin A1 (HbA1) in 375 women with
type 1 diabetes and 402 subjects in the control group,
from the Diabetes in Early Pregnancy (DIEP) study. The
number of pregnancy losses (numerator) and the total
number of women at each level of HbA1 (denomina-
tor) are shown. (From Mills J, Simpson JL, Driscoll SG,
et al: Incidence of spontaneous abortion among nor-
mal women and insulin-dependent diabetic women
whose pregnancies were identified within 21 days of con-
ception. N Engl J Med 1988;319:1620.)
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septal hypertrophy. Maternal glycemic control during the
latter weeks of gestation and during labor affects the like-
lihood of each of these adverse outcomes,48 with the
exception of septal hypertrophy, which occurs unpre-
dictably and is unrelated to glycemic control.49

Neonatal Hypoglycemia

Currently defined as a serum glucose level of less than 
35 to 40 mg/dL at term during the first 12 hours of life,
neonatal hypoglycemia has been observed in 30% to 50%
of the children of diabetic mothers, depending on the
value used. Approximately one fourth of infants born to
diabetic mothers experience early hypoglycemia.50

Neonatal blood glucose levels normally decrease after
birth into the range of 50 to 60 mg/dL, although this is
not usually associated with any symptoms. Glucose values
even lower than 50 mg/dL are also usually well tolerated.51

However, when glucose concentrations drop below
30 mg/dL, symptoms such as lethargy, failure to feed, and
seizures may become apparent. Neonatal hypoglycemia in
the children of diabetic mothers is caused in part by fetal
β cell hyperplasia, with resultant fetal hyperinsulinism. In
addition, simultaneously immature gluconeogenic
enzymes and a discontinuation of the maternal nutrient
supply play a role. Inappropriately elevated fetal insulin
levels at this time also impede the required mobilization
of fat stores to provide both ketone bodies and glycerol
substrate for neonatal gluconeogenesis. A sluggish rise in
neonatal pancreatic glucagon secretion slows lipolysis,
further inhibiting hepatic glucose production.

Whether hypoglycemia in neonates is truly deleterious is
not well understood.52 Hypoglycemia may, however, have
worse implications for premature infants. Hypoglycemia
typically occurs in these infants 1 to 3 hours after delivery
and usually resolves during the first day after birth. Strict
maternal glycemic control in late pregnancy and during
labor and delivery has been shown to reduce the incidence
of this complication.

Neonatal Hypocalcemia

Infants of diabetic mothers are also at risk for hypocal-
cemia during the first few days after birth. Prematurity and
birth asphyxia may be contributing factors. In full-term
infants from diabetic pregnancies, early sluggishness in
parathyroid function has been described. Maternal and
consequently neonatal hypomagnesemia leads to physio-
logic neonatal hypoparathyroidism, resulting from
decreases in both secretion and action of parathyroid hor-
mone. Hypomagnesemia occurs in pregnant women with
poorly controlled diabetes, primarily because of excess
renal losses. Transient neonatal hypocalcemia occurs in
approximately 7% of diabetic births. As expected, decreased
risk is noted with strict maternal glycemic control.53

Polycythemia

An increased incidence of neonatal polycythemia has also
been reported; it is probably caused by fetal anoxia sec-
ondary to placental insufficiency or the effects of fetal
hyperinsulinism, which stimulates fetal erythropoietin

production. Increased levels of maternal HgbA1c, which
binds tightly to oxygen, thereby reducing placental oxy-
gen transfer, provides another explanation. In some cases,
a hyperviscosity syndrome may supervene. Affected
infants have a plethoric appearance, and venous hemat-
ocrits may climb above 60%. Intravascular sludging with
tissue anoxia may result, leading to right-sided heart fail-
ure, cerebral nervous system dysfunction, and renal vein
thrombosis. In one series, the incidence was 7% in gesta-
tional diabetes and 11% in pregestational diabetes, but
polycythemia was not seen at all in nondiabetic subjects.48

Neonatal Hyperbilirubinemia

Neonatal hyperbilirubinemia may follow 20% to 25% of
diabetic pregnancies and also appears to be proportional
to maternal glucose levels during gestation. The cause is
directly related to prematurity, a generalized immaturity
of hepatic bilirubin conjugation enzymes, increased red
blood cell breakdown, and frequently accompanying
neonatal polycythemia.

Respiratory Distress Syndrome

There is an intrinsic risk of respiratory distress syndrome
in the infants of diabetic pregnancies, because of physio-
logic pulmonary immaturity, which predisposes them to
hyaline membrane disease. This disease is thought to
result from decreased synthesis of surfactant, as a result
of fetal hyperglycemia or fetal hyperinsulinism. The risk
of respiratory distress syndrome is increased when poor
maternal glycemic control has been present and in pre-
mature infants. Because of a drop in the rate of prematu-
rity in most diabetic pregnancies, the risk of respiratory
distress syndrome has fallen to less than 5%.54 Antenatal
prediction of fetal lung maturity is possible by assessing
the lecithin/sphingomyelin ratio or the concentration of
phosphatidylglycerol concentration in amniotic fluid.

Birth Asphyxia and Injury

The infants of diabetic mothers have a higher incidence of
birth asphyxia, to which they are predisposed because of
macrosomia, especially the asymmetrical macrosomia that
is common in all types of diabetic pregnancy. A difference of
2.6 cm in the ultrasonographically determined abdominal
and biparietal diameters has been shown to be predictive of
shoulder dystocia with its attendant risks of brachial plexus
and anoxic injury.55 Cord blood leptin levels have been
noted to be significantly higher in infants asymmetrically
large for gestational age than in infants of similar weight
but symmetrical growth. Other birth injuries and complica-
tions include shoulder dystocia,56,57 brachial plexus injury
(Erb’s palsy),58 fractures of the clavicle and humerus, cere-
bral injury, and increased requirements for forceps delivery
or cesarean section. Optimal glycemic control reduces but
does not normalize the risk for these adverse outcomes.

Future Development

Neurodevelopmental consequences of maternal type 1
diabetes mellitus were studied by Sells and colleagues in



109 infants of diabetic mothers and compared with out-
comes in 90 control infants.59 The results showed that
mothers with insulin-dependent diabetes who maintain
good control during pregnancy can expect to have infants
who are neurodevelopmentally normal. In those whose
diabetes is suboptimally controlled, however, subtle cog-
nitive deficiencies have been described. The risk of future
type 1 diabetes in the children of mothers with type 1 dia-
betes is 1.3%. (The risk for those with fathers with type 1
diabetes is 6%.) There is an apparent greater genetic pre-
disposition in type 2 diabetes, the risk being approxi-
mately 15% with one affected parent and as high as 60% to
75% when both parents are affected.60

Maternal Considerations

Glycemic Control

In patients with pregestational diabetes, the progressive
insulin resistance of pregnancy results in increased
insulin requirements, typically twofold to threefold the
prepregnancy dose, particularly during the second half of
pregnancy. In one study of 237 pregnancies in women
with type 1 diabetes, the mean absolute increase in insulin
dose was 52 U a day, although individual variation was
wide. The increase in insulin was directly related to mater-
nal weight gain in the second trimester.61 The previously
described normal swings in blood glucose from hypo-
glycemia to postprandial hyperglycemia present further
challenges to the maintenance of good glycemic control.

Women with type 1 diabetes are particularly suscepti-
ble to increased frequency and severity of hypoglycemia,
particularly during the first half of pregnancy. Rosenn
and associates performed a series of hyperinsulinemic
hypoglycemic clamp studies in a group of 17 women with
type 1 diabetes before pregnancy and during the second
and third trimesters.62 The diabetic women demonstrated
decreased epinephrine, cortisol, and glucagon responses
to hypoglycemia in comparison with their own prepreg-
nancy baseline responses and with those of a control
group of 10 healthy women. The GH response during
pregnancy was decreased in both groups in comparison
with prepregnancy levels. These data may explain the
increased propensity of hypoglycemia in pregnant women
with type 1 diabetes. During an insulin-induced con-
trolled fall in plasma glucose levels in another study, preg-
nant women with type 1 diabetes demonstrated failure to
increase both their glucagon and epinephrine levels, in
comparison with nonpregnant control subjects. In addi-
tion, the plasma glucose level, necessary to prompt release
of both epinephrine and GH, was 5 to 10 mg/dL lower
than in the control group. The authors concluded that
the frequency of hypoglycemia in intensively treated preg-
nant women with diabetes may result, in part, from
impairment of counterregulatory hormonal responses.63

Severe hypoglycemia does indeed occur frequently dur-
ing tightly controlled diabetic pregnancies, as demon-
strated by Kimmerle and colleagues, who recorded
episodes of severe hypoglycemia (defined as impairment
of consciousness necessitating intravenous glucose or
glucagon) in 85 pregnancies in 77 women with type 1 

diabetes.64 Overall, 94 episodes of severe hypoglycemia
occurred in 35 pregnancies. Of these, 80% occurred before
the 20th gestational week (median, at the 12th week), and
77% occurred during sleep. Despite this, however, no per-
manent maternal sequelae were seen, and fetal outcomes
were favorable, with no perinatal mortality or congenital
anomalies. There persists concern, however, that frequent
and/or major maternal hypoglycemia may have deleteri-
ous effects on the long-term neuropsychologic develop-
ment of these infants.65

Hellmuth and colleagues found an incidence of 37%
of nocturnal hypoglycemia during the first trimester.66

The best predictive value was a blood glucose level below
108 mg/dL at 2300 hours, which resulted in a risk of noc-
turnal hypoglycemia of 71%, whereas the chance of avoiding
nocturnal hypoglycemia was 83% if the before-bedtime
blood glucose level was 108 mg/dL or higher.

It is clearly necessary to individualize treatment goals
in the diabetic pregnancy, weighing both the risks and
benefits to the mother and the fetus, so that an optimal
balance between good glycemic control and the risks of
hypoglycemia can be achieved.67

The tendency toward ketosis that is observed in nor-
mal pregnancy is also accentuated in the diabetic patient.
Indeed, omission of insulin injections or the development
of a superimposed infection may result in diabetic
ketoacidosis more rapidly than would normally occur in
the nonpregnant situation. Ketoacidosis develops rapidly
and subtly in pregnancy with lower plasma glucose levels
than otherwise found. In one third of episodes, glucose
levels at presentation were lower than 200 mg/dL.68 In
spite of aggressive management, ketoacidosis still has
grave consequences for the fetus, who is intolerant of
acidemia, with resulting fetal distress and potential for
intrauterine death.

Inadequate caloric ingestion may also manifest itself as
low-grade ketonuria and can be avoided by increasing
caloric intake to prevent potential deleterious effects to
the fetus.69,70

Obstetric Complications

Hypertensive Disorders
Hypertensive disorders as a whole occur more frequently

in diabetic pregnancies; the risk of eclampsia or preeclamp-
sia is threefold to fourfold higher than in normal pregnan-
cies. In a detailed review, preeclampsia rates ranged from
9% to 66% in patients with type 1 diabetes.71 The rate increased
with increasing severity of diabetes by the White classifica-
tion; the highest rate was reported in women with pregravid
diabetic nephropathy. The relationship between glycemic
control and preeclampsia was explored by Hiilesmaa and
associates.72 The adjusted odds ratios for preeclampsia were
1.6 for each 1% increment in the glycosylated hemoglobin
value at 4 to 14 (median 7) weeks of gestation and 0.6 (0.5 to
0.8) for each 1% decrement achieved during the first half of
pregnancy. Changes in glycemic control during the second
half of pregnancy did not significantly alter the risk of
preeclampsia. Women with underlying renal dysfunction
are particularly at risk. In the case of pregestational diabetes,
possible explanations for this phenomenon include under-
lying vasculopathy, decreased glomerular filtration rate, and
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the well-recognized sodium retentive properties of insulin
itself. In gestational diabetes, underlying activation of the
sympathetic nervous system and abnormalities of renal salt
handling presumably contribute, along with the effects of
insulin, if administered. The incidence of pregnancy-
induced hypertension (including preeclampsia) in pregesta-
tional diabetes is approximately 15%, or two to four times
higher than in control pregnancies.71 In more advanced dia-
betes, according to the White classification, the incidence is
approximately 30%. Hypertensive disorders are also more
frequent when glycemic control is poor.

Preterm Labor
Preterm labor complicates approximately 10% to 30% of

pregestational diabetic pregnancies,73 and this rate also
increases with worsening severity of disease, elevated plasma
glucose levels, and the presence of urogenital infections.

Polyhydramnios
An overall incidence of polyhydramnios of 16% in all

diabetic pregnancies, with comparatively higher rates in
patients with pregestational diabetes, has been noted.
A pathophysiologic explanation for this phenomenon is
not clear, although increased fetal urinary flow and
altered osmolality of amniotic fluids have been raised as
possibilities.

Pyelonephritis
The incidence of pyelonephritis in diabetic pregnancies

is reported to be 4%. This may result from the combina-
tion of altered immune function in the patient with
poorly controlled diabetes and an increased incidence of
incomplete bladder emptying secondary to diabetic neu-
ropathy. One study74 has shown a positive correlation
with fasting blood glucose levels. Screening and treat-
ment of asymptomatic bacteriuria may reduce the inci-
dence of urinary tract infections during pregnancy.

Cesarean Section
The rate of cesarean section for diabetic mothers is at

least twofold higher than for their nondiabetic counter-
parts because of a combination of an increased incidence
of preeclampsia and macrosomia, together with worsen-
ing of preexisting maternal retinal and renal compromise.

Diabetic Complications and Pregnancy

The potential for development of retinal and renal compro-
mise is influenced by several factors, including genetic pre-
disposition, the duration of diabetes, and glycemic control.
Typically, type 1 manifests at puberty; therefore, because it
has typically been present 10 to 15 years by the time preg-
nancy ensues, microvascular complications are not uncom-
mon. Although macrovascular disease in women of
reproductive age is uncommon, women with diabetes are at
risk, especially those who smoke and are hypertensive.

Diabetic Retinopathy

The incidence of diabetic retinopathy is closely associated
with the duration of diabetes, as well as with the degree of

previous glycemic control. The actual mechanisms by
which glycemia adversely affects the retinal vasculature
are not well understood but are probably multifactorial.
An increasingly important role is being ascribed to vari-
ous local growth factors, such as vascular endothelial
growth factor and IGF-1. Of note, maternal concentra-
tions of both of these factors increase during pregnancy,
which may in part provide a pathophysiologic basis for
the worsening of diabetic retinopathy that is often
encountered during pregnancy.

As a general rule, background retinopathy rarely wors-
ens or progresses to proliferative retinopathy during preg-
nancy.75,76 In a cross-sectional study of 1358 women with
type 1 diabetes, retinopathy was less common in parous
women, even when the data were adjusted for glycemic 
control.77 Thus, there is no epidemiologic proof that preg-
nancy promotes persistent acceleration of early micro-
vascular complications. On the other hand, established
proliferative retinopathy may worsen during pregnancy. To
assess the influence of pregnancy on the progression of dia-
betic retinopathy, a prospective cohort of 155 women with
type 1 diabetes in the DIEP study76 (Fig. 2–7) was moni-
tored from the preconception period to 1 month post par-
tum. Of subjects with no proliferative retinopathy at
baseline, only 10% experienced progression. If minimal,
mild, or moderate-to-severe nonproliferative retinopathy
was seen at baseline, the risk of progression was 21%, 19%,
and 55%, respectively. Of patients with moderate to severe
nonproliferative retinopathy, 29% progressed to prolifera-
tive disease, whereas only 6% of those with mild retinopathy
did so. Predictors of progression were initial HbA1c levels
and the degree to which plasma glucose levels were lowered.
Rapid improvement in control is recognized to exacerbate

Figure 2–7. Progression rates of diabetic retinopathy during 
pregnancy, stratified by baseline retinopathy. More severe 
preconception retinopathy is associated with a greater chance of
progression during pregnancy. NPDR, nonproliferative diabetic
retinopathy; PDR, proliferative diabetic retinopathy. (From Chew E,
Mills JL, Metzger BE, et al: Metabolic control and progression of
retinopathy: The Diabetes in Early Pregnancy Study. Diabetes Care
1995;18:633.)



retinopathy; this finding provides further justification for
optimizing glycemic control before conception. Therefore,
patients with moderate to severe nonproliferative diabetic
retinopathy must be monitored closely, particularly if their
diabetes was suboptimally controlled during the precon-
ception period. Another study demonstrated that diabetic
women are at increased risk for retinopathy progression if
they develop hypertension during pregnancy.78 Pregnancy-
induced accentuation of retinal changes generally remits by
6 months post partum. In general, it appears that preg-
nancy does not alter the long-term course of diabetic
retinopathy.

Most authorities recommend that laser photocoagula-
tion therapy be provided before conception to women
with proliferative retinal changes. Preconception evalua-
tion by an ophthalmologist experienced in the manage-
ment of retinal diseases is recommended if diabetes has
been present for more than 5 years. During pregnancy,
follow-up evaluations should be performed periodically,
usually every trimester but more frequently if any changes
are observed or in patients at high risk.

Diabetic Nephropathy

Diabetic nephropathy affects 30% to 40% of people with
type 1 diabetes. Genetic susceptibility and glycemic con-
trol are contributing factors. Patients present initially
with an increase in the glomerular filtration rate and with
microalbuminuria and rising blood pressure levels 5 to
15 years after diagnosis; progression to overt proteinuria,
declining glomerular filtration rate, and accelerating
hypertension ultimately result in end-stage renal failure.
Microalbuminuria is unlikely to develop de novo during
pregnancy, but preconception microalbuminuria tends
to increase and is associated with an increased risk of
pregnancy-induced hypertension and preeclampsia.79

Early nephropathy does not appear to progress during
pregnancy, whereas women with more advanced renal
compromise may experience significant and progressive
deterioration in renal function as pregnancy progresses.

The hyperfiltration of pregnancy increases intra-
glomerular pressure. With the superimposed effect of
associated hypertensive disorders, further impairment of
renal function may result. Studies to date have included
small numbers of women with relatively short postpar-
tum follow-up, and results concerning the risk of acceler-
ated progression of nephropathy during and after
pregnancy have conflicted.80-82

Perinatal outcome is adversely affected by the develop-
ment of deteriorating renal function during pregnancy;
adverse effects include smallness for gestational age, pre-
maturity, stillbirth, and increased risk for maternal hyper-
tensive disorders.83

Neuropathy

By itself, diabetic neuropathy is not a contraindication to
pregnancy. However, women with debilitating, painful
dysesthesias who, as a result, require analgesic medication
may present an unquantifiable risk to their fetuses. In
addition, those affected by autonomic dysfunction, such
as orthostatic hypotension and delayed gastric emptying

(gastroparesis), may find pregnancy particularly difficult,
because both blood pressure and gastric emptying decline
in most normal pregnancies.

Macrovascular Disease

Pregnancy in women with diabetes and coronary artery
disease is extremely risky. Active and significant macrovas-
cular disease may pose a strong contraindication to preg-
nancy in the diabetic woman.84,85 For example, a woman
with ongoing cardiac ischemia necessarily runs the risk of
decompensation during pregnancy, in view of the super-
imposed demands placed on the heart.

It is prudent to make the patient aware of the serious
maternal risk and to recommend a permanent method of
sterilization. Myocardial infarction or ischemic cardiac
event are probably underreported; 20 cases of such events
before, during, or shortly after pregnancy were reported in
the literature between 1953 and 1998. Among cases of
infarction during pregnancy or in the puerperium, seven
mothers and seven infants died, whereas in the seven cases
in which the myocardial event occurred before pregnancy,
all of the mothers and infants survived. The better out-
comes reported since 1980 may reflect improved care or
reporting bias of unexpectedly successful outcomes
despite preexisting coronary artery disease. The increased
cardiac output during pregnancy and, in particular, the
immediate 60% to 80% increase in cardiac output that
occurs in the immediate postpartum period leaves the
woman at risk for pulmonary edema and further myocar-
dial damage. It appears that those diabetic women at risk
for or with evidence of coronary disease should undergo
exercise testing, preferably with nuclear myocardial perfu-
sion imaging, before conception. If significant coronary
insufficiency is documented, revascularization should be
contemplated before pregnancy is considered.86 However,
there exist several case reports of successful pregnancies in
women after recent revascularization procedures.

Management of Diabetes

The theme of modern glycemic management during the
diabetic pregnancy is to approximate the nondiabetic
state: that is, to maintain blood glucose levels as close to
normal as possible. Such care necessarily requires the
cooperative efforts of a clinical team that includes the
obstetrician, internist, diabetologist, diabetes educator,
and neonatologist.87,88 This intensive approach necessar-
ily involves an extraordinary commitment on the part of
both the patient and the health care team, but the poten-
tial benefits to both the mother and the infant are
immeasurable. For the patient, effective self-management
includes careful attention to dietary intake, regular phys-
ical exercise, and frequent monitoring of capillary glucose
levels with a home monitor whose accuracy has been
demonstrated. Most patients taking insulin require mul-
tiple injections per day. The clinical team managing the
pregnancy must be responsible for providing patient edu-
cation, guidance, and counseling. Frequent follow-up,
ideally in a specialized multidisciplinary clinic to optimize
efficiency and enhance cross-disciplinary decision making,
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is recommended. Regular telephone contact further
enhances compliance and appropriate insulin adjust-
ments. Consultation with appropriate subspecialists, such
as an ophthalmologist, is arranged as indicated.

Preconception Counseling and Assessment

As described, it is now well recognized that glucose con-
trol before conception and during early gestation (first 
6 to 8 weeks) is the primary determinant of the risk for
various congenital anomalies and early fetal loss. The
degree of glycemic control during the second and third
trimesters of pregnancy is correlated with the degree of
fetal macrosomia, late fetal demise, and several neonatal
complications, as well as with maternal complications,
such as hypertensive disorders. It is therefore imperative
that all women with pregestational diabetes attain strict
glycemic control (if not already achieved during the pre-
conception phase) as soon as possible upon the discovery
of pregnancy. A brief hospitalization to speedily deter-
mine the most effective regimen is sometimes desirable.

Ideally, prepregnancy management should be initiated
3 to 6 months before intended conception. The shorter
time is usually adequate for the women with diabetes of
brief duration and reasonable control. In this situation,
the goal is to obtain a glycosylated hemoglobin level in
the normal range. Typically, diabetes of long duration
becomes progressively more difficult to control because
patients are less able to perceive hypoglycemia. Allowing
6 months to try different insulin regimens, including, in
some cases, initiating use of an insulin pump, helps
ensure that conception occurs with the best glycemic con-
trol that is attainable. Under these circumstances, a glyco-
sylated hemoglobin level of 8% may be an acceptable
target; this has not been shown to be associated with a sig-
nificantly increased risk of congenital anomaly.26 This is
also the time to consider laser therapy for any women
with preproliferative retinopathy. When angiotensin-
converting enzyme inhibitors are being used to control
hypertension or protein excretion in the urine, they should
be continued until conception has occurred. Autoimmune
thyroid dysfunction is common and may be subtle. The
thyroid-stimulating hormone and thyroid peroxidase
autoantibodies should be checked in all women with type 1
diabetes.89 An association has been noted between high
levels of autoantibodies and higher glycosylated hemoglo-
bin levels in early pregnancy. Screening for asymptomatic
bacteriuria should be considered. Diabetic women with
recurrent urinary tract infections should undergo uro-
logic workup before conception.

Treatment options for women with diabetes during
pregnancy who require insulin therapy include a variety of
insulin combinations. The most common protocols utilize
mixtures of intermediate insulin, such as neutral prota-
mine Hagedorn (NPH) or Lente with short-acting insulin
(Regular Insulin). The time course of action for the cur-
rently available insulin types is described in Table 2–3. The
peak effect of NPH and Lente is 6 to 10 hours after injec-
tion, with a duration of action of 18 to 24 hours. Regular
Insulin peaks at 2 to 4 hours, and the duration of action is
6 to 8 hours. Ultralente generally has a modest peak, with
an effectiveness that lasts 24 to 36 hours. Insulin glargine

is a long-acting “peakless” insulin. Two rapid-acting analogs,
insulin lispro and insulin aspart (Novo Rapid) are avail-
able. Both have an alteration in the amino acid sequence in
the β chain of the insulin molecule. These new structures
inhibit the tendency of conventional Regular Insulin to
form hexamers, which delays its absorption. The onset of
action of both analogs occurs within 10 to 15 minutes, and
their action peaks within 1 to 2 hours. These analogs pro-
vide better postprandial control and diminish the ten-
dency for hypoglycemia before the next meal. Their
pharmacokinetic profile appears to make them ideal for
use during pregnancy, in view of the marked insulin resis-
tance that occurs and leads to significant postprandial
hyperglycemia; however, neither insulin lispro nor insulin
aspart90 is yet approved for use during pregnancy in North
America.

Continuous subcutaneous insulin infusion via an
insulin pump offers the type 1 diabetic patient the oppor-
tunity for the most intensive glycemic control. Insulin
pump therapy can be initiated during pregnancy without
transient disturbance in glycemic control.91

The computerized pump provides a continuous basal
rate of insulin, which may change according to the hour
of the day, meeting the basal metabolic demands of the
body. In addition, intermittent and variable boluses of
insulin are given before meals, to offset the anticipated
glycemic excursions that are expected to follow nutrient
ingestion. It should be realized that the actual modality of
insulin administration in the patient with type 1 diabetes
is, by itself, not critical. Of much more importance is the
degree of glycemic control achieved. Indeed, the regimen
must be individualized for each patient, and creative pro-
grams are sometimes necessary: for example, to accom-
modate shift work.

From the preconception phase onward, fasting 
blood glucose levels should be maintained between 90
and 105 mg/dL, with 2-hour postprandial readings less
than 140 mg/dL (Table 2–9). Constant glucose monitor-
ing systems that continually plot blood glucose levels over
a 72-hour period are useful in detecting nocturnal hypo-
glycemia or demonstrating a progressive overnight rise in
glucose levels (the dawn phenomenon). An insulin pump
with a programmable progressive increase in basal insulin
delivery through the night is the most effective way of
combating the dawn phenomenon.

Otherwise, a suboptimally controlled (i.e., high) blood
glucose level before breakfast is addressed by increases of
5% to 10% in the dose of the intermediate insulin injected
during the previous evening. If the glucose level after
breakfast (or that before lunch) is not controlled, a dose

Goal (mg/dL)

Preconception Second
Criterion and First Trimester Trimester

Preprandial glucose level 70-100 60-90
Postprandial glucose level <140 <120

at 2 hr

TABLE 2–9 Glycemic Goals for Intensive Management
of Diabetes during Pregnancy
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of short- or rapid-acting insulin is administered before
breakfast. Suboptimal control before supper can be cor-
rected by increases in the intermediate insulin dose
administered at breakfast, whereas hyperglycemia after
supper (or at bedtime) can be corrected by increases in the
dose of short- or rapid-acting insulin before supper.
Changes in insulin dosage should generally be made at no
more frequent intervals than every 3 to 4 days, so that
trends in glycemia and not isolated glucose aberrations are
addressed. Variations in caloric content, activity level, and
especially emotional stress may affect glucose readings
substantially. Therefore, appropriate dosage adjustments
must take these variables into account. To ensure proper
glycemic control, capillary blood glucose readings should
be checked four to six times per day throughout preg-
nancy in all pregestational diabetic patients, if insulin is
required. A pattern of blood glucose readings before
breakfast and 2 hours after meals with occasional moni-
toring of premeal and 3:00 A.M. values is useful in moni-
toring the impact of the changes in diet, exercise, and
insulin requirements that pregnancy involves. The
preprandial capillary blood glucose determinations are of
particular value if the dosage of the short- or rapid-acting
insulin is varied from one meal to another on the basis of
a “sliding scale.” Proactive insulin adjustments, based on
the expected level of activity before the next meal, allow
for flexibility in mealtimes and food choices in addition
to enhancing control. Patients may additionally modulate
their dose on the basis of their caloric intake (carbohy-
drate counting), as well as taking into account their anti-
cipated postprandial activity level. In most cases, an
adjustment of ±2 to ±4 U of the short- or rapid-acting
insulin is required. Postprandial glycemic excursions may
be particularly difficult to control in pregnancy; there-
fore, significant increases in short- or rapid-acting insulin,
beyond the usual proportions that are more in keeping
with successful regimens outside pregnancy, are often
required. Self-adjustment of insulin doses by the patient
is encouraged; alternatively, adjustments in the dose of
insulin can be made either in the physician’s office or
through frequent telephone contact.

As previously discussed, the hormonal milieu of preg-
nancy results in both impaired insulin action and enhanced
lipolysis. As a consequence, ketoacidosis may occur both
more frequently and at a lower plasma glucose concentra-
tion during pregnancy than in the nonpregnant state. All
efforts should be made to avoid this development, because
of possible deleterious fetal effects from maternal ketone
bodies, which have ready access to the fetal circulation.
Although the rates of ketoacidosis in pregnancy continue
to fall, it is nevertheless of grave consequence to the fetus,
with a fetal death rate of 10%.69 In one study, the neuro-
development in children of diabetic pregnancies appeared
to be correlated negatively with maternal β-hydroxybutyrate
levels in the third trimester.71 In general, if the blood glucose
level is high and ketones are present, the patient requires
more insulin. If ketones are present but the glucose level is
normal, the patient requires extra calories, particularly
before bedtime. The detection of small amounts of ketone
in an overnight urine sample, in association with a fasting
blood glucose level that is higher than usual, may indicate
undetected nocturnal hypoglycemia.

Formal nutritional evaluation should be encouraged in
any pregnant woman with diabetes. The diet should offer
30 to 35 kcal/kg, consisting of three meals and a bedtime
snack, comprising 50% to 60% carbohydrates and less
than 30% fat, with adequate amounts of dietary fiber.
Further carbohydrate restriction to 40% of total calories
may decrease postprandial glucose surges.

A total average weight gain of 25 to 30 pounds is
endorsed by the ADA’s committee on maternal nutrition.
A weight gain of 15 to 25 pounds is acceptable in over-
weight women. This can be achieved by limiting daily
intake to 20 to 25 kcal/kg.

A regular exercise program should also be considered,
because physical activity has been shown to improve
insulin sensitivity and glucose levels in both pregnant and
nonpregnant diabetic patients. Exercise during pregnancy
is both safe and desirable for those with diabetes.91a,92

Once conception has occurred, office visits should be
scheduled as often as necessary to maintain desirable con-
trol throughout the pregnancy, particularly during the last
trimester when insulin resistance increases and when most
of the insulin dosage adjustments are required. As an
index of recent glycemic control, HbA1c levels are measured
at least every trimester to corroborate the results of capil-
lary glucose monitoring. Some clinicians use fructosamine
concentrations, in lieu of HbA1c, the former representing
the degree of glycemic control over a shorter period of
2 to 3 weeks, as opposed to the 2 to 3 months reflected
by the HbA1c.93

Blood pressure and urinary albumin excretion should
be monitored closely, in view both of the increased fre-
quency of hypertensive disorders, including preeclampsia,
that accompany diabetic pregnancy, and of the possibility
of the deterioration in renal function linked to the dia-
betes itself. Routine laboratory assessment of renal func-
tion should also be performed, particularly in patients
with preexisting renal disease. A retinal evaluation should
occur every trimester in those without known eye disease
and every 1 to 2 months in those with established
retinopathy. If visual symptoms develop, an immediate
assessment is necessary.

Obstetric Management

First Trimester
Because of the increased risk of preterm delivery, accu-

rate dates must be established in diabetic pregnancies.
Ultrasound evaluation should therefore be performed
during the late first trimester, before macrosomia becomes
established, because macrosomia makes exact dating by
size more difficult. However, some investigators have
observed a slight growth delay early in diabetic pregnan-
cies, which makes it difficult to date properly by size
alone. The usual prenatal tests should also be provided, as
for nondiabetic women.

Second and Third Trimesters
As previously discussed, the adverse influence of mater-

nal hyperglycemia on the fetus changes from one of a poten-
tial teratogen to one of a potent stimulator of in utero
growth. Thus, high maternal glucose levels are associated
with macrosomia and its attendant obstetric complications.
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Maintaining strict blood glucose control helps attenuate
this excessive growth. Ideally, the FPG is maintained below
90 mg/dL, and postprandial blood glucose levels are main-
tained below 120 mg/dL (see Table 2–9); however, targets
have to be individualized especially in women subject to
hypoglycemia unawareness, by day or by night. When these
levels are achieved, HbA1c is usually maintained within the
normal range.

During this time, office visits should occur every 2 to 
3 weeks initially, then every 2 weeks, and eventually weekly
in the third trimester, depending on the degree of glycemic
control achieved, the presence of concomitant diseases,
and the woman’s experience with previous pregnancies.
This schedule not only facilitates proper glycemic control
but also allows for the detection of obstetric and medical
complications.

As in nondiabetic pregnancies, α-fetoprotein concen-
trations for the detection of neural tube defects should be
measured between the 16th and 21st weeks. Falsely low
values in diabetic subjects have been reported by some
investigators, especially if glycemic control is poor. Most
of the evidence, however, indicates that it remains a reli-
able test for most patients, especially when used in con-
junction with ultrasonography.

Induction of Fetal Lung Maturation
Betamethasone is routinely given to enhance fetal lung

maturation whenever premature delivery is likely. The sig-
nificant insulin resistance that is induced often results in
hyperglycemia that persists for up to 5 days after the second
of two daily injections. Ketoacidosis has been described.
Using an algorithm by which the usual insulin dose was
increased by 27% on the first day after betamethasone
administration, followed by 45%, 40%, 31%, and 11% on suc-
ceeding days, one group of investigators achieved near-
normal glycemia throughout the period of treatment.94

Using an insulin infusion facilitates glycemic management
in the presence of such rapidly changing insulin sensitivity.

Antepartum Fetal Surveillance
Antenatal fetal monitoring for signs of compromise in

the diabetic pregnancy is performed through various
methods, including fetal heart rate testing (nonstress test
or contraction stress test) and the biophysical profile
score. The preference of test varies from one center to
another, and tests are often used in conjunction. The use
of fetal vessel Doppler flow velocimetry has been pro-
moted by some centers but has not gained widespread
acceptance. Fetal assessments should be performed
biweekly, beginning some time between the 26th and 36th
gestational weeks, depending on the glycemic control
achieved by the mother, the progress of the pregnancy to
date, and the underlying risk category of the pregnancy.
During the late second trimester and throughout the
third trimester, hydramnios, macrosomia, and other fetal
abnormalities can be detected by periodic serial ultra-
sound examinations. Results of antepartum testing
should be interpreted cautiously, however, because the
test results may not always be concordant with the actual
condition of the pregnancy in the diabetic patient.

The nonstress test is the preferred method for assess-
ment of fetal well-being during diabetic pregnancies.

Generally initiated at 32 weeks in women without vascu-
lar compromise, testing is started earlier in the presence
of maternal hypertension or suspected fetal growth delay.
Twice-weekly nonstress tests should be considered if the
risk of fetal compromise is high because of macrosomia or
intrauterine growth restriction, because intrauterine
death has been described within 1 week of a reactive non-
stress test. The use of the fetal biophysical profile enables
evaluation of amniotic fluid in addition to four parame-
ters of fetal well-being. A score of 8 or more out of 10 is
predictive of a reassuring tracing during labor and of nor-
mal Apgar scores. In the type 1 diabetes, progressively ris-
ing insulin requirements may plateau, generally between
34 to 36 weeks. A muted rise in insulin requirements and
early plateauing may be seen in women with long-standing
diabetes or vascular compromise, heralding placental
insufficiency. A physiologic decline in insulin require-
ments in late pregnancy may occur in conjunction with
placental maturation; however, a rapid decline in insulin
requirement—20% or more over a 7-day period—mandates
increased fetal surveillance because it suggests placental
insufficiency.

The Timing and Route of Delivery
The timing of delivery in the diabetic pregnancy con-

tinues to be a controversial issue and is determined by
obstetric and medical considerations. The possibility of
fetal demise in a potentially hostile uterine environment
needs to be weighed against the risk of potential prema-
turity. Antepartum fetal lung maturation assessment and
placental function testing now allow for a more educated
determination of the appropriate delivery date. Fetuses
that appear most threatened according to such physio-
logic test results and most likely to survive ex utero can be
delivered by induction or cesarean section. In general,
women whose pregnancies have been complicated by poor
glycemic control or who have other high-risk characteris-
tics should be delivered once fetal lung maturation is
secured. However, if the pregnancy has been otherwise
uncomplicated with good glycemic control and normal
fetal growth, there is little inherent reason to alter the nat-
ural course of the pregnancy. In this situation, routine
vaginal delivery should be planned. If the fetal growth
curve suggests that prolonging gestation beyond 38 weeks
is likely to result in a macrosomic infant, induction of
labor at that time should be considered. Some authorities
still recommend elective induction between 36 and
38 weeks because of the increased potential for stillbirth
in late pregnancy.95 Whenever delivery before 38 weeks is
contemplated, a lecithin/sphingomyelin ratio of 2.0 or
more and the presence of phosphatidylglycerol are proof
of fetal lung maturity. Respiratory distress syndrome is
rarely seen in the infant of the diabetic mother in the pres-
ence of these values. Although vaginal delivery is the goal,
rates of cesarean sections in diabetic pregnancies remain
high because of a combination of concern about the asso-
ciation between macrosomia and shoulder dystocia, espe-
cially when the estimated fetal weight is 4500 g or higher.
Coexisting preeclampsia (the rate of which is increased in
multiparous as well as nulliparous type 1 diabetic preg-
nancies), the potential for fetal compromise that is evi-
dent when control is suboptimal, and the presence of



maternal vascular complications further contribute to the
twofold to threefold increase in cesarean section rates that
continue to be recorded. The cost-benefit ratio of elective
cesarean section for suspected macrosomia in diabetic
pregnancies is a matter of ongoing debate.96

Labor and Delivery
It is important to maintain maternal glucose levels

within the normal range to prevent stimulation of the fetal
pancreas during labor and to minimize the risk of fetal
hypoglycemia. Women with type 1 diabetes without
endogenous insulin require a constant supply of exogenous
insulin. A continuous insulin infusion is the best way to
maintain blood glucose levels within target: that is,
between 60 and 120 mg/dL. During insulin infusion, capil-
lary glucose monitoring should be performed every 1 to
2 hours and the insulin drip adjusted to maintain glucose
levels within target. If labor is prolonged, a 5% dextrose in
water solution should be infused together with the insulin.
Alternatively, if intravenous insulin is not used, Regular
Insulin or an analog can be administered every 3 to 6 hours
subcutaneously according to a sliding scale so as to main-
tain the desired blood glucose concentrations. This regi-
men usually results in greater lability in glycemic control.

Postpartum Care
The superimposed insulin resistance of pregnancy rap-

idly resolves after delivery, often with complete normal-
ization of the blood glucose levels in patients with type 2
diabetes. Patients with type 1 diabetes may experience a
“honeymoon” period during which no insulin is required
for hours, occasionally for a day or more. This is attrib-
uted to increased insulin sensitivity resulting from sup-
pression of pituitary GH. Capillary blood glucose levels
are measured every 4 hours, and insulin is initiated when
a level of 180 mg/dL is found. Because enhanced insulin
sensitivity may persist for several days and hypoglycemia
should be avoided, doses equivalent to or somewhat less
than prepregnancy requirements are appropriate. During
the puerperium, the combination of discomfort and the
initiation of breast feeding, together with the abrupt
alteration in the maternal hormonal milieu, results in
lability of blood glucose levels, necessitating more liberal
glycemic targets than usual. Because major or frequent
hypoglycemia is undesirable in a woman caring for a new-
born infant, temporary blood glucose goals may be set at
80 to 150 mg/dL.

Insulin should be discontinued at delivery in the
woman with type 2 diabetes. Blood glucose levels are then
monitored every 6 hours. If significant hyperglycemia
occurs, insulin is used in preference to oral agents during
lactation.

Breast-feeding is encouraged in all women but is gen-
erally associated with greater difficulty in maintaining
good glycemic control.97

The incidence of postpartum thyroiditis is increased in
women with type 1 diabetes; approximately 25% of such
women are affected, a threefold increase over that
observed in the nondiabetic population.98 Therefore,
women with type 1 diabetes should be vigilantly moni-
tored post partum for any sign or symptoms of either thy-
rotoxicosis or hypothyroidism.

Gestational Diabetes Mellitus

GDM continues to be one of the most controversial issues
in fetal maternal medicine. Because of changing and
sometimes conflicting recommendations for universal or
selective screening, disagreement also persists about the
appropriate diagnostic criteria for the glucose tolerance
test by which the diagnosis is made and, ultimately, by
uncertainty about the significance of modest elevation of
maternal glucose levels in pregnancy for the woman and
her offspring. Current recommendations concerning
diagnosis and management should be regarded as tenta-
tive pending the result of prospective studies that have
sufficient power to resolve these important issues.

Definition

Currently defined as carbohydrate intolerance of varying
severity with onset or first recognition during pregnancy,
GDM encompasses three different conditions: (1) “true”
gestational diabetes, which develops in the later half of
the pregnancy as a result of the altered hormonal milieu;
(2) previously unrecognized type 2 diabetes, which is dis-
covered as result of screening; and (3) the uncommon case
in which the first manifestation of type 1 diabetes occurs
when a woman is pregnant. The implications for the
woman and her children, both with regard to pregnancy
outcome and in the long term, are different in each situa-
tion and account for some of the continuing uncertain-
ties and conflicting findings that exist in the literature on
GDM. The incidence of type 2 diabetes masquerading as
GDM reflects the prevalence in the population being
studied; for example, in one study, 46% of women were
reclassified as having type 2 diabetes on postpartum glu-
cose tolerance testing.

Risk Factors (Table 2–10)

In a large survey of almost 15,000 pregnancies, of which
nearly 5% were complicated by GDM, multivariate analysis
showed an increased risk in mothers with older maternal
ages, those with a family history of diabetes, those who
smoked, those with increased body mass index (BMI)
(especially those who gained weight early in adulthood),
and those who were nonwhite.99 In a smaller survey of
more than 1100 women of whom 7% had GDM, increased
risk was encountered in women older than 30 years, those
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Age >30 years
Obesity
Insulin resistance
Polycystic ovary syndrome
History of pregnancy-related diabetes mellitus during previous

pregnancy
History of large-for-gestational-age infant during previous pregnancy
Family history of type 2 diabetes (first-degree relative)
Ethnicity (Native Americans; African Americans; Hispanic Americans,

and Asian Americans; Pacific Islanders)

TABLE 2–10 Risk Factors for Pregnancy-Related
Diabetes Mellitus
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with a family history of diabetes in a first-degree relative,
and those with a BMI greater than 30 kg/m2.100 However,
the incidence of GDM in women even without known
definable risk factors in this study remained considerable,
at almost 5%. As observed in type 2 diabetes, central fat dis-
tribution appears to serve as an independent risk factor for
GDM.101 The polycystic ovary syndrome is another risk
factor, which appears to be independent of BMI,102 partic-
ularly in those with pregestational hyperinsulinemia.103

A woman with a history of a pregnancy complicated by
GDM is likely to experience a recurrence during future
pregnancies. Recurrence rates of between 20% and 50% have
been reported and are doubled among women who require
insulin during the earlier pregnancy.104 During the second
pregnancy, a higher dosage of insulin is often required.
Women who develop GDM again during subsequent preg-
nancies have a higher BMI (especially if BMI is 35 kg/m2 or
greater), higher plasma glucose concentrations during
OGTT, and a higher incidence of neonates who are large for
gestational age during the index pregnancy. Early recurrent
GDM (i.e., that detected before 24 weeks) occurs in 5% of
women with prior GDM and often indicates previously
undetected type 2 diabetes.13 It is interesting that delivery
of a child with macrosomia (weighing >4000 g), despite no
abnormalities on OGTT, increases the risk of GDM in
future pregnancies threefold.

In addition to the risk of glucose intolerance in subse-
quent pregnancies, women with a history of GDM repre-
sent a group at high risk for the future development of
type 2 diabetes.105 Rates reflect the prevalence of type 2
diabetes in the population studied. The annual incidence
ranges from a low of 0.5% per year to a high of 7.5%.106

Up to 50% may develop diabetes 5 years after delivery.
Having delivered a macrosomic child increases the risk of
future diabetes sixfold, despite no abnormalities detectable
by OGTT. Therefore, all these individuals require contin-
uing surveillance of their carbohydrate metabolism after
delivery.

Many authorities believe that GDM and type 2 diabetes
mellitus are usually nothing more than different stages of
the same general disease process. The evidence for this is
based on similar epidemiologic characteristics, similar
comorbid features, and a shared pathogenesis.13

Pathogenesis

Like type 2 diabetes, GDM is marked by a variable combi-
nation of decreased insulin action resulting from periph-
eral insulin resistance and relatively decreased insulin
secretion. The severity of the hyperglycemia correlates
with the degree of these impairments. It is therefore logi-
cal to consider GDM as a prodrome of type 2 diabetes that
is unmasked by pregnancy. As in type 2 diabetes, the
underlying insulin resistance, although not initially clini-
cally apparent, may have been present for years. Initially,
this is compensated for by increased pancreatic insulin
production, which results in normal glucose uptake by
peripheral tissues and suppression of hepatic glucose out-
put. With the superimposed insulin resistance of preg-
nancy (especially during the second half), further
augmentation of insulin production may not be possible
or adequate. The result is decreased peripheral glucose

uptake, increased hepatic glucose output, and, as a result,
increased circulating plasma glucose concentrations. As
in type 2 diabetes, this is first apparent postprandially and
subsequently appears in the fasting state.

Diagnosis

Oral Glucose Tolerance Test
The American College of Obstetrics and Gynecology

recommends universal screening; that is, all pregnant
women should be screened for GDM between the 24th
and 28th weeks. The ADA recommends selective screen-
ing, thus avoiding the need to screen gravidas at low risk.
To be considered at low risk, a woman must be younger
than 25 years, be of normal body weight, have no family
history of diabetes, and not be a member of an ethnic or
racial group with a high prevalence of diabetes. The U.S.
Preventive Services Task Force107 concluded that the evi-
dence is insufficient to recommend or warn against rou-
tine screening for gestational diabetes and that better
quality evidence is needed to determine whether the ben-
efits of screening for GDM outweigh the harm. Until such
evidence is available, clinicians may reasonably choose
either not to screen at all or to screen only women at
increased risk for GDM. The Task Force found insuffi-
cient evidence that screening for GDM substantially
reduces important adverse health outcomes for mothers
or their infants (for example, cesarean delivery, birth
injury, or neonatal morbidity or mortality). Screening
produces frequent false-positive results, and the diagnosis
of GDM may be associated with other adverse outcomes,
such as negatively affecting a women’s perception of her
health, but data are limited. In 2002 the Canadian Society
of Obstetricians and Gynecologists revised their guide-
lines for screening and concluded that a single approach
to testing for GDM cannot be recommended at the pres-
ent because there is not enough evidence-based data prov-
ing the beneficial effect of a large-scale screening
program. Until a large perspective randomized control
trial shows a clear clinical benefit for screening and con-
sequently treating GDM, recommendations will necessar-
ily be based on consensus or expert opinion. Currently,
the clinician therefore has the options of universal or
selective screening; the option of not screening for GDM
is also considered acceptable.108

Early screening in pregnancy is, however, recom-
mended for any woman with underlying risk factors for
type 2 diabetes, including those with previously known
impaired glucose tolerance, with obesity, with hyperten-
sion or hyperlipidemia, or with the polycystic ovary syn-
drome; those who are members of at-risk ethnic groups
(women of African, Hispanic, Asian and Aboriginal ori-
gin); and those with a family history of type 2 diabetes.

In the United States, most centers currently use the
diagnostic recommendations and criteria of the National
Diabetes Data Group (NDDG) (Table 2–11). This consists
of a two-step process, initially a screen consisting of a 50-g
oral glucose challenge (the glucose challenge test), which
can be performed at any time during the day without
regard to meal ingestion. Patients with a 1-hour plasma
glucose value of 140 mg/dL or higher should be further
evaluated with the more formal and rigorous 3-hour
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OGTT unless the screen value is higher than 180 mg/dL,
which is predictive of an abnormal result. For the OGTT,
the patient should fast at least 8 hours but no more than
14 hours. In addition, her diet during the 3 previous days
should have unrestricted carbohydrate intake. The patient
is administered 100 g of glucose orally, with venous blood
sampled at baseline and hourly for 3 hours while continu-
ing the fast. The woman should remain seated and refrain
from smoking. The diagnosis of GDM is made when two
values or more surpass the following four thresholds for
plasma glucose concentrations: 105 mg/dL (5.8 mmol/L)
for fasting; 190 mg/dL (10.6 mmol/L) at 1 hour; 165 mg/dL
(9.2 mmol/L) at 2 hours; and 145 mg/dL (8.1 mmol/L)
at 3 hours. These thresholds are based on the O’Sullivan
criteria but are extrapolated to plasma determinations
from the original whole blood readings. At some centers,
the more stringent criteria of Carpenter and Coustan
(see Table 2–11) are used: ≥95 mg/dL (5.3 mmol/L) for
fasting; ≥180 mg/dL (10 mmol/L) at 1 hour; ≥155 mg/dL
(8.6 mmol/L) at 2 hours; and ≥140 mg/dL (7.8 mmol/L) at
3 hours. These values were adapted from the NDDG, on
the basis of a more recent plasma glucose reagent method-
ology, and are recommended by the ADA. The NDDG 
criteria have continued to be accepted by the Second
through Fourth International Workshop Conferences on
Gestational Diabetes Mellitus between 1985 and 1998.

Women with one abnormal value in the 3-hour OGTT
should undergo repeat testing. The incidence of neonatal
macrosomia in infants of women with such “borderline”
results has been reported to be as high as 20%.109 In addi-
tion, one group has shown a decreased gestational mor-
bidity rate if glucose-“intolerant” women (as defined by a
positive result of a 50-g glucose challenge test but a nega-
tive result of a 100-g glucose tolerance test) are placed on
an aggressive nutritional protocol. The incidence of
macrosomia in this group decreased from 18% to 7%, and
the cesarean section rate dropped from 30% to 20%.110

There is no distinct relationship between the absolute
plasma glucose values during the oral glucose challenge
or OGTT and the risk of macrosomia in women with
either glucose intolerance of pregnancy or frank gesta-
tional diabetes. In women with GDM, however, average
fasting and postprandial glucose concentrations are

higher in those with macrosomic newborns than in those
with nonmacrosomic newborns.111

The World Health Organization (WHO) supports the 
2-hour 75-gram OGTT for detecting GDM (see Table 2–11).
The criteria are the same as those for assessing glucose tol-
erance in nonpregnant adults, with the important modifi-
cation that impaired glucose tolerance (2-hour plasma
glucose level >7.8 mmol/L [140 mg/dL]) be treated in preg-
nancy as diabetes. In one comparison of the NDDG and
WHO diagnostic methods, the prevalence of GDM in the
same 709 women proved significantly different. GDM was
diagnosed in only 1.4% of women by the NDDG criteria
but in 15.7% through WHO parameters. In all the women
with abnormal NDDG tests, GDM was additionally
detected with the WHO 75-g OGTT. Notably, of the 14
women with macrosomic infants, six had abnormal WHO
test results, although only three received abnormal diag-
noses by NDDG criteria. These findings suggest that the
WHO criteria are better at predicting gestational morbid-
ity than the more cumbersome schema of the NDDG.112

The Fourth International Workshop-Conference on GDM
modified its prior recommendation, aligning them with
the recommendations of Carpenter and Coustan (see
Table 2–11).

Obviously, there is considerable controversy regarding
whether to screen women for GDM and, if so, the most
appropriate way. As in all tests that serve to screen for or
diagnose disease, enhanced sensitivity usually results in
lowered specificity. It is clear that random glucose meas-
urements have both poor sensitivity and specificity, ren-
dering them inadequate for assessing abnormal glucose
tolerance in pregnancy.113 Some authorities have argued,
however, that a fasting blood glucose determination may
be a more effective and efficient screen than the glucose
challenge, because in some series only 15% of women with
positive challenges are found to be truly diabetic on the
basis of the 3-hour test.114 Others have encouraged the
utilization of generally higher glycemic criteria. For
instance, no effects on neonatal morbidity, mortality, or
birth trauma were observed in a study that relaxed the
WHO criteria of diagnosing GDM, using a 2-hour plasma
glucose level of 9 mmol/L (162 mg/dL) instead of the
usual 7.8 mmol/L (140 mg/dL). Women in whom GDM

Criteria

National Diabetes Data Group Carpenter and Coustan (100 g) World Health Organization
Time (100 g) (≥2 Abnormal Results) (≥2 Abnormal Results) (75 g) (>1 Abnormal Result)

0-hour fasting ≥105 mg/dL (5.8 mmol/L) ≥95 mg/dL (5.3 mmol/L) ≥140 mg/dL (7.8 mmol/L)†

1-hour fasting ≥190 mg/dL (10.6 mmol/L) ≥180 mg/dL (10.0 mmol/L) —
2-hour fasting ≥165 mg/dL (9.2 mmol/L) ≥155 mg/dL (8.6 mmol/L) ≥200 mg/dL (7.8 mmol/L)
3-hour fasting ≥145 mg/dL (8.1 mmol/L) ≥140 mg/dL (7.8 mmol/L) —

Data from the National Diabetes Data Group: Classification and diagnosis of diabetes mellitus and other categories of glucose intolerance. Diabetes 1979;18:1039;
Carpenter MW, Coustan DR: Criteria screening tests for gestational diabetes. Am J Obstet Gynecol 1982;144:768; and World Health Organization: Diabetes mellitus:
Report of a WHO Study Group [Tech. Rep. Ser. No. 727]. Geneva, World Health Organization, 1985.
*All results based on venous plasma determinations.
†If fasting result is <140 mg/dL and the 2-hour result is 140-199 mg/dL, the diagnosis is “impaired glucose tolerance,” and, during pregnancy, the patient should be
treated in the same aggressive manner as if she had frank “diabetes.”

TABLE 2–11 Criteria for an Abnormal Result of an Oral Glucose Tolerance Test for the Diagnosis of Gestational
Diabetes Mellitus*
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would have been diagnosed according to standard criteria
gave birth to children who were heavier than average.115

Some authorities advocate using different thresholds for
various ethnic groups, on the basis of the variable reliabil-
ity of the screening criteria in individual populations. For
instance, in one study, 27% of white patients failed the
50-g glucose challenge, whereas the corresponding failure
rates in black, Asian, and Filipino patients were 18%, 41%,
and 31%, respectively. When the women with “glucose
challenge failures” in these groups were subjected to the
formal 3-hour OGTT, the GDM rates were 17%, 43%, 12%,
and 12%, respectively. It therefore appears that the predic-
tive value of the glucose challenge varies substantially by
ethnicity.116

Other Tests
Because the renal glucose threshold decreases during

normal gestation, glycosuria is common during preg-
nancy. Therefore, there is no role for urine glucose screen-
ing to diagnose diabetes during pregnancy. HbA1c is a
poorly sensitive test for diagnosing GDM, in part because
of the length of time necessary to increase the percentage
of glycosylation of the hemoglobin molecule. In addition,
because this test represents an average ambient glucose
concentration, the initial postprandial glucose elevations
that occur may not result in a significant HbA1c increase
over the normal range. For these reasons, HbA1c cannot be
used as a screening tool for GDM.

Complications
A few studies have found an increased risk for fetal

malformations in pregnancies complicated by GDM.117

Because organogenesis is complete by 7 weeks of gesta-
tion, it is surmised that pregestational diabetes existed
but was detected only during pregnancy.

Macrosomia is the main adverse outcome in GDM.
The incidence of fetal macrosomia, defined as a birth
weight of more than 4000 g, varies from 10% to 20%, and
that of fetuses large for gestational age (>90th percentile)
is 15% to 35%.118 Postprandial hypoglycemia seems to be
most predictive of the development of fetal macroso-
mia.119 The risk of shoulder dystocia rises with the weight
of the infant and may approach 50% in infants who weigh
4500 grams or more in GDM, a twofold to threefold
increase.120

For this reason, elective cesarean section may be con-
sidered when the estimated fetal weight exceeds 4 to
41/2 kg in these infants; however, prenatal estimation of
weight in infants large for gestational age is of limited
accuracy, and the cost-benefit ratio of elective induction
or routine cesarean delivery for suspected macrosomia is
a matter of debate.96

A pilot study has raised important questions about the
value of diagnosing and treating GDM. No difference in
birth weight, rates of macrosomia, operative delivery, or
neonatal metabolic disorders was found in a study of 300
women with gestational diabetes randomly assigned to be
managed by strict glycemic control and tertiary level
obstetric care in comparison with women who underwent
twice-weekly blood glucose measurement and received
routine obstetric care.121 Wen and associates compared
fetal and maternal outcome in two regions of Ontario

that have contrasting policies on prenatal screening.
Prenatal glucose screening was discontinued in 1989 in
the metropolitan Hamilton area, whereas it was contin-
ued in most of the rest of the province. No difference was
found in any outcome measure, including macrosomia
and cesarean section rates, in the screened and the
unscreened populations.122

Some investigators have found an increased perinatal
mortality rate among the infants of mothers with GDM.
In one previous large survey of more than 116,000 preg-
nancies, GDM was associated with an increased risk of
perinatal death, with an adjusted odds ratio of 1.5. Infants
of women with GDM that was diagnosed only retrospec-
tively had an even higher rate of perinatal mortality (odds
of 2:3).123 No subsequent study has combined current
obstetric and medical practice with sufficient power to
detect any small increase in perinatal mortality rate that
might occur.

Although the infants of mothers with any form of
diabetes during pregnancy have been shown to be at
increased future risk for the development of obesity and
type 2 diabetes, at this time manipulation of the
intrauterine metabolic milieu has not been shown to be
preventative. Conversely, aggressive control of maternal
hyperglycemia has been shown to increase the risk of
intrauterine growth restriction, which is now recognized
as a risk factor for cardiovascular disease in adult life.124

Risk of Hypertensive Disorder
Whether the risk of preeclampsia is increased in

women with GDM is debatable. Data supporting both
viewpoints exist, mostly from retrospective or case-con-
trol studies. Most studies have found that women with
GDM who develop pregnancy-related hypertension tend
to be older and heavier and to exhibit more marked
insulin resistance and hyperinsulinemia.

Diabetic Management

Traditional management was with dietary restriction and
exercise with the addition of insulin in women with blood
glucose levels that exceeded target levels. The effects of
primary dietary therapy in women with gestational dia-
betes on fetal growth and neonatal outcomes were evalu-
ated by the Cochrane Library in 2001.125 Four studies
involving 612 women were included. The trials were small
and of variable quality. No differences were detected
between primary dietary therapy and no primary dietary
therapy for birth weights exceeding 4000 g (odds ratio,
0.78; 95% confidence interval, 0.4521 to 1.35) or cesarean
deliveries (odds ratio, 0.97; 95% confidence interval, 0.6521
to 1.44). It was concluded that there was not enough evi-
dence to evaluate the use of primary dietary therapy for
women who showed impaired glucose metabolism during
pregnancy. Traditionally, however, a diet consisting of
30 to 32 kcal/kg/day is recommended for nonobese women
with GDM. In obese women, further restriction may be
warranted, as low as 25 kcal/kg per day.126 The effective-
ness and safety of markedly hypocaloric diets are unproven
during pregnancy. The diet should be initially individual-
ized in consultation with a nutritionist familiar with the
unique requirements during pregnancy. In general, the



dietary program should consist of 50% to 60% of com-
plex carbohydrates, less than 30% fat, and adequate fiber
(25 g/1000 kcal). Further decreases in carbohydrate intake
may prevent postprandial hyperglycemia, and simple sug-
ars should generally be avoided. Daily caloric intake
should be divided as equally as possible among three meals
and one or two snacks. Specifically, inclusion of a bedtime
snack is important for preventing fasting ketosis. Regular
and graduated physical exercise is considered an impor-
tant component of any program and has generally been
shown to be safe and effective in women with GDM.
Treatment goals are to maintain preprandial glucose 
levels below 90 mg/dL and 2-hour postprandial levels
below 120 mg/dL.

Insulin Use in Gestational Diabetes Mellitus
The use of insulin in GDM continues to be one of the

most important but unresolved issues. To date, no large
randomized trial in unselected populations has ade-
quately addressed the level of maternal glycemia that war-
rants its use, the optimal insulin regimen that should be
employed or, most important, the target blood glucose
levels that will favorably affect fetal and maternal out-
comes. The impact of insulin use in GDM has been
addressed by the United States Preventive Services Task
Force.107 The Task Force found that although insulin
therapy does decrease the incidence of fetal macrosomia
in women with more severe degrees of hyperglycemia, the
magnitude of any effect on maternal and neonatal health
outcomes is not clear. The evidence is insufficient to
determine the magnitude of health benefit for any treat-
ment among the numerous women with GDM and
milder degrees of hyperglycemia.

Insulin therapy is recommended by some authorities
for patients who are unable to maintain the FPG at or
below 105 mg/dL or their 2-hour postprandial glucose
levels at or below 120 mg/dL. Others recommend using
the 1-hour postprandial glucose reading of less than
140 mg/dL as a threshold for the initiation of insulin
therapy.127 Unlike type 1 diabetes, type 2 diabetes can
often be managed with one or two daily injections alone,
sometimes consisting of solely intermediate-acting
insulin. Consistent glycemic targets are more commonly
achieved through the use of a mixture of insulins with
both short and intermediate durations of action, usually
NPH and Regular Insulin, administered before breakfast
and the evening meal. In other patients, however, more
aggressive regimens as previously described may be neces-
sary. Insulin requirements typically rise throughout the
third trimester, including the final 2 weeks, during which
time the dose required may increase more than 25%.

The use of oral hypoglycemic agents in pregnancy is
currently being reevaluated. In a pilot study127 in which
women with gestational diabetes were treated with gly-
buride, no adverse maternal or fetal outcomes were evi-
dent. In women with the polycystic ovary syndrome,
metformin therapy throughout pregnancy may protect
against the development of gestational diabetes128; in one
study, its use appeared to be safe.129

The woman with GDM should perform home glucose
monitoring, initially three or four times per day, both
before and after meals, in order to assess for the need for

insulin therapy. Those in whom GDM is managed with
diet alone and is stabilized may reduce their monitoring
to twice daily, being sure that at least some of these checks
are performed postprandially. Assessment of urine
ketones is also helpful. If insulin treatment is initiated,
the goal should be to normalize glucose concentrations;
however, despite maintaining this target, excess fetal
growth may nonetheless occur, inasmuch as many factors
other than glycemia determine fetal growth.

Maintenance of appropriate weight gain should be
monitored. Fearing the need for insulin, some women
may inadvisably restrict their caloric intake. The detection
of persistent overnight ketonuria should prompt a review
of carbohydrate and total energy intake.

Obstetric Management
There is no agreed-upon protocol for antepartum test-

ing in women with GDM. Most centers begin routine test-
ing on these patients in the early third trimester, especially
if glucose control has been suboptimal or if insulin is
required. A rational program consists of daily recording of
fetal movement counts beginning at week 36 and weekly
nonstress or biophysical profile testing beginning at weeks
32 to 36. Periodic ultrasonography is also useful for assess-
ing amniotic fluid volume and fetal growth.

Timing and Route of Delivery
In general, gestation can proceed to term, followed by

vaginal delivery; however, if macrosomia is suspected,
induction of labor at or after 38 weeks may be considered,
or elective cesarean section may be recommended if the
estimated fetal weight is 4500 g or more.

Labor and Delivery
At the time of delivery, medical management of the

insulin-requiring women with GDM is less complex than
for those with type 1 diabetes; however, maintenance of
normal maternal glucose levels continues to be necessary
to prevent fetal hyperinsulinism and minimize the risk of
neonatal hypoglycemia. Depending on the prelabor degree
of hyperglycemia and the total daily dose of insulin, the
woman with GDM who requires insulin during pregnancy
may require little to no insulin during labor, because of her
fasting status and high energy requirements at this time.
Capillary glucose determinations should be performed
every 2 hours during labor, and glucose levels should be
maintained between 60 and 120 mg/dL. Small doses of
short-acting insulin can be administered subcutaneously
when the glucose levels climb above this threshold, or,
preferably, an insulin infusion drip can be used, as dis-
cussed in the section on pregestational diabetes. It is
advisable in most cases to avoid intermediate-acting
insulin at this time. If labor begins shortly after the admin-
istration of intermediate insulin, capillary blood glucose
should be monitored closely and intravenous dextrose
solution should be provided.

A “labeling effect” induced by the diagnosis of GDM
was noted in the Toronto Tri-Hospital program.130 In this
large study, women with GDM who received “usual care”
had infants with macrosomia rates comparable with
those of infants of nondiabetics but were significantly
more likely to be delivered by cesarean section.
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Postpartum Care
After delivery, plasma glucose levels normalize in most

women. Capillary glucose determinations should initially
be performed two to four times per day. If persistent hyper-
glycemia is noted, undiagnosed pregestational diabetes
may have actually been present. In women whose blood
glucose levels normalize after delivery, a follow-up FPG
test should be performed 4 to 6 weeks postpartum. Some
authorities recommend that a 75-g OGTT be performed at
that time, with subsequent referral if abnormalities are
detected. Women with GDM have up to a 50% risk of
developing type 2 diabetes within 5 to 10 years of delivery.
Therefore, ongoing monitoring is indicated, and annual
fasting blood glucose determinations suffice for this. This
is an ideal opportunity for ongoing nutritional assess-
ment, and counseling is geared at weight maintenance, the
judicious use of exercise, and other lifestyle modifications.
In addition, appropriate family planning should be con-
sidered, including provision of contraception.
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Hypertension is one of the most common medical
complications of pregnancy and affects both maternal

and fetal health, sometimes with life-threatening conse-
quences. Hypertensive disorders are important causes of
premature delivery, intrauterine growth restriction, and
intrauterine fetal death. Maternal complications include
those attributable to excessive increases in blood pressure,
such as stroke, acute cardiac decompensation, and acute
renal failure. Hypertensive disorders in pregnancy remain
one of the leading causes of maternal death worldwide,
accounting for 10% to 20% of maternal deaths worldwide.1,2

A large epidemiologic survey of hospital discharges
reported that the rate of maternal mortality from hyper-
tensive disorders in pregnancy is 1.4 per 100,000 deliveries.3

Because ensuring the well-being of the mother does
not always ensure the most favorable fetal outcome, clini-
cal management is challenging, and decisions regarding
the timing of delivery have profound lifelong effects on
both the mother and the child. Although many, if not most,
patients with hypertensive disorders in pregnancy are
managed by obstetricians and specialists in perinatology,
the internist is often involved, particularly when hyper-
tension is severe and necessitates multidrug therapy or
when additional medical disorders, such as renal disease
or preexisting hypertensive conditions, are present.
A thorough understanding of the diagnostic categories,
clinical manifestations, pathophysiology, and treatment
of hypertension helps maximize the chances of favorable
outcome for both the mother and the fetus. A compre-
hensive review of these issues is presented in this chapter.

PHYSIOLOGIC ADAPTATIONS IN
NORMAL PREGNANCY

Some of the important physiologic changes in pregnancy
that are relevant to cardiovascular and renal function are
reviewed, to provide a foundation for the discussion of
hypertensive disorders.

Cardiac and Hemodynamic Alterations

Normal pregnancy is characterized by generalized vasodi-
lation so marked that, despite increases in cardiac output
and plasma volume in the range of 40%, mean arterial
pressure decreases approximately 10 mm Hg.4,5 The decre-
ment in blood pressure is apparent in the first trimester,
reaching a nadir by midpregnancy.4 Blood pressure then
increases gradually, approaching prepregnancy values
at term, but may transiently increase to values slightly
above the individual’s nonpregnant level during the puer-
perium. Women with preexisting or chronic hypertension
also manifest such decrements, which may be as great as
15 to 20 mm Hg.6

The control of blood pressure in normal pregnancy,
including the influence of pressor systems (autonomic
nerves and catecholamines, renin-angiotensin, vasopressin),
baroreceptor function, endothelial cell function, and
volume-mediated changes, has been evaluated only sporadi-
cally. Furthermore, results of animal studies are frequently
contradictory, in part because of differences among species.
Thus, there is a critical need to explain normal vascular
physiology in pregnancy if the additional alterations in
blood pressure regulation in hypertensive women are to
be understood.

The primary features of blood pressure regulation dur-
ing pregnancy are vasodilation and lower blood pressure,
both of which have been documented to occur in women
by as early as 6 weeks into the pregnancy.7 There is evidence,
mainly from animal models, that basal and stimulated
nitric oxide increases in pregnancy and may account for
these effects.8 The basis for the increased nitric oxide is not
known; however, steroid hormones, including estrogen
and progesterone, may play a role.9 Other potential medi-
ators of vasodilation include prostacyclin10; relaxin,11 a
protein secreted by the corpus luteum during pregnancy;
calcitonin gene–related peptide,12 a vasoactive peptide
produced by neural tissue; vascular endothelial growth
factor (VEGF)13; angiotensin1-7,14; and adrenomedullin,15
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a potent vasodilatory peptide with plasma levels that
increase during pregnancy.

Data are conflicting as to whether the autonomic
nervous system is more active in the control of blood pres-
sure during pregnancy. Different investigators have used
different protocols and measurements to ascertain auto-
nomic function, which is one reason for disparate results.
A summary of noninvasive tests of autonomic cardiovas-
cular function in pregnancy concluded that there appears
to be decreased baroreceptor sensitivity in normal preg-
nant women, in comparison with nonpregnant women.16

Pregnancy is also associated with diminished bradycardic
response to orthostatic stress, increased tachycardia ratio
in response to the Valsalva maneuver, and less change in
systolic blood pressure in response to cold exposure.17,18

Investigators have utilized the microneurographic tech-
nique to measure muscle sympathetic nerve activity and
have reported increased activity in normal pregnancy,
particularly in late pregnancy.19 The impact of these alter-
ations on blood pressure regulation during pregnancy is
not clear.

The renin-angiotensin system is markedly stimulated
during normal pregnancy.5 Normotensive gravidas demon-
strate an exaggerated hypotensive response to angiotensin-
converting enzyme inhibition, in comparison with
nonpregnant women, which suggests that this system is
stimulated to help maintain normal blood pressure.20

Primary vasodilation and lower blood pressure would
be expected to be accompanied by increased cardiac output
and increased blood volume, both of which are features of
normal pregnancy. Although varying results with regard
to the extent and timing of these changes have been
reported, one review suggested that the increase in cardiac
output occurs early in the first trimester, with a further
rise in the second trimester, followed by variable changes
in the third trimester that are dependent on individual
patient variables.21 Chapman and colleagues performed
elegant longitudinal studies of renal and hemodynamic
parameters in normal pregnant women and demon-
strated that plasma and blood volume increased signifi-
cantly from the nonpregnant state at 6 weeks, reaching
maximal levels at week 36 of pregnancy.7

Renal Changes

Profound alterations in renal hemodynamics, including
increases in glomerular filtration rate and renal blood
flow of approximately 50%, occur in normal pregnancy.22

Micropuncture studies of single-nephron glomerular fil-
tration rate in pregnant rats indicate that the increase in
glomerular filtration rate is caused by increased glomeru-
lar plasma flow, which, in turn, is a result of renal vaso-
dilatation.23 Experimental evidence supports a role of
nitric oxide and other vasodilators, including relaxin
(mentioned previously), in mediating the renal vasodil-
ation in normal pregnancy.11,24,25 In addition to the alter-
ations in renal hemodynamics, many other renal
adaptations to pregnancy have been reported, including
increased uric acid clearance, alterations in plasma osmo-
lality, increased urinary excretion of calcium, and
increased glucosuria and aminoaciduria.26

Endocrine Changes

The endocrine adaptations to pregnancy are the most
dramatic physiologic adjustments that occur. The fetus,
the placenta, and the maternal ovary and adrenal gland
participate in the production of large amounts of estradiol-
17β, estriol, progesterone, aldosterone, deoxycortico-
sterone, human placental lactogen, and human chorionic
gonadotropin, as well as other pregnancy-specific peptide
hormones and prostaglandins. Although considerable
progress has been made in the understanding of the syn-
thesis and metabolism of these substances, less is known
regarding the precise ways in which these hormones
maintain a normal pregnancy. Both estrogen and proges-
terone have vascular, renal, and hemodynamic effects;
therefore, it is quite likely that these hormones interact
with other regulatory systems in the control of blood
pressure during pregnancy.27-29 For example, elevated levels
of estrogens during pregnancy are, in part, responsible for
the elevations in renin substrate. Progesterone is natri-
uretic and appears to inhibit the renal tubular effect of
aldosterone. There is also evidence that sex hormones
modulate vascular responses in pregnancy by altering
production of local vasodilators such as nitric oxide and
calcitonin gene–related peptide.9,12

CLASSIFICATION OF HYPERTENSIVE
DISORDERS IN PREGNANCY

Accurate diagnosis of hypertension in pregnancy is of
utmost importance, because preeclampsia is associated
with adverse maternal and fetal outcome if not recognized
early. Critical interventions, such as decisions regarding
the timing of delivery, are often based on clinical impres-
sions of the disease responsible for the hypertension; thus,
appropriate diagnosis may have significant implications
for the future health of the fetus.

Many classification schemes of the hypertensive disorders
in pregnancy have been used; this has resulted in confu-
sion for both clinician and investigator. The classification
scheme that has been in widespread use in the United
States, and has proved to be clinically useful, is the 1972
recommendation of the Committee on Terminology of
the American College of Obstetricians and Gynecologists
(Table 3–1).30 This classification scheme has also been
endorsed by the National High Blood Pressure Education
Program.31 Four categories of hypertension in pregnancy
are recognized: (1)  preeclampsia-eclampsia, a syndrome
occurring only in pregnancy and the puerperium and
defined by the new onset of hypertension (systolic blood
pressure of >140 mm Hg or diastolic blood pressure of
>90 mm Hg) accompanied by new onset proteinuria,
defined as 300 mg or more per 24 hours (eclampsia is the
convulsive form); (2) chronic hypertension, which is hyper-
tension that preceded pregnancy and is due to essential or
secondary hypertension; (3) chronic hypertension with
superimposed preeclampsia; (4) and gestational hyper-
tension, which is high blood pressure appearing first after
midpregnancy, and is distinguished from preeclampsia by
the absence of proteinuria. This category is broad, and
includes women who later develop diagnostic criteria for
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Disorder Description

Preeclampsia-eclampsia Multisystem disorder that usually manifests in the latter half of first pregnancy, characterized by
hypertension, proteinuria, thrombocytopenia, mild renal dysfunction, and, on occasion, abnormal results 
of liver function tests

Chronic hypertension Hypertension that precedes pregnancy and that may represent essential hypertension or any form of
secondary hypertension (e.g., renal disease, renovascular hypertension, pheochromocytoma,
hyperaldosteronism)

Chronic hypertension with The development of worsening hypertension, new-onset proteinuria, hyperuricemia, or thrombocytopenia
superimposed preeclampsia in the latter half of pregnancy in a woman with chronic hypertension

Gestational hypertension Hypertension detected after midpregnancy; no proteinuria
If blood pressure returns to normal by 12 weeks after delivery, then diagnosis is transient hypertension
If hypertension persists, then diagnosis is chronic hypertension

Modified from Report of the National High Blood Pressure Education Working Group on Hypertension in Pregnancy. Am J Obstet Gynecol 2000;183:S1-S22.

TABLE 3–1 Classification of Hypertension in Pregnancy

preeclampsia, as well as women with chronic hyper-
tension in whom blood pressure decreased in early preg-
nancy, masking the true diagnosis. Gestational hypertension
which resolves postpartum, and which was not in retrospect
preeclampsia, is more likely to occur in women who develop
essential hypertension later in life.

In clinical practice, overdiagnosis of preeclampsia may
result in closer surveillance and possibly better outcomes.
Underdiagnosis poses maternal as well as fetal risks. Thus,
it may be prudent to consider a woman with gestational
hypertension to be at risk for preeclampsia. It is also worth
emphasizing that even when rigorous clinical diagnostic
criteria are applied, there is a fairly high rate of error.
Correlations between clinical diagnosis and renal histo-
logic features have demonstrated that as many as 
20% of primigravid women with a clinical diagnosis of
preeclampsia have underlying renal disease or hyper-
tensive nephrosclerosis.32

PREECLAMPSIA-ECLAMPSIA

This disorder is unique to pregnancy and is a clinical
syndrome that affects both the mother and the fetus.
Alterations in the placental circulation leading to reduced
placental perfusion are an important aspect of the patho-
physiologic mechanisms of the preeclamptic syndrome
(see later discussion). These alterations in placental circu-
lation probably occur early in the second trimester, whereas
the maternal manifestations of the disease are not apparent
until much later in pregnancy, most often near term. The
most common and well-known maternal clinical features
are hypertension, proteinuria, and edema. Other manifes-
tations include coagulation disorders, particularly throm-
bocytopenia, and liver dysfunction.

Epidemiology

Preeclampsia is more common in nulliparous women, the
incidence in such women ranging from 2% to 10% in dif-
ferent populations.33–36 Risk factors in addition to nulli-
parity include positive family history; multiple gestations;
presence of underlying chronic hypertension, renal disease,

or diabetes; obesity; hydatidiform mole; extremes of repro-
ductive age; and second- or early third-trimester preeclamp-
sia in a previous pregnancy (Table 3–2). Three of the four
major features of the metabolic syndrome (insulin
resistance/glucose intolerance, obesity, hypertension) are
risk factors for preeclampsia.37,38 Dyslipidemia (low levels
of high-density lipoproteins, hypertriglyceridemia, hyper-
cholesterolemia) has been reported to increase the risk for
preeclampsia in some but not all studies.38 Although
preeclampsia is usually a disease of first pregnancy, the risk
of recurrence is higher in the second pregnancy of affected
women than in women who have had a normal first preg-
nancy. Careful follow-up studies performed before 1960
in Scotland reported a risk of recurrent preeclampsia of
3.4% in second pregnancies of women who had preeclamp-
sia with their first pregnancies.39 The risk of recurrent
hypertension without proteinuria was even higher,
approaching 25%. More recent investigations suggest that
if preeclampsia occurred early in the first pregnancy (in
the second trimester), then the risk of recurrence may be
as high as 60%.40 In one report of women who had the
HELLP (hemolysis, elevated liver enzymes, and low
platelet count) syndrome before 28 weeks’ pregnancy, the
recurrence rate of preeclampsia in subsequent pregnan-
cies was 55%.41 The recurrence rate of HELLP syndrome
was only 6%. Interestingly, if there is a change in paternity,
the risk of preeclampsia in multiparas is almost as high as
it is for the first pregnancy.42 Prior spontaneous or elective
abortion is protective against subsequent preeclampsia
only among women who conceive again with the same
partner.43

Nulliparity
Positive family history
Multiple gestations
Chronic hypertension
Renal disease
Diabetes
Obesity
Hydatidiform mole
Extremes of reproductive age
History of early (second trimester) preeclampsia in first pregnancy

TABLE 3–2 Risk Factors for Preeclampsia
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The incidence of eclampsia has declined since the 1920s
largely because of the greater availability of prenatal care.
According to data from the United States, the United
Kingdom, and New Zealand, the incidence of eclampsia is
between 0.5 and 0.8 per 1000 pregnancies.36

The long-term prognosis of women with preeclampsia
is a matter that has been debated over the years. Chesley
monitored 267 women who survived eclampsia in a first
pregnancy and reported that the prevalence of later hyper-
tension was not different from that in age- and race-
matched controls.44 There was, however, a significant
increase in the prevalence of chronic hypertension among
women who had eclampsia as multiparas, and, interest-
ingly, women who never had preeclampsia or eclampsia
had lower rates of later hypertension than did the general
population. There have been few, if any, subsequent
longitudinal studies of women who had preeclampsia in
pregnancy; however, it has been observed that some women
with preeclampsia have certain risk factors that are asso-
ciated with cardiovascular disease, such as hyperlipidemia,
obesity, and glucose intolerance.38 This raises the question
of whether women who had preeclampsia in pregnancy
are at increased risk for coronary or other cardiac disease
as they get older. One case-control study of women with
prior preeclampsia evaluated hormonal profiles approxi-
mately 17 years after delivery. In comparison with controls,
women with prior preeclampsia had elevated serum testos-
terone levels, which the authors speculated might be associ-
ated with increased vascular morbidity.45 A retrospective
cohort study of more than 3000 women from Aberdeen,
Scotland, reported that women with hypertensive diseases
in pregnancy are at greater risk for hypertension and
stroke, and less so for ischemic heart disease, later in life.46

This study did not report the parity of the cases of hyper-
tension in pregnancy. In summary, preeclamptic pregnancy
is more clearly associated with later hypertensive disease
than with other cardiovascular disease. Women with recur-
rent preeclampsia or hypertensive pregnancy appear to be
at greater risk, as do those who develop either condition as
multiparas. Because there is overlap between risk factors
for preeclampsia and those for cardiovascular disease, it is
not known whether preeclampsia that occurs solely in the
first pregnancy without recurrence is an independent risk
factor for cardiovascular disease.

Diagnosis

The classic features of preeclampsia are hypertension in
association with proteinuria. Previous definitions included
edema; however, this sign is nonspecific and may be present
in gravidas with normal blood pressure. The disease occurs
after 20 weeks, most often in nulliparas, and the diagnosis is
more easily made when women have well-documented nor-
motension in early pregnancy. The criterion for the diagno-
sis of hypertension is a blood pressure of 140/90 mm Hg or
higher after the 20th week of pregnancy. Previous criteria
considered increments in blood pressure (30 mm Hg for sys-
tolic pressure, 15 mm Hg for diastolic pressure) to be diag-
nostic of hypertension in pregnancy; however, consensus
groups have concluded that these criteria are also too non-
specific and may lead to classifying as many as 25% of

pregnant woman as hypertensive.31 Nevertheless, it should
be appreciated that many young women have mid-
pregnancy blood pressures as low as 90/60 mm Hg. Thus,
significant increases in blood pressure (from 90/60 to
120/80 mm Hg) should be monitored closely, although they
may not signify the development of preeclampsia. Failure to
appreciate that seemingly “normal levels” of blood pressure
can be abnormal is one reason why the diagnosis of
preeclampsia may be missed in its early stages.

Hypertension is but one of many manifestations of
preeclampsia, and focusing on this clinical feature alone
may lead to erroneous approaches to therapy that unduly
emphasize lowering the blood pressure. Other features of
preeclampsia include cerebral symptoms, such as
headache and visual disturbances; epigastric or right
upper quadrant pain with nausea or vomiting; thrombo-
cytopenia; and abnormal liver enzyme levels. Nevertheless,
blood pressure is measured at every antepartum visit.
Thus, it is not surprising that hypertension has been the
focus of many investigations regarding pathophysiologic
processes and therapy in preeclampsia. Also, most mater-
nal deaths attributed to preeclampsia occur in the setting
of uncontrolled hypertension and ensuing intracerebral
hemorrhage.

The hypertension associated with preeclampsia may be
widely variable from moment to moment,47 and two
observers measuring blood pressure successively may
obtain very different readings. Preeclampsia hypertension
is also characterized by alterations in the normal circadian
rhythm of blood pressure; therefore, in women with this
disease, blood pressure may not decrease during the
night. This has been demonstrated with ambulatory
blood pressure monitoring, and it has also been shown
that alterations in circadian blood pressure variability are
present as early as the first trimester in women who later
develop preeclampsia.48

Proteinuria is one of the classic laboratory features of
preeclampsia; although it frequently appears late in the
course, its presence greatly bolsters the diagnosis. The cri-
terion for abnormal urinary protein excretion in pregnancy
is 0.3 g or more in a 24-hour specimen, or greater than 1+ in
a random urine specimen. The amount of protein excreted
by preeclamptic patients might vary greatly, ranging from
barely abnormal to frankly nephrotic amounts.

Edema frequently accompanies normal pregnancy;
therefore, its presence alone is not useful in diagnosing
preeclampsia, and its absence does not eliminate the diag-
nosis. For example, sudden and rapid weight gain often
precedes overt manifestations of the disease. On the other
hand, severe disease can occur even in the absence of edema
(“dry” preeclampsia).

Laboratory tests are very helpful both in verifying and
establishing a diagnosis and in assessing the severity of
preeclampsia. For this reason, it is helpful to establish
baseline data in patients at high risk (e.g., chronic hyper-
tensive patients, diabetic patients, and women with multiple
pregnancies or strong family histories of preeclampsia).
The standard tests recommended for the evaluation of
preeclampsia are summarized in Table 3–3. A number of
other biochemical abnormalities occur in preeclampsia,
and some may be useful in predicting gravidas at risk.
Indeed, the importance of early prediction in managing
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this disorder underscores the continued “quest” to identify
laboratory abnormalities present before clinical manifes-
tations of the disease, and identification of such predictors
should also help clinicians understand the pathogenesis.
Some of the tests that have been investigated and found to
be potentially useful as predictors of preeclampsia are those
of urinary calcium excretion, urinary kallikrein excretion,
plasma fibronectin levels, antithrombin III levels, and
ambulatory blood pressure monitoring; however, none
are sufficiently sensitive or specific to be recommended for
routine use in clinical practice (reviewed by Friedman and
Lindheimer49).

Preeclampsia is characterized by the unpredictable
nature of its clinical course. Women with mildly elevated
blood pressure and even minimal proteinuria can rapidly
progress to eclampsia, the convulsive form of the disorder.
Thus, all cases should be considered potentially dangerous,
regardless of whether they are classified as “mild” or “severe.”
However, certain signs are particularly ominous: systolic
blood pressure of 160 mm Hg or more or diastolic blood
pressure of 110 mm Hg or more; nephrotic range protein-
uria; significant azotemia (serum creatinine >1.2 mg/dL);
platelet count less than 100,000/mm3 or evidence of
microangiopathic hemolytic anemia; elevated hepatic
enzymes; headache or other cerebral or visual disturbances;
epigastric pain; and pulmonary edema.

A variant of the classic form of preeclampsia is the
HELLP syndrome.50 As mentioned previously, this acronym
refers to the specific laboratory abnormalities that char-
acterize this manifestation of preeclampsia: hemolysis,
elevated liver function test results, and low platelet count.
The clinical significance of this syndrome is that it is associ-
ated with a particularly adverse maternal and fetal progno-
sis.51 Most obstetricians consider the development of the
HELLP syndrome to be an urgent indication for delivery,
because the laboratory abnormalities can reach life-
threatening levels with profound thrombocytopenia and
extremely elevated levels of hepatic enzymes. A rare com-
plication of preeclampsia is hepatic rupture, in which sub-
capsular hepatic bleeding occurs. This complication is
probably more commonly preceded by the laboratory
features of HELLP syndrome. At present, it is not known

why some women with preeclampsia develop HELLP syn-
drome, whereas others develop the more classic manifes-
tations. Different maternal susceptibility genes may be
responsible, and this is clearly an area worthy of further
study. HELLP syndrome may represent a more severe form
of generalized maternal endothelial cell dysfunction/
damage, in comparison with other cases of preeclampsia.
Indeed, the features of HELLP syndrome are very similar
and sometimes difficult to distinguish from those of other
microangiopathic syndromes that may develop in late preg-
nancy, such as hemolytic-uremic syndrome and thrombotic
thrombocytopenic purpura. These latter disorders are char-
acterized by vascular endothelial cell damage, elicited by
unknown antigens or toxic substances. Distinction of these
disorders from HELLP syndrome is important because
treatment of HELLP syndrome is urgent delivery, and treat-
ment of hemolytic-uremic syndrome or thrombotic throm-
bocytopenic purpura may require plasma infusion or
plasmapheresis.52

The diagnosis of preeclampsia may be straightforward
when a nulliparous woman develops the sudden onset of
significant hypertension in association with proteinuria
and edema. Making an accurate diagnosis becomes more
challenging when only some of the features are present.
Finally, a correct diagnosis is usually achieved through a
careful analysis of patient risk factors, of gestational age
of the fetus at delivery, and of changes in blood pressure in
comparison with early pregnancy and through the recog-
nition that some of the laboratory abnormalities can be
quite subtle and must be evaluated in the context of normal
values for pregnant women. When a woman has newly
diagnosed hypertension in the latter part of pregnancy and
ambiguous laboratory test results, the safest course is to
assume that the diagnosis is preeclampsia. Thus, appro-
priate maternal and fetal surveillance can be instituted.

Pathophysiology

Preeclampsia is a syndrome with both maternal and fetal
manifestations. Current evidence suggests that abnormal-
ities in placental adaptation to the maternal spiral arteries

Test Rationale

Hemoglobin and hematocrit Hemoconcentration supports diagnosis of preeclampsia and is an indicator of severity; values may be 
decreased, however, if hemolysis  accompanies the disease

Blood smear Signs of microangiopathic hemolytic anemia (e.g., schistocytes) favor diagnosis of preeclampsia and
may be present when blood pressure is  only mildly elevated

Platelet count Decreased levels suggest severe preeclampsia
Urinalysis If qualitative dipstick result is 1+ or greater, a quantitative measurement of protein excretion should be 

done. Hypertensive gravidas with proteinuria should be considered to have preeclampsia (pure or 
superimposed) until proved otherwise

Serum creatinine level Most cases of preeclampsia are associated with only mild elevations in creatinine; rising levels, especially 
when associated with oliguria, suggest severe preeclampsia

Serum uric acid level Increased levels aid in the differential diagnosis of preeclampsia and may reflect disease severity
Serum aspartate aminotransferase Abnormal values suggest severe preeclampsia and hepatic involvement

Alanine aminotransferase
Lactic acid dehydrogenase Elevated levels are associated with hemolysis and hepatic involvement and suggest severe preeclampsia
Serum albumin Values may be decreased even in the absence of heavy proteinuria, and this decrease may result from 

“capillary leak” or hepatic involvement in preeclampsia

TABLE 3–3 Laboratory Evaluation of Women Who Develop Hypertension after Midpregnancy
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that supply blood to the developing fetoplacental unit are
among the earliest changes responsible for the disease.53

These abnormalities in placental function are present in the
early second trimester; thus, they precede, and probably
directly cause, the multisystemic maternal disorder.54–56

Maternal susceptibility factors are also important in the
pathophysiologic processes of preeclampsia, inasmuch as
reduced placental perfusion in association with fetal
growth restriction may occur in pregnancies of women
who do not develop preeclampsia. Considerable progress
has been made in the understanding of some of the cellu-
lar and biochemical abnormalities that might contribute
to the placental disease. The maternal syndrome has also
been well characterized. However, the cause of preeclampsia
remains elusive, as does the mechanism whereby placental
vascular abnormalities can result in a systemic, albeit
temporary, disease in the mother. What follows is a review
of some of the important features of the pathophysiology of
the preeclamptic syndrome, beginning with the evidence
for a genetic component, followed by a discussion of both
fetal and placental as well as maternal manifestations.

Genetics of Preeclampsia

Family studies have shown that genetic factors play a role
in preeclampsia; however, the precise pattern of inheri-
tance is unknown. Several models of inheritance have
been suggested, including a maternal dominant gene
model with reduced penetrance, a maternal-fetal gene
model, or a maternal and fetal gene interaction model
(reviewed by Lachmeijer et al.57). In addition, mitochon-
drial inheritance and genomic imprinting, as well as envi-
ronmental factors, may also contribute to the expression
of the disease.57 Difficulties in defining a strict phenotype
of preeclampsia, the variability of expression of the syn-
drome, and the fact that the disease is sex-limited and is
expressed only during pregnancy have made genetic 
studies difficult. Lachmeijer and colleagues exhaustively
reviewed studies of the various candidate genes and
genomewide scans performed as of 2002.57 Despite exten-
sive research, the molecular genetic basis of preeclampsia
remains unclear, although there are some promising data
that suggest that the 2p13 locus may be important with
regard to maternal susceptibility.

The Placenta
The placenta is considered to be of central pathogenetic

importance in preeclampsia.56,58 This is because delivery is
the most successful, if not the only definitive, cure of this
disease. Also, preeclampsia is more likely to occur in
women with hydatidiform moles (a rapidly growing pla-
centa but no fetus) as well as in those with multiple preg-
nancies (increased placental mass). In addition, there are
several animal models, whose manifestations mimic certain
features of preeclampsia in humans, which have been pro-
duced by creating transient or chronic uterine ischemia.59

Normal placentation, it appears, involves the transforma-
tion of the branches of the maternal uterine arteries—the
spiral arteries—from thick-walled, muscular arteries into sack-
like flaccid vessels that permit delivery of greater volumes
of blood to the uteroplacental unit. This transformation
involves invasion of the spiral artery walls by invasive

cytotrophoblast cells of the placenta. These cells migrate
in a retrograde manner involving first the decidual and
then the myometrial segments of the arteries, causing con-
siderable disruption at all layers of the vessel wall
(Fig. 3–1).53–55,60,61 The mechanisms involved in this complex
process are only beginning to be elucidated; they involve
alterations in the expression of adhesion molecules, pro-
teinase, and proteinase inhibitor in such a way that the
cytotrophoblast cells acquire an invasive phenotype. This
process whereby cytotrophoblast cells invade maternal
blood vessels and assume an endothelial phenotype has
been described as cytotrophoblast pseudovasculogenesis and is
believed to be stimulated in part by the hypoxic milieu of
the developing placenta.62,63

In women destined to develop preeclampsia, the extent
of interstitial invasion by cytotrophoblasts is variable but
frequently shallow. Endovascular invasion is incomplete;
it may occur in the decidual but not the myometrial seg-
ments of the artery; and in some vessels, the process does
not occur at all.53–55,64–66 The arteries, therefore, remain
thick walled and muscular, the diameters in the myome-
trial segments being half those measured during normal
pregnancy. It has been reported that in preeclampsia, the
invading cytotrophoblasts fail to properly express adhe-
sion receptors that are necessary for normal remodeling
of the maternal spiral arteries.64,65 This failure of cytotro-
phoblast invasion of the spiral arteries is considered to be
the morphologic basis for decreased placental perfusion
in preeclampsia. It has been suggested that the basis for
these abnormalities may be dysregulated immunologic
interaction between mother and fetus.

Another placental lesion described in preeclampsia is
called acute atherosis and is characterized by accumulation
of fat-laden macrophages and perinuclear cell infiltrates.
This lesion is believed to occur only in arteries that have
not been invaded by trophoblast cells. Of interest is a study
of 400 placentas from preeclamptic women, in which vas-
cular lesions in the placenta correlated with severity of
clinical disease.67

Preeclampsia is also associated with a greater degree of
placental infarction than is seen in normal pregnancy.
However, the placenta has considerable physiologic
reserve, which explains why some patients experience fetal
loss or their infants are growth restricted, whereas most
preeclamptic patients deliver infants whose weights are
normal for their gestational age. Nevertheless, preeclamp-
sia is associated with an increased incidence of intrauterine
growth restriction and fetal death. In view of the abnormal-
ities described earlier, it is not surprising that the fetus
would be affected by this disease. What remains an enigma
is the mechanism whereby the placental changes lead to the
maternal syndrome that develops in late pregnancy.

Immunologic Mechanisms
An intriguing area of ongoing investigation that

addresses the link between the placental and maternal disease
involves the nature of the immune response at the maternal-
placental interface and how alterations in this response
might lead to preeclampsia. There are several unique aspects
of the immune response in pregnancy that appear to play a
role in normal placental development. In comparison with
other circulating cells in the body, trophoblast cells do not
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express the classic human leukocyte antigen (HLA) anti-
gens; rather, they express a nonclassical antigen, HLA-G,
which may have an important role in protecting the placenta
from the deleterious effects of a local maternal immune
response.68 Several reports suggest that placental tissue
from preeclamptic pregnancies express less, or different,
HLA-G, and researchers postulate that this may result in a
breakdown in maternal tolerance to the immunologically
foreign placenta.69 There are also reports of increased lev-
els of inflammatory cytokines such as tumor necrosis fac-
tor α and interleukin-2 in placental tissue as well as in
serum from preeclamptic women.70-73 It is hypothesized
that these factors may be involved in the initiation of
a systemic immune-mediated illness in the mother.

The observation that preeclampsia occurs primarily in
nulliparous women, whose subsequent pregnancies tend
to be uncomplicated thereafter unless there is a change in
paternity, has been cited as support for alterations in
immune response as a factor in the pathogenesis of
preeclampsia.74 Epidemiologic reports also indicate that
the prevalence of preeclampsia is decreased in women who
received heterologous blood transfusions, practiced oral
sex, or had a long period of cohabitation that preceded an
established pregnancy, which suggests that prior exposure

to paternal antigens might be protective.75 It has also been
observed that certain pathologic changes in the placental
vasculature resemble those of allograft rejection.
Furthermore, increased T cell, natural killer cell, and neu-
trophil activation are reported in preeclampsia.75

Pathophysiology of the
Maternal Manifestations of Preeclampsia

The maternal syndrome of preeclampsia is characterized by
vasoconstriction, in association with evidence for vascular
endothelial cell dysfunction and activation of the coagula-
tion system. There are reduced blood flow and relative
ischemia in the kidneys, liver, brain, and placenta as a con-
sequence of generalized vasoconstriction. In many humoral
and autacoid systems, there are simultaneous perturba-
tions that are related to volume and blood pressure control
as well as to clotting. However, it is often difficult to deter-
mine whether changes described represent cause or effect.

Blood Pressure in Preeclampsia
Preeclamptic women do not develop frank hypertension

until late pregnancy, but vasoconstrictor influences may
be present considerably earlier. For instance, alterations in

Figure 3–1. Placental bed biopsy specimens from normal and preeclamptic pregnancy, demonstrating the migrations of cytotrophoblasts
throughout the decidua and myometrium. Anchoring villus formation and cytotrophoblast invasion in normal (A, B) and preeclamptic (C, D)
pregnancy. During the second trimester, cytotrophoblasts with elongated shape emanate (A) from anchoring villus (AV) columns and are
found throughout the decidua (DC) and (B) from the adjacent third of the myometrium (MYO) and lining the blood vessels (BV).
In preeclampsia, cytotrophoblasts retain their connections with the cell columns and fail to invade the decidua and myometrium (C).
There is no evidence of cytotrophoblast invasion of the blood vessels, which remain uniformly constricted (D). Arrowheads mark perimeters
of blood vessels. (From Zhou Y, Damsky CH, Chiu K, et al: Preeclampsia is associated with abnormal expression of adhesion molecules by
invasive cytotrophoblasts. J Clin Invest 1993;91:950, by copyright permission of the American Society for Clinical Investigation.)



50 C H A P T E R 3 Hypertensive Disorders in Pregnancy

vascular reactivity may already be present by week 20 of
pregnancy, and both longitudinal and epidemiologic sur-
veys suggest that women destined to develop preeclampsia
have slightly higher “normal” blood pressure (e.g., diastolic
levels >70 mm Hg) as early as the second trimester.76,77 These
findings have been confirmed with ambulatory blood pres-
sure monitoring.78

As mentioned, blood pressure in preeclampsia is charac-
teristically labile. Pressor responses to several peptides and
amines (e.g., norepinephrine and angiotensin) are exag-
gerated.79 The hypertension of preeclampsia resolves post
partum, usually within the first few days; but normaliza-
tion may take 2 to 4 weeks in severe cases.80 The precise
mechanisms of preeclamptic hypertension are obscure.
Investigations of the various pressor systems and locally
acting peptides are briefly summarized as follows.

During normal pregnancy, the renin-angiotensin system
is stimulated, probably in response to vasodilation and lower
blood pressure.81 In contrast, in women with preeclampsia,
plasma renin activity, plasma aldosterone concentration,
urinary aldosterone excretion, and angiotensin II levels
are suppressed, although often not to prepregnancy levels.
There is evidence that the renin-angiotensin system is
stimulated early in pregnancy in women who later develop
preeclampsia and that the developing vasoconstriction
and hypertension turn off renin secretion. As renin levels
decrease, the sensitivity to angiotensin II increases, often
well before the clinical signs of preeclampsia.82 This loss of
the normal refractoriness to angiotensin II has been used
as a screening test to identify gravidas in midpregnancy
who are at risk for the development of preeclampsia.

Although plasma norepinephrine levels are unaltered
in preeclampsia, there is increased pressor sensitivity to
this catecholamine in preeclampsia. Noninvasive studies
of autonomic cardiovascular function have not revealed
any clearcut differences between normal pregnant and
preeclamptic women.83 However, electromyoneuro-
graphic studies of skeletal muscle have demonstrated
higher sympathetic nerve activity in preeclampsia, which
resolves post partum.19

Alterations in eicosanoid metabolism occur in normal
pregnancy, and further changes accompany preeclampsia.
Most research in this area relates to effects of pregnancy
on prostacyclin (prostaglandin I2 [PGI2]) and thrombox-
ane A2 (TXA2) production, both of which are products of
cyclooxygenase metabolism of arachidonic acid. There
exists evidence that prostaglandin formation is increased
in normal human pregnancy, particularly vasodilatory
prostanoids (mostly PGI2) produced principally by vascu-
lar endothelial cells.84 Longitudinal studies of the urinary
metabolite of PGI2, 2,3-dinor-6-keto prostaglandin F1α,
have demonstrated that this substance increases in the
first trimester, the increments are sustained through term,85

and decreases in PGI2 are detectable early in the second
trimester in women who later develop preeclampsia. A
prospective study of prostaglandin metabolites in preg-
nancy demonstrated that reductions in PGI2, but not TXA2,
occur months before the clinical onset of preeclampsia.86

The literature is substantial, suggesting that alterations
in prostaglandin metabolism underlie the pathogen-
esis of preeclampsia.84–90 Manifestations such as incre-
ments in vascular reactivity and blood pressure, as well as

intravascular coagulation, have been proposed to be caused
by an imbalance between PGI2 and TXA2 synthesis, resulting
in a relative or absolute PGI2 deficiency.87 Reduced PGI2
production has been reported in various tissues and body
fluids from preeclamptic women in comparison with nor-
motensive controls. These findings are consistent with the
growing evidence that preeclampsia is characterized by gen-
eralized vascular endothelial cell dysfunction (see later dis-
cussion), which leads to diminished production of PGI2, as
well as of other vasodilatory endothelial cell products.

In spite of the large body of evidence supporting a role for
alterations in prostaglandin metabolism in preeclampsia, it
is important to emphasize that these substances are difficult
to measure, and caution is advised in interpretation of
results. Furthermore, these substances act locally; thus,
measurements from peripheral blood may not reflect local
effects. Nevertheless, the notion that preeclampsia is char-
acterized by a relative deficiency of PGI2 (with preservation
of or increased TXA2 production) has been the basis of sev-
eral large and costly multicenter randomized trials designed
to evaluate the ability of low-dose aspirin (which inhibits
platelet TXA2 generation but spares vascular PGI2 pro-
duction) to prevent preeclampsia. Most of these trials did
not demonstrate a beneficial effect of aspirin on pregnancy
outcome.

Endothelial Cell Function and Preeclampsia
Increased knowledge of the role of the vascular endothe-

lial cells in the modulation of adjacent vascular smooth
muscle contractile activity, as well as in coagulation and reg-
ulation of blood flow, has led to the appreciation of the sig-
nificance of alterations in endothelial cell function in the
pathophysiologic mechanisms of preeclampsia, as well as
other chronic cardiovascular conditions, such as atheroscle-
rosis and essential hypertension. Endothelial cells, which
have receptors for numerous vasodilators and constrictors,
produce hormones, autacoids, and mitogenic cytokines,
including PGI2, nitric oxide, and endothelin. The patho-
physiologic changes of preeclampsia, particularly those
present before clinically apparent disease, support
the hypothesis that altered endothelial function con-
tributes to many of the changes observed in the
preeclamptic syndrome.91 Women with preeclampsia
manifest increased circulating markers of endothelial
activation (von Willibrand factor, cellular fibronectin,
thrombomodulin, endothelin, vascular cell adhesion mol-
ecule).56 Preeclamptic blood vessels demonstrate reduced
endothelial mediated vasodilation in vitro,56 and in vivo
studies have shown that flow mediated (endothelium-
dependent) dilatation is impaired in women with previous
preeclampsia.92 Most recently, plasma concentrations of
asymmetric dimethylarginine, the endogenous inhibitor
of endothelial nitric oxide synthase, has been shown to be
elevated in women with evidence of abnormal endothelial
function before the development of preeclampsia.93

There are numerous reports of a hypertensive syndrome
produced by inhibiting nitric oxide synthase in various
experimental models of pregnancy, with some features sim-
ilar to human preeclampsia.94-96 Results from women with
preeclampsia are conflicting, with reports of increased as
well as decreased serum and urinary metabolites of nitric
oxide in preeclampsia.97-99
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Endothelins represent another vasoactive endothelial
cell product postulated to play a role in preeclampsia.100–104

In this regard, circulating levels of endothelin-1 are gener-
ally (but not universally) reported to be increased in
this disorder, but it is unclear whether such levels have
pathogenic significance or are a byproduct of endothelial
damage.

The evidence for endothelial cell dysfunction in the
pathogenesis of the maternal manifestations of preeclamp-
sia is strong; however, its cause remains obscure (Fig. 3–2).
Postulated to be of pathogenic significance are circulating
factors, of placental origin, that are toxic to endothelial
cells.105,106 Indeed, sera from women destined to develop or
manifest preeclampsia are cytotoxic to endothelial cells or
cause endothelial cell activation in vitro (assessed by nitric
oxide and PGI2 generation).106 Sera from preeclamptic
patients are also mitogenic and increase messenger RNA
for, as well as production of, the platelet-derived growth
factor α in culture.107 There is also a growing body of evi-
dence implicating increased lipid peroxides as well as
byproducts of increased oxidative stress, possibly released
by the placenta in response to hypoxia or ischemia, in
the genesis of endothelial cell damage in preeclamp-
sia.56,108-111 Another placenta-derived substance that may
play an important role in the maternal manifestations of
preeclampsia is soluble fms-like tyrosine kinase 1 (sFlt1),
which is a variant of the VEGF receptor and acts as an
antagonist of VEGF.112 Maynard and colleagues demon-
strated that this substance is elevated in women with
preeclampsia, disappears after delivery, and is associated
with decreased levels of free VEGF and endothelial dys-
function.112 Administration of sFlt1 to pregnant rats

induces hypertension, proteinuria, and glomerular
endotheliosis. Experiments of conditional knockout of
VEGF also demonstrate that mice with reduced VEGF
develop the classic renal lesion of preeclampsia, glomerular
endotheliosis.113 There are other potential placenta-
derived substances that have been suggested as mediators
of maternal endothelial cell damage, including leptin and
tumor necrosis factor α.114,115

Metabolic Disturbances in Preeclampsia
Hyperinsulinemia, obesity, glucose intolerance, hyper-

tension, and dyslipidemia (e.g., increased triglyceride
levels, reduced levels of high-density lipoproteins)
are associated with cardiovascular disease, including
essential hypertension. Insulin resistance and hyperinsu-
linemia (mediated by hormonal changes) are also charac-
teristic of normal pregnancy and are maximal in the
third trimester.38 Several laboratories have reported
exaggerated metabolic disturbances in patients with
preeclampsia, including hypertriglyceridemia, increased
levels of free fatty acids, decreased levels of lipoprotein a,
increased insulin levels, and glucose intolerance.116-121

These observations are intriguing, particularly because
they may be related to the evidence for increased oxida-
tive stress in preeclampsia (lipid abnormalities may result
in increased oxidative stress), as well as to the recognition
that obesity is a significant risk factor for preeclampsia.
However, it remains uncertain whether these factors are
pathogenic in hypertensive pregnancy or whether they
may be markers of the disease process.

Cardiac Function in Preeclampsia
Data conflict with regard to the effect of preeclampsia on

the heart. This reflects the failure of most investigators to
define precisely their study populations, which frequently
include women with chronic hypertension and renal dis-
ease. Also, many reports describe term and/or intrapartum
events, the gravidas receiving a variety of medications (e.g.,
magnesium sulfate or antihypertensive agents) as well as
intravenous solutions of variable solute content. Moreover,
preeclampsia is an evolving disorder, and hemodynamics
may change as the disease progresses. Thus, it is not sur-
prising that the cardiac output of preeclamptic patients has
been described as decreased, increased, and unchanged.

Wallenburg and colleagues122-124 studied nulliparous
gravidas who developed third trimester hypertension and
proteinuria, before any therapeutic intervention. They
measured cardiac output and vascular resistance with
pulmonary artery catheters and found cardiac output to
be decreased in women with preeclampsia in comparison
with controls. Peripheral vascular resistance was increased,
and pulmonary capillary wedge pressure was low normal.
Lang and associates125 used echocardiography and con-
firmed the decrements in cardiac output and increments
in peripheral vascular resistance in preeclampsia. A study
of eclamptic women also demonstrated similar changes in
hemodynamics.126

In contrast are the results of Cotton and colleagues127

who, using invasive hemodynamic monitoring, reported
variable changes in cardiac output; many patients had
increased values. Perhaps the most controversial findings
are those of Easterling and colleagues,128 who performed

Figure 3–2. In this schema of the pathogenesis of preeclampsia,
decreased uteroplacental blood flow resulting in placental ischemia
is hypothesized to lead to maternal disease (systemic vasospasm,
decreased organ flow, and intravascular coagulation) by causing
the release of toxic substances that mediate generalized endothelial
cell damage and platelet aggregation. Damaged endothelial cells
may produce fewer vasodilatory substances (prostacyclin [PGI2],
nitric oxide [NO]) and release mitogenic factors (platelet-derived
growth factor [PDGF]). Platelet aggregation, a consequence of
endothelial damage, in turn leads to increased thromboxane A2.
Platelet aggregation and endothelial damage aggravate placental
ischemia. ET, endothelin; PlGF, placental growth factor; SFlt1, soluble
fms-like tyrosine kinase 1; VEGF, vascular endothelial growth factor.
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serial echocardiographic studies throughout their patients’
pregnancies and observed that a small group of women who
eventually developed preeclampsia had strikingly increased
cardiac outputs and decreased peripheral vascular resist-
ance throughout pregnancy; some patients “crossed over”
by developing increased peripheral vascular resistance and
decreased cardiac output when disease became severe.
These results are intriguing in that the pathophysiologic
development of preeclampsia seems to follow that
described in certain forms of essential hypertension, but
the latter has a time course of years, whereas preeclampsia
develops over months.

Plasma volume and red blood cell mass are increased in
normal pregnancy, although the decrease in blood pres-
sure in association with stimulation of the renin-
angiotensin system suggests that the increase in volume is
secondary to vasodilation and is perceived as normal.
Plasma volume in preeclamptic women has been meas-
ured with Evans blue dye, and most investigators report
that the volume is decreased.17,66,123-127 Again, the decrease
in plasma volume may be secondary to vasoconstriction
and hypertension, although there are some reports 
that decreases in plasma volume may precede hyper-
tension.33,79,129,130 These latter reports have led to the use of
volume expansion therapy in combination with vasodila-
tor drugs in the treatment of preeclampsia. The suppres-
sion of the renin-angiotensin system in preeclampsia
suggests that the decrease in plasma volume is secondary
to vasoconstriction and a “smaller” intravascular com-
partment. Finally, the decrease in intravascular volume,
often associated with hypoalbuminemia and hemocon-
centration, may relate to a “leaky” vasculature that accom-
panies preeclampsia.

Renal Changes
The renal lesion that is characteristic of preeclampsia is

termed glomerular endotheliosis.79,131-133 The glomeruli are
enlarged and swollen but not hypercellular, primarily
because of hypertrophy of the intracapillary cells (mainly
endothelial but mesangial as well), which encroach on the
capillary lumina, giving the appearance of a bloodless
glomerulus. The changes vary, depending on the severity
of the lesion, but are widespread. Thrombosis and fibrin-
like material, as well as foam cells, may be present, and
epithelial crescents have been described in rare instances.
Ultrastructural examination reveals extensive swelling
and vacuolization primarily of endothelial cells and, to a
lesser extent, of the mesangial cells. The basement mem-
brane is usually not thickened, and foot processes are usu-
ally well preserved, even when severe proteinuria is present.
Localized lesions resembling those of focal and segmental
glomerulosclerosis are present in about 20% of women with
preeclampsia. The significance of this finding is not clear;
some authorities consider it to be a sequela of preeclampsia,
a form of secondary focal and segmental glomerulosclero-
sis, whereas others consider that it may be a manifestation
of preexisting subclinical nephrosclerosis.

Both glomerular filtration rate and renal blood flow
decrease in preeclampsia, the former more so than the latter,
leading to a decrease in filtration fraction.79 The decre-
ment is usually modest (25%) even when morphologic
changes are pronounced. In rare cases, renal insufficiency

may be severe, and acute tubular or cortical necrosis has
been linked to preeclampsia, especially when marked
coagulopathy is present.134 Fractional urate clearances
decrease, often before overt disease, with hyperuricemia
being an important feature of preeclampsia. Abnormal
proteinuria, another hallmark of the disease, may appear
late in the clinical course and tends to be nonselective.

Sodium excretion is impaired in preeclampsia, docu-
mented best by studies of the renal excretory ability after
acute saline infusion.135 The genesis of this defect remains
poorly understood, because it occurs in the presence of
decreased intravascular volume but increased interstitial
space and atrial natriuretic factor levels, as well as sup-
pression of the renin-angiotensin system.

Renal handling of calcium is also abnormal in
preeclampsia.136 Gravidas are normally hypercalciuric, per-
haps because of increases in glomerular filtration rate, as
well as increases in 1,25-dihydroxyvitamin D3, which results
in an “absorptive hypercalciuria.”137 Preeclampsia, however,
is characterized by marked reduction in the fractional
excretion of calcium, leading to striking hypocalciuria.
Alterations in calcium regulatory hormones, including
reduced plasma levels of 1,25-dihydroxyvitamin D3 and
increased parathyroid hormone, are also present.138 Thus
the hypocalciuria may be caused by increased distal tubu-
lar calcium reabsorption, or, alternatively, there may be
enhanced proximal tubular reabsorption, as seen with
sodium.

Coagulation Abnormalities
Preeclampsia is associated with activation of the coag-

ulation cascade, leading at times to frank evidence of dis-
seminated intravascular coagulation.139 There are many
reports documenting increased consumption of various
clotting components, including factor VII, as well as
decreases in inhibitors of coagulation such as antithrom-
bin III. Decrements in antithrombin III have been reported
to occur before overt disease.140 An increased incidence of
resistance to activated protein C has also been reported in
women with preeclampsia.141 There is some evidence that
fibrinolytic activity is reduced, which may relate to fibrin
deposits in kidney and placenta, but the fibrinolytic sys-
tem in general has not been well studied in preeclampsia.

Alterations in platelet number and function are recog-
nized features of preeclampsia.139,142-146 There are variable
reports of whether platelet counts change in normal preg-
nancy and in which direction, but some investigators have
noted decreases that they ascribed to increased platelet
activation in comparison to the nonpregnant state. In this
setting, preeclamptic women experience further declines,
which are often apparent before other signs or symptoms
of the disease. At times, thrombocytopenia becomes
severe, and even life-threatening, especially when it is part
of the HELLP variant described previously.

The exact mechanisms responsible for thrombocy-
topenia are unclear. Increased platelet activation has
been observed, as well as enhanced aggregation and
destruction, which appear to result from endothelial
damage. Platelet activation may lead to increased genera-
tion of TXA2, which may, in turn, increase vasoconstric-
tion and platelet aggregation. Increased release of
platelet products such as serotonin may also contribute



to enhanced vasoconstriction, and pharmacologic agents
that inhibit serotonin have been used successfully in the
treatment of preeclampsia.147,148

Hepatic Changes
Liver dysfunction accompanying preeclampsia may

range from mild enzyme abnormalities to the ominous
HELLP syndrome, with markedly elevated transaminase
levels and even subcapsular bleeding or hepatic rupture.
In general, liver involvement is a sign of more severe dis-
ease and is associated with lower platelet counts, more
severe proteinuria, and more maternal complications.149

Histologic findings include periportal hemorrhages,
ischemic lesions, and fibrin deposition. They are well
described in the classic autopsy studies of Sheehan and
Lynch150 and are consistent with both endothelial damage
and activation of the coagulation system. There are several
clinical and laboratory similarities between the rare compli-
cation termed acute fatty liver of pregnancy and preeclampsia,
and evidence of hepatocyte fat deposition has been observed
in liver biopsy specimens obtained from preeclamptic
patients.151 The liver abnormalities associated with
preeclampsia usually resolve within the first postpartum
week, whereas the liver damage associated with acute fatty
liver of pregnancy tends to be more severe and may even lead
to hepatic failure, which is exceedingly rare in preeclampsia.

Central Nervous System Manifestations
Eclampsia, the convulsive phase of preeclampsia, is

the most common central nervous system complication
of hypertension, and most maternal deaths attributable
to hypertension occur in women with eclampsia.
Additional clinical mani-festations include headache,
visual disturbances, blurred vision, scotomata, and, in
rare cases, cortical blindness. On occasion, focal neuro-
logic signs may develop, which should prompt radiologic
investigation, because subdural hematoma is a complica-
tion, albeit rare, of preeclampsia.152

Pathologic specimens reveal varying degrees of hemor-
rhages and petechiae, vasculopathy with vessel wall damage
and fibrinoid necrosis (possibly related to chronic hyper-
tension), ischemic brain damage, and microinfarctions.153

There is some controversy regarding whether cerebral
edema is a feature of eclampsia or whether it is a post-
mortem phenomenon. The cause of the hemorrhage is
debated; possibilities include vasospasm and ischemia,
infiltration of the vascular wall with fibrinoid material
leading to focal edema, thrombosis, and rupture. Studies
involving transcranial Doppler analysis of the cerebral cir-
culation have documented increases in cerebral blood
flow velocity, which have been interpreted as consistent
with cerebral vasospasm in women with preeclampsia and
eclampsia.154-156 The role of elevated blood pressure in the
pathogenesis of the cerebral manifestations of preeclamp-
sia remains disputed. The mechanisms for the convulsion
are not known, and the role of hypertension in eclamptic
seizures is also controversial.

Eclamptic patients have been evaluated with computed
tomography and magnetic resonance imaging.157,158 Some
studies have yielded relatively normal results, and others
describe a variety of abnormalities, most of which are usu-
ally transient. Lesions consistent with cerebral edema and

hemorrhage, as well as hypodense areas believed to repre-
sent localized edema induced perhaps by hypoxia, have been
described in the computed tomographic scans.159

Hemorrhage and edema have also been documented by
magnetic resonance imaging, and of interest are reports
of changes in the posterior hemispheres or in the vascular
watershed areas, findings consistent with global ischemia
induced by vasospasm.157,159 In rare cases, hemorrhages
may be major and associated with permanent neurologic
sequelae. The predominance of posterior lesions may
explain the increased incidence of visual disturbances in
preeclampsia-eclampsia. CT or MRI evidence of cerebral
edema are in contrast to those of some autopsy studies.
One possible explanation might be the greater use of
intravenous fluids to treat preeclampsia, especially when
oliguria is present. Cerebral edema observed on computed
tomography may be a consequence of excess administra-
tion of fluids in patients with low oncotic pressure result-
ing from hypoalbuminemia. In addition, reversible,
predominantly posterior leukoencephaolopathy may
develop in patients with eclampsia.160 The findings on
neuroimaging are characteristic of subcortical edema
without infarction.

Prevention and Treatment

The cause or causes of preeclampsia remain unknown; thus,
treatment remains empirical. The principles of treatment
have changed little since the early 1970s, despite advances in
understanding its pathophysiologic mechanisms. Outcomes
are improving primarily because of early recognition of
the disease, close maternal and fetal surveillance, seizure
prophylaxis, judicious use of antihypertensive therapy,
and timely delivery. The ultimate goal of therapy is pre-
vention, which, unfortunately, remains elusive.

Prevention

Many strategies to prevent preeclampsia have been
attempted over the years, including sodium restriction,
diuretics, high-protein diets, and antihypertensive medica-
tion, and all have been unsuccessful. Since 1990, consider-
able resources have been allocated toward determining
whether either low-dose aspirin or calcium supplementa-
tion is an effective preventive strategy.

Several small studies conducted in the mid-1980s sug-
gested that low-dose aspirin (50 to 150 mg/day) adminis-
tered early in pregnancy may prevent preeclampsia (reviewed
in several sources161-165). It was hypothesized that such
therapy reversed the imbalances between PGI2 and TXA2
that may be responsible for some of the manifestations of
this disease. Since 1993, several large trials have been com-
pleted, and most have not demonstrated a beneficial effect
of aspirin for the prevention of preeclampsia. In a National
Institutes of Health (NIH)–sponsored randomized, placebo-
controlled trial of 3135 healthy nulliparous women, 4.6%
of the aspirin recipients and 6.3% of the placebo recipients
developed preeclampsia; the difference was barely signifi-
cant.166 There was a slight increase in placental abruption in
the group taking aspirin. A larger trial conducted largely
in the United Kingdom (the Collaborative Low-dose
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Aspirin Study in Pregnancy [CLASP]) of 9309 women at
slightly increased risk failed to demonstrate any decrease
in the incidence of preeclampsia in the treated group.167

In this study, there was no increase in placental abruption
in the aspirin-treated patients. Several subsequent large
trials in Brazil, Barbados, Jamaica, and the United States,
with a total of more than 13,000 women at moderate or
high risk, found no significant differences in the incidence
of preeclampsia, fetal growth restriction, preterm births,
or adverse outcomes in women receiving aspirin and in
controls. A summary of all large trials conducted suggests
that aspirin treatment will prevent the occurrence of early
onset preeclampsia in approximately 15% of women at risk
and reduced fetal growth restriction by 18%.165 A systematic
review of 14 trials that included more than 12,000 women
showed a small but significant benefit of aspirin therapy in
reducing perinatal death (odds ratio, 0.79) and preeclamp-
sia (odds ratio, 0.86), and an increase of 215 g in mean birth
weight. Aspirin therapy is safe and not associated with
increased risk of bleeding or placental abruption.165

It appears that aspirin may be beneficial only in women
at high risk. In the NIH trial, a benefit was observed in
women with higher blood pressures at recruitment. In the
CLASP trial, there was a reduction in the incidence of
early-onset preeclampsia in treated women. Furthermore,
the issue of compliance has been raised, and reanalysis of
results of the NIH trial based on circulating TXA2 levels
and of pill counts suggest that aspirin may, in fact, reduce
the incidence of preeclampsia and result in improved fetal
outcome.168 An additional concern regarding the CLASP
trial is that the therapy may have been initiated (up to
26 weeks) too late for the aspirin to be beneficial or that
perhaps the dose was too low (60 mg/day).

It has been suggested that the women enrolled in the
earlier trials were at too low a risk to detect a significant
benefit of aspirin; however, a multicenter trial of women
with high-risk pregnancies (because of chronic hyper-
tension, diabetes, multiple pregnancy) did not demonstrate
a reduced incidence of preeclampsia in the treated
group.169 The current data do not support the prophylac-
tic use of low-dose aspirin in pregnant women at low or
medium risk for preeclampsia or in women with mild
chronic hypertension. However, low-dose aspirin may be
effective in a defined group of predominantly parous
women at high risk, not only in preventing preeclampsia
but also in reducing its severity.

Another preventive strategy that has received consider-
able attention is calcium supplementation. Low calcium
intake has been implicated in the pathogenesis of
preeclampsia,170 and a trial of 1094 nulliparous pregnant
women,171 as well as a metaanalysis,172 suggested that cal-
cium supplementation with 2 g of calcium carbonate daily
can prevent preeclampsia. Again, a large NIH multicenter
randomized clinical trial of 4589 women failed to support
these earlier findings.173 However, subsequent trials con-
ducted outside the United States have continued to
demonstrate a beneficial effect of calcium supplementa-
tion for the prevention of preeclampsia.174,175 A possible
explanation for the discrepancy in these results is the
dietary calcium intake in these populations. In the NIH
trial, both the placebo and treatment recipients had base-
line calcium intake of more than 1000 g/day. In contrast,

in the trials in which calcium has been beneficial, the calcium
intake in the population was well below the recommended
dietary allowance for pregnancy. Thus, calcium supplemen-
tation may be beneficial in women with low calcium intake
but may not be necessary if calcium intake is adequate.

Oxidative stress is currently a plausible hypothesis for
the mechanism of endothelial injury in preeclampsia. A
study of 283 women considered to be at increased risk of
preeclampsia because of abnormal uterine artery Doppler
waveforms at 18 to 22 weeks participated in a randomized
clinical trial; treated women received 1000 mg vitamin C
daily and 400 IU vitamin E, in comparison with placebo.176

This study demonstrated a significant benefit of anti-
oxidant therapy in reducing the incidence of preeclampsia.
Currently, two large trials of antioxidant therapy in pre-
vention of preeclampsia are in progress in the United
States and the United Kingdom.

Other approaches to prevention, including fish oil,
diuretics, sodium restriction, and magnesium, have not
been successful.177,178 Nevertheless, although prevention
of preeclampsia is usually not possible, avoidance of severe
complications may be accomplished by early recognition
of the disease before such complications develop. If early
signs of severe disease are detected, hospitalization should
be strongly considered to enable close monitoring of the
patient. If preeclampsia is detected early, bed rest and close
monitoring of maternal and fetal condition may enable
prolongation of pregnancy in some cases.

Treatment

The ultimate goal of treating a patient with preeclampsia
is delivery of a mature, healthy infant without compro-
mising maternal health. When preeclampsia is mild and
develops close to term, the perinatal death rate and the
rates of preterm delivery, fetal growth restriction, and pla-
cental abruption are similar to those of normotensive
pregnancies. When the disease manifests near term and
fetal maturity is certain, the definitive treatment is delivery.
In contrast, both perinatal and maternal morbidity are
increased when the disease is severe, particularly when dis-
ease develops in the second trimester, and the fetus is still
quite immature. In such cases, decisions regarding timing
of delivery are difficult.

Antepartum Management of Preeclampsia before 37 Weeks
The standard approach to treatment of preeclampsia

includes bed rest in the hospital with daily maternal and
fetal surveillance.179 Investigators have questioned
whether hospitalization or bed rest is necessary for
women with mild preeclampsia and mild hypertension. In
the absence of definitive data from randomized clinical
trials, reduced activity and modified bed rest is a safe
strategy. Hospitalization is preferred in cases when opti-
mum, close outpatient follow-up is not possible. Further
evaluation of these approaches with randomized clinical
trials is warranted.

Adequate maternal surveillance should include regular
assessment for signs of severe disease.180 This includes
evaluation of symptoms that may precede eclampsia
(headache, visual changes, altered mentation, right upper
quadrant pain, epigastric pain) and close monitoring of
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blood pressure. Laboratory tests are an important aspect of
maternal surveillance, as they detect progression of disease.
Routine laboratory tests recommended for women with
suspected or diagnosed preeclampsia include measure-
ments of 24-hour urine protein, serum creatinine, serum
uric acid, platelets, and liver enzymes. The frequency with
which these tests should be performed depends on the
initial findings and the severity of the disease.

Fetal testing is also indicated in women with preeclamp-
sia, because nonreassuring fetal heart rate patterns or
poor growth may be an indication for delivery, even if the
maternal condition is stable. Routine fetal monitoring
includes daily fetal movement counts, nonstress testing,
and biophysical profile. These tests should be performed
at the time of diagnosis and then one to two times weekly
until delivery. Ultrasound evaluation of fetal weight and
amniotic fluid volume are also recommended. Some
authorities recommend Doppler flow velocimetry for
detection of increased umbilical artery impedance.

If signs of severe disease are present (i.e., persistent
hypertension with diastolic blood pressures higher than
110 mm Hg, abnormal results of liver function tests, low
platelet count, oliguria, or deteriorating renal function),
then delivery is recommended if pregnancy has reached
34 weeks.31 Indications for delivery regardless of gestational
age of the fetus include imminent eclampsia, multiorgan
dysfunction, severe fetal growth restriction, placental abrup-
tion, or nonreassuring results of fetal testing. Conservative
management in such cases may not be associated with
improved fetal outcome and may, in fact, result in serious
maternal morbidity.

In some situations, however, postponing delivery may
be appropriate. A woman may develop preeclampsia far
before term with only mild to moderate hypertension and
no signs of deteriorating renal or hepatic function or
coagulopathy. In some cases, valuable time may be gained
for the fetus by temporizing. In some cases, it may be nec-
essary to administer antihypertensive therapy to maintain
maternal blood pressure in a safe range. Such women
should be treated in the hospital, where it is easier to
monitor progression of the maternal disease and to inter-
cede rapidly when complications arise. Also, hospitalization
enables frequent antepartum testing to diagnose fetal
jeopardy. The decision to continue the pregnancy can then

be made on a day-to-day basis. Indeed, one report of a con-
servative approach to women in whom preeclampsia
developed between 24 and 27 weeks suggested that such an
approach resulted in improved perinatal survival.180 It must
be emphasized, however, that conservative treatment of
early preeclampsia is appropriate only when aggressive
monitoring of maternal and fetal status is possible.

Antihypertensive Therapy
The role of antihypertensive therapy (Table 3–4) in the

management of preeclampsia is controversial. The basis
for this controversy is that it is still uncertain whether the
uteroplacental circulation is autoregulated; and thus the
impact of lowering maternal blood pressure on placental
perfusion is of great concern, especially because dimin-
ished uteroplacental blood flow usually is already present
in preeclampsia. Lowering maternal blood pressure does not
cure or reverse preeclampsia, and it may not benefit the
fetus. Nevertheless, maternal health is of utmost impor-
tance; thus lowering blood pressure is indicated when
maternal cerebrovascular or cardiovascular safety is at risk.

There is disagreement about which level of blood pres-
sure should be treated. Many women with preeclampsia
have previously been normotensive, so that blood pres-
sure levels that would normally be tolerated in individuals
with chronic hypertension cause symptoms in women
with acute preeclampsia. For women in the peripartum
period, many physicians, including myself, would begin
antihypertensive therapy when the diastolic blood pres-
sure approaches 100 mm Hg. Blood pressure should not
be aggressively lowered, because this may cause fetal heart
rate decelerations. This recommendation is not based on
data from controlled clinical trials, however it is sup-
ported by consensus-based guidelines.31 If delivery is
expected within 24 to 48 hours, parenteral agents are usu-
ally advisable. If temporization for more than 48 hours is
anticipated, then an oral agent is preferable.

The drug most commonly used in management of
hypertension in the peripartum period is intravenous
hydralazine, a drug that most obstetric staff know well
and one with a long history of safe and effective use in
women with preeclampsia.181,182 In addition to the well-
known side effects of tachycardia, headache, tremulous-
ness, nausea, and vomiting, some reports suggest that

Drug Dose and Route Onset of Action Adverse Effects Comments

Hydralazine 5 mg IV or IM, then IV: 10 min Headache, flushing, Extensive experience in this
5-10 mg every 20-40 min IM: 10-30 min tachycardia, nausea setting; well-documented

safety and efficacy
Labetalol 20 mg IV, then 20-80 mg every 5-10 min Flushing, headache, —

20-30 min, up to 300 mg vomiting, tingling of scalp
Nifedipine 5-10 mg PO; repeat 10-15 min Flushing, headache, May cause abrupt drop in

in 30 min if necessary; tachycardia, nausea, blood pressure; may cause
sublingual route not inhibition of labor hypotension if magnesium
recommended sulfate is used

Diazoxide 30-50 mg IV every 15 min 2-5 min Inhibition of labor, Should be used only in
hyperglycemia, fluid refractory cases; may
retention cause hypotension

IM, intramuscularly; IV, intravenously; PO, per os (orally).

TABLE 3–4 Drug Treatment of Peripartum Hypertension Caused by Preeclampsia
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hydralazine administered in the setting of severe volume
contraction may cause rapid and excessive decrements
in blood pressure and may provoke oliguria as well as fetal
heart rate decelerations.183,184 Therefore, treatment should
commence with 5-mg doses, followed by 5- to 10-mg
increases every 20 to 30 minutes. Parenteral labetalol has
been administered to women with preeclampsia with
favorable results.185-188 This drug is a combined α and 
β blocker, and studies suggest that uteroplacental blood
flow is maintained after parenteral use.187,188

Several features of calcium channel blockers make them
attractive agents for controlling hypertension in women
with preeclampsia. These drugs have a rapid onset of
action, rarely cause hypotension, and are relatively free of
serious adverse effects. Moreover, calcium channel block-
ers have been demonstrated to reduce cerebral vasospasm
(measured by transcranial Doppler waveforms) in women
with preeclampsia.189 The use of calcium channel blockers
in pregnancy has been investigated in several, largely
uncontrolled studies. The results demonstrate that these
agents are effective in controlling blood pressure190,191;
however, caution is warranted because a few anecdotal
reports suggest that the interaction of magnesium sulfate
and calcium channel blockers has led to precipitous drops
in blood pressure and even neuromuscular blockade.192

Finally, in an occasional patient, severe hypertension is
resistant to the antihypertensive agents previously dis-
cussed; such a patient may require diazoxide or sodium
nitroprusside. The latter drug has been associated with
cyanide poisoning of sheep fetuses (albeit with large doses);
however, when necessary, the mother’s health should be
considered first.

Anticonvulsant Therapy
Magnesium sulfate has been the drug of choice (in the

United States) for the prevention of convulsions in women
with preeclampsia, and for the treatment of eclampsia.179

Although in the past, critics have claimed that this drug is
ineffective because it is not an established anticonvulsant,
two large clinical trials demonstrated the superiority of
magnesium sulfate compared with either phenytoin or
diazepam.193,194 Two randomized, placebo-controlled tri-
als demonstrated that magnesium sulfate is superior to
placebo for prevention of convulsions in women with
severe preeclampsia.195-197 One trial enrolled more than
10,000 women with preeclampsia in 33 countries, many in
developing nations.197 Magnesium reduced the rate of
eclampsia in the entire group (0.8% versus 1.9%; relative
risk, 0.42; 95% confidence interval, 0.29 to 0.60); however,
in the 1560 women in developed Western nations, the
rates of eclampsia were 0.5% in the treated groups and
0.8% in the placebo groups (relative risk, 0.67; 95% confi-
dence interval, 0.19 to 2.37).

Hemodynamic Monitoring
In occasional severe or complicated cases, invasive

hemodynamic monitoring may be useful, particularly
when refractory oliguria, pulmonary edema, or refractory
hypertension is present.198 It must be stressed that these
circumstances are extremely rare; and if experienced
personnel are not available for catheter insertion and
maintenance, then the risks may outweigh the benefits.

Postpartum Hypertension

Hypertension associated with preeclampsia may resolve in
the first postpartum week, although in more severe cases,
blood pressure may continue to rise after delivery and the
hypertension may persist for 2 to 4 weeks post partum.199,200

Ferrazzani and colleagues200 stressed that the time required
for the blood pressure to normalize post partum correlates
both with laboratory markers indicative of renal impair-
ment and with early delivery. Of interest, blood pressure in
normotensive women is higher during the first 5 post-
partum days,201 and it has been proposed that this may relate
to the shifting of fluid from the interstitial space to the
intravascular compartment that occurs in the immediate
puerperium. No large clinical treatment trials have focused
solely on hypertension in the immediate puerperium. This
is unfortunate, because severe hypertension in the setting of
resolving vasospasm may interfere with cerebral autoregula-
tion, resulting in seizures or cerebrovascular accidents.
Thus, in the absence of more definitive data, I recommend
that systolic blood pressure levels of 150 mm Hg or higher
and diastolic levels of 100 mm Hg or higher be treated in the
puerperium. Women with postpartum hypertension should
not receive bromocriptine, because of anecdotal reports that
such therapy paradoxically exacerbates the hypertensive syn-
drome and may cause cerebrovascular accidents.202

Hypertension may first be diagnosed in the post-
partum period. When this occurs, the differential diagnosis
includes postpartum preeclampsia or eclampsia, unrecog-
nized chronic hypertension that was masked by pregnancy,
and, in rare cases, microangiopathic syndromes such as
hemolytic-uremic syndrome or thrombotic thrombo-
cytopenic purpura.

Postpartum preeclampsia or eclampsia is uncommon,
and in some cases, careful scrutiny of antepartum records
reveals evidence of preeclampsia before delivery. However,
there are instances of well-documented normotensive
deliveries in which hypertension in association with labo-
ratory features of preeclampsia has appeared late in the
first postpartum week or afterward. Late postpartum
eclampsia has also been observed, the seizures occurring
after the first postpartum week.203-205 The pathogenesis of
these phenomena is poorly understood and certainly is at
odds with the traditional concept of preeclampsia-
eclampsia as disorders observed only during pregnancy or
the immediate puerperium, caused by abnormalities in
placental development. There are no standard protocols for
the management of these late postpartum syndromes. Some
authorities use the traditional approach of parenteral
magnesium sulfate, whereas others concerned about pre-
viously subclinical epilepsy use phenytoin. In most instances,
the disease resolves within 48 to 72 hours.

Hypertension appearing de novo in the puerperium
without laboratory abnormalities suggestive of preeclamp-
sia probably represents undiagnosed chronic hypertension.
In some cases the blood pressure had normalized during
pregnancy as a response to the physiologic vasodilation
that accompanies pregnancy. In most cases the underlying
disorder is essential hypertension; however, secondary causes
should be considered when there are unusual features
such as severe hypertension, hypokalemia, or symptoms
suggestive of pheochromocytoma.
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CHRONIC HYPERTENSION DURING
PREGNANCY

The incidence of preexisting or chronic hypertension in
pregnant women has not been quantified exactly. According
to current estimates of the prevalence of hypertensive dis-
orders during pregnancy, chronic hypertension probably
complicates 2% to 5% of pregnancies. Also, because
preeclampsia or gestational hypertension in multiparous
women may be unrecognized chronic hypertension, the
incidence may be higher. Finally, in certain parts of the
world, particularly industrialized urban areas, many
women postpone childbearing; thus, the incidence of pre-
existing hypertension complicating pregnancy is more
common.

Chronic hypertension complicating pregnancy is diag-
nosed by high blood pressure known to predate concep-
tion. Most women with chronic hypertension have
essential (also called primary) hypertension, but as many
as 10% may have underlying renal or endocrine disorders
(i.e., secondary hypertension).

Diagnosis

When hypertension has been clearly documented before
conception, the diagnosis of chronic hypertension in
pregnancy is straightforward. It is also the most likely
diagnosis when hypertension is present before 20 weeks of
pregnancy, although isolated, rare cases of preeclampsia
before this time have been reported, particularly in the
presence of hydatidiform mole.

Difficulties arise when pregnant women with stage 1
and even stage 2 hypertension present initially in the sec-
ond trimester, after having experienced the pregnancy-
associated “physiologic” decrease in blood pressure. These
women have been presumed to be normotensive and are
later erroneously diagnosed with preeclampsia if blood
pressure rises in the third trimester. In such cases, a diag-
nosis of either hypertension of pregnancy or chronic
hypertension is most likely when the increased blood
pressure is not accompanied by proteinuria and when
other classic laboratory abnormalities consistent with
preeclampsia are absent. It may not be possible to distin-
guish between gestational hypertension and chronic
hypertension until post partum. Women with gestational
hypertension become normotensive in the postpartum
period (although not necessarily immediately), whereas
those with chronic hypertension remain hypertensive and
in some cases become more hypertensive as the levels of
the vasodilatory hormones of pregnancy decrease.
Because women with gestational hypertension may be at
increased risk of essential hypertension and may even be
considered to have “latent essential hypertension,” such
women, who have been normotensive before pregnancy,
on occasion develop sustained hypertension after delivery.

Because 15% to 25% of women with chronic hyper-
tension develop superimposed preeclampsia, it may be impos-
sible to diagnose chronic hypertension in this setting
until well after delivery. In other instances, women with
well-documented hypertension before conception demon-
strate normal blood pressures throughout their entire

pregnancy, only to return to prepregnancy hypertensive
levels post partum.

Clinical Impact of Chronic Hypertension
During Pregnancy

Although there is little doubt that perinatal morbidity
and mortality are increased among women with chronic
hypertension who develop superimposed preeclampsia in
comparison with hypertensive pregnant women with
uncomplicated preexisting essential hypertension,206 the
maternal and fetal risks of pregnancies in this latter group
are less clear. Some women experience accelerated hyper-
tension during pregnancy, with resultant target organ
damage (e.g., to the heart, brain, and kidneys), although
this is extremely uncommon in the absence of preeclamp-
sia. One exception may be the case of the rare women with
severe hypertension (stage 3 or 4) before conception,
many of whom have underlying renal disease or secondary
hypertension.

Placental abruption may be associated with life-
threatening maternal hemorrhage, and the risk of abruption
is increased threefold in women with chronic hyper-
tension.207 Some women with secondary forms of hyper-
tension, such as from chronic renal disease and collagen
disorders, may suffer from irreversible deterioration in
renal function. In the case of systemic lupus erythemato-
sus, there may be multiorgan system morbidity, regardless
of the development of superimposed preeclampsia.
Finally, although the expectation is that pregnancies in
women with uncomplicated chronic hypertension will be
successful, these women are more likely to be hospitalized
for hypertension and to undergo cesarean delivery.208

As discussed, underlying hypertension is a recognized
risk factor for preeclampsia.209 The National High Blood
Pressure Education Program Working Group Report def-
inition of superimposed preeclampsia is as follows: a sig-
nificant increase in blood pressure (30 mm Hg for systolic
pressure, 15 mm Hg for diastolic pressure) in association
with new-onset proteinuria (≥300 mg/day) and hyper-
uricemia or features of HELLP syndrome occurring after
midpregnancy.31 According to these criteria, the incidence
of superimposed preeclampsia in women with chronic
hypertension is between 20% and 25%.208-211

Effects of Chronic Hypertension on Fetal
Outcome

The rate of perinatal mortality is higher in pregnancies
accompanied by chronic hypertension, and these excess
losses are caused primarily by superimposed preeclamp-
sia. The relative risk of perinatal death has been reported
to be 3.6 in women with superimposed preeclampsia in
comparison with those with uncomplicated chronic
hypertension.208 The incidence of perinatal death is also
significantly higher in the latter group than in nor-
motensive controls (relative risk, 2.3). The risk of preterm
delivery is increased by fourfold in women with chronic
hypertension, largely because of indicated preterm deliv-
ery. Data confirm an incidence of preterm delivery of 33%
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in women with chronic hypertension. Fetal growth restric-
tion is also more common with chronic hypertension,
especially when superimposed preeclampsia develops.

An unquantified risk to fetal well-being is exposure in
utero to antihypertensive medications. Metaanalyses sug-
gest that lowering blood pressure with antihypertensive
medication may contribute to fetal growth restriction.212

Careful clinical trials evaluating maternal outcomes as
well as long-term outcomes of exposed offspring have
been conducted with a limited number of agents, primar-
ily methyldopa.213 Because of its proven safety, this drug
remains the drug of choice for hypertension during preg-
nancy, although nifedipine and labetolol are also widely
used as first line agents.

Secondary Hypertension

These forms of hypertension are quite rare in comparison
with essential hypertension and account for 2% to 5% of
cases of hypertension diagnosed and treated at specialized
centers. In routine care groups, however, their numbers are
lower. The most common causes are renal disease, renovas-
cular hypertension, aldosteronism, Cushing’s syndrome,
and pheochromocytoma. The prevalence of secondary
hypertension in women of childbearing age has not been
determined. Of importance, the prognosis may be better
when a diagnosis of secondary hypertension is made before
conception, because most forms of secondary hyper-
tension are associated with increased maternal and fetal
morbidity and mortality, and some cases may be cured
with surgery.

Renal Disease

A detailed discussion of renal disease and pregnancy is
presented in Chapter 13. There are, however, several points
to emphasize regarding the management of hypertension
associated with intrinsic renal disease. Kidney disease is
the most common cause of secondary hypertension and
may result from anatomic or congenital abnormalities,
glomerulonephritis, diabetes, systemic lupus erythemato-
sus, or interstitial nephritis.

All young women with newly diagnosed hypertension
should be screened for intrinsic renal disease, with blood
tests for renal function and urinalysis for detection of
proteinuria or red blood cells. Those with a strong family
history of renal disease should be screened with ultra-
sonography for polycystic kidney disease. This autosomal
dominant disorder often manifests as hypertension in the
third and fourth decades. When renal disease is detected,
regardless of its cause, these women should be counseled
in regard to increased maternal and fetal risks with
impaired renal function (preconception serum creatinine
level ≥1.4 mg/dL) or poorly controlled hypertension.

Pregnant women with renal disease should be managed
by a multidisciplinary team of obstetricians and nephrol-
ogists. This is particularly appropriate for renal transplant
recipients, in whom concerns regarding immunosuppres-
sion and risk of infection and rejection necessitate coor-
dinated specialty care. Therapy for hypertension is similar
to that in gravidas with essential hypertension, although

many nephrologists treat hypertension more aggressively
during pregnancy when there is underlying renal disease.

Renovascular Hypertension

This entity refers to hypertension caused by anatomic
lesions of the renal arteries. The narrowing of the lumen
leads to diminished blood flow to one or both kidneys,
with resultant renal ischemia, stimulation of the renin-
angiotensin system, and ensuing hypertension. Renovascular
hypertension in women of childbearing age is usually
caused by fibromuscular dysplasia, a nonatherosclerotic,
noninflammatory vascular-occlusive disease.214

Knowledge of renovascular hypertension in pregnancy
is based on a handful of case reports and a few limited
series of patients totaling approximately 25 cases. Many
of the patients manifested early and severe preeclampsia
and poor pregnancy outcomes.215-219 One retrospective
comparison of pregnancy outcomes in four patients with
known renovascular hypertension matched to 20 women
with essential hypertension demonstrated that those 
with renovascular hypertension were younger (25 versus
36 years) and had higher blood pressure levels during
pregnancy.220 All four women with renovascular hyperten-
sion developed superimposed preeclampsia, in contrast to
30% of those with essential hypertension.

Of interest are sporadic cases of early pregnancy detec-
tion of renovascular hypertension, and successful revascu-
larization during midpregnancy, with good pregnancy
outcome.218,219 Hennessy and colleagues also documented
the experiences of two women whose pregnancies, when
they had untreated renovascular hypertension, were com-
plicated by severe preeclampsia. Both underwent successful
angioplasty post partum, and their subsequent pregnancies
were normal.220 In view of the dramatic clinical improve-
ment that usually follows revascularization, as well as the
anecdotal experience described earlier, it seems justified
to rule out renovascular hypertension before conception in
young women with clinical features suggestive of this con-
dition. Pregnant women with renovascular hypertension
who have not undergone revascularization are at consid-
erable risk, especially for superimposed preeclampsia and
fetal complications. Temporizing therapy with angiotensin-
converting enzyme inhibitors or angiotensin II receptor–
blocking agents is precluded for use in pregnancy because
of the dangers that these agents post to the fetus, but
treatment of hypertension with other drugs that suppress
renin secretion is possible. Those most likely to be effective
are methyldopa and β-adrenergic receptor blockers.

Primary Aldosteronism

This form of hypertension results from increased secre-
tion of aldosterone and may be caused by a solitary adre-
nal adenoma (Conn’s syndrome) or bilateral adrenal
hyperplasia. There is also a variant, labeled nodular hyper-
plasia, that is characterized by enlargement of the adrenal
glands, which contain one or more adenomas that secrete
most of the aldosterone.

Several cases of aldosteronism have been reported in
pregnancy.221-231 Some of these have been complicated by
considerable morbidity, including severe hypertension,



hypokalemia, preeclampsia, and poor fetal outcome, but
there are also cases in which hypertension and hypokalemia
have been ameliorated during pregnancy.226,231 It is
hypothesized that such improvement, when it occurs, is a
consequence of the high levels of progesterone that antag-
onize the actions of aldosterone.226

Primary aldosteronism is difficult to diagnose in preg-
nant women because of the marked alterations in the renin-
angiotensin-aldosterone system that occur in normal
pregnancy. Both renin and aldosterone production are
markedly increased; urine aldosterone excretion is fivefold
increased over that commonly observed in nonpregnant
patients with primary aldosteronism. Moreover, mild
hypokalemia is not unusual in the course of a normal
pregnancy. Greater degrees of hypokalemia (≤3 mEq/L),
however, are unusual and should be investigated.

Treatment of aldosteronism diagnosed during preg-
nancy is controversial.228-231 If blood pressure improves
spontaneously or is easily controlled with antihyper-
tensive drugs, then it is reasonable to postpone surgical
intervention until post partum. Spironolactone, reported
to cause virilization in female rodent fetuses exposed in
utero, should be avoided.232 Calcium channel blockers
have been reported to be beneficial in nonpregnant
patients with aldosteronism233; thus, I would prescribe
these latter agents, especially if methyldopa proved
ineffective. However, when faced with severe hyper-
tension resistant to therapy and marked hypokalemia
(≤2.8 mEq/L) or any level of hypokalemia necessitating
very large replacement doses, it may be prudent to con-
sider surgery. During pregnancy, magnetic resonance
imaging is preferable to computed tomography because
ionizing radiation is not used in the former. Adrenal vein
sampling has not been reported in pregnancy and is 
unadvisable because this procedure must be done with
fluoroscopically guided catheter placement. Thus, docu-
mentation of a unilateral adenoma during pregnancy may
be suboptimal, which is one reason why surgery may be
indicated for treatment failure alone. In this regard, there
are several reports of surgical removal of adenomas during
the second trimester, followed by favorable maternal and
fetal outcomes.224,228,229,231

Pheochromocytoma

More than 100 cases of pheochromocytoma manifesting
during pregnancy or in the immediate puerperium have
been reported, and both maternal and fetal morbidity and
mortality rates are extremely high when the presence of
the tumor is unknown before delivery.234-243 There are also
cases of unsuspected pheochromocytoma manifesting as
myocardial infarction in pregnant women.239,240 Other
serious complications include cardiac arrhythmias, shock,
pulmonary edema, cerebral hemorrhage, and hemorrhag-
ing into the tumor.241 In several instances, the presenting
signs and symptoms—late pregnancy accelerated hyper-
tension, proteinuria, and seizures—were indistinguishable
from those of preeclampsia or eclampsia.242 In fact, there
is a suggestion that the clinical manifestations may be
more dramatic as pregnancy progresses because the
enlarged uterus is more likely to compress the tumor.

Surgical removal is the therapy of choice when a
pheochromocytoma is diagnosed in the initial two
trimesters, although successful medical management
throughout the entire pregnancy has been reported.225

Preoperative management includes α blockade with
either phenoxybenzamine237,238 or combinations of α and
β blockers. Placental transfer of phenoxybenzamine has been
reported and may lead to perinatal depression and hypo-
tension in newborns.243 Labetalol, an α and β blocker, has
also been used successfully during pregnancy.236

The approach to treatment in the third trimester is
more variable and includes combined cesarean delivery
and tumor resection, tumor resection followed by delivery,
and delivery followed by tumor resection at a later date.
Once the predicted chance of fetal survival is high, I prefer
the combined procedure of cesarean delivery and immediate
tumor resection.237,242

Cushing’s Syndrome

This disease, too, is quite rare in pregnant hypertensive
women, possibly because patients with Cushing’s syn-
drome have a variety of menstrual irregularities.244 Also,
the syndrome may be difficult to diagnose because the
hormonal alterations of normal pregnancy mimic those of
the disease.245 Of importance, Cushing’s syndrome is asso-
ciated with excessive maternal morbidity; hypertension,
superimposed preeclampsia, diabetes, and congestive
heart failure are the most common complications. There is
also a high incidence of preterm delivery, growth restric-
tion, and fetal death. Management includes surgical resec-
tion of the tumor during the first trimester and surgery
after delivery in the third trimester, whereas therapeutic
approaches in the second trimester are more complex. In
this case, the risks of surgery must be weighed against the
risks of medication to treat hypercortisolism.245

Principles of Management of Chronic
Hypertension in Pregnancy

The treatment goals for chronic hypertension in pregnant
women are different from the goals of treatment of hyper-
tension in nonpregnant patients. In the latter, the primary
concern is prevention of long-term cardiovascular morbid-
ity and mortality. Blood pressure control is essential, and
the report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood
Pressure246 recommended maintaining systolic levels
between 120 and 135 mm Hg and diastolic levels between
75 and 85 mm Hg. Management also includes aggressive
attention to modifying other cardiovascular risk factors,
such as blood lipid and glucose levels, body weight, and
smoking. Some of these concerns are relevant during preg-
nancy (e.g., smoking, blood glucose), but others are not
(weight loss, aerobic exercise).

Preconception Counseling

Management ideally begins before conception and
includes ruling out and treating secondary causes
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of hypertension. Women in whom hypertension is known
to have been present for 5 years or more require careful
evaluation for evidence of target organ damage (i.e., left
ventricular hypertrophy, retinopathy, and azotemia).
Pregnant women 35 years of age or older, particularly
those with chronic illnesses, should be screened for occult
coronary disease, and this is particularly important in
women with type I diabetes with evidence of vascular
complications. Ideally, adjustment of medications should
also precede conception, and, of course, drugs with known
deleterious fetal effects (especially angiotensin-converting
enzyme inhibitors and angiotensin II receptor antago-
nists) should be discontinued. Risks posed by pregnancy
are best discussed and less emotionally evaluated before
conception. For example, women with stages 1 and 2
hypertension should be informed of the high likelihood
of a favorable outcome but should still be told of the risks
of superimposed preeclampsia and the fetal complica-
tions associated with this disorder. This is also the best
time to emphasize the importance of compliance and that
frequent office or clinic visits increase the likelihood of
detecting preeclampsia and other complications well before
they become life-threatening to the mother or the fetus.
Women with young children and those in the workforce
should be informed of the possibility that lifestyle adjust-
ments will be necessary, especially if complications develop.
This allows them to plan ahead for increased support both
at home and at work. Finally, early planning, including
the assembling of a multidisciplinary team consisting of
the obstetrician and internists, optimizes the chances of
a successful outcome in hypertensive women with other
medical complications (e.g., renal transplant recipients,
those with diabetic nephropathy, those with systemic lupus
erythematosus).

Nonpharmacologic Management

Pregnant hypertensive women, in contrast to their non-
pregnant counterparts, are not advised to exercise vigor-
ously, although careful studies of the effects of aerobic
exercise on pregnancy outcome have not been performed.
However, moderate exercise such as a walking program
three to five times a week is acceptable. The major concern
regarding vigorous exertion is that women with chronic
hypertension are at risk for preeclampsia, a condition
characterized by decreased uteroplacental blood flow, and
such exercise may compromise blood flow even further.

Excessive weight gain, of course, is not advisable, but
again, in contrast to therapy in nonpregnant populations,
obese women should not be advised to lose weight during
pregnancy. Dietary adjustments in pregnant women with
chronic hypertension have not been extensively investi-
gated. Salt restriction, an important component of man-
agement in nonpregnant populations, is less important
in pregnancy, in which extremely low sodium intakes
(≤2 g/day) may even jeopardize the physiologic plasma
volume expansion that normally occurs. However, in women
with “salt-sensitive” hypertension successfully managed with
a low-sodium diet before conception, it is reasonable to
continue such diets during pregnancy, limiting restriction
to between 60 and 80 mEq/day. Increased dietary calcium
intake (i.e., more than the recommended 1200 mg/day)

may be beneficial in nonpregnant hypertensive patients,
but data pertaining to pregnancy are inconclusive. In this
regard, metaanalyses of small trials of the efficacy of sup-
plementation to prevent preeclampsia in normotensive
women were encouraging, whereas a large, carefully con-
ducted, randomized, placebo-controlled trial failed to detect
any beneficial actions of added calcium in normotensive
primiparous women. Other dietary approaches such as
supplementation with magnesium or with fish oil have
been investigated in normotensive pregnant women, with
negative results, but have not been studied in women with
chronic hypertension.247

Pharmacologic Management

Guidelines for antihypertensive therapy during pregnancy
(Table 3–5) are less clear than those for nonpregnant
hypertensive women. For the latter, compelling data from
large population studies document the benefits of lower-
ing blood pressure with medication, even in women with
only mild hypertension.246 During pregnancy, however,
although maternal safety remains the primary concern,
there is also a desire to minimize exposure of the fetus to
drugs, given their unknown long-term effects on growth
and development. A systematic review of clinical trials of
hypertension found only 13 randomized clinical trials in
which antihypertensive therapy was compared with either
no treatment or placebo in women with chronic hyper-
tension.248 The most commonly used drug, methyldopa,
was given to only a little more than 200 subjects. Six trials
showed no reduction in perinatal mortality with anti-
hypertensive treatment, whereas three reported a trend
toward lower perinatal mortality with treatment. A debat-
able issue is whether lowering blood pressure prevents
superimposed preeclampsia, but there is little or no con-
vincing evidence to support this contention.248,249 Thus, it
is permissible to tolerate higher blood pressure levels dur-
ing pregnancy that do not harm in the short term while
limiting use of antihypertensive drugs. In this regard,
most pregnant women with chronic hypertension have
only mild or very moderate elevations in blood pressure
and require little or no medication at all. However,
“appropriate” or “tolerable” levels of blood pressure dur-
ing pregnancy for these patients seem to have been set
empirically, and multicenter clinical trials are needed to
support or reject such practices.

I recommend the guidelines of the National High
Blood Pressure Education Program Working Group
Report on High Blood Pressure in Pregnancy,31 in which
antihypertensive drug treatment is begun only when
maternal blood pressure reaches diastolic levels of
100 mm Hg or more. There are, however, exceptions,
including parenchymal renal disease and evidence of target
organ damage (e.g., retinopathy and cardiac hypertrophy),
in which case therapy is recommended once levels are
90 mm Hg or more.

The argument of whether to treat becomes more debat-
able in regard to fetal well-being. Some evidence suggests
fetal benefits when mild to moderate hypertension is
treated with antihypertensive drugs during pregnancy.250

For instance, in one frequently cited trial, treatment with
methyldopa was associated with a reduction in perinatal



C H A P T E R 3 Hypertensive Disorders in Pregnancy 61

mortality, primarily midtrimester loss,251 but a similar
benefit was not evident in another large trial.252

In summary, the unknown but potential hazards of
antihypertensive treatment during pregnancy are suffi-
cient reasons for withholding drug treatment when
hypertension is mild (diastolic levels of 90 to 99 mm Hg),
particularly during the initial trimester. As noted, many
affected patients experience a physiologic decrease in
blood pressure that on occasion reaches normotensive
levels. Patients whose diastolic levels are 100 mm Hg or
more, however, should be treated, whereas evidence of
renal disease or end-organ damage necessitates initiation
of treatment at lower levels (≥90 mm Hg).

Specific Antihypertensive Agents
Evaluation of most antihypertensive agents during

pregnancy has been sporadic, and there are almost no fol-
low-up data with regard to the children exposed to the
drug in utero. In fact, the only antihypertensive agent for
which creditable follow-up exists is methyldopa.213 No
adverse effects were documented with the use of this
agent, which is one reason why it is considered one of the
safest drugs for use during pregnancy. Methyldopa is usu-
ally prescribed alone, but on occasion the direct-acting
vasodilator hydralazine has been added to the regimen;
this drug, too, has a long history of use in pregnancy and
appears safe.253 A brief summary regarding other groups
of antihypertensive agents follows.

β-Adrenoreceptor blockers have been used extensively
to lower blood pressure in pregnancy.254 Most reports are
of women enrolled as patients relatively late in pregnancy,
in the second or third trimesters. The preponderance of
data attests to the overall safety of β-blockers; however,
when treatment is begun early in pregnancy, the birth
weight may be lower, an observation supported by a recent
metaanalysis of 29 trials that included 2500 women.254

Labetalol, a combined β- and α-adrenergic blocker, has
been used widely in pregnancy, with periodic claims of its

superiority to other agents. In comparative trials with
methyldopa, it appears to have similar efficacy and simi-
lar incidence of maternal side effects,255,256 but when it is
compared with placebo, significant fetal benefits have not
been demonstrated.257 Thus, I use it as a second-line anti-
hypertensive agent in the treatment of gravidas with
chronic hypertension.

There are limited trials of the efficacy of calcium chan-
nel blockers in pregnant women; many of these trials have
been uncontrolled.257-260 One concern about prescribing
these agents relates to the high incidence of superimposed
preeclampsia in chronic hypertensive patients, a compli-
cation that mandates immediate initiation of parenteral
magnesium therapy.261 The potential interactions
between magnesium and calcium channel blockers have
been discussed.

Angiotensin-converting enzyme inhibitors are con-
traindicated in pregnancy because of their association
with fetopathy and neonatal renal failure and death.262-265

These observations have led to similar rejection of the use
of angiotensin II receptor antagonists in pregnancy. One
case report of a woman exposed to losartan during mid-
pregnancy reported oligohydramnios, pulmonary hypopla-
sia, hypoplastic skull bones, and ultimate intrauterine
demise at 31 weeks.266

There is only limited experience with α blockers in
pregnancy. Because of their efficacy in controlling the
signs and symptoms of pheochromocytoma, they are
indicated in the medical management of this condition.
The use of diuretics in pregnancy has been controversial,
mainly because of concern that saluretic therapy inter-
feres with the physiologic volume expansion of normal
pregnancy (although proof of this is limited). The
National High Blood Pressure Education Program
Working Group on High Blood Pressure in Pregnancy
condemned using diuretics in preeclampsia but noted
that they need not be discontinued if the woman was
receiving these drugs before conception.31 Because most

Drug Dose Additional Comments

Methyldopa 500-3000 mg in 2-4 Considered drug of choice because of extensive experience and well-documented
divided doses maternal and fetal safety

Hydralazine 50-300 mg in 2-4 Extensive experience; few adverse effects; may cause tachycardia
divided doses

Labetalol 200-1200 mg in 2-3 Similar in efficacy to methyldopa, less experience
divided doses Other β blockers have been reported to be associated with smaller infants when

used early in pregnancy; sporadic cases of liver toxicity
β Blockers Variable Possibility of fetal bradycardia, lower birth weight (when used early in pregnancy)
Calcium channel blockers Variable Accumulating data support maternal and fetal safety; may cause lower

extremity edema; may inhibit labor; may interact with magnesium sulfate
α Blockers Variable No data for use in pregnancy
Clonidine 0.1-0.8 mg in 2-4 Limited data

divided doses
Thiazide diuretics Variable May be associated with diminished volume expansion in pregnancy; may be 

necessary, in lower doses, in salt-sensitive hypertensive patients
Angiotensin-converting Variable Contraindicated in pregnancy: causes neonatal anuric renal failure, neonatal

enzyme inhibitors death, fetal loss in animals
Angiotensin Variable No data in pregnancy; contraindicated in view of data with angiotensin-converting

receptor antagonists enzyme inhibitors

TABLE 3–5 Antihypertensive Therapy for Chronic Hypertension in Pregnancy
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pregnant patients have only mild or moderate hyperten-
sion, it is safe to discontinue diuretic therapy, especially in
view of the physiologic declines in pressure during the initial
trimesters. I do, however, prescribe these drugs to women
in whom hypertension appears refractory to the first-line
medication because of salt sensitivity.

Antihypertensive Medications and Lactation
Studies of the possible effects of antihypertensive

agents on breast-feeding infants are limited. In general,
drugs that are bound to plasma proteins are not trans-
ferred to breast milk.267 Lipid-soluble drugs may achieve
higher concentrations than may water-soluble drugs.268

Methyldopa is considered safe, and preliminary data sug-
gest that the levels in breast milk are low. Several β blockers
are concentrated in breast milk; atenolol and metoprolol
are concentrated in high levels, and propranolol and
labetalol, in very low levels.269 Captopril levels in breast
milk have been reported to be low; however, in view of the
adverse effects of angiotensin-converting enzyme
inhibitors on neonatal renal function, I do not recom-
mend these agents to lactating women. There are only lim-
ited reports of calcium channel blockers and their transfer
into breast milk; however, no adverse effects have been
reported.270,271 A systematic review of excretion of antihy-
pertensive medication into human breast milk suggested
that drugs with high protein binding were less likely to be
excreted in breast milk.272 Finally, although the concen-
tration of diuretics in breast milk is usually low, these
agents may reduce the quantity of milk production and
interfere with the ability to breast-feed successfully.268
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44
HEMATOLOGIC
ASPECTS OF PREGNANCY
T h o m a s  P.  D u f f y

Pregnancy elicits a reorientation of physiologic prior-
ities of the woman’s body to help ensure optimal

development of the maturing fetus. Specific alterations
occur in the hematologic system during pregnancy as
the mother provides the nutrients for fetal hematopoiesis
and her body prepares for the hemostatic challenge of
childbirth. In the nonpregnant state, iron flow is primarily
in the direction of cells engaging in hemoglobin synthesis.
This vector is altered during pregnancy; the trophoblas-
tic cells of the placenta become the major target for iron
delivery.1 The iron needs of the fetus take precedence
over those of the mother, permitting the attainment in
an infant of a normal hemoglobin level even while iron
deficiency develops in the mother.2

As pregnancy evolves, there is also an accommodation
in the hemostatic defenses of the mother to anticipate
the separation of the placenta from the uterine wall.
An increase in the levels of several coagulation factors
occurs with a concomitant reduction in fibrinolytic activity3;
a new, specific plasminogen activator inhibitor is produced
by the placenta.4 These alterations combine to create a
“hypercoagulable” state5 that persists for several weeks
after the delivery of the infant. Coagulation abnormali-
ties, in the setting of venous stasis caused by the enlarging
uterus, explain the expectant mother’s predisposition to
thrombosis. The hypercoagulable state, although posing
a risk to the mother, is advantageous in the setting of
pregnancy but may pose a threat when combined with
thrombophilic disorders.

The hematologic system significantly affects and is
affected by the course of pregnancy. The approach to
recognition and management of hematologic problems
during this state requires a reorientation and expansion
of the physician’s focus to include the fetus and its spe-
cific needs. Any therapeutic decisions must be examined
for their dual effects on both the mother and the fetus. It
is only with this combined focus that the hematologic
care of the pregnant woman will be properly served.6

ANEMIA DURING PREGNANCY

The red blood cell (RBC), an elegant example of structure
matching function, is essentially a mass of hemoglobin
contained within an easily deformable and permeable
membrane. The excess surface area–volume ratio of the
membrane contributes to the biconcave shape of the RBC
and confers upon the RBC a plasticity that allows it to
pass through the microvasculature of the body. This pliable
structure endows the RBC with its essential role in the
delivery of oxygen to tissues, allowing RBCs with the
diameter of 7 μm to filter easily through capillaries as
small as 0.5 μm in diameter.

Hemoglobin production occurs within the marrow in
maturing RBCs; heme synthesis, taking place in and
around cellular mitochondria, is matched to globin chain
synthesis in a 1:1 ratio and takes place within the cyto-
plasm of the cell. Cell division continues until an optimal
hemoglobin level exists in the developing RBC. The end
product of marrow erythropoiesis, an enucleated cell, is
then released from the marrow and still contains some
remnants of a polyribosomal network. This reticulum
network can be detected with supravital stains, permitting
the enumeration of the daily output of reticulocytes, or
young RBCs, produced by the marrow. Under steady-state
conditions, RBC survival is approximately 100 days in cir-
culation, which accounts for the normal reticulocyte count
of 1% to 1.5%. Senescent RBCs are removed by the spleen,
whose reticuloendothelial network recognizes a “senescent”
antigen, which appear on RBCs as they age.7,8

The mass of RBCs in the peripheral blood is main-
tained within optimal boundaries by a humoral feedback
mechanism that responds to oxygen tension of RBCs that
perfuse the kidney. Erythropoietin, a glycoprotein with
a molecular weight of 55,000 kD, is secreted by renal
peritubular interstitial cells that respond to the redox
state of heme molecules in the circulating blood.9 With a
decrease in hematocrit of oxygen tension, erythropoietin
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secretion rises with stimulation of the marrow and increases
the production and release of RBCs. Erythropoietin
acts on a population of erythropoietin-responsive cells
derived from a common precursor pool of multipotential
stem cells within the marrow. Stem cell deficiency, which
occurs in aplastic or hypoplastic anemias, results in anemia,
accompanied by varying degrees of leukopenia and
thrombocytopenia. This triad of cytopenias or pancytope-
nia may also have its origin in any maturation defect of
the stem cell, as occurs either in megaloblastic anemias10

or with overactivity of the spleen, which occurs in hyper-
splenic states.

Under normal conditions, the hematocrit of a woman
is 42% ± 5%, and her hemoglobin measures 12.5 to 15 g/dL.
As pregnancy advances, physiologic hydremia or hemodi-
lution occurs with an expansion in the RBC and plasma
volumes. The condition is referred to as hemodilution because
the plasma volume expansion of 50% outdistances a 30%
increase in RBC mass during the first two trimesters. The
drop in hematocrit to approximately 30% and in hemo-
globin to 10.5 to 11 g/dL represents a “physiologic” anemia
that favors the fetus by enhancing perfusion of the pla-
centa and anticipates the blood loss that attends normal
childbirth.11 As opposed to this “physiologic” anemia of
pregnancy, the true anemias of pregnancy represent a real
reduction in the RBC mass and not a dilution of the RBC
mass (Table 4–1). These anemias most frequently originate
from production defects secondary to iron or folate defi-
ciency12; a few anemias during pregnancy, such as hemolytic
or aplastic anemia, have other causes.13 Anemia is not an
uncommon complication of pregnancy, as either a compo-
nent of a primary, underlying hematologic condition or as
a secondary complication of pregnancy. Its frequency is
heavily influenced by the socioeconomic circumstances of
the mother, because nutrition and prenatal care most
commonly determine the overall incidence of these compli-
cations.2 Pregnancy, with its increased demands on the
mother, often unmasks a borderline nutritional state,
resulting in new anemia or worsening of antecedent anemias.

GENERAL APPROACH TO THE ANEMIC
PATIENT

Recognition of anemia during pregnancy requires aware-
ness of the reduced levels associated with the physiologic

True anemia versus physiologic anemia or hydremia of pregnancy
(Hb <10.5 g/dL)

Elevated reticulocyte count indicates blood loss or hemolysis
Low or absent reticulocyte count indicates marrow failure, usually

iron or folate deficiency
Low MCV (<80 fL) indicates iron deficiency anemia; confirmed with

serum ferritin measurement
High MCV (>95 fL) indicates folate deficiency; confirmed with RBC

folate measurement
Normal MCV (80-95 fL) indicates possible combined deficiency;

investigated with RBC sizing index

Hb, hemoglobin; MCV, mean corpuscular volume; RBC, red blood cell.

TABLE 4–1 Anemia during Pregnancy

hydremia of pregnancy. Established guidelines demonstrate
that a hemoglobin level below 10.5 g/dL in any trimester
constitutes anemia for this state. Evaluation for the cause
of anemia initially focuses on two measurements: (1) the
reticulocyte count and (2) the mean corpuscular volume
(MCV) of the RBC.14 The reticulocyte count requires
a supravital staining of the peripheral smear; it is not
a value that is generated from an electronic counter. The
normal reticulocyte count is 1% to 2.5%.

If the feedback erythropoietin circuit of the body is
intact, the development of anemia should cause a com-
pensatory reticulocytosis. Failure to mount an appropriate
reticulocyte response in the presence of anemia indicates
that the marrow is a source of anemia; during pregnancy,
these hyporegenerative anemias are usually caused by
nutritional deficiencies, such as iron or folate deficiency.
An inadequate reticulocyte response also accompanies
erythropoietin-deficient erythropoiesis, the cause of anemia
that accompanies progressive renal failure. A low reticulo-
cyte count generally points to the marrow or erythropoietin
deficiency as the source of anemia and, if peripheral blood
studies such as iron, folate, and erythropoietin measure-
ments do not provide an answer, a bone marrow examina-
tion is indicated to determine the cause of the anemia.

When RBC survival is shortened, such as with hemolysis
or bleeding, the resultant anemia leads to heightened eryth-
ropoietin stimulation of the marrow and an increase in
reticulocytes. An elevated reticulocyte count is the hallmark
of hypergenerative anemias, conditions whose causes exist
outside the marrow. Bleeding must be ruled out.
Examination of the peripheral smear for RBC morphologic
changes, immunologic Coombs’ testing, and hemoglobin
electrophoresis are some of the means of investigating the
cause of hemolytic anemias associated with an elevated
reticulocyte count. The latter count is important in the cru-
cial implication of the marrow or the extramarrow environ-
ment in the causation of anemia, and thus its measurement
is critical in any patient in whom anemia is discovered.

Use of the MCV of RBCs is a second method of identi-
fying the source of anemia, although it is less helpful in
pregnancy than in the nonpregnant state. This relative
lack of utility is based on the frequency of mixed or com-
bined nutritional abnormalities as causes of anemia during
pregnancy. Iron deficiency, with its attendant reduction
in RBC size, may be masked by folate deficiency and its
creation of macrocytic RBCs. The MCV in such patients
may be normal, although an RBC sizing index, which pro-
vides a plot of RBC size, uncovers different cell populations
in a combined deficiency.15

Another deterrent to the use of MCV is the fact that all
anemias are initially normocytic because the original RBC
pool is only slowly diluted by the entry of abnormal cells.
Nonetheless, a low MCV (<80 fL) indicates iron deficiency,
and a high MCV (>95 fL) is attributable to folate deficiency
until proven otherwise.

The reticulocyte count and MCV measurement narrow
the possible causes of anemia and dictate the further tests
necessary to refine the diagnosis. Previous hematologic
values in the prepregnancy state and documentation of
any familial hematologic conditions may help with the
recognition that the hematologic condition antedated the
pregnancy. Such patients may have an exaggerated but
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tolerable decrease in hemoglobin during pregnancy, a phe-
nomenon that is most common in the hemoglobinopathy
states.

IMPACT OF ANEMIA ON THE FETUS
AND THE MOTHER

The fetus is a remarkably successful “parasite” of the
mother, and nowhere is this more evident than in the
hematologic system. Iron is delivered to the fetus against
a concentration gradient, which helps guarantee a normal
hemoglobin in the fetus. Placental hypertrophy accompa-
nies maternal anemia, and increased oxygen extraction by
the fetus further compensates for any decrease in hemo-
globin.16,17 It is therefore not surprising that modest anemia
(8.5 to 10.5 g/dL) in the mother poses little threat to the
fetus and that the literature is controversial regarding the
degree of risk that any anemia poses for the fetus or
mother.18 There is only minimal evidence that iron defi-
ciency in the mother is associated with decreased fertility,19

whereas folate deficiency leads to an increased risk of
spontaneous abortion.20

Modest anemias, with a hemoglobin level higher than
8.5 g/dL, do not necessitate transfusion but nonetheless
merit investigation and correction whenever possible.6
These anemias may be a “sickness index” of the body, calling
attention to an overlooked disorder or deficiency.
Correction of the anemia also optimizes the hematologic
environment in which the fetus is developing and maturing.

More severe anemias (hemoglobin level <8.5 g/dL) in
the last 4 weeks of pregnancy are considered grounds for
transfusion, especially to anticipate any hemorrhage that
might complicate childbirth.

NUTRITIONAL DEFICIENCY ANEMIAS

Iron Deficiency Anemia

The iron needs of the body for hemoglobin synthesis are
provided for by a coordinated system of conservation and
recycling of this essential element.21 RBCs, after a life cycle
of 100 to 120 days, are removed from peripheral blood by
splenic reticuloendothelial cells; their hemoglobin is
degraded, and the iron core reenters a pool that becomes
available for new hemoglobin synthesis. Daily RBC pro-
duction requires approximately 30 to 35 mg of iron per
day, of which all but 1 to 2 mg is derived from the recy-
cling of storage pool iron (Table 4–2). This 1 to 2 mg is the
daily loss of iron from the body. The storage pool exists as
either ferritin, with iron molecules housed in a protein
shell, or hemosiderin, a more complicated and larger iron
molecule composed of lipids, carbohydrates, and protein.
A man has approximately 1000 mg of iron in this pool,
whereas a woman has only 300 to 500 mg of iron in stor-
age. The difference is attributed to iron losses incurred
with menstruation. Adolescents of either gender fre-
quently have little iron storage because of the needs of
their expanded blood pool and the inadequate amounts
of iron in their diets.

Only 1 to 2 mg of iron needs be absorbed daily to correct
for daily losses and to supplement the storage iron that is
recycled for hemoglobin synthesis. The normal American
diet contains approximately 15 mg of iron per day; thus,
only 10% to 15% of ingested iron must be absorbed each
day. As a consequence of pregnancy, which results in the
expansion of the mother’s blood pool and fetal iron
needs, stored iron and absorbed iron may be inadequate
for the increased needs of pregnancy. Iron supplementation
for expectant mothers has become standard because of
these increased needs in addition to the borderline iron
stores of expectant young mothers.2

The hallmark of advanced iron deficiency is a
hypochromic microcytic anemia (MCV< 80), but this
condition is only the terminus in a stepwise decline in
total body iron. When a deficiency first occurs, iron is ini-
tially mobilized from the storage depots of reticuloen-
dothelial cells and parenchymal liver cells. Ferritin levels
in the peripheral blood parallel levels of stored iron, and
radioimmunoassay for this iron complex allows quantita-
tion of iron stores. After all iron has been mobilized from
storage, levels of the iron transport protein, transferrin,
increase. This combination leads to a low-percentage sat-
uration of transferrin; saturation levels of less than 15% are
the marker for iron-deficient erythropoiesis.

Anemia, initially normochromic and normocytic,
finally supervenes. Such a result occurs only after the con-
served stores of iron have been depleted and when serum
iron levels are inadequate to fulfill the needs for hemo-
globin synthesis.

Diagnosis

Florid iron deficiency is easily recognized from its
hypochromic, microcytic blood picture, but earlier stages
in the deficiency may be more muted. Even in non–
iron-deficient expectant mothers, a low level of serum
iron and an elevated level of transferrin are present. These
parameters of pseudo–iron deficiency represent how the
alterations in iron flow during pregnancy favor the needs
of the fetus. However, ferritin levels remain a reliable
gauge of iron stores and are the preferred means of evalu-
ating iron needs during pregnancy.22 A ferritin level of 
80 pmol/L in midpregnancy (20 weeks) indicates that iron
stores are adequate for supporting the needs of pregnancy
and that supplemental iron is not necessary23; a ferritin
level of less than 12 pmol/L indicates that iron deficiency is
present and must be corrected.24 Caution must be used in
the interpretation of ferritin levels because this protein
is an acute-phase reactant; low levels may be falsely ele-
vated when inflammation or infection complicate iron

Mobilization of marrow stores of iron; fall in serum ferritin
(<15 pmol/L)

Fall in serum iron; elevation in iron-binding capacity with
transferrin saturation (<15%)

Anemia, initially normochromic, normocytic
Anemia, hypochromic, microcytic

TABLE 4–2 Temporal Sequence in the Development
of Iron Deficiency Anemia
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deficiency anemia. In this case, ferritin levels of less than
60 to 100 pmol/L are considered indicative of iron defi-
ciency. The measurement of serum transferrin receptor lev-
els is another method of identifying iron deficiency in the
setting of inflammation or infection.25

Treatment

Iron replacement or supplementation is easily achieved
in most patients with oral administration of ferrous sulfate
or gluconate tablets.26 These tablets are better absorbed
on an empty stomach, but gastrointestinal intolerance is
frequent with this practice; ingestion of iron with meals
is better tolerated, and this may be the preferred regimen,
although absorption is lessened. Gradual introduction
of medication (from one to three tablets daily) also
improves tolerance and patient compliance. Iron may
cause constipation in some patients and thus may limit
its use, unless attention to elimination accompanies its
prescription.

Some patients who do not tolerate iron tablets can be
given an iron solution, which is best taken through a straw
to avoid staining the teeth. If oral iron is not tolerated and
iron replacement is necessary, intramuscular or intravenous
administration of iron as ferric gluconate is possible.27

This preparation has replaced iron dextran as the pre-
ferred parenteral iron preparation because of its greater
safety, proved in comparison trials of the two agents. Its
administration carries a very small risk of acute anaphy-
laxis, and it is thus necessary to employ caution with its
use. Intravenous iron administration allows iron replace-
ment in patients with inflammatory bowel disease and
also allows a more rapid repletion than is possible with
oral iron.28

Impact of Iron Deficiency on the Fetus and Mother

Although there is controversy regarding the contribution
of anemia to complications in pregnancy, iron deficiency
anemia has been definitively implicated as increasing the
risk of low birth weight, prematurity, and perinatal mortality.
Iron deficiency anemia during pregnancy results in an
increased threefold risk of low birth weight and a twofold
risk of preterm delivery.29 Iron deficiency anemia is also
associated with large placental weight and a high ratio of
placental weight to birth weight.30 The implications of this
discordance are important, because these placental alter-
ations are known predictors of adult hypertension, which
appears to originate in fetal life.17

The specific deficiency of iron may result in a general-
ized nutritional deficiency because of the association of
pica with iron deficiency. Pica, which is a bizarre craving
for oral ingestion of foodstuff or other unusual sub-
stances,31 may lead to the consumption of large amounts of
materials such as clay (geophagia),32 starch (amylophagia),
or ice (pagophagia).33,34 Not only may these materials sub-
stitute for other nutritious calories but they can exagger-
ate iron deficiency by complexing iron within the gut. The
effects of ingestion of baking powder have even been con-
fused with eclampsia.35 Recognition of pica allows detec-
tion of iron deficiency, and correction of the latter can
resolve the former.

Folic Acid Deficiency in Pregnancy

Folic acid is an essential cofactor in the conversion of uri-
dine to thymidine in nucleic acid synthesis within all
cells. A deficiency of folic acid results in megaloblastic
hematopoiesis, with a macrocytic anemia frequently
accompanied by varying degrees of leukopenia and throm-
bocytopenia.36 However, macrocytic RBC indices for recog-
nition of a megaloblastic process may be misleading
during pregnancy because of a concomitant iron-deficient
microcytic process. Even in the absence of macrocytic
indices, an excellent marker of a megaloblastic process is
hypersegmentation of polymorphonuclear cells in the
peripheral blood. This abnormality should be sought in
any anemic pregnant patient, because its presence indi-
cates folate or vitamin B12 deficiency unless proven other-
wise. Vitamin B12 deficiency is not a strong concern during
pregnancy; deficiency of this vitamin is usually associated
with sterility, and large stores of this vitamin in the body
are not outstripped by the demands of pregnancy. A rare
report of neurologic impairment in a newborn born to
a mother subsisting on a restricted vegetarian diet has been
attributed to a vitamin B12–deficient state.37 Discovery of
a megaloblastic process during pregnancy remains equated
with folate deficiency unless the dietary history dictates
consideration of vitamin B12 deficiency.

Folate stores within the body are limited. The increased
cellular demands for this vitamin—which provides for the
expanding maternal and fetal blood pools and for the
enlargement of the uterus and placenta—may outstrip
the available supply. Folate deficiency is more frequent with
twin pregnancies and with multiparity, the latter being
associated with repeated states of negative folate balance.
Reduced oral intake secondary to hyperemesis gravi-
darum is a common prologue to folate deficiency. Alcohol
consumption, which interferes with folate metabolism,
may worsen the deficiency. Cigarette smoking also
reduces the availability of folate.

Diagnosis

The diagnosis of folate deficiency is simple once the entity
(of folate deficiency) is considered as contributing to
anemia. Hypersegmentation of polymorphonuclear cells,
macrocytic indices, large ovalocytes, leukopenia, and
thrombocytopenia are the classic effects of the disorder.
Marked elevation of lactose dehydrogenase (LDH) is a serum
marker of the extreme degree of ineffective intramedullary
hematopoiesis that a megaloblastic process represents.
The macrocytic character of anemia, as manifested by the
MCV, may be lost when there is a combined folate and iron
deficiency; a dimorphic RBC population on the periph-
eral smear is the clue to this double nutritional jeopardy.
Folate-responsive aplastic anemia has also been reported
during pregnancy.10

Confirmation of the diagnosis requires measurement
of RBC folate levels, determined by radioimmunoassay.
Serum levels of the vitamin are not diagnostic and should
not be used as a basis of the diagnosis. Other biochemical
assays are available to demonstrate folate deficiency
(e.g., formiminoglutamic acid test), but they are unnecessary
for diagnosing folate deficiency.



Treatment

In view of the marginal stores of folate within the body and
the increased demands for this vitamin during pregnancy,
folate supplementation has become a standard component
of prenatal care39; supplementation of folate is also recom-
mended antenatally for its role in preventing neural tube
defects. Most prenatal vitamins contain 1 mg of folate, an
amount that is adequate for fulfilling the escalated folate
needs of pregnancy; higher amounts are required for
hemolytic disorders, such as sickle disease or thalassemia,
in which a 5-mg daily supplement is indicated. In addition
to its ease of administration and freedom from any side
effects, supplements can eliminate any contribution of
folate deficiency to anemia during pregnancy.12

Impact of Folate Deficiency on the Fetus and
Mother

Folate deficiency, as a cause of maternal anemia, is associ-
ated with premature birth, although its role in this patho-
logic process is not as well known as that of iron
deficiency.20 Folate deficiency has also been implicated in
the genesis of neural tube defects and in cleft palate devel-
opment.38 The fetus is usually spared the development of
anemia because folate, like iron, is transferred against a
concentration gradient to a dense accumulation of folate
receptors on the placenta. The fetus effectively drains the
mother of available folate, which is an additional example
of the fetus as a successful “parasite” of the mother.

HEMOGLOBINOPATHIES IN PREGNANCY

Significant shortening of RBC survival occurs secondary
to alterations in structure (sickle hemoglobin) or quantity
(thalassemia) of hemoglobin chains.40 These are inherited
disorders, which in their most severe forms are associated
with hemolytic anemia as well as progressive multiorgan
failure. Repeated sickling crises result in widespread
microvascular blockade with obliteration of normal perfu-
sion and function of several organs, including the spleen,
the lungs,41 and the kidneys.42 Iron overload, the after-
math of years of ineffective erythropoiesis and transfusional
support in thalassemia, damages the heart, liver, and
endocrine system. Therefore, patients with hemoglo-
binopathies enter pregnancy at increased risk of morbidity
and mortality secondary to the combination of underlying
anemia and multiorgan dysfunction.43 Successful man-
agement of these pregnancies requires attention to hema-
tologic needs and negative consequences of organ
dysfunction, both of which are often exaggerated by the
demands of pregnancy.

Sickle Hemoglobinopathy

Sickle hemoglobin differs from the normal hemoglobin by
only a single amino acid substitution, valine for glutamic
acid, in the β chain of the hemoglobin molecule. The
homozygous form of the disease, SS (α2βs

2), results in an
RBC hemoglobin pool that is almost completely sickle

hemoglobin; the heterozygous form of the disease,
AS (α2β1βs), has approximately 60% to 70% normal hemo-
globin and 30% to 40% sickle hemoglobin. SS disease,
associated with a lifelong severe hemolytic anemia (hemat-
ocrit ∼20% to 25%), is punctuated by repeated painful
crises caused by logjam formation by sickled cells in the
microvasculature. The major factor precipating sickling
of RBCs is hypoxemia, with worsening of the process by
acidosis and hypertonicity. The crisis frequently involves
the long bones with necrosis of the marrow, but no organ
is safe from the assault of sickling. SS patients are func-
tionally asplenic from birth and undergo anatomic
autosplenectomy by adolescence; the absence of the
spleen greatly contributes to the markedly increased inci-
dence and severity of infection in the patient. The kidneys
participate in a similar phenomenon, with a functional
dismantling of the medullary countercurrent mechanism
from birth, followed by an anatomic papillectomy in early
adolescence. The handicap is mirrored in an inability to
concentrate urine, a significant disability when fluid
retention is necessary to buffer the fluid losses associated
with fever.

The greatest threat to the affected patient is acute chest
syndrome, in which a pulmonary infiltrate with fever,
which leads to hypoxemia, hypertonicity, and acidosis,
recreates in vivo the conditions that induce sickling in
vitro. These infiltrates, formerly believed to be mainly
infectious in origin, are now thought to arise more fre-
quently from in situ sickling or embolized necrotic mar-
row from sickled bones. Monitoring of oxygen saturation
in such patients is mandatory, with maintenance of the
oxygen saturation at greater than 85 mm Hg to prevent
sickling; oxygen saturation below this level necessitates
exchange transfusion to prevent a lethal outcome.
SS patients experience all of these complications to a vary-
ing degree, and other interacting hemoglobinopathies
(hemoglobin S–thalassemia, SC) participate in the same
spectrum of complications but often to a lesser intensity.
In this regard, SC hemoglobinopathy may have a silent
clinical course even with a close-to-normal hematocrit;
this hemoglobinopathy may initially present with an
episode of severe pulmonary thrombosis in the peripartum
period.

Patients heterozygous for the sickle cell gene are only
slightly affected by the amino acid substitution. Such
patients are not anemic; the heterozygous state does not
result in a hemolytic process. However, a concentrating
defect occurs in their kidneys, and their urine is isos-
thenuric from birth. Renal papillary necrosis, some-
times accompanied by hematuria, results in scarred
kidneys. This alteration is associated with an increased
risk of pyelonephritis that may occur during pregnancy
and complicate its course. Asymptomatic bacteriuria
should be identified and treated aggressively in this
group.

The chemotherapeutic agent hydroxyurea is now fre-
quently administered to patients with sickle cell disease
for its demonstrated role in assuaging the clinical severity
of the disorder. Its use is not recommended during preg-
nancy, and such patients, both female and male, should
be counseled about the risks involving conception while
the drug is taken.44
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Diagnosis

The diagnosis of these hemoglobinopathies is sought
with hemoglobin electrophoresis. In the homozygous
form (SS), almost all hemoglobin is sickle hemoglobin,
with a small amount of A2 and fetal hemoglobin; larger
amounts of fetal hemoglobin indicate a sickle cell–
thalassemic state whose clinical severity is close to that of
the homozygous state. Heterozygous sickle trait (AS) is
identified by its larger percentage of normal hemoglobin
and its mainly asymptomatic course.

Anemia with reticulocytosis is usually present,
although patients with SC hemoglobin may have a close-
to-normal hematocrit. Sickle cells may or may not be evi-
dent on the peripheral smear, although a sickle preparation
(RBCs exposed to a reducing agent, such as sodium
metabisulfite) induces the sickling phenomenon; target
cells are usually evident in all these conditions except in
sickle trait, in which the smear is normal.

Splenomegaly in any adult with sickle hemoglobin is
excellent evidence that an interacting hemoglobinopathy
(e.g., hemoglobin S–thalassemia) is present; patients with
SS disease have undergone autosplenectomy by adult-
hood as a universal accompaniment of their disease.

Hemoglobin electrophoresis should be a part of all pre-
natal evaluations in black patients. Recognition of the
hemoglobinopathy is important because of the special
threat that pregnancy poses to this group. Identification
of the asymptomatic heterozygous state is also important
because of its implication for the fetus if the father is a
heterozygote or has an interacting hemoglobinopathy.
Prenatal diagnosis is possible with chorionic villous
biopsy or amniocentesis to obtain material for DNA
analysis.45,46

Treatment

Controversy has persisted with regard to the role of pro-
phylactic transfusions in the management of pregnant
patients with sickle cell disease.47 The previously docu-
mented excessive morbidity and mortality rates for both
the mother and fetus in sickle cell pregnancy has now
been reduced as a result of better general management of
pregnancy, without the need for prophylactic transfu-
sion.48,49 By not undergoing transfusions routinely, these
patients are not exposed to the multiple risks of alloim-
munization, viral infections, and iron overload. However,
the nonuse of transfusions imposes a serious responsibility
on the physician to closely monitor any pregnancy and
anticipate the many threats that it presents to the mother
and fetus. Cardiac iron disease may be unmasked with the
development of eclampsia or even with the demands of a
normal pregnancy. Any serious complication such as acute
chest syndrome, stroke, or papillary necrosis necessitates
intervention with exchange transfusions; more painful
crises should also be handled in the same manner.

The objective of transfusions in the patient with sickle
cell disease is not simply to elevate the hemoglobin to the
10 g/dL range but to simultaneously reduce the percentage
of sickle hemoglobin. This is best accomplished by an
exchange transfusion of 2 U out and 3 to 4 U in. With this
maneuver, the sickle hemoglobin percentage usually falls

to approximately 40%, the desired end point of the
exchange. Serial determinations of the percentage of
sickle hemoglobin and hematocrit then dictate further
need for transfusion throughout the remainder of the
pregnancy.50

Cesarean section is not necessary and is not indicated
for delivery unless there are special obstetric needs;
patients need to undergo exchange before this surgical
procedure and before receiving any general anesthesia.
Epidural anesthesia is well tolerated, with close attention
to avoiding hypotension or hypoxemia; anatomic posi-
tioning is also important for reducing the uterine com-
pression of the inferior vena cava.

Patients with sickle cell disease are in special need of
increased folate supplementation. Folic acid, 5 mg/day,
should be prescribed because of the ongoing RBC needs.
Some sickle cell patients also need iron supplementation;
this need can be identified if the ferritin level is less than
80 to 120 pmol/L during pregnancy. Of note, the inci-
dence of pica appears significantly increased in sickle cell
patients and may compromise iron availability for hemo-
globin synthesis.

Thalassemia

The thalassemias represent a diverse spectrum of hemato-
logic disorders, all of which share some alteration in the
modulation of globin chain synthesis.51,52 A multiplicity
of genetic alterations is translated into clinical pictures
that range from death in utero (hydrops fetalis) to a benign
state with α- and β-thalassemia trait. The conditions
are named according to the chain in which synthesis is
diminished or absent; this defect in globin chain synthe-
sis results in defective hemoglobin synthesis, the cause of
hypochromia and microcytosis. The more important
complication of the unbalanced globin chain synthesis,
however, is the accumulation of free globin chains that
are not linked to their partners to form the normal hemo-
globin tetramer. These chains damage the developing
RBCs by oxidative injury, resulting in chronic hemolysis
and, ultimately, in iron overload. Patients with severe thal-
assemia require transfusional support to maintain an ade-
quate RBC count; this iron infusion, in the form of RBCs,
supplements the iron accumulation that accompanies
thalassemic lesions.53

There are major, intermediate, and minor variations of
thalassemia; these categories are defined by their clinical
severity, corresponding to the number of gene deletions
creating the abnormalities. In homozygous β-thalassemia,
both β chain messages are missing, and severe anemia and
secondary organ damage constitute the clinical course of
the disease. In β-thalassemia intermedia, both β chains may
be missing, but the lesion is modified because there is a par-
allel reduction in the α-chains as a result of an inherited
defect at the α locus. Patients in this group may be modestly
anemic but not in need of transfusion. β-Thalassemia trait
is caused by the lack of only one locus of the globin genes
and results in microcytosis without any significant anemia.
Its major significance is its confusion with iron deficiency
anemia and the inappropriate iron therapy that is fre-
quently administered to such patients.
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Diagnosis

Thalassemia must be suspected in the ethnic groups from
which its name is derived. Thalassemia or Mediterranean
anemia predominantly affects blacks and individuals of
Italian or Greek descent; different genetic alterations are
responsible for the disorder in different groups. Variant
thalassemias are now being recognized frequently in
immigrant groups from Asia.

Microcytosis, target cells, and splenomegaly are features
of these anemias. Definitive categorization of the type of
thalassemia may be possible with hemoglobin elec-
trophoresis, in which elevations in A2 or fetal hemoglobin
levels represent the compensation for decreased levels of
A hemoglobin.

Some variants are not identifiable on electrophoresis,
and study of α and β chain synthesis is required; DNA
probes are available to identify many of the genetic alter-
ations that are causal in thalassemia. Prenatal diagnosis
of some variants of thalassemia is possible with these
probes.54,55

Impact on the Fetus and Mother

Thalassemia major is infrequently an obstetric problem,
because the associated iron overload usually results in
failure of pubertal growth and delayed sexual develop-
ment.56 Affected patients are often infertile and anovula-
tory, manifesting hypogonadotropic hypogonadism as a
result of hemosiderin deposition in the hypothalamus
and pituitary gland. There have been approximately
40 reported pregnancies in this group, with a high incidence
of fetal loss.57,58

Pregnancy may precipitate cardiac failure in this iron
overload state; affected patients need close cardiovascular
monitoring and maintenance of the hemoglobin at a level
of 10 g/dL. Thalassemia intermedia and thalassemia
minor are no impediments to pregnancy, but they neces-
sitate extra folate supplementation.59 In the presence of
adequate ferritin levels (80 to 120 pmol/L), iron adminis-
tration is not necessary in these groups.

HEMOLYTIC DISEASE OF THE
NEWBORN

Hemolytic disease of the newborn occurs after alloimmu-
nization of a mother against paternally derived fetal anti-
gens, usually of the Rh subgroup; the sensitization arises
because fetomaternal bleeding frequently occurs during
pregnancy, especially at the time of delivery. The exposure
that causes sensitization may escape detection because of
the absence of prenatal care or because immunization
occurs during a miscarried or aborted pregnancy. Routine
administration at 28 weeks’ gestation of RhO(D) immune
globulin (300 mg intramuscularly) to an Rh-negative
mother when the father is Rh-positive, or when the father’s
Rh status is unknown, effectively suppresses Rh immu-
nization. This intervention has become an accepted stan-
dard of obstetric care.60,61 Prevention of sensitization is
imperative because no therapy is successful in suppressing
active Rh immunization once it has begun. In that situation,

all subsequent pregnancies with Rh-positive infants are
complicated by increasing sensitization and antibody
response. Administration of high-dose intravenous immune
globulins has not proved to significantly ameliorate severe
erythroblastosis fetalis.62 The incidence of hemolytic
disease of the newborn has dramatically declined, a phe-
nomenon attributable largely to Rh immune globulin
administration.63,64

Once sensitization of the Rh-negative mother has
occurred, all subsequent pregnancies need serial monitoring
to recognize the presence of antibodies and to determine
their levels. Identification of pregnant women at risk
requires documentation of their ABO and Rh types and
a screen for antibodies with an indirect Coombs test; the
Coombs test detects antibodies in a woman’s serum
whose targets are not only the Rh locus but also other
minor group RBC antigens such as Kell, Duffy, and others
that may also cause fetal hemolysis. An antibody titer of
less than 1:16 is not associated with any problems for the
fetus, but the mother still needs monitoring at 2- to 4-week
intervals beginning at 16 to 18 weeks of pregnancy. If the
father is heterozygous at the Rh locus, a fetal blood sample
to determine the blood type may obviate the need for fur-
ther monitoring if the fetus is found to be Rh-negative.
Umbilical vein blood sampling is possible before the
27-week interval, when amniocentesis becomes a means
of determining the impact of the immune reaction
directed against the fetal RBCs. 65-67

Diagnosis

Amniocentesis, performed under ultrasound guidance,
enables sampling of amniotic fluid to determine its content
of bilirubin as an index of the severity of fetal hemolysis.68

Spectrophotometric measurement of the deviation in
optical density at 450 nm (Liley’s index) is a reliable reflec-
tion of the degree of hemolysis threatening the infant’s
survival. Amniocentesis and ultrasound monitoring of
fetal development are usually adequate to deal with the
problems of Rh and most other RBC sensitizations. Kell
sensitization is not mirrored in the amniotic fluid analysis,
because the severity of anemia does not correlate with the
optical density measurements; a more invasive, more
direct assessment with fetal blood sampling is indicated
in this situation and whenever any question arises in the
course of more standard monitoring.69

Impact of Hemolytic Disease of the
Newborn on the Fetus and Mother

The immediate and major threat of maternal sensitization
is the potential for a degree of hemolysis in the fetus that
leads to hydrops fetalis. Severe anemia may result in high-
output cardiac failure with marked fluid retention; extreme
hepatic and splenic hematopoiesis is associated with portal
hypertension as a second cause of the hydrops state.
Affected infants can still be salvaged by direct intravascular
transfusions, whose results are better than those of the pre-
vious modality of intraperitoneal administration of the
blood to correct the anemia. Such interventions require the
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skills of obstetricians who care for women at high risk; they
must explain the need for specialized medical care in these
circumstances.

Another, more delayed threat of Rh immunization is
central nervous system damage, kernicterus, that follows
exposure of the fetal brain to hyperbilirubinemia.
Identification of infants at risk anticipates this danger
after birth and allows early intervention with phototherapy
or exchange transfusion before any damage has occurred.

The problems generated by Rh and other minor group
incompatibilities do not usually arise with ABO incompat-
ibility. The reason for the relative innocence of this form of
maternal-fetal incompatibility is the almost immediate
destruction of the potential sensitizer, the fetal RBCs.
Large amounts of the alloantibody are present, and they
destroy the intruding foreign RBCs. A second reason for
the benignity of ABO incompatibility is the generation of
immunoglobulin M antibodies in response to this sensiti-
zation. These, in contrast with the immunoglobulin G
antibodies of Rh sensitization, cannot cross the placental
barrier and cannot create the problems of fetal hemolysis.

APLASTIC ANEMIA

Bone marrow hypoplasia or aplasia is the hematopoietic
lesion responsible for aplastic anemia. Numerous insults
to the marrow, including infection, drugs or toxins, and
humoral and cell-mediated immune mechanisms may
produce this condition, which results in varying degrees
of pancytopenia in the peripheral blood. Because aplastic
anemia in some pregnant patients remits with termination
or completion of the pregnancy and sometimes recurs in
subsequent pregnancies, a cause-and-effect relationship
between aplasia and pregnancy is strongly suspected.
Management of the condition has been dictated by this
association; termination of pregnancy is offered when
severe aplasia complicates the early stages of pregnancy.
In the later stages, blood component support with RBCs
and platelets may be necessary; spontaneous delivery is
preferred. There is no evidence of any transmission of the
condition to the fetus.70-72

Constitutional aplastic anemia or Fanconi’s anemia
may not be clinically recognized until a woman is in her
childbearing years. The implications of this diagnosis are
the same as those of acquired aplastic anemia.73,74

In rare cases, acquired aplastic marrow states respond
to steroid therapy, and limited experience with antilym-
phocyte globulin has demonstrated its safety in pregnancy.70

The role of growth factors in pregnancy is not yet fully
established, although granulocyte colony–stimulating
factor has been administered to pregnant women with
agranulocytosis without any apparent harm to the fetus.75

Aplasia that persists after pregnancy may necessitate bone
marrow transplantation for its permanent cure.76

PURE RED BLOOD CELL APLASIA

Pure RBC aplasia may appear in an acute form when par-
vovirus specifically infects marrow erythroblasts; this
aplasia presents its greatest threat to those individuals

suffering from a chronic hemolytic process. The superven-
tion of an RBC production defect upon a hemolytic anemia
seriously compounds the problem of an already shortened
RBC survival. Serologic evidence (e.g., immunoglobulin M)
of active parvovirus infection or measurement of the viral
load establishes the cause of aplasia and enables use of
intravenous immune globulin to successfully treat the con-
dition. Immune globulin preparations contain antipar-
vovirus antibodies, which explains their efficacy in this
infection-mediated aplasia.77

Parvovirus B19 infection during pregnancy infre-
quently leads to an adverse outcome: miscarriage or
hydrops fetalis. The likelihood of a healthy outcome in
this case is very high; the risk is most significant if the
infection occurs during the second trimester. No signifi-
cant protection or vaccine yet exists for protection against
the infection, although 40% to 60% of women in their
childbearing years possess parvovirus B19 antibodies and
are therefore immune from a recurrence of the infection.
The Centers for Disease Control and Prevention recom-
mend that infected pregnant women be informed of the
risks of such infections and that they make their personal
decisions regarding the pregnancy after proper education
and counseling.78,79

Pure RBC aplasia, like aplastic anemia, may also compli-
cate pregnancy and recur with subsequent pregnancies.80

A high correlation of this marrow condition with thymomas
has been shown, and both cellular and humoral immuno-
logic mechanisms have been demonstrated to play a role.81

PAROXYSMAL NOCTURNAL
HEMOGLOBINURIA

Paroxysmal nocturnal hemoglobinuria (PNH) receives its
descriptive title from the complement-mediated lysis of
RBCs that occurs when sleep-associated hypoventilation
causes a slight fall in pH as a result of increasing carbon
dioxide pressure; this alteration in pH activates comple-
ment that attacks the complement-sensitive RBCs present
in patients with PNH. This sensitivity of PNH cells is part
of a larger defect in several membrane-based molecules;
a particular deficiency of so-called decay accelerating factor
results in prolonged and excessive complement activity on
these cells, with their premature destruction.82,83

A sugar water or acid-hemolysis test was used to diagnose
this condition in the past; flow cytometry now identifies
the involved cell population on the basis of missing cell
membrane markers.

Hemolysis with anemia draws attention to PNH, but of
greater importance, especially during pregnancy, is the
threat of thrombosis.84,85 PNH constitutes a hypercoagu-
lable state, in which platelets participate in membrane
defects that frequently result in thrombosis.86 The threat
of this complication has led many clinicians to recom-
mend termination of pregnancy in patients with PNH,
although some such pregnancies have been successful.87

Intravascular hemolysis often results in iron deficiency
because of iron loss from the kidneys in the form of
hemoglobin. Iron must be administered cautiously and
slowly, because young RBCs in this disorder are more
likely to participate in hemolysis. Transfusions of RBCs



need to be ABO specific and administered through a filter,
because any leukoagglutinin reaction may activate com-
plement and lead to hemolysis.88

MYELOPROLIFERATIVE DISORDERS

All the myeloproliferative disorders are stem cell disorders
characterized by panhyperplasia of marrow elements with
increased production of peripheral blood elements.
Polycythemia vera (PCV), essential thrombocythemia
(ET), chronic myelogenous leukemia (CML), and myeloid
metaplasia constitute these disorders, although myeloid
metaplasia is rarely seen in women of childbearing age.
When pregnancy occurs in a patient with a myeloprolifer-
ative disorder, there are distinct complications that are
unique to each of the subgroups.

Polycythemia Vera

In PCV, erythrocytosis is the major lesion, although leuko-
cytosis and thrombocytosis are also present in varying
degrees. Thrombosis is a major complication of PCV, and
infarction of the placenta is a documented result of the
elevated cytocrit (percentage volume of cells per sample).89

Phlebotomy is an effective method of managing PCV.
Special care is given to keep the hematocrit in the 30% range,
because higher hematocrits are associated with increased
rates of fetal loss.90 Other means of depressing the marrow
are available with the use of chemotherapy or biologic
agents (interferon), but these agents are not as attractive
as phlebotomy for use during pregnancy. Interferon alfa
does control PCV and appears free of mutagenic effects
upon the fetus91; its use is still not recommended for treat-
ment of PCV during pregnancy unless phlebotomy proves
unsuccessful.

Essential Thrombocythemia

ET is a myeloproliferative disorder characterized by
platelet counts that usually exceed 1 million/μL.
Thrombosis is a major threat in this disorder, although,
paradoxically, some of these patients experience a bleed-
ing tendency.92 Pregnant patients with ET have an
increased risk of first trimester abortion.93 Administration
of aspirin in some patients has enabled such pregnancies
to proceed without thrombosis; its administration must
be used with caution in ET patients in whom bleeding,
rather than thrombosis, is the expression of the defect.
The quandary is resolved by some clinicians with the
administration of aspirin only to patients with ET who
demonstrate a normal bleeding time.

Plateletpheresis is an acute, short-term method of
reducing the platelet count in ET; this may be indicated
when a thrombotic event occurs or when a patient needs
preparation for immediate surgery. Chemotherapy with
hydroxyurea (Hydrea) lowers the platelet count, but its
use is not recommended during pregnancy. Interferon
treatment in an ET patient before pregnancy has enabled
an event-free pregnancy during which thrombocytosis did

not recur. This treatment has also been used during preg-
nancy to successfully reduce the platelet count without
adverse effects on the fetus.94 A new agent, anagrelide
HCl, has a specific platelet-lowering effect through its
action on the megakaryocyte, but its safety during preg-
nancy has not been determined.95

Chronic Myelogenous Leukemia

CML may appear during pregnancy, usually as an asymp-
tomatic elevation in the white blood cell count. This
leukocytosis may be mistaken for the benign increase in
white blood cells that sometimes accompanies pregnancy.
The distinction is important because of the prognosis for
a patient with CML and the question of desirability of
continuing the pregnancy in the presence of this condi-
tion. The diagnosis of CML is made simple because of the
presence of a characteristic chromosomal marker in
90% to 95% of patients with CML. This 9;22 translocation,
the Philadelphia chromosome, is an acquired defect, and
the condition is not transmitted to the fetus. A molecular
probe for the bcr-c-abl fusion gene is now available and is
more sensitive than the identification of the Philadelphia
chromosome in CML on the basis of morphology.

If pregnancy is allowed to proceed in a woman with
CML, leukapheresis is a proven method of controlling any
massive increase in granulocyte mass.96 Chemotherapy
has been given during the second and third trimesters
of pregnancy without adverse effects upon the fetus.97

Interferon has also been used successfully to manage
CML during pregnancy.91 Imatinib mesylate (Gleevec) is
now front-line therapy for CML, but it is not recom-
mended for use during pregnancy. An opportunity to pro-
vide a solution for the disorder in the mother should not
be overlooked; transplantation of a child’s marrow to a
mother has been successfully performed. Stem cells col-
lected from cord blood may enable marrow transplanta-
tion if human leukocyte antigens are an appropriate
match. This potential donor source may simplify the
process of performing such transplantation in the future,
because transplantation is still the only cure for CML that
is currently available.98

HEMATOLOGIC MALIGNANCIES

Lymphomas, especially Hodgkin’s disease, are not uncom-
mon in women of childbearing age and may first occur
during pregnancy. Unfortunately, their presence may be
overlooked because of the understandable reluctance of
physicians to use radiographs during this period. Symptoms
such as sweating, pruritus, and back pain may all be attrib-
uted to the pregnant state, further lessening the likelihood
of these diagnoses during pregnancy. The result is pro-
gression of the tumor to a more advanced and potentially
incurable stage.

Discovery of lymphoma during the first trimester is an
indication for abortion if chemotherapy is necessary to treat
the malignancy; later in pregnancy, either chemotherapy
or deferral of treatment until after delivery is an option in
these cases.99 The choice of chemotherapy is affected
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by the patient’s desire for future children. Doxorubicin
(Adriamycin)–bleomycin-vinblastine-dacarbazine (ABVD)
regimens are preferred over mechlorethamine–vincristine
(Oncovin)–procarbazine-prednisone (MOPP) regimens in
Hodgkin’s disease because of the lesser incidence of sterility
with use of ABVD.97

Acute leukemia occurring during pregnancy100 raises
the same considerations that arise with lymphoma. The
options are actually less limited because of the greater
seriousness of the diagnosis of leukemia and its likelihood
of a lethal outcome even with aggressive therapy. Elective
termination of pregnancy is advisable if this is acceptable
to the patient. Chemotherapy can be deferred for only
a brief time. Successful delivery of healthy infants has
occurred when acute leukemia has been treated with cytara-
bine and anthracycline-based regimens in the second and
third trimesters.101

Treatment of acute promyelocytic leukemia with
all-trans-retinoic acid during pregnancy has induced remis-
sion without any adverse consequences for the fetus.102

PLATELET DISORDERS

Platelets are small, granulated particles that arise by
demarcation from the cytoplasm of megakaryocytes
within the marrow. During their 8- to 10-day survival in
the peripheral blood, platelets participate in endothelial
maintenance and in formation of platelet plugs at the
site of vessel breaks or ruptures. Petechial lesions are the
characteristic lesions in thrombocytopenic states and are
the end result of RBC extravasation outside the defective
endothelial barriers. A normal platelet count is in the range
of 200,000/μL to 400,000/μL, a number well in excess of
the 10,000/μL to 20,000/μL platelet count below which
spontaneous bleeding may occur. Platelet number is not,
however, the only determinant of this facet of hemostasis;
qualitative disruptions in platelet function may result in
bleeding even with a normal platelet count. A prolonged
bleeding time is the means of demonstrating this cause of
a bruising or bleeding tendency in an individual without
thrombocytopenia. The converse situation also exists:
Low platelet counts may be associated with normal bleed-
ing times, especially when enhanced peripheral consump-
tion of platelets is accompanied by the release of young,
hemostatically more effective platelets from the marrow.

There are strict parallels between erythropoiesis and
thrombopoiesis: Both manifest a humoral feedback system
that maintains peripheral counts within specific limits.
Thrombopoiesis is slightly more complicated than eryth-
ropoiesis, because there are both specific megakaryocyte
stimulatory factors and thrombopoietins that determine
platelet number.103 The oxygen-sensing device within the
kidneys that causes erythropoietin release is well defined;
its counterpart in thrombopoiesis is not known,
although there is a suggestion that the endothelium or
platelet components (platelet factor 4) may perform this
function. The spleen also plays a larger role in platelet than
in RBC physiology, although it is the major graveyard for
senescent forms of both elements. Under normal circum-
stances, approximately one third  of the platelet mass is
in residence within the spleen. Even larger numbers are

sequestered as the spleen enlarges, which explains the con-
tribution of splenomegaly of any cause to the development
of thrombocytopenia (Table 4–3).

The approach to the patient with thrombocytopenia par-
allels the approach to anemia, although there is no widely
available test comparable with the RBC reticulocyte count
that enumerates daily platelet production. In place of the
reticulocyte count, a cruder index capitalizes on the larger
size of young platelets. A mean platelet volume can be meas-
ured with electronic counters, and a shift to a large size is
considered evidence of a stimulated, turned-on marrow.

Flow quantitation of platelet RNA content has been
developed to improve this semiquantitative sizing index
but is not yet generally available.104

With significant thrombocytopenia (confirmed by
examination of the peripheral smear), a bone marrow aspi-
ration may be necessary to evaluate megakaryocytopoiesis
and thrombopoiesis. Conditions as varied as aplastic ane-
mia, leukemia, megaloblastic processes, or amegakary-
ocytic states may be discovered on marrow examination.
Timidity in performing the study is inappropriate in
thrombocytopenic states, because bleeding rarely compli-
cates the procedure, and the information obtained is often
valuable in determining the cause of thrombocytopenia.

Peripheral consumption of platelets usually has an
immunologic basis or is caused by participation in patho-
logic clotting or endothelial interaction. In contrast with
RBCs, in which bleeding results in anemia, this same chal-
lenge of bleeding is usually associated with thrombocyto-
sis; bleeding is not an acceptable explanation for
thrombocytopenia unless massive blood loss has
occurred, followed by replacement with packed RBCs.
Excess consumption of platelets commonly accompanies
many disorders in pregnancy, with the real possibility that
platelet consumption is a primary contribution to the
pathophysiologic mechanisms of these disorders.105

Platelet alterations are important not only for their role in
normal hemostasis and the threat of bleeding but also
because thrombocytopenia may be an early indication of
serious complications in pregnancy.

Idiopathic Thrombocytopenic Purpura

Several incitants leading to immune sensitization of
platelets are known; drugs and viral infections are the leading

Marrow lesion (aplasia, leukemia, etc.)
Accelerated consumption of platelets with normal coagulation

parameters
Splenomegaly
Immune thrombocytopenia (antiplatelet antibodies)
Thrombotic thrombocytopenia purpura
Eclampsia

Accelerated consumption of platelets with abnormal coagulation
parameters

Disseminated intravascular coagulation
HELLP syndrome

TABLE 4–3 Causes of Thrombocytopenia during
Pregnancy



causes, and perturbed immune function as a component of
collagen vascular and lymphoproliferative disorders may
play a role.105a During pregnancy, these common causes of
idiopathic thrombocytopenic purpura (ITP) must be sup-
plemented by consideration of pregnancy itself as the
immune sensitizer leading to thrombocytopenia. The initial
appearance of thrombocytopenia during pregnancy and its
disappearance after pregnancy makes a cause-and-effect
relationship likely, although the basis of the sensitization
is not established.106

Thrombocytopenia carries a special threat during preg-
nancy because of the pathophysiology of ITP and its
potential for concomitant sensitization of the fetus.
Accelerated platelet destruction in ITP is secondary to the
presence of antibodies, usually of the immunoglobulin G
subclass, which have specific platelet membrane antigens
as their target.107 Platelets coated with antibody are
removed by the reticuloendothelial cells of the body,
predominantly within the spleen. Antibodies of the
immunoglobulin G subclass are able to traverse the pla-
centa with the potential for sensitization of fetal and
maternal platelets. Thrombocytopenia within the fetus is
surrounded by the additional fears of bleeding during
a vaginal delivery, although some clinicians believe that
this threat is overrated108; trauma to the brain may occur
as the infant’s cranium is remodeled in passage through
the vaginal vault. Documentation of thrombocytopenia
in the fetus of a woman with ITP may affect the decision
regarding the mode of delivery to anticipate and to pre-
vent this threat of a vaginal delivery; cesarean section is
recommended by many (but not all) clinicians to avoid
this complication when significant fetal thrombocytopenia
is present. There is growing advocacy for allowing a vaginal
delivery even in the face of fetal thrombocytopenia; this
position would obviate the need and risks of umbilical
blood sampling.

ITP during pregnancy is, therefore, a multifaceted prob-
lem that influences the course of pregnancy and perhaps
the choice of the mode of delivery. The complex decisions
that surround the management of such patients make the
correct diagnosis of ITP essential to anticipate these prob-
lems.109,110 Monitoring of the infant’s platelet count is
essential because of the potential transmission of ITP to
fetuses of mothers with ITP.

Diagnosis

Immune thrombocytopenia, like autoimmune hemolytic
anemia, can be documented by analyzing the patient’s
serum for the presence of antibodies against the imputed
antigens.111 The indirect assay, a Western blot test, is
a specific test for ITP and identifies antibodies that usu-
ally have the membrane glycoproteins IIB-IIIA and IB/IX
as their target.112,113 The direct assay, using platelet
immunofluorescence, demonstrates the presence of
immunoglobulins on the patient’s own platelets. This
assay, although a very sensitive test for ITP, is very non-
specific, because most thrombocytopenic states are char-
acterized by elevated immunoglobulin levels on the
platelet surface.110

Unfortunately, the presence or absence of platelet anti-
bodies does not correlate in a 1:1 ratio with the presence

or absence of thrombocytopenia in the infant; in fact, no
feature of immune thrombocytopenia is a reliable predictor
of the fetal platelet count.114 The risk of severe fetal throm-
bocytopenia is low in infants born to mothers with no his-
tory of ITP before pregnancy or with absence of circulating
antibodies in those with such a prior history of the condi-
tion.115 However, the 20% to 40% incidence of fetal throm-
bocytopenia and its associated risk of cranial bleeding in
1% to 3% of such infants has resulted in the recommenda-
tion for determining fetal platelet counts before delivery.
Such samples are obtained either by percutaneous umbilical
blood sampling (PUBS) before the onset of labor or by fetal
scalp vein sampling once the baby’s head has descended
within reach of a lancet.116 A fetal platelet count of greater
than 50,000/μL is considered an adequate level to permit
a vaginal delivery117 but many obstetricians favor a vaginal
delivery irregardless of the platelet count.

Fears regarding fetal thrombocytopenia are not war-
ranted when new-onset maternal thrombocytopenia of
greater than 100,000/μL occurs during pregnancy. This
so-called gestational thrombocytopenia118 carries no
threat of significant platelet lowering in the fetus, making
it unnecessary to obtain fetal platelet counts.119 However,
the cause of maternal thrombocytopenia should still be
determined, because it may be a clue to other conditions
that need to be recognized. Thrombocytopenia is often a
harbinger of eclampsia and may accompany anticardio-
lipin antibodies during pregnancy.120-122

Treatment

Treatment of ITP123 during pregnancy is usually restricted
to mothers with platelet counts less than 30-50,000/μL.
Steroids at a dosage of 1 mg/kg of oral prednisone are ini-
tiated with tapering as soon as possible to a dose that
maintains the platelet count in the 30-50,000/μL range.
The 30-50,000/μL level is not a strict indication for initi-
ating steroids, because many clinicians use steroids only
in those patients who have symptomatic bruising or
bleeding and in asymptomatic thrombocytopenic
patients with a bleeding time greater than 20 minutes.124

This spares a majority of such patients the many threat-
ening side effects of steroids during pregnancy. Steroids
are frequently administered in the 2 to 3 weeks before
delivery because of a suggestion that their administration
favorably affects the infant’s platelet count. This practice
has also come into question because of doubt regarding
transplacental passage of the steroids.125

Intravenous immune globulins have become an excel-
lent, albeit expensive, substitute for steroids in the treat-
ment of ITP.126,127 An initial course of 1 g/kg/day for 2 days
usually elevates the platelet count for approximately 2 to
3 weeks. Punctuation of this effect can be achieved by repeat
infusions of smaller amounts (400 mg/kg at 3 to 4 week
intervals). This treatment does not appear to affect the
fetal count in either direction and allows the patient to
escape the hypertensive, diabetogenic threat of steroids.
Its use should probably be governed by the same indica-
tions as the use of steroids in this condition; platelet num-
ber is not the determinant but rather evidence for platelet
functional deficiency with a prolonged bleeding time or
actual bruising and bleeding.

C H A P T E R 4 Hematologic Aspects of Pregnancy 79



Splenectomy is a very effective method of reversing
thrombocytopenia in ITP states. This intervention is only
an option in midpregnancy, because the risk of sponta-
neous abortion is too great with its performance in early
or late pregnancy. If steroid or immune globulin treat-
ment has failed in early pregnancy, splenectomy is best
performed in the early part of the second trimester;
laparoscopic splenectomy has reduced the morbidity of
this procedure, permitting its use when indicated during
pregnancy.128 Platelet transfusions are not more than a
very transient option, because they are rapidly destroyed
and also create a risk of alloimmunization. Platelet trans-
fusions may be used for acute emergencies (central nervous
system bleeding, major gastrointestinal bleeding) while
awaiting the impact of steroids or immunoglobulins on
the bleeding episode. Fortunately, steroid or immune
globulin therapy are all that are usually necessary to manage
the condition.

Eclampsia

Eclampsia and preeclampsia are obstetric conditions
with major hematologic manifestations that serve not
only as markers of these diseases but are also of patho-
logic significance as their cause.129,130 Although the spe-
cific etiology of eclampsia and preeclampsia is unknown,
platelet-endothelial activation is an omnipresent phe-
nomenon in the hypertensive disorders of pregnancy.131

In addition to altered angiotensin II sensitivity, platelet
consumption and activation are anticipators in early
pregnancy of this third-trimester disorder.122 Multiple
hematologic alterations also accompany the condition,
with some evidence of disseminated intravascular coagu-
lation (DIC) (see section on Disseminated Intravascular
Coagulation) in addition to primary platelet endothelial
interactions. Antithrombin III deficiency,132 reduced pro-
tein C and S, and elevation of fibrin split products
(FSP)133 are the findings that support a consumptive pat-
tern in the disorder.

Platelet consumption and indices of endothelial activa-
tion, however, outdistance the evidence for DIC, supporting
platelet-endothelial interaction as the major derangement
in eclampsia. Epidemiologic and laboratory studies sug-
gest that immune mechanisms underlie the endothelial
damage; antivascular endothelial antibodies,134 comple-
ment activation,135 and antiphospholipid antibodies have
all been identified in various series of eclamptic
patients.136 Altered endothelial reactivity is manifested by
reduced prostacyclin-thromboxane ratio favoring vaso-
constriction.137 Elevated circulating endothelin levels
have also been demonstrated in eclamptic patients, further
exaggerating the problems in the vessel wall.138 The past
brief enthusiasm for the use of aspirin to reduce the
incidence of eclampsia has been dampened by studies
demonstrating its lack of effectiveness; the blanket rec-
ommendation for universal use of aspirin in pregnancy is
no longer advisable. Its use is restricted to those cases in
which there is a history of eclampsia or the identification
of a risk for eclampsia on the basis of abnormal
angiotensin II testing.139-142 Even in these candidates for

aspirin use, some clinicians would delay its introduction
until the 13th week of pregnancy because of fear of ter-
atogenicity with its use during the first trimester.

Thrombocytopenia in eclampsia has its major risks in
placental disruption and fetal loss. Antiplatelet antibod-
ies are not present, thus eliminating any fear of immune
thrombocytopenia in the fetus. Management of eclampsia
usually consists of delivery of the infant when this is pos-
sible based on its maturation.143 Platelet support is appro-
priate when the count is less than 50,000 or at higher
platelet levels if any evidence of increased bleeding or
bruising exists.

The hematologic lesion in eclampsia is not restricted to
the platelet; striking abnormalities may occur in the RBC
line as a result of increased sheer stress to the RBC mem-
branes within the microvasculature. This traumatic
hemolysis creates a characteristic morphologic picture
with helmet cells, schistocytes, and microspherocytes on
the peripheral smear; serum LDH levels are elevated sec-
ondary to the intravascular rupture of RBCs, the same
mechanism that is responsible for the release of free
hemoglobin and its saturation of its binding protein,
haptoglobin.144

HELLP Syndrome

Eclampsia, with hemolysis and thrombocytopenia, may
be complicated by hepatic decompensation in addition to
its more common involvement of the kidney and central
nervous system.145 Recognition of HELLP (hemolysis with
elevated liver enzymes and low platelets) syndrome is
important, because this form of toxemia may be free of
the usual renal or hypertensive clues to the diagnosis.146

This syndrome also creates its own particular morbidity
because hepatic failure is associated with decreased syn-
thesis of numerous clotting factors.147 Because manage-
ment of the HELLP syndrome is the same as management
of eclampsia (i.e., delivery of the infant), these patients
need more aggressive coagulation resuscitation. Platelets
and fresh frozen plasma (3 to 4 U every 6 to 8 hours) are
administered according to the degree of coagulopathy
and fluid balance of the patient. Severe depletion of fi-
brinogen should be managed with infusions of cryopre-
cipitate (10 U), with levels monitored to maintain the
fibrinogen level greater than 150 mg/dL.

Thrombotic Thrombocytopenic Purpura

Eclampsia, with its multisystem organ involvement,
closely resembles another platelet endothelial disorder,
thrombotic thrombocytopenic purpura (TTP).106,148 The
resemblance is troublesome because of the differing ther-
apeutic implication of each condition; eclampsia is  man-
aged with delivery of the infant, whereas TTP is treated
with plasmapheresis and plasma infusions. The confu-
sion with eclampsia is understandable, because of the
pentad of TTP (thrombocytopenia, hemolytic anemia,
fever, and renal and central nervous system involvement),
fever is the only facet that is not a feature of eclampsia;
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10% to 25% of TTP cases occur during pregnancy. The
confusion of eclampsia with TTP149 during pregnancy
has led to the recommendation that the clinical picture of
TTP or eclampsia during pregnancy calls for delivery of the
infant, as in eclampsia. When this picture occurs earlier in
pregnancy, before the third trimester, the case is managed as
TTP, with plasmapheresis and/or plasma infusions.150 LDH
levels and platelet counts are monitored as markers of
response to therapy. Platelet infusions are avoided in TTP
because of the fear of fueling the process of thrombosis;
plasmapheresis should be performed before any necessary
infusion of platelets.

Thrombotic thrombocytopenic purpura is not a dis-
tinct clinical entity with a single known cause. It is more
properly considered a syndrome, often occurring after a
bout of diarrhea with enterotoxin-producing Escherichia
coli or Shigella species. The role of von-Willebrand factor–
cleaving protease deficiency as an inherited or acquired
disorder is now established in TTP.151 Measurement of
this cleaving factor is becoming more available, and thus
the clinical diagnosis and management may become less
problematic. The syndrome may not manifest itself until
the postpartum period, at which time plasmapheresis
and plasma infusions are the indicated therapy. The
hemolytic-uremic syndrome is also a microangiopathic
process in which the major manifestations are renal fail-
ure, thrombocytopenia, and hemolytic anemia. Renal sup-
port is usually the major intervention; plasmapheresis and
plasma infusions are reserved for progressive disease.152

Other Thrombocytopenic and Platelet
Functional Deficiency States in Pregnancy

Inherited forms of thrombocytopenia may be associated
with a lifelong bruising tendency or become manifest or
recognized during pregnancy.153 Bernard-Soulier syn-
drome is a thrombocytopenic state compounded by a
deficiency of platelet glycoprotein Ib; its seriousness
derives from the absence of this glycoprotein receptor for
von Willebrand factor (vWF).154,155 A subtype (IIb) of
von Willebrand disease (vWD) may also be associated with
thrombocytopenia, in which the platelet deficiency is
exaggerated during pregnancy. An abnormal vWF is man-
ufactured in this condition, which accelerates platelet
consumption; thrombocytopenia worsens during preg-
nancy because of the physiologic increase in vWF that
accompanies this state.156 Hermansky-Pudlak syndrome
is characterized by oculocutaneous albinism and a storage-
pool defect of the platelets, which leads to a hemorrhagic
diathesis.157

Management of these conditions involves administra-
tion of platelets.158 This approach is also appropriate
when a qualitative platelet abnormality exists, even in the
presence of a normal platelet count. Normalization of
the bleeding time is the desired end point of such inter-
vention. Desmopressin (DDAVP) administration may
also correct the bleeding tendency in these disorders.
Type IIb vWD necessitates management as discussed in
the treatment of vWD (see section on von Willebrand
disease).

COAGULOPATHIES IN PREGNANCY

von Willebrand Disease

The most common coagulopathy that creates problems
during pregnancy is vWD, a disorder that results from a
deficiency of a plasma factor that acts as a bridging mole-
cule between platelets and endothelium.159 Its most charac-
teristic clinical feature is a prolonged bleeding time, which
accompanies the soft tissue and mucous membrane bleed-
ing that complicates the disorder. The standard screening
coagulation assay is the partial thromboplastin time (PTT),
which may or may not be prolonged, depending on the
severity of the factor deficiency. There is much variability in
the several subtypes of the disorder, which is attributable
to molecular lesions that affect the production or assembly
of this large, multimeric adhesive glycoprotein.

vWF is synthesized and stored within endothelial cells
and megakaryocytes. Deficient factor levels can be
boosted with varying success in the several subtypes after
the intravenous administration of DDAVP. This interven-
tion can be repeated at 12-hour intervals, but the effect is
usually lost after one or two repetitions. For patients who
fail to respond to DDAVP (frequently those with type III
vWD), correction of the deficiency is possible with admin-
istration of factor VIII concentrates containing signifi-
cant amounts of vWF. These concentrates are now more
free than they formerly were of viral contamination, elim-
inating the need for use of fresh-frozen plasma or cryo-
precipitate as a source of vWF.

During pregnancy, these interventions may not be nec-
essary, because there is usually a pregnancy-related rise in
vWF that allows a vaginal delivery without major risk of
bleeding. Postdelivery bleeding may necessitate interven-
tion with DDAVP or concentrates as the vWF level returns
to the nonpregnant, deficient levels.

Type IIb vWD is associated with thrombocytopenia,
which worsens as pregnancy progresses.156 The defect in
this subgroup is an abnormal vWF that causes accelerated
platelet clearance. As the levels of vWF increase with
advancing pregnancy, a parallel reduction in platelet
number occurs. This interaction in type IIb vWD has led
to the recommendation that affected patients not receive
DDAVP for treatment of their disorder, because endothe-
lial release of the abnormal factor exaggerates the throm-
bocytopenia. Factor VIII concentrates containing vWF
can be used to correct the bleeding tendency when neces-
sary in this subtype.160

Congenital Coagulation Abnormalities

A coagulopathy that may prolong the PTT and may initially
manifest during pregnancy is factor XI deficiency.161 This
condition occurs most commonly in Ashkenazi Jewish indi-
viduals and may first become clinically significant during
the hemostatic challenge of childbirth. Affected patients
can be managed with infusion of fresh-frozen plasma dur-
ing childbirth, because only 25% of normal factor XI levels is
necessary for hemostasis. Small amounts of fresh-frozen
plasma usually suffice to manage this problem.
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A rarer coagulopathy, factor XIII deficiency, has impli-
cations for pregnancy beyond those of bleeding.162,163 This
factor is necessary for crosslinking of fibrin monomers
and stabilization of the fibrin clot. Factor XIII–deficient
individuals experience poor wound healing, recurrent
miscarriage, and delayed bleeding after trauma. Routine
coagulation screening with prothrombin time and PTT
does not identify deficiency of this factor; a urea solubil-
ity test is necessary to recognize the unstable fibrin clot
present in factor XIII deficiency. Fresh-frozen plasma cor-
rects the deficiency; its administration has allowed nor-
mal pregnancy and delivery to occur.

Other coagulopathies, including factor VII deficiency,
factor IX deficiency, and dysfibrinogenemias, may com-
plicate pregnancy.164 Factor VII deficiency causes a pro-
longed prothrombin time without any abnormality in the
PTT; it can be managed in the peripartum period with
infusions of factor VII concentrates.165 Factor IX, an even
rarer deficiency in women, can be treated with the same
concentrates.166 Dysfibrinogenemias may cause bleeding
or thrombosis; if bleeding is a problem, cryoprecipitate is
a solution to the problem.

Coagulopathies not only are a threat in and around
delivery but also may complicate procedures and local
anesthesia. Invasive procedures need coverage with the
missing components to avoid excessive bleeding compli-
cations. Affected patients pose particular problems dur-
ing pregnancy and should be managed in close
association with a hematologist.167,168

Disseminated Intravascular Coagulation

DIC is caused by activation of the coagulation cascade
within the intravascular space. This pathologic sequence
results in a combined threat of thrombosis and bleeding,
the former attributable to thrombin activation and the
latter to incorporation and consumption of the body’s
hemostatic factors within thrombi. The process is a
dynamic one; its clinical features are determined by the
inciting cause, the speed of the process, and the ability of
the host to regenerate the clotting factors that are con-
sumed. Fleeting DIC often accompanies saline-induced
abortions, with no clinical consequences, whereas life-
threatening bleeding may be the aftermath of abruptio
placentae or amniotic fluid embolism.169

The speed of the process has led to the distinguishing
of DIC states in pregnancy into two categories of “slow”
and “fast.”170 “Slow” DIC occurs with fetal death, in which
the precipitant of the clotting cascade is thought to be the
release of tissue factors from the decomposing fetus into
maternal circulation. This consumption of coagulation
factors may result in spontaneous delivery of a dead
fetus.171 “Fast” DIC has several possible causes in the preg-
nant woman, including amniotic fluid embolism, abrup-
tio placentae, and clostridial sepsis. All of these
significant complications may result in a major bleeding
diathesis because of the rapid depletion of clotting factors
as amniotic fluid or endotoxin tips off the cascade.172

Amniotic fluid embolism is the most threatening of
these obstetric emergencies because the consumption coag-
ulopathy is accompanied by cardiopulmonary collapse.173

This condition occurs most commonly in the setting of
prolonged and difficult labor in a multiparous woman; it
is heralded by the development of shock, hypoxemia, and
generalized bleeding.174 The diagnosis can be confirmed
by demonstrating amniotic fluid components in blood
obtained from the pulmonary vascular circuit.175

Monoclonal antibodies against these components are
now available to make a more sensitive diagnosis of this
condition.176 Cardiopulmonary support, steroids, and
correction of the coagulopathy constitute its manage-
ment in preparation for delivery of the infant.177 Platelets,
fresh-frozen plasma, and cryoprecipitate may all be neces-
sary to correct the global deficiency created by the con-
sumptive process.

Abruptio placentae is associated with the same threat
of DIC, and its management entails a similar correction of
any coagulopathy before delivery of the infant.178 Pain
and bleeding are the usual hallmarks of abruptio placen-
tae, although some patients may present in shock without
pain, which thus diverts attention from this cause of an
obstetric emergency.179 Abruptio placentae has now
assumed a more prominent profile because of its causal
relationship to cocaine abuse; the latter may hinder recog-
nition of the entity because it alters the patient’s percep-
tion of pain.180

Severe DIC accompanies clostridial sepsis as a compli-
cation of abortions.181 Clostridium welchii organisms release
lecithinase, which causes massive intravascular hemolysis
that can destroy virtually all circulating RBCs.
Unfortunately, even with the most aggressive intervention
with antibiotics and blood component support, few
patients survive this catastrophe.

Administration of heparin to halt DIC is not dictated
in these consumption coagulopathies. Correction of the
clotting defects, circulatory support, and delivery of the
infant are recommended interventions. The recommen-
dations for management of slow DIC with fetal death are
the same: induction and delivery under blood component
support. The administration of heparin has successfully
allowed one twin to survive DIC caused by the other
twin’s death in utero.182 This finding may be important in
the management of fetal death caused by selective reduc-
tion in fetal number in a multiple pregnancy.

Acquired Inhibitors of Coagulation

Pregnancy is one of the conditions associated with the
spontaneous appearance of circulating inhibitors, usually
directed against factor VIII.183 The laboratory evidence for
the abnormality is the presence of a prolonged PTT that is
not corrected with a mixing experiment. It is an acquired
abnormality, because it occurs in women with no history
of hemophilia or bleeding. If the titer of the antibody is
low, infusions of factor VIII concentrate may overwhelm
the inhibitor acutely but with the risk of escalating the
inhibitor titer. Porcine factor VIII may be used to elude
the antibody effects, but sensitization to this factor also
occurs. Intravenous immune globulins have successfully
eliminated the antibody in some patients. If the titer
remains high and bleeding is a problem, infusions of 
vitamin K–dependent factor concentrate can bypass the



inhibitor and prevent or halt bleeding. Concentrates of
factor VIII inhibitor bypassing activity also produce the
same effect. A recombinant activated factor VII is now
available to correct for the presence of the inhibitor and
has become the treatment of choice for this problem.
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5
VENOUS THROMBOEMBOLISM
DURING PREGNANCY*
Pe t e r  M c P h e d r a n

The commonest form of thrombosis that occurs during
pregnancy involves veins of the calf, thigh, and pelvis.

The most important aspect of such lower extremity and
pelvic venous thrombosis is that on occasion, during
pregnancy and post partum, it leads to pulmonary
embolism (PE), which is a major threat to the life of a
pregnant woman. Surveys in England and the United
States rank PE as the first or second most frequent
cause of death during and after pregnancy.1-3 Many of
these deaths can be prevented. In England, the number of
maternal deaths from PE has declined since treatment
with anticoagulants came into wide use.4,5 The same
decrease in mortality appears to have taken place in the
U.S.6 However, anticoagulants themselves are dangerous
to the pregnant woman and the fetus. In addition, women
who have experienced venous thrombosis in pregnancy
are sometimes left with chronic pain and swelling of
their legs.7,8

Humans are equipped with a complex hemostatic
system consisting of tissue-derived clotting activators,
blood platelets, and proenzyme clotting factors, which are
activated when blood vessels are injured or cut. A system
of natural anticoagulants and fibrinolytic agents works to
limit clotting and dissolve thrombi (Fig. 5–1). Thrombosis,
or obstruction of a blood vessel by platelets and fibrin,
can be blood preserving and lifesaving. However, it is
often undesirable, causing ischemia and infarction of
limbs and vital organs (if the thrombus is in an artery) or
swelling and pain, usually in lower extremities and some-
times in association with pulmonary embolization with
or without infarction (if the thrombus is in a major vein).

Virchow’s formulation of the three causes of thrombo-
sis was offered in the mid-19th century and is still
accepted.14 Thrombosis was (and is) thought to be the
consequence of (1) alterations in the vessel wall, (2) slow-
ing of blood flow (or stasis), and (3) changes in blood
components. Alterations in the vessel wall take the form
of damage to the clot-inhibiting endothelial surface,
which exposes thrombogenic substances within the vessel
wall, such as collagen and basement membrane. Trauma
to the vessel wall occurs most obviously during delivery,
whether vaginal or operative. Blood flow from leg and
pelvic veins is slowed during pregnancy by pressure on
iliac veins by the gravid uterus. Changes in blood com-
ponents during normal pregnancy include moderate to
marked increases in certain clotting factors and decreases
in some components of the natural anticoagulant and
fibrinolytic systems (Table 5–1).10 Some of these changes
are mild and/or inconsistent; others, such as the increases
in fibrinogen and factor VIII and the decrease in protein
S, are dramatic and consistent. Although it is unclear
whether any single one or combination of these physio-
logic changes in blood components actually causes
thrombosis in pregnancy,† it is interesting that the
changes overlap with those brought about by birth
control pills, which, like pregnancy, are believed to cause
an increased risk of thrombosis.15,16 Patient-specific
abnormalities of the hemostatic and fibrinolytic systems,
congenital and acquired, that sometimes cause hyperco-
agulable states in nonpregnant individuals, also cause an
increase in the risk of venous thromboembolism (VTE)
during pregnancy (Table 5–2). Some of these disorders
also cause various complications of pregnancy believed
to result from placental thrombosis. Patients with these
disorders are considered to be at high risk for thrombosis*Venous thromboembolism (VTE) during pregnancy has many parallels with

VTE in nonpregnant individuals. The differences are emphasized. Various
aspects of thrombosis in pregnancy have been well summarized in several sec-
ondary sources, including the version of this chapter in the third edition of
this volume and in original papers in the clinical literature.9-13 I have con-
sulted these secondary sources and journal articles while composing the pres-
ent chapter, and I refer to both types of sources.

†For example, it has not been shown that patients with especially large
increases in fibrinogen are more prone to VTE during pregnancy. Nor
has it been shown that patients who have had VTE have particularly high fi-
brinogen levels.



Figure 5–1. An outline of blood clotting showing components altered in hereditary and acquired hypercoagulable states. Some clotting
factors that increase in pregnancy are shown in boldface. FDP, fibrin degradation product; PL, phospholipid; t-PA, tissue plasminogen
activator; TF, tissue factor.

during pregnancy and are potential candidates for
prophylactic anticoagulants (further described in the
section on treatment).

INCIDENCE

Some frequencies of deep venous thrombosis (DVT), PE,
and fatal PE during pregnancy and post partum, according
to various authors, are presented in Table 5–3. This table
emphasizes sources in which positive diagnoses were con-
firmed by imaging and emphasizes current studies. There
have been many useful presentations of such data in which
the diagnoses of VTE, DVT, and PE rested on clinical diag-
noses; many of these are presented in Table 5–2 in the pre-
vious edition of this book.17 The more current data
presented here in Table 5–3 indicates that the frequency of
VTE in pregnancy and the puerperium in Western (and
some other) populations is about 1 per 1000 deliveries.
About two thirds of these events manifest as DVTs and one
third as PEs. VTE events are scattered throughout preg-
nancy and the puerperium.18 The incidence of all VTE
events may be higher post partum, and that of PE is indeed
higher.15,18,19 The rate of mortality from PE remains about
1 per 100,000 pregnancies, according to several sources

(see Table 5–3). Because current VTE incidence data are sup-
ported by confirmatory imaging tests, they may be accepted
as more reliable but minimum estimates. Current rates are
lower than those previously given, sometimes one tenth of
previous rates. This could be interpreted as a correction of
past clinical overdiagnoses or as representing an improve-
ment in care. Also, rates of VTE in Western nations may not
reveal much about rates in Asia or Africa, where genetic
causes of thrombophilia common in Western nations are
rare and standards of medical care may be different.

MANIFESTATIONS AND DIAGNOSIS

Patients with VTE disease in pregnancy may present with
symptoms of DVT or symptoms of PE after an asympto-
matic DVT.20 It is often said and written that the clinical
methods of detecting VTE are insensitive and inadequate,
and this is relevant especially in pregnancy, in which some
dyspnea and edema are normal. However, without suspi-
cion raised by clinical evaluation, patients do not undergo
ultrasonography or ventilation-perfusion (V/Q) scans,
and the condition often goes undiagnosed.

Characteristic symptoms of DVT include pain,
swelling, tenderness, warmth, and color change that occur
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in the leg, especially in the left leg of the pregnant woman.
Risk of PE is associated with popliteal, femoral, or iliac
phlebitis; thus, thigh swelling is an especially important
sign. However, 20% to 30% of patients with calf phlebitis
also have or develop iliac or femoral phlebitis.21

Regardless of which part of the leg is swollen or tender,
the first diagnostic move should be to perform a sensitive
test for upper leg vein thrombosis. Traditionally, this
was usually done with contrast venography and later by
impedance plethysmography (IPG)22; the current method
is ultrasonography with vein compression and Doppler
flow analysis. Venography shows the entire venous
system (calf to iliac vessels) and is the only currently avail-
able, reliable method for detecting DVTs in the calf.‡
However, the dye used in venography may itself cause
phlebitis, and the added benefit of seeing the iliac vessels
must be given up to avoid radiation exposure to the fetus.
IPG and, now, ultrasonography are the most sensitive
techniques for detecting DVTs in the thigh; therefore,
these techniques have been most frequently used. If iliac
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Factors Comment Reference

Increased
Fibrinogen Marked increase 122, 123
Factor VII — 123, 124
Factor VIII Marked increase 122, 123
von Willebrand — 122, 123

antigen
Factor X — 122, 123
PAI-1 Placental 127–129
PAI-2 Endothelial; marked 127, 129, 130

increase
Plasminogen Increase in these reflects 71, 122, 124
Antiplasmin decreased fibrinolysis 71, 122, 124
FDP Fibrinolysis is not 71, 123, 131
D-Dimer totally shut down 70, 72, 127, 

132–134
Heparin “resistance” Composite of fibrinogen, 135

factor VIII, and 
unknown substance

Decreased
APC resistance ratio* Lower but usually still in 136, 137

normal range
Factor XI — 122
“Fibrinolysis” Overall 55, 71, 128
t-PA, t-PA release Lower levels and blunting 70, 135

of normal increase 
after venous occlusion

Protein S Functional or free 136, 138–141
Platelets At term 142
PT and PTT Shortening reflects 143, 144

increased clotting factors

There are other pertinent references on hemostatic changes in pregnancy.125, 145–148

*A lower APC resistance ratio means increased resistance to the action of activated
protein C.
APC, activated protein C; FDP, fibrin degradation product; PAI, plasminogen
activator inhibitor; PT, prothrombin time; PTT, partial thromboplastin time; 
t-PA, tissue plasminogen activator.

TABLE 5–1 Some Clotting and Fibrinolytic Factor
Changes during Pregnancy (All Revert Post Partum)

‡Iodine 131–labeled fibrinogen was used in a sensitive test for new thrombi in
leg veins but was never usable in pregnant women; it is now unavailable.

�
�

vessels must be visualized (e.g., if there is a strong
suspicion of DVT but a negative finding on thigh vessel
ultrasonography), abdominal computed tomography (CT),
with its attendant radiation hazard, or magnetic resonance
imaging (MRI) appears to be the technique of choice.23-27

It is sometimes difficult, but important, to proceed
with urgent, aggressive imaging evaluation if VTE is sus-
pected in a pregnant women. If a Doppler ultrasound
imaging study demonstrates new upper leg vein thrombo-
sis, immediate heparin or low-molecular-weight heparin
anticoagulation is required. In the past, a study showing
only calf vein thrombosis might have been an indication
for serial IPG22,28 or ultrasound studies every second or
third day for 1 to 2 weeks to monitor for the development
of higher venous thrombosis; meanwhile, symptomatic
treatment, such as analgesics, warm soaks, and elevation, was
applied. Many, perhaps most, providers would now recom-
mend anticoagulation in patients with evidence of a DVT
restricted to the calf. Anticoagulation in patients with calf
DVT has apparently become more common as outpatient
use of both low-molecular-weight heparin (LMWH) and
regular heparin has gained broader acceptance.

Probably the most common presenting symptom in a
patient with PE is dyspnea.25,29 The physical examination
may reveal tachycardia, tachypnea, and perhaps a few rales
or wheezes. At this point in the examination, in urgent
visit settings, pulse oximetry would be performed and
might show low oxygen saturation (<92%). One leg, usu-
ally the left, may be swollen and, less commonly, warm
and tender if the patient has an associated DVT. Arterial
blood gas measurements are likely to show low partial
pressure of oxygen (<85 mm Hg), low partial pressure of
carbon dioxide, and low oxygen saturation. Routine chest
radiographs may show avascular areas in the lung fields
or other abnormalities but do not show pneumonia or
congestive heart failure. (In this situation, the chest
radiograph is as important for what it does not show as
for what it does show.) If there is pulmonary infarction
(about 10% of PEs), hemoptysis, pleuritic chest pain, and
a pleural friction rub or signs of effusion may be found.
Routine laboratory tests may reveal elevated levels of
lactic dehydrogenase and bilirubin, and chest radiography
may reveal atelectasis or pleural-based opacity or a pleural
effusion. If the PE is large or massive, the patient pre-
sents with severe dyspnea, hypoxia, and hypotension.
Examination may reveal cyanosis, jugular venous disten-
tion, a right ventricular heave (lower left sternal border),
and a loud and widely split pulmonic second sound. Even
the routine chest radiograph may show an absence (cut-
off) of large vessels beyond the hilar region on one side. In
such a large PE, the electrocardiogram may show right
axis shift with S1, Q3, and T3 changes and P pulmonale;
echocardiographic studies may show right ventricular
strain with elevated pulmonary pressures.

However, some PEs are asymptomatic and can be found
only by pulmonary vascular imaging studies, which, again,
are especially likely to be positive among patients who
have iliac, femoral, or popliteal vein thrombosis.

Some of the more routine and seemingly tangential
examinations and tests performed on a dyspneic pregnant
woman may be helpful in preventing a mistaken diag-
nosis of PE. Symptoms of high fever accompanied by



leukocytosis, left shift (increased band neutrophils), and
purulent and bloody sputum may correlate with pneu-
monia on chest radiograph. A chest film may reveal unex-
pected signs of pneumothorax or congestive heart failure.

The most important noninvasive diagnostic study for PE
in any dyspneic, tachypneic patient is a radioisotopic

lung V/Q scan. This technique entails locating one or
more ventilated areas of lung that are nonperfused
(a V/Q “mismatch”), together with a chest film free of
infiltrate in the nonperfused area. Such a result is a “high-
probability” scan and is sufficient to support the decision
to anticoagulate. A less conclusive V/Q scan in a patient

90 C H A P T E R 5 Venous Thromboembolism during Pregnancy

Need for Prophylaxis Need for Prolonged
Clinical Factors Frequency of Cause Risk of VTE in Pregnancy† Anticoagulation after Event

Obesity, older age, multiparity, Common + No Unknown
operative delivery

History of VTE
Spontaneous Uncommon +++ Yes Yes
Provoked (e.g., trauma) Uncommon + No No

Thrombophilias (TPs)
Deficiency

Antithrombin III Rare +++ Yes Yes
Protein C Rare ++ Possibly Yes
Protein S Rare ++ Possibly Yes

Factor V Leiden Common + No No
APCR decrease without factor V Leiden Common + No No
Prothrombin mutation Common + No No
Hyperhomocystinemia Common + No (folate Rx) Not if homocysteine is corrected
Multiple TPs in the same person Uncommon +++ Yes Possibly

(or TPs and clinical factors)
Elevated factor VIII, IX, or XI Common + No Unknown
Antiphospholipid syndrome Common + No No

*This table is based on a topic well covered by Kearon et al.149 and by Rosene-Montella and Barbour150 (Table 8).
†In the absence of a history of thrombosis.
APCR, activated protein C resistance; VTE, venous thromboembolism.
+, slight; ++, moderate; +++, high.

TABLE 5–2 Putative Risks of Venous Thromboembolism (VTE) during Pregnancy from Clinical Risk Factors and
Known Thrombophilias*

Type of Time of Year of Reference
Events/Denominators Rate Assessment Study Report (Location)

Venous Thromboembolism
Pregnancies 0.5-3.0 Radiographic — 1997 18
Deliveries (268,525) 1/1627 or 0.6/1000 Doppler studies, 1978-1996 1999 151 (United States)

V/Q scans, etc. (all
clinically diagnosed
and confirmed)

Pregnancies ≥24 wk (395,335) 0.85/1000 Objective confirmation 1988-1997 2001 152 (London)
Deliveries (39,757) 1.25/1000 Doppler venography 1986-1998 2002 153 (Saudi Arabia)

Deep Venous Thrombosis
Pregnancies 0.7% Plethysmography — 1979 154, 155 (Sweden)
Cesarean sections (169) 1.8% Venography — 1983 154, 155 (Sweden)
Antepartum 1/10,000 Venography — 1986 156
Postpartum (15,000 deliveries) 6/10,000 Confirmation of clinical — 1986 156

diagnosis
Pregnancies (63,300 over 11 years) 1.2/1000 Ultrasonography — 1998 157 (Denmark)

Pulmonary Embolism
Pregnancies 1/750 “Lung scan,” angiography — 1967 154 (Sweden)

Fatal Pulmonary Embolism
Vaginal deliveries 1/100,000 Public health statistics — 1981 1
Cesarean section 7/100,000 Public health statistics — 1981 1
Pregnancies 1.3/100,000 Public health statistics 1985-1993 1998 5 (United Kingdom)

2.1/100,000 Public health statistics 1994-1996 1998 5 (United Kingdom)
Deliveries 1.2/100,000 Public health statistics Not given 2002 158 (Singapore)

V/Q, ventilation-perfusion.

TABLE 5–3 Some Estimates of the Frequency of Venous Thromboembolism during Pregnancy and Post Partum



clinically suspected of PE might lead to pulmonary
angiography (a more invasive but more sensitive and
specific test), in which, again, a large nonperfused segment
of lung is sought. An alternative, perhaps preferable,
study for the patient with an equivocal V/Q lung scan is
ultrasonography of veins in the thigh. This study is less
invasive and, if the result is positive, is equal justification
for anticoagulation. CT of the chest—“helical” or “spiral”
CT—has been used instead of V/Q scans with perhaps less
sensitivity but good specificity; sensitivity is said to be
improving. Also, patients with large venous thrombi
always have ongoing fibrinolysis, which can be detected
by tests for fibrin degradation products, or the D-dimer.
Nonpregnant patients being evaluated for VTE may be per-
mitted to bypass the special imaging studies if the D-dimer
test result is negative and the clinical point score is not
too high.30 However, a negative D-dimer test is less likely
to aid in the exclusion of VTE in pregnancy, inasmuch as
there is often an increase in D-dimer in normal pregnancy
(see Table 5–1). Also, pregnancy often causes false positivity

of the clinical criteria for VTE, and the D-dimer–point
score algorithm has not yet been tested in this setting.
Physicians are hesitant about exposing the fetus to any
roentgen rays, but confirming or excluding a diagnosis of
DVT or PE may save the patient’s and her baby’s lives.

TREATMENT

Patients with documented new or acute popliteal, femoral,
or iliac venous thrombosis or PE require immediate par-
enteral anticoagulation with regular or unfractionated
heparin or one of its low-molecular-weight derivatives
(Tables 5–4 and 5–5). The purpose of this treatment is to
prevent a PE in the patient with iliofemoral thrombosis
and to prevent reembolization in the patient who has
already had a PE. The body’s own fibrinolytic system is
expected to dissolve most clots already present. If regular
heparin is used, anticoagulation is often initiated with a
bolus of 80 U/kg, followed by continuous intravenous
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Heparin* LMWH Warfarin (Avoid in First Trimester)

Mechanism of action Activates antithrombin III to bind Action primarily against Prevents completion of synthesis of
rapidly to thrombin, factor Xa, factor Xa vitamin K–dependent clotting factors
and other serine protease factors (II, VII, IX, X)

Anticoagulant program Start with IV heparin infusion: Start with 1 mg/kg q12h, Start with heparin infusion as described
(treatment levels) about 80 U/kg bolus then assay anti–factor Xa in “Heparin” column; start warfarin

18 U/kg/hr adjusted by PTT or 5 mg/day concurrently or up to a 
heparin assay week later

Maintenance dosage is about Maintenance dosage is the Maintenance is usually 2-10 mg PO
10,000-20,000 U SC q12h, same dosage adjusted to daily, or enough to push INR to 2-3
push to PTT 1.5-2 × control PTT heparin level (same target)
or to heparin assay level of 
0.5-0.8 U/mL 4 hr after dose 

Duration From diagnosis of VTE to 6-8 weeks Same as for heparin From diagnosis of VTE or 12 weeks of
post partum; withheld during labor, pregnancy, whichever is later, until
resumed or replaced by warfarin, 36 weeks of pregnancy (heparin is
warfarin post partum used before, if necessary, and after)

Advantages†

Prevention of recurrent Effective Effective Effective
VTE disease

Convenience day to day Self-injection Self-injection Pill
Convenience and safety Easy to discontinue, or Longer time to dissipate; no A little harder to discontinue or reverse;

of delivery reverse with protamine sure antidote (protamine reverse with vitamin K or plasma if
is partially effective) necessary

Effect on breast milk None None None or insignificant

Disadvantages†

Bleeding risk Present Present Present
Fetal loss in comparison to Normal or increased Probably the same as Increased

normal pregnancy heparin
Issue with epidurals Yes (but heparin is easiest to Yes Yes

reverse and confirm)
Embryopathy No No Characteristic
Fetal anticoagulation No, does not cross placenta No Yes; crosses placenta
Osteoporosis Occasional, can be severe Rare Not seen
Thrombocytopenia and A potential issue (low platelets in Less common No

thrombosis 3%-5% of patients taking heparin)
Cost Drug is cheap; monitoring is Drug is very costly Drug is cheap; monitoring is costly

costly over time over time

*Heparin or low-molecular-weight heparin (LMWH) is currently preferred in most situations; warfarin may be preferable in patients with artificial heart valves.
†See also Table 5–5.
INR, international normalized ratio; IV, intravenously; PO, per os (orally); PTT, partial thromboplastin time; SC, subcutaneously.

TABLE 5–4 Anticoagulant Treatment of Venous Thromboembolism (VTE) during Pregnancy



infusion at 18 U/kg/hour. Some physicians would choose
lower loading and maintenance dose formulas for preg-
nant patients and adjust the dose upward if necessary.
Heparin effect is monitored by partial thromboplastin

time (PTT), and the patient’s PTT is usually pushed to 1.5
to 2 times the control level. PTT is measured before (as a
baseline) and then 2 to 6 hours after heparin is started,
and measurement is repeated one to several times during
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No. of Target 
Year Patients LMWH Levels: Anti– Outcome for
Published (Pregnancies) Indications Dosage Factor Xa Intent Fetus Reference

1992 6 (6) DVTs, SVTs, Enoxaparin, — Follows 5 delivered 159
PEs, most current 40 mg, UH successfully;

1-2 times/day treatment 1 died
1992 11 (17) VTED postpartum, Dalteparin, 0.1- to 0.25 Prophylactic 15 delivered 160

or on OCPs; 2500-7500 U U/mL trough successfully; 
SABs; protein C total, divided 2 fetal deaths
deficiency (1), doses
protein S 
deficiency (1)

1994 24 (27) VTED risk Dalteparin, 0.2-0.6 U/mL, Prophylactic 24 delivered 161
2500-7500 U, achieved successfully; 
split in 1-2 2-6 hr after dose 3 SABs
doses/day

1994 16 (18) VTED or Enoxaparin, Checked; no Prophylactic 14 delivered 162
thrombophilia or 20-40 mg target successfully;
lupus once/day 4 SABs

1996 7 (7) History of VTED Nadroparin, Checked; no Prophylactic 7 delivered 163
and thrombophilia 2000-4000 target successfully

U/day
1996 2 (2) Starr Edwards Nadroparin, 0.6-0.7 U/mL Prophylactic Both delivered 164

mitral valves 0.1 mL/10 kg (treatment successfully
b.i.d. doses)

1997 18 (18) DVT this Nadroparin, — Intermediate 17 FTNDs, 165
pregnancy, 6150 U/day 1 SAB
6 thrombophilic

1997 32 (34) VTED in this or Dalteparin, Trough: Treatment 27 successful 166
previous 5000 U, 1-2 0.15-0.2 U/mL deliveries,
pregnancy plus 11 times/day ± Peak (+2 hr): 7 infant deaths
with APS, 6 with ASA 0.4-0.6 U/mL
protein S 
deficiency, 2 with 
protein C 
deficiency

1999 486 Previous VTE or Nadroparin, Various Various Women with 102
(literature APS; previous enoxaparin, comorbid 

and fetal loss; or (a dalteparin, conditions, such
multicenter few) current reviparin, as APS, had 
review) issues tinzaparin 13.4% adverse 

Low to high fetal outcomes; 
dose those without, 

comorbidity, 3.1%
1998 4 Treatment of Enoxaparin, dosage 0.4-1.0 U/mL Treatment Good 167

DVTs and PEs of 1 mg/kg q12h after 3 hr
decreased to Mean peak: 
q12h at 0.67 U/mL
labor onset

1999 728 Thrombo- Dalteparin, Various; 0.1- VTE Generally safe 168
(40 paper prophylaxis enoxaparin, 1.6 U/mL prevention and effective
reviews) certoparin, No randomized 

nadroparin, studies
other “-parins”
Low to high

2000 50 (57) Thrombo- Enoxaparin at Observed mean: Prevention Safe and effective 169
prophylaxis or 40 mg/day 0.235 U/mL or treatment for mothers 
treatment except for 2 bleeds 

post partum

APS, antiphospholipid syndrome; ASA, acetylsalicylic acid; DVT, deep venous thrombosis; FTND, full-term normal delivery; OCP, oral contraceptive pill; PE, pulmonary
embolism; SAB, spontaneous abortion; SVT, superficial venous thrombosis; UH, unfractionated heparin; VTED, venous thromboembolic disease.

TABLE 5–5 Some Published Information on Low-Molecular-Weight Heparin (LMWH) Use in Pregnancy



the first day to ensure that the patient is well anticoagu-
lated.31,32 Any recurrences of PE tend to be early but are
largely prevented by good anticoagulation.

Some authors recommend the use of heparin assays
instead of the PTT for monitoring anticoagulation during
pregnancy, reporting that the PTT is relatively insensitive
to the effect of heparin (i.e., there is heparin resistance),
especially late in pregnancy. This resistance to the effect of
heparin probably occurs because increased levels of factor
VIII and fibrinogen in the plasma of pregnant women
oppose the heparin anticoagulant effect,33-35 if not neces-
sarily the antithrombotic effect. A heparin assay (anti–
factor Xa) is more cumbersome; thus, most patients are
monitored by the PTT when it responds to reasonable
doses of heparin. However, the use of the heparin assay
does seem appropriate when the amount of heparin
required to get a patient’s PTT to more than 1.5 times
control is much more than 18 U/kg/hour.

In nonpregnant individuals with VTE, a transition is
made to oral anticoagulation with warfarin, which is
begun simultaneously with heparin or up to several days
after its initiation; the switch is usually complete after
4 days to a week of concomitant heparin and warfarin
administration. The transition is sometimes delayed
in very ill patients, because physicians have most confi-
dence in the protective effect of heparin in acute situa-
tions. On the other hand, physicians may hasten the
switch because of fear of heparin-induced thrombocy-
topenia (HIT) and its especial risk of thrombosis (HITT).
HIT and HITT complications are said to occur in up to 5%
and 0.5% of therapeutically heparinized patients, respec-
tively, after at least 4 days of exposure to heparin.
However, there have been few reports of HIT or HITT
in pregnancy.36 Warfarin, once initiated, is regulated by
prothrombin time, expressed as an international normal-
ized ratio; the target ratio is 2.5 in nonpregnant patients
with VTE. Warfarin is then usually continued 3 to
6 months.

In a pregnant patient who needs continuing anticoag-
ulation, warfarin was recommended for use after the
period of greatest risk for congenital anomalies, the 6th to
12th weeks of gestation,37,38 to be continued until 36
weeks, when a switch back to heparin was suggested to
decrease the risk of bleeding at delivery, because heparin
dosing can conveniently be reduced or withheld at the
time of delivery.39 An alternative and now preferable pro-
tocol40,41 is to continue heparin after an initial 3- to 7-day
infusion as an every-12-hour subcutaneous injection,
with the 6-hour PTT pushed to 1.5 to 2 times the control
level (see Table 5–4). Heparin dosing is usually withheld
when the patient goes into labor but is resumed 6 to
12 hours after delivery to cover the initiation of oral
anticoagulants. Heparin and warfarin are then restarted,
with warfarin to be continued for 6 to 8 weeks post
partum.

Heparin is still a reasonable choice for the treatment of
VTE during pregnancy. However, LMWH is now often
preferred. (For PE, intravenous heparin is still preferred.)
Most local experience with LMWH is with enoxaparin. It
can be started as acute therapy for a DVT, the standard
dose being 1 mg/kg every 12 hours. Monitoring is perhaps
less necessary than with heparin but still recommended

in pregnancy. Target levels for treatment of VTE are
about 0.5 to 0.8 U of heparin per milliliter of plasma,
4 hours after a dose of heparin, and the test (heparin level
or anti–factor Xa) may be repeated intermittently during
pregnancy. Advantages of LMWH include a more consis-
tent response at standard dosing, lower frequencies of
HIT and HITT, and less osteoporosis.42-45 LMWH can
also be used in various prophylactic modes: The typical
prophylactic dosage for enoxaparin is 30 mg subcuta-
neously every 12 hours or 40 mg subcutaneously once
a day (see Table 5–5 for representative dosages from the
literature). A major downside is cost, which is high
for LMWH.

One likely exception to the general preference for
heparins, standard heparin or LMWH, for VTE treatment
and prophylaxis during pregnancy involves women with
artificial/prosthetic heart valves. The use of heparin and
LMWH in these patients seems to be complicated by a
higher risk of thromboembolism originating on the pros-
thetic valve than is found in patients taking warfarin.46

This topic is discussed in Chapter 6.
For the pregnant patient who presents with a large PE,

is hypoxic and hypotensive, and exhibits right ventricular
strain on echocardiography, treatment should probably
begin with a fibrinolytic agent, such as streptokinase,
urokinase, tissue plasminogen activator (t-PA), or, if fibri-
nolytics are contraindicated, surgical embolectomy.47 The
postpartum state is a contraindication to fibrinolytic
agents, as are any recent surgery and any serious bleeding
tendency. Most of the clinical experience is with strepto-
kinase, and the success rate is high. Success is defined here
as a high rate of maternal and fetal survival among
reported cases.48 However, streptokinase does not work
for a patient who has had a recent streptococcal infection.
Streptokinase dosing is 250,000 U infused over 30 minutes,
followed by an infusion of 100,000 U/hour for 12 to
36 hours. Urokinase is given as a 4400-U/kg initial bolus,
followed by 4400 U/kg/hour, usually for 12 hours. The
possibility of a therapeutic response to these two agents is
supported by development of a “lytic state” (marked pro-
longation of the thrombin time and a fall in the fibrino-
gen level after several hours).47 Availability of these two
fibrinolytic agents may be an issue. t-PA has also been
used to treat large VTE events. Its advantage relates to its
stronger action against fibrin in clot than against fibrino-
gen and circulating clotting factors. A dose that has been
used is 100 mg intravenously over 2 hours. However, there
appears to be little experience with this agent against
VTEs in pregnancy.49 If any fibrinolytic agent is used, full-
dose heparin is instituted after the period of therapeutic
fibrinolysis.

ANTICOAGULANT PROPHYLAXIS
IN PREGNANT WOMEN AT SPECIAL
RISK OF VENOUS THROMBOEMBOLISM

Patients who are hypercoagulable, especially those who tend
to develop venous clots, are often referred for investigation
by hematologists. There is an evolving set of risk factors
for venous thrombosis: demographic characteristics,
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other clinical characteristics, and blood changes, genetic
and acquired. The blood changes are often referred to as
hypercoagulable or thrombophilic states (see Table 5–2).50-53

The workup, at least for hematologists, has become some-
what standardized, although it is full of pitfalls (Table 5–6).
Several of the tests yield misleading results if done in, for
example, patients taking anticoagulants, those with liver
disease, or even those with acute thrombosis.

Hypercoagulable states may contribute to VTE that
appears “spontaneous”: that is, without any obvious
provocative stimuli. Such stimuli include recent trauma, a
recent economy class plane flight, and a period of increased
risk, such as pregnancy. However, inherited thrombophilias
also do contribute to provoked thrombosis. Patients who
experience clotting as a result of these thrombophilias are
relatively young and often have positive family histories of
venous thrombosis. Levels of risk assigned to different
thrombophilias should determine the recommended
intensity of prophylactic anticoagulation. However, these
estimates vary among different authorities.

The clearest candidates for prophylactic anticoagula-
tion are women with a history of VTE during a previous
pregnancy54,55 or outside of pregnancy, especially if the
VTE was spontaneous or unprovoked, is recurrent, or is
associated with a positive family history.18 Patients with
other clinical risk factors for VTE listed in Table 5–2 also
deserve consideration for prophylaxis, as do patients with
some of the blood abnormalities listed. Numeric esti-
mates of the clinical risks of thrombosis in patients with
genetic/hereditary and acquired thrombophilias are
offered in the literature. Most or all of these estimates are
based on retrospective studies of risks in patients with
VTE found to have thrombophilia or in studies of their
relatives. In studies of relatives of such patients, VTE
frequency in relatives affected by the thrombophilia is
compared with that in relatives unaffected by the
thrombophilia.56,57 Unfortunately, estimates of risk made

by different authors seem to vary widely; for example, the
risk of VTE for a pregnant woman with antithrombin III
(AT III) deficiency and no VTE history is given as 40%58

and 4%.59

However, useful principles do emerge from this litera-
ture. A personal or perhaps family history of spontaneous
VTE (i.e., not provoked by such things as trauma or birth
control pills) in the patient with a thrombophilia does
imply a relatively high risk of recurrence. AT III deficiency
and perhaps proteins C and S deficiencies confer higher
risks for future VTEs than does factor V Leiden or the
prothrombin mutation. Combinations of two or more
genetic thrombophilias confer relatively high risk, as does
a genetic thrombophilia in a patient with one or more
clinical risk factors.

As mentioned previously, patients with clinical or
blood abnormalities conferring increased risk of venous
thrombosis are often considered for prophylactic anti-
coagulation with heparin or a LMWH. Dose intensity
varies from 5000 U of regular heparin every 12 hours to
full therapeutic levels, often 20,000 units every 12
hours. If enoxaparin is used, the range is from 40 mg
once a day, or 30 mg twice a day, to therapeutic doses of
1 mg/kg twice a day, or 1.5 mg/kg once a day, with ini-
tial and/or occasional monitoring by heparin assay.
Heparin or LMWH therapy is usually withheld during
labor and delivery and is then resumed briefly post par-
tum as a “bridge” to warfarin. Warfarin is started after
delivery and then continued for 6 to 8 weeks post par-
tum.60 LMWHs, such as enoxaparin or dalteparin, are
now widely used at prophylactic or therapeutic dosages
instead of treatment with regular heparin. LMWHs,
again, have higher bioavailability, a more predictable
effect, and a longer half-life (sometimes being given
once a day) and carry less risk of HIT and HITT. They
also, however, have less of a track record in this situa-
tion and are much more expensive.
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Other Conditions
Condition (Specimen*) Test Type Interference Affecting Test Results

Antithrombin III deficiency (blue) Functional or immunologic Heparin lowers Liver disease, acute thrombosis
Protein C deficiency (blue) Functional or immunologic Warfarin lowers Liver disease, acute thrombosis
Protein S deficiency (blue) Functional or immunologic Warfarin lowers Liver disease, acute thrombosis
Factor V Leiden (purple) Gene amplification No Any contamination with other blood
APCR screen for factor V Coagulation Heparin may affect None

Leiden (blue)
Prothrombin mutation (purple) Gene amplification No Contamination
Hyperhomocystinemia (green) Fluorescence polarization No Vitamin deficiencies and/or treatment

immunoassay of them
Elevated factors VIII, IX, XI (blue) Coagulation No Inflammatory state
Antiphospholipid syndrome

Partial thromboplastin time (blue) Coagulation Heparin and warfarin Liver disease
Russell’s venom viper clotting time Coagulation Heparin and warfarin Liver disease

(blue) (and low-molecular-
weight heparin)

Anticardiolipin antibody (red) ELISA (immunologic) No None

*Blue, citrate anticoagulated; purple, ethylenediaminetetraacetic acid anticoagulated; green, heparinized; red, no anticoagulant
APCR, activated protein C resistance; ELISA, enzyme-linked immunosorbent assay.
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The mere presence of factor V Leiden61 or even
deficiency of one of the natural anticoagulants may or
may not imply risk of thrombosis during pregnancy.
Families differ, probably because of undetected throm-
bophilic cofactors. However, many pregnant women who
are known to have heterozygous or homozygous factor V
Leiden or a deficiency of AT III, protein C, or protein S
have a personal or family history of thrombophilia; other-
wise, the tests would not have been done. The medical his-
tory is likely to include episodes of VTE in a person who
may not have clinical risk factors other than current preg-
nancy. Such episodes may have occurred repeatedly. They
are likely to have occurred in relatives, because factor V
Leiden, the prothrombin mutation, and the natural anti-
coagulant deficiencies are inherited in a dominant man-
ner, in which the pattern of thrombophilia follows the
pattern of the deficiencies in affected families.62 As noted
previously, it has been recommended that patients with
natural anticoagulant deficiency, especially AT III defi-
ciency, undergo anticoagulation during pregnancy.60,63

The risk of VTE in women with factor V Leiden appears to
be lower than in those with deficiency of AT III, protein C,
or protein S.64-66 However, some families with deficiencies
of natural anticoagulants do not have thrombophilia.
This variability in clinical manifestations among affected
families was established early in families with protein C
deficiency.67 The question of what to do for a pregnant
woman known to have such a deficiency, with no personal
or family history of VTE, is still generally unresolved.
More prospective data are needed.

The treatment for the nonpregnant patient with
factor V Leiden or natural anticoagulant deficiency who
experiences thrombosis, especially unprovoked or recur-
rent thrombosis, is long-term oral anticoagulation;
however, as noted, pregnancy is probably an indication for
using subcutaneous heparin or LMWH instead.

OTHER ABNORMALITIES

Other, less common abnormalities of plasma proteins
implying hypercoagulability have been identified and may
cause VTE, but their overall importance and their roles in
pregnancy are still to be determined. Some abnormalities
cause problems with the normal process of fibrinolysis;
some unusual fibrinogens (dysfibrinogenemias) result in
the formation of fibrin clots that are not easily lysed by a
normal plasminogen-plasmin system.68 A few of these
conditions have been associated with increased VTE dis-
ease in pregnancy. Plasminogen can be congenitally
reduced in amount or can be dysfunctional. Endogenous
t-PA levels normally increase in a vein upstream of an
occlusion (tourniquet or thrombus). In some people, t-PA
is unresponsive to such stimulation, and this unrespon-
siveness has been associated with hypercoagulable states.
Alternatively, natural t-PA inhibitor can be present in
excess, which has also been associated with thrombosis.69

Abnormalities of both t-PA and t-PA inhibitor are
reported to be the rule during pregnancy.70-72 However, to
date there seems to be no special correlation between
thrombosis and extreme values of t-PA and t-PA inhibitor
during pregnancy.
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Tests for Lupus Anticoagulant (LAC)*
APTT: sensitivity varies with the partial thromboplastin activator

If prolonged, it shortens with increasing phospholipid (PL) added to
PTT mixture

If mixed with normal plasma APTT is still markedly prolonged
(“positive mixing study”)

Russell’s viper venom time
A snake venom that clots by activating factor X; the test is sensitive

to anti-PL activity of LAC

Tests for Anticardiolipin Antibody
ELISA for IgG and IgM antibodies
Varieties:

IgG is often clinically important, especially in high titer
IgM is sometimes important
IgA is uncertain
β2-glycoprotein 1

Other Test Results that May Be Abnormal in Antiphospholipid
Syndrome

Platelets (low)
Antinuclear antibodies
Venereal Disease Research Laboratory

*Those favored at Yale University.
APTT, activated partial thromboplastin time; ELISA, enzyme-linked immunoas-
say; IgG and IgM, immunoglobulins G and M; PL, phospholipid; PTT, partial
thromboplastin time.

TABLE 5–7 Laboratory Test Results Likely to be
Abnormal in Patients with Antiphospholipid Syndrome

OTHER TYPES OF THROMBOTIC
DISEASE DURING PREGNANCY

Antiphospholipid Syndrome: Thrombosis
and Obstetric Complications

A relatively common acquired hypercoagulable state, the
antiphospholipid syndrome (APS), involves venous or
arterial thrombosis; recurrent miscarriage, probably
caused by placental thrombosis73; and, in some patients,
livedo reticularis and thrombocytopenia—all in associa-
tion with antibody to phospholipid-binding proteins
(usually referred to simply as antiphospholipid antibodies).74

The presence of lupus anticoagulant (LAC) or anticardi-
olipin antibodies, confirmed by laboratory study, com-
pletes the syndrome (Table 5–7). If LAC is present, as it is
in 75% of patients with APS, it usually prolongs the
PTT.75,76 Anticardiolipin antibodies are also present in
75% of patients with APS. Many patients with APS have
both LAC and anticardiolipin antibodies.

APS was originally identified among patients with sys-
temic lupus erythematosus. It was also noted early among
psychotic patients taking high-dose phenothiazine
drugs77 and, later, among patients with a variety of chronic
infections, including human immunodeficiency virus
and acquired immunodeficiency syndrome (AIDS). Some
patients with APS/LAC appear to be less susceptible to
hypercoagulable states than do others; it has been noted
that LAC caused by infection (e.g., AIDS) does not cause
thrombophilia.78

Laboratory tests that can identify APS are listed in
Table 5–7. An active hospital clinical laboratory generates
many sets of coagulation test results (e.g., prothrombin



time, PTT) that include an isolated prolongation of the
PTT. If the unexpected prolongation of a patient’s PTT is
not caused by heparin treatment or heparin contamina-
tion of the patient’s blood sample, LAC is a likely cause
(although not all PTT activators are equally sensitive to
LACs79). In a hospital setting, heparin must always be
excluded. When an isolated prolonged PTT is evaluated,
polybrene is added to the patient’s plasma; the PTT is
shortened if the prolongation is caused by heparin, and
then extra phospholipid is added, which will shorten the
PTT if the prolongation is caused by LAC. Next, a “mixing
study,” a 1 + 1 mixture of the patient’s plasma and normal
plasma, is performed, followed by a 1-hour 37°F incuba-
tion and a repeated measurement of the PTT of the mix-
ture. The result of the mixing study is considered positive
for a circulating anticoagulant: LAC, or perhaps antibody
to factor VIII, if the PTT of this mixture is still prolonged.
If the patient is not a “bleeder” according to the history,
LAC is more likely to be present. Any other clotting test
sensitive to the antiphospholipid effect of LAC will also be
prolonged, and Russell’s viper venom clotting time
(RVVCT) is sensitive and relatively convenient for this
purpose. This snake venom is able to cause clotting by
activating factor X; the RVVCT detects LAC because the
test is sensitive, like the PTT, to the antiphospholipid
effect of LAC. Patients with antiphospholipid syndrome
may have abnormalities in one or more of these tests.
It is often hard to be sure whether a patient really has
APS from the test results. Results of one or two of these
tests may be positive, the others negative. There are many
borderline situations.

LAC is an acquired defect that often causes VTE or
arterial thrombosis; about one third of patients with LAC
are found to have arterial or venous thromboembolism.
LAC is always on the list of hypercoagulable states to be
sought in nonpregnant patients with thrombosis, includ-
ing, for example, young people with unexplained strokes.
In pregnancy, the association of LAC and APS with fetal
loss has overshadowed their association with thrombosis.
This dual role of LAC may have also led investigators to
wonder whether other blood abnormalities that cause
thrombosis would also cause complications of pregnancy
(see later discussion). Although LAC is likely to be found
in a woman with a history of multiple miscarriages, it was
shown not to be at increased frequency among women
with a single miscarriage.80 However, pregnant women
with LAC and a history of thrombosis or miscarriage, or a
high titer of anticardiolipin antibody, appear to have a
high risk of pregnancy loss.81

Treatment and prophylaxis of LAC effects in preg-
nancy has involved trials of corticosteroids, aspirin, and
either heparin or LMWH anticoagulation. The combina-
tion of steroids and aspirin increased the success rate of
pregnancies in LAC patients but was associated with a
high rate of preeclampsia.82 Although the best form of
treatment is still uncertain, treated patients seem to do
better than untreated patients.83 The best current policy
for an antiphospholipid antibody–positive patient who
has a history of miscarriage is probably to treat with
aspirin, with or without heparin or LMWH, and definitely
to use heparin or LMWH therapy if the patient has a
history of thrombosis.75,84

The association of APS and LAC with both thrombosis
and miscarriage, which was first widely noted and studied
in the 1980s, initiated a series of investigations that
demonstrated that other hypercoagulable states are an
important and perhaps leading cause of a number of
complications of pregnancy.4,85-89 Because the list of
hypercoagulable states has lengthened since 1980, and
especially since 1995, higher percentages of patients
with complications of pregnancy, now the majority, are
noted to be affected by one or another of the known
hypercoagulable states. Although most of these data are
retrospective—for example, the frequency of factor V
Leiden in women who have had miscarriages is compared
with the frequency of this thrombophilia in controls who
have not had miscarriages—there have also been prospec-
tive treatment trials of patients with thrombophilias in
which complications of pregnancy are apparently
decreased in women who undergo prophylactic anticoag-
ulation. These studies are still evolving.

The list of hypercoagulable states associated with
complications of pregnancy is presented in Table 5–2,
under the heading “Thrombophilias.” Complications of
pregnancy evaluated in relation to these thrombophil-
ias have included miscarriage, intrauterine fetal death,
preeclampsia, abruptio placentae, and intrauterine growth
retardation.90

Homocystinuria/Homocystinemia

Homocystinuria is an autosomal recessive deficiency of
cystathionine β-synthase that leads to elevated plasma
levels of homocysteine and methionine in the blood and
urine. Homocysteine, if elevated, appears to be responsi-
ble for vascular damage, both arterial and venous.
Patients homozygous for this condition may suffer from
mental retardation, seizures, lens dislocation, osteoporo-
sis, and thromboembolism.91,92 A high rate of pregnancy
loss was reported in Mudd and colleagues’ survey, but this
study involved many miscarriages in a minority of women
with homocystinuria.91 Prophylaxis against VTE might
not be necessary unless the patient herself had a history of
VTE or miscarriage, although Walters and de Swiet rec-
ommended low-dose aspirin therapy during pregnancy,
dextran during labor, and heparin post partum.92 A few
thrombotic episodes have been diagnosed in women with
homocystinuria during and after pregnancy but not
enough to state that the thrombotic tendency is excessive
in comparison with unaffected women.93,94 In addition to
patients homozygous for cystathionine β-synthase defi-
ciency, many patients with the more common but lesser
degrees of homocystinemia resulting from a variety of
causes are at increased risk for venous and arterial disease.
Patients with methylene tetrahydrofolate reductase defi-
ciency and patients with vitamin B12 or folate deficiencies
also develop hyperhomocystinemia. In pursuit of this
diagnosis, patients may undergo loading with methio-
nine, a homocysteine precursor, to bring out a tendency for
hyperhomocystinemia, but this would not be done during
pregnancy. It is important to detect hyperhomocystine-
mia because the abnormality is dangerous, but it can usu-
ally be corrected by treatment with folic acid, pyridoxine,
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and vitamin B12.95,96 In some patients with tendencies for
elevated homocysteine, the condition is probably not dis-
covered during pregnancy, even if homocysteine levels are
checked, because of the requirement to treat all pregnant
women with folic acid to protect against neural tube
defects. Nonetheless, homocysteine levels are worth
checking in a pregnant woman with VTE, because hyper-
homocystinemia, although dangerous, often responds to
treatment. Correction of hyperhomocystinemia may
require large doses of folate or a combination of folate
with vitamins B6 and B12. There have been rare reports of
patients who have required the active form of folic acid as
leucovorin or folinic acid to reverse the elevated homocys-
teine levels, but leucovorin or folinic acid seems not to
have been administered in pregnancy.97

Septic Pelvic Thrombophlebitis

Septic pelvic thrombophlebitis manifests post partum
and clinically resembles endometritis that fails to clear
with antibiotic treatment. Presenting signs are persistent
fever, abdominal pain, and tenderness. Septic pulmonary
emboli may constitute a complication and are associated
with positive blood cultures.98,99 The preceding event may
be a cesarean section,100 and the phlebitis may originate in
or be confined to ovarian veins.101,102 The diagnosis can
be established by ultrasonography, pelvic CT, pelvic MRI,
and, at times, by laparoscopy.103 A positive venogram
may demonstrate iliac vein thrombosis. The condition is
dangerous, and a risk of death exists despite antibiotics.
Once the diagnosis is confirmed, some authorities would
add heparin anticoagulation to the antibiotic coverage104;
this should eliminate the febrile state that persisted with
antibiotic treatment. The value of adding heparin to the
treatment regimen has been challenged by a randomized,
controlled study in which treatment with antibiotics plus
heparin is compared with antibiotic treatment alone.
Duration of fever was no different in heparinized
patients.105 Whether the risk of fatal PE is lessened by the
addition of heparin is still undetermined.

Rates of septic pelvic phlebitis and ovarian vein throm-
bosis have been reported; pelvic phlebitis was identified
after 1 per 3000 deliveries (but 1 per 800 cesarean sec-
tions) at Parkland Hospital.105 Ovarian vein thrombosis
(with the septic pelvic thrombophlebitis syndrome) was
estimated to occur in between 1 per 500 and 1 per 2000
deliveries in an Israeli population.106 Of 22 patients in
whom this condition was detected in the study from
Israel, 11 also had a thrombophilia (factor V Leiden,
protein S deficiency, or homozygosity for methylene
tetrahydrofolate reductase C677T).

Cerebral Venous Thrombosis

Cerebral venous thrombosis, a rare and previously hard-
to-diagnose critical event, manifests, usually post partum,
with fever, headache, vomiting, seizures, obtundation,
and hemiplegia or other localizing signs. Papilledema
is frequent. The incidence in the United States has
been found to be about 11 per 100,000 deliveries.107

The differential diagnosis is broad, including strokes and
eclampsia. The diagnosis can be made from angiography,
CT, or MRI. Treatment includes dexamethasone and
antiseizure medications (if indicated) and administration
of anticoagulants, if the patient fails to improve on
steroids and if intracerebral hemorrhage has been ruled
out.108-110 Cerebral venous thrombosis has been associated
with factor V Leiden in a series and with deficiencies of
AT III, protein S, APS, and Behçet’s syndrome in case
reports.111-116

Thrombosis in Patients Undergoing
Ovarian Stimulation

Ovarian stimulation for the purpose of in vitro fertiliza-
tion has occasionally resulted in venous or arterial throm-
bosis, sometimes during an ensuing pregnancy. Ovarian
stimulation results in acquired activated protein C resis-
tance, thought to be caused by increased estrogen levels.117

The thrombotic tendency has been attributed to ovarian
hyperstimulation syndrome, with the combination of
hemoconcentration and hyperestrogenism, but thrombo-
sis has sometimes occurred in the absence of this
syndrome.118 Venous thromboses have occurred at
unusual sites, including internal jugular vein. The preva-
lence of these thromboses is unknown, but there have
been numerous case reports.118,119 Individual cases have
occurred in patients with factor V Leiden and AT III
deficiency.120,121

CONCLUSIONS

Venous thromboembolic disease includes a set of danger-
ous conditions whose incidence is increased during preg-
nancy and that are even more common during the early
postpartum period. Modes of presentation and methods
of diagnosis resemble those in nonpregnant individuals,
with the following exceptions: (1) The development of
some leg edema and dyspnea, important clues to VTE in
nonpregnant individuals, may be a normal accompani-
ment of pregnancy; (2) venous compression by the uterus
affects the noninvasive imaging tests (venous ultrasonog-
raphy and IPG) that detect popliteal, femoral, and iliac
venous occlusion; (3) roentgen and gamma radiation
in diagnostic tests must be used judiciously, only as
necessary, to minimize fetal exposure; and (4) chronic
anticoagulation entails special hazards to the fetus
(especially warfarin embryopathy). Whereas the reward
for successful treatment of thromboembolic disease in
pregnancy is great, failure to detect and treat various types
of thromboembolic disease in these patients sometimes
has catastrophic results.

There is an evolving literature on the blood causes—
genetic and acquired—of hypercoagulability. It now
appears that many of the 8 to 14 blood changes that tend
to cause venous thrombosis in the general population
also affect pregnancy. These conditions often lead to VTE
in pregnancy but are also responsible for many known
obstetric complications.
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Treatment of VTE has been improved by the addition
of LMWH to the therapeutic armamentarium. These
agents are currently particularly useful in prophylaxis of
VTE. They may also be helpful in preventing diverse com-
plications of pregnancy in patients with hypercoagulable
states.
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PREGNANCY AND
CARDIOVASCULAR DISEASE
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GENERAL CONSIDERATIONS

Cardiovascular disease in women affects 1% of all preg-
nancies, and it remains the major cause of nonobstetric

maternal mortality in the United States.1 Despite key
advances in the diagnosis and management of circulatory
diseases in pregnancy since 1980, this field continues to
pose great challenges as three broad trends converge.
First, successful treatment of congenital heart disease has
created a new population of clinically complex patients
who are able to reach childbearing age. Second, there is an
increasing trend toward pregnancies in older women who
are susceptible to heart diseases acquired in adulthood.
Third, immigration from underdeveloped nations has
reacquainted Western medicine with a cohort of young
childbearing patients who have rheumatic heart disease.

Although maternal death during pregnancy in women
with cardiovascular disease is uncommon, pregnant women
are at significant risk for complications, including conges-
tive heart failure, arrhythmias, and stroke.2 Even in the con-
text of comprehensive prenatal care, pregnancy in women
with cardiovascular disease is associated with significant
cardiac and neonatal consequences. Independent predictors
of maternal cardiac complications include cyanosis, poor
functional class, left ventricular outflow obstruction,
arrhythmias, left ventricular systolic dysfunction, and prior
cardiac events.2

Pregnancy is associated with major alterations in circula-
tory physiology. These changes, which occur throughout
pregnancy, are necessary for the healthy growth and devel-
opment of the fetus. The pregnant woman is in a hyperdy-
namic and volume-overloaded state as a result of these
physiologic transformations, which increases demand on
the cardiovascular system. In normal women, the cardiac
reserve is sufficient to accommodate an increase in work-
load. However, women with underlying cardiovascular dis-
ease may already be compromised hemodynamically or at
least marginally compensated; with the additional hemody-
namic burden of pregnancy, there may be significant risk to

the mother, the fetus, or both. Poor functional status and
cyanosis are linked strongly to maternal and fetal complica-
tions. Therefore, pregnancy may exacerbate the underlying
disease, increasing the risk of morbidity and mortality.

In the Western world, delayed childbearing has emerged
as a risk factor for maternal morbidity and mortality, as
well as a greater incidence of genetic abnormalities in the
fetus. Women older than 35 years have a maternal death
rate five times higher than that in women younger than
34 years. Parity tends to increase with age and both magnify
the degree of risk. A woman aged 35 years or older who is
also a primigravida has a 20-fold greater risk than does a
woman who is 34 years of age or younger and multiparous.
There is a need for redefinition of preconception/early
pregnancy risk stratification in the older woman to include
full and careful cardiovascular risk assessment.3-7 The rate
of mortality from cardiovascular events is reported to be
higher than that from abortion, genital sepsis, and hemor-
rhage (Fig. 6–1).8 Women older than 40 years are at enhanced
risk for more frequent antepartum complications, need for
cesarean section, preeclampsia, and placenta previa.3 Age
alone is a major risk factor for maternal death.9 Advanced
maternal age implies increased vulnerability to diseases
known to complicate pregnancy, such as diabetes mellitus
and hypertension. Infants of women with gestational
hypertension and chronic hypertension tend to have
worse perinatal outcomes, such as low birth weight, preterm
birth, diseases of prematurity, and death, than do infants
of normotensive women.10 The presence of cardiovascular
risk factors such as smoking, hyperlipidemia, obesity, and
sedentary lifestyle may amplify the risk of morbidity and
mortality in both mothers and infants when childbearing
is delayed. Maternal smoking during pregnancy is associ-
ated with premature birth, decreased head circumference,
stillbirth, intrauterine growth restriction, and neonatal
death.11 Obesity during pregnancy heightens tendencies for
hypertension and cardiac dysfunction. In comparison with
women of normal weight, there is a significant increase
in pregnancy-induced hypertension in obese patients.
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Figure 6–1. Maternal deaths, direct and indirect, in Sweden,
1980-1988 (N = 59). (From Hogberg U, Innala E, Sandstrom A, et al:
Maternal mortality in Sweden, 1980-1988. Obstet Gynecol
84:240-244, 1994. Reprinted with permission from the American
College of Obstetricians and Gynecologists.)

When pregnancy is considered, weight management
should be addressed in women older than 40 years, as well
as in those with congenital cardiac disorders.12

Management of the patient with a complex medical
profile ideally begins before pregnancy with clear delin-
eation of the cardiac abnormality, the safety of pregnancy
to the mother and the fetus, and the advisability of
becoming pregnant (Table 6–1). Comprehensive evalua-
tion and management of patients best serves this objec-
tive. The team of caregivers should clearly understand the
cardiovascular disease process as well as the physiologic
changes anticipated as pregnancy progresses. This team
optimally includes the general obstetrician, a specialist in

Maternal-Fetal Medicine, a cardiologist, and an anesthesi-
ologist. Pregnancy-related morbidity and mortality for the
mother and the fetus should be clearly and frankly
addressed with the patient. The requirements during the
pregnancy for the safe and healthy delivery of both mother
and fetus should be outlined. These elements may have
implications for diet, activity, medication, or interven-
tion/surgery. In addition, patients with congenital cardio-
vascular abnormalities need genetic counseling for
discussion of possible transmission of their conditions to
the fetus. In general, there may be a 5% to 10% inheritance
risk for the fetus, in the absence of other additional risk
factors or syndromes. Fetal echocardiography should be
performed at 18 to 20 weeks of gestation.13

HEMODYNAMIC ALTERATIONS IN
NORMAL PREGNANCY

Pregnancy is associated with physiologic changes that
increase the hemodynamic burden on the cardiovascular
system. The care team must understand that these changes
place pregnant women with cardiovascular disease at risk
for complications during the pregnancy, labor, and the
puerperium.

The arterial blood pressure of the pregnant woman is
influenced by position. Brachial artery pressure varies
from sitting to lying in the lateral recumbent supine posi-
tion. The arterial pressure is lowest at midpregnancy.
Diastolic blood pressure decreases to a greater extent than
does systolic pressure. The upper extremity venous pres-
sure remains unchanged during pregnancy, but blood
flow in the lower extremities is impaired except when the
patient is in the lateral recumbent position. This finding
is most notable during the third trimester and is attrib-
uted to occlusion of the pelvic veins and of the inferior
vena cava by the uterus. The consequence of this impedance
to blood flow is the development of dependent edema and
varicose veins.14,15

Normal pregnancy is not associated with significant
changes in the electrocardiogram (ECG). There may be a
sinus tachycardia, and the electrical axis deviates to the
left because of the altered position of the heart. The
diaphragm is elevated with increased uterine size and dis-
places the heart upward to the left with a slight rotation on
the long axis. On chest radiographs, the cardiac silhouette
appears larger than in the nonpregnant state because of
the development of hemodynamically insignificant peri-
cardial effusions.16

Auscultation of the heart may also elicit altered find-
ings during pregnancy. In a study of 50 normal pregnant
women undergoing phonocardiography at different
stages of pregnancy, a systolic flow murmur was demon-
strated in more than 90% of the women.17 The majority of
murmurs disappeared after delivery. However, a systolic
murmur graded as greater than II/VI warrants further
evaluation. The investigators also documented an increase
in intensity and widened splitting of the first heart sound,
because of increased contractility, and the presence of a
third heart sound. A fourth heart sound is not normal.
An increase in blood flow in the mammary vessels in late

Cyanotic heart disease
Eisenmenger’s syndrome and/or severe pulmonary hypertension
Severe aortic stenosis
Mitral regurgitation or aortic regurgitation with NYHA class III or

IV symptoms
Valve disease resulting in severe pulmonary hypertension

(pulmonary pressure >75% of systemic pressure)
Valve disease with severe left ventricular dysfunction

(left ventricular ejection fraction < .40)
Mechanical prosthetic valve necessitating warfarin therapy
Aortic regurgitation or aortic involvement in

Marfan’s syndrome
Aortic coarctation with valvular involvement
Left ventricular dysfunction with NYHA class III or

IV symptoms

Adapted from Guidlines for the management of patients with valvular heart dis-
ease. J Am Coll Cardiol 1998;32:1486-1588.
NYHA, New York Heart Association.

TABLE 6–1 High-Risk Factors for Maternal and/or
Fetal Morbidity and Mortality
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pregnancy may result in a continuous murmur over the
breasts, often termed a mammary souffle.

Cardiac output measured in the lateral recumbent
position increases by 30% to 50% with pregnancy.18,19

Augmentation of cardiac output is a result of an increase
in stroke volume and heart rate. Heart rate levels at term
are 10% to 20% higher than those observed before preg-
nancy. The heart rate continues to rise throughout preg-
nancy. The stroke volume returns to prepregnancy levels
by the end of pregnancy. Falling systemic vascular resist-
ance and blood pressure also influence the cardiac out-
put. The systolic blood pressure decreases slightly,
whereas there is a more significant decline in the diastolic
pressure. Blood pressure returns to prepregnancy levels at
approximately 20 weeks of pregnancy. The systemic vas-
cular resistance falls during the first and early second
trimesters and slowly returns to prepregnancy levels after
delivery. The rise in cardiac output commences in the first
trimester and continues during the second and third
trimesters.20,21 The maximization of cardiac output when
measured in the lateral recumbent position is most
notable during the last trimester, when the gravid uterus
in the supine position impedes venous return to the heart
(Fig. 6–2). Studies have shown a reduction in cardiac out-
put by 0.6 L per minute in the supine position.22,23 It is
uncommon for significant hypotension and bradycardia
to develop because of position, but these may be relieved
if the woman assumes the lateral recumbent position.

The initiation of labor promotes additional changes in
the cardiovascular system. The sympathetic nervous sys-
tem is stimulated by pain and anxiety, leading to a further
increase in cardiac output of approximately 10% to 15%.
Each contraction of the uterus forces an autotransfusion

of 300 to 500 mL of blood into the central venous system.
The total augmented cardiac output is therefore nearly
50% higher than that observed during the pregnancy.24,25

Cardiac output is also affected by any type of anesthesia
used during the delivery. Epidural anesthesia is associated
with an increase of only 40% in cardiac output, and gen-
eral anesthesia, which is rarely recommended, with an
augmentation of only 25%.25,26 In the postpartum period,
there are further increases in cardiac output because of
decreased colloid osmotic pressure, maternal blood vol-
ume redistribution, and the decompression of the central
venous system with delivery of the fetus and placenta. The
cardiac output can increase to 80% of the value before
vaginal delivery. The increase is somewhat less with
cesarean section: approximately 50%.27 A report of more
than 500 pregnant women with cardiovascular disease
documented 10 maternal deaths, 8 of which occurred
during the puerperium.28 Such findings emphasize the
importance of close observation and management after
delivery.

In pregnancy, there is an increase in blood volume and
ventricular volume (Fig. 6–3). There is, however, significant
individual variation in the observed volume expansion,
ranging from 40% to 45% of the prepregnancy volume
state.29-31 The degree of expansion is quite variable. Maternal
blood volume begins to rise at 6 weeks of pregnancy and
reaches a maximum by the end of the second trimester.
During pregnancy, both water and sodium are retained.

Figure 6–2. Cardiac output measured in the left lateral and
supine position during uncomplicated pregnancies. pp, post partum.
(Data from Capeless EL, Clapp JF: Cardiovascular changes in early
phases of pregnancy. Am J Obstet Gynecol 1989;161:1449; Ueland
K, Hansen JM: Maternal cardiovascular dynamics. 2: Posture and
uterine contractions. Am J Obstet Gynecol 1969;103:1; and
Robson SC, Hunter S, Boys RJ, Dunlop W: Serial study of factors
influencing changes in cardiac output during human pregnancy.
Am J Physiol 1989;256:H1060.)
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Figure 6–3. Intravascular volumes with pregnancy. At term there
is a 50% increase in plasma volume and a 25% increase in total
red cell volume, resulting in a 40% increase in total blood volume.
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and delivery. Anesthesiology 1965;26:393; and Chesley LC:
Plasma and red cell volumes during pregnancy. Am J Obstet
Gynecol 1972;112:440.)



106 C H A P T E R 6 Pregnancy and Cardiovascular Disease

Total body water has the potential to increase by 6 to 8 L
in association with the retention of 500 to 900 mEq of
sodium. This fluid exists primarily in the extracellular
space.32,33 The amplification in blood volume is caused by
an increase in red blood cells and plasma. Plasma volume
increases to a much greater extent than does the total red
blood cell volume. Plasma volume increases in singleton
and twin pregnancies by 50% and 70%, respectively. Red
blood cell volume increases by approximately 33% at the
end of pregnancy.34 Greater erythrocyte production
results in erythroid hyperplasia with a mildly elevated
reticulocyte count during pregnancy.35 Despite this
increase in erythropoiesis, the erythrocyte concentration
and the hematocrit decrease during pregnancy in the set-
ting of an even greater increase in plasma volume. A rela-
tive anemia results, with hemoglobin levels in the range of
11 to 13 mg/dL. A hemoglobin level below 11 mg/dL in
the latter stages of pregnancy should be considered not a
normal volume-related finding but rather a signal of iron
deficiency.36 Iron demands of pregnancy are not fully met
from iron absorbed from the diet and mobilized from
body stores. Several studies have supported the use of iron
supplementation during pregnancy, proven to elevate
hemoglobin concentration and to improve oxygen-carrying
capacity of blood.37,38 The enlargement in total volume
peaks during the third trimester and declines minimally
until delivery. The changes in blood volume are regulated
by hormonal fluxes associated with pregnancy. Rising pla-
cental estrogen is associated with sodium retention via
the renin-angiotensin-aldosterone system, thereby increas-
ing plasma volume. Augmented progesterone, prolactin,
and placenta somatomammotropin release are associated
with the increase in erythropoiesis.39

Related to blood volume expansion is a minimal
increase in left ventricular end-diastolic volume, as
assessed echocardiographically by Katz and colleagues.40

This study revealed that both left ventricular wall mass
and end-diastolic dimension increases with pregnancy.
The change in stroke volume was found to be directly pro-
portional to end-diastolic volume. The stroke volume
rises by 20% to 25%, with the ejection fraction remaining
constant. Therefore, cardiac changes occur during preg-
nancy to adjust to the new hemodynamic demands of the
mother and fetus. Myocardial mass increases by approxi-
mately 10% to 15%, and remodeling occurs. Several echocar-
diographic studies disclose that normal pregnancy is
associated with a reversible fall in contractility. Left ven-
tricular hypertrophy and atrophy occur and are linked to
changes in the hemodynamic load associated with preg-
nancy.41 Other investigators have shown that these
changes are not cumulative with multiparity, which implies
that the cardiovascular system is capable of adapting to
multiple episodes of volume overload during pregnancies
without permanent structural or functional alterations.42

Multiple pregnancies are associated with higher cardiac
output as a result of an increase in inotropy.43 The increased
demand resulting from augmented heart rate and inotropy
suggests a decrease in cardiac reserve.

Clark and colleagues44 reported right-sided heart
catheterization data, collected during the third trimester
and repeated 11 to 13 weeks post partum in 10 women, thus
illustrating the following normal pregnancy-related

hemodynamic parameters. There was a 43% increase in
cardiac output, a 17% increase in heart rate, a 21% decrease
in systemic vascular resistance, and a 34% decrease in pul-
monary vascular resistance (Table 6–2). There was no
change in the mean arterial pressure, pulmonary capillary
wedge pressure, central venous pressure, or left ventricular
stroke work index.

At delivery and during the postpartum period in the
normal patient, large quantities of fluid are rapidly mobi-
lized, with a consequent major diuresis. In the patient who
has cardiovascular disease, such a fluid load may pose a
significant challenge. It is imperative that all caregivers of
women with cardiovascular disease appreciate the risk for
the development of cardiac failure at all stages of pregnancy,
labor, delivery, and the puerperium.

ROLE OF MATERNAL EXERCISE

Several studies have addressed the effects of exercise during
pregnancy on maternal and fetal outcome, spontaneous
abortion, birth weight, and labor. Overall, pregnancy is not
a contraindication to exercise.45,46 The American College
of Obstetricians and Gynecologists suggests that women
who have participated in aerobic exercise before becoming
pregnant may continue to exercise during pregnancy.47

A woman’s overall health, in regard to both obstetric and
medical risks, should be evaluated before an exercise pro-
gram is prescribed. Each activity should be reviewed indi-
vidually for its potential risk. Sports with a high risk of
abdominal trauma should be avoided.47 For the inactive
woman, the recommended exercise would be walking.
Several investigators have documented fetal bradycardia
in association with maximal maternal exercise (heart rate
>180 beats/minute) but not with submaximal exercise
(heart rate <150 beats/minute).48 Clapp, however, showed
an improved metabolic efficiency with exercise in condi-
tioned walking. For women without heart disease, the rec-
ommendation is to walk or participate in aerobic exercise
for up to 30 minutes per day.49 These investigators proved
that aerobic exercise at 50% to 85% of maximum capacity
had diverse beneficial effects: decrease in the length of
labor, fewer cesarean sections, and decreased fetal distress,
without an increase in spontaneous abortions. The inves-
tigators did note a decrease in fetal birth weight secondary
to a decrease in fat mass, a finding of uncertain relevance.49–52

Cardiac output ↑ 43%
Systemic vascular resistance ↓ 21%
Pulmonary vascular resistance ↓ 34%
Heart rate ↑ 17%
Stroke index ↑ 17%
Mean arterial pressure ↓ 4%
Osmotic pressure ↓ 14%

Adapted from Clark SL, Cotton DB, Lee W, et al: Central hemodynamic
assessment of normal term pregnancy. Am J Obstet Gynecol 1989;161:1439.
*Central hemodynamic changes in 10 normal pregnant women between 35 and
38 weeks of pregnancy. Measurements were performed in patients in the lateral
position.
↑, increased; ↓, decreased.

TABLE 6–2 Hemodynamic Changes with Pregnancy*



Fetal growth has actually been shown to increase in mod-
erately trained women in comparison with well-trained
women. During exercise, there may be a small increase in
fetal heart rate (5 to 25 beats per minute), possibly related
to stimulation from the maternal vasoactive hormones,
training-induced uterine contractions, or, less likely, a
reduction in oxygen delivery.53 Women who have underlying
cardiovascular disease, hypertension, multiple pregnancies,
or complications during pregnancy should not initiate
new exercise programs during the pregnancy.

CARDIOVASCULAR DIAGNOSIS

Normal pregnant women experience many symptoms
that can be suggestive of heart disease. Shortness of breath,
palpitations, fatigue, and peripheral edema all may appear
during normal pregnancy. Although the diagnosis of car-
diovascular disease may be known before conception, the
hemodynamic changes associated with the pregnancy
often catalyze the first symptoms and signs. Table 6–3
lists symptoms and physical findings that may signal the
presence of cardiovascular disease.54 Documenting the
history and physical examination during pregnancy may
be difficult, and further diagnostic testing is typically
indicated to determine the presence or severity of cardio-
vascular disease. Most diagnostic tests are safe and nonin-
vasive. In general, radiographic and radionuclide studies
are avoided, especially during the first trimester.

Chest radiography is occasionally indicated for the
evaluation of both cardiac size and pulmonary vessels.
Fetal radiation exposure is extremely small (0.07 mrad)
and is below the level of acceptable risk for any gestational
age.55 Lead apron shielding should be used with all studies,
although internal scatter renders this method only partly
preventive. Electrocardiography is associated with nonspe-
cific ST segment alterations as well as a 15-degree leftward
axis deviation in a normal pregnancy. Increased premature
ventricular and atrial contractions are commonly noted.
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Reports have also suggested that inferior ST segment
depression is relatively frequent during pregnancy.56 If sig-
nificant arrhythmia is suspected, Holter or event moni-
toring is recommended.

Echocardiography is a widely used and safe procedure
during pregnancy. It provides both structural and func-
tional information about the heart. However, it is not
indicated unless cardiovascular disease or abnormalities are
suspected. The study should be performed and interpreted
only by well-trained specialists because normal pregnancy-
induced changes such as increased left atrial size, physio-
logic pericardial effusions, or tricuspid regurgitation may
be misinterpreted as abnormal.57

Cardiac catheterization, because of radiation and con-
trast exposure, is avoided if possible during pregnancy.
There are situations, however, in which the benefits of the
procedure outweigh the risks.

Radionuclide examinations are not recommended in
pregnant women. Studies have demonstrated that some
isotopes, even those bound to albumin, can cross the pla-
centa and reach the fetal circulation.58

DISEASES OF THE MYOCARDIUM

Dilated Cardiomyopathy

The manifestation of cardiomyopathy during pregnancy is
reflected in signs and symptoms of congestive heart failure.
Symptoms include chest discomfort, dyspnea, paroxysmal
nocturnal dyspnea, and cough.59 Echocardiography is use-
ful for demonstrating chamber enlargement and depressed
ventricular function. The cause of cardiomyopathy may
be myocarditis, toxins, or idiopathic.60,61 In severe cases
manifested by advanced clinical heart failure, maternal
outcomes may be quite poor.62,63

Treatment consists of limitation in activity and sodium
intake during pregnancy. Anemia, infection, and fever all
magnify the physiologic effects of left ventricular dys-
function and should be treated vigorously. Reasonable
measures include careful use of diuretics, while monitoring
closely for hypokalemia, as well as the initiation of digoxin
for inotropic support and hydralazine as an afterload-
reducing agent. Anticoagulation therapy with heparin
may be indicated if left ventricular dysfunction is severe.
The use of angiotensin-converting enzyme inhibitors or
angiotensin receptor blockers should be avoided. The
prognosis of idiopathic cardiomyopathy is poor; defini-
tive therapy for patients with end-stage heart failure is
cardiac transplantation.64,65

Peripartum Cardiomyopathy

Peripartum cardiomyopathy is a rare disorder of unknown
origin that is seen in late pregnancy or in the early puer-
perium, technically defined as the last month of preg-
nancy and the first five months post partum. Estimates of
incidence vary from 1 in 1300 to 1 in 15,000 pregnancies.66

Diagnosis is confined to a narrow time period and requires
echocardiographic evidence of left ventricular systolic
dysfunction.67 The mortality rate associated with the

Signs
Digital clubbing
Cyanosis
Persistent jugular venous distention
Systolic murmur equal to or greater than grade 3/6
Cardiomegaly
Pulmonary hypertension indicated by increased P2 and left

parasternal lift
Persistent arrhythmia
Diastolic murmur
Persistent splitting of S2

Symptoms
Chest pain with exertion or stress
Syncope
Hemoptysis
Progressive orthopnea
Progressive dyspnea
Paroxysmal nocturnal dyspnea

TABLE 6–3 Indicators of Cardiovascular Disease
with Pregnancy



disease in the United States is reported to be 25% to 50%.68

Deaths from peripartum cardiomyopathy are caused by
progressive congestive heart failure, arrhythmias, and
thromboembolic events. The disease was first described in
1849 but was not well characterized until the early 1970s,
when diagnostic criteria were developed by Demakis and
colleagues.66 According to epidemiologic studies, the dis-
ease occurs most frequently in multiparous women, in
women older than 30 years, and in black women. In addi-
tion, it is associated with a history of hypertension,
preeclampsia, cesarean section, and multiple pregnancies.69

Investigations suggest that the development of car-
diomyopathy during the gestational period is associated
with a greater frequency of disease regression. Fifty per-
cent of affected patients are reported to regain normal
cardiac function 6 to 12 months after the diagnosis.
A report by Witlin and colleagues, however, demonstrated a
much worse prognosis: 92.9% of patients had persistent or
progressive disease.70 Most studies suggest that improve-
ment in and recovery of cardiac function should occur
within 6 months of diagnosis. Patients who recover left
ventricular function have a markedly improved survival
rate.71 Women with persistent left ventricular dysfunction
are at high risk for additional morbidity and mortality
with subsequent pregnancies.72 The risk with repeated
pregnancy in women who had peripartum cardiomyopa-
thy but who regained left ventricular function remains
controversial. However, a study of subsequent pregnan-
cies in women who had peripartum cardiomyopathy with
later normalization of left ventricular function showed an
average 20% decrease in left ventricular function in 21% of
the women with subsequent pregnancies. In addition,
21% of the women developed symptoms of heart failure.
In 25% of the women who had persistent left ventricular
dysfunction caused by peripartum cardiomyopathy, sub-
sequent pregnancies were associated with an additional
decrease of more than 20% in systolic function. Symptoms
of heart failure occurred in 44% of the women, and the
mortality rate was 19%.73

A small series describes a good outlook for subsequent
pregnancies in patients whose left ventricular contractility
improved after peripartum cardiomyopathy.74 Treatment
should be the same as described for dilated cardiomyopa-
thy. Heart transplantation has been performed and prog-
nosis has thereby improved; however, there is a higher
frequency of rejection than in other cardiac transplant
recipients. Immunosuppressive therapy has been used
successfully in only a small number of patients.75,76

Hypertrophic Cardiomyopathy

Cardiomyopathies that are characterized as hypertrophic
may have various causes. The optimal management and
prognosis for many of these conditions are unclear.
Hypovolemia or increased left ventricular contractility may
increase outflow obstruction and must be avoided during
pregnancy. Arrhythmias are frequently a complication of
these disorders, and β-adrenergic blocker therapy may be
beneficial. The use of spinal and epidural anesthetics is
associated with vasodilation and should be avoided during
labor and delivery.

RHYTHM DISORDERS

Palpitations, presyncope, and dizziness are frequent symp-
toms during pregnancy and often lead to referral for cardiac
evaluation. Reports are conflicting as to whether there is
an increase in incidence of arrhythmia with pregnancy or
whether patients are more closely monitored and rhythm
disturbances are therefore diagnosed more frequently.77

Enhanced sympathetic nervous system activity in preg-
nancy has been proposed by some investigators as a cause
of increased incidence of arrhythmia.

Most arrhythmias are not associated with structural
heart disease and should be evaluated and managed in the
same manner as in the nonpregnant patient. The rhythm
should first be evaluated by electrocardiography because
this may provide an indication of the underlying cause of
the patient’s symptoms, such as long QT syndrome. The
woman’s hemodynamic status should direct the therapy,
with reversible causes being corrected if possible. When
arrhythmias are well tolerated and patients are minimally
symptomatic, a conservative approach is recommended.
When arrhythmias cause debilitating symptoms or hemo-
dynamic compromise, therapy is indicated. No antiarrhyth-
mic drug is completely safe during pregnancy; however,
many are well tolerated and can be given with relatively
low risk to mother and fetus. If possible, drug therapy
should be avoided during the first trimester. Compounds
with the most extensive history of safe use should be the
first-line agents.78 Electrical cardioversion is not con-
traindicated in the pregnant woman, nor is the use of
intravenous antiarrhythmic medications.

Bradyarrhythmias

Bradycardia may have several causes, some of which are
reversible. Drugs, including β-adrenergic blockers or
nondihydropyridine calcium channel blockers, and meta-
bolic abnormalities, including hypoxia, acidosis, and
hyperkalemia, may be causative and can be corrected.
Sinus node dysfunction and atrioventricular block,
including complete heart block, may cause bradycardia.
Therapy is required only in symptomatic patients. Labor
and delivery can be associated with syncope in women with
atrioventricular block and may necessitate temporary
pacing. If necessary, permanent pacemakers can be inserted
safely during pregnancy. Women who have undergone
prior pacemaker placement are able to have successful
pregnancies.79

Tachyarrhythmias

Sinus tachycardia, with heart rates faster than 100 beats/
minute, must be evaluated. The causes include dehydration,
fever, anemia, infection, drugs, anxiety, and pain. The under-
lying cause should be corrected; pharmacologic therapy is
not usually warranted.

Paroxysmal supraventricular tachycardia may indicate
the presence of dual or accessory pathways in the heart
that allow a reentrant tachycardia. The baseline ECG
should be carefully evaluated for short PR intervals and

108 C H A P T E R 6 Pregnancy and Cardiovascular Disease



delta waves, which suggest Wolff-Parkinson-White syn-
drome (preexcitation).80 Therapy for these rhythms may
include digoxin, β-adrenergic blockers, calcium channel
blockers, or adenosine. Adenosine is generally safe to use
in pregnancy and is the drug of choice for acute termina-
tion of a supraventricular tachycardia. The use of these
drugs has been tolerated without any significant compro-
mise to the fetus.81

Atrial fibrillation or flutter is usually a marker for an
underlying structural or metabolic abnormality. Rate con-
trol is achieved acutely with intravenous verapamil, dilti-
azem, or β blockers. The use of a calcium channel blocker
or digitalis for rate control with paroxysmal episodes is
appropriate. Persistent atrial fibrillation, even in the
absence of structural heart disease, is still associated with
a risk for thromboembolic events, and anticoagulation with
heparin or at least aspirin is indicated. Atrial fibrillation
in patients who have mitral stenosis should be treated
with digoxin and heparin during pregnancy.

Ventricular tachycardia in the pregnant woman warrants
evaluation for underlying structural or metabolic causes.82

Immediate therapy parallels that in the nonpregnant state.
If the patient is hemodynamically stable, intravenous lido-
caine or procainamide may be used initially. If the woman
is not hemodynamically stable, synchronized DC car-
dioversion is indicated. β Blocker therapy has been used
effectively to treat these patients, which suggests that a
hyperadrenergic state may precipitate the rhythm. The
use of an implantable cardioverter-defibrillator should be
considered in women with life-threatening ventricular
arrhythmias. Pregnancy does not increase the complica-
tions related to implantable cardioverter-defibrillators or
result in an increase in the number of discharges.83

Long QT syndrome may be acquired or congenital.
Affected patients are at risk for syncope, recurrent ven-
tricular tachycardia, and sudden cardiac death. The drugs
associated with an acquired long QT interval, including
class IA antiarrhythmic medications and tricyclic amines,
should be discontinued. Antihistamines such as astemi-
zole and terfenadine are no longer available. In congenital
long QT syndrome, β-adrenergic blocker therapy should
be initiated. Recurrent ventricular tachycardia warrants
an electrophysiologic consultation. Congenital long QT
syndrome can be transmitted genetically to offspring.

Ventricular fibrillation requires full cardiopulmonary
resuscitation procedures with nonsynchronized DC
cardioversion at 360 J.84

CONGENITAL HEART DISEASE

One percent of all pregnancies in the United States are
complicated by maternal cardiovascular disease. Increasing
numbers of women with congenital heart disease are sur-
viving to adulthood because of advances in medical and
cardiovascular surgical techniques. As a result, pregnan-
cies in patients with complex cardiovascular anomalies are
occurring more frequently. A report by Mendelson and Lang
suggested three groups of congenital heart disease: (1)
left-to-right shunts associated with volume overload, such as
atrial and ventricular septal defects, patent ductus arteriosus,
and anomalous pulmonary venous return; (2) right-to-left

shunts that result in cyanosis, such as tetralogy of Fallot
and Eisenmenger’s syndrome; and (3) anomalies associated
with pressure overload, such as aortic stenosis, pulmonary
stenosis, coarctation of the aorta, and hypertrophic subaor-
tic stenosis.81

Whereas the risk for a congenital cardiac malformation
in an infant of a normal mother is 0.8% to 1.0%, it is signif-
icantly higher when genetically determined anomalies have
affected a family member or when the pregnant woman has
congenital heart disease. Fetal echocardiographic screening
in women with congenital heart disease should be per-
formed to confirm or rule out fetal congenital heart disease
and to assess for a malformation or arrhythmia.85

Left-to-Right Shunts

Most affected women have undergone surgical repair before
pregnancy; however, some residual defect may remain, or
the defect may have been previously undiagnosed.

The degree of shunting is determined by the resistances
of the pulmonary and systemic vascular systems, both of
which decrease during pregnancy; therefore, pregnancy
itself does not significantly alter the degree of shunting.86

If pulmonary vascular disease has developed, a decrease in
left-to-right shunting may occur. If a large shunt is present,
then ventricular arrhythmias, ventricular dysfunction, and
progression of pulmonary hypertension can be present.
Women with acyanotic congenital lesions, in the absence of
pulmonary hypertension, generally tolerate pregnancy,
labor, and delivery.

Atrial Septal Defect

Seventy percent of atrial septal defects in women are
ostium secundum defects; many affected patients are
asymptomatic. These women may develop symptoms for
the first time during pregnancy after the development of
pulmonary hypertension and atrial arrhythmias.

The physical examination is significant for persistent
splitting of the second heart sound in association with a
systolic ejection murmur. Chest radiographic examina-
tion may demonstrate increased pulmonary blood flow.
Electrocardiographic findings are significant for a right
bundle branch block with a right axis deviation (left axis
deviation with ostium primum defects). Echocardiography
with Doppler analysis verifies the diagnosis, as well as
associated lesions and pulmonary pressures.

Pregnancy is well tolerated in the absence of complica-
tions such as pulmonary hypertension. No reports to date
suggest that surgical repair before pregnancy improves
rates of maternal morbidity and mortality. Antibiotic pro-
phylaxis is usually not necessary because endocarditis is
rare. Up to 85% of affected women have uncomplicated
deliveries, but a 15% fetal loss rate is associated with this
condition. The defect is inherited in 5% to 10% of off-
spring of a parent with an atrial septal defect.87

Ventricular Septal Defect

This is the most common cardiac anomaly. Most ventricu-
lar septal defects close spontaneously or are detected and
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repaired during childhood. Pregnancy is well tolerated if
pulmonary hypertension is absent.

Physical examination is significant for a holosystolic
murmur that may be associated with a thrill at the left
sternal border. Echocardiography with Doppler analysis
verifies the diagnosis, as well as associated lesions and
pulmonary pressures.

When the defect is unrepaired, endocarditis may occur,
and prophylaxis with antibiotics is necessary. This condi-
tion is associated with maternal mortality if pulmonary
hypertension is present. The fetal loss rate is 25%, and this
defect is inherited in 5% to 8% of offspring of a parent with
this condition.87

Patent Ductus Arteriosus

This lesion is usually repaired in childhood. Unrepaired
lesions in adulthood are usually asymptomatic. The phys-
iologic consequences of the lesion are related to its size.
This defect is usually well tolerated during pregnancy in
the absence of pulmonary hypertension.

Physical examination is significant for a wide pulse
pressure and a machinery-like murmur that is harsh and
continuous, best heard at the upper left sternal border
and under the left clavicle. The ECG usually demonstrates
left ventricular hypertrophy. Echocardiography with
Doppler analysis confirms the diagnosis, as well as associ-
ated lesions and pulmonary pressures.

Endocarditis is common with this lesion, and therefore
antibiotic prophylaxis is recommended. The fetal loss rate
is estimated at 5% to 7% with this defect, and the lesion is
inherited in 4% to 5% of cases.87

Right-to-Left Shunts

Right-to-left shunting can occur with any lesion when
obstruction to right ventricular outflow exists or when
pulmonary vascular resistance exceeds the systemic vascular
resistance. Hypoxemic disorders are linked to intrauterine
growth restriction, premature delivery, and fetal demise.
Whittemore and colleagues reported a 35% fetal loss rate
in women with cyanotic congenital cardiovascular disease.88

Hypoxemia associated with polycythemia and hematocrit
greater than 65% correlates with almost universal fetal
wastage.89 Maternal morbidity and mortality rates for
these defects range from 10% to 50%. A paper describing
96 pregnancies in 44 women with cyanotic heart defects
reported maternal cardiac events in 32%, including one
death; prematurity in 37%; and low birth weight among
live births in 43%.90 Successful surgical correction before
pregnancy improves the outcome for both the mother and
offspring.91

Tetralog y of Fallot

This lesion is the most common cause of right-to-left
shunting of blood past the pulmonary bed with the sub-
sequent development of cyanosis. Tetralogy of Fallot con-
sists of ventricular septal defect, pulmonary valve stenosis,
right ventricular hypertrophy, and an overriding aorta.
During pregnancy, the peripheral vascular resistance

decreases with an increase in shunting and worsening of
cyanosis. Surgical correction of the defect should be per-
formed before pregnancy if possible.92 The risk of compli-
cations in pregnancy is generally low in women who have
experienced successful correction. However, late sequelae
of corrective surgery can increase the complication rate
associated with pregnancy. These sequelae include resid-
ual shunt, arrhythmia, pulmonary valve regurgitation,
pulmonary artery hypertension, and left ventricular dys-
function. It is critical to review all prior surgical repair
reports and perform a comprehensive cardiovascular evalu-
ation in patients who have undergone a corrective surgical
procedure.

The physical examination findings are significant
for digital clubbing and cyanosis. Chest radiographs
and ECGs demonstrate right ventricular hypertrophy.
Echocardiography with Doppler analysis substantiates
the diagnosis, as well as associated lesions.

There is an increased risk of maternal and fetal mor-
bidity and mortality when tetralogy of Fallot is present. If
pregnancy occurs, venous return and systemic vascular
resistance must be maintained to preserve pulmonary
blood flow. In one series, 5 of 16 patients with corrected
tetralogy of Fallot experienced a deterioration in cardiac
functional class during pregnancy; three of the five expe-
rienced progression of pulmonary valve regurgitation.93

Vaginal delivery is recommended unless there is an indi-
cation for cesarean section, and the use of epidural anes-
thetics should be avoided if possible.94

Transmissibility of the defect from parent to offspring
was examined in a large collaborative study.95 The authors
found cardiac defects with significantly greater frequency
in the children of affected women than in children of
affected men. The authors measured a 3% incidence of
inheritance overall, with a 2% incidence in siblings and a
0.3% incidence in second- and third-degree relatives,
which suggests a polygenic disorder with a small number
of interacting genes.95 Genetic counseling and analysis
before conception allow patients with the tetralogy to
know whether the 22q11 deletion syndrome is present;
if it is absent, the risk of fetal defects is low.96

Eisenmenger’s Syndrome

In this syndrome, right-to-left shunting in any cardiac
lesion arises as a result of the development of pulmonary
hypertension.97 The vasodilation associated with pregnancy
increases the degree of right-to-left shunting, resulting in
worsening cyanosis.

Physical examination findings are significant for
digital clubbing and cyanosis. Chest radiographs and
ECGs demonstrate right ventricular hypertrophy.
Echocardiography with Doppler analysis substantiates
the diagnosis, defines related lesions, and estimates pul-
monary pressures.

It has been reported that the maternal and fetal mor-
tality rates associated with this condition are 30% to
50%.98 Women with this syndrome should be discouraged
from becoming pregnant. Management during labor and
delivery is very difficult. Venous return and right ventricular
filling must be maintained, and blood loss and the use of
epidural anesthetics should be avoided. The cause of death
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is usually right ventricular failure associated with cardio-
genic shock.

Transposition of the Great Vessels

The original surgical approaches to transposition of the
great vessels focused on redirecting atrial flow patterns
(Mustard and Senning procedures) and resulted in com-
plications in adulthood such as sinus node dysfunction,
atrial arrhythmias, and systolic dysfunction. The compli-
cations among 43 pregnancies in 31 women with this type
of surgical repair included a 14% incidence of congestive
heart failure and arrhythmias, as well as one death. The
sequelae of the current corrective surgical approach, the
arterial switch procedure, has not been evaluated on a large
scale, inasmuch as very few of these patients have not yet
reached childbearing age.99 In a large prospective, multi-
center study of pregnancy in congenital heart disease, a
small subset (four women) had undergone the arterial
switch procedure for transposition of the great vessels.93

One patient experienced a decline in functional class;
however, all four completed normal pregnancies.

Fontan Repair

The Fontan procedure routes systemic venous return
directly to the lungs and is performed for conditions in
which there is a single ventricular pumping chamber.
Affected women are at elevated risk for cardiovascular
complications during pregnancy. There is increased
hemodynamic load on the right atrium and the single
ventricular chamber; a 2% maternal mortality has been
reported.100 Progressive venous congestion, ventricular
failure, atrial clot formation, and rhythm disturbances are
frequently witnessed complications in the pregnant
patient who has undergone a Fontan repair. A high rate of
miscarriage may be related to extreme congestion of the
intrauterine veins.96 Nonetheless, successful pregnancies
have been reported in the current literature.101

Pressure Overload

Pressure overload results from obstructive lesions that
may reflect isolated congenital lesions or a part of a more
complex congenital defect. Aortic and pulmonary stenosis
is discussed in the section on rheumatic and valvular heart
disease. Coarctation of the aorta and idiopathic hyper-
trophic subaortic stenosis are also typified by pressure
overload.

Coarctation of the Aorta

This is an uncommon defect, and it sometimes appears as
part of a constellation of other congenital findings such
as bicuspid aortic valve and cerebral artery aneurysms.
The defect is usually situated at the level of the subclavian
artery.

Physical examination findings include brachial hyper-
tension, with upper and lower extremity pulse discrepancy
and, over the back, audible bruits caused by collateral blood
flow. Chest radiographs are notable for rib notching.

Echocardiography with Doppler analysis establishes the
diagnosis and serves to define associated lesions.

Most studies report that maternal morbidity and mor-
tality rates are increased with this defect.102 However, a
preliminary study reported improved outcomes with no
maternal deaths and one fetal death in women with coarc-
tation of the aorta.103 Current recommendations remain
that corrective surgery should be performed before preg-
nancy whenever possible, although there are numerous
reports of successful pregnancies with careful manage-
ment.104,105 The major complications are hypertension, con-
gestive heart failure, endocarditis, and rupture of the aorta.
Treatment of high blood pressure is usually required.54,105,106

Management of hypertension can be difficult during
pregnancy because control of upper body blood pressure
may lead to hypotension below the coarctation site,
thereby compromising the fetus. Prophylactic antibiotics
are necessary because of the high risk of endocarditis. The
risk of aortic rupture is highest in the third trimester, dur-
ing labor and delivery, and early in the puerperium. In
addition, women who have undergone repair in child-
hood are at risk of aortic rupture because of the develop-
ment of aneurysms at the site of repair. The rate of fetal
loss is approximately 10% with this defect. Offspring have
a 2% incidence of inheriting the defect, as well as a 6% inci-
dence of other congenital cardiac diseases,54,105 although
other authors suggest a higher risk.107

Idiopathic Hypertrophic Subaortic Stenosis

This autosomal dominant trait is associated with chest
pain, syncope, dyspnea, arrhythmias, and sudden cardiac
death. It can appear in the company of other disorders,
such as Friedreich’s ataxia, Turner’s syndrome, neurofi-
bromatosis, and pheochromocytoma. Symptoms become
clinically manifest in the second or third decade of life
and may be first appreciated during pregnancy.

Physical examination findings are notable for a dynamic
systolic ejection murmur, best heard at the base, and a
rapidly rising carotid pulse. The murmur of mitral regur-
gitation may also be present. The diagnosis is confirmed
by echocardiography with Doppler analysis.

Outflow obstruction may be increased because of the
normal fall in peripheral vascular resistance with preg-
nancy, in combination with a decrease in venous return
from compression of the inferior vena cava by the gravid
uterus, and because of blood loss associated with deliv-
ery.108,109 Complex arrhythmias may develop and lead to
sudden cardiac death.110,111 A contemporary series described
two maternal deaths in 199 cases of live births in a cohort
of 91 affected women. Both patients had high-risk char-
acteristics and had been advised against pregnancy: One
had a resting left ventricular outflow gradient of greater
than 100 mm Hg, and the other had a strong family history
of sudden cardiac death.111

Management is directed toward avoidance of hypoten-
sion and tachycardia because both can diminish left
ventricular diastolic filling and increase outflow obstruc-
tion. Recommendations should include limitation of
stress and strenuous activity, which increase the force of
myocardial contraction and thus magnify the ventricular
outflow obstruction. Blood volume and venous return
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must be maintained during pregnancy and especially dur-
ing labor and delivery. β-Blocking agents should be used if
indicated. Conventional advice has favored avoidance of the
use of epidural anesthetics, although a published series
reported few complications and generally favorable out-
comes.112 Antibiotic prophylaxis should be provided at
delivery.

Marfan’s Syndrome

This autosomal dominant trait disorder results from a
genetic abnormality of the fibrillin gene. Connective tissue
weakness leads to the following cardiovascular abnormal-
ities: dilatation of the aortic wall and root, aortic valve
regurgitation, and mitral valve prolapse.113 Affected patients
who become pregnant are at risk of potential catastrophic
aortic dissection.114

On physical examination, cardiovascular findings
include evidence of mitral or aortic regurgitation by aus-
cultation. Chest radiographic findings may demonstrate
enlargement of the ascending aorta. Echocardiography
allows aortic root measurement as well as assessment of
related cardiac defects.

Although reports on the rate of maternal morbidity
and mortality with pregnancy are conflicting, there is
general agreement that women with dilation of the aorta
or other cardiovascular manifestations are at risk for life-
threatening cardiovascular complications.115,116 One
report found an association among aortic dimension larger
than 4.0 cm, progression of aortic dilation, and decreased
cardiac function as risk factors during pregnancy in
women with Marfan’s syndrome. Pregnancy should be
discouraged in these individuals. Maternal activity should
be limited, and prophylactic β-adrenergic blocker therapy
should be applied during pregnancy. Ideal monitoring
includes blood pressure analysis and serial echocardio-
graphic studies. If there is progressive aortic root dilation
or if the aortic root diameter equals 5.5 cm, necessary sur-
gical repair can be carried out during pregnancy with good
outcomes.114 Acute dissection of the ascending aorta during
pregnancy is a surgical emergency; dissections distal to the
subclavian artery merit medical management. Cesarean
section is advised in patients with Marfan’s syndrome and
aortic root involvement.117 Normal vaginal deliveries have
been accomplished in patients with Marfan’s syndrome
who do not have demonstrable cardiovascular abnormal-
ities.114 Successful pregnancies have been described in
patients with Marfan’s syndrome who have undergone
surgical replacement of aortic root and arch.118

Related syndromes include Ehlers-Danlos syndrome
type IV, in which connective tissue fragility may lead to
aortic dissection and excessive bleeding post partum, and
non-Marfan familial syndromes of aortic enlargement
and dissection. Careful monitoring and medical manage-
ment is essential for the success of pregnancies in these
high-risk patients.96

Ebstein’s Anomaly

In Ebstein’s anomaly, the tricuspid valve is dysplastic and
displaced into the right ventricle. If the defect is mild and
no cyanosis exists, pregnancy is usually well tolerated.119

Pregnancy in patients who have a more severe Ebstein
anomaly may be attended by complications such as tri-
cuspid regurgitation, right ventricular dysfunction, right
ventricular outflow obstruction with right-to-left shunt-
ing, and cyanosis. This anomaly is also associated with
Wolff-Parkinson-White preexcitation syndrome, with
heightened risk of arrhythmias.

RHEUMATIC, VALVULAR,
AND PERICARDIAL DISORDERS

Rheumatic heart disease in women of childbearing age
has declined in prevalence in most of the United States;
however, it is still a major source of maternal morbidity
throughout many regions in the underdeveloped world.
As immigration to industrialized nations increases, clini-
cians in the developed societies will encounter patients
with rheumatic heart disease more frequently. Other types
of congenital and acquired valvular abnormalities neces-
sitate careful management in the pregnant patient as well.

Rheumatic Fever

Acute rheumatic fever is rare in the United States.
However, it continues to be a foremost health concern
worldwide, particularly in areas of socioeconomic disad-
vantage and limited access to antibiotics for streptococcal
infection treatment. Bouts of rheumatic fever tend to
recur during pregnancy, and vulnerable patients should
be maintained on antibiotic prophylaxis.120 Sydenham’s
chorea is known to reappear during pregnancy and is
termed chorea gravidarum.

Arthralgias, chest discomfort, fever, subcutaneous
nodules, erythema marginatum, and chorea, with culture
or serologic findings of streptococcal infection, mark the
acute manifestation of rheumatic fever. Cardiac involve-
ment may encompass pericarditis, myocarditis, valvulitis,
endocarditis, and conduction system abnormalities.
Examination reveals a pericardial friction rub; an apical
systolic murmur with an apical mid-diastolic (Carey-
Coombs) murmur, signaling mitral involvement; a dias-
tolic murmur of aortic regurgitation at the lower left
sternal border; and signs of pulmonary congestion.
Tricuspid valvulitis may be discovered, usually in the con-
text of mitral and aortic valve findings.

Therapy consists of antibiotics (penicillin), as well as
measures to relieve congestive heart failure, pain, and
inflammation.

Mitral Stenosis

Congenital mitral stenosis is a rare entity. The most fre-
quent cause of obstructive mitral valve disease is rheu-
matic disease; mitral stenosis is the most commonly seen
rheumatic valvular lesion in pregnancy. The diagnosis of
significant mitral stenosis exerts an important prognostic
influence on maternal course. In a large study, complica-
tions were predicted by (1) the presence of left-sided
obstructive disease, such as mitral stenosis, aortic valve
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stenosis, and hypertrophic subaortic stenosis; (2) the pres-
ence of cyanosis or poor New York Heart Association
functional class; (3) the presence of myocardial dysfunction;
(4) previous occurrence of arrhythmia; and (5) a prior car-
diac event.121 Patients who possessed none, one, or more
than one of these characteristics at the start of pregnancy
experienced a cardiac complication rate of 3%, 30%, and
66%, respectively (Fig. 6–4). A larger multicenter study
subsequently validated the importance of these five risk
factors: maternal complication rates were 3%, 27%, and
62%, respectively, for the same groups.2 Another series of
pregnant patients with valve disease confirmed that the
most adverse outcomes were observed in women who had
significant mitral or aortic valve obstructive disease.122

A multicenter evaluation of neonatal outcomes
addressed prematurity, intrauterine growth restriction,
cerebral hemorrhage, respiratory distress syndrome, and
death as end points.123 Adverse outcomes were forecast by
maternal cardiac risk factors such as abnormal functional
capacity or cyanosis and left-sided valve obstruction. Yet
neonatal outcomes were significantly worsened by the
presence of noncardiac risk factors such as smoking, use
of anticoagulant drugs throughout pregnancy, multiple
pregnancy, and maternal age older than 35 or younger
than 20 years (Fig. 6–5).123 This report was particularly
notable as the first demonstration of a significant inter-
action between cardiac and noncardiac risk factors in the
clinical course of pregnant women who have congenital
heart disorders.

Twenty-five percent of patients with mitral stenosis
experience their first symptoms, including cough, fatigue,
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dyspnea, orthopnea, or hemoptysis, during pregnancy.
The physical examination reveals an accentuated first
heart sound, and an opening snap may be present. A new
diastolic apical rumbling murmur is suspicious and can
be verified with echocardiography.

In pregnancy, the pathophysiologic mechanism of mitral
stenosis is founded upon several important changes that
take place after the 20th week: namely, the increase in
heart rate and the rise in plasma volume and cardiac out-
put. These natural alterations combine with mitral valve
obstruction to reduce the diastolic filling time of the left
ventricle, which can produce a doubling of the pressure
gradient across the mitral valve. Forward cardiac output
may decline, and in severely affected patients, there is a
rise in the pulmonary capillary wedge pressure, leading to
symptomatic pulmonary congestion. Elevated pulmonary
pressures may engender right ventricular enlargement,
hepatomegaly, ascites, jugular venous distention, and
peripheral edema.

Left atrial enlargement predisposes to clot formation
and systemic thromboembolization, as well as atrial fib-
rillation, which itself can provoke pulmonary edema. Sinus
tachycardia at the time of labor may cause pulmonary
edema as well. Volume shifts in pregnancy can have diverse
effects in mitral stenosis. The rise in central volume in the
setting of obstructed inflow to the left ventricle during
contractions in labor and immediately post partum as the
uterus rapidly shrinks can swiftly lead to pulmonary
edema. At the same time, the presence of the valvular
obstruction requires adequate filling pressures, or preload,
in order to maintain cardiac output; thus, hypovolemia or
reduced venous return is equally deleterious.

Labor itself causes an increase of 8 to 10 mm Hg in pul-
monary capillary wedge pressure.124 Marked intravascular
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Figure 6–4. Observed rate of cardiac events in pregnancy, based
on total number of points in risk factor evaluation. One point was
given for each of the following: left-sided obstructive disease,
cyanosis or poor New York Heart Association functional class,
myocardial dysfunction, prior arrhythmia, and prior cardiac event.
(Adapted from Siu CS, Sermer M, Harrison DA, et al: Risk and
predictors for pregnancy-related complications in women with
heart disease. Circulation 1997;96:2789.)
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volume shifts in the first 24 hours after delivery may cause
extreme circulatory instability in the postpartum interval
(Fig. 6–6).

Pregnant patients with mitral stenosis who are in
New York Heart Association functional class I or II have a
favorable outlook with regard to mortality, although one
series reported a 35% morbidity rate, including pulmonary
edema, arrhythmia, and fetal or neonatal adverse events.125

Whether these patients would benefit from preventive
medical or transcatheter interventions is not yet defined.
Patients with class III symptoms may be given digoxin and
placed on bed rest after the 20th week. Class IV symptoms
or the presence of atrial fibrillation portends an adverse
maternal and fetal outcome. Limitation in activity,
fatigue, and anxiety, with treatment for anemia and infec-
tion, are appropriate for all patients with mitral stenosis.
Rheumatic fever prophylaxis120 and antibiotic prophylaxis
during labor and delivery are recommended, although
some authors advise deferring peripartum antibiotic
treatment unless active pelvic infection is present.8,126

Anticoagulant agents should be given to patients with a
history of systemic embolization, and atrial fibrillation
should be addressed with digoxin or β-adrenergic block-
ers. Hospitalization is recommended for patients with
pulmonary congestion, particularly in the presence of sig-
nificant arrhythmias that necessitate pharmacologic or
electrical cardioversion. In a series of 1000 pregnant women
with cardiac disease collected over 10 years, the complica-
tion rate for those with rheumatic heart disease was 21.4%.127

Heart failure, arrhythmia, thromboembolism, and endo-
carditis were described.127

If congestive heart failure is resistant to medical treat-
ment during pregnancy, a mechanical approach to mitral
stenosis involving balloon valvuloplasty or valve replacement

114 C H A P T E R 6 Pregnancy and Cardiovascular Disease

has been successful.8,128-132 Subsequent childhood devel-
opment after maternal mitral balloon valvuloplasty is
normal.133

Mitral Regurgitation and Mitral
Valve Prolapse

In contrast to left-sided obstructive lesions such as mitral
stenosis, left-sided valve regurgitation is relatively well tol-
erated in pregnancy. Decreased systemic vascular resistance
reduces arterial impedance to the ejection of blood from
the left ventricle, favoring forward rather than regurgitant
flow and mimicking the beneficial actions of afterload-
reducing pharmacotherapy. Elevated heart rates in preg-
nancy reduce diastolic filling time, thereby moderating
potentially excessive preload volume.

Causes of mitral valve regurgitation in women of child-
bearing age include rheumatic disease, rupture of the
chordae tendineae, annular dilatation caused by cardiomy-
opathic ventricular dilation, prior bacterial endocarditis,
and, in rare cases, myxomatous changes. Symptoms include
dyspnea and fatigue, with the finding of a holosystolic
murmur at the cardiac apex, often radiating to the axilla.
Pulmonary congestion and right-sided heart failure may
predominate in advanced cases. Left atrial enlargement
predisposes to atrial fibrillation. The diagnosis of mitral
regurgitation can be confirmed by echocardiography.
Treatment consists of sodium restriction, diuretics, and
digoxin in patients with heart failure. Afterload-reducing
agents such as hydralazine may be useful, and antibiotic
prophylaxis with delivery should be considered.

Mitral valve prolapse exists in 2% to 10% of young
women but generally does not affect pregnancy.134 Physical
findings, such as the midsystolic click, often disappear
with pregnancy-induced cardiac geometric changes that
compensate for the redundancy of valve tissue. In rare
cases, patients experience chest discomfort or rhythm dis-
turbances and should be managed with reassurance.
Therapy with β-adrenergic blockers can be employed if
patients are highly symptomatic. If a murmur is audible,
antibiotic prophylaxis should be administered at the time
of delivery.

Aortic Stenosis

This left-sided obstructive lesion may be congenital or
rheumatic in origin and is relatively uncommon in preg-
nancy. If aortic stenosis is severe (with a valve area of less
than 1.0 cm2), pregnancy imposes a major risk on mother
and fetus. Mild to moderate aortic stenosis may be toler-
ated in pregnancy with careful management.135 Earlier
studies defined mortality rates up to 17%,136 and more
recent data have confirmed left-sided obstructive disease
as a principal maternal risk factor.121 Surgical treatment
before pregnancy improves outcomes in severe cases.121

Termination of pregnancy in patients with aortic stenosis
carries a reported high maternal mortality rate, probably
based on hypovolemia occurring during the procedure.
Hypovolemia is disadvantageous in severe aortic stenosis,
in which a hypertrophied and obstructed left ventricle

Figure 6–6. Transesophageal echocardiographic image of rheu-
matic mitral valve stenosis (arrow), enlargement of the left atrium
(LA), and spontaneous echocardiographic contrast in the left
atrium, probably representing microthrombi in a 36-year-old
woman of West Indian ancestry. The patient presented with transient
ischemic neurologic attack, atrial fibrillation, and heart failure at
30 weeks of pregnancy. She had previously undergone closed surgical
commissurotomy with subsequent recurrence of stenosis. (Courtesy of
Eugene Parent, MD, Section of Cardiovascular Medicine, Department
of Internal Medicine, Yale University School of Medicine.)



depends on adequate venous return (i.e., preload) for
appropriate filling.

Dyspnea with exertion, chest discomfort, and presyn-
cope are the cardinal symptoms of aortic stenosis and
may appear in the second or third trimester. Physical evi-
dence includes delayed carotid upstrokes and a harsh
crescendo-decrescendo murmur radiating from the right
upper sternal border to the neck. The presence of a fourth
heart sound and a single second heart sound indicate
severe obstruction, which can be verified with echocardi-
ography. In pregnant patients with aortic stenosis, activity
should be limited and diuretic treatment for pulmonary
congestion used with great caution. In rare cases, balloon
valvuloplasty as a palliative measure may be considered
before delivery.137,138 Antibiotic prophylaxis during labor
and delivery is advised.

Aortic Regurgitation

Similar to mitral regurgitation, this left-sided regurgitant
abnormality is well tolerated in pregnancy. The natural
decrease in systemic vascular resistance reduces afterload,
thereby favoring forward rather than regurgitant flow.
Causes include rheumatic disease, congenital bicuspid valve,
and endocarditis. Aortic root dilation, as in Marfan’s syn-
drome, should also be considered.

Dyspnea and fatigue occur commonly, and physical
findings include a rapidly collapsing peripheral pulse and
a blowing diastolic murmur at the left lower sternal border.
If the regurgitation is rheumatic in origin, mitral valve
murmurs may be heard as well. In advanced stages, pul-
monary congestion or peripheral edema can be found.
Echocardiography is useful in substantiating the diagnosis
of aortic regurgitation and identifying aortic root enlarge-
ment or endocarditic lesions.

Therapy for aortic regurgitation in pregnancy consists
of limiting activity and prescribing digoxin and diuretics
when pulmonary congestion is present. Afterload-reducing
agents have been used to stabilize the progression of aortic
regurgitation in nonpregnant subjects; therefore, it is rea-
sonable to consider hydralazine, or perhaps nifedipine, for
pregnant women who have moderate to severe disease.
Antibiotic prophylaxis during delivery is advisable.

Pulmonic Stenosis and Regurgitation

Pulmonic stenosis is uncommon, usually congenital in
origin. Symptoms include dyspnea, chest discomfort, and
syncope. Physical data include right ventricular lift, sys-
tolic murmur heard at the left sternal border that lessens
with inspiration, and pulmonary ejection click. Pulmonic
stenosis is generally well tolerated during pregnancy,
although correction of the lesion before pregnancy is
desirable. Balloon valvuloplasty is a rational option in
severely affected pregnant patients.

Isolated pulmonic valvular regurgitation is very
unusual and is typically well tolerated in pregnancy.
More common is pulmonic regurgitation secondary to
pulmonary hypertension. In this case, it is the primary
condition that creates an adverse prognosis.

Tricuspid Stenosis and Regurgitation

Tricuspid valve stenosis is a rare lesion, usually rheumatic
in origin and is almost always linked to left-sided rheu-
matic valve abnormalities. A successful balloon tricuspid
valvuloplasty in pregnancy has been described.139

Tricuspid regurgitation during pregnancy may be
physiologic.140 Severe tricuspid regurgitation is often a
structural consequence of endocarditis or a functional
result of pulmonary hypertension. Jugular venous eleva-
tion, liver enlargement, and a holosystolic murmur at the
left lower sternal border that increases with inspiration
may be present. Antibiotic prophylaxis during delivery is
recommended.

Endocarditis and Antibiotic Prophylaxis

Unexplained fever, fatigue, and malaise in a pregnant
woman with structural heart disease should raise the
prospect of endocarditis. Physical examination findings,
blood culture results, and echocardiographic evaluation
allow early antibiotic treatment to prevent the need for
urgent valve replacement.

Prophylaxis against recurrent rheumatic fever with peni-
cillin should be given to susceptible patients.120 The general
question of antibiotic prophylaxis during delivery for
women with congenital or valvular heart disease has been
debated. In one study of 519 pregnancies in women with
rheumatic valvular or congenital heart disease, no antibiotic
prophylaxis was given during delivery. The authors reported
that no patient developed endocarditis.8 Moreover, there
is no evidence from any prospective controlled trial to sug-
gest that antibiotic prophylaxis is effective in preventing
endocarditis in any setting.126 Current American Heart
Association guidelines do not recommend prophylaxis
during normal delivery unless active pelvic infection is diag-
nosed. Prophylaxis is optional for patients who have pros-
thetic valves, complex cyanotic congenital disease, or
surgically created systemic-to-pulmonary shunts.126

These guidelines have sparked much discussion. In view
of the unpredictable nature of peripartum events and the
severe consequences of endocarditis, some authors pro-
posed prophylaxis for all patients with congenital and
valve disease, except in cases of isolated secundum type
atrial septal defects or ligation of a persistent ductus arte-
riosus 6 months or more earlier.141 One review supported
the role of physician discretion in this area.124 We concur
with the objections to these guidelines and favor antibiotic
prophylaxis as a prudent, low-risk, and clinically logical
strategy for the time of delivery and the immediate post-
partum interval.

Prophylaxis consists of 2.0 g of intramuscular or intra-
venous ampicillin, plus intravenous gentamicin, 1.5 mg/kg,
not to exceed 120 mg, within 30 minutes of initiating of the
procedure or delivery, and then 1.0 g of intramuscular or
intravenous ampicillin 6 hours later. For penicillin-allergic
patients, vancomycin, 1.0 g, is given intravenously over
1 to 2 hours, along with intramuscular or intravenous
gentamicin, 1.5 mg/kg, not to exceed 120 mg. Completion
of dosing 30 minutes before beginning the procedure is
advised.126
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Pericardial Diseases

Pericarditis is unusual in pregnancy, although an asymp-
tomatic pericardial effusion is relatively common, often
an incidental finding. These silent fluid collections are
typically mild or moderate in size, although they can be
large.142 In one series, they were found late in pregnancy,
and all had resolved 2 months post partum.142 A pub-
lished report described an incidence of pericardial effu-
sion of 42% in normal pregnant women and identified no
correlation between the presence of fluid and hemato-
logic, serum protein, or albumin status.143 In this study
left ventricular function was normal in all cases, exclud-
ing congestive heart failure or cardiomyopathy as a cause
of the effusion.143 Asymptomatic effusion occurs more
frequently in primigravidas and becomes more common
as pregnancy advances; effusions were seen in 15%, 19%,
and 44% of patients in the first, second, and third
trimesters, respectively.144 Two papers identified effu-
sions as more common in patients who had gained more
weight in pregnancy,142,144 leading one author to hypoth-
esize silent effusions as the product of salt and water
retention.142

Autoimmune disorders such as lupus erythematosus,
malignancy, tuberculosis, and post–viral inflammation
status can cause pericardial symptoms and hemodynamic
compromise if an effusion leads to cardiac tamponade.145–148

Dyspnea, fatigue, tachycardia, hypotension with paradox-
ical pulse, distended neck veins, and distant heart tones
suggest pericardial tamponade. Echocardiography can
confirm tamponade by identifying right-sided chamber
collapse in diastole. In treatment of pregnant patients,
surgical pericardiectomy149 and ultrasonographically
guided needle aspiration with catheter drainage have been
reported (Fig. 6–7).150
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PROSTHETIC VALVES
AND CARDIAC SURGERY

Significant clinical issues exist regarding (1) choice of
valve prosthesis in women of childbearing potential, (2)
management of anticoagulation in pregnant women who
have mechanical heart valves, and (3) the prospect of heart
surgery during pregnancy. In general, the presence of a
prosthetic heart valve is considered a relative contraindi-
cation to pregnancy because of maternal risks of death,
heart failure, thromboemboli, hemorrhage, rhythm dis-
turbances, and bacterial endocarditis. Nevertheless, many
patients choose to become pregnant, and there is much
controversy regarding optimal management in this area.

Choice of Valve in Women of
Childbearing Potential

When feasible, mechanical correction of a moderate
to severe valve abnormality should be accomplished
before conception,121 particularly when New York Heart
Association class III or class IV symptoms exist. There are
advantages as well as disadvantages to the placement of
either bioprosthetic (tissue) or mechanical (metallic)
valves. A bioprosthesis has low thrombogenic potential,
and thus there is no need for anticoagulation in preg-
nancy. However, a bioprosthesis has a limited natural life,
often necessitating a second open-heart surgical proce-
dure for replacement within 10 to 15 years, a significant
drawback for young women who must survive the mor-
bidity and mortality risks of repeated surgery while still
raising young children.151 Moreover, the conventional
view holds that pregnancy may accelerate the deteriora-
tion of tissue valves152,153; however, current data are con-
tradictory.154 Authors of large series have observed that
pregnancy does not accelerate structural deterioration or
reduce lifespan of bioprosthetic valves.155 A mechanical
prosthesis has the definite advantage of durability, and cer-
tain valve types have maintained structural and functional
integrity for 25 years or more after implantation. However,
anticoagulant agents must be given, particularly in the
hypercoagulable pregnant state,156 to avoid potentially cata-
strophic valve thrombosis. In pregnant women, there is a
greater thrombotic risk for mechanical versus bioprosthe-
ses.155 Some women require anticoagulation independently
of valve type, and thus selection of a mechanical valve that
necessitates anticoagulation may be reasonable. A parallel
indication for anticoagulation is the presence of noncardiac
thrombophlebitic or embolic disease, atrial fibrillation,
rheumatic mitral valve disease, left atrial enlargement, or
cardiac chamber thrombus.

Percutaneous, or transcatheter, balloon valvuloplasty
may represent a temporizing alternative. This procedure
may enable a patient to complete her pregnancy without
having to confront the complications of severe valvular
stenosis or the risks of anticoagulation. Definitive surgi-
cal replacement can then be performed when childbearing
is concluded. Balloon valvuloplasty has excellent long-
term benefits in congenital pulmonic stenosis and rheu-
matic mitral stenosis. Aortic valvuloplasty is useful in
selected situations such as congenital noncalcific valve

Figure 6–7. Transthoracic echocardiographic image of pericardial
effusion (P) with tamponade in a primiparous 31-year-old woman
at 26 weeks of pregnancy, who presented with dyspnea, neck vein
distention, and peripheral congestion 10 weeks after a self-limited
upper respiratory virus-type syndrome. Arrow indicates region of
right ventricular (RV) collapse in diastole. Symptoms and findings
resolved after ultrasonographically guided needle aspiration and
catheter drainage of the effusion. (Courtesy of Nassir Azimi, MD,
Section of Cardiovascular Medicine, Department of Internal
Medicine, Yale University School of Medicine.)



disease, although the 6-month rate of recurrent stenosis is
greater than 50% when calcific lesions, often present in
rheumatic aortic valve disease, are approached with balloon
valvuloplasty, which thereby limits its utility. In a recent
case, however, aortic valvuloplasty was performed success-
fully in the 20th week of pregnancy to relieve left-sided heart
failure caused by a transvalvular gradient of 120 mm Hg,
with subsequent delivery of a healthy newborn at term by
cesarean section.93

Anticoagulation and the Prosthetic Valve

The management of anticoagulation in pregnant patients
who have mechanical prosthetic cardiac valves or signifi-
cant thromboembolic disorders is subject to controversy,
with considerable geographic variations in practice world-
wide.157-160 Overall, the rate of maternal mortality attrib-
utable to mechanical valve thrombosis in pregnancy is 1%
to 4%.161 Warfarin is favored for reliable prosthetic valve
thromboprophylaxis, although its use during the first
trimester creates risk of embryopathy, particularly in the
6th to 12th weeks. Fetal hemorrhage, loss, and malforma-
tions have been described with the use of warfarin in the
first trimester.162 Teratogenic effects may be found in up
to 25% of exposures; they include nasal hypoplasia, optic
atrophy, radiographic bone stippling, saddle-nose defor-
mity, frontal bossing, short stature, cataracts, and mental
retardation.163 However, other series suggest high rates
of normal pregnancies and deliveries with the use of war-
farin throughout, with heparin introduced only at
term.157,160,164–166 In one report, no warfarin embryopathy
was found in 58 patients when daily doses of 5 mg or less
were used.167

Because of the risk of embryopathy, the practice in the
United States is to substitute the use of subcutaneous
unfractionated heparin in place of warfarin. The large and
highly charged heparin molecule does not cross the pla-
cental barrier. However, protection against potentially
devastating valve thrombosis may not be complete,168-171

even when anticoagulation is optimized with the use of
a subcutaneous heparin infusion pump.172 One series
reported that first trimester subcutaneous heparin in a
three-times-daily dose (partial thromboplastin time 1.5 to
2.5 times that of control values) was not effective in pre-
venting valve thrombosis, nor was the frequency of fetal
loss much improved over warfarin therapy.173 One large
review showed that, in comparison with warfarin, heparin
use in the first trimester doubled maternal thromboem-
bolism and death risk to 9.2% and 4.2%, respectively.124,161

Citing a lower incidence of embryopathy in newer series as
well as reports of valve thrombosis on heparin, several inter-
national authors have suggested that warfarin be used
exclusively until term.160,169,174 Heparin therapy may have
other adverse effects as well, including thrombocytopenia,
osteoporosis, and fetal intracranial microhemorrhage.

Noting that most valve thromboses on heparin
occurred in early-generation ball-and-cage or tilting-disk
mechanical valves in the thrombus-prone mitral position,
Elkayam proposed a system of risk stratification to be used
until prospective randomized trials are conducted and
results are available.175 Elkayam advised a full discussion

of fetal embryopathic risks versus maternal thrombotic
risks with the patient and her family. Elkayam then advised
that women who have first-generation mitral valves
should either use warfarin until term or enter the hospital
for intravenous heparin therapy during the organogenetic
6th through 12th weeks. Other authors have advised intra-
venous heparin as well176; however, we view this approach
as inconvenient, costly, and perhaps providing no greater
benefit than full-dose subcutaneous heparin with partial
thromboplastin time maintained at 2.0 to 3.0 times the
control value.

Less controversial is Elkayam’s advice that women who
have first-generation aortic valves or who possess less
thrombogenic second-generation bileaflet valves in either
position may be treated with full-dose subcutaneous
heparin on a three-times-daily basis during the 6th to
12th weeks. Again, close monitoring is essential, with fre-
quently evaluated midinterval partial thromboplastin times
adjusted to 2.0 to 3.0 times the control values.175 Other
guidelines favor the addition of low-dose aspirin as an
antithrombotic supplement to warfarin or heparin.177,178

Educating prospective parents as to the risks and benefits
of alternative anticoagulation strategies is essential.124

Low-molecular-weight heparin (LMWH) administered
subcutaneously has been proposed for use in pregnant
patients with mechanical valves. However, current data
are mixed178,179: One manufacturer advised against its use
in pregnancy because of uncontrolled small series reports
of valve thrombosis and teratogenicity.180 Because LMWH
does not traverse the placental barrier, the plausibility of
teratogenicity has been questioned.156,181 Although stan-
dard weight-based dosing for LMWH represents an
advantage over frequent anticoagulation monitoring for
conventional unfractionated heparin, it is possible that
pregnant women may metabolize the compound differ-
ently in comparison with nonpregnant patients, which
would thus invalidate weight-based dosing schemes and
explain reported episodes of valve thrombosis. To address
this problem, it may be useful to evaluate levels of anti–
factor Xa (antibody to activated factor X) to ensure proper
dosing.181 However, in a series evaluating 69 pregnancies
in women at high risk for thromboembolism, there were
neither prenatal thrombotic episodes nor instances of
thrombocytopenia with a daily dose of 40 mg, although
the question of bone demineralization was raised in
treated patients.182 Other small series suggest benign out-
comes with LMWH.183 Further studies in a controlled set-
ting are required before LMWH can be recommended
with confidence for valve thromboprophylaxis in the
organogenetic phase of gestation.

At term, the warfarin-related hemorrhagic risk is sig-
nificant. Heparin is then substituted because of its short-
acting properties. Heparin can be suspended during
parturition and resumed several hours later. Some authors
advise cesarean section to avoid fetal hemorrhage associ-
ated with normal delivery if warfarin is present as labor
commences, although it is simpler to reverse anticoagula-
tion temporarily with fresh-frozen plasma. Warfarin may
be continued during lactation without risk to the
infant,141 and heparin does not enter breast milk.

The use of other antithrombotic compounds has initi-
ated interest. Low-dose aspirin (50 to 100 mg daily) may
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reduce the risk of pregnancy-induced hypertension in
some groups184 and is not linked to adverse effects in off-
spring, such as hemorrhage or premature closure of the
ductus arteriosus that is based on prostaglandin inhibi-
tion.185 A randomized placebo-controlled evaluation of
60 mg of aspirin daily, intended to prevent preeclampsia
in patients at high risk, showed no adverse fetal or maternal
effect in the active therapy group.186 Aspirin may enhance
the antithrombotic effect of subcutaneous heparin in
pregnancy.175 Dipyridamole therapy can cause fetal loss.164

There are no reports of sulfinpyrazone use in pregnancy,
and clopidogrel and ticlopidine have been given on an
anecdotal basis. Case studies suggest that thrombolytic
agents such as tissue plasminogen activator (t-PA) for
myocardial infarction187 and urokinase for prosthetic valve
thrombosis175 may be employed during pregnancy, although
such measures must be reserved for life-threatening sce-
narios because of possible increased risk of placental
abruption.

Surgical and Transcatheter Cardiac
Procedures

Surgical or transcatheter (percutaneous or interventional)
cardiac corrective procedures may be needed in extreme
circumstances such as refractory heart failure or cardio-
genic shock caused by severe valve disease, myocardial
infarction or unstable angina.8,121,188,189 Maternal risks are
no greater than in the nonpregnant patients; however,
fetal risks include teratogenicity in the first trimester, and
fetal loss associated with cardiopulmonary bypass is fre-
quent, probably linked to changes in placental blood
flow.190 Cardiopulmonary bypass is associated with fetal
bradycardia, measured by continuous fetal monitoring,
and is corrected by increasing the blood flow rate from
the bypass pump.141,191 Nonpulsatile blood flow to the
placenta during cardiopulmonary bypass may be harm-
ful.192 Ideal management includes maintenance of nor-
mothermia, use of the left lateral decubitus position after
the second trimester, and increasing pump flow to equal the
physiologic maternal cardiac output that is commensurate
with the stage of pregnancy.190 Under these methods, fetal
losses are reduced to fewer than 15% with benign maternal
outcomes.188,190 Combined cardiac surgery and cesarean
section has been described in third trimester patients.

Severe mitral or aortic valve stenosis may be approached
by transcatheter balloon valvuloplasty as an alternative
to open surgical treatment and cardiopulmonary
bypass.128–132,137,138,193,194 Although often employed as a
temporizing measure in pregnancy, long-term results are
generally favorable for mitral disease.128 Appropriate
candidates include those who do not have major mitral
regurgitation or excessive calcification of valve structures.
Fetal risks from ionizing radiation suggest the use of
lead shielding, or, more advantageous, transesophageal
echocardiographic guidance (Fig. 6–8).164

Severe unstable cases of ischemic heart disease may
warrant coronary bypass surgery. This operation has been
accomplished in pregnancy with favorable maternal and
fetal outcomes by using standard cardiopulmonary
bypass techniques.195 In cases of a single left internal
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mammary graft to an anterior vessel, the operation has
been performed successfully on a warm beating heart
without fetal risks of cardiopulmonary bypass (off-pump
procedure).196,197

Although there are no reports of cardiac transplanta-
tion during pregnancy, a number of patients have become
pregnant after transplantation. Significant issues include
need for immunosuppression, accelerated atherosclerosis,
and hemodynamic maladaptation related to cardiac de-
nervation in patients and the clinician’s inability to con-
duct fluoroscopically guided surveillance cardiac biopsies.198

Adverse outcomes included an elevated incidence of mater-
nal hypertension, preeclampsia, prematurity, and low birth
weight.199,200

Despite the risks of ionizing radiation, transcatheter
coronary balloon angioplasty201,202 and intracoronary
stent placement197 have been accomplished with benign
maternal and fetal results.203 The presence of a cardiac
pacemaker or an automatic implantable cardioverter-
defibrillator has not been associated with increased
device-related complications.204 Cardioverter-defibrillator
placement during pregnancy has been reported.205

CORONARY, PERIPHERAL VASCULAR,
AND LIPID DISORDERS

With increasing maternal age, the obstetric population is
vulnerable to acquired coronary and peripheral vascular
atherosclerotic disorders that may affect the course of
pregnancy.9 Nonatherosclerotic arterial diseases such as
fibromuscular dysplasia, vasospastic disorders, Takayasu’s

Figure 6–8. Transcatheter mitral balloon valvuloplasty with the
Inoue device by fluoroscopy with companion transesophageal
echocardiographic images. At left, half-inflated balloon with partial
relief of mitral valve stenosis. At right, full opening of balloon and
valve. LA, left atrium; LV, left ventricle; RA, right atrium; RV, right
ventricle. (Courtesy of John Lasala, MD, PhD, Cardiac
Catheterization Laboratory, Barnes Hospital–Washington
University of St. Louis.)



arteritis, and late sequelae of Kawasaki’s disease also may
be seen in pregnancy. Venous thrombotic disorders in
pregnancy present diagnostic and therapeutic challenges.

Atherosclerotic Risk Factors and
Hyperlipidemia

Risk factors for atherosclerotic coronary artery disease in
women of childbearing age, as in the general population,
include family history, advancing age, hypertension,
hyperlipidemia, diabetes mellitus, cigarette smoking,
oral contraceptive use, obesity, and physical inactivity.
Hyperlipidemia, diabetes, and obesity are more prevalent
with increasing age.6,206 Normal pregnancy represents an
up-regulation in the inflammatory cascade.207 There may be
characteristics shared with nonpregnant subjects in whom
a similar up-regulation reflects a pre-atherosclerotic state.
Vascular response to the metabolic stress of pregnancy
may be predictive of future atherosclerotic events in
women.207 The use of oral contraceptive agents is discour-
aged in high risk women older than 35 years, particularly
if they are smokers or have hypertension.208 Oral contra-
ceptives may be linked to coronary artery disease through
their thrombogenic, hyperlipidemic, and hypertensive
effects. Smoking cessation is required for maternal health
reasons and for reducing the risk of fetal and neonatal
complications.209,210

As in the case of hypertension, hyperlipidemia is often
difficult to treat because most lipid-modifying drugs are
unsuitable for use in pregnant patients. Physiologic changes
in lipid metabolism in pregnancy are founded upon the
stimulatory actions of estrogen, insulin, and lipoprotein
lipase, allowing metabolic adaptation that favors the con-
servation of glucose and energy for the fetus. Enhanced
adipose tissue lipolysis promotes a rise in available triglyc-
eride substrates. Lipoprotein lipase activity decreases, leading
to slower triglyceride clearance.211 Hypertriglyceridemia is
the principal finding in maternal hyperlipidemia. In the
normal pregnancy, a modest rise in total serum choles-
terol is observed as well, along with a fall in the beneficial
high-density lipoprotein cholesterol concentration; the
reason for the latter is not clear.212 Diabetes mellitus and
alcoholism can cause secondary lipid disorders. Severe
hyperlipidemia can be associated with hypoxemia and
fetal growth restriction.213 Myocardial infarction during
pregnancy was observed in a young woman with elevated
levels of the atherogenic lipoprotein Lpa.214

Pregnancy is challenging for patients who have preex-
isting hyperlipidemia, and multiple pregnancies may
increase coronary risk in some patients, although there
are no definite conclusions for the general population.215

Dietary counseling is the standard approach for maternal
hyperlipidemia. Drugs that alter hepatic metabolism,
such as gemfibrozil, niacin in pharmacologic doses, and
3-hydroxy-3-methylglutaryl–coenzyme A (HMG-CoA)
reductase inhibitors of the lovastatin class, should be
avoided. Cholesterol-lowering bile acid sequestrants such as
colestipol, cholestyramine, and colesevelam are not absorbed
systemically and therefore are safe in women of childbearing
age. However, the tendency of bile acid sequestrants to raise
serum triglyceride levels is a drawback in hyperlipidemic

pregnant patients. In extreme situations of genetically based
gestational hypertriglyceridemia, serum values may reach
5000 mg/dL, resulting in pancreatitis. The clinical presen-
tation is noteworthy for abdominal pain, eruptive xan-
thomas, and lipemia retinalis. Serum may appear grossly
lipemic. For such patients, extracorporeal lipid elimination
with plasma exchange apheresis has been used.211

Coronary Artery Disease
and Myocardial Infarction

Angina pectoris and myocardial infarction are relatively
rare in pregnancy.216,217 Myocardial infarction complicates
fewer than 1 in 10,000 pregnancies217; nevertheless, mater-
nal mortality averages 20%. Multigravid patients are more
likely to experience myocardial infarction, and cardiac
events tend to occur in the third trimester and peripartum
intervals. Important causes include atherosclerosis187;
thrombus related to the hypercoagulable gravid state;
embolism; spontaneous dissection197,218 linked to arterial
wall structural changes in pregnancy, such as smooth
muscle proliferation and reduced collagen synthesis217,219;
inflammatory syndromes220; and spasm with struc-
turally normal coronary vessels.221 Other causes include
Kawasaki’s disease with aneurysmal coronary dilation,
connective tissue disorders,222 the use of ergot derivatives
and oxytocin, and pheochromocytoma.223,224 Anterior
infarction is noted most frequently, and the majority
of angiographic and pathologic studies do not reveal
atherosclerosis.216,217 Myocardial infarction is associated
with pregnancy-induced hypertension and eclampsia.
Vasoconstrictive stimuli may serve as the link connecting
these entities.217

The diagnosis of coronary artery disease may be diffi-
cult because of a low index of suspicion and nonspecific
electrocardiographic ST segment and T wave changes found
in normal pregnant women, in particular at the time of
cesarean section with regional anesthesia.225,226 Low-level
exercise treadmill studies may be useful for documenting
coronary artery disease, and echocardiography is safe and
accurate in defining regions of ischemia or infarction. At
the time of labor and the early postpartum interval, blood
levels of creatine kinase with positive MB isoenzymes can
be elevated. Although this elevation simulates that observed
during a myocardial infarction, these enzymes are believed
to arise from the uterus and placenta.227 Cardiac troponin
level measurements may be useful, however, because unlike
creatine kinase, troponin levels normally do not become
elevated in pregnancy and delivery.228 Radionuclide
scintigraphy and catheterization with angiography carry
radiation risks to the fetus and should be avoided.

Therapy for symptomatic coronary artery disease con-
sists of low-dose aspirin, β-adrenergic blockers, nitrates,
and heparin. Careful observation and management are
essential during the physiologically stressful time of labor
and delivery.229 For women who have coronary artery dis-
ease or who have sustained a myocardial infarction, there
is no clear advantage of cesarean over vaginal delivery or
vice versa. The former averts prolonged and stressful
labor, whereas the latter avoids surgical, anesthetic, and
postoperative risks.217,229 The left lateral decubitus position
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maximizes cardiac output and should relieve pain and
anxiety quickly. Oxygen is administered, and myocardial
oxygen consumption minimized through pharmacologic
regulation of elevated pulse or blood pressure. Oxytocin
and ergot derivatives can promote arterial spasm and
should be avoided. Invasive hemodynamic monitoring is
useful in cases of ongoing myocardial ischemia, conges-
tive heart failure, or hemodynamic instability.

For acute myocardial infarction in pregnancy, throm-
bolytic therapy with t-PA has been reported as safe and
effective.177,216 A large molecule with a very short half-life,
t-PA does not cross the placental barrier to a significant
degree. Because of the risk of hemorrhage, t-PA should not
be given near the time of delivery. Low-dose aspirin, heparin,
judicious doses of nitrates, oxygen, and β-adrenergic
blockers may be employed. Cardiac catheterization with
transcatheter therapeutic intervention requires ionizing
radiation for fluoroscopy and should be deferred unless
medically refractory symptoms or hemodynamic instabil-
ity occurs. Intra-aortic balloon pump counterpulsation
techniques have been used in myocardial infarction dur-
ing pregnancy when shock is present.230 Percutaneous
coronary balloon angioplasty, intracoronary stent place-
ment, and surgical myocardial revascularization with
or without cardiopulmonary bypass pump have been
conducted successfully in pregnant patients.195-197,201,202

A radial artery versus femoral artery approach to angiog-
raphy and angioplasty can offer advantages in the pregnant
woman by reducing fetal radiation exposure.231 A case
report describes the successful use of immunosuppressive
therapy for myocardial infarction with multiple sites of
spontaneous coronary dissection.220 In patients who expe-
rienced an earlier myocardial infarction, subsequent normal
pregnancies have been reported.209

Peripheral Vascular Diseases

Chronic disorders of the arterial system may complicate
pregnancy, or new syndromes may appear with pregnancy.
Arterial changes observed in pregnancy include heightened
vascular fragility. A tendency toward maternal cerebrovas-
cular accidents has been defined.106 Aortic dissection, most
commonly associated with Marfan’s syndrome or coarcta-
tion of the aorta, may be more frequent in pregnancy.
Transesophageal echocardiography furnishes an accurate
diagnosis without exposure to ionizing radiation. Drug
treatment emphasizes reduction in vascular shear forces,
as in nonpregnant patients, through modification of the
rate of rise in aortic pressure.141 β-Adrenergic blockade,
combined with afterload reducing agents such as
hydralazine, satisfies this objective in the pregnant patient.
To limit sharp rises in blood pressure associated with
labor, cesarean section may be preferred.

Nonatherosclerotic arterial diseases such as fibromus-
cular dysplasia, vasospastic disorders, late sequelae of
Kawasaki’s disease, and Takayasu’s arteritis may complicate
pregnancy.232,233 Fibromuscular dysplasia and Takayasu’s
arteritis are observed mainly in young women. In particular,
Takayasu’s arteritis or pulseless disease may pose challenges
in managing the pregnant patient. There are maternal
complications in half of all pregnancies in patients who
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have Takayasu’s arteritis. In addition to the aorta, multiple
central and peripheral arterial distributions may have
occlusive disease (Fig. 6–9). Hypertension and heart failure
may be prominent, although peripheral indirect blood
pressure measurements can underestimate central arterial
pressure.234 Because of blood pressure elevations with
uterine contraction, cesarean section is preferred if hyper-
tension or congestive heart failure proves refractory to
medical management.141 However, with careful hemody-
namic monitoring and pharmacologic management, vagi-
nal delivery may be considered.234 Glucocorticoid treatment
appears to bring benefit only in the acute phase of the
disease.

Venous thrombophlebitis is often seen in pregnancy.
The capacitance of the venous network increases in the
gravid state, with consequent higher venous pressure and
associated distention. Flow may decrease, thereby produc-
ing stasis, thrombosis, and embolization. Establishing the
diagnosis may be difficult because edema and tenderness
are often natural findings in pregnancy. Doppler ultra-
sonography can identify venous occlusion without the
use of ionizing radiation, although contrast venography
is helpful when the diagnosis is in doubt.235 Because of
warfarin-related embryopathy, the preferred anticoagu-
lant is heparin, and if there is a prior history of throm-
boembolic disease, prophylactic anticoagulation should
be given in the third trimester, when recurrence rates are
highest. After delivery, computed tomography with radio-
contrast can be used to identify iliac or pelvic thromboses.

CARDIOVASCULAR MEDICATIONS IN
PREGNANCY AND LACTATION

During pregnancy, if serious cardiovascular or hyperten-
sive conditions necessitate pharmacotherapy, agents

Figure 6–9. Takayasu’s disease: Aortography demonstrating
occlusion of left carotid and bilateral subclavian arteries in a
severely hypertensive pregnant woman of Asian Indian ancestry.
The right carotid artery is the sole major aortic arch branch that
remains patent.



should be prescribed in the lowest effective dosage.
Cardiovascular drugs traverse the placental barrier with
varying levels of ease. For the fetus, the point of maximum
drug sensitivity is the period of organogenesis occurring
in the first trimester.

In pregnancy, there is a wide spectrum of clinical and
investigative experience with drugs that affect the circula-
tion. The range of data spans the extensive and reassuring
experience with methyldopa and digoxin, the limited but
often promising findings associated with β-adrenergic
blockers and calcium channel blockers, the limited but
clearly unfavorable findings relating to angiotensin con-
verting enzyme inhibitors, and the minimal information
concerning minoxidil and sotalol. Ethical objections make
drug study in pregnancy very difficult, and observations
derived from animal models may not apply to humans.

The use of cardiovascular drugs in lactating women
has become a significant issue because of the intersection
of two trends: the rising popularity of breast-feeding and
the greater number of women bearing children at older
ages when medication is prescribed for essential hyper-
tension or other circulatory conditions.236 In mothers
who are breast-feeding, drug passage into milk is influ-
enced principally by the concentration gradient between
plasma and milk. The agent’s lipid solubility, extent of
ionization, protein-binding capacity, and pH of the breast
milk all play subsidiary roles. As a result of the lower pH
of milk than of plasma, weak acids such as diuretics
appear in lower concentration in milk than in plasma.
Conversely, weak bases such as β-adrenergic blockers are
measured in greater concentration in breast milk than in
plasma. Milk concentration may equal plasma concentra-
tion for certain drugs, but because of partial absorption and
extensive distribution of drug in the neonate, there may
be no measurable clinical toxicity. Digoxin and β-adrenergic
blockers are generally regarded as safe in lactation, although
well-conducted human studies have been limited. Drugs
that appear in the lowest concentration in breast milk are
typically considered most desirable.237 Careful clinical
observation should be maintained when children are breast-
feeding while the mother is receiving any cardiovascular
compound.

α-Adrenergic Blockers

Experience with α-adrenergic blockers has been limited, and
these compounds have been combined with β-adrenergic
blockers in severe hypertensive cases without adverse neona-
tal effects.237 There are no reports of the use of these agents
in lactating mothers.

α Agonists

Methyldopa has been employed and studied extensively,
and it is considered a safe first-line drug for hypertensive
pregnant patients.237 Children of mothers who received
methyldopa had no demonstrable abnormalities on eval-
uation after the seventh year of life.238 The α agonist
clonidine was compared with methyldopa in a random-
ized controlled manner, and both agents were proved safe

in pregnancy.239 Although both methyldopa and cloni-
dine appear in breast milk, no consequences in the new-
born have been noted for either drug.236,240

Angiotensin-Converting Enzyme Inhibitors
and Receptor Blockers

Angiotensin-converting enzyme inhibitors such as capto-
pril, enalapril, lisinopril, fosinopril, quinapril, benazepril,
trandolapril, perindopril, and others cross the placenta
rapidly241,242 and are associated with fetal loss, oligohy-
dramnios, low birth weight, cranial ossification abnormal-
ities, and neonatal renal failure. The angiotensin-converting
enzyme inhibitors are therefore not recommended in
pregnancy.243,244 This advice extends to the related class of
angiotensin II receptor blockers, such as losartan, valsar-
tan, irbesartan, candesartan, telmisartan, eprosartan, and
olmesartan.245 Captopril concentration in breast milk is
extremely low.246

Antiarrhythmic Agents

Quinidine passes the placental barrier but is generally
viewed as safe in pregnancy. Fetal thrombocytopenia and
ototoxicity have been reported in association with thera-
peutic doses, and toxic doses may induce premature labor
or fetal loss. Quinidine appears in modest concentration
in breast milk. The quantity absorbed by the infant is
unlikely to pose clinical issues,141,247 unless the child is
premature, in which case hepatic accumulation of quini-
dine may be observed.248 There has been less clinical expe-
rience with procainamide. Although this compound
crosses the placenta, no adverse effects have been
reported. Disopyramide has been employed in rare cases
for heart rhythm indications. No ill effects on the fetus
have been recognized, although stimulation of uterine
contractions is cited as a side effect.249 The breast milk
concentration of disopyramide approximates that of
maternal plasma, although the drug is unmeasurable in
the breast-feeding infant. Lidocaine has been used in
obstetric settings as an anesthetic rather than an antiar-
rhythmic agent. Elevated maternal blood levels pose a risk
of reversible fetal or neonatal central nervous system
depression, apnea, hypotonia, seizure, and bradycardia.
Bretylium is not preferred because it has been linked with
abnormal uteroplacental perfusion.

Mexiletine has been the subject of few reports, with no
teratogenic or long-term complications noted, although
bradycardia and hypoglycemia have been witnessed
acutely.250 Mexiletine is excreted in a high ratio of breast
milk concentration to plasma concentration,251,252 although
ingestion by the infant may produce drug levels well
below the therapeutic range.247 Flecainide has been given
safely and successfully in treating fetal tachycardia and
maternal ventricular tachycardia; however, there is a paucity
of overall experience.253,254 Propafenone crosses the pla-
centa, and published experience is quite sparse.255 Phenytoin
is undesirable in light of reports of increased risks of con-
genital cardiac anomalies, cleft palate, mental retardation,
and craniofacial malformations.256
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Sotalol use in pregnancy has not been adequately eval-
uated. This agent crosses the placenta and appears in high
concentration in breast milk.257 Amiodarone is typically
used only in refractory rhythm disturbances. This com-
pound traverses the placental barrier, and some case
reports have been favorable; however, congenital hypothy-
roidism, goiter, prematurity, hypotonia, and bradycardia
haven been described.258,259 Amiodarone is secreted in sig-
nificant concentration in breast milk and probably should
be avoided in this setting. Adenosine as therapy for mater-
nal tachyarrhythmias is safe.260,261 Ibutilide is not recom-
mended for gestational use because of teratogenic and
embryocidal effects in experimental models. Breast milk
concentrations of this drug have not been analyzed.

Anticoagulant and Antiplatelet Compounds

Clinical experience and advice regarding warfarin, unfrac-
tionated heparin and LMWH, thrombolytic agents,
aspirin, dipyridamole, sulfinpyrazone, ticlopidine, and
clopidogrel have been presented in the foregoing section
on anticoagulation and prosthetic valves in pregnancy.

β-Adrenergic Blockers
and Combined α-β Blockers

β-Adrenergic blockers are well tolerated late in pregnancy,
but fetal growth restriction has been reported when they
are used early in pregnancy. Postnatal growth, however, is
unaffected.262 Fetal bradycardia and neonatal hypo-
glycemia, apnea, and hyperbilirubinemia have been
observed. Atenolol, metoprolol, and propranolol have been
used extensively.237,255,263 β2-Adrenergic receptor stimula-
tion promotes uterine muscular relaxation. Therefore, selec-
tive β1-adrenergic blockers such as atenolol or metoprolol
are preferred in order to avoid the uterine stimulation that
is often seen when nonselective agents such as propran-
olol block β2-adrenergic receptors.

Combined α- and β-adrenergic blocking agents such as
labetalol are well tolerated and useful in hypertensive
pregnant patients.264 Despite reduced maternal blood pres-
sure, uteroplacental blood flow is not diminished when
labetalol is used.265 In an animal model, the use of labetalol
had no adverse effect on fetal heart rate, blood pressure,
or acid-base status.266 Long-term follow-up concerning use
of labetalol during pregnancy in humans is limited.267

As weak bases, β-adrenergic blockers appear in greater
concentration in breast milk than in plasma. On the basis
of protein-binding properties, hydrophilic β-adrenergic
blockers such as atenolol are observed in greater concen-
trations in milk than are lipophilic agents such as propran-
olol; thus, use of the latter has a theoretical advantage.237

The breast-feeding newborn may experience side effects of
bradycardia and somnolence.263

Calcium Channel Blockers

Experience is limited, but there is accumulating evidence
favoring the safety of this class of cardiovascular agents in

pregnancy. Calcium channel blockers, also known as cal-
cium antagonists or calcium entry blockers, can be divided
into four groups: the dihydropyridine (nifedipine),
papaverine (verapamil), benzothiazepine (diltiazem), and
tetralol (mibefradil) subclasses. In an animal model, there
was a low incidence of fetal cardiovascular malformations
with exposure to these four subclasses.268 A prospective
multicenter study observed no increased risk of terato-
genicity in infants exposed to calcium channel blockers
during the first trimester.269

Nifedipine has been used to treat severe essential
hypertension and hypertensive emergencies in preg-
nancy.270 In one series, nifedipine lowered maternal blood
pressure without adverse impact on umbilical artery
blood flow-velocity waveforms.271 Sublingual administra-
tion has been associated with sudden hypotension and
cerebral ischemia in the general medical population and
thus should be avoided in pregnancy to prevent uteropla-
cental hypoperfusion. Prematurity and low birth weights
have been reported in association with the use of nifedipine
during pregnancy. The drug may cause uterine relaxation
and therefore has been employed as a tocolytic agent. In an
animal model, the dihydropyridine calcium channel blocker
nicardipine did not adversely affect fetal heart rate,
blood pressure, or acid-base status.266 Nifedipine has been
evaluated favorably for use in lactating mothers,272 and
the similar dihydropyridine agent nimodipine is secreted
minimally in breast milk.273

Verapamil has been used to regulate maternal and fetal
tachycardias, severe gestational hypertension, and prema-
ture labor. At the onset of full-term labor, this agent should
not be administered, so as to avoid dysfunctional labor or
postpartum hemorrhage secondary to lack of uterine mus-
cular tone. Use of verapamil in lactating women is probably
benign.272

Few reports describe use of the benzothiazepine com-
pound diltiazem in pregnancy. Diltiazem is probably
acceptable in lactation.272 The tetralol subclass of calcium
channel blockers, including the agent mibefradil, has not
been fully evaluated for use in pregnancy or lactation.
Because of concerns regarding medication interactions,
mibefradil is not available for clinical use at present.
Congenital anomalies in the form of aortic arch branching
variants were discovered in animal fetuses after gestational
exposure to mibefradil.268

Diuretics

Diuretics are generally not favored in pregnancy because
of their propensity to decrease maternal blood volume,
thereby jeopardizing fetal nutrition, oxygenation, and
growth. Hypokalemia, hyponatremia, and thrombocytope-
nia have been reported in neonates. Loop agents should
be carefully titrated. Previously hypertensive patients taking
diuretics who become pregnant may benefit from a change
to another blood pressure–lowering agent. However, some
authorities advocate continuing diuretics if blood pres-
sure regulation is optimal with diuretic use in the sodium-
sensitive subject.267 If a potassium-conserving agent
is needed, safety data for amiloride are favorable.274

Spironolactone harbors antiandrogen activity and may
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feminize male fetuses.275 Diuretics may suppress milk
production in lactation and are not recommended.237

Inotropic and Pressor Agents

Cardiac glycosides such as digoxin cross the placenta, and
the resulting plasma concentration in the fetus equals that
of the mother without consequence. Digoxin has been
employed widely for treatment of maternal and fetal heart
failure and supraventricular tachyarrhythmias. In preg-
nancy, digoxin has an increased volume of distribution
and augmented renal clearance. Relatively high doses may
be needed to achieve the desired therapeutic effect. Serum
levels may be difficult to interpret because of a gestational
increase in the concentration of physiologic digoxin-like
substances. The use of digoxin in lactating mothers is safe.

Intravenous inotropic and pressor agents such as
dopamine, dobutamine, amrinone, milrinone, epinephrine,
and norepinephrine pose hazards by suppressing placental
blood flow and provoking uterine contractions.276 Such
agents should be used with extreme caution and are recom-
mended for life-threatening situations only.277 Ephedrine
probably represents a better alternative pressor in preg-
nancy, although most experience with this agent lies in
treatment of hypotension caused by hypovolemia, or vasodi-
lation induced by spinal anesthesia, rather than cardiogenic
shock.276,278

Nitrates and Vasodilators

Nitrate preparations are safe for use in pregnancy, although
they are not ideal antihypertensive agents, in view of their
primary venodilatory role. On the basis of vascular relax-
ation, nitrates assist in the therapy of preeclampsia or
intrauterine fetal growth restriction.279–281 Patients treated
with nitroglycerin must be observed for hypotension to
avoid serious consequences to the fetus.282 The use of
nitrates in lactating women has not been widely reported.

Hydralazine is safe and effective for both blood pressure
control and afterload reduction indications in pregnancy.
As an arterial dilator, it provides a complementary mecha-
nism of action when used as an adjunct to β-adrenergic
blockers. Rare reports link hydralazine with neonatal
thrombocytopenia.

Sodium nitroprusside should be avoided in pregnancy
because the metabolites thiocyanate and cyanide are poten-
tially toxic. Fetal cyanide poisoning has been produced in
animal models. The use of minoxidil, the most potent oral
vasodilating antihypertensive agent, has not been tested in
pregnancy or lactation.

Statins and Other Lipid-Modifying Drugs

HMG-CoA reductase inhibitors (statins) of the lovastatin
class should be avoided in pregnancy, in light of animal
toxicity studies demonstrating increased rates of malfor-
mations.262 However, inadvertent first trimester exposure
to statins was not accompanied by increased adverse
events in humans.283 Statins are secreted in breast milk.

Niacin (nicotinic acid) carries no risk in pregnancy
when used as a vitamin supplement in physiologic doses.
Pharmacologic lipid-lowering doses of niacin have not
been assessed in pregnancy. Bile acid sequestrants (resins),
such as colestipol, cholestyramine, and colesevelam, are
not systemically absorbed and thus are safe. Fibrates, such
as gemfibrozil and fenofibrate, may be harmful, inas-
much as malformations have appeared in animal models.
Although ezetimibe acts in the intestine, it is absorbed
and metabolized in the liver and is not recommended for
use during pregancy.

CARDIAC EFFECTS OF OBSTETRIC
DRUGS

Obstetric medications can have a major impact on circu-
latory function. Tocolytic agents and uterine stimulants
are surveyed as follows.

Tocolytic Compounds

Drugs administered to suppress premature uterine contrac-
tions may stimulate the heart. Terbutaline, a β-adrenergic
agonist, causes uterine relaxation through activation of β2
receptors. Terbutaline, isoxsuprine, salbutamol, and rito-
drine (the latter no longer marketed in the United States)
may provoke tachycardia with hemodynamic decompen-
sation in patients who have structural heart disease, par-
ticularly left-sided obstructive lesions, myocardial ischemia,
or rapid rhythm disorders. Heightened myocardial con-
tractility generated by β-adrenergic tocolytic agents can
magnify outflow obstruction in patients who have hyper-
trophic subaortic stenosis. In such instances, nifedipine is
preferred.

Adverse cardiac effects of terbutaline in pregnancy
include chest discomfort, dyspnea, irregular pulse, elec-
trocardiographic changes, or pulmonary edema.284 In one
series, tocolytic use was the most common cause of pul-
monary edema in pregnancy.285 Several effects may
account for pulmonary edema, including elevated heart
rate and cardiac output, myocardial dysfunction related
to prolonged catecholamine exposure, increased capillary
permeability, and associated excess fluid admin-
istration.235,276 This condition responds to cessation of
terbutaline therapy and the institution of oxygen and
diuretics.

Uterine Stimulants

Prostaglandins and oxytocin may have cardiovascular
consequences when given to induce labor. As vasodilators,
prostaglandins are well tolerated in volume overload
states. They are not advisable for use for hypertrophic
subaortic stenosis because of the hazard of worsened
outflow obstruction with hypotension. Oxytocin is
favored in this setting.141 Reactive hypertension and vol-
ume retention may accompany the use of oxytocin, and
this agent should be given carefully if heart disease has
been diagnosed.
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MANAGEMENT DURING SURGERY,
LABOR, AND DELIVERY

Physiologic stress of labor, delivery, cesarean section, or
other surgical operations during pregnancy may be intol-
erable in the woman who has cardiac disease. Patients are
particularly prone to complications in the immediate
postpartum interval as vena caval compression is relieved
and heavy blood volume is reinjected into the maternal
circulation from the uterus. Left-sided heart filling pres-
sure, stroke volume, and cardiac output all rise, increasing
the risk of pulmonary congestion in the patient who has
depressed ventricular function or left-sided obstructive
pathologic processes.

Method of Anesthesia

Epidural or neuraxial anesthesia may blunt the hemody-
namic changes associated with vaginal delivery, but it
does not modify the rise in cardiac output that accompa-
nies uterine contractions.141 Because of the potential for
hypotension and reduced cardiac filling pressures with
epidural anesthesia, this technique should be avoided or
used with great caution in patients who have right-sided
heart lesions with major preload dependence, such as
Eisenmenger’s syndrome, tetralogy of Fallot, or complex
cyanotic congenital heart disease.286 Moreover, in patients
with these diagnoses and in those who have Ebstein’s
anomaly, the systemic vasodilation associated with epidural
anesthesia can exacerbate right-to-left shunting and lead
to greater cyanosis. Preload-dependent left-sided obstruc-
tive lesions such as hypertrophic subaortic stenosis and
aortic valve stenosis suggest the need for great caution if
epidural anestesia is used. Patients who have mitral valve
stenosis may tolerate epidural anesthesia quite well
because the generalized vasodilation can improve their
pulmonary congestion, particularly in the postpartum
interval of enhanced circulating volume.

Alternatives to standard neuraxial or epidural anesthe-
sia include inhalation analgesia, pudendal nerve block,
intrathecal opiate treatment, and systemic parenteral
analgesia. Nalbuphine (Nubain) is useful in this setting
because it produces less respiratory depression than do
other opiates, because of its strong narcotic antagonist
characteristics. General anesthesia usually is not required.

Perioperative and Peripartum Management
in the Complex Patient

Cesarean section may limit the stress of vaginal delivery in
patients who have heart disease. This method avoids pro-
longed labor with hemodynamically destabilizing con-
tractions.286 However, cesarean section entails the major
surgery, blood loss, and the possibility of stress associated
with endotracheal intubation and extubation if general
anesthesia is required.141 If vaginal delivery is selected for
patients with cardiac disease, elective low or outlet forceps
delivery may shorten the second stage of labor. Placing
the patient in the left lateral decubitus position prevents

hypotension287 and may be especially effective when
epidural anesthesia is given. To protect against hyperten-
sion with contractions, cesarean section is advised for
patients with Marfan’s syndrome or aortic dissection. In
most other categories of maternal heart disease, vaginal
delivery is feasible if invasive pulmonary artery and arterial
pressure monitoring are feasible. In a large series of women
with congenital heart lesions, 79% were able to deliver
vaginally with careful monitoring.93 Invasive monitoring
can prevent extreme fluctuations in hemodynamics and may
guide fluid, diuretic, vasodilator, or pressor therapy.234,276

These suggestions apply as well to patients undergoing
nonobstetric surgical procedures while pregnant. Rapid
echocardiographic assessment of high-risk cardiac patients
is valuable, particularly at delivery, and can be comple-
mented by invasive methods to generate a full hemody-
namic profile.288

FUTURE DIRECTIONS

Technologic innovations and advances in scientific
understanding have contributed to the welcome progress
in the field of cardiovascular disease in pregnancy. Evolving
diagnostic and management techniques now enable
improved outcomes in affected mothers and offspring.
However, three risk-prone groups are joining the child-
bearing population: (1) adults who have undergone surgi-
cal correction of complex congenital heart disease, (2)
patients who become pregnant after 40 years of age and
who are thus vulnerable to acquired cardiovascular disor-
ders, and (3) women immigrating from areas where rheu-
matic heart disease is still endemic in young people.

The future may bring greater understanding of how
cardiac and noncardiac risk factors interact to alter mater-
nal and neonatal outcomes. Further insights will be gained
into the origin of peripartum cardiomyopathy. Prospective
trials may illustrate benefits of preventive pharmacother-
apy in patients who have heart valve disease. Criteria for
selecting artificial valves in young women will be refined.
Randomized studies may clarify the contested issues of
optimal anticoagulation in pregnancy and the value of
peripartum antibiotic prophylaxis in women with struc-
tural heart disease. The scope of safe drug use in pregnancy
will expand slowly because of the challenges involved in
human testing. Finally, progress in genetic inquiry will
allow better estimation of the transmissibility of congenital
heart lesions from mother to infant.

References
1. Rochat RW, Koonin LM, Atrash HK, et al, and the Maternal

Mortality Collaborative: Maternal mortality in the United States:
Report from the Maternal Mortality Collaborative. Obstet
Gynecol 1996;72:91.

2. Siu SC, Sermer M, Colman JM, et al: Prospective multicenter study
of pregnancy outcomes in women with heart disease. Circulation
2001;104:515.

3. Seoud MA, Nassar AH, Usta IM, et al: Impact of advanced maternal
age on pregnancy outcome. Am J Perinatol 2002;19:1.

4. Syverson CG, Shavkin W, Atrash HK, et al: Pregnancy-related
mortality in New York City, 1980-1984. Am J Obstet Gynecol
1991;164:603.

124 C H A P T E R 6 Pregnancy and Cardiovascular Disease



5. Dorfman SF: Maternal mortality in New York City 1981-1983.
Obstet Gynecol 1990;76:317.

6. Hansen JP: Older maternal age in pregnancy outcome: A review of
the literature. Obstet Gynecol Surv 1986;41:726.

7. Buehler JW, Kaunitz AM, Hogue CJ, et al: Maternal mortality in
women aged 35 years and older: United States. JAMA 1986;255:53.

8. Mc Faul PB, Dornan JC, Lamki H, Boyle D: Pregnancy complicated
by maternal heart disease: A review of 519 women. Br J Obstet
Gynaecol 1988;95:861.

9. Hogberg U, Innala E, Sandstrom A: Maternal mortality in Sweden,
1980-1988. Obstet Gynecol 1994;84:240.

10. Ray JG, Burrows RF, Burrows EA, Vermeulen MJ: McMaster
outcome study of hypertension in pregnancy. Early Hum Dev
2001;64:129.

11. Kallen K: The impact of maternal smoking during pregnancy on
delivery outcome. Eur J Public Health 2001;11:329.

12. Tomoda S, Tamura T, Sudo Y, Ogita S: Effects of obesity on preg-
nant women: Maternal hemodynamic change. Am J Perinatol
1996;13:73.

13. Callan NA, Maggio M, Steger S et al: Fetal echocardiography: indi-
cations for referral, prenatal diagnosis, and outcomes. Am J
Perinatol 1991;8:390.

14. McLennan CE: Antecubital and femoral venous pressure in nor-
mal and toxemic pregnancy. Am J Obstet Gynecol 1943;45:568.

15. Wright HP, Osborn SB, Edmunds DG: Changes in rate of flow of
venous blood in the leg during pregnancy, measured with radioactive
sodium. Surg Gynecol Obstet 1950;90:480.

16. Enein M, Zina AA, Kassem M, El-Tabbakh G: Echocardiography of
the pericardium in pregnancy. Obstet Gynecol 1987;69:851.

17. Cutforth R, MacDonald CB: Heart sounds and murmurs in preg-
nancy. Am Heart J 1966;71:741.

18. Mabie WC, DiSessa TG, Crocker LG, et al: A longitudinal study of
cardiac output in normal human pregnancy. Am J Obstet Gynecol
1994;170:849.

19. Duvekot JJ, Cheriex EC, Pieters FAA, et al: Early pregnancy changes in
hemodynamics and volume homeostasis are consecutive adjust-
ments triggered by a primary fall in systemic vascular tone.
Am J Obstet Gynecol 1993;169:1382.

20. Easterling TR, Benedetti TJ, Schmucker BC, Millard SP: Maternal
hemodynamics in normal and preeclamptic pregnancies: A longi-
tudinal study. Obstet Gynecol 1990;76:1061.

21. Capeless EL, Clapp JF: Cardiovascular changes in early phases of
pregnancy. Am J Obstet Gynecol 1989;161:1449.

22. Ueland K, Hansen JM: Maternal cardiovascular dynamics. 2:
Posture and uterine contractions. Am J Obstet Gynecol 1969;103:1.

23. Robson SC, Hunter S, Boys RJ, Dunlop W: Serial study of factors
influencing changes in cardiac output during human pregnancy.
Am J Physiol 1989;256:H1060.

24. Ueland K, Metcalfe J: Circulatory changes in pregnancy. Clin
Obstet Gynecol 1975;18:41.

25. Robson SC, Dunlop W, Boys RJ, Hunter S: Cardiac output during
labor. BMJ 1987;295:1169.

26. Mc Anulty JH: Anesthesia during pregnancy in the patient with
heart disease. In Bonica JJ, McDonald JS (eds): Principles and
Practice of Obstetric Analgesia and Anesthesia, 2nd ed. Baltimore,
Lippincott, Williams & Wilkins, 1995, pp 1013-1039.

27. James C, Banner T, Caton D: Cardiac output in women undergo-
ing cesarean section with epidural or general anesthesia. Am J
Obstet Gynecol 1989;160:1178.

28. Etheridge MJ, Pepperell RJ: Heart disease and pregnancy at the
Royal Women’s Hospital. Med J Aust 1977;2:227.

29. Whittaker PG, MacPhail S, Lind T: Serial hematologic changes and
pregnancy outcome. Obstet Gynecol 1996;88:33.

30. Pritchard JA: Changes in the blood volume during pregnancy and
delivery. Anesthesiology 1965;26:393.

31. Chesley LC: Plasma and red cell volumes during pregnancy. Am J
Obstet Gynecol 1972;112:440.

32. Lindheimer MC, Katz AL: Sodium and diuretics in pregnancy.
N Engl J Med 1973;299:891.

33. Lindheimer MC, Richardson DA, Ehrlich EN, Katz AI: Potassium
homeostasis in pregnancy. J Reprod Med 1987;32:517.

34. Pritchard JA, Adams RH: Erythrocyte production and destruction
during pregnancy. Am J Obstet Gynecol 1960;79:750.

35. Widness JA, Clemons GK, Garcia JF, Schwartz R: Plasma
immunoreactivity erythropoietin in normal women studied

sequentially during and after pregnancy. Am J Obstet Gynecol
1984;149:646.

36. Huisman A, Aarnoudse JG, Heuvelmans JHA, et al: Whole blood
viscosity during normal pregnancy. Br J Obstet Gynaecol
1987;94:1143.

37. Chisholm M: A controlled clinical trial of prophylactic folic acid
and iron in pregnancy. J Obstet Gynaecol Br Commonw
1966;73:191.

28. Kaneshige E: Serum ferritin as an assessment of iron stores and
other hematologic parameters during pregnancy. Obstet Gynecol
1981;57:238.

39. Longo L: Maternal blood volume and cardiac output during preg-
nancy: A hypothesis of endocrinologic control. Am J Physiol
1983;245:721.

40. Katz R, Karliner JS, Resnick R: Effects of a natural volume overload
state (pregnancy) on left ventricular performance in normal
human subjects. Circulation 1978;58:434.

41. Mone SM, Sanders SP, Colan SD: Control mechanisms for physio-
logical hypertrophy of pregnancy. Circulation 1996;15:667.

42. Sadaniantz A, Saint Laurent L, Parisi AF: Long-term effects of mul-
tiple pregnancies on cardiac dimensions and systolic and diastolic
function. Am J Obstet Gynecol 1996;174:1061.

43. Veille JC, Morton MJ, Burry KJ: Maternal cardiovascular adapta-
tions to twin pregnancy. Am J Obstet Gynecol 1985;153:261.

44. Clark SL, Cotton DB, Lee W, et al: Central hemodynamic assessment
of normal term pregnancy. Am J Obstet Gynecol 1989;61:1439.

45. Hauth JC, Gilstrap LC III, Widmer K: Fetal heart rate reactivity
before and after maternal jogging during the third trimester. Am J
Obstet Gynecol 1982;142:545.

46. Carpenter MW, Sady SP, Hoegsberg B, et al: Fetal heart rate
response to maternal exertion. JAMA 1988;259:3006.

47. Committee on Obstetric Practice: Exercise during pregnancy and
the postpartum period. Number 267, January 2002. American
College of Obstetricians and Gynecologists. Int J Gynaecol Obstet
2002;77:79.

48. Watson MJ, Katz VL, Hackney AC, et al: Fetal responses to maxi-
mal swimming and cycling exercise during pregnancy. Obstet
Gynecol 1991;77:382.

49. Clapp JF: Oxygen consumption during treadmill exercise before,
during, and after pregnancy. Am J Obstet Gynecol 1989;161:1458.

50. Clapp JF, Capeless EL: Neonatal morphometrics after endurance
exercise during pregnancy. Am J Obstet Gynecol 1990;163:1805.

51. Clapp JF, Little KD: The interaction between regular exercise and
selected aspects of women’s health. Am J Obstet Gynecol
1995;173:2.

52. Clapp JF: The course of labor after endurance exercise during
pregnancy. Am J Obstet Gynecol 1990;163:1799,

53. Riemann MK, Kanstrup Hansen IL: Effects on the foetus of exer-
cise in pregnancy. Scand J Med Sci Sports 2000;10:12.

54. Metcalfe J, McAnulty JH, Ueland K (eds): Burwell and Metcalf ’s
Heart Disease and Pregnancy, 2nd ed. Boston, Little, Brown, 1986.

55. Brent RL: The effect of embryonic and fetal exposure to x-ray,
microwaves, and ultrasound: Counseling the pregnant and non-
pregnant patient about these risks. Semin Oncol 1989;16:347.

56. Carruth JE, Mivis SB, Brogan DR, Wenger NK: The electrocardio-
gram in normal pregnancy. Chest 1981;102:1075.

57. Limacher MC, Ware JA, O’Meara ME, et al: Tricuspid regurgitation
during pregnancy: Two-dimensional and pulsed Doppler echocar-
diographic observations. Am J Cardiol 1985;55:1059.

58. Mettler FA, Guiberteau MJ: Essentials of Nuclear Medicine
Imaging. Philadelphia, WB Saunders, 1991.

59. Veille JC: Peripartum cardiomyopathies: A review. Am J Obstet
Gynecol 1984;148:806.

60. Sanderson JE, Olsen EGJ, Gatie D: Peripartum heart disease: An
endomyocardial biopsy study. Br Heart J 1986;56:285.

61. Cunningham FG, Pritchard JA, Hankins GDV, et al: Idiopathic
cardiomyopathy or compounding cardiovascular vents. Obstet
Gynecol 1986;67:157.

62. Yacoub A, Martel MJ: Pregnancy with primary dilated cardiomy-
opathy. Obstet Gynecol 2002;99:928.

63. Koz̆elj M, Novak-Antolic Z̆, Noc M, Antolic G: Idiopathic dilated
cardiomyopathy in pregnancy. Acta Obstet Gynecol Scand
2003;82:389.

64. Cunningham FG: Peripartum cardiomyopathy. Contemp Obstet
Gynecol 1995;40:98.

C H A P T E R 6 Pregnancy and Cardiovascular Disease 125



65. Lee W, Cotton DB: Peripartum cardiomyopathy: Current concepts
and clinical management. Clin Obstet Gynecol 1989;32:54.

66. Demakis JG, Rahimtoola SH, Sutton GC, et al: Natural course of
peripartum cardiomyopathy. Circulation 1971;44:1053.

67. Pearson GD, Veille JC, Rahimtoola S, et al: Peripartum cardiomy-
opathy: National Heart, Lung, and Blood Institute and Office of
Rare Diseases workshop recommendations and review. JAMA
2000;283:1183.

68. Elkayam U, Ostrzega EL, Shotan A: Peripartum cardiomyopathy.
In Gleicher N (ed): Principles and Practice of Medical Therapy in
Pregnancy, 2nd ed. E. Norwalk, Conn, Appleton & Lange, 1992.

69. O’Connell JB, Costanzo-Nordin MR, Subramanian R, et al:
Peripartum cardiomyopathy: Clinical, hemodynamic, histologic
and prognostic characteristics. J Am Coll Cardiol 1986;8:52.

70. Witlin AG, Mabie WC, Sibai BM: Peripartum cardiomyopathy:
An ominous diagnosis. Am J Ostet Gynecol 1997;176:182.

71. Carvalho A, Brandao A, Martinez EE, et al: Prognosis in peripar-
tum cardiomyopathy. Am J Cardiol 1989;64:540.

72. Lampert MB, Weinert L, Hibbard J, et al: Contractile reserve in
patients with peripartum cardiomyopathy and recovered left ven-
tricular function. Am J Obstet Gynecol 1997;176:189.

73. Elkayam U, Tummala PP, Rao K, et al: Maternal and fetal out-
comes of subsequent pregnancies in women with peripartum car-
diomyopathy. N Engl J Med 2001;344:1567.

74. Avila WS, De Carvalho MEC, Tschaen CK, et al: Pregnancy and
peripartum cardiomyopathy: A comparative and prospective
study. Arq Bras Cardiol 2002;79:489.

75. Futterman LG, Lemberg L: Peripartum cardiomyopathy: An omi-
nous complication of pregnancy. Am J Crit Care 2000;9:362.

76. Bozkurt B, Villaneuva FS, Holubkov R, et al: Intravenous immune
globulin in the therapy of peripartum cardiomyopathy. J Am Coll
Cardiol 1999;34:177.

77. Rotmensch HH, Rotmensch S, Elkayam U: Management of cardiac
arrhythmias during pregnancy: Current concepts. Drugs 1987;33:623.

78. Joglar JA, Page RL: Treatment of cardiac arrhythmias during preg-
nancy: Safety considerations. Drug Saf 1999;20:85.

79. Jaffe R, Gruber A, Feigin M, et al: Pregnancy with an artificial pace-
maker. Obstet Gynecol Surv 1987;42:137.

80. Widerhorn J, Widerhorn ALM, Rahimtoola SH, Elkayam U: WPW
syndrome during pregnancy: Increased incidence after supraven-
tricular arrhythmias. Am Heart J 1992;123:796.

81. Mendelson MA, Lang RM: Pregnancy and heart disease. In Baron
WM, Lindheimer MD (eds): Medical Disorders during Pregnancy,
2nd ed. St. Louis, Mosby–Year Book, 1995, p 129.

82. Brodsky M, Doria R, Allen B, et al: New onset ventricular tachycar-
dia during pregnancy. Am Heart J 1992;123:933.

83. Natale A, Davidson T, Geiger MJ, Newby K: Implantable
cardioverter-defibrillators and pregnancy: A safe combination.
Circulation 1997;96:2808.

84. Lee RV, Rodgers BD, White LM, Harvey RC: Cardiopulmonary
resuscitation of pregnant women. Am J Med 1986;81:311.

85. Oberhansli I, Extermann P, Jaggi E, et al: Fetal echocardiography in
pregnancies of women with congenital heart disease—clinical utility
and limitations. Thorac Cardiovasc Surg 2000;48:323.

86. Metcalfe J, Ueland K: Maternal cardiovascular adjustments to
pregnancy. Prog Cardiovasc Dis 1974;16:363.

87. Morris CD, Menashe VD: Evidence for maternal transmission of
congenital heart defects. Circulation 1993;88(Suppl I):98.

88. Whittemore R, Hobbins JC, Engle MA: Pregnancy and its outcome
in women with and without surgical treatment of congenital heart
disease. Am J Cardiol 1982;50:641.

89. Shime J, Mocarski EJM, Hasting D, et al: Congenital heart disease
in pregnancy: Short- and long-term implications. Am J Obstet
Gynecol 1987;156:313.

90. Presbitero P, Somerville J, Stone S, et al: Pregnancy in cyanotic con-
gential heart disease. Outcome of mother and fetus. Circulation
1994;89:2673.

91. Singh H, Bolton PJ, Oakley CM: Pregnancy after surgical correc-
tion of tetralogy of Fallot. BMJ 1982;285:168.

92. Morris CD, Menashe VD: 25 year mortality after surgical repair of
congenital heart defect in childhood: A population-based cohort
study. JAMA 1991;266:3447.

93. Kaemmerer H, Bauer U, Stein JI, et al: Pregnancy in congenital
cardiac disease: An increasing challenge for cardiologists and
obstetricians—a prospective multicenter study. Z Kardiol 2003;92:16.

94. Patton DE, Lee W, Cotton DB, et al: Cyanotic maternal heart
disease in pregnancy. Obstet Gynecol Surv 1990;45:594.

95. Burn J, Brennan P, Little J, et al: Recurrence risks in offspring of
adults with major heart defects: Results from first cohort of
British collaborative study. Lancet 1998;351:311.

96. Task Force on the Management of Cardiovascular Diseases during
Pregnancy of the European Society of Cardiology: Expert consensus
document on management of cardiovascular diseases during
pregnancy. Eur Heart J 2003;24:761.

97. Nugent EW, Planter WH, Edwards JE, Williams WH: The pathol-
ogy, abnormal physiology, clinical recognition, and medical and sur-
gical treatment of congenital heart disease. In Hurst JW, Schlant
RC, Rackley CE, et al (eds): The Heart, 7th ed. New York, McGraw-
Hill, 1990, p 655.

98. Gleicher N, Midwall J, Hochberger D, Jaffin H: Eisenmenger’s
syndrome and pregnancy. Obstet Gynecol Surv 1979;34:721.

99. Genoni M, Jenni R, Hoerstrup SP, et al: Pregnancy after atrial
repair for transposition of the great arteries. Heart 1999;81:276.

100. Canobbio M, Mair D, Van Der Velde M, et al: Pregnancy outcomes
after the Fontan repair. J Am Coll Cardiol 1996;28:763.

101. Hoare JV, Radford D: Pregnancy after Fontan repair of complex
congenital heart disease. Austral N Z J Obstet Gynecol
2001;41:464.

102. McAnulty JH, Metcalfe J, Ueland K: Heart disease in pregnancy.
In Hurst JW, Schlant RC, Rackley CE, et al (eds): The Heart, 7th ed.
New York, McGraw-Hill, 1990, p 1465.

103. Connolly H, Ammash NM, Warnes C: Pregnancy in women with
coarctation of the aorta. J Am Coll Cardiol 1996;27:43A.

104. Sherer DM: Coarctation of the descending thoracic aorta diag-
nosed during pregnancy. Obstet Gynecol 2002;100:1094.

105. Beauchesne LM, Connolly HM, Ammash NM, Warnes CA:
Coarctation of the aorta: Outcome of pregnancy. J Am Coll
Cardiol 2001;38:1728.

106. Barrett JM, Vanhooydonk JD, Bochm FH: Pregnancy related rupture
of arterial aneurysms. Obstet Gynecol Surv 1982;37:557.

107. Whittemore R, Wells JA, Castellsague X: A second-generation
study of 427 probands with congenital heart defects and their 837
children. J Am Coll Cardiol 1994;23:1459.

108. Kolibash AJ, Ruis DE, Lewis RP: Idiopathic hypertrophic subaortic
stenosis in pregnancy. Ann Intern Med 1975;82:791.

109. Oakley GD, McGarry K, Limb DG, Oakley CM: Management of
pregnancy in patients with hypertrophic cardiomyopathy. BMJ
1979;1:1749.

110. Shah DM, Sunderji SG: Hypertrophic cardiomyopathy and preg-
nancy: Report of a maternal mortality and review of literature.
Obstet Gynecol Surv 1985;40:444.

111. Autore C, Conte MR, Piccininno M, et al: Risk associated with
pregnancy in hypertrophic cardiomyopathy. J Am Coll Cardiol
2002;40:1864.

112. Thaman R, Varnava A, Hamid MS, et al: Pregnancy related com-
plications in women with hypertrophic cardiomyopathy. Heart
2003;89:752.

113. Pyeritz RE, McKusick VA: The Marfan syndrome: Diagnosis and
management. N Engl J Med 1979;300:772.

114. Elkayam U, Ostrzega E, Shotan A, Mehra A: Cardiovascular prob-
lems in pregnant women with the Marfan syndrome. Ann Intern
Med 1995;123:117.

115. Mor-Yosef S, Younis J, Granat M, et al: Marfan’s syndrome in preg-
nancy. Obstet Gynecol Surv 1988;43:382.

116. Murdoch JL, Walker BA, Helpern BL, et al: Life expectancy and
causes of death in the Marfan syndrome. N Engl J Med
1972;298:804.

117. Lind J, Wallenburg HC: The Marfan syndrome and pregnancy:
A retrospective study in a Dutch population. Eur J Obstet Gynecol
Reprod Biol 2001;98:28.

118. Williams A, Child A, Rowntree J, et al: Marfan’s syndrome:
Successful pregnancy after aortic root and arch replacement.
Br J Obstet Gynaecol 2002;109:1187.

119. Waickman LA, Skorton DJ, Varner MW, et al: Ebstein’s anomaly
and pregnancy. Am J Cardiol 1984;53:357.

120. Dajani AS, Bisno AL, Durack DT, et al: Prevention of rheumatic
fever. Circulation 1988;78:1082.

121. Siu CS, Sermer M, Harrison DA, et al: Risk and predictors for
pregnancy-related complications in women with heart disease.
Circulation 1997;96:2789.

126 C H A P T E R 6 Pregnancy and Cardiovascular Disease



122. Hameed A, Karaalp IS, Tummala PP, et al: The effect of valvular
heart disease on maternal and fetal outcome of pregnancy. J Am
Coll Cardiol 2001;37:893.

123. Siu SC, Colman JM, Sorensen S, et al: Adverse neonatal and cardiac
outcomes are more common in pregnant women with cardiac
disease. Circulation 2002;105:2179.

124. Reimold SC, Rutherford JD: Valvular heart disease in pregnancy.
N Engl J Med 2003;349:52.

125. Silversides CK, Colman JM, Sermer M, Siu SC: Cardiac risk in preg-
nant women with rheumatic mitral stenosis. Am J Cardiol
2003;91:1382.

126. Dajani AS, Taubert KA, Wilson W, et al: Prevention of bacterial
endocarditis: Recommendations by the American Heart
Association. JAMA 1997;277:1794.

127. Avila WS, Rossi EG, Ramires JAF, et al: Pregnancy in patients with
heart disease: Experience with 1,000 cases. Clin Cardiol 2003;26:135.

128. Patel JJ, Mitha AS, Hassen F, et al: Percutaneous balloon mitral
valvotomy in pregnant patients with tight pliable mitral stenosis.
Am Heart J 1993;125:1106.

129. Saleh MH, El-Fiky AA, Fahmy M, et al: Use of biplane trans-
esophageal echocardiography as the only imaging technique for
percutaneous balloon mitral commissurotomy. Am J Cardiol
1996;78:103.

130. Farhat MB, Ayari M, Maatouk F, et al: Percutaneous balloon versus
closed and open mitral commissurotomy. Seven year followup
results of a randomized trial. Circulation 1998;97:245.

131. DeSouza JA, Martinez EE, Ambrose JA, et al: Percutaneous balloon
mitral valvuloplasty in comparison with open mitral valve com-
missurotomy for mitral stenosis during pregnancy. J Am Coll
Cardiol 2001;37:900.

132. Nercolini DC, da Rocha Loures Bueno R, Eduardo Guérios E, et al:
Percutaneous mitral balloon valvuloplasty in pregnant women
with mitral stenosis. Catheter Cardiovasc Interv 2002;57:318.

133. Kinsara AJ, Ismail O, Fawzi ME: Effect of balloon mitral valvulo-
plasty during pregnancy on childhood development. Cardiology
2002;97:155.

134. Rayburn WF: Mitral valve prolapse and pregnancy. In Elkayam U,
Gleicher N (eds): Cardiac Problems in Pregnancy: Diagnosis and
Management of Maternal and Fetal Disease, 2nd ed. New York,
Alan R. Liss, 1990, p 181.

135. Silversides CK, Colman JM, Sermer M, et al: Early and intermediate-
term outcomes of pregnancy with congenital aortic stenosis.
Am J Cardiol 2003;91:1386.

136. Easterling TR, Chadwick HS, Otto CM, Benedetti TJ: Aortic steno-
sis in pregnancy. Obstet Gynecol 1988;72:113.

137. Banning AP, Pearson JF, Hall RJC: Role of balloon dilatation of the
aortic valve in pregnant patients with aortic stenosis. Br Heart J
1993;70:544.

138. Lao TT, Adelman AG, Sermer M, Colman JM: Balloon valvulo-
plasty for congenital aortic stenosis in pregnancy. Br J Obstet
Gynaecol 1993;100:1141.

139. Gamra H, Betbout F, Ayari M, et al: Recurrent miscarriages as an
indication for percutaneous tricuspid valvuloplasty during preg-
nancy. Cathet Cardiovasc Diagn 1997;40:283.

140. Campos O, Andrade JL, Bocanegra J, et al: Physiologic multivalvu-
lar regurgitation during pregnancy: A longitudinal Doppler
echocardiographic study. Int J Cardiol 1993;40:265.

141. Elkayam U: Pregnancy and cardiovascular disease. In Braunwald E
(ed): The Heart: A Textbook of Cardiovascular Medicine (5th ed.).
Philadelphia, WB Saunders, 1997, p 1846.

142. Haïat R, Halphen, C, Clément F, Michelon B: Silent pericardial
effusion in late pregnancy. Chest 1981;79:171.

143. Enein M, Zina AAA, Kassem M, El-Tabbakh G: Echocardiography
of the pericardium in pregnancy. Obstet Gynecol 1987;69:851.

144. Abduljabbar HSO, Marzouki KMH, Zawawi TF, Khan AS:
Pericardial effusion in normal pregnant women. Acta Obstet
Gynecol Scand 1991;70:291.

145. Averbuch M, Bojko, A, Levo Y: Cardiac tamponade in the early
postpartum period as the presenting and predominant manifesta-
tion of systemic lupus erythematosus. J Rheumatol 1986;13:1444.

146. Khabele D, Chasen S: Cardiac tamponade as an unusual presenta-
tion of advanced breast cancer in pregnancy. J Reprod Med
1999;44:989.

147. Mecacci F, LaTorre P, Paretti E, et al: Acute pericarditis in preg-
nancy. Report of a case. Minerva Ginecol 2000;52:259.

148. Hagley MT, Shaub TF: Acute pericarditis with a symptomatic
pericardial effusion complicating pregnancy: A case report.
J Reprod Med 1993;38:813.

149. Richardson PM, LeRoux BT, Rogers NM, Gotsman GS:
Pericardiectomy in pregnancy. Thorax 1970;25:627.

150. Azimi N, Selter J, Abbott JD, et al: A pregnant woman with peri-
cardial tamponade. Case report and review of the literature.
Angiology 2004 (in press).

151. Bloomfield P: Choice of heart valve prosthesis. BMJ 2002;87:583.
152. Badduke BR, Jamieson WRE, Miyagishima RT, et al: Pregnancy

and childbearing in a population with biologic valvular prosthe-
ses. J Thorac Cardiovasc Surg 1991;102:179.

153. Jamieson WRE, Janusz MT, Miyagishima RT, et al: Carpentier-
Edwards standard porcine bioprostheses—primary tissue failure
(structural valve deterioration) by age groups. Ann Thorac Surg
1988;46:155.

154. Jamieson WRE, Miller DC, Akins CW, et al: Pregnancy and bio-
prostheses: Influence on structural valve deterioration. Ann
Thorac Surg 1995;60(Suppl):S282.

155. North RA, Sadler L, Stewart AW, et al: Long-term survival and
valve-related complications in young women with cardiac valve
replacements. Circulation 1999;99:2669.

156. Greer IA: Exploring the role of low-molecular weight heparins in
pregnancy. Semin Thromb Hemost 2002;28(Suppl 3):25.

157. Mayosi B, Commerford PJ, Levetan BN: Anticoagulation for pros-
thetic valves during pregnancy [Letter]. Clin Cardiol 1996;19:921.

158. Conti CR: Anticoagulation for mechanical valve prostheses during
pregnancy. Clin Cardiol 2003;26:303.

159. Evans W, Laifer SA, McNanley TJ, Ruzycky A: Management of
thromboembolic disease associated with pregnancy. J Matern Fetal
Med 1997;6:21.

160. Al-Lawati AA, Venkitraman M, Al-Delaime, Valliathu J: Pregnancy
and mechanical heart valve replacement: Dilemma of anticoagula-
tion. Eur J Cardiothorac Surg 2002;22:223.

161. Chan WS, Anand S, Ginsberg JS: Anticoagulation of pregnant
women with mechanical heart valves. A systematic review of the lit-
erature. Arch Intern Med 2000:160:191.

162. Ayhan A, Yapar EG, Yuce K, et al: Pregnancy and its complica-
tions after cardiac valve replacement. Int J Gynaecol Obstet
1991;35:117.

163. Hall JG, Pauli RM, Wilson KM: Maternal and fetal sequelae of anti-
coagulation during pregnancy. Am J Med 1980;69:122.

164. Sareli P, England MJ, Berk MR, et al: Maternal and fetal sequelae
of anticoagulation during pregnancy in patients with mechanical
heart valve prostheses. Am J Cardiol 1989;63:1462.

165. John S, Ravikumar E, Jairaj PS, et al: Valve replacement in the
young patient with rheumatic heart disease. Review of a twenty
year experience. J Thorac Cardiovasc Surg 1990;99:631.

166. Cotrufo M, DeFeo M, DeSanto LS, et al: Risk of warfarin during
pregnancy with mechanical valve prosthesis. Obstet Gynecol
2002;99:35.

167. Vitale N, DeFeo M, DeSanto LS, et al: Dose-dependent fetal com-
plications of warfarin in pregnant women with mechanical heart
valves. J Am Coll Cardiol 1999;33:1637.

168. Iturbe-Alessio I, Fonseca M, Mutchinik O, et al: Risks of anticoag-
ulation therapy in pregnant women with heart valves. N Engl J
Med 1986;315:1390.

169. Hanania G, Thomas D, Michel PL, et al: Pregnancy and prosthetic
heart valves: A French cooperative retrospective study of 155 cases.
Eur Heart J 1994;15:1651.

170. Lecuru F, Desnos M, Taurelle R: Anticoagulant therapy in preg-
nancy: Report of 54 cases. Acta Obstet Gynecol Scand 1996;75:217.

171. Siu SC, Colman JM: Heart disease and pregnancy. Heart
2001;85:710.

172. Watson WJ, Freeman J, O’Brien C, Benson M: Embolic stroke in a
pregnant patient with a mechanical heart valve on optimal heparin
therapy. Am J Perinatol 1996;13:371.

173. Salazar E, Izaguirre R, Verdejo J, Mutchinik O: Failure of adjusted
doses of subcutaneous heparin to prevent thromboembolic
phenomena in pregnant patients with mechanical cardiac valve
prostheses. J Am Coll Cardiol 1996;27:1698.

174. Oakley CM: Valvular disease in pregnancy. Curr Opin Cardiol
1996;11:159.

175. Elkayam U: Anticoagulation in pregnant women with prosthetic
heart valves: A double jeopardy. J Am Coll Cardiol 1996;27:1704.

C H A P T E R 6 Pregnancy and Cardiovascular Disease 127



176. Hung L, Rahimtoola SH: Prosthetic heart valves and pregnancy.
Circulation 2003;107:1240.

177. Bonow RO, Carabello B, DeLeon AC, et al: Guidelines for the man-
agement of patients with valvular heart disease: Executive sum-
mary. A report of the American Collage of Cardiology/American
Heart Association task force on practice guidelines. Circulation
1998;98:1949.

178. Lupton M, Oteng-Ntim E, Ayida G, Steer PJ: Cardiac disease in
pregnancy. Curr Opin Obstet Gynecol 2002;14:137.

179. Rowan JA, McCowan MLE, Raudkivi PJ, North RA: Enoxaparin
treatment in women with mechanical heart valves during preg-
nancy. Am J Obstet Gynecol 2001;185:633.

180. Lovenox Injection [package insert]. Bridgewater, N.J., Aventis
Pharmaceuticals, 2002.

181. Ginsberg JS, Chan WS, Bates SM, Kaatz S: Anticoagulation of
pregnant women with mechanical heart valves. Arch Intern Med
2003;163:694.

182. Nelson-Piercy C, Letsky EA, de Swiet M: Low-molecular-weight
heparin for obstetric thromboprophylaxis: Experience of sixty-
nine pregnancies in sixty-one women at high risk. Am J Obstet
Gynecol 1997;176:1062.

183. Shapira Y, Sagie A, Battler A: Low-molecular-weight heparin for
the treatment of patients with mechanical heart valves. Clin
Cardiol 2002;25:323.

184. Sibai BM, Caritis SN, Thom E, et al: Prevention of pre-eclampsia
with low dose aspirin in healthy nulliparous pregnant women.
N Engl J Med 1993;329:1213.

185. DiSessa TG, Moretti ML, Khoury A, et al: Cardiac function in
fetuses and newborns exposed to low-dose aspirin during preg-
nancy. Am J Obstet Gynecol 1994;171:892.

186. Caritis S, Sibai B, Hauth J, et al: Low-dose aspirin to prevent
preeclampsia in pregnant women. N Engl J Med 1998;338:701.

187. Schumacher B, Belfort MA, Card RJ: Successful treatment of acute
myocardial infarction during pregnancy with tissue plasminogen
activator. Am J Obstet Gynecol 1997;176:716.

188. Rossouw GJ, Knott-Craig CJ, Barnard PM, et al: Intracardiac oper-
ation in seven pregnant women. Ann Thorac Surg 1993;55:1172.

189. Alessandrini F, Lapenna E, Nasso G, et al: Successful thrombec-
tomy for thrombosis of aortic composite valve graft in pregnancy.
Ann Thorac Surg 2003;75:1317.

190. Pomini F, Mercogliano D, Cavaletti C, et al: Cardiopulmonary
bypass in pregnancy. Ann Thorac Surg 1996;61:259.

191. Levy DL, Warriner RA, Burgess GE: Fetal response to cardiopul-
monary bypass. Obstet Gynecol 1980;56:112.

192. Khandelwal M, Rasanen J, Ludormirski A, et al: Evaluation of fetal
and uterine hemodynamics during maternal cardiopulmonary
bypass. Obstet Gynecol 1996;88:667.

193. Onderoglu L, Tuncer ZS, Oto A, Durukan T: Balloon valvuloplasty
during pregnancy. Int J Gynaecol Obstet 1995;49:181.

194. Yaryura RA, Carpenter RJ, Duncan JM, Wilansky S: Management
of mitral valve stenosis in pregnancy: Case presentation and review
of the literature. J Heart Valve Dis 1996;5:16.

195. Garry D, Leikin E, Fleisher AG, Tejani N: Acute myocardial infarc-
tion in pregnancy with subsequent medical and surgical manage-
ment. Obstet Gynecol 1996;87:802.

196. Silberman S, Fink D, Berko RS, et al: Coronary artery bypass sur-
gery during pregnancy. Eur J Cardiothorac Surg 1996;10:925.

197. Klutstein MW, Tzivoni D, Bitran D, et al: Treatment of sponta-
neous coronary artery dissection: Report of three cases. Cathet
Cardiovasc Diagn 1997;40:372.

198. Laifer SA, Yeagley CJ, Armitage JM: Pregnancy after cardiac trans-
plantation. Am J Perinatol 1994;11:217.

199. Scott JR, Wagoner LE, Olsen SL, et al: Pregnancy in heart trans-
plant recipients. Management and outcome. Obstet Gynecol
1993;82:324.

200. Branch KR, Wagoner LE, McGrory CH, et al: Risks of subsequent
pregnancies on mother and newborn in female heart transplant
recipients. J Heart Lung Transplant 1998;17:698.

201. Ascarelli MH, Grider AR, Hsu HW: Acute myocardial infarction
during pregnancy managed with immediate percutaneous translu-
minal coronary angioplasty. Obstet Gynecol 1996;88:655.

202. Eickman FM: Acute coronary artery angioplasty during preg-
nancy. Cathet Cardiovasc Diagn 1996;38:369.

203. Cayenne S, Manzoor N, Conard A, et al: Cardiac procedures dur-
ing pregnancy. An interesting case and review. Cardiovasc Rev Rep
2000;21:145.

204. Natale A, Davidson T, Geiger MJ, Newby K: Implantable
cardioverter-defibrillators and pregnancy: A safe combination?
Circulation 1997;96:2808.

205. Olufolabi AJ, Charlton GA, Allen SA, et al: Use of implantable car-
dioverter defibrillator and anti-arrhythmic agents in a parturient.
Br J Anaesth 2002;89:652.

206. Gordon MC, Landon MB, Boyle J, et al: Coronary artery disease in
insulin-dependent diabetes mellitus of pregnancy (class H):
A review of the literature. Obstet Gynecol Surv 1996;51:437.

207. Sattar N, Greer IA: Pregnancy complications and maternal cardio-
vascular risk: Opportunities for intervention and screening?
BMJ 2002;325:157.

208. Chasan-Taber L, Stampfer MJ: Epidemiology of oral contracep-
tives and cardiovascular disease. Ann Intern Med 1998;128:467.

209. Velasco JG, Requena A, Gonzalez A: Pregnancy after myocardial
infarction. Int J Gynaecol Obstet 1994;47:291.

210. Medical-care expenditures attributable to cigarette smoking during
pregnancy—United States, 1995. MMWR Morb Mortal Wkly Rep
1997;46:1048.

211. Swoboda K, Derfler K, Koppensteiner R, et al: Extracorporeal lipid
elimination for treatment of gestational hyperlipidemic pancreatitis.
Gastroenterology 1993;104:1527.

212. Lewis CE, Funkhouser E, Raczynski JM, et al: Adverse effect of
pregnancy on high density lipoprotein (HDL) cholesterol in young
adult women: The CARDIA Study. Coronary Artery Risk
Development in Young Adults. Am J Epidemiol 1996;144:247.

213. Economides DL, Crook D, Nicolaides KH: Hypertriglyceridemia
and hypoxemia in small-for-gestational-age fetuses. Am J Obstet
Gynecol 1990;162:382.

214. Ulm MR, Obwegeser R, Ploeckinger B, et al: A case of myocardial
infarction complicating pregnancy—a role for prostacyclin synthesis
stimulating plasma factor and lipoprotein (a)? Thromb Res
1996;83:237.

215. Salameh WA, Mastrogiannis DS: Maternal hyperlipidemia in preg-
nancy. Clin Obstet Gynecol 1994;37:66.

216. Badui E, Encisco R: Acute myocardial infarction during pregnancy
and puerperium: A review. Angiology 1996;47:739.

217. Roth A, Elkayam U: Acute myocardial infarction associated with
pregnancy. Ann Intern Med 1996;125:751.

218. Esinler I, Yigit N, Ayhan A, et al: Coronary dissection during preg-
nancy. Acta Obstet Gynecol Scand 2003;82:194.

219. Dhawan R, Singh G, Fesniak H: Spontaneous coronary artery
dissection: The clinical spectrum. Angiology 2002;53:89.

220. Koller PT, Cliffe CM, Ridley DJ: Immunosuppressive therapy for
peripartum-type spontaneous coronary artery dissection: Case
report and review. Clin Cardiol 1998;21:40.

221. Fujito T, Inoue T, Mizoguchi K, et al: Acute myocardial infarction
during pregnancy. Cardiology 1996;87:361.

222. Athanassiou AM, Turrentine MA: Myocardial infarction and coro-
nary artery dissection during pregnancy associated with type IV
Ehlers-Danlos syndrome. Am J Perinatol 1996;13:181.

223. Hamada S, Hinokio K, Naka O, et al: Myocardial infarction as a
complication of pheochromocytoma in a pregnant patient. Eur J
Obstet Gynecol Reprod Biol 1996;70:197.

224. Satani O, Katsuragi M, Hano T, et al: Pheochromocytoma-related
myocardial damage following delivery. Hypertens Res 1996;19:291.

225. Camann W, Trunfio GV, Kluger R, Steinbrook RA: Automated
ST-segment analysis during cesarean delivery: Effects of ECG
filtering modality. J Clin Anesth 1996;8:564.

226. Eisenach JC, Tuttle R, Stein A: Is ST segment depression of the
electrocardiogram during cesarean section merely due to cardiac
sympathetic block? Anesth Analg 1994;78:287.

227. Abramov Y, Abramov D, Abrahamov A, et al: Elevation of serum
creatine phosphokinase and its MB isoenzyme during normal labor
and early puerperium. Acta Obstet Gynecol Scand 1996;75:255.

228. Shade GH, Ross G, Bever FN, et al: Troponin I in the diagnosis of
acute myocardial infarction in pregnancy labor, and postpartum.
Am J Obstet Gynecol 2002;187:1719.

229. Cohen WR, Steinman T, Patsner B, et al: Acute myocardial infarc-
tion in a pregnant woman at term. JAMA 1983;250:2179.

230. Allen JN, Wewers MD: Acute myocardial infarction with cardio-
genic shock during pregnancy: Treatment with intra-aortic
balloon counterpulsation. Crit Care Med 1990;18:888.

231. Sharma GL, Loubeyre C, Morice MC: Safety and feasibility of the
radial approach for primary angioplasty in acute myocardial
infarction during pregnancy. J Invasive Cardiol 2002;14:359.

128 C H A P T E R 6 Pregnancy and Cardiovascular Disease



232. Ishikawa A, Matsura S: Occlusive thromboaortopathy (Takayasu’s
disease) and pregnancy. Am J Cardiol 1982;50:1293.

233. Wong VCW, Wang RYC, Tse TF: Pregnancy and Takayasu’s
arteritis. Am J Med 1983;75:597.

234. Winn HW, Setaro JF, Mazor M, et al: Severe Takayasu’s arteritis in
pregnancy: The role of central hemodynamic monitoring. Am J
Obstet Gynecol 1988;159:1135.

235. Rizk NW, Kalassian KG, Gilligan T, et al: Obstetric complications
in pulmonary and critical care medicine. Chest 1996;110:791.

236. White WB: Management of hypertension during lactation.
Hypertension 1984;6:297.

237. White WB: Cardiovascular therapy during pregnancy and lactation.
In Messerli FH (ed): Cardiovascular Drug Therapy (2nd ed.).
Philadelphia, WB Saunders, 1996, pp 269-279.

238. Cockburn J, Moar VA, Ounsted N, et al: Final report of the study on
hypertension during pregnancy. The effects of specific treatment
on the growth and development of the children. Lancet 1982;2:647.

239. Horvath JS, Phippard A, Korda A, et al: Clonidine hydrochloride:
A safe and effective antihypertensive agent in pregnancy. Obstet
Gynecol 1985;66:634.

240. White WB, Andreoli JW, Cohn RD: Alpha-methyldopa disposition
in mothers with hypertension and in their breast-fed infants.
Clin Pharmacol Ther 1985;4:387.

241. Ducsay CA, Umezaki H, Kaushal KM, et al: Pharmacokinetic and
fetal cardiovascular effects of enalaprilat administration to mater-
nal rhesus macaques. Am J Obstet Gynecol 1996;175:50.

242. Reisenberger K, Egarter C, Sternberger B, et al: Placental passage of
angiotensin-converting enzyme inhibitors. Am J Obstet Gynecol
1996;174:1450.

243. Shotan A, Widerhorn J, Hurst A, Elkayam U: Risks of angiotensin
converting enzyme inhibition during pregnancy: Experimental
and clinical evidence, potential mechanisms, and recommenda-
tions for use. Am J Med 1994;96:451.

244. Postmarketing surveillance for angiotensin-converting enzyme
inhibitor use during the first trimester of pregnancy—United
States, Canada, and Israel, 1987-1995. MMWR Morb Mortal Wkly
Rep 1997;46:240.

245. Saji H, Yamanaka M, Hagiwara A, Ijiri R: Losartan and fetal toxic
effects. Lancet 2001;357:363.

246. Devlin RG, Fleiss PM: Captopril in human blood and breast milk.
J Clin Pharmacol 1981;21:110.

247. Mitani GM, Steinberg I, Lien E, et al: The pharmacokinetics of
antiarrhythmic agents in pregnancy and lactation. Clin
Pharmacokinet 1987;12:253.

248. Hill LM, Malkasian GD: The use of quinidine sulfate throughout
pregnancy. Obstet Gynecol 1979;54:366.

249. Leonard RF, Braun TE, Levy AM: Initiation of uterine contractions
by disopyramide during pregnancy. N Engl J Med 1978;299:84.

250. Timmis AD, Jackson G, Holt DW: Mexiletine for control of ven-
tricular dysrhythmias in pregnancy. Lancet 1980;2:647.

251. Lewis AM, Patel L, Johnston A, et al: Mexiletine in human blood
and breast milk. Postgrad Med 1981;57:546.

252. Lownes HE, Ives TJ: Mexiletine use in pregnancy and lactation.
Am J Obstet Gynecol 1987;157:446.

253. Allan LD, Chita SK, Sharland GK, et al: Flecainide in the treatment
of fetal tachycardias. Br Heart J 1991;65:46.

254. Connaughton M, Jenkins BS: Successful use of flecainide to treat
new onset maternal ventricular tachycardia in pregnancy. Br Heart
J 1994;72:297.

255. Cox JL, Gardner M: Treatment of cardiac arrhythmias during preg-
nancy. Prog Cardiovasc Dis 1993;36:137.

256. Joglar JA, Page RL: Treatment of cardiac arrhythmias during preg-
nancy. Safety considerations. Drug Saf 1999;20:85.

257. Hackett LP, Wojnar-Horton RE, Dusci LJ, et al: Excretion of sotalol
in breast milk. Br J Clin Pharmacol 1990;29:277.

258. Matsumura LK, Born D, Kunii IS, et al: Outcome of thyroid func-
tion in newborns from mothers treated with amiodarone. Thyroid
1992;2:279.

259. Valensise H, Civitella C, Garzetti GG, Romanini C: Amiodarone
treatment in pregnancy for dilated cardiomyopathy with ventric-
ular malignant extrasystole and normal maternal and neonatal
outcome. Prenat Diagn 1992;12:705.

260. Podolsky SM, Varon J: Adenosine use during pregnancy. Ann
Emerg Med 1991;20:1027.

261. Elkayam U, Goodwin TM: Adenosine therapy for supraventricular
tachycardia during pregnancy. Am J Cardiol 1995;75:521.

262. James PR: Cardiovascular disease. Best Pract Res Clin Obstet
Gynecol 2001;15:903.

263. Frishman WH, Chesner M: Beta-adrenergic blockers in pregnancy.
Am Heart J 1988;115:147.

264. Michael CA: The evaluation of labetalol in the treatment of hyper-
tension complicating pregnancy. Br J Clin Pharmacol 1982;
13(Suppl 1):127.

265. Nylund L, Lunell NO, Lewander R, et al: Labetalol for the
treatment of hypertension in pregnancy. Pharmacokinetics and
effects on the utero-placental blood flow. Acta Obstet Gynecol
Scand 1984;118(Suppl):71.

266. Sakamoto H, Misumi K, Matsuda Y, Ikenoue T: Effects of antihy-
pertensive drugs on maternal and fetal hemodynamics and uterine
blood flow in pregnant goats—comparison of nicardipine and
labetalol. J Vet Med Sci 1996;58:515.

267. Cunningham FG, Lindheimer MD: Hypertension in pregnancy.
N Engl J Med 1992;326:927.

268. Scott WJ, Resnick E, Hummler H, et al: Cardiovascular alterations
in rat fetuses exposed to calcium channel blockers. Reprod Toxicol
1997;11:207.

269. Magee LA, Schick B, Donnenfeld AE, et al: The safety of calcium
channel blockers in human pregnancy: A prospective, multicenter
cohort study. Am J Obstet Gynecol 1996;174:823.

270. Childress CH, Katz VL: Nifedipine and its indications in obstetrics
and gynecology. Obstet Gynecol 1994;83:616.

271. Ismail AAA, Medhat I, Tawfic TAS, Kholief A: Evaluation of
calcium antagonist (nifedipine) in the treatment of pre-eclampsia.
Int J Gynaecol Obstet 1993;40:39.

272. American Academy of Pediatrics Committee on Drugs: The transfer
of drugs and other chemicals into human milk. Pediatrics
1994;93:137.

273. Carcas AJ, Abad-Santos F, de Rosendo JM, Frias J: Nimodipine
transfer into human breast milk and cerebrospinal fluid. Ann
Pharmacother 1996;30:148.

274. Briggs GC, Freeman RK, Yaffe SJ: Amiloride. In Mitchell CW (ed):
Drugs in Pregnancy and Lactation: A Guide to Fetal and Neonatal
Risk, 5th ed. Baltimore, Williams & Wilkins, 1998, pp 35-36.

275. Messina M, Biffignandi P, Ghigo E, et al: Possible contraindication
of spironolactone during pregnancy. J Endocrinol Invest 1990;2:222.

276. Lapinsky SE, Kruczynski K, Slutsky AA: Critical care in the
pregnant patient. Am J Respir Crit Care Med 1995;152:427.

277. Clark RB, Brunner JA: Dopamine for the treatment of spinal
hypotension during cesarean section. Anesthesiology 1980;53:514.

278. Santos AC, Pedersen H: Current controversies in obstetric anes-
thesia. Anesth Analg 1994;78:753.

279. Ramsay B, DeBelder A, Campbell S, et al: A nitric oxide donor
improves uterine artery diastolic blood flow in normal early preg-
nancy and in women with high risk for pre-eclampsia. Eur J Clin
Invest 1994;24:76.

280. Lees C, Campbell S, Jauniax E, et al: Arrest of preterm labour and
prolongation of gestation with glyceryl trinitrate, a nitric oxide
donor. Lancet 1994;343:1325.

281. Grunewald C, Kublickas M, Carlstrom K, et al: Effects of nitro-
glycerin on the uterine artery and umbilical circulation in severe
preeclampsia. Obstet Gynecol 1995;86:600.

282. Cotton DB, Longmire S, Jones MM, et al: Cardiovascular alter-
ations in severe pregnancy-induced hypertension: Effects of intra-
venous nitroglycerin coupled with blood volume expansion.
Am J Obstet Gynecol 1986;154:1053.

283. Manson JM, Freyssinges C, Ducrocq MB, Stephenson WP:
Postmarketing surveillance of lovastatin and simvastatin exposure
during pregnancy. Reprod Toxicol 2001;10:439.

284. Perry KG, Morrison JC, Rust OA, et al: Incidence of adverse car-
diopulmonary effects with low-dose continuous terbutaline
infusion. Am J Obstet Gynecol 1995;173:1273.

285. Sciscione AC, Ivester T, Largoza M, et al: Acute pulmonary edema
in pregnancy. Obstet Gynecol 2003;101:511.

286. Braun U, Weyland A, Bartmus D, et al: Anesthesiology aspects of
pregnancy and delivery in a patient following a modified Fontan
procedure. Anaesthesist 1996;45:545.

287. Bamber JH, Dresner M: Aortocaval compression in pregnancy:
The effect of changing the degree and direction of lateral tilt on
maternal cardiac output. Anesth Analg 2003;97:256.

288. Belfort MA, Rokey R, Saade GR, Moise KJ: Rapid echocardio-
graphic assessment of left and right heart hemodynamics in criti-
cally ill obstetric patients. Am J Obstet Gynecol 1994;171:884.

C H A P T E R 6 Pregnancy and Cardiovascular Disease 129



131

77
THYROID DISEASE
DURING PREGNANCY
L a u r e n  H .  G o l d e n  a n d  G e r a r d  N .  B u r r o w

Diseases of the thyroid are, in general, much more
prevalent in women than in men, and it is not surpris-

ing that thyroid disorders are relatively common among
pregnant women. The hormonal changes and increasing
metabolic demands of pregnancy effect complex compen-
satory alterations in maternal thyroid function. Despite
these changes, normal pregnancy is considered a euthyroid
state. Studies of thyroid function in pregnant women with
underlying autoimmune thyroid disease or marginal iodine
intake suggest that increased demand may result in thyroid
“strain” during pregnancy. Whether there is any significant
effect on normal thyroid function is not clear. Reports
that hypothyroid women require an increased dosage of
L-thyroxine during pregnancy to maintain the euthyroid
state raise the question of whether normal women have dif-
ficulty in maintaining thyroid function during pregnancy.

The spectrum of thyroid disorders that may affect
pregnant women spans the functional gamut from hypo-
thyroidism to hyperthyroidism. Euthyroid pregnant
women may exhibit a number of nonspecific signs that
mimic those of thyroid dysfunction, which makes clinical
diagnosis difficult. For example, pregnant women experi-
ence progressive fatigue and de facto weight gain, which
may mask underlying thyroid hypofunction. In addition,
euthyroid pregnant women may manifest mild tachycar-
dia, an increase in cardiac output, and a widened pulse
pressure, signs of a hyperdynamic state that are also com-
mon to hyperthyroidism.

An understanding of the normal physiologic processes
of the thyroid gland during pregnancy facilitates the
understanding of pathologic processes in pregnancy.

MATERNAL THYROID PHYSIOLOGY

During pregnancy, maternal thyroid function is modulated
by three independent but interrelated factors (Table 7–1)1,2:
(1) an increase in human chorionic gonadotropin (hCG)
concentrations that stimulate the thyroid gland3;

(2) significant increases in urinary iodide excretion, result-
ing in a fall in plasma iodine concentrations; and (3) an
increase in thyroxine-binding globulin (TBG) during the
first trimester, resulting in increased binding of thyroxine
(T4). In the aggregate, these factors may be responsible for
the increased thyroid demand, or thyroid “strain,” observed
during pregnancy.

Human Chorionic Gonadotropin

The complex hormonal and metabolic changes that follow
conception help ensure the continuation of pregnancy.
There is a constant hormonal interplay among fetus,
mother, and placenta with regard to steroid production in
fetal adrenals and gonads, as well as polypeptide hormones
produced by the fetal pituitary gland and the placenta.
Concentrations of hCG increase rapidly after implantation,
ensuring sufficient progesterone concentrations to main-
tain the pregnancy until placental production is adequate.

hCG is a peptide hormone responsible for the produc-
tion of adequate concentrations of progesterone early in
gestation, until progesterone production by the developing
placenta is sufficient to fulfill that function. Thus, hCG
concentrations increase dramatically during the first
trimester of pregnancy and plateau gradually thereafter.
The hCG peptide exhibits structural similarity to thyroid-
stimulating hormone (TSH), composed of an α chain and
a β chain. Whereas the molecules of the β chains of the two
substances differ, the α chain of hCG is identical to that
of TSH. This partial structural homology anticipates at least
a partial overlap in function, and it has been established
that hCG does possess intrinsic, weak thyroid-stimulating
activity. In addition, homology exists between the TSH and
luteinizing hormone/hCG receptors.

TSH levels fall predictably during the first trimester,
paralleling, in a reciprocal manner, the concomitant rise
in hCG (Fig. 7–1). The overall effect of hCG on the degree
of thyroid stimulation and TSH suppression reflects an



integration of both the amplitude and the duration of the
hCG peak. Despite hCG-mediated stimulation of the thy-
roid gland, free (unbound) serum hormone concentrations
generally remain within, or slightly above, the normal
range during the first trimester. The stimulatory effects of
hCG on normal pregnancy are not significant and are
normally confined to the first half of pregnancy. In certain
pathologic conditions, however, including hyperemesis
gravidarum and trophoblastic tumors, hCG concentrations
may increase into the range sufficient to induce biochemical
hyperthyroidism.

Iodine Excretion during Pregnancy

The increase in glomerular filtration rate associated with
pregnancy results in a sustained rise in the renal clearance
of iodine, beginning early in pregnancy. This is a major
factor in the decreased plasma inorganic iodine concen-
tration that occurs during pregnancy.4 The thyroid gland
compensates by enlarging and by increasing the plasma
clearance of iodine to produce sufficient thyroid hormone
to maintain the euthyroid state. Whether subsequent
development of a goiter ensues depends on the plasma
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↑ β–human chorionic gonadotropin
↑ Urinary iodide excretion
↑ Thyroxine-binding globulin

TABLE 7–1 Factors Affecting Maternal
Thyroid Function

concentration of inorganic iodide, because thyroid volume
varies as a function of iodine intake.1,5

Numerous studies have evaluated changes in maternal
thyroid size and function during pregnancy, in settings of
varying iodine sufficiency. In geographic regions of relative
iodine deficiency,6 studies have documented an increased
prevalence of pregnancy-associated goiter. For example,
Glinoer and associates observed an 18% increase in thyroid
volume during pregnancy in iodine-deficient Belgium.7
A follow-up randomized intervention study was performed,
in which pregnant women were treated with placebo, with
100 μg of potassium iodide, or with 100 μg of iodide in
addition to 100 μg of L-thyroxine daily.8 A 30% increase in
thyroid volume was seen in the placebo recipients, in com-
parison with a 15% increase in thyroid volume in the patients
taking iodide. The patients receiving both L-thyroxine and
potassium iodide therapy manifested the smallest change
in thyroid volume, an increase of only 8%.

In a large study of 606 pregnant women in an area of
marginal iodine intake (50 to 75 μg/day), ultrasonographi-
cally determined thyroid volume increased by an average
increment of 20%.7 A cross-sectional study in Scotland, an
area of relative iodine deficiency, diagnosed goiter in 70%
of pregnant women, in contrast to 38% of nonpregnant
women.9 Goiters were also found in 39% of nulliparous
women and 35% of nonpregnant parous women, which
suggests that previous pregnancies did not affect the inci-
dence of goiter. The investigators repeated the study in
Iceland under the same experimental conditions. In this
iodine-replete setting, they noted no increase in goiter
during pregnancy,10 inasmuch as goiter was found in 19%
of nonpregnant and 23% of pregnant Icelandic women.
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A prospective study in the iodine-replete Netherlands also
failed to demonstrate a significant change in thyroid volume
or size during pregnancy.11

These studies provide ample evidence that thyroid vol-
ume increases during pregnancy in regions of moderate or
marginal iodine intake, whereas no significant changes in
thyroid size or volume occur in iodine-replete conditions.
Intervention studies suggest that thyroid enlargement
during pregnancy is a physiologic, compensatory adapta-
tion to the increased demands for iodine associated with
pregnancy.

Iodine-deficiency goiter is unlikely to occur at a plasma
iodine concentration above 0.08 μg/dL.12 In many regions
of Europe, the plasma inorganic iodine concentration
ranges from 0.10 to 0.15 μg/dL and during pregnancy
may fall below 0.08 μg/dL.13 In residents of North
America and Iceland, in contrast, the plasma inorganic
iodine concentration is approximately 0.30 μg/dL and
remains above 0.08 μg/dL, even during pregnancy.

An iodine balance study in the United States revealed no
difference between pregnant and nonpregnant women.14

Despite the fact that pregnant women in North America
manifest increased renal clearance of iodine, ample dietary
intake prevents excess iodine loss. Iodized salt should be
sufficient to supply the intake of 200 μg of iodine needed
during pregnancy, and the iodine in most prenatal vitamin
supplements ensures an adequate intake.15 In areas of 
marginal iodine intake (i.e., 50 μg/day), supplementary
iodine (160 μg/day) given to pregnant women reduced
neonatal goiter from 33% to 7%.16 An excessive iodine intake
because of unusual dietary practices (e.g., 2000 μg/day)
may cause difficulties for both mother and child and is 

discussed later.

Thyroxine-Binding Globulin

As noted previously, an increase in TBG, resulting in
increased binding of T4, is a third modulating factor that
influences thyroid function during pregnancy. It is dis-
cussed in further detail later.

DETERMINATION OF
THYROID FUNCTION IN PREGNANCY

The physiologic hormonal changes and alterations in
metabolic demand that occur in the pregnant woman
complicate the determination of thyroid function. The
same changes make the clinical diagnosis of thyroid dis-
ease difficult and increase the reliance on laboratory
determinations.

Basal Metabolic Rate

Before the development of accurate biochemical determi-
nations of thyroid function, basal metabolic rate was
monitored as a reflection of overall thyroid function. Early
studies indicated that the basal metabolic rate was elevated
in pregnant women, increasing 15% to 20% by the eighth
month of pregnancy. Under scrupulous basal conditions,

it was demonstrated that the uterus and its contents could
account for 70% to 80% of the rise in oxygen consumption
above those of nonpregnant values. Although clinical lab-
oratory tests are now the standard method of appraisal of
thyroid function, a true basal metabolic rate is still a good
indicator of integrated thyroid function.

Thyroxine-Binding Globulin

Thyroid hormone transport in serum is accomplished by
three thyroid hormone transport proteins: TBG, albumin,
and transthyretin (T4-binding prealbumin). TBG is the
least abundant of the three transport proteins, although it
binds T4 with the highest affinity.17 In nonpregnant patients,
approximately two thirds of serum T4 is bound by TBG. In
steady-state conditions, the bound hormone fraction is in
equilibrium with the unbound (free) fraction.

During pregnancy, TBG concentrations rise to about
twice normal values, a direct result of the increased estro-
gen levels. Estrogens stimulate hepatic synthesis of TBG
and cause a fall in transthyretin-binding capacity, increas-
ing the fraction of serum T4 bound to TBG.18,19 Thus, the
proportion of circulating T4 bound to TBG may be in
excess of 75% throughout pregnancy. Estrogens also pro-
long the circulatory half-life of TBG by stimulating
increased TBG sialylation. The integrated result of these
effects is an increase in serum TBG concentrations, and
pregnancy is considered a state of TBG excess.

TBG concentration can be measured directly by radio-
immunoassay20 and has a normal range of 12 to 30 μg/L,
which increases to 30 to 50 μg/L during pregnancy.21 TBG
has a normal binding capacity that ranges from 19 to
30 μg/dL of T4 and increases to 40 to 60 μg/dL of T4 during
pregnancy.22 TBG has a greater affinity for T4 and actually
binds more T4 in vivo than does transthyretin, although
the latter has a greater overall binding capacity for T4. 
Of note, TBG binds T4 more tightly than 3,5,3′-
triiodothyronine (T3), and this difference in affinity is the
basis for the resin T3 uptake test.

In a study of patients with partial or total TBG defi-
ciency,19 no significant changes in TBG concentration
were noted during pregnancy. In keeping with this find-
ing, there were also no significant changes in thyroid
function in these patients; that is, the increase in serum T4
that occurs during normal pregnancy is a direct compen-
sation for a concomitant rise in TBG. Conversely, ade-
quate amounts of thyroid hormone must be produced in
order to maintain normal thyroid function in the pres-
ence of increased binding.

In one large study of 606 women, serum T3 and T4 con-
centrations during pregnancy did not increase as much as
would be predicted from the increase in serum TBG.7 This
relative hypothyroxinemia was accompanied by a serum
TSH concentration that was increased, although well
within the normal range. The question arises as to
whether changes in other binding proteins must be con-
sidered when TBG saturation is studied.23

In addition to changes in TBG concentration, mutations
in the transthyretin and the albumin genes may alter T4/T3
binding.24 The most frequent disorder, familial dysalbu-
minemic hyperthyroxinemia, is the result of a mutation in
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the albumin gene, in which affinity for T4 but not T3 is
increased. The total serum T4 concentration is elevated,
whereas the serum T3 and TSH concentrations are normal.
The resin method does not accurately determine serum
free T4 concentration in these patients.

Total Serum Thyroxine and
Triiodothyronine

Radioimmunoassays measure the total T4 and T3 content
in the serum, and these measurements are elevated in
pregnancy because of increased thyroid hormone binding
to TBG. It is estimated that serum T4 concentrations
increase by 1% to 3% per day over the trimester to com-
pensate for the aforementioned increase in TBG.7 Serum
T4 and T3 concentrations rise significantly in early preg-
nancy, and T4 concentrations rise sharply between 6 and
12 weeks of pregnancy, stabilizing by midpregnancy. In
areas of iodine sufficiency, T4 and TBG concentrations rise
in tandem. The rise in serum T3 is more gradual, although
it also stabilizes at approximately 20 weeks of pregnancy.17

Once midpregnancy plateaus have been reached, serum
T4 and T3 concentrations remain elevated throughout preg-
nancy, returning to normal shortly after delivery.25–27

Free Thyroid Hormone

The unbound (free) fraction of thyroid hormone is meta-
bolically active.28 Only a small fraction of the total thyroid
hormone is unbound: less than 0.05% of the circulating
T4 and less than 0.5% of the circulating T3. Despite an
increase in total T4 and T3 during pregnancy, free thyroid
hormone concentrations generally remain within the nor-
mal range for nonpregnant women.29-31 However, in areas
of marginal iodine intake, mean serum free T4 and T3 con-
centrations may decrease, which is suggestive of relative
hypothyroxinemia.7

Equilibrium dialysis is considered the “gold standard”
reference method of measuring free thyroid hormone
concentrations. Because of the expense and the laborious
nature of the assay, many commercially available meas-
urements of free thyroid hormone rely on indirect calcu-
lations, which may not be reliable in pregnancy. The most
common measure of unbound thyroid hormone is the
free T4 index, an arithmetic product of the total serum T4
determination and a measure of thyroid hormone bind-
ing.32 Of note, many of the binding methods that are used
underestimate the large increases in TBG concentration
that may occur during pregnancy, resulting in falsely high
free T4 index values in some euthyroid pregnant women.33

Direct measurement of free thyroid hormones with
radioimmunoassays is now available, but there is signifi-
cant variability among the different tests, which may also
be influenced by the presence of elevated concentrations
of TBG. If a discrepancy arises, evaluation of the free T4 val-
ues in the context of the total T4 and ultrasensitive TSH
measurement may help clarify the situation.

When accurate measurements of serum free T4 and free
T3 concentrations are used, most thyrotoxic women have
elevated values, women with mild hypothyroidism have
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low-normal free T4 values, and women with moderate to
severe hypothyroidism have low serum free T4 values.
Serum free T3 concentrations may remain within the nor-
mal range in the patients with severe hypothyroidism as a
result of increased T4-to-T3 conversion in this setting.
Diagnostic accuracy declines with the use of less accurate
methods of detection, such as the T4 index.

Thyroxine Production and Metabolism

Free thyroid hormones exert their effect by binding to
nuclear receptors and initiating new protein synthesis. In
the steady state, T4 degradation is a reflective measure of
thyroid hormone production. Degradation can be meas-
ured with radioisotope-labeled T4, although the use of
radioisotopes is contraindicated in pregnancy. In the pres-
ence of an estimated volume of distribution of 10 L and a
normal serum T4 of 8 μg/dL, the entire thyroidal pool of
T4 is approximately 800 μg. T4 has a half-life of 6 to 8 days
in the serum of a euthyroid nonpregnant adult, which
results in a fractional turnover of approximately 10% per
day. Therefore, approximately 10% of the extrathyroidal
pool of T4, or approximately 80 μg, turns over per day.
Thus, in a steady state, 80 μg of T4 is produced daily to
maintain euthyroid status.

Peripheral metabolism of thyroid hormones in human
tissues is accomplished by three deiodinase enzymes:
types I, II, and III (Fig. 7–2). Both type II and type III deio-
dinase are expressed in the placenta, whereas type I is not.

Outer ring deiodination of T4 by type I deiodinase is
responsible for the production of the majority of circulating
T3, whereas inner ring deiodination produces reverse
T3 (rT3). Levels of both T3 and rT3 may be elevated in preg-
nancy in proportion to the increase in serum T4. There is
no direct evidence for up-regulation of type I deiodinase
activity in pregnancy.34-36

Type II deiodinase acts on the outer ring to produce
T3, and its preferential substrates are T4 and rT3. There is

Figure 7–2. Thyroxine (T4) concentrations during gestation.
(Adapted from Burrow GN, Fisher DA, Larsen PR: Maternal and
fetal thyroid function. N Engl J Med 1994;331:1072. Copyright
1994 Massachusetts Medical Society. All rights reserved.)



evidence of type II deiodinase expression by the placenta,
and it plays an important role in maintenance of local
T3 production. In the setting of relative maternal hypo-
thyroxinemia,37 the activity of type II deiodinase increases,
ensuring adequate availability of T3 for the developing fetus.

Type III deiodinase converts T4 to rT3 and T3 to diiodo-
thyronine (T2). It, too, is highly expressed at many maternal-
fetal interfaces, including the placenta, fetal epithelium, and
fetal endothelium.38 Type III deiodinase is integral to mod-
ulation of fetal thyroid status and may be responsible for
the low concentrations of T3 and high concentrations of rT3
typically seen in fetal thyroid hormone metabolism.

When TBG capacity is increased by estrogen administra-
tion, the fractional rate of T4 turnover decreases, although
the absolute rate of thyroid hormone disposal is unchanged
because of increases in total serum T4 concentration.39 In
one study, net T4 turnover and, presumably, thyroid hor-
mone requirements were unchanged in normal human
pregnancy.40 Net T4 turnover was 90 μg/day in the non-
pregnant woman and 97 μg/day in the pregnant woman.
The two values were identical when expressed as the daily
turnover per square meter of body surface. These findings
are for one period in pregnancy, but because of necessary
restrictions on the use of radioisotopes in pregnant woman,
further data will not be available. Increased T4 turnover has
been reported during pregnancy in monkeys.

Triiodothyronine Sulfate

Studies indicate that sulfation of iodothyronines plays a
significant role in thyroid hormone metabolism. Despite
the fact that T3 sulfate circulates bound to TBG, values are
in the low-normal range in pregnant women. T3 is not an
active hormone, as it binds poorly to nuclear receptors.
However, if an active T3 or T4 sulfatase were present, T3 or T4
sulfate could serve as an active hormone.

The reason why the serum T3 sulfate concentration is
not increased in pregnancy is unclear. Factors such as
decreased production, increased clearance, or increased
fetal transfer may play a role singly or in combination.
The elevated serum T3 sulfate concentration in the
neonate may reflect increased production or decreased
metabolism by fetal tissue. In any case, the values repre-
sent another example of the changes in thyroid hormone
metabolism that occur in pregnancy.

Determination of Serum
Thyroid-Stimulating Hormone

The current availability of specific, ultrasensitive, third-
generation immunoradiometric assays of serum TSH has
brought clarity to the study of TSH values during preg-
nancy.32,33 These assays can accurately detect TSH values
as low as 0.002 mU/L, and their widespread institution
into clinical laboratory usage enables the distinction of
normal pregnant women from pregnant women with thy-
rotoxicosis, because the latter manifest truly suppressed
TSH concentrations. For example, during the first
trimester, rising concentrations of hCG effect a mild,
reciprocal depression in serum TSH concentrations as
a result of the intrinsic thyroid-stimulating activity of

hCG (see Fig. 7–1). The TSH values in these patients are
typically not fully suppressed, and TSH values recover and
remain well within the normal range during the remainder
of a normal pregnancy.29,41

Thus, although more expensive than T4 determinations,
the sensitive TSH determination is the best measure of
thyroid function in pregnancy.42

Radioactive Iodine Uptake

Administration of radioactive iodine to a pregnant
woman is contraindicated because of the potentially
harmful effects of radiation on the fetus. Whether there is
a threshold dose for radiation effects is not clear, and all
radiation to the fetus should be regarded as harmful.43

However, early studies in pregnant women, performed in
the 1950s, revealed that three of five women had an elevated
radioactive iodine thyroid uptake at 12 weeks of pregnancy.44

A second study showed similar results, with increased iodine
isotope 131I uptakes documented at 12, 24, and 36 weeks of
pregnancy, as well as 1 week post partum. The radioactive
iodine uptake returned to normal by 6 weeks post partum.
The reasons for this elevation in radioactive iodine thyroid
uptake are clear: Thyroid radioiodine uptake depends on
both thyroid-stimulating activity and the size of the iodine
pool. Thyroid-stimulating activity is enhanced during
pregnancy, particularly during the first trimester. In addi-
tion, plasma inorganic iodine concentrations decline during
pregnancy as a result of an increase in glomerular filtration
rate. In response to a decrease in size of the iodine pool,
there is an increase in thyroid clearance of iodine. Therefore,
radioactive iodine thyroid uptake is elevated in pregnancy
as a result of both enhanced thyroid-stimulating activity
and increased thyroid clearance of iodine.

Urinary excretion of radioactive iodine is also useful as an
indirect reflection of thyroid uptake. Indeed, in 22 women
in the third trimester, the mean urinary excretion of radio-
iodine was in the range between normal and thyrotoxic val-
ues.44 However, this method does not distinguish maternal
and fetal thyroid uptake.

Hypothalamic-Pituitary-Thyroid Axis

TSH secretion by the pituitary stimulates thyroid hormone
secretion. TSH secretion itself is suppressed by increasing
concentrations of circulating thyroid hormone. Thyroid
function is therefore an example of the classic negative
feedback mechanism. The level of thyroid hormone—
particularly pituitary T3—at which TSH secretion is inhib-
ited is determined by thyrotropin-releasing hormone (TRH),
a tripeptide, L-pyroglutamyl-L-histidyl-L-proline amide. This
hypothalamic releasing hormone determines the set point
at which circulating thyroid hormone suppresses TSH
secretion by the pituitary gland.

There are conflicting reports about the responsiveness
of the hypothalamic-pituitary-thyroid axis during preg-
nancy. Early studies of thyroid-pituitary suppressibility
during pregnancy were performed with a T3 suppression test.
Pregnant women in the second and third trimesters under-
went T3 suppression with 75 to 125 μg T3 daily for 7 days.
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Thyroid uptake of 131I was suppressed to the same extent
in pregnant women as in nonpregnant women after expo-
sure to T3.45 The increase in 131I uptake with administration
of TSH was also similar in pregnant and nonpregnant
women. Serum protein-bound iodine values, reflective of
thyroid hormone suppression, fell more than 1 μg/dL at
all time periods studied, but more T3 was needed to lower
the serum protein-bound iodine concentration in the latter
months of pregnancy. In addition, some patients failed to
suppress T3, regardless of the dose. Thus, overall, 131I uptake
appears to be normally responsive to thyroid hormone
suppression during pregnancy, but the serum protein-
bound iodine concentration is not. This apparent lack of
responsiveness may result in part from the increase in
TBG during pregnancy.

Burrow and colleagues administered TRH to patients
in different stages of pregnancy who were to undergo
therapeutic abortion.46 Women in the 16th to 20th weeks
of pregnancy had an increased TSH response to TRH in
comparison with patients in the 6th to 12th weeks of preg-
nancy. This increase may have been an estrogen-mediated
effect, because nonpregnant women taking oral contra-
ceptive steroids showed a comparable increase in TSH
response to TRH. Other investigators, however, have not
found an increased TSH response to TRH in pregnant
women.47-49 The discrepancies in these findings may arise
from differences in iodine sufficiency among the subjects
studied; that is, the failure to find an increase in the TSH
response to TRH may be attributable to iodine deficiency,50

although the mechanism is not clear.
TRH has been shown to cross the placenta and stimulate

the fetal pituitary gland in animal studies.51 TRH activity
was found in the human placenta, and lower levels of
TRH-degrading activity were found in both cord and
maternal sera52 than in sera from euthyroid nonpregnant
adults. All these data suggest that TRH may play a role in
the modulation of thyroid function during pregnancy.
However, fetal pituitary TSH secretion appears to be con-
trolled independently of both the maternal and the fetal
hypothalamus.

FETAL THYROID FUNCTION

The fetal thyroid gland and hypothalamic-pituitary-thyroid
axis develop and mature throughout gestation (Table 7–2).
Fetal TSH and T4 are first detectable at 10 weeks’ gestation.
Before the fetal thyroid gland is able to produce sufficient
amounts of endogenous hormone, the maternal thyroid
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Weeks 7-9 Thyroid gland begins forming
Week 10 TSH and T4 detectable

Thyroid follicles detectable
Week 17 Structural maturity of thyroid gland
Week 20 Types II and III deiodinases present
Weeks 18-40 Maturation of TRH production, fetal pituitary 

function, and fetal thyroid response to 
TSH stimulation

T4, thyroxine; TRH, thyrotropin-releasing hormone; TSH, thyroid-stimulating
hormone.

TABLE 7–2 Maturation of Fetal Thyroid Function

gland provides all thyroid hormone necessary for fetal
development. In the setting of maternal hypothyroxinemia,
this early dependence on maternal thyroid hormone pro-
duction exposes the fetus to potential risks.

Ontogenesis of Fetal Thyroid Function

The fetal thyroid gland forms during weeks 7 to 9 of ges-
tation, originating as an epithelial proliferation in the
floor of the pharynx at the site of the foramen caecum lin-
guae.53 The gland descends into the neck, attached to the
thyroglossal duct, and reaches its final position by week 9.
At this point, the thyroid is a bilobed structure with the
lobes connected by the isthmus, but structural maturity
of the gland is not achieved until week 17.

Control of the fetal thyroid system develops through
maturation of the hypothalamic-pituitary-thyroid axis.54-56

Maturation of hypothalamic TRH production and pitu-
itary portal function occurs between weeks 18 and 40 of
gestation. Extrahypothalamic tissues, such as the placenta,
fetal pancreas, and fetal gastrointestinal tissues support
TRH production before hypothalamic maturation.57

Serum TSH is detectable in fetal serum as early as week 10,
although levels remain relatively low until about week 18.
Fetal serum TSH concentrations increase in parallel with
increasing concentrations of TRH. Between weeks 18 and
28, TSH levels increase up to 15 μU/mL and then fall to
approximately 10 μU/mL near term.58 At birth, the exposure
of the neonate to the cold extrauterine environment stimu-
lates an acute surge of TSH release that results in increased
secretion of thyroid hormones.

Fetal thyroid follicles and T4 synthesis are first demon-
strable approximately 10 weeks after conception. Immaturity
of the negative feedback system is implied by increased
TSH secretion despite higher serum free T4 concentrations.
The biosynthetic process is also immature at this point. As
the thyroid gland matures, the secretory response to stimu-
lation with TSH matures as well. In a study of normal
fetuses between 12 and 37 weeks’ gestation,59,60 with blood
obtained via cordocentesis (ultrasonographically guided
blood sampling from the umbilical cord), fetal serum
TSH, TBG, and total free T4 and T3 were found to increase
significantly with the length of gestation. However, the pre-
dicted rise and fall of serum TSH between 18 and 28 weeks
was not seen.

Fetal pituitary control of thyroid function may com-
mence as early as 12 weeks’ gestation but does not mature
until midgestation. As the hypothalamic-pituitary-
thyroidal axis develops, elevated levels of TSH may be found
in the presence of elevated serum free T4, reflecting early
immaturity of the negative feedback system. After
midgestation, elevations in fetal TSH result in appropri-
ate, coincident increases in fetal serum T4 concentrations.
T4 levels increase from 2 to 3 μg/dL at 10 weeks to 10 μg/dL
at 30 weeks (Fig. 7–3). Progressive, incremental increases in
serum free T4 parallel the increases in total serum T4 con-
centrations. Second trimester increases in fetal serum TSH,
TBG, T4, and T3 concentrations are thought to reflect mat-
uration of the pituitary gland, liver, and thyroid gland,
respectively. As gestation progresses, the increase in thyroid
hormone probably reflects the functional thyroid matu-
ration and increasing serum TBG.



The discovery that anencephalic fetuses have the ability
to synthesize iodotyrosines was initially cited as evidence
that TSH is not necessary for thyroid hormone production.
However, careful studies suggest that pituitary tissue is usu-
ally present in these fetuses despite absence of the hypo-
thalamus. In fact, it was demonstrated that anencephalic
fetuses have a hyperresponse of TSH to TRH.61

The ontogeny of the three deiodinases (see Fig. 7–2) that
catalyze the progressive deiodination of T4 varies in the
fetus. Type I deiodinase does not appear until late in ges-
tation, whereas type II and type III deiodinases are present
at midgestation.62 As noted earlier, regulation of fetal
exposure to maternal thyroid hormones may be effected
by type II and type III deiodinase activity present in pla-
cental tissue. This may help with local conversion of T4 to
T3, T4 to rT3, and T3 to T2, in addition to providing a source
of iodine for the fetus. rT3 is the predominant fetal metabo-
lite of T4, produced by inner ring deiodination of T4 by type
III deiodinase. The rT3 concentration in fetal serum is three
times the maternal serum concentration.63

Activity levels of the three deiodinases are modulated
by the hormonal milieu. In the hypothyroid fetus, activity
of the type I and type III deiodinases is decreased, whereas
activity of the type II deiodinase, in placenta, brain, and
other tissues, is enhanced. These changes favor shunting of
T4 to brain tissues, where deiodination to T3 is increased,
the local concentration of T3 is increased, and T3 degrada-
tion is decreased. Because of these adaptive responses,
even limited transfer of maternal thyroid hormone to the
fetus may be sufficient to protect brain maturation.62

Maternal Contribution

The maternal thyroid gland provides all thyroid hormone
necessary for fetal development until the fetal thyroid
gland is able to produce sufficient amounts of endoge-
nous hormone. Investigations into the effects of maternal
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T4 CONCENTRATIONS DURING GESTATION thyroid status on pregnancy outcome suggest that there
are perinatal consequences of maternal hypothyroxinemia
during pregnancy, including effects on fetal neuropsycho-
logic development. Past studies have demonstrated that
maternal thyroid hormone transfer to the fetus occurs
but is limited. Measurements of cord-serum total T4 con-
centrations in the athyreotic fetus reveal T4 levels that are
approximately 30% of those found in a normal fetus. This
finding supports transfer of maternal thyroid hormone to
the fetus throughout pregnancy.64

Placental Transfer of Thyroid Hormone

The ability of an agent to affect fetal thyroid function is
dependent on its ability to cross the placental barrier.
Likewise, any effect of maternal thyroid hormone on the
fetus must depend on placental transfer.

How effectively T3 and T4 cross the placenta is contro-
versial. Early studies, in which radioisotopes were used in
pregnant women at term or before pregnancy termination
between 11 and 26 weeks, suggested that limited transfer of
thyroid hormones occurred across the placenta. However,
only serum-precipitable radioactivity was measured. Studies
have also been performed in which women at term were
infused with large doses of T4. These studies have limita-
tions, however, inasmuch as placental transfer of thyroid
hormone may change with duration of pregnancy and
aging of the placenta.

The amniotic cavity containing the developing embryo
is surrounded by the extraembryonic coelomic fluid,
which is in turn surrounded by the placenta.65 T4 concen-
tration in the coelomic fluid at 6 to 12 weeks is low but
varies directly with the maternal serum T4 concentration.
In a study of fetuses up to midgestation, concentrations
of total T4 in fetal compartments (coelomic fluid, amni-
otic fluid and fetal blood) were documented as low as 1%
of maternal concentrations, although fetal compartment
free T4 concentrations consistently reached values up to
one third of those in maternal blood.66

During the second and third trimesters, there are
marked maternal-to-fetal gradients of free T4 and T3. T3
appears to cross more easily than T4; however, fetal serum
T3 concentrations are normally low. The available evi-
dence suggests that thyroid hormone transfer across the
placenta reaches the fetus, but not in adequate amounts.
A study of antenatal diagnosis and treatment of fetal
goitrous hypothyroidism successfully employed intraam-
niotic injections of T4 at a dosage of 10 μg/kg/day every
7 days. Investigators documented improvement in the
fetal goiter with intraamniotic T4 therapy.67

In a study of 25 neonates born with a complete organ-
ification defect and whose mothers also had a complete
organification defect, the amount of maternal transfer of
physiologic amounts of administered T4 was examined.64

The serum T4 concentration at birth in the affected
neonates was 20% to 50% (35 to 70 nmol/L versus 80 to
170 nmol/L) that of normal neonates. The serum T4 con-
centration in these infants reflected placental transfer of
maternal thyroid hormone. This transfer may be inade-
quate for inducing euthyroidism in the fetus. Whether it
can ensure T3 concentrations in the fetal brain adequate
to promote psychoneurologic development remains to be
determined.

Figure 7–3. Peripheral metabolism of thyroid hormone.



Animal studies suggest that it may be possible to modify
the structure of the thyroid hormone molecule to increase
placental transfer. Placental transfer depends on molecular
weight, protein binding, and lipid solubility.68 We found that
dimethyl-isopropyl thyronine (DIMIT), a nonhalogenated
thyroid hormone analog, is 20 times as effective as T4 in
preventing fetal rat goiter without inducing maternal thy-
rotoxicosis.69 DIMIT is smaller, more lipid soluble, and less
tightly protein bound than T4.

Amniotic Fluid

The accessibility of the amniotic fluid compartment via
amniocentesis in pregnant women has led to an interest
in TSH and thyroid hormone concentrations in amniotic
fluid. Whereas TSH has been difficult to detect in amniotic
fluid and results have been unreliable,62 thyroid hormone
concentrations, and their iodothyronine metabolites, have
been measured (see Fig. 7–3). Amniotic fluid iodothyronine
concentrations reflect both maternal and fetal metabo-
lism.70 Maternal iodothyronines in amniotic fluid can enter
the fetal circulation. In late gestation, this appears to be
accomplished by fetal swallowing of amniotic fluid.

The pattern of iodothyronines in amniotic fluid reflects
a predominance of type III deiodinase activity in fetal and
placental tissue, although significant type II deiodinase
activity may be demonstrated as well. As described earlier,
type III deiodinase catalyzes the inner ring monodeiodina-
tion of T4 to rT3 and of T3 to T2. Type II deiodinase catalyzes
outer ring deiodination, converting T4 to T3 and rT3 to T2.

rT3, T4, and their sulfated conjugates account for more
than 95% of thyroid hormones in amniotic fluid. The
majority of the T3 in amniotic fluid is generated from
outer ring monodeiodination of T4 by type II deiodinase.
Reverse T3 concentrations are markedly increased in the
amniotic fluid, reaching peak levels at 17 to 20 weeks, again
reflecting an increase in 5′-iodothyronine monodeiodinase
activity in the fetal compartment. rT3 has minimal biologic
activity. Throughout the course of gestation, amniotic
T3 concentrations decrease progressively, whereas T4 con-
centrations increase. At term, T4 concentrations in amniotic
fluid are approximately 0.6 μg/dL lower than those in
maternal or fetal serum.62

The question has been raised as to whether the amount
of thyroid hormone transferred is physiologically signifi-
cant, particularly early in pregnancy.71,72 As mentioned
earlier, one study measured TSH and thyroid hormone
levels in maternal blood (maternal compartment), as well
as in coelomic fluid, amniotic fluid, and fetal blood (fetal
compartments), in order to evaluate fetal tissue exposure
to maternal thyroid hormones up to midgestation.66 It was
revealed that the concentrations of total T4 in the fetal
compartments were as low as 1% of maternal concentra-
tions. Interestingly, however, free T4 concentrations in the
fetal and maternal compartments were more similar: Fetal
fluid free T4 concentrations reached values up to one third
of maternal concentrations. This suggests that fetal tissues
are exposed to biologically relevant concentrations of free
T4 during the first trimester. Fetal free T4 concentrations are
determined by maternal T4 and free T4 concentrations, as
well as by available concentrations of thyroid hormone–
binding proteins. Thus, maternal hypothyroxinemia

would directly affect the thyroid status of the developing
fetus, resulting in relative hypothyroxinemia and poten-
tially resulting in adverse developmental effects.

Despite insights into the importance of thyroid hor-
mone for normal fetal development, the specific role of
thyroid hormone in development remains unclear.73 Fetal
tissues appear to be exposed to biologically relevant
concentrations of free T4 during early gestation, the result
of transfer of maternal thyroid hormone to the fetus.
T3 receptors have been documented in the brain at early
stages of fetal development. Adequate maternal serum
T4 concentrations are thus important for the provision of
adequate substrate to the fetus. Conversion of T4 to T3 in
the fetal brain is accomplished by the activity of the
5′D-II isoform of iodothyronine deiodinase.74 In rat studies,
17.5% of T4 in fetal tissues of near-term rats came from the
mother, which is evidence of the continued importance of
maternal serum T4 transfer throughout gestation.75

Whether the rat model is directly applicable to pregnant
humans is not clear.

Detection of Fetal Thyroid Dysfunction

In a fetus at risk for thyroid dysfunction, surveillance
with ultrasonography may be performed, directed at
detecting the presence of fetal goiter. This is of clinical rel-
evance, because fetal goiter may result in local airway
compromise during delivery. Measurement of maternal
serum levels of thyroid-stimulating immunoglobulins,
TSH-receptor blocking antibodies, or TSH-binding
inhibitory immunoglobulins (TBII) may also be useful in
predicting development of fetal thyroid disorders. For
example, one study suggests that the fetus is at risk for
hypothyroidism if TBII results show inhibition of TSH
binding of 50-fold or greater.76 Likewise, if the TBII value is
greater than 30%, or if the thyroid-stimulating immunoglob-
ulin concentration is in excess of 300%, the fetus is at
increased risk for hyperthyroidism.77

Iodothyronine concentrations in amniotic fluid sur-
rounding fetuses with congenital hypothyroidism predom-
inantly reflect maternal thyroid function. Percutaneous
umbilical cord sampling (cordocentesis) is currently the
most reliable means to determine fetal thyroid status and
may be used to evaluate fetuses at risk for thyroid dysfunc-
tion.78,79 For example, amniotic fluid rT3 concentrations
were measured in a fetus whose mother had inadvertently
received a therapeutic dose of 131I at 10 to 11 weeks’ gesta-
tion. This dose would be expected to abolish fetal thyroid
function. The amniotic fluid rT3 concentration was normal
at first measurement, and the fetus was treated with an
intraamniotic injection of T4. Investigators documented
a rise in amniotic fluid rT3 concentrations after the T4 injec-
tion, which was suggestive of preservation of function of
placental deiodinases. The neonate was euthyroid at
birth.80 Another study employed intraamniotic injections
of T4 in the treatment of fetal goitrous hypothyroidism.67

Fetal plasma T3 sulfate concentrations have been found to
be normal in fetal hypothyroidism, and T3 sulfate may
help attenuate the effect of hypothyroidism during
intrauterine life, perhaps functioning as a local source of
T3 in tissues containing T3 sulfatase.62,81
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Neonatal Thyroid Function

As noted previously, at birth, the fetus emerges in the cold
extrauterine world, which stimulates an acute release of
TSH from the pituitary gland that peaks 30 minutes post
partum. TSH levels decrease rapidly during the first
24 hours after birth and more gradually over the next 2 days
(Fig. 7–4).82 The TSH surge elicits increased secretion of
thyroid hormones, and, as a result, total and free T4 con-
centrations are increased at birth. rT3 concentrations are
also elevated at birth. In contrast, serum T3 concentra-
tions are low at birth and increase dramatically thereafter.
Part of the neonatal increase in T3 appears to be TSH
independent and may be attributed to the rapidly increas-
ing capacity of neonatal tissues to monodeiodinate T4 to
T3. This capacity is reflected in the progressively changing
serum T3/T4 and rT3/T4 ratios between 30 weeks’ gesta-
tion and the first postnatal month.83

Preterm infants exhibit a decreased TSH response at
parturition, which reflects persistent immaturity of the
hypothalamic-pituitary-thyroid axis. Although serum T4
concentration increases during the first few weeks of life,
it remains lower than that found in full-term infants. All
neonates exhibit elevated radioactive iodine thyroid
uptake as early as 10 hours post partum. This increased
uptake reaches a peak by the second day and drops to
adult normal limits by the fifth day post partum. Iodide
kinetic studies suggest that the plasma inorganic iodine
and iodine pool are increased, as is the absolute amount
of iodide taken up by the thyroid gland.84 The factors

responsible for this stimulation of iodide transport are
unknown.

MATERNAL THYROTOXICOSIS

Cause

Thyrotoxicosis occurs in approximately 2 of every 1000
pregnancies.85,86 Small studies suggest that hyper-
thyroidism during pregnancy appears to be associated
with a significant increase in the frequency of delivery of
infants with low birth weight and a slight increase in the
neonatal mortality rate.77 The differential diagnosis of
hyperthyroidism in pregnant women includes Graves’ disease,
hyperemesis gravidarum, transient gestational thyrotoxi-
cosis, and molar pregnancy. Of these, Graves’ disease is the
most common form of hyperthyroidism occurring in con-
junction with pregnancy. In view of the differential diagno-
sis, the presence of infiltrative ophthalmopathy, pretibial
myxedema, goiter, or a family history of autoimmune thy-
roid disease should be carefully investigated, because these
would favor the diagnosis of Graves’ disease.

As noted previously, there is considerable overlap
between the nonspecific signs and symptoms associated
with the hypermetabolic state of pregnancy and those of
thyrotoxicosis. An increase in cardiac output, mild tachy-
cardia, widened pulse pressure, systolic flow murmur, and
complaints of heat intolerance may be associated with both
thyrotoxicosis and normal pregnancy. However, weight
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loss and sinus tachycardia above 100 beats per minute
that is unresponsive to the Valsalva maneuver are not
commonly seen in normal pregnancy and are suggestive
of underlying thyrotoxicosis (Table 7–3).

Graves’ Disease

Graves’ disease is a complex autoimmune disorder, consist-
ing of thyrotoxicosis, ophthalmopathy, and dermopathy.
It is mediated by thyroid-stimulating immunoglobulins.
It has been observed that patients with a known history
of Graves’ disease tend to undergo remission during
pregnancy and exacerbation in the postpartum period.87

Studies on the immunologic processes of pregnancy pro-
vide possible explanations for these observations.
Pregnancy has been described as a successful allograft of
foreign tissue,88 and maternal blocking antibodies have
been postulated as the primary mechanism for protecting
the fetal allograft.89 Systemic immunomodulatory changes
are reflected in the decreased CD4+/CD8+ ratio seen in
pregnancy.90 Both humoral and cell-mediated immunity
have been reported to be depressed during normal preg-
nancy. Thus, several factors are likely to be operative, and
a cumulative effect results in survival of the fetal allograft.

Thyroid antibodies have been observed to decrease
during pregnancy in patients with Graves’ disease, which
is concordant with the overall down-regulation of the
maternal immune system. The amelioration of Graves’
disease during pregnancy with exacerbation after delivery
is thought to result from these immunologic changes.
The fetal immune system also contributes to suppression
of the maternal immune system. An increase in fetal sup-
pressor T cell function is necessary to prevent immuno-
logic rejection by the mother. Soluble factors produced
by activated fetal suppressor cells presumably cross the

placenta and decrease the maternal autoimmune process.
A byproduct of this general down-regulation may be a
transient decrease in the intensity of the maternal Graves’
disease during pregnancy. Delivery, with loss of the fetal
suppressor T cells, is accompanied by restoration of nor-
mal maternal immune vigilance and may thus account for
the clinically recognized postpartum exacerbation of
Graves’ disease.91

Hyperemesis Gravidarum

Hyperemesis gravidarum is marked by profound vomiting
during early pregnancy, which may result in electrolyte
imbalance and dehydration. Biochemical evaluation of
affected patients reveals hyperthyroxinemia; elevated serum
T4 concentrations and decreased serum TSH concentrations
are found in as many as half of pregnant women with
hyperemesis gravidarum.13,92-95 Measurement of serum TSH
with ultrasensitive, third-generation assays aids in the dif-
ferentiation of hyperemesis-associated hyperthyroxinemia
from other possible causes, inasmuch as the TSH is not
fully suppressed in this condition. There is confusion about
the extent to which hyperemesis gravidarum is associated
with thyrotoxicosis, because patients rarely manifest overt
symptoms, despite their hyperthyroxinemia.96 The hyper-
thyroxinemia is usually transient, resolving by 18 weeks of
pregnancy without antithyroid therapy.97

Patients with hyperemesis tend to have higher serum
concentrations of hCG than do pregnant patients with-
out hyperemesis, and this may suggest a mechanism to
explain the hyperthyroxinemia observed in this condition.
As noted earlier, hCG possesses intrinsic, weak thyroid-
stimulating activity, and its presence, at higher concentra-
tions, may account for the hyperthyroxinemia found on
biochemical evaluation. The best evidence supports this
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Causes Symptoms Signs Laboratory Findings Course

Graves’ Heat intolerance Sinus tachycardia > 100 ↑↑ T4, free T4 May remit during 
disease Weight loss ↑ Cardiac output ↓↓ TSH (suppressed) pregnancy

Palpitations ↑ Pulse pressure (+) Antithyroid antibodies Postpartum flare
Sweats Systolic murmur

Ophthalmopathy
Dermopathy

Hyperemesis Nausea/vomiting Often clinically ↔/↑ T4, free T4 Resolves by 18 weeks
gravidarum (profound) euthyroid in appearance “high-normal” without therapy

Weight loss Dehydration or minimally elevated
No frank elevation in T4

unless hCG > 50,000 IU/L
↓ TSH minimally low, but 

not fully suppressed
↑ β-hCG
Ketonuria, electrolyte imbalance,

hepatic and renal abnormalities
Molar Nausea/vomiting Toxemia ↑ T4, free T4 Evacuation of molar

pregnancy First trimester Absent fetal development ↓ TSH (suppressed) pregnancy
bleeding ↑↑↑ β-hCG Hyperthyroidism resolves

with normalization 
of β-hCG

hCG, human chorionic gonadotropin; T4, thyroxine; TSH, thyroid-stimulating hormone.
↑, mildly increased; ↑↑, moderately increased; ↑↑↑, severely increased; ↓, mildly decreased; (+), positive.

TABLE 7–3 Differential Diagnosis of Gestational Maternal Thyrotoxicosis



hypothesis that hCG is the cause of the thyroid stimula-
tion in hyperemesis gravidarum and is closely linked to
the cause of the hyperemesis itself.94 It has been shown
that the degree of thyroid stimulation varies with the
hCG concentration and correlates with the symptoms of
hyperemesis. Increased estradiol levels, found in women
with hyperemesis gravidarum, may provide a plausible
connection between the elevated hCG concentrations and
the clinical manifestations of nausea and vomiting. The
hyperemesis and hyperthyroxinemia should resolve by 18 to
20 weeks of pregnancy. If it persists beyond 20 weeks,
antithyroid therapy should be considered.

In addition, there is debate about the occurrence of
hyperthyroxinemia during the common “morning sick-
ness” of pregnancy.98,99 No goiter is present, and these
patients, too, rarely manifest classic symptoms of thyro-
toxicosis. Serum TSH values may decrease slightly during
the first trimester in response to increased hCG activity,
but they are not fully suppressed.7,94 This transient hyper-
thyroxinemia is probably another manifestation of the
interplay between TSH and hCG during the first trimester.
Therefore, a sensitive second- or third-generation TSH
determination is the best single indication of thyroid func-
tion in the pregnant woman.100,101

Diagnosis of Hyperthyroidism in Pregnancy

The clinical diagnosis of thyrotoxicosis in the pregnant
woman may be difficult. The euthyroid woman may have
a number of hyperdynamic systems and signs, including an
increase in cardiac output with systolic flow murmur and
tachycardia, skin warmth, and heat intolerance. Diagnostic
difficulties are further compounded because the usual
diagnostic laboratory tests of thyrotoxicosis may yield
results that easily give rise to suspicion but are confirmed
only with difficulty. Signs of hyperthyroidism, such as
weight loss, may be obscured by the weight gain of preg-
nancy. The presence of the eye changes of Graves’ disease
or pretibial myxedema may be suggestive but do not neces-
sarily indicate thyrotoxicosis. A resting pulse above 100 is
suggestive, and if the pulse fails to slow during a Valsalva
maneuver, thyrotoxicosis is more likely. The presence of
onycholysis, or separation of the distal nail from the
nailbed, may also be useful in making the clinical diagnosis
of thyrotoxicosis.

Despite complications in the interpretation of thyroid
function tests because of the elevated TBG concentra-
tion during pregnancy, the diagnosis of thyrotoxicosis
rests on the laboratory values, particularly on the estima-
tion of serum TSH concentration by a sensitive assay.
Unfortunately, because of the elevated TBG during preg-
nancy, the free T4 index is not an accurate measure of the
actual free T4 concentration.102 The newer nonequilib-
rium dialysis methods for the estimation of free T4 may be
helpful, although some of them are also affected by changes
in TBG.

Pregnant women tolerate mild to moderate degrees
of hyperthyroidism relatively well. If the diagnosis is in
doubt, the thyroid function tests can be repeated in 3 or
4 weeks before a final decision is made. Determination of
thyroid-stimulating immunoglobulin may be helpful in
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Fetal
↑ Neonatal mortality
↑ Low birth weight

Maternal
↑ Risk of premature labor
↑ Frequency of preeclampsia
↑ Congestive heart failure

TABLE 7–4 Morbidity and Mortality of
Gestational Thyrotoxicosis

alerting the physician to the possibility of fetal thyrotoxico-
sis or neonatal Graves’ disease. It has not been particularly
helpful in making the diagnosis of thyrotoxicosis in the
pregnant woman.103,104

Morbidity/Mortality

Despite the difficulties inherent in confirming the diag-
nosis of hyperthyroidism in pregnant women, prompt
diagnosis is important, because there is potential morbid-
ity associated with untreated maternal thyrotoxicosis
(Table 7–4). Studies suggest that uncontrolled hyper-
thyroidism during pregnancy may be associated with numer-
ous adverse outcomes, including an increase in neonatal
mortality rate, delivery of infants with low birth weight,
risk of premature labor, and frequency of preeclamp-
sia.77,105 In a retrospective study of 60 thyrotoxic pregnant
women, maternal congestive heart failure, preterm deliv-
ery, and perinatal infant mortality were increased among
women who remained thyrotoxic.106 Because pregnancy is
a hyperdynamic state, the superimposition of thyrotoxi-
cosis upon the already increased cardiac output and rela-
tive tachycardia of pregnancy may explain some of these
findings.107 However, socioeconomic conditions may have
played a role in the severity of the complications in this
study. In general, women in whom thyrotoxicosis was
diagnosed during pregnancy had a higher incidence of
morbidity and perinatal infant mortality than did thyro-
toxic women treated before conception.

An increased incidence of toxemia has been reported in
thyrotoxic pregnancies, but, again, the studies were not
well controlled.108 There is evidence, however, that lack of
control of hyperthyroidism significantly increases the
risks of severe preeclampsia and of low birth weight in
infants.109 There is also the suggestion that there is an
increased incidence of congenital malformations in the
offspring of mothers with untreated Graves’ disease.110,111

Down’s syndrome has been reported to occur more fre-
quently in the offspring of thyrotoxic mothers, but the
studies were not well controlled.112 Furthermore, one
study concluded that the presence of thyroid antibodies
in the serum of a pregnant woman has no prognostic
value for the birth of a child with Down’s syndrome.113 In
general, the small numbers of women included in these
studies preclude definitive statements.

There is a lack of convincing evidence that fertility is
impaired in mild to moderate hyperthyroidism, although
menstrual irregularity is frequent.114 The balance of available
evidence suggests that mild to moderate thyrotoxicosis is not



inimical to the continuation of pregnancy. Hyperthyroidism
during pregnancy may complicate the management of dia-
betes mellitus with erratic glycemic control and an increased
insulin requirement.115 In view of all of the potential mor-
bid conditions and mortality associated with untreated
thyrotoxicosis in pregnancy, treatment of hyperthyroidism
during pregnancy is clearly indicated. There is no evidence
that pregnancy makes the thyrotoxicosis more difficult to
control. In fact, hyperthyroidism tends to be more easily
controlled during pregnancy, whereas relapses tend to occur
post partum.30,116 This may be related to the immunologic
suppression associated with pregnancy.

Management of Hyperthyroidism
in Pregnancy

Therapy of the pregnant, thyrotoxic woman is limited to
antithyroid drugs or surgery, in view of the absolute con-
traindication to the use of radioactive iodine.30 Antithyroid
drugs include the thionamides propylthiouracil (PTU)
and methimazole (MMI) (Table 7–5). Their use during
pregnancy and lactation has been problematic, because
questions have arisen regarding the potential risks to the
fetus of thionamide therapy. There have been no prospective
clinical trials to address this issue, which remains embroiled
in controversy.

Thionamide Therapy

There are arguments for and against both drug therapy
and surgery. In the final analysis, the individual decision
and course of treatment depends on the physician’s treat-
ment bias and recent experience. Even if the decision is
made to operate, thyrotoxicosis must first be controlled
by antithyroid drug therapy before surgery.

The mainstay of antithyroid drug therapy involves
thionamides, which inhibit thyroid hormone synthesis by
blocking iodination of the tyrosine molecule. Because
these drugs block the synthesis, but not the release, of thy-
roid hormone, the clinical response to thionamides is not
immediate. In fact, a clinical response to thionamides
does not occur until colloid stores are depleted. Therefore,
the time required to achieve control of the thyrotoxicosis
is variable and depends on the amount of colloid stored in
the thyroid gland. Commonly, the patient notices some
initial clinical improvement after the first week of therapy
and approaches euthyroidism by 4 to 6 weeks of therapy.
Both PTU and MMI have a short duration of action that
is generally not thought to be altered by either pregnancy
or thyrotoxicosis.117 Initial drug requirements may be
high; some women require thionamide dosing every 8 hours
or even more frequently for adequate control of the thy-
rotoxicosis. Ultimately, most patients can be maintained
on a single daily dose.

In general, PTU and MMI have been used interchange-
ably without evidence that one or the other has clear ther-
apeutic advantages. However, PTU does have the
advantage of partially blocking the peripheral conversion
of T4 to T3, in addition to inhibiting thyroid hormone
synthesis. In theory, this might allow the patient to be
rendered euthyroid more quickly. Furthermore, case
reports have suggested that treatment with MMI may be
associated with aplasia cutis, a scalp defect, in the off-
spring.118-122 For these reasons, PTU is preferred as first-
line therapy of thyrotoxicosis in pregnancy. However,
there is no formal contraindication to the use of MMI.

Dosage
Once the diagnosis of hyperthyroidism has been made,

the patient should be given PTU, 100 to 150 mg orally, every
8 hours. Serial serum T4, free T4, and TSH determinations
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Drug Dosage Side Effects/Complications Monitoring

Thionamides
Propylthiouracil 100-150 mg PO q8h Maternal: TFTs every 4 wk and adjust

(preferred) Rash antithyroid medication
Agranulocytosis (0.5%)
Hepatitis

Methimazole (Tapazole) 10-15 mg PO q8h Fetal: hypothyroidism Same as for propylthiouracil

Adrenergic Blockers
Propanolol (Inderal) 20-40 mg PO q6h Fetal: Heart rate or pulse

Intrauterine growth restriction
Respiratory distress
Bradycardia
Hypoglycemia
Hypothermia

Atenolol (Tenormin) 50-100 mg PO every day Same as for propanolol Heart rate or pulse

Surgery
Thyroidectomy Maternal: Serum calcium

Miscarriage TFTs
Hypoparathyroidism
Laryngeal nerve paralysis

PO, per os (orally); TFT, thyroid function tests.

TABLE 7–5 Acute Management of Thyrotoxicosis



should be obtained on a monthly basis, because they may
be helpful in monitoring the course of the disease, and
dosage adjustments can be made, if indicated. There
appears to be a strong correlation between fetal and mater-
nal free T4 concentrations, and maintenance of the maternal
free T4 concentration at or slightly above the upper range of
the normal limit appears to be optimal for fetal thyroid
function.123 After control of thyrotoxicosis has been
achieved—as determined by an improvement in symptoms
and signs, by a fall in serum T4, and by an increase in the
serum TSH—the dosage of PTU should be decreased to 50
mg four times a day. If the patients remains clinically euthy-
roid, the PTU dosage could be decreased to 150 mg/day and
then, after 3 weeks, to 50 mg twice a day. Pregnant women
with thyrotoxicosis should be maintained on as low a
dosage of PTU as possible, preferably less than 100 mg/day.
Of note, the serum TSH concentration may remain sup-
pressed for several weeks or months after the serum free T4
has been brought within the optimal range. This is not an
indication to further increase the dosage of PTU; it simply
represents a lag in the correction of hyperthyroidism-
induced pituitary suppression. In contrast, however, serum
T4 concentrations may increase before clinical signs of thy-
rotoxicosis recur; therefore, vigilance remains paramount.

If thyrotoxicosis recurs, the PTU dosage should again be
increased to 300 mg/day in divided doses. As mentioned
earlier, a recurrence is particularly likely post partum,
and the PTU dosage could be preemptively increased to
300 mg/day at that time. If control of thyrotoxicosis in the
pregnant woman is not achieved on this treatment schedule,
the PTU dosage should be increased to 600 mg/day and
given more frequently (e.g., every 4 to 6 hours). Rarely is it
necessary to prescribe more than 600 mg of PTU daily.106

The need for large amounts of PTU to treat thyrotoxicosis
in late pregnancy may relate to low serum concentrations of
PTU. Despite the fact that the duration of action of PTU
is not generally thought to be altered by pregnancy,117,124

serum PTU concentrations in one study were consistently
lower in the late third trimester than postpartum values.125

In addition, if compliance is a problem, the slow intra-
thyroidal turnover of MMI would allow the drug to be used
on a once- or twice-daily dose regimen.

Complications of Thionamide Therapy
The most common complications associated with

thionamide therapy tend to occur within the first 4 weeks
of therapy, affecting approximately 2% of patients. They
include a mild, occasionally purpuric rash, pruritus, drug
fever, and nausea. There is incomplete cross-reactivity
between PTU and MMI. If a drug reaction occurs with PTU,
an attempt may be made to continue therapy with MMI.

Agranulocytosis is an idiosyncratic reaction that occurs
during treatment with thionamides. It is rare, affecting
approximately 0.5% of the treated population. As a result
of bone marrow suppression, patients typically present
with severe sore throat, oral ulcers, and high fevers.
Although agranulocytosis typically manifests within the
first 8 to 12 weeks of treatment, it is important to recog-
nize that this idiosyncratic reaction may occur at any time
during treatment with a thionamide. The development of
agranulocytosis mandates immediate discontinuation of
thionamide drug therapy. In most patients, bone marrow

function recovers upon withdrawal of the offending
agent, but fatal outcomes have been reported, although
they occur in fewer than 1 per 10,000 treated patients.
A leukocyte count should be obtained before initiation
of thionamide therapy, because approximately 10% of
patients with Graves’ disease may have leukopenia upon
presentation. However, weekly monitoring of the patient’s
leukocyte count during therapy is probably not helpful,
because the white blood cell count may fall precipitously
over several days, in between evaluations.

Hepatitis and vasculitis have also been reported as side
effects of thionamide therapy. When abnormalities on
liver function tests (LFTs) occur, the pattern is that of
a transaminitis, rather than of a cholestatic insult. Liver
biopsies confirm hepatocellular injury, rather than
cholestatic hepatic injury.126 Severe hepatic dysfunction
is rare. Gurlek and colleagues studied the liver function
test results of 43 hyperthyroid patients before and after
6 weeks of treatment with PTU at a dosage of 100 mg
three times a day.127 Approximately 60% of patients had
at least one LFT abnormality at baseline, before the initi-
ation of treatment. In order of decreasing frequency, the
most common baseline elevations were seen in alkaline
phosphatase, alanine aminotransferase (ALT), aspartate
aminotransferase, and γ-glutamyl-transpeptidase. After
6 weeks of treatment with PTU, 16% of patients had per-
sistent LFT abnormalities, possibly related to therapy,
defined as a continued increase in ALT values from base-
line or ALT elevations above the upper limit of normal.
No patients had any symptoms referable to the LFT
abnormalities, and the transaminitis resolved in 60%
of affected patients despite continued therapy with
PTU. There was no correlation between pretreatment thy-
roid function test results and the development of a
transaminitis. Likewise, the presence or absence of LFT
abnormalities at baseline was not a predictor for the sub-
sequent development of LFT abnormalities. Liaw and
associates found similar results in 54 hyperthyroid
patients treated with PTU, although the PTU dosage
was decreased in patients with LFT abnormalities for the
duration of the study.128 In this study, there was a correla-
tion between higher baseline TFTs and degree of subse-
quent ALT elevation. In addition, Huang and colleagues
found that 75% of their 95 hyperthyroid patients had
at least one baseline LFT abnormality.129 Of these, 61%
experienced normalization despite continued treatment
with PTU.

Effect on the Fetus
Although neonatal hepatitis has been described, the

major concern with the use of PTU during pregnancy is
the induction of fetal hypothyroidism.46,130-132 Both PTU
and MMI cross the placenta and inhibit fetal thyroid
production.133 Earlier in vitro data suggested that MMI
crossed the placenta more easily than PTU,134 although
with the more recent reporting of in vivo data, this belief
has been challenged.135 Reviews of the subject have con-
cluded that there is probably no significant difference
in either the efficiency or rate of placental transfer of
PTU and MMI.136 Because of this concern, however, some
suggest that thyrotoxic pregnant women should be
treated with iodides rather than thionamides.137
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Many women have given birth to normal children even
after receiving large amounts of antithyroid drugs during
pregnancy. There does not appear to be an independent
relationship between the dose of thionamide used and
neonatal thyroid function,138 which suggests that maternal
thyroid stimulating immunoglobulins may play a role in
modulating fetal thyroid function. In the Quebec Neonatal
Thyroid Screening Program, of 400,000 children screened,
4 had transient hypothyroidism caused by PTU. It was esti-
mated that only 1% to 5% of children exposed to PTU have
transient hypothyroidism, although the exact number of
mothers receiving antithyroid drugs was unknown. Under
ordinary circumstances, sufficient maternal thyroid hor-
mone may cross the placenta to prevent fetal goiter.139 As
mentioned earlier, pregnant women tolerate mild degrees
of hyperthyroidism without great difficulty, and the goal of
antithyroid therapy during pregnancy is to maintain the
free T4 at or slightly above the upper limit of the normal
range to preserve this safe-guarding effect. In general, an
attempt should be made to treat the pregnant thyrotoxic
woman with the lowest possible dosage of antithyroid med-
ication.140 This dictum, combined with the evidence that
neonatal hypothyroidism is associated with cognitive devel-
opmental deficits, suggests that it is better to err by giving
too low a dosage of antithyroid medication than to give too
large a dosage. Finally, if early diagnosis and treatment of
neonatal hypothyroidism prevent the sequelae of in utero
hypothyroidism, these affected children can be successfully
treated after birth. Fetal blood sampling is possible but
involves fetal risk.141

Possible Long-Term Effects
In view of the risk of fetal hypothyroidism, is there any

evidence that children who are exposed to thionamides in
utero fail to develop full intellectual capacity? To study
this problem, Burrow and coworkers compared 18 children
exposed to PTU in utero with 17 nonexposed siblings.142

The ages of the children ranged from 2 to 12 years, and there
were no important differences in their physical or mental
characteristics. Thyroid function tests were normal in both
groups, and there was no evidence of abnormal physical
development or delayed bone growth. Subsequent psy-
chologic testing revealed no marked differences between
the groups, either in overall intellectual development or in
patterning of various mental skills.

The small size of the sample precludes definite conclu-
sions, but, in a subsequent study, intelligence tests adminis-
tered to 29 children who had been exposed to PTU in utero
and 32 nonexposed siblings also showed no important dif-
ferences between the groups.143 Two other studies have
reported similar results.144,145 It therefore appears that, with
careful attention to maintenance of maternal euthyroid
status, thionamides can be given to pregnant women with-
out interfering with subsequent intellectual development
in the offspring.

Thionamides and Lactation
Thionamides are transferred into the breast milk of

women receiving these drugs. This is clinically relevant,
because Graves’ disease often worsens during the postpar-
tum period, and antithyroid drugs may need to be reiniti-
ated, or the dosage increased, at that time. In addition, some

women first present with Graves’ disease during the post-
partum period. Initial studies suggested that the amount of
PTU transferred to the breast-feeding infant is lower than
the amount of MMI and would not be expected to have
any significant effect on neonatal thyroid function.146,147

Eleven thyrotoxic women were treated with carbimazole,
which is similar to MMI, or with PTU.148 The amount of
thionamide did not exceed 15 mg of carbimazole or 150 mg
of PTU. The authors concluded that breast-feeding under
these conditions does not pose a risk to the neonate. It has
been postulated that pharmacokinetic differences between
PTU and MMI might explain their different efficiencies
of transfer into breast milk. Whereas PTU is extensively
bound to serum proteins (namely, albumin), MMI exhibits
minimal protein binding.149 Differences in ionization and
acidity may also play a role.

Similar results have been reported in 35 infants of lac-
tating mothers with thyrotoxicosis who were receiving 5 to
20 mg of MMI daily. Azizi and associates reported on serum
MMI levels, thyroid function tests, and intellectual develop-
ment of 88 infants who were breast-fed by mothers being
treated with MMI at a dose of 10 to 20 mg/day.150 Values of
T4, T3, and TSH were not significantly different between
children in the treatment group and controls. In addition,
serum MMI levels were drawn in six of the infants of thy-
rotoxic, lactating mothers receiving MMI. Although the
number of infants studied was small, serum MMI levels in
all infants were well below the therapeutic range. Fourteen
of these children subsequently underwent extensive psycho-
logic and performance testing between 48 and 74 months
of age. No significant differences were found with regard to
performance intelligence quotient (IQ) scores in comparison
with controls.151 As with all drugs, there is the theoretic risk
of fetal drug reaction with thionamides, but none has been
reported so far.152 Overall, breast-feeding appears to be safe
in mothers receiving 450 mg/day of PTU or less or receiving
20 mg/day of MMI or less. In summary, if a mother receiving
PTU or MMI has a strong desire to breast-feed, there should
be a full explanation of the potential risks and close moni-
toring of neonatal thyroid function.

Iodine is also excreted into the breast milk. Thus, radio-
iodine given to the mother is transferred to the infant.
Radioactive 131I may remain in the milk for a prolonged
period and should be avoided if breast-feeding is desired.153

Adrenergic Blockers

Because of the potential risks associated with treatment
with PTU, there has been interest in alternative therapy
that would have fewer side effects. β-blocking agents do
not alter the nonadrenergic actions of thyroid hormone, but
they do have ability to blunt many of the adrenergically
mediated physiologic sequelae of thyrotoxicosis. For this
reason, they have traditionally been used as adjunctive
agents in the treatment of thyrotoxicosis, and there has
been interest in the use of β-blocking agents, particularly
propranolol, in the management of thyrotoxicosis during
pregnancy.154 Concerns have been raised, however, because
the use of β-blocking agents during pregnancy has been
associated with adverse outcomes, including small placenta;
intrauterine growth restriction; neonatal respiratory

144 C H A P T E R 7 Thyroid  Disease during Pregnancy



distress; impaired responses to anoxic stress; and post-
natal bradycardia, hypothermia, and hypoglycemia.155-158

Spontaneous abortion has also been reported more fre-
quently in pregnant women with thyrotoxicosis who were
treated with propranolol and carbimazole in comparison
with carbimazole alone.159

On the basis of these studies, which were often retro-
spective, β blockers have not been recommended for long-
term treatment of thyrotoxicosis during pregnancy. One
review addressed the use of β blockers to treat hypertension
in pregnancy, and the results may be extrapolated to some
degree to address the use of these agents in the manage-
ment of thyrotoxicosis during pregnancy.160 The overview
consisted of randomized trials in which (1) patients with
preexisting mild hypertension received continuous treat-
ment with oral β blockers throughout pregnancy, (2) treat-
ment with oral β blockers was initiated during late
pregnancy because of the development of mild-moderate
late-onset hypertension (i.e., patients manifested chronic
hypertension late in pregnancy or experienced the onset of
pregnancy-induced hypertension), or (3) patients received
intravenous β blockers as treatment of severe, pregnancy-
induced hypertension. Of the two trials specifically address-
ing the question of intrauterine growth restriction, Butters
and associates showed a dramatic increase in the number
of infants small for gestational age delivered by patients
treated with atenolol for chronic hypertension.161

Conversely, Sibai and colleagues found no evidence of an
adverse effect of labetalol on fetal growth.162 No effect of
duration of therapy was seen on infants small for gesta-
tional age. Overall, β blockers were associated with a border-
line increase in the number of infants small for gestational
age delivered by patients receiving chronic β blocker therapy
for mild hypertension. There was also a borderline increased
incidence of infants small for gestational age in patients
who received oral β-blocking agents late in pregnancy. No
excess perinatal mortality was observed in patients with
severe, late-onset hypertension who required short-term
treatment with intravenous β-blocking agents. Overall, it
was unclear that the benefits of β blocker therapy out-
weighed the risks with regard to treatment of hypertension.
The available data suggest that pregnant women may be
treated with β-blocking agents if indicated, although the
potential for adverse effects on the fetus must be acknowl-
edged.163 Whether selective β blockers have any advantage
in long-term therapy remains to be determined.164,165

For rapid control of thyrotoxicosis, propranolol, 20 to
40 mg every 6 hours, or atenolol, 50 to 100 mg/day, are usu-
ally adequate to control the maternal cardiac heart rate at
80 to 90 beats per minute. Esmolol, an ultra–short-acting
cardioselective β1-adrenergic blocker, was effective in a
thyrotoxic pregnant woman who was unresponsive to
propranolol.166 Whether agents that inhibit the conver-
sion of T4 to T3, such as ipodate, have any role in the rapid
control of thyrotoxicosis in the pregnant woman is not
clear.167 However, escape from these agents does occur.

Surgery

If an elective subtotal thyroidectomy is to be performed,
surgery is often delayed until after the first trimester.

The rationale for this delay is to minimize the risk of spon-
taneous abortion, inasmuch as the rate of spontaneous
abortion is highest during the first trimester and surgery
may represent an additional risk. However, if urgent thyroid
surgery is indicated, it probably need not be avoided. The
arguments against performing a subtotal thyroidectomy in
the pregnant woman are based on concerns for potential
surgical complications. As with any surgical procedure, there
is a minimal but definite surgical risk, and it is probably
higher than the risk of fatal complications encountered with
medical therapy.42,168 In addition, the surgical complications
of hypoparathyroidism and recurrent laryngeal nerve paraly-
sis are disabling and difficult to treat. These do occur, albeit
uncommonly, and with increasing frequency as fewer
thyroidectomies are performed. Because of the efficacy of
standard medical therapy, non-surgical management is
increasingly common. However, studies have indicated that
subtotal thyroidectomy after appropriate preparation results
in no surgical complications.169 If surgery is indicated, the
patient should be observed carefully for signs of post-
operative hypothyroidism. A reasonable approach is to
commence immediate replacement therapy with 0.05 mg
of T4 in order to avoid development of hypothyroxinemia.

Because surgical complications do occur, and because
the majority of patients who receive PTU have uncompli-
cated pregnancies, medical therapy seems to be the pre-
ferred treatment of hyperthyroidism during pregnancy.
Subtotal thyroidectomy should probably be reserved for
patients with antithyroid drug hypersensitivity, poor
compliance, and the rare instance in which the drugs are
ineffective.

Thyroid Storm

The major immediate risk of thyrotoxicosis in the pregnant
woman is the development of thyroid storm.170 This life-
threatening complication is uncommon, manifesting as
an amplification of the typical signs and symptoms of
hyperthyroidism. Patients typically present with a fever as
high as 106° F, marked tachycardia, prostration, and severe
dehydration. Thyroid storm is more likely to occur when
there is some precipitating factor such as labor, cesarean
section, or infection.171 There is a 25% mortality rate, despite
aggressive and appropriate medical management. Thyroid
storm is more commonly seen in patients in whom the
hyperthyroidism has not been recognized and is thus
untreated. Of importance is that it may also occur in patients
receiving treatment with thionamides in subtherapeutic
doses.

Management of thyroid storm should focus on allevia-
tion of identifiable precipitating factors, as well as aggres-
sive pharmacologic therapy. Treatment regimens should
include (1) propranolol, 40 mg by mouth every 6 hours
to control the β-adrenergic activity (if necessary, the drug
can be given intravenously in doses of 1 to 2 mg); (2) sodium
iodide, 1 g intravenously, to block the secretion of thyroid
hormone; (3) PTU, 1200 mg orally in divided doses, to
block the formation of thyroid hormone and the deiodi-
nation of T4 to T3; (4) dexamethasone, 8 mg/day, to block
further the deiodination of T4 to T3; (5) sufficient replace-
ment of severe fluid losses; and (6) hypothermia for
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malignant hyperpyrexia.172,173 As noted earlier, there is a
delay in the onset of clinical efficacy with the thionamides.
Therefore, adjunctive, supportive measures are important
early in the course of thyroid storm. Plasma exchange
remains an option and has been carried out successfully in
three pregnant women with severe thyrotoxicosis.172 If
hyperthyroidism is considered in the differential diagno-
sis of a symptomatic pregnant woman, and if adequate
therapy initiated expeditiously, this frightening complica-
tion of thyrotoxicosis can be avoided.

Administration of Radioactive Iodine during
Pregnancy

As mentioned previously, radioactive iodine is absolutely
contraindicated during pregnancy. However, on occasion,
patients not known to be pregnant are given a dose of
radioactive iodine. Although all women of childbearing
age should have a pregnancy test before receiving thera-
peutic doses of radiation, this is not always done.

Effects of Maternal Irradiation

Hyperthyroidism is the only common nonmalignant dis-
ease for which patients receive significant doses of ionizing
radiation. During a radioisotope thyroid uptake test, both
mother and fetus are exposed to small amounts of radia-
tion. The amount of radiation that the mother receives
during an uptake scan is relatively insignificant, in terms
of radiation exposure to the thyroid or ovaries. Treatment
doses, however, are up to 1000-fold greater than the doses
used in uptake studies. There does not appear to be an
increased incidence of secondary leukemia or thyroid malig-
nancy in thyrotoxic patients receiving radioactive iodine.174

However, subsequent repercussions of the gonadal dose are
less clear.175,176

Persistent chromosomal abnormalities have been
found in the white blood cells of patients who had received
5 mCi of 131I for the treatment of thyrotoxicosis. Similar
changes probably also occur in gonadal chromosomes, but
definitive evidence is lacking. The radiation dose to the
maternal and fetal thyroid glands, as well as gonads, has
been estimated.177,178 A thyrotoxic woman receiving a ther-
apeutic dose of 10 mCi of 131I would receive a total body
dose of approximately 14.5 rad and a dose to the gonads of
approximately 1.3 rad. Whether this radiation dose is suf-
ficient to cause genetic defects is not clear.

Effects of Fetal Irradiation

As noted earlier, the fetal thyroid gland begins to concen-
trate iodine at approximately the 10th to 12th week of
gestation and at that time has an increased avidity for
iodine, up to 20 to 50 times that of the maternal thyroid
gland. As a result of this increased avidity, any dose of
radioiodine is more concentrated per gram of thyroid tis-
sue in the fetus than in the mother. The average absorbed
dose in the whole fetus has been estimated to be highest at
1 month of gestation, declining steadily thereafter through-
out the remainder of gestation. Therefore, the highest
total fetal dose would be expected to occur from the

administration of 131I to the mother who is 4 weeks’ preg-
nant. The dose to the fetal thyroid gland is predicted to be
highest during the sixth month of gestation.178 Depending
on biologic half-time and maternal thyroid uptake, esti-
mation of the absorbed dose of 131I is approximately 3 rad
from 10 mCi of 131I administered to the mother. Inadvertent
administration of 14.5 μCi of 131I to a thyrotoxic mother
at the end of the first trimester was estimated to have
delivered a dose of 20,000 rad to her thyroid gland and
250,000 rad to the fetal thyroid gland, with resulting fetal
hypothyroidism. Additional case reports of congenital
hypothyroidism have been reported in offspring of mothers
who received therapeutic doses of radioiodine.179-181

Not only is the fetal thyroid gland more avid for iodine,
but fetal tissues in general are also more radiosensitive. In
general, the risk of congenital defects has been considered
to be negligible at 5 rad.182 However, studies have demon-
strated a causal relationship between prenatal irradiation
and the subsequent development of malignant disease.
Ultimate risk appears to be related to both the dose and
the timing of exposure.183,184 A study of children who were
in utero in or near Hiroshima and Nagasaki at the time of
the atomic bombing revealed that radiation exposure in
utero resulted in a higher prevalence of microcephaly and
mental retardation and an increased rate of fetal and
infant mortality. Microcephaly was most common among
children irradiated at between 7 and 15 weeks’ gestation.
Evaluation of growth and development in these children
demonstrated that those exposed to ionizing radiation in
utero lagged behind nonexposed peers during adolescence
in several important areas of development. These findings
suggested that radiation exposure may result in subtle
defects that are difficult to detect. Significantly, most of the
long-term effects occurred with whole-body irradiation
above 50 rad. Whether there is a threshold effect for radi-
ation damage or whether the damage is linear is important,
because the whole-body radiation dose to the fetus from
a therapeutic dose of 131I for thyrotoxicosis is well below
50 rad. At least some of the effects may be linear, and all
radiation should be regarded as harmful.

Management after Inadvertent Radioactive
Iodine Administration

Before the administration of radioactive iodine to a woman
capable of childbearing, it is recommended that non-
pregnant status be confirmed. If a woman is found to be preg-
nant after a radioactive iodine uptake study, nothing further
need be done. In a pregnant woman who has inadvertently
received a therapeutic dose of 131I for treatment of hyper-
thyroidism, the question of termination of the pregnancy
arises. Although administration of radiation is absolutely
contraindicated in the pregnant woman, the amount
received during a diagnostic thyroid study is not sufficient
to cause concern with regard to effects on the fetal thyroid
gland. This is particularly true early in pregnancy, when
the fetal thyroid is not trapping iodine (i.e., before 10 to
12 weeks). The relatively low fetal whole-body irradiation is
probably not sufficient to justify pregnancy termination.
If the administration of 131I occurs at a time when the fetal
thyroid gland is trapping iodine, there is a definite risk of
subsequent fetal hypothyroidism. However, the neonatal
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thyroid screening program is predicated on the supposition
that prompt postnatal thyroid hormone therapy prevents
the sequelae of in utero hypothyroidism.

As noted previously, if a woman with thyrotoxicosis not
known to be pregnant is given a therapeutic dose of 131I,
further intervention is not mandated. However, if preg-
nancy is discovered within 1 week of administration, and
intervention is desired, she may be treated with PTU,
300 mg/day for 7 days, to block the recycling of the 131I in the
fetal gland. Administration of cold iodides would dilute
the uptake pool, but this would also delay the release of
radioactivity, resulting in prolonged exposure. Intervention
more than 10 days after treatment is not helpful, because
more than 90% of a dose of 131I has been delivered within
this time frame. The mother’s underlying thyrotoxicosis
remains to be treated, and this will further complicate fetal
thyroid function. Regardless of the initiation of possible
preventive measures, the infant should be carefully moni-
tored for hypothyroidism at birth and immediate treatment
begun if indicated. In utero hypothyroidism can be diag-
nosed by periumbilical blood sampling and T4 treatment
delivered by the amniotic fluid, but the procedure has some
risk and is still experimental.

Long-Term Management of Thyrotoxicosis

The long-term management of a young thyrotoxic patient
who is planning subsequent pregnancies represents a chal-
lenging therapeutic issue. A medical remission in this age
group is possible, although sustained remission is unlikely,
and therapy during the subsequent pregnancies will prob-
ably be indicated. Active consideration should be given to
radioactive iodine therapy, despite concerns about admin-
istering radioactive iodine to a woman capable of child-
bearing. It is critical that the decision involve the patient.
A sufficient number of young women have been treated
with appropriate follow-up to indicate that this is a rela-
tively safe therapy. Although there are no definitive data,
women desiring future pregnancies are frequently told to

wait 4 to 6 months after 131I treatment before becoming
pregnant. Long-term antithyroid drug therapy in such
a situation may be undesirable. Despite the attendant risks,
subtotal thyroidectomy must also be actively considered
in this situation.

POSTPARTUM THYROIDITIS

Systemic immunomodulatory changes occur during preg-
nancy in order to ensure the survival of the developing
fetus. Both humoral and cell-mediated immunity have
been reported to be depressed during normal pregnancy,
with recovery of immune function in the postpartum
period. It follows that the immunologic changes that
occur during pregnancy may affect the course of autoim-
mune thyroid diseases after pregnancy, including Graves’
disease, Hashimoto’s thyroiditis, and postpartum thy-
roiditis. Estimates suggest that postpartum thyroiditis
develops in approximately 1 per 20 women.185

Postpartum thyroiditis classically occurs 3 to 6 months
after delivery and evolves as a triphasic manifestation of
transient hyperthyroidism, followed by hypothyroidism
and spontaneous recovery in 90% of cases (Fig. 7–5).186,187

Laboratory evaluation classically reveals the presence of
microsomal antibodies, and thyroid hormone concentra-
tions are elevated during the thyrotoxic phase. Concurrent
radioactive iodine uptake is low, in contrast to that seen
in Graves’ disease. On physical examination, a small goiter
is documented in half the cases. The signs and symptoms
of postpartum thyroiditis are often subtle and difficult to
detect, particularly because many of them, such as fatigue,
fluctuations in weight, and irritability, are common in the
postpartum period.

Cause

The exacerbation of immune-mediated disease post par-
tum is common to a variety of autoimmune disease states.

C H A P T E R 7 Thyroid  Disease during Pregnancy 147

16

14

12

10

8

6

4

2

0

T
hy

ro
xi

ne
 (

μg
/d

L)

Months post partum

2 4 10

POSTPARTUM THYROIDITIS

6 8 12 14 16 18

Hyperthyroid

Hypothyroid

Euthyroid recovery

Figure 7–5. Postpartum thyroiditis. Note the triphasic presentation: (1) thyrotoxic phase 2 to 4 months post partum; (2) hypothyroid
phase 4 to 8 months post partum; and (3) euthyroid recovery phase. Euthyroid recovery occurs in 90% of patients. Women with positive
thyroid autoantibodies are at increased risk of developing postpartum thyroiditis. (Reference range for thyroxine: 5.0 to 10.6 mg/dL.)



The down-regulation of immune vigilance in normal preg-
nancy is characterized by a significant fall in the CD4+/
CD8+ ratio in late pregnancy and into the postpartum
period. In a carefully performed study, the development
of postpartum thyroiditis was associated with a triad of
immune markers: (1) a reduction in the normal immune
suppression of pregnancy, (2) enhanced postpartum T cell
activation, and (3) elevated thyroid autoantibodies. Women
with positive thyroid autoantibodies during the first
trimester had a 30% chance of subsequently developing
postpartum thyroiditis.90 Serum immunoglobulin G anti-
body titers, including microsomal antibodies, typically
decrease during pregnancy, with a nadir in the third
trimester and a rebound in the postpartum period.188

Diagnosis

The signs and symptoms of postpartum thyroiditis are
often minimal. Monthly postpartum assessment of
152 women with positive antithyroid peroxidase antibodies
elicited nonspecific symptoms of hypothyroidism and
hyperthyroidism from all affected women.189 In one study,
only excessive fatigue and palpitations distinguished women
with postpartum thyroiditis from euthyroid but harried
new mothers.190 In addition, it is important to recognize
that women are seen for postpartum evaluation 6 weeks
after parturition, which is earlier than the expected mani-
festation of postpartum thyroiditis, classically occurring
at 3 to 6 months. Therefore, suspicion of postpartum thy-
roiditis should be raised in women with a family history
of thyroid disease who present with fatigue, palpitations,
emotional lability, or goiter during the first 12 months after
delivery. Often, however, these patients do not present for
medical evaluation.

The laboratory diagnosis of thyrotoxicosis in post-
partum thyroiditis consists of hyperthyroxinemia with
suppression of TSH on thyroid function tests. In contrast
to Graves’ disease, the radioiodine uptake in postpartum
thyroiditis is low. As noted previously, however, special
consideration must be given to breast-feeding mothers, in
whom administration of radioiodine should be avoided.

The subsequent hypothyroid phase is diagnosed in the
same way as primary hypothyroidism, with an increased
serum TSH and decreased serum T4 levels. Approximately
90% of affected patients experience spontaneous recovery
of thyroid function. The remaining 10% require long-term
thyroid hormone supplementation. There is also evidence
that children of pregnant women who had thyroid peroxi-
dase antibodies but normal thyroid function are at risk for
impaired emotional, cognitive, and motor development.191

Course

As noted earlier, postpartum thyroiditis typically has a
triphasic manifestation. The thyrotoxic phase generally
occurs 6 to 12 weeks post partum, running a course of 4 to
8 weeks before resolving spontaneously.192 The thyrotoxic
symptoms and signs are usually milder than in Graves’
disease and may be overlooked or attributed to the stress and
demands common to the postpartum period. A painless

goiter develops in approximately half the cases. Severe
hypertension is a rare, associated manifestation.193

Primary hypothyroidism typically manifests 3 to
6 months post partum. There may not be a clear history
of a preceding thyrotoxic episode. Classical symptoms of
hypothyroidism, including lethargy, cold intolerance, and
difficulty with memory and concentration, are present
and are also mild in nature. Spontaneous recovery occurs
in 90% of patients, usually by the first year post partum.
However, the risk of recurrence in subsequent pregnancies
may be as high as 25%. In addition, these patients, partic-
ularly those with high titers of microsomal antibody, are at
increased risk of developing permanent hypothyroidism;
therefore, long-term follow-up is mandated.87,194

Screening

The frequency of postpartum thyroiditis and the diffi-
culty in diagnosis raise the question of screening. Thyroid
autoantibodies are predictors of the development of sub-
sequent hypothyroidism both during pregnancy and in
the postpartum period. The risks to the fetus of maternal
hypothyroidism during gestation and the prevalence of
postpartum thyroiditis raise the question of whether all
pregnant women should be screened for thyroid autoanti-
bodies. Whether the screening can be justified on a cost-
benefit basis is not clear, and further study is required.2,195

Patients with a personal or family history of autoimmune
thyroid disease should certainly undergo evaluation for
microsomal antibodies and should be counseled. In addi-
tion, women with a history of other autoimmune diseases
should be evaluated for thyroid autoantibodies. For exam-
ple, women with insulin-dependent diabetes mellitus have
been shown to be at high risk for postpartum thyroiditis,
with an incidence of 25% in one study, a threefold increase
in comparison with a similar study in patients without
insulin-dependent diabetes mellitus.196

Depression

Postpartum depression occurs in 10% to 20% of women in
the year after delivery.197,198 Although thyroid dysfunction
is not associated with postpartum psychosis, there are
several studies that indicate that postpartum depression is
more common in women with thyroid dysfunction.2,198,199

Because the hyperthyroidism and hypothyroidism of
postpartum thyroiditis may be subclinical in their mani-
festation, it is critical to consider a diagnosis of thyroid
dysfunction in women with postpartum depression.

Management of Postpartum Thyroiditis

Because the signs and symptoms of postpartum thyroiditis
are frequently mild and transient, specific therapy is usually
not indicated.192 Treatment of thyrotoxicosis with thion-
amides is deferred, unless the thyrotoxicosis is unduly pro-
longed. Symptomatic relief of associated tachycardia may be
achieved with short-term treatment with β1-adrenergic
blocking agents.

Likewise, administration of T4 during the hypothyroid
phase is recommended only if the symptoms and signs are
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severe or prolonged. Typically, the hypothyroid phase is
more protracted than the hyperthyroid phase. If treatment
is initiated for relief of severe hypothyroid symptoms, it is
reasonable to institute a 3-month course of T4 replacement,
followed by withdrawal, in order to assess recovery of
endogenous thyroid function. If the hypothyroidism per-
sists, T4 replacement may be resumed. Administration of
T4 does not alter the course of postpartum thyroiditis other
than to treat the hypothyroidism.200

NEONATAL THYROTOXICOSIS

Neonatal thyrotoxicosis typically manifests as transient
hyperthyroidism in the newborn. It is critical that neonatal
thyrotoxicosis be recognized promptly, because it is asso-
ciated with a 16% mortality rate.201 Infants of mothers with
a history of Graves’ disease are at increased risk of devel-
oping neonatal thyrotoxicosis. Approximately 1% of preg-
nant women with a history of Graves’ disease give birth
to affected infants.202 For surviving infants, premature
craniosynostosis is one serious long-term sequela of neona-
tal thyrotoxicosis and may result in inadequate cerebral
development.203

Cause

Placental transfer of thyroid-stimulating immunoglobulins
from a mother with Graves’ disease to the fetus is the most
common cause of neonatal thyrotoxicosis. It is important
to note that the mothers may not appear clinically thyro-
toxic during pregnancy, although the majority do display
some clinical or laboratory manifestations of Graves’ dis-
ease. Neonatal thyrotoxicosis in this setting is typically
transient, inasmuch as the presence of maternal antibodies
in the fetus wanes over a period of 2 to 3 months.

Studies have documented a correlation between high
maternal-fetal (cord) concentrations of antibodies and sub-
sequent immunoglobulin-mediated induction of neonatal
thyrotoxicosis. A decline in antibody titers is typically
accompanied by resolution of the neonatal thyrotoxico-
sis.103,202 This lends credence to the pathogenic role of
thyroid-stimulating immunoglobulins in this condition.
The incidence of neonatal thyrotoxicosis is equal among
infant boys and girls, which supports the concept of a pla-
centally transferred etiologic agent.

The potential presence of both stimulatory and
inhibitory immunoglobulins, each with different binding
affinities, makes it difficult to predict the development and
course of neonatal thyrotoxicosis.204,205 Assessment for the
presence of thyroid-binding inhibitory immunoglobulins
(TSH radioreceptor assay) and a sensitive cyclic adenosine
monophosphate accumulation assay (thyroid-stimulating
antibody) may provide some insight.206-208 Antibody titers
may decline at different rates. If both inhibitory and stim-
ulatory immunoglobulins are present, their relative abun-
dance and activity determine subsequent development of
neonatal thyrotoxicosis. Cases have been reported in
which neonatal thyrotoxicosis did not develop until levels of
inhibitory immunoglobulins declined, thus unmasking
the presence of thyroid-stimulating immunoglobulins.209
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The duration of neonatal thyrotoxicosis is determined by
(1) the initial neonatal serum concentration of the thyroid-
stimulating immunoglobulin, (2) the rate of degradation
of the thyroid-stimulating immunoglobulin, and (3) the
presence or absence of inhibitory antibodies. The estimated
half-life of the antibody in the serum of the thyrotoxic
neonate is between 4 and 10 days, based on studies with
a 7S immunoglobulin, long-acting thyroid stimulator
protector.210,211

In some children, neonatal thyrotoxicosis persists after
1 year of age.201,212 Some of these patients may inherit Graves’
disease as an autosomal dominant trait. This condition is
more common in girls than in boys. In general, in most
patients with neonatal thyrotoxicosis, the condition is
transient.

Congenital hyperthyroidism, which is distinct from
neonatal hyperthyroidism associated with Graves’ disease,
has been reported but is rare. Case reports demonstrate
hyperthyroidism resulting from a mutation in the thy-
rotropin receptor gene.213

Diagnosis and Management

Neonatal thyrotoxicosis should be suspected when a hyper-
irritable infant has goiter, exophthalmos, and tachycardia
(Table 7–6). The presence of an elevated serum T4 concen-
tration further supports the diagnosis. Infants with neonatal
thyrotoxicosis may also present with low birth weight,
hepatosplenomegaly, jaundice, cardiac failure, and throm-
bocytopenia.214 The presence of low birth weight does not
necessarily reflect prematurity in these infants; it is second-
ary to the thyrotoxicosis. Indeed, on the basis of bone age,
these children appear to have accelerated maturity.215

A thorough maternal history often reveals a history of
maternal Graves’ disease, although, as noted earlier, the
mother may not have active thyrotoxicosis and may be
euthyroid or hypothyroid.

Further complicating the diagnosis of neonatal thyrotox-
icosis is the potential exposure of neonates to anti-thyroid
drugs in utero. These children may appear euthyroid at
birth, because antithyroid drugs effectively block clinical
manifestations of thyrotoxicosis in neonates, as well as in
their mothers. This may delay both the manifestation of
symptoms and the diagnosis in some children.216

Screening programs for neonatal hypothyroidism, in
which the T4 radioimmunoassay is used, should also be
effective at detecting hyperthyroxinemia in neonates.217

Positive assays for thyroid-stimulating immunoglobulins
strengthen the diagnosis. A high titer is diagnostic in the
infant and virtually predictive in the mother.212

Hyperirritability
Tachycardia
Goiter
Exophthalmos
Low birth weight
Cardiac failure
Jaundice

TABLE 7–6 Clinical Presentation of
Neonatal Thyrotoxicosis



The neonatal narcotic withdrawal syndrome shares fea-
tures with neonatal thyrotoxicosis, inasmuch as affected
neonates may present with tremulousness and irritability.
The serum T4 may also be elevated in this setting.218

Toxicology screening may be useful in distinguishing the
two but is not diagnostic, because both conditions may
coexist in the same patient.

Therapy

Because neonatal thyrotoxicosis is transient and self-limiting
in most cases, no specific antithyroid therapy is required for
mild disease. For more severely affected infants, treatment
with Lugol’s solution (one drop [8 mg iodine] three times
a day), and propranolol (2 mg/kg/day) may be effective.219,220

Antithyroid drugs are reserved for children whose condi-
tion cannot be controlled with iodides or propranolol. If
required, PTU (10 mg every 8 hours) can be added to the
regimen. If the thyrotoxicosis persists, the iodide may
actually exacerbate the condition.

The majority of affected children recover without inci-
dent. The serum titer of thyroid-stimulating immunoglob-
ulin determines the duration of treatment in infants who
require pharmacologic intervention. Most of the infants
who require treatment do so for 3 to 6 weeks. Patients with
neonatal thyrotoxicosis who have died have usually been
premature and have had severe hyperthyroidism accom-
panied by congestive heart failure.

FETAL THYROTOXICOSIS

Fetal thyrotoxicosis is caused by the placental transfer
of thyroid-stimulating immunoglobulins.174 Maternal
thyroid-stimulating antibodies may be present because
they may persist even when the maternal thyroid gland
has been ablated or when the mother is in remission.221,222

Thus, the possibility of fetal thyrotoxicosis should be con-
sidered in all pregnant women with a history of Graves’
disease, regardless of the current thyroid status. This pop-
ulation includes mothers with a history of Graves’ disease
who are not currently receiving antithyroid medication.

The diagnosis of fetal thyrotoxicosis is suggested by
persistent fetal tachycardia faster than 160 beats per
minute with beat-to-beat variations and elevated concen-
trations of maternal thyroid-stimulating immunoglobu-
lins. Periumbilical blood sampling may also be helpful in
assessing fetal thyroid function and should be considered
(Fig. 7–6).141 Ultrasonography may detect the presence of
a goiter in a thyrotoxic fetus.223,224

Management

Fetal thyrotoxicosis is associated with increased fetal mor-
bidity and mortality. Therefore, prompt identification is
crucial, and consideration should be given to thioamide
treatment directed specifically toward the fetus. Dosages of
5 to 10 mg/day of MMI are typically employed,174 although
the recognition of a specific phenotype of MMI-induced
malformations supports the use of PTU, rather than MMI,
during early gestation.225 Overtreatment with antithyroid
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agents may induce the development of fetal hypo-
thyroidism, which is associated with future psychoneuro-
logic and developmental delay. It is important to note
that fetal hypothyroidism may develop after only 1 week
of therapy, despite the presence of a persistent fetal tachy-
cardia.226 Close monitoring is mandatory. After delivery,
the neonate should continue to be treated for thyrotoxi-
cosis, which should be self-limited.

MATERNAL HYPOTHYROIDISM

Estimates of the incidence of maternal hypothyroidism in
iodine-sufficient areas are in the range of 0.1% to 0.3%.227,228

The most common cause is related to thyroid autoimmu-
nity (Table 7–7), although iatrogenic causes must not be
overlooked. The requirement for thyroid hormone replace-
ment therapy is increased during pregnancy, which is sug-
gestive of an increased demand on the thyroid gland.229-232

Diagnosis of Hypothyroidism

Hypothyroidism is most commonly iatrogenic, the result
of either thyroid surgery or prior administration of
radioactive iodine therapy. Idiopathic hypothyroidism is
most often attributable to underlying Hashimoto’s disease,
and its onset may be more insidious. Hashimoto’s disease
is more common in patients with diabetes mellitus; in one
study of 100 diabetic women, 20% of patients with type I
diabetes also had Hashimoto’s disease.233

The symptoms referable to underlying hypothyroidism
are common to all of the underlying causes, and there is sig-
nificant overlap with complaints common to euthyroid preg-
nant women, which makes the clinical diagnosis difficult.

Figure 7–6. Diagnosis and management of fetal thyrotoxicosis.
HR, fetal heart rate; MMI, methimazole; TSI, thyroid-stimulating
immunoglobulin. (Adapted from Wallace G, Couch R, Ginsberg J:
Fetal thyrotoxicosis: A case report and recommendations for pre-
diction, diagnosis, and treatment. Thyroid 1995;5:125.)



Patients complain of constipation; cold intolerance; cool,
dry skin; coarse hair; irritability; and inability to concen-
trate. The presence of paresthesias may be helpful in the
diagnosis, because it is an early symptom in approxi-
mately 75% of patients with hypothyroidism. The pres-
ence of delayed deep tendon reflexes is also suggestive of
hypothyroidism. In addition, signs of gross myxedema,
including a low body temperature, large tongue, hoarse
voice, and periorbital edema are not found in normal
pregnancy, and their presence should prompt an immedi-
ate evaluation for hypothyroidism. Patients may com-
plain of excessive fatigue. Maternal hypertension is
common.234 Postpartum amenorrhea and galactorrhea
associated with hyperprolactinemia may be indicative of
hypothyroidism.235,236

The most sensitive indicator of primary hypothyroidism
is an elevated TSH in association with a low serum T4 con-
centration. Because of the elevated TBG of pregnancy, the
serum T4 determination may not be as low as would be
expected and may appear inappropriate in the setting of an
elevated TSH. Thyroid autoantibody positivity provides
supporting evidence for the presence of hypothyroidism,
particularly in the absence of a history of thyroidectomy
or radioactive iodine therapy. Elevated serum cholesterol
concentrations are common in hypothyroidism but are not
helpful in the diagnosis, inasmuch as serum cholesterol
concentrations increase during pregnancy, up to 60% above
prepregnancy values. Screening for hypothyroidism, with a
serum TSH, should be performed during the first 2 months
of pregnancy in selected patients with a personal or family
history of hypothyroidism or other autoimmune disorders.
Screening the entire population is not cost effective and
currently is not recommended, although it is the subject
of much debate.

Pregnancy in Hypothyroid Women

Myxedematous patients have been reported to carry their
pregnancies to term successfully.237-240 Before the second
trimester, thyroid hormone requirements necessary for
normal fetal growth are provided by the maternal thyroid
gland, with associated transplacental passage of thyroid
hormone. In severely hypothyroid mothers, this hormone
is lacking. There is no evidence for an increased risk of
birth defects and a history of maternal hypothyroidism,241

although an interesting association has been made between
the presence of high titers of thyroid autoantibodies

in women and Down’s syndrome in their children.112

A hypothetical explanation for this is that maternal thyroid
autoimmunity may predispose to aneuploidy in the
mother’s gametes and may play a major role in the birth
of children with Down’s syndrome in younger mothers.
In addition, as mentioned previously, there is increasing
evidence that maternal thyroid hormone plays a role in
the development of the fetal brain.242,243 Inadequate thy-
roid hormone replacement during pregnancy may result
in psychoneurologic and developmental deficits in the
progeny.244,245

Outcome

Animal data suggest that mild or moderate hypothyroidism
has minimal effect on fertility, although hypothyroid
animals do have difficulty maintaining pregnancy.
A study of 244 pregnant hypothyroid women found the rate
of stillbirth was double that in control subjects.85 Another
study evaluated the outcome of a group of children whose
mothers had proven or suspected thyroid disorders dur-
ing pregnancy. This smaller study revealed that outcomes
were poor in six of seven pregnancies in women with clini-
cally suspected hypothyroidism and low butanol-extractable
iodine.

The work of Man and coworkers suggested that the prog-
eny of inadequately treated “hypothyroxinemic” women
suffer psychoneurologic deficits. Developmental deficits
are demonstrable as early as 8 months of age.244 A 7-year
follow-up study revealed that these children had persistent
deficits and manifested in lower psychologic test scores,
although confounding factors, such as socioeconomic
status, may have played a role in the poor outcome. More
recently, a 7- to 9-year follow-up study of 62 euthyroid
children of hypothyroid mothers confirmed these findings.
Children of hypothyroid mothers who remained untreated
during pregnancy achieved lower IQ scores than did con-
trols. In addition, a larger percentage (15%) of children
of untreated mothers had IQ scores of 85 or less, in com-
parison with 5% of controls.245 Animal studies demonstrate
that early maternal hypothyroxinemia alters fetal brain
histogenesis and the cytoarchitecture of the fetal cor-
tex246,247; this provides a potential mechanistic explanation
for these findings. Together these findings suggest that
thyroid hormone influences the developing fetal brain,
affecting neuronal differentiation and multiplication,
among other events.
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Laboratory 
Causes Symptoms Signs Findings Course Outcome

Autoimmune Cold Periorbital edema ↑ TSH Worsens during Maternal:
thyroid disease intolerance Myxedema ↓ T4 pregnancy as Increased risk of 

Iodine Constipation Hoarse voice ↓ Free T4 demands on fetal loss
deficiency Fatigue Macroglossia Antithyroid thyroid increase Fetal:

Prior RAI treatment Dry skin/hair Delayed DTR antibodies Psychoneurologic 
Thyroidectomy Paresthesias HTN (TPO, TG) defects

Cretinism

DTR, deep tendon reflex; HTN, hypertension; RAI, radioactive iodine; T4, thyroxine; TG, thyroglobulin; TPO, thyroid peroxidase; TSH, thyroid-stimulating hormone.

TABLE 7–7 Maternal Hypothyroidism



Management of Hypothyroidism
during Pregnancy

Full replacement doses of T4 should be given immediately
upon the diagnosis of hypothyroidism in the pregnant
woman, regardless of the degree of thyroid function. This
treatment minimizes further fetal exposure to the
hypothyroid milieu. Therapy can be titrated rapidly240 in
young pregnant women with no other comorbid condi-
tions. One reasonable schedule is to start with 0.100 mg of
T4 daily for 3 to 5 weeks, with subsequent dosage adjust-
ments depending on thyroid function test results. T4 need
be given only once a day because of the long half-life. With
adequate treatment, the serum TSH concentration should
decrease to values less than 6 μU/mL, usually within 4 weeks,
and the serum T4 concentration should increase to normal
values for pregnancy. The optimal range for TSH during
pregnancy is less than 3.0 μU/mL. Note that normal serum
T4 concentrations in pregnancy may be at the upper limit
of the normal range for nonpregnant women. This results
from an increase in T4 binding in the setting of pregnancy-
induced increases in serum TBG concentrations. The free
T4 concentrations should be brought into the upper range
of normal. If the values do not return to normal, the
dosage of T4 should be increased by 0.05-mg increments.
The serum TSH concentration may take longer to return
to normal values.

Pregnant Women Receiving Continuous Thyroid
Hormone Replacement Therapy

In the majority of pregnant women receiving thyroid hor-
mone during pregnancy, hypothyroidism has been diag-
nosed before conception. In many cases, the initial diagnosis
of hypothyroidism may be obscure. The number of women
in whom hypothyroidism is diagnosed during pregnancy is
small. To ensure that the pregnant woman is receiving
adequate thyroid hormone, full replacement doses must
be given. As mentioned previously, the dosage of thyroid
hormone commonly has to be increased by up to 50% dur-
ing pregnancy.231 The recommended replacement dose of
T4 is approximately 0.10 mg/day, according to the amount
of T4 necessary to suppress the elevated serum TSH con-
centration.248 Women receiving thyroid hormone therapy
require close follow-up during pregnancy to maintain
optimal thyroid hormone concentrations.229-232

In women with no history of hypothyroidism in whom
the diagnosis is made during pregnancy, thyroid hormone
therapy may be discontinued during the postpartum period
and thyroid function reassessed 5 to 6 weeks later. Recovery
may be delayed, because normal thyroid function may
remain suppressed for a number of weeks after prolonged
thyroid hormone therapy. Some women remain hypo-
thyroid and ultimately require chronic replacement therapy.

Thyroid Function and Fetal Loss

It has been observed that hypothyroid women experience
increased rates of fetal loss. As a result of this observation,
serum thyroid hormone determinations were evaluated in
women who aborted spontaneously, and the levels were
found to be low.136 Normal values were found in the

majority of patients who had elective abortions, although
a minority of these women did have low thyroid hormone
levels as well. Follow-up studies in patients with low thy-
roid hormone levels who had undergone elective abortions
determined that they were euthyroid and presumably had
not been hypothyroid during pregnancy. The data sug-
gested that lower estrogen levels after termination were
associated with concomitant decreases in TBG and serum
thyroid hormone concentration. Therefore, the low serum
thyroid values were believed to be secondary to the abortion,
rather than the cause. Because the low serum T4 merely
reflects the decreased estrogen production and TBG, there
is no reason to suppose that thyroid hormone would be
helpful in these situations.249

The balance of evidence suggests that the great majority
of women with early spontaneous abortions have normal
thyroid function. However, an association has been made
between the presence of thyroid autoantibodies (antithyroid
peroxidase and antithyroglobulin antibodies) and an
increased risk of spontaneous abortion. In a study of 552
antibody-positive women in the first trimester of pregnancy,
the rate of spontaneous abortion was 17%, in comparison
with 8.4% in antibody-negative women.250 The miscarriage
rate was found to be unrelated to the titer of autoantibody
or the level of serum TSH. It is important to note that sec-
ondary causes of abortion were not excluded in this study
and may have had a confounding effect on the results.
Nonetheless, this initial observation prompted further
investigation into the potential association between thyroid
autoantibodies and pregnancy loss.251 A review of the avail-
able evidence252 cited successive corroborative studies in
Belgium253 and Japan,254 involving hundreds of women, in
which rates of spontaneous abortion were found to be
increased twofold to fourfold in autoantibody-positive
women in comparison with controls. Subsequent studies in
smaller study populations found an increased incidence of
thyroid antibodies only in patients with repeated sponta-
neous abortions.255-257 The cause of pregnancy loss in
women who are thyroid antibody–positive remains
unknown. It has been hypothesized that the presence of thy-
roid autoantibodies reflects a generalized activation of the
immune system and that the antibodies are not the
causative agents of spontaneous abortion. It is also possible
that subtle, subclinical deficiencies in thyroid hormone lev-
els occur in these women, predisposing them to pregnancy
loss. The question of intervention has been raised. Small
studies258-261 have addressed the issue of immunomodula-
tion with intravenous immune globulin. Because of subop-
timal study designs and size constraints, its impact is
unclear, and the results are inconclusive.

NEONATAL HYPOTHYROIDISM

Generalized neuropsychologic developmental delay has
been reported in children who experience thyroid hormone
deficiency during early fetal and neonatal periods.244,245,262

Studies suggest that maternal hypothyroxinemia alone,
even in the setting of a normal TSH, is a risk factor for
poor neuropsychologic developmental outcomes in the
progeny.263 Optimal development of brain structures early
in gestation is dependent on the presence of adequate
concentrations of serum T4, which is converted to T3 locally
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by the fetus. Whether subclinical hypothyroidism, defined
as serum T4 concentrations within normal limits in asso-
ciation with a minimally elevated TSH, can affect fetal
brain development is the question.

The diagnosis of primary hypothyroidism in infants
appears to be associated with a higher incidence of con-
genital anomalies.264 A population-based study of more
than 1300 infants found that the prevalence of major anom-
alies was 8.4% among infants with congenital hypo-
thyroidism, in comparison with 1% to 2% of the general
population.265 Cardiac anomalies were the most common
associated congenital anomalies, although anomalies of the
nervous system and eyes were noted as well. The mechanisms
underlying these associations remain to be elucidated.

If left untreated, neonatal and early childhood hypo-
thyroidism results in profound mental and developmental
retardation. It is important to note that both the severity of
thyroid hormone deficiency and the time of onset during
development determine the degree and potential reversibil-
ity of the ensuing brain damage. As would be expected, the
earlier hypothyroidism occurs during fetal development,
the more severely affected the neonate is. Onset of hypo-
thyroidism after the age of 2 years appears to exert few if
any irreversible effects on mental development.

Intrauterine hypothyroidism is detected from the pres-
ence of elevated TSH concentrations and low serum T4
concentrations.266 Clinically, neonates with hypothyroidism,
even those with thyroid agenesis, are usually normal with
regard to appearance, size, weight, behavior, and immedi-
ate postnatal development. Of note, however, is that bone
maturation is delayed at birth in approximately 60% of
affected infants. Because of the absence of pathogno-
monic features at birth, the condition is diagnosed in
fewer than 5% of affected patients in the neonatal period
on the basis of clinical presentation alone.

Prompt identification and treatment of newborns with
congenital hypothyroidism is vital to ensure their appro-
priate neuropsychologic development. Identification
through screening programs, with immediate institution
of replacement therapy, leads to a normal IQ at 5 to 7 years
of age.71,107,153,267 Aggressive early treatment with thyroid
hormone may be beneficial (e.g., 8 to 10 μg of T4/kg body
weight).

Cause

The causes of congenital fetal and neonatal thyroid dys-
function are varied, ranging from thyroid dysgenesis to thy-
roid hormone resistance. The various causes of congenital
hypothyroidism are outlined in Table 7–8. The most com-
mon cause of congenital fetal/neonatal thyroid dysfunc-
tion is primary hypothyroidism, estimated to occur in
approximately 1 per 4000 births.268 Thyroid dysgenesis may
result from thyroid aplasia, hypoplasia, or ectopy. Of chil-
dren with thyroid dysgenesis, approximately 40% have
ectopic thyroid tissue, 40% have thyroid aplasia, and 20%
have thyroid hypoplasia.269 Rare disorders of thyroid func-
tion include dyshormonogenesis, hereditary TSH defi-
ciency, TSH receptor mutations, and thyroid hormone
resistance. The presence of thyroid growth–blocking anti-
bodies has been reported in mothers who give birth to
hypothyroid infants.70,205,270-272 However, seasonal variation
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Cause Incidence

Congenital Hypothyroidism 1:4,000
Primary Hypothyroidism 1:4,400
Thyroid dysgenesis

Thyroid aplasia (40%)
Thyroid hypoplasia (20%)
Thyroid ectopy (40%)

Drug-induced 1:10,000
Dyshormonogenesis 1:30,000

Secondary Hypothyroidism 1:75,000

Other 1:60,000
TSH receptor mutations
Thyroid hormone resistance

TSH, thyroid-stimulating hormone.

TABLE 7–8 Congenital Hypothyroidism

in the incidence of congenital hypothyroidism implies that
environmental factors may play a role. It is important to
consider potential fetal exposure to antithyroid drugs or
other agents when neonatal hypothyroidism is evaluated.

A reduction in maternal serum T4 as a result of mater-
nal iodine deficiency during early pregnancy compro-
mises the development of the fetal nervous system and
can lead to profound neurologic impairment (neurologic
cretinism).267,273 Iodine deficiency in later pregnancy or
infancy that results in fetal or neonatal hypothyroidism
exerts effects on somatic development (myxedematous
cretinism). Neonatal thyroid screening programs have
been instituted to ensure prompt detection and treatment
of neonatal thyroid dysfunction.

Thyroid Dysgenesis

The cause of thyroid dysgenesis is unknown. Various
mechanisms have been implicated, including single-gene
mutations and familial autoimmune factors. The term
athyreotic cretinism has been used, although some thyroid
tissue is usually present.274 It has been postulated that
thyrocytotoxic factors may be transferred across the pla-
centa, resulting in destruction of the fetal thyroid gland.
However, it seems more likely that these antibodies repre-
sent a reaction to thyroid injury rather than a primary
event.275 Transplacental transfer of a thyrosuppressive fac-
tor has been observed in one family.4

In addition, families have been identified with a muta-
tion in the Pit-1 gene, a pituitary transcription factor that
activates expression of TSH and growth hormone genes.
Hypopituitarism results, in association with in utero TSH
deficiency.276

Inborn Errors of Thyroid Function

Defects in thyroid hormone synthesis occur in approxi-
mately 1 child per 30,000. Usually these defects in thyroid
hormone biosynthesis are inherited as autosomal recessive
traits. Biochemical defects that correspond to each step in
hormone biosynthesis, including defects in organification,
iodide transport, and thyroglobulin and deiodinase synthe-
sis, have been identified. Affected children may not have



significant thyroid enlargement at birth, because maternal-
fetal transfer of thyroid hormone supplies the fetus with
sufficient concentrations of thyroid hormone to suppress
goiter formation. Progressive, defective thyroid hormone
synthesis, if left untreated, ultimately results in goitrous cre-
tinism.277 A family history of goitrous cretinism should alert
the physician to this possibility in the neonate.

Drug-Induced Hypothyroidism

Numerous compounds that possess antithyroid activity,
including thioamides, amiodarone, lithium, and potassium
iodide, have been identified. Maternal exposure to these
compounds results in fetal exposure and may adversely
affect fetal thyroid function. The effects are usually transient.
Neonatal thyroid screening program data suggest that
transient hypothyroidism may occur in 1 per 10,000 births.

Children who have been exposed to PTU in utero
may be born with a small goiter and transient hypo-
thyroidism.130,152,278 Screening data indicate that, of 100
infants exposed to PTU in utero, one may develop tran-
sient hypothyroidism. The hypothyroidism resolves post
partum, as exposure of the neonate to the antithyroid
medication is eliminated.

Maternal iodide ingestion during pregnancy is an
important cause of neonatal hypothyroidism and goiter.
It is important to note that fetal goiter may develop with
maternal ingestion of as little as 12 mg of iodide daily.279

Studies of neonatal response to therapy with iodides docu-
ment sensitivity to relatively low doses of iodide therapy.
Indeed, one case report of oral iodide therapy for neonatal
hyperthyroidism secondary to maternal Graves’ disease
demonstrated rapid normalization of neonatal thyroid
indices with doses of 8 mg of potassium iodide three times
a day (total, 24 mg/day).280 Thus, administration of iodides to
euthyroid fetuses/neonates might induce hypothyroidism.
Radiopaque dyes used for radiologic procedures, includ-
ing amniography, contain large amounts of iodides and
may result in transient neonatal hypothyroidism.13

The antiarrhythmic drug amiodarone contains 75 mg of
iodine in each 200-mg capsule. There have been case reports
of women who have received the amiodarone throughout
pregnancy. The majority of the resulting offspring have
been euthyroid without goiter, but there have been excep-
tions.281-286 The hypothyroidism is usually transient, but
mental retardation has occurred. Maternal iodide ingestion
may result in significant enlargement of the fetal thyroid,
and the goiters may be large and obstructive.125 Large goiters
may be detected in utero through ultrasonography. The
presence of a large goiter makes maintenance of an ade-
quate airway difficult. Extremely large goiters may neces-
sitate surgery. Treatment with intraamniotic injection of
thyroid hormone may also be of benefit in reducing the
size of the goiter and restoring euthyroid status.67

Diagnosis

To ensure adequate treatment of neonatal hypothy-
roidism and abrogation of the deleterious effects of the
hypothyroid state, it is crucial that the diagnosis of
hypothyroidism be made during the first weeks after birth.

Unfortunately, clinical features of hypothyroidism are
uncommon at this point, and the diagnosis is rarely sus-
pected on the basis of clinical presentation alone. Clinical
features of neonatal hypothyroidism are variable and
include prolonged gestation with macrosomia, feeding
and respiratory difficulties, protracted icterus, abdominal
distention with vomiting, and constipation. In addition,
delayed bone age, hypothermia, cyanosis, umbilical hernia,
dry skin, and a large posterior fontanel have been
observed.287-289

Laboratory evaluation revealing a low serum T4 con-
centration (<6 μg/dL), in association with an elevated
TSH level (>80 μU/dL), is diagnostic of hypothyroidism.
Neonatal screening may detect borderline T4 or border-
line TSH in infants. Radiographs for bone age estimation
may be helpful, inasmuch as hypothyroidism is associated
with low osteoblastic activity. This is reflected in bone radi-
ographs as delayed bone/skeletal maturation. Specifically,
a lack of ossification of the distal femoral epiphysis on the
proximal tibial epiphysis is suggestive of a history of in
utero thyroid hormone deficiency.290

Epiphyseal dysgenesis, commonly affecting the proximal
femoral epiphysis, has also been described. Of note, any
center of endochondral ossification may be affected.291 The
ossification center originates as multiple small centers
scattered throughout the epiphysis. These centers eventu-
ally coalesce to form a single center with an irregular shape
and a stippled appearance.

Full assessment of neonates with borderline thyroid
function should include a thyroid scan. Infants who have
residual thyroid tissue, no signs or symptoms of hypo-
thyroidism, normal serum T3 concentration, and normal
bone age have an excellent prognosis for normal develop-
ment. In contrast, infants lacking visible thyroid tissue, with
low serum T4 and T3 concentrations and with detectable
signs of bone age retardation, have a more guarded prog-
nosis for entirely normal development, even with early
treatment.

It is important to distinguish cretinism from other
syndromes with which it may share common features. Both
cretinism and Down’s syndrome are characterized by short
stature and mental retardation. However, the child with
Down’s syndrome is more active and has specific stig-
mata. Cretinism may also be confused with the Beckwith-
Wiedemann syndrome, which includes umbilical hernia
and macroglossia.292

Management of Congenital Hypothyroidism

The efficacy of thyroid hormone replacement therapy
depends on the promptness of its institution. Numerous
studies have documented minimization of mental retarda-
tion and neuropsychologic delay with early neonatal treat-
ment.266,293 Instituting therapy in utero appears beneficial,
if the diagnosis of fetal hypothyroidism has been made.

In Utero Therapy

Because of the mounting evidence that in utero hypo-
thyroidism is associated with irreversible central nervous
system damage and developmental delay,245 there has been
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interest in intrauterine treatment of fetal hypothyroidism.
Although the intrauterine diagnosis of hypothyroidism is dif-
ficult,63,294 evaluation of cord blood via cordocentesis can help
clarify the clinical situation. In addition, fetal ultrasonogra-
phy is useful in identifying the presence of fetal goiter.

It has been estimated that third trimester fetal T4 require-
ments are in the range of 6 μg/kg/day.295 Therapeutic
interventions have been designed to take advantage of the
fact that the fetus effectively absorbs T4 from amniotic fluid.
Numerous case reports document intraamniotic injection of
T4 for treatment of fetal hypothyroidism.78,296,297 One early
study utilized such therapy in a pregnant woman who had
inadvertently received 150 mCi of 131I during weeks 10 to
11 of pregnancy.80 Because of the potential risks of fetal
hypothyroidism, an amniocentesis was performed weekly
from week 33 until delivery, with an injection of 500 μg of
T4 each week. The concentration of T4 in the cord serum was
in the hypothyroid range, and the TSH concentration was
low. At birth, however, the infant was not hypothyroid.

In one study of antenatal diagnosis and treatment of
fetal goitrous hypothyroidism, intraamniotic injections of
T4 were successfully employed at a dose of 10 μg/kg/day
every 7 days. Investigators documented improvement in
the fetal goiter with this therapy.67 Current recommenda-
tions cite intraamniotic administration of 250 to 500 μg
of L-thyroxine at 7- to 10-day intervals for the management
of fetal hypothyroidism.

THYROID NODULE AND THYROID
CARCINOMA

Relative iodine deficiency during pregnancy may result
in the development of a nontoxic diffuse goiter, as discussed
earlier. Of more concern, in both pregnant and nonpregnant
women, is the discovery of a solitary thyroid nodule.298

Management of the Thyroid Nodule

Evaluation of the solitary thyroid nodule during pregnancy
relies on the use of ultrasonography and fine-needle aspira-
tion, because the radioisotope thyroid scan is contraindi-
cated. Ultrasonographic evaluation provides information
about the size of the nodule and characterizes the nodule
as solid or cystic. Ultrasonography is also useful in identi-
fying the presence of diffuse thyroid disease and in reveal-
ing the presence of previously undetected, nonpalpable
nodules. Fine-needle aspiration biopsy is indicated in
women before 20 weeks of pregnancy for nodules that are
(1) rapidly enlarging, (2) associated with palpable cervical
lymph nodes, (3) solid and larger than 2 cm, or (4) cystic
and larger than 4 cm. Aspiration should be performed after
20 weeks if a nodule increases in size on suppression therapy
(Fig. 7–7).299,300 If the biopsy specimen is adequate and does
not reveal suspect cells, then thyroid hormone suppression
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should be instituted for the duration of the pregnancy.
A dosage of 0.10 mg of T4 per day is used. If the biopsy find-
ings are suggestive of malignancy, surgery is indicated even
though the patient is pregnant. The nodule must be reeval-
uated post partum.

A small study assessed 26 pregnant women who had
undergone surgery for solitary nodules that had arisen
during, or were affected by, pregnancy.301 At surgery, nine
nodules were found to be true adenomas; the majority rep-
resented nontoxic nodular goiter. Parity seemed to have no
influence on the development of thyroid nodules, although
in areas of marginal iodine intake, thyroid nodularity does
increase with parity.302

Thyroid Carcinoma and Pregnancy

The diagnosis of thyroid carcinoma during pregnancy is
not an absolute indication for termination of the preg-
nancy. Studies of pregnant women with histories of past
and current thyroid carcinoma suggest that pregnancy
does not have a direct effect on the natural history of
thyroid carcinoma. In one study, 70 women with thyroid
carcinoma who became pregnant were compared with
109 women with thyroid carcinoma who did not.303 The
overall recurrence rate did not differ between the two
groups; this finding prompted the conclusion that preg-
nancy occurring after the diagnosis of thyroid carcinoma
had no effect on the course of the disease.

It has also been observed that the presence of thyroid
carcinoma does not appear to have any significant effect on
the pregnancy itself.155,304 In a study of 60 pregnant women
who had concurrent thyroid carcinoma, 22 women with
a history of thyroid carcinoma had been pregnant multiple
times with this condition. The other 38 women had been
treated and were free of disease for 2 to 15 years before
becoming pregnant.305 In this study, the presence of exten-
sive metastases in one patient, and the need for radioactive
iodine therapy in another, resulted in the performance of
two therapeutic abortions.

Treatment options for thyroid carcinoma during preg-
nancy are more limited than in the nongravid state.
Radioactive iodine is contraindicated, but thyroid surgery
remains an option, when necessary.306 There is no evidence
to suggest that a past exposure to radioactive iodine pre-
cludes future pregnancy or affects the outcome of subse-
quent pregnancies and offspring.307
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PITUITARY DISORDERS OF PREGNANCY

Physiologic and Anatomic Changes of the
Pituitary during Pregnancy

In pregnancy, the normal pituitary gland enlarges from
660 mg in the nonpregnant state to 760 mg by term. This
occurs mainly because of an increase in the number
and size of the lactotrophic cells. This increase in pituitary
size does not result in visual field changes if a woman
has a normal pituitary gland before the pregnancy.
Therefore, visual changes that occur for the first time
in pregnancy should be fully investigated. Serial magnetic
resonance imaging (MRI) of the pituitary gland has been
done by various investigators. Gonzales and colleagues1

showed an increase in pituitary volume of about 136%
overall and an increase in the vertical and anteroposterior
diameter of 2.6 mm on average. They also found that
the MRI signal intensity was increased in relation to that
in the nonpregnant state. Therefore, physicians and radi-
ologists should be aware of these normal changes, partic-
ularly the increased signal density, because this may lead
to misrepresentation. Dinc and colleagues found on MRI
that the pituitary gland enlarges in three dimensions
throughout pregnancy. The maximum height of the
gland does not exceed 10 mm during pregnancy but actu-
ally may exceed 10 mm during the 3 days immediately
post partum.2 In conclusion, therefore, the pituitary
gland enlarges throughout pregnancy but should proba-
bly not exceed 10 mm in height during most of this
period. A size of up to 12 mm may be acceptable immedi-
ately post partum.
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8
PITUITARY AND ADRENAL
DISORDERS OF PREGNANCY
Pe t e r  R .  G a r n e r * a n d  G e r a r d  N .  B u r r o w

Changes in Pituitary Physiology in Normal
Pregnancy

Because of the normal physiologic changes in pituitary
hormone concentrations in pregnancy, it is very difficult
to diagnose pituitary hypersecretion or hyposecretion
during pregnancy itself; therefore, confirmation must
wait until the postpartum period. The results of dynamic
pituitary function testing (e.g., triple-bolus testing) in
pregnancy are difficult to interpret because no pregnancy
standard exists (Table 8–1). Lactotrophic cell secretion of
prolactin increases (Fig. 8–1) during the first trimester.
This is because both estrogen and progesterone simulate
the lactotrophic cells. In the second and third trimesters,
the decidua is a source of much increased prolactin pro-
duction. Decidual prolactin secretion is not suppressible

*Shortly after completing this chapter, Peter R. Garner, MD, FRCP(C),
succumbed to cancer. He leaves the legacy of a distinguished and productive
career in Obstetric Medicine.

Basal Serum 
Hormone Level Changes Dynamic Testing

LH Suppressed Flat response to GnRH
FSH Suppressed Flat response to GnRH
Prolactin Elevated —
GH Suppressed Blunted response to

hypoglycemia
TSH Unchanged Increased response to TRH
ACTH Small rise Blunted response to 

metyrapone
BMSH Elevated —
Vasopressin Unchanged Normal response to water 

deprivation
Oxytocin Vary considerably Variable increase during 

labor

From Garner PR: Pituitary disorders in pregnancy. Curr Obstet Med 1991;1:48.
ACTH, adrenocorticotropic hormone; BMSH, β-melanocyte–stimulating
hormone; FSH, follicle-stimulating hormone; GH, growth hormone; GnRH,
gonadotropin-releasing hormone; TRH, thyrotropin-releasing hormone; TSH,
thyroid-stimulating hormone.

TABLE 8–1 Changes in Pituitary Function during
Pregnancy
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by dopamine agonists. Prolactin responses to thyrotropin-
releasing hormone (TRH) infusion are similar in all three
trimesters, but they are probably greater than the non-
pregnant response.

Maternal serum growth hormone levels during early
pregnancy are similar to those in the nonpregnant state.
They increase in late pregnancy as a result of increasing
levels of human placental growth hormone. However,
maternal pituitary growth hormone levels decrease. Thus,
during pregnancy, placental growth hormone levels
increase progressively, but the regulation of placental growth
hormone secretion remains unknown. Insulin-like growth
factor 1 is produced in response to growth hormone, and
its level is elevated in pregnancy. Growth hormone release
and response to hypoglycemia are suppressed during preg-
nancy and up to 1 week post partum, but testing for this
during pregnancy is not advised, because of the potential
fetal danger of hypoglycemia. Growth hormone–releasing
hormone (GHRH) stimulation testing in pregnancy is safe
and the response is unaltered.3

Levels of thyroid-stimulating hormone (TSH) decrease
during the first trimester with a reciprocal relationship to
β–human chorionic gonadotrophin (β-hCG).4 TSH levels
then rise by the third trimester but usually remain in the
upper normal range.5 In fact, the higher the β-hCG levels
are in the first trimester, the lower the TSH level is, and
this may lead to an erroneous diagnosis of hyperthy-
roidism in the first trimester, particularly in conditions
associated with high first trimester β-hCG levels, such as
hyperemesis gravidarum.

Maternal adrenocorticotropic hormone (ACTH) levels
increase progressively throughout pregnancy and increase
further during labor. The progressive increase in ACTH is
a response to elevated corticotropin-releasing hormone
(CRH) concentrations in pregnancy, which increase several
hundred–fold by term. The elevated CRH levels in preg-
nancy are of placental origin.6 Of diagnostic importance
is that placental ACTH is not suppressible by cortico-
steroids such as dexamethasone. This leads to difficulties
in the interpretation of dexamethasone suppression test
results during pregnancy. There is also a blunted response
to metyrapone, but this test is not recommended during
pregnancy. There is also good evidence that opioids regu-
late the production of ACTH secretion during pregnancy
and parturition.7

Luteinizing hormone (LH) and follicle-stimulating
hormone (FSH) levels are suppressed during pregnancy.
The FSH levels remain low post partum, possibly because of
prolactin suppression. LH levels are in the luteal phase
range. Gonadotropin-releasing hormone (GnRH) stimula-
tion shows a flattened response. Postpartum FSH levels
return to normal more predictably than do LH levels; they
begin to rise by 14 days after delivery and return to normal
by 21 days post partum.8 In the third trimester, low levels
of amniotic fluid FSH are found in fetuses of both sexes.
LH levels rise in amniotic fluid in the second trimester in
both sexes but become undetectable by term. The source of
amniotic fluid LH and FSH is thought to be fetal, inas-
much as maternal levels remain low throughout pregnancy.

Normal Changes in Posterior
Pituitary Function during Pregnancy

Vasopressin release by the hypothalamus is controlled by
alterations in plasma osmolality, blood volume, and several
other stress factors, both in pregnancy and in nonpregnant
states. During pregnancy, plasma osmolality decreases
from 285 to 275 mOsm/kg.9 This has been called “reset-
ting of the osmostat.” Also during pregnancy, both the
plasma levels of vasopressin and the release of vasopressin
after dehydration or water loading remain unchanged.
Because plasma osmolality decreases during pregnancy,
this suggests that there is a true resetting of the threshold
of vasopressin secretion during pregnancy in association
with the downward adjustment of the thirst threshold.
The mechanism by which osmoregulatory changes occur
during pregnancy is not known, but there have been several
hypothetical suggestions. Hyperventilation in pregnancy
leads to hypocapnia, which leads to bicarbonate wasting.
This is accompanied by sodium loss and a decrease in
plasma osmolality. Acute administration of estradiol has
also been reported to decrease plasma osmolality. Changes
in the renin-angiotensin-aldosterone system may change
osmoregulation in pregnancy, but further investigation is
required.10

Oxytocin is a nine–amino acid peptide secreted mainly
by the supraoptic nucleus of the hypothalamus. Oxytocin
levels increase in pregnancy from 10 pg/mL in the first
trimester to 30 pg/mL in the third trimester. Around term,
there is a dramatic increase to approximately 75 pg/mL
which may be due to an estrogen stimulatory effect.

Figure 8–1. Plasma prolactin levels during pregnancy. (From
Biswas S, Rodeck CH: Plasma prolactin levels during pregnancy.
Br J Obstet Gynaecol 1976;83:684.)
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Plasma oxytocin levels rise dramatically during labor
and peak during the second stage. There is an increase in
oxytocin receptors in the myometrium, with the resultant
increase in uterine sensitivity to oxytocin. In spite of this,
endogenous oxytocin seems to play only a facilitatory role
in human labor, inasmuch as labor is not altered by
hypophysectomy. Pulsatile release of oxytocin in patients
with diabetes insipidus also is not correlated with uterine
contractions.

The supraoptic and paraventricular nuclei of the hypo-
thalamus also synthesize neurophysins, which are carrier
proteins for both oxytocin and vasopressins. Neurophysins
bind oxytocin and are stimulated by estrogen. Plasma
neurophysin levels rise during pregnancy but do not increase
during breast-feeding.11

Dynamic Pituitary Function Testing
in Pregnancy (Triple-Bolus Test)

A normal triple-bolus test consists of GnRH and TRH
stimulation with added hypoglycemia induced by insulin
for release of ACTH and growth hormone. To avoid hypo-
glycemia, CRH and GHRH may be used in place of insulin.
TRH, GnRh, and CRH seem to be safe in pregnancy in addi-
tion to GHRH, but no standardized response range has
been obtained in pregnant patients. Hypoglycemia can be
dangerous to the fetus and should not be used in a case of
suspected hypopituitarism (e.g., Sheehan’s syndrome). This
test should therefore be delayed until the postpartum
period, preferably until at least 6 weeks after delivery.

Imaging of the Pituitary Gland
during Pregnancy

It is safe to undergo MRI during pregnancy; thin-section
(2.5- to 3.0-mm) MRI is superior to computed tomographic
(CT) scanning. To date, there is no evidence of embryo sen-
sitivity to magnetic or radiowave frequency at the intensi-
ties encountered during MRI. The National Radiological
Protection Board, however, suggests avoiding MRI during
the first trimester if possible. High-resolution CT scan of
the pituitary produces a radiation dose to the pelvis of less
than 10 mGy. The acceptable upper limit of radiation to
the pelvis is 25 mGy, but if CT is done during pregnancy,
abdominal shielding measures are required.12

Diabetes Insipidus in Pregnancy

Diabetes insipidus in pregnancy is caused by an abnormal-
ity of vasopressin secretion or action or by a change in
vasopressin degradation. Presenting features are polydipsia,
polyuria, and dehydration. Three types of diabetes insipidus
can be encountered during pregnancy: central, nephrogenic,
and the transient vasopressin-resistant type (Table 8–2).

Central Diabetes Insipidus

Central diabetes insipidus is caused by decreased
production of vasopressin by the paraventricular nuclei of

Type of Diabetes
Insipidus Cause

Central Pregnancy worsening of prior diabetes 
insipidus

Central nervous system tumor 
(e.g., prolactinoma)

Granuloma (e.g., sarcoid)
Histiocytosis X
Aneurysm
Lymphocytic hypophysitis
Sheehan’s syndrome

Nephrogenic X-linked abnormality of vasopressin V2

receptor
Transient vasopressin- Increased vasopressinase activity resulting 

resistant from decreased vasopressinase degrada-
tion caused by hepatic disease (e.g.,
acute fatty liver, HELLP syndrome,
hepatitis B)

HELLP, hemolysis, elevated liver enzyme levels, and low platelet counts.

TABLE 8–2 Causes of Diabetes Insipidus in Pregnancy

the hypothalamus. It complicates 1 per 15,000 deliveries.
The most common scenario is that of a woman with preex-
isting central diabetes insipidus who becomes pregnant.
Central diabetes insipidus often worsens with pregnancy
because of increased clearance of endogenous vasopressin
by vasopressinase. Vasopressinase (cystine aminopepti-
dase) is produced by the placenta, and its concentration
dramatically increases in pregnancy in proportion to pla-
cental weight. It is metabolized by the liver; therefore, its
activity increases in liver disease. Subclinical central dia-
betes insipidus may be unmasked for the first time during
pregnancy, because of increased clearance of vasopressin.
During pregnancy, 60% of established cases of central dia-
betes insipidus worsened, but 25% improved and 15%
remained the same.10 Central diabetes insipidus may mani-
fest for the first time during pregnancy; this has been
reported in the setting of the Sheehan’s syndrome and as
a result of enlargement of a prolactinoma and lymphocytic
hypophysitis. It has also been reported as a complication
of a ventriculoperitoneal shunt during pregnancy.

Diagnosis of central diabetes insipidus occurring for
the first time during pregnancy requires a modification
of the standard water deprivation test. Nonpregnant
patients are normally required to lose up to 5% of their
total body weight before dehydration adequately stimu-
lates vasopressin release. Such dehydration can be danger-
ous in pregnancy and should not be instituted. The use of
1-deamino(8-D-arginine) vasopressin (DDAVP) as a test of
urinary concentrating ability is preferred. Maximum urine
osmolality over the next 11 hours is assessed, and any
value greater than 700 mOsm/kg is considered normal.13

Treatment of central diabetes insipidus in pregnancy
is best achieved by using DDAVP, 2 to 20 μg intranasally
twice daily. This treatment can be given parenterally after
cesarean section, but intravenous dosing is 5- to 20-fold
more potent than the intranasal spray. DDAVP is used
because it is not degraded by vasopressinase. The amount
of DDAVP in breast milk is small, and breast-feeding is
not contraindicated. Treatment of central maternal diabetes
insipidus with DDAVP throughout pregnancy does not
pose a risk to the infant.14
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Labor proceeds normally in women with central diabetes
insipidus, and surges of oxytocin can be detected during
labor and the puerperium. This suggests that women with
central diabetes insipidus, although they are vasopressin
deficient, still secrete oxytocin normally. Lactation is not
impaired.

Nephrogenic Diabetes Insipidus

The second type of diabetes insipidus seen in pregnancy
is the nephrogenic type. Nephrogenic diabetes insipidus is
a rare X-linked disorder caused by a mutation in the vaso-
pressin V2 receptor gene. At least six mutations in this gene
have been identified, and direct mutation analysis can now
be used for carrier detection and early prenatal diagnosis.15

The discovery of aquaporin-1 has answered the long-
standing biophysical question of how water specifically
crosses biologic membranes: Aquaporin-1 and aquaporin-2
act as water channels. In the kidney, at least seven aquapor-
ins are expressed at distal sites. They are extremely abundant
in the proximal tubule and the descending thin limb and are
essential for urinary concentration. Aquaporin-2 is found
mainly in the connecting tubule and collecting duct and is
a predominant vasopressin-regulating water channel. Lack
of functional aquaporin-2 is seen in primary forms of dia-
betes insipidus, and reduced expression of the aquaporin-2
and targeting is seen in diseases associated with urinary con-
centrating defects.16 Nonpregnant women with nephro-
genic diabetes insipidus are usually treated with a thiazide
diuretic or chlorpropamide. Chlorpropamide stimulates
vasopressin release and enhances its action on the renal
tubule. If used during pregnancy, it may cause fetal hypo-
glycemia and neonatal diabetes insipidus, and therefore it
should not be taken by pregnant women. Thiazide diuretics
are the treatment of choice in nephrogenic diabetes
insipidus in pregnancy.17

Transient Vasopressin-Resistant Diabetes
Insipidus in Pregnancy

Transient vasopressin-resistant diabetes insipidus in
pregnancy is caused by increased vasopressinase activity,
which is caused by either increased placental production of
the enzyme or the decreased hepatic vasopressinase metabo-
lism from liver damage. The latter is the most common
type and occurs in the third trimester in the setting of
transient disturbances of liver function, such as acute
fatty liver of pregnancy, preeclampsia (particularly the
syndrome of hemolysis, elevation of liver enzyme levels,
and low platelet counts [HELLP]), and hepatitis.18

Treatment of transient vasopressin-resistant diabetes
insipidus in pregnancy requires DDAVP, because DDAVP
is not degraded by vasopressinase. Close attention to elec-
trolyte and fluid balance is important in the postpartum
period. The symptoms of transient vasopressin-resistant
diabetes insipidus resolve in a few days to a few weeks
after delivery or when hepatic function returns to normal.

The Empty Sella Syndrome in Pregnancy

The empty sella syndrome is a radiographic diagnosis made
when there is incompetence of the diaphragma sellae,

Tumor Enlargement

Type of Symptomatic Asymptomatic 
Prolactinoma Number (%) (%)

Microadenoma, 246 1.6 4.5
untreated

Macroadenoma, treated 46 4.4 0
Macroadenoma, 45 15.5 8.9

untreated

From Molitch ME: Pregnancy and the hyperprolactinemic woman. N Engl J Med
1985;312:1366. Reprinted by permission from the New England Journal of
Medicine.

TABLE 8–3 Effect of Pregnancy on Prolactin-Secreting
Microadenomas and Macroadenomas

which allows cerebrospinal fluid to enter the sella and
flatten the pituitary gland. The incompetence of the
diaphragma sellae may be congenital or it may follow
tumor erosion, increased intracranial pressure surgery, or
even irradiation. Pituitary function is usually normal, and
fertility is not impaired. The empty sella syndrome has
been described with varying degrees of hypopituitarism,
and hyperprolactinemia has been reported. Pregnancy in
a woman with the empty sella syndrome is usually unevent-
ful, although a case of pregnancy-associated osteoporosis
in conjunction with the empty sella syndrome has been
described.19

Pituitary Tumors in Pregnancy

Several distinct types of tumors can occur in the pituitary
gland, but pituitary adenomas derived from the adenohy-
pophyseal cells are the most common in pregnancy and
represent 15% of all intracranial tumors. Pituitary adeno-
mas are often classified on the basis of either immuno-
electromicroscopic features or size (e.g., microadenomas
are less than 10 mm in diameter and macroadenomas are
larger than 10 mm in diameter). Classification on the
basis of size has a practical application with regard to the
management of prolactinomas in pregnancy.

The incidence of prolactinoma is approximately 1 case
per 1000 women. Estrogen produced by the placenta can
stimulate lactotroph DNA synthesis and mitotic activity.
Because estrogen stimulates lactotroph function, the
effects of both pregnancy and estrogen therapy, including
oral contraceptive use, have been intensively studied by
several groups. The Pituitary Adenoma Study Group sug-
gested that no increase in risk for prolactinoma formation
occurs as a result of oral contraceptive use.20 The benign
course of pituitary microadenoma that secretes prolactin
in pregnancy has been emphasized by large series, including
that of Molitch (Table 8–3).21

Prolactin-Secreting Pituitary Microadenomas

All the large series of cases in particular found that
pregnant women in whom ovulation was induced by
bromocriptine usually had an uneventful course, although
about 1% had symptomatic complications such as headache
or visual field defects. Serial MRI studies of women with
microadenoma in pregnancy have shown that most
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microadenomas enlarged slightly during pregnancy but did
not become symptomatic. Molitch, in a survey of 16 pro-
lactinomas in pregnancy, illustrated well the difference
between prolactin-secreting microadenoma and the
macroadenoma responses to pregnancy (see Table 8–3).21

These large series of cases have also provided a rational
approach to management.

Women who have hyperprolactinemia caused by
microadenoma can conceive after the use of dopamine
agonists such as bromocriptine, pergolide, or the longer
acting cabergoline, as well as quinagolide. Some women
have adverse effects from all of these or are resistant to
dopamine agonist therapy; for this group, other options
include GnRH pulsatile therapy or human menopausal
gonadotropin induction of ovulation or transsphenoidal
surgery. Bromocriptine is the treatment of choice because
it produces a high ovulation rate (80% to 90%) and carries
a low risk for adenoma enlargement. Transsphenoidal
surgery carries a high morbidity rate and induced ovula-
tion in only 60% of treated women; the rate of recurrence
of hyperprolactinemia was 25% to 50% over 4 or 5 years of
follow-up.22

If ovulation induction is achieved with a dopamine
agonist, then microadenomas have a low risk (less than 1%)
of complications related to pituitary expansion during
pregnancy. In view of this low risk, the use of the dopamine
agonist can be discontinued upon confirmation of preg-
nancy. Because of the low risk for microadenoma enlarge-
ment, routine periodic visual field testing is not cost
effective. In addition, because prolactin production in
pregnancy is both pituitary and decidual, prolactin levels
are variable, and monitoring of microadenoma activity by
serial estimation of prolactin has little value. Visual field
testing or MRI should be reserved for the rare woman
with a microadenoma who develops symptoms of tumor
enlargement, such as headaches or visual field changes.

Unexpected spontaneous remission of hyperprolactine-
mia has been noted after delivery in 40% to 65% of women
with microadenoma, particularly if their prepregnancy

levels of prolactin were lower than 60 μg/L. It is therefore
ironic that for many women with a microadenoma,
pregnancy may be more of a treatment than a hazard.
Breast-feeding should be encouraged because postpartum
tumor regression has been seen on radiologic evaluation
in lactating women.23

Because dopamine agonists are often used both to
induce ovulation in hyperprolactinemic women and pro-
phylactically during pregnancy to prevent macroadenoma
enlargement, there has been a great interest in the safety
of bromocriptine in pregnancy. Bromocriptine freely crosses
the placenta, and a report on fetal and neonatal outcome
were published by Krupp and Turkalj from the
Bromocriptine Registry.24 The rates of spontaneous abor-
tion (11.2%), multiple pregnancies (1.8%), congenital mal-
formations (major, 1%; minor, 2.5%) were similar to the
corresponding rates seen in unexposed pregnancies. Long-
term follow-up studies have confirmed these initial find-
ings, and postnatal development of children up to 5 years of
age is normal. Fewer data are available on the safety of caber-
goline, quinagolide, and pergolide; initial studies have
shown no adverse effects of these agents on fetal or neona-
tal outcome, but there are no long-term follow-up studies.

Prolactin-Secreting Macroadenoma in Pregnancy

Management of prolactin-secreting macroadenoma differs
from the management of microadenoma during preg-
nancy because symptomatic tumor enlargement is greater
(16%) in women with macroadenoma (see Table 8–3). The
risk is still low in women who were treated with either
irradiation or surgery before conceiving (4%). In untreated
women with macroadenoma larger than 1 cm, visual field
defects often occur during pregnancy (Fig. 8–2).

The Bromocriptine Study Group suggested that
bromocriptine or another dopamine agonist be the initial
choice for the management of women with macroadenoma
who wish to conceive. Surgery or irradiation should be
reserved for cases in which bromocriptine fails to reduce

Figure 8–2. Prolactin-secreting pituitary macroadenoma during pregnancy. A, Computed tomographic scan before pregnancy. B, Computed
tomographic scan at 34 weeks, showing onset of bitemporal hemianopsia.
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tumor size or causes excessive adverse effects, or for cases
with sudden visual deterioration. Response to dopamine
agonist therapy should be documented by repeated imaging
before conception. Although it may be safe to discontinue
bromocriptine for the first trimester, the risk of tumor
enlargement and the safety record of bromocriptine make
it more desirable to continue the therapy throughout the
pregnancy, or at least to restart it in the second or third
trimester. De Wit and Coelingh Bennink showed that
bromocriptine prophylaxis during pregnancy in women
with prolactin-secreting macroadenoma prevents sympto-
matic enlargement.25 If bromocriptine prophylactic therapy
is not used during pregnancy, women with macroadenoma
require careful monitoring, including monthly Goldmann
perimetric visual-field assessment and MRI confirma-
tion in cases of suspected macroadenoma enlargement
(see Fig. 8–2). Clinically, macroadenoma enlargement in
pregnancy manifests with headache, visual-field defects,
diabetes insipidus, or, in rare cases, pituitary apoplexy. The
last sign can occur at any time during pregnancy but it is
more likely to occur during the third trimester. If enlarge-
ment of the macroadenoma is proven, bromocriptine
should be the initial treatment of choice. Other therapeutic
possibilities include dexamethasone treatment, transsphe-
noidal pituitary surgery, or delivery if deterioration occurs
late in the third trimester.

Labor and delivery are usually uneventful, although it
has been suggested that women with evidence of macroade-
noma expansion should deliver electively by forceps because
intracerebral pressure may be markedly increased by
maternal pushing. Breast-feeding does not cause macroade-
nomas to enlarge and should therefore be encouraged.

Acromegaly in Pregnancy

Acromegaly complicating a pregnancy is rare, the prevalence
being 5 cases per 100,000 persons. Pregnancy in patients
with acromegaly are uncommon because 85% of these
women have disturbances of ovulation, associated primar-
ily with hyperprolactinemia and impaired gonadotropin
secretion. Excess growth hormone may also result in mater-
nal diabetes, hypertension, and left ventricular hypertrophy,
which may deter the woman from attempting a pregnancy.
Acromegaly is usually caused by a growth hormone–
secreting pituitary adenoma. In rare cases, it may be caused
by a GHRH-secreting tumor of the pancreas. Enlargement
of growth hormone–secreting pituitary adenomas has
been reported in pregnancy but is unusual; it manifests
with visual field impairment, which often resolves spon-
taneously after delivery.26

Before pregnancy is considered, active acromegaly
should be treated by surgical removal of the adenoma, fol-
lowed by adjunct radiation or medical therapy if complete
surgical ablation is not possible. Bromocriptine therapy
normalizes growth hormone levels in only 50% of acrome-
galic women, and it has little effect on tumor size. Long-
acting somatostatin analogs are the medical treatment of
choice in acromegaly, and successful pregnancies after
treatment with the analog octreotide have been reported.
Data on the use of octreotide during pregnancy are limited,
but most publications show no side effects of mother
or fetus.27 Conventional radioimmunoassays for growth

hormone cannot distinguish between normal pituitary
growth hormone and the placental growth hormone
variant. Therefore, these assays may yield misleading
results, especially in the latter half of the pregnancy, when
basal levels of the variant are considerably higher than
normal nonpregnant growth hormone levels. There are two
physiologic differences between placental growth hormone
secretion and pituitary growth hormone secretion in
acromegaly: (1) Pituitary growth hormone in acromegaly is
highly pulsatile, whereas secretion of the pregnancy growth
hormone variant is nonpulsatile, and (2) placental growth
hormone also does not respond to TRH stimulation.21

Maternal growth hormone does not cross the placenta,
and elevated maternal growth hormone levels have little
effect on fetal growth and development. Macrosomia has
been reported in infants of mothers with active acromegaly,
but this is because acromegaly is associated with elevated
maternal glucose levels. Overt diabetes mellitus has been
noted in 10% to 20% of patients with acromegaly.

Adrenocorticotropic Hormone–Secreting
Pituitary Tumors

Cushing’s disease caused by a pituitary ACTH-secreting
pituitary adenoma is discussed in the section “Adrenal
Disorders.”

Thyrotropin-Secreting Pituitary Adenomas

A successful pregnancy in an infertile woman with a TSH-
secreting pituitary macroadenoma has been reported.
Before the pregnancy, the woman was treated with
octreotide, which resulted in a euthyroid state and reduced
the size of the macroadenoma. Octreotide therapy was
discontinued during pregnancy, but symptomatic ade-
noma enlargement occurred in the second trimester
and octreotide therapy was restarted. It thus seems that
octreotide is effective in controlling TSH-secreting
macroadenoma during pregnancy, and in spite of transpla-
cental passage of octreotide, no abnormalities in neonatal
thyroid variables were found.28

Gonadotropin-Secreting Pituitary Adenomas
in Pregnancy

Pregnancy has been reported in a woman with a combined
FSH- and prolactin-secreting pituitary macroadenoma
after cabergoline treatment.29

Clinically Nonfunctioning Pituitary Tumors
in Pregnancy

Although clinically “nonfunctioning” tumors appear
to be functionless, most do produce glycoprotein sub-
units. Often these tumors are quite large, and they can
produce mass effects. There have been reports of visual
field defects in women with clinically nonfunctioning
tumors larger than 1.2 cm in height. Thus, in pregnancy,
these patients need to be monitored in a manner similar
to that of patients presenting with prolactin-secreting
macroadenoma.30
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Craniopharyngioma can manifest in pregnancy.
A 39-year-old woman experienced symptoms from a crani-
opharyngioma diagnosed during a pregnancy that had
resulted from in vitro fertilization. An MRI scan from
4 years previously had disclosed nothing abnormal. The
patient underwent a right frontotemporal craniotomy with
total resection of the suprasellar tumor, and the pregnancy
was otherwise unremarkable. This case suggests that there
might be a possible link in the adult patient between the
growth of the supposedly congenital tumor and hormone
stimulation of pregnancy.31

Pituitary Surgery during Pregnancy

Transsphenoidal surgery has become the treatment of
choice of all microadenomas and also of macroadenomas
that are not responsive to medical treatment or that are
producing signs or symptoms of enlargement. At least 10
instances of transsphenoidal surgery during pregnancy
have been reported (in five women with Cushing’s disease,
one woman with Nelson’s syndrome, one woman with
acromegaly, and three women with enlarging prolactino-
mas). There was no increase in fetal or maternal morbidity
or mortality in any of these cases.22

Nelson’s Syndrome in Pregnancy

In 1958, Nelson and colleagues reported the occurrence of
an ACTH-secreting pituitary adenoma with associated
hyperpigmentation and visual field disturbances after
bilateral adrenalectomy for Cushing’s disease.31a The
occurrence of Nelson’s syndrome is rarely reported in
pregnancy. The pregnancy can be complicated by sympto-
matic enlargement of the tumor. Transsphenoidal surgery
has been performed in pregnancy in this situation with
a successful outcome for both mother and fetus.32

Lymphocytic Hypophysitis

Lymphocytic hypophysitis is a rare but intriguing
autoimmune condition of the pituitary gland that usually
manifests in the peripartum period. Most autoimmune
diseases improve during pregnancy; thus, an autoimmune
disorder of the pituitary that manifests, in most instances,
in association with pregnancy, during pregnancy, or after
delivery is highly unusual. Clinically in the peripartum
period, the manifestation is that of a mass lesion that is
indistinguishable from a pituitary adenoma. The pitu-
itary gland is infiltrated by lymphocytes and plasma cells
with associated destruction of the normal tissue. Affected
women therefore present with symptoms of various
degrees of hypopituitarism, headaches, or visual field
defects and occasionally hyperprolactinemia and diabetes
insipidus.33 In terms of the hypopituitarism, ACTH-, TSH-,
and prolactin-producing cells seem to be most affected.
Indeed, severe lymphocytic adenohypophysitis with selective
disappearance of prolactin cells has been reported.34 The
pathophysiologic process seems to be that of circulating
antihypophyseal antibodies.35 One of the antibodies has
been identified as the 49-kDa autoantigen that has also
been identified as an α-enolase. α-Enolase autoantibodies

Diabetic peripartum necrosis
Enlarging prolactin-secreting macroadenoma
Lymphocytic hypophysitis and “stalkitis”
Histiocytosis X
Sheehan’s syndrome

TABLE 8–4 Hypopituitarism Associated with
Pregnancy

are not specific to pituitary autoimmune disease and have
been reported in other autoimmune diseases. This disorder
can progress to chronic panhypopituitarism, but in some
cases, it is reversible; subsequent spontaneous pregnancies
have been reported. Pregnancy-related relapse of the disease
does not seem to occur in subsequent pregnancies. The
differential diagnosis includes an enlarging pituitary
adenoma and the Sheehan’s syndrome. Absolute differen-
tiation from pituitary adenoma requires a pituitary biopsy.
In most cases, CT scanning shows uniform contrast
enhancement. Because of the preferential destruction of
some cells, early striking diffuse homogenous contrast
enhancement on MRI has been noted; therefore, MRI seems
to be more helpful than CT scanning in differentiating
between this disorder and an enlarging pituitary adenoma.
On occasion, the pituitary stalk is involved, and MRI shows
thickening of the pituitary stalk. This condition is known
as “stalkitis” and has been associated with recurrent optic
neuritis.36

Treatment of lymphocytic hypophysitis, once it has been
diagnosed, requires correction of the hypopituitarism.
A short course of high-dosage corticosteroids can produce
a dramatic resolution of visual field defects in some women,
but this response is not always obtained.37 Postpartum
response to corticosteroids can be dramatic, and medical
management may be more suitable than previously
thought.38 In women who do not respond to cortico-
steroids, surgical decompression by partial hypophysec-
tomy may be required. Unless the patient has visual field
defects, uncontrollable headaches, or radiologic evidence
of progressive enlargement of the sellar mass, rapid surgi-
cal intervention is not warranted, because some women may
undergo spontaneous regression of the mass and have
regained pituitary function post partum.

Hypopituitarism in Pregnancy

Women with chronic hypopituitarism, regardless of the
cause (Table 8–4), have a normal pregnancy and sponta-
neous labor after induction of ovulation if they receive
adequate replacement with corticosteroids, thyroxine,
and vasopressin alone.39 Women whose hypopituitarism
is diagnosed before they conceive generally have a good
pregnancy outcome. Undiagnosed or poorly treated hypopi-
tuitarism carries an increased risk of spontaneous abor-
tion, stillbirth, and maternal morbidity from hypotension
and hypoglycemia.40 Hypopituitarism may manifest for the
first time during a pregnancy, particularly during the third
trimester, and the most likely causes of hypopituitarism
in pregnancy are shown in Table 8–4. Making a clinical
diagnosis of hypopituitarism occurring for the first time
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in pregnancy is difficult because the symptoms in most
include vomiting and fatigue and are common in normal
pregnancy. Presenting clinical features are often severe
such as central frontal headaches, visual field changes, or
diabetes insipidus. Dynamic testing of pituitary function
during pregnancy is very difficult to interpret, as there are
no standard ranges but the hypothalamic-pituitary-adrenal
and pituitary-thyroidal axes can be tested by a combined
CRH/TRH challenge test. The physiologic changes that
occur in ACTH and TSH levels during normal pregnancy
should be considered when the test results are interpreted.
MRI is most useful in distinguishing a pituitary adenoma
from lymphocytic hypophysitis.

The treatment of hypopituitarism during pregnancy
consists of hormone replacement therapy. Secondary
hypoadrenalism requires maintenance doses of a cortico-
steroid such as cortisone acetate 25 mg AM and 12.5 mg PM.
Parenteral corticosteroids are required to cover the stress
of labor and cesarian section, emesis, intercurrent disease
and infection that may occur during pregnancy. An added
mineralocorticoid is not usually required because the renin-
angiotensin-aldosterone system is intact. Normal thyroid
function is maintained by thyroxine replacement. There
is some controversy as to whether the dosage of thyroxine
requires an increase in pregnancy, but because of the
increased thyroxine turnover that occurs during preg-
nancy some investigators have found the main increase of
thyroxine needs to be about 0.05 mg per day.41 The man-
agement of diabetes insipidus requires DDAVP.

Sheehan’s Syndrome

Severe hemorrhage, shock, or hypotension at delivery may
lead to postpartum pituitary necrosis or the Sheehan’s
syndrome (Table 8–4).42 The syndrome is, fortunately, less
common now as a result of improved obstetric practice
and a reduction in postpartum hemorrhage. Sheehan
himself estimated the incidence at less than 1 per 10,000
deliveries.43

The pathogenesis of Sheehan’s syndrome is still not
completely clear. Sheehan believed that the primary
vascular disturbance is spasm of the arterial supply to the
anterior lobe of the pituitary gland. This results in pituitary
gland ischemia and edema, which further compromises
the circulation, leading to cellular necrosis and thrombosis
in the portal sinuses and capillaries.

Usually, only anterior pituitary function is affected,
because the posterior pituitary gland and hypothalamus are
supplied by the inferior hypophyseal arteries and the circle
of Willis, which makes them less vulnerable to ischemic
necrosis. However, some women with Sheehan’s syndrome
have an impairment of antidiuretic hormone secretion that
may lead to partial or overt diabetes insipidus.44

After destruction of 95% to 99% of the anterior pituitary
gland, the disease is characterized by postpartum failure
of lactation, secondary amenorrhea, loss of axillary and
pubic hair, genital and breast atrophy, and increasing signs
of secondary hypothyroidism and adrenocortical insuffi-
ciency. Because mineralocorticoid secretion is not impaired,
there are usually no electrolyte disturbances. However,
hyponatremia has been reported in conjunction with

Sheehan’s syndrome and appears to be secondary to
inappropriate antidiuretic hormone secretion.45

Less extensive pituitary destruction (50% to 95%) is
associated with an atypical form of the disease with loss of
one or more trophic hormones. The pattern of loss of
trophic hormones is unpredictable, but in some instances,
gonadotropin secretion may be preserved and pregnancy
is possible.46 Postpartum diagnosis of Sheehan’s syndrome
requires dynamic provocative testing of both anterior and
posterior lobes of the pituitary. The anterior pituitary gland
function is best assessed with pituitary hormone response
to standard stimulatory tests in conjunction with pituitary
imaging with axial CT scanning or MRI. Posterior pituitary
function in Sheehan’s syndrome can be studied with plasma
vasopressin response to osmotic stimuli either during 5%
hypotonic saline infusion or after a water deprivation test.
Spontaneous recovery from hypopituitarism caused by
postpartum hemorrhage has also been reported.

ADRENAL DISORDERS IN PREGNANCY

The Adrenal Cortex

During pregnancy, increased steroid hormone production
is essential for meeting both the maternal need for increased
levels of estrogens and cortisol and the fetal need for repro-
ductive and somatic growth development. In addition,
alterations in the renin-angiotensin-aldosterone cascade
are necessary to allow for a 50% increase in maternal blood
volume without resulting in hypertension. These changes
occur through a complex interaction among maternal and
fetal endocrine systems in the placenta.

Changes in Adrenal Anatomy
and Physiology during Pregnancy

The normal adult adrenal gland weighs approximately
5 g, and during pregnancy it increases only slightly in size.
Histologically, the zona fasciculata (glucocorticoids) widens
during pregnancy, which is suggestive of increased secre-
tion. The zona glomerulosa (mineralocorticoids) and the
zona reticularis (androgens) remain unchanged in width.

Control of the Adrenal Cortex
during Pregnancy

CRH is secreted from the hypothalamus as well as from
the lungs, liver, gastrointestinal tract, adrenal glands, and
placenta.47 CRH releases pro-opiomelanocortin and its
breakdown products, including ACTH from the anterior
pituitary gland. Release of CRH from the hypothalamus
is stimulated by stress, volume contraction, and other
factors and is inhibited by glucocorticoids and ACTH.

During pregnancy, maternal CRH levels increase
dramatically, predominantly as a result of placental produc-
tion.48 Placental CRH enters both the maternal and fetal cir-
culation. Placental CRH production is stimulated by
circulating glucocorticoids, which is in contrast to the
negative feedback of the hypothalamic production of CRH.
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Placental CRH entering the fetal circulation may stimu-
late the fetal hypothalamic-pituitary-adrenal axis, and
this in turn may play a role in fetal organ maturation and
also parturition.49

During pregnancy, ACTH levels increase approxi-
mately twofold after the first trimester (Table 8–5). This
increase is, in part, placental in origin and may be a local
paracrine effect of placental CRH production. Placental
ACTH is not suppressible by glucocorticoids. The normal
circadian rhythm of high morning and low evening levels
of ACTH and cortisol continues throughout pregnancy.6
The stress of labor causes ACTH levels to increase rapidly
and then decrease within 2 days post partum.

Cortisol circulates both free and bound (primarily to
cortisol-binding globulin). Both total cortisol (as meas-
ured by serum cortisol) and free cortisol (as measured by
24-hour urinary free cortisol) increase in pregnancy.
Serum cortisol levels increase twofold to threefold during
pregnancy. The increase in serum cortisol in pregnancy
results mainly from the increase in corticosteroid-binding
globulin levels. However, increased free and total cortisol
levels in pregnancy may also be related to resetting of the
sensitivity of the hypothalamic-pituitary-adrenal axis and
not merely to raised corticosteroid-binding globulin,
progesterone, or CRH levels.50

Exogenous corticosteroids are variably affected by pla-
cental enzymatic activity, and thus have different rates of
placental transfer (Table 8–6) when these medications are
prescribed, because maternal and fetal availabilities differ.
Because glucocorticoids such as dexamethasone increase
placental CRH and placental ACTH activity, the dexa-
methasone suppression test is unreliable in pregnancy.51

The Renin-Angiotension-Aldosterone
System in Pregnancy

The renin-angiotensin-aldosterone system is a cascade
of events that regulates blood pressure, circulating
blood volume, and sodium-potassium homeostasis.
Renin production from the juxtaglomerular apparatus in

Nonpregnant Third Trimester

Total cortisol
09.00 hr 11.34 ± 3.5 mg/mL 36.0 ± 7 mg/mL

(324 ± 100 nmol/L) (1029 ± 200 nmol/L)
24.00 hr 3.6 ± 2.6 mg/mL 23.5 ± 4.34 mg/mL

(103 ± 76 nmol/L) (470 ± 124 nmol/L)
Plasma free cortisol
09.00 hr 0.63 ± 0.3 mg/mL 1.33 ± 0.4 mg/mL

(18 ± 9 nmol/L) (38 ± 12 nmol/L)
24.00 hr 0.2 ± 0.14 mg/mL 0.59 ± 0.17 mg/mL

(6 ± 4 nmol/L) (17 ± 5 nmol/L)
Urinary free cortisol 4.7-95 mg/day 82.4-244.8 mg/day

(13-256 nmol/day) (229-680 nmol/day)
Plasma ACTH 15-70 pg/mL 20-120 pg/mL

(3.3-15.4 pmol/L) (4.4-26.4 pmol/L)

ACTH, adrenocorticotropic hormone.

TABLE 8–5 Normal Plasma Free Cortisol, Urinary
Free Cortisol, and Plasma ACTH Concentrations
in Pregnancy

Steroid Maternal : Fetal Concentration Ratio

Prednisone 10 : 1
Hydrocortisone 6 : 1
Betamethasone 3 : 1
Dexamethasone 2 : 1

Adapted from Garner PR: Disorders of the adrenal cortex. In Lee R (ed): Current
Obstetric Medicine, vol 2. St. Louis, Mosby, 1993, pp 183-220.

TABLE 8–6 Maternal and Fetal Distribution
of Synthetic Steroids

Nonpregnant First Second Third
State Trimester Trimester Trimester

Plasmin renin 1.4 ± 0.3 4.1 ± 0.4 4.1 ± 0.7 4.2 ± 0.6
activity 
(mg/mL/hr)

Plasma 6.2 ± 2.2 22 ± 2 30 ± 5 60 ± 12
aldosterone
(mg/dL)

Urinary 10 ± 8 34 ± 8 80 ± 14 105 ± 20
aldosterone 
(mg/day)

From Wilson M, Morganti AA, Zervoudakis I, et al: Blood pressure, the renin-
aldosterone system and sex steroids throughout normal pregnancy. Am J Med
1980;68:97, and Hsueh WA, Leutscher JA, Carlson EJ, et al: Changes in active and
inactive renin throughout pregnancy. J Clin Endocrinol Metab 1982;54:1010,
with permission. © The Endocrine Society.

TABLE 8–7 Renin-Aldosterone System in Normal
Pregnancy

the kidney is controlled by a renal arteriolar blood pressure,
sodium concentration in the distal tubule, and β-adrenergic
receptors.

Aldosterone is the major circulating mineralocorticoid
and controls reabsorption of sodium and excretion of
potassium and bicarbonate in the distal renal tubule. Its
secretion is controlled primarily by angiotensin II, but
hyperkalemia, ACTH, and vasopressin are also stimulants.52

During pregnancy, the woman must increase plasma
volume and, thus, also sodium reabsorption without
increasing blood pressure. Despite the increase in extracel-
lular fluid volume, plasma renin activity levels increase
fourfold between 8 and 20 weeks of pregnancy, after which
they plateau (Table 8–7).

Angiotension II levels are increased threefold as a result
of increased renin and angiotensinogen. However, resis-
tance to the pressure effect of angiotensin II develops by
7 weeks of pregnancy and reaches a maximum at 28 weeks;
after 30 weeks, there is some return of sensitivity. This
does not reach values seen in the nonpregnant state.53

Aldosterone levels in pregnancy increase fourfold by
8 weeks and continue to increase, reaching a 10-fold
increase by term. This is in response to increased renin
and angiotensin II levels.54

Disorders of the Adrenal Cortex

Cushing’s Syndrome

Cushing’s syndrome is caused by excess glucocorticoid
production of any cause. It may be caused by excess ACTH
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stimulation of the adrenal cortex (ACTH-dependent
Cushing’s syndrome). If the ACTH is from a pituitary ade-
noma, the disorder is known as Cushing’s disease. ACTH
may also come from ectopic sources. Cushing’s syndrome
may be independent of ACTH, as seen in adrenal adenoma
or carcinoma and glucocorticoid therapy. Cushing’s syn-
drome in pregnancy is rare, because women with ACTH-
dependent cases have a 75% to 95% incidence of menstrual
irregularities and anovulation.55 The causes of Cushing’s
syndrome in pregnancy are very different from those in
the nonpregnant state, and adrenal causes of Cushing’s
syndrome are overrepresented in relation to ACTH-
dependent causes (Table 8–8).

Clinical diagnosis of Cushing’s syndrome in pregnancy
may be difficult because several features of hypercorti-
solemia such as moon facies, abdominal striae, and glucose
intolerance are common during pregnancy. Clues to diag-
nosis of Cushing’s syndrome in pregnancy are that the striae
tend to be wider, greater than 1 cm, and darker than normal
and tend to occur in sites other than the abdominal wall.
The presence of proximal myopathy, hypertension, neu-
ropsychiatric disturbances, hirsutism, acne and sponta-
neous bruising are all informative clues.

Diagnosis
The diagnosis of Cushing’s syndrome is often difficult to
make in the nonpregnant state, and its diagnosis is even
more challenging during pregnancy because of the altered
hypothalamic-pituitary-adrenal axis and placental pro-
duction of CRH and ACTH. As in the nonpregnant state,
investigation should occur in three stages: (1) screening
test for hypercortisolemia; (2) biochemical diagnosis; and
(3) determination of the cause.

The best screening test in pregnancy is a 24-hour urine
collection for free cortisol. Because the urinary free cortisol
range differs in pregnancy, the higher reference range
found in Table 8–6 should be utilized. The diurnal variation
of plasma cortisol may also be used because it is unaf-
fected by pregnancy. The 1.0-mg overnight dexamethasone
suppression test does not yield accurate results in patients
during pregnancy because placental ACTH is not sup-
pressed by glucocorticoids.

If the urinary free cortisol tests suggest hypercorti-
solemia, a 2-day low-dose dexamethasone test can be used
(0.5 mg every 6 hours). Dexamethasone is safer to use
in pregnancy because the maternal : fetal concentrations

Nonpregnant Pregnant 
Cause Women (%) Women (%)

ACTH-dependent 16 2
ectopic tumor

Pituitary adenoma 59 33
ACTH-independent 16 50

adrenal adenoma
ACTH-independent 9 10

adrenal carcinoma
Unknown — 5

Adapted from Buescher MA, McClamrock HD, Adashi EY: Cushing syndrome in
pregnancy. Obstet Gynecol 1992;79:130.

TABLE 8–8 Causes of Cushing’s Syndrome in
Nonpregnant and Pregnant Women

are 2 : 1.56 During pregnancy, urinary free cortisol concen-
trations should be suppressed to less than 55 nmol for
24 hours.

After hypercortisolemia is confirmed, its cause must be
established. ACTH is measured to differentiate ACTH-
dependent from ACTH-independent causes. Because of
placental production, levels of ACTH are increased in
pregnancy. If Cushing’s syndrome is ACTH dependent, then
MRI of the pituitary gland should follow. If Cushing’s
syndrome is ACTH independent, MRI of the adrenal glands
is indicated. MRI is preferred for both pituitary and adrenal
lesions because of its specificity and lack of ionizing
radiation. Bilateral inferior petrosal sinus corticotropin
sampling with CRH stimulation may also be helpful in the
differential diagnosis of Cushing’s syndrome. An increase of
more than 50% in ACTH or more than 20% in cortisol after
1 μg of ovine CRH per kilogram of body weight suggests a
pituitary source. Comparison of plasma ACTH levels in the
venous drainage of the pituitary gland with peripheral values
allows localization and lateralization within the pituitary
gland. A modified approach through brachial rather than
femoral veins to reduce the radiation exposure is preferred.
However, case reports have demonstrated that the procedure
of bilateral simultaneous inferior petrosal corticotropin
sampling can safely be performed in pregnancy.57

Treatment
Untreated Cushing’s syndrome during pregnancy has
a poor fetal and maternal outcome. The outcome is
greatly improved when hypercortisolemia is treated.
Transsphenoidal surgery is preferred for ACTH-dependent
pituitary adenoma. For adrenal lesions, unilateral adrena-
lectomy during pregnancy decreases neonatal complica-
tions. This should be undertaken unless a diagnosis is
made late in pregnancy.58 Cortisol replacement is required
after both adrenal and pituitary surgery and should be
continued until the hypothalamic-pituitary axis has had
time to recover. High-dosage corticosteroid therapy
should be utilized at times of stress such as delivery.

If surgical therapy is contraindicated, then medical
therapy may be considered. Both metyrapone and keto-
conazole have been used in pregnancy but in only a few
cases. Therefore, the fetal risks of both these agents are
not fully known.59

The optimal treatment for adrenal carcinoma in
pregnancy has not been established. If the carcinoma is
diagnosed during the first trimester, therapeutic termina-
tion of pregnancy should be considered, with definitive
therapy after surgery and chemotherapy. If the carcinoma
is identified during the second trimester, adrenalectomy
may be performed, followed by postoperative ketocona-
zole or metyrapone therapy. In the third trimester, keto-
conazole or metyrapone can be used until delivery is
feasible and then followed by definitive surgery and
chemotherapy post partum. Unfortunately, in spite of the
use of surgery and chemotherapy, the maternal prognosis
remains grim, although fetal prognosis is good.

Primary Hyperaldosteronism in Pregnancy

Primary hyperaldosteronism is the excess production
of aldosterone from the adrenal cortex that causes
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hypertension, hypokalemia, and bicarbonate retention
(metabolic alkalosis). It is a very rare cause of secondary
hypertension in pregnancy. Between 60% and 70% of cases
during pregnancy are caused by a unilateral benign adrenal
adenoma.60

Clinical Presentation and Diagnosis
Hypertension in association with hypokalemia is a classic
presentation but 40% of women have normal potassium
levels. Very low potassium levels may cause their symp-
toms of a headache, muscular weakness and cramps,
and fatigue. Serum sodium levels are high normal and
metabolic alkalosis is present. Normally in pregnancy,
there is a respiratory alkalosis with a compensatory decrease
in bicarbonate of 4 mEq/L. Thus, in pregnancy, bicarbon-
ate levels must be compared to the reference range of
18 to 22 mEq/L. If hypokalemia is present, urinary potas-
sium levels greater than 30 mmol/24 hours are necessary
to confirm renal potassium wasting. Before further bio-
chemical testing is done, the hypokalemia should be cor-
rected and the use of any medications that suppress renin,
such as β blockers, calcium-channel blockers, and spirono-
lactone, must be discontinued. Methyldopa (Aldomet)
may be used to control the hypertension during
investigations.61

The normal increase in aldosterone into the hyperaldos-
teronism range during pregnancy makes baseline plasma
aldosterone levels difficult to interpret (see Table 8–7).
Plasma renin levels should be decreased in primary hyper-
aldosteronism and are increased during pregnancy. In preg-
nant patients with primary hyperaldosteronism, renin
levels are suppressed and are therefore helpful in diagnosis.

Ordinarily, to confirm autonomous mineralocorticoid
secretion, salt-loading studies are done. In pregnancy,
however, there is a risk of volume overload and worsening
hypokalemia, and there is also a lack of established diag-
nostic criteria, all of which limit the usefulness of this
test in pregnancy. The response to the upright position
is maintained in pregnancy, but, again, normal values
for renin stimulation have not yet been established in
pregnancy.

Imaging should be done after biochemical confirmation,
and MRI is the preferred imaging tool.

Treatment
In pregnancy, the use of medical therapy to reduce the risk
of inhibiting production or inhibiting the action of aldos-
terone is difficult because of the risk of adverse fetal effects.
In the nonpregnant situation, spironolactone has been
used, but in pregnancy there is a concern about the risk of
feminization of the male fetus, inasmuch as the drug is a
mild antiandrogen. The angiotensin-converting enzyme
inhibitors are helpful in nonpregnant women, but they
are contraindicated in pregnancy because they carry risks
of fetal malformations and neonatal renal failure.
Calcium channel blockers have a reducing effect on aldos-
terone synthesis and release, are safe to use in pregnancy,
and are more effective than methyldopa and β blockers.62

Surgical removal of an unidentified adrenal adenoma
is the treatment of choice. Adrenalectomy performed at
15 and 17 weeks of pregnancy normalized maternal blood
pressure, and healthy full-term infants were delivered.

Therefore, if hypertension or if hypokalemia cannot be
controlled medically, surgery during the second trimester
is definitely warranted.63

Androgen-Producing Adrenal Adenomas
in Pregnancy

Virilizing adrenal adenomas are rare during the reproduc-
tive years. Some androgen-producing adrenal adenomas
have been gonadotropin-responsive, but most are associ-
ated with amenorrhea and infertility.64 Androgen-produc-
ing adrenal adenomas are very rare in pregnancy.
Virilization of infant girls was reported in each case; this
suggested that a high maternal-fetal placental transfer of
testosterone occurred during the first trimester (7 to 12
weeks), which is when labial fusion and clitoromegaly can
develop. Between the second and third trimesters, mater-
nal-fetal transfer of testosterone is minimal as a result of
placental aromatization.65 Maternal signs of androgen-
producing adrenal adenomas usually includes increasing
hirsutism, alopecia, and vocal change. However, a defini-
tive diagnosis in all the reported cases was undertaken
only after the delivery of a virilized female fetus. Surgical
therapy at the time of diagnosis is the treatment of choice.

Addison’s Disease

Adrenocortical insufficiency (ACIS) is a result of inade-
quate production of adrenocorticosteroid hormones and
may be acute or chronic and primary or secondary.
Primary ACIS (Addison’s disease) is caused by deficient
steroid production as a result of an adrenal lesion,
whereas secondary ACIS is a result of understimulation of
the adrenal cortex by ACTH. The clinical presentation of
ACIS may be insidious, with a prolonged period of partial
hormone deficiency that becomes chronic ACIS. This may
end in an abrupt crisis of acute ACIS when hormone pro-
duction falls below a critical point or when the affected
individual is stressed by intercurrent illness. Hormone
deficiency usually is combined as a result of disease that
affects all the three adrenal zones, with decreased produc-
tion of aldosterone, glucocorticoids, and androgens. On
occasion, ACIS may be a result of isolated steroid defi-
ciency, but only decreased production of aldosterone and
cortisol have important clinical sequelae. Autoimmune
adrenalitis causes 85% of primary ACIS. All three zones
of the adrenal cortex exhibit diffuse mononuclear cell
infiltration histologically, and adrenal autoantibodies
are found in the serum of two thirds of these patients.66

In addition, more than half of all affected patients show
cell immunity against the adrenal cortex. ACTH receptor–
blocking antibodies have also been isolated.67

The diagnosis of Addison’s disease manifesting for the
first time in pregnancy may be difficult because some clinical
features, such as vomiting, weakness, syncope, and hyper-
pigmentation, may also accompany normal pregnancies.
As mentioned, undiagnosed chronic ACIS may develop into
an acute crisis after stress such as hyperemesis gravidarum,
infection, or a delivery. Before corticosteroid therapy, the
rate of maternal mortality was 77%.68 With full cortico-
steroid replacement therapy, maternal morbidity and mortality
are substantially lower.
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The clinical diagnosis should be contemplated in
a pregnancy complicated by excessive vomiting during the
first two trimesters or by weakness, hypotension, and
hyperpigmentation during early pregnancy or the post-
partum period. Hyperpigmentation can be differentiated
from the chloasma of pregnancy when the pigmentation
is found in the mucous membranes of the mouth, rectum, or
vagina; over nonexposed areas; or over extensor surfaces
of the body.

Diagnosis of Addison’s Disease in Pregnancy
Laboratory diagnosis can be made more difficult by the
normal physiologic changes that accompany a pregnancy.
Common findings include hyponatremia, hyperkalemia,
eosinophilia, hypoglycemia, hypercalcemia, and an ele-
vated blood urea nitrogen level. Plasma cortisol levels may
be in the normal nonpregnant range because of the rise in
the corticosteroid-binding globulin concentrations in
pregnancy. Low baseline plasma or urinary corticosteroid
estimation are not adequate for the diagnosis of chronic
ACIS. Diagnosis is best made by finding high plasma
ACTH levels and low plasma cortisol levels for the stage of
pregnancy (Table 8–9). In chronic ACIS, plasma cortisol
levels do not respond to cosyntropin (Synacthen), 0.25 mg,
given intramuscularly. Basal plasma cortisol levels normally
double within 30 minutes of cosyntropin administration.69

The traditional methods of evaluating the hypothalamic-
pituitary-adrenal axis by a metyrapone test or an insulin-
induced hypoglycemia stress test should be avoided in
pregnancy. A CRH stimulation test has been found to be
of value in diagnosis of primary ACIS in nonpregnant
research subjects. Reports suggest a hyperresponsiveness
of ACTH to CRH in primary ACIS but a diminished
response in pituitary disease. There are no reports of this
test being used in pregnancy to date.

Demonstration of adrenal antibodies in the plasma
confirms an autoimmune cause, but the concentration
of these antibodies may fall during pregnancy. MRI of
the adrenal glands may reveal calcification suggestive of
a tuberculous or fungal infection as the cause.

Management of Addison’s Disease in Pregnancy
As in the nonpregnant state, replacement of glucocorti-
coids during pregnancy is carried out with cortisol
(30 mg/day), cortisone (37.5 mg/day), prednisone
(7.5 mg/day), or dexamethasone (0.75 mg/day). The latter
two glucocorticoids have very little mineralocorticoid
activity. Women with mineralocorticoid deficiency
should also receive fludrocortisone, 0.075 to 0.10 mg/day,
in addition to the glucocorticoids. Fludrocortisone is
usually not necessary in secondary adrenal insufficiency,
because mineralocorticoid secretion is not primarily
under pituitary control. In primary adrenal insufficiency,
the fludrocortisone dosage should be decreased during
pregnancy if hypertension or hypokalemia occurs. Careful
monitoring of electrolyte levels is required if hyperemesis
gravidarum or preeclampsia complicates pregnancy.
Glucocorticoid therapy in human pregnancy is not
associated with an increase in congenital malforma-
tions, although cleft palate has been reported in rabbits.
There has been a theoretical concern that the maternal
steroid therapy could suppress the fetal hypothalamic-
pituitary-adrenal axis, but this has not been upheld on
neonatal ACTH stimulation testing.70 The maternal and
fetal distributions of the synthetic steroids are found in
Table 8–6.

Long-term follow-up in children exposed to glucocor-
ticoid therapy during gestation has been undertaken.
Results of neurologic assessment at 3 and 6 years of age
are normal, and psychometric testing reveals no deficit.
Somatic growth is also similar to that of control children
of similar ages. Maternal glucocorticoid administration
should be changed from oral to the parenteral route at
times of stress during pregnancy, such as during severe
hyperemesis gravidarum, infection, or delivery. A suit-
able regimen is hydrocortisone sodium succinate, 200 to
300 mg/day intramuscularly or intravenously.

Effect of Chronic Adrenocortical Insufficiency on the Fetal/
Neonatal Outcome

In women with undiagnosed chronic ACIS, fetal growth
patterns have been found to be suboptimal, but this is not
a uniform finding. Maternal antibodies to the adrenal
cortex do cross the placenta but not in sufficient concen-
trations to cause fetal or neonatal adrenal insufficiency.
Neonatal hypoglycemia has been reported in rare cases
but seldom necessitates intervention, and glucocorticoid
therapy in the newborn is not indicated.71

Clinical Signs
Weakness
Hyperpigmentation
Anorexia
Nausea
Vomiting
Hypotension
Abdominal pain
Laboratory Data
Hypoglycemia
Hyponatremia
Hyperkalemia
Azotemia
Diagnosis
Baseline plasma cortisol
ACTH
Electrolytes
BUN
Creatinine
Dexamethasone, 4-6 mg IV
Tetracosactrin, 0.25 mg IM or IV
Plasma cortisol 30 minutes after tetracosactrin
Treatment
Fluid replacement: 5% dextrose/1 L normal saline, over 1-2 hr; then,

according to response, 2-5 L over 24 hr
Cortisol replacement: hydrocortisone, 100-200 mg IM or IV; then

100 mg q8h for 24 hr
Taper steroid dosage over 2-3 days, then maintenance
Identification of Precipitating Cause
Coagulation studies
Blood and urine cultures
Antiadrenal antibodies
Adrenal MRI

ACTH, adrenocorticotropic hormone; BUN, blood urea nitrogen; IM, intramus-
cularly; IV, intravenously; MRI, magnetic resonance imaging.

TABLE 8–9 Diagnosis and Management of Acute
Adrenal Insufficiency in Pregnancy



C H A P T E R 8 Pituitary and Adrenal Disorders of Pregnancy 175

Acute Adrenocortical Insufficiency in Pregnancy
Acute ACIS, or addisonian crisis, can occur in pregnancy
in women with chronic ACIS who are undergoing stress
or in those in whom the disease is undiagnosed. It also
may result from any obstetric complication that results in
disseminated intravascular coagulation, such as eclamp-
sia, amniotic fluid embolus, or postpartum hemorrhage.
The resultant bilateral massive adrenal hemorrhage is
an acute emergency manifesting with nausea, vomiting,
abdominal pain, and shock, and it is frequently fatal.
Death can be prevented by early recognition and treat-
ment. A similar manifestation has been noted in the third
trimester of pregnancy or in the postpartum period in
association with acute pyelonephritis, gram-negative
bacillemia, and fulminant meningococcal infection
(Waterhouse-Friderichsen syndrome). The largest series
of acute ACIS in pregnancy has been reported by
MacGillivray.72

Emergency treatment of acute ACIS in pregnancy
should include cortisol hemisuccinate, 200 mg intra-
venously as a bolus, followed by 100 mg in each liter
of normal saline solution. The first liter should be given
over 30 minutes, and hydration might take 5 to 6 liters.
Hypoglycemia should be avoided by a 15-g glucose
infusion. Because these patients receive up to 600 mg of
cortisol by this method, no additional mineralocorticoid
is required.

Congenital Adrenal Hyperplasia in Pregnancy

The congenital adrenal hyperplasias (CAHs) are a group
of inherited enzymatic defects of adrenal steroid biosyn-
thesis (Fig. 8–3). Deficiencies of each enzyme required in
the steroid biosynthesis pathway are known, and these
deficiencies are all inherited as autosomal recessive disor-
ders. During pregnancy, maternal and fetal problems are
confined to women who have 21-hydroxylase deficiency
(21-OHD), 11-hydroxylase deficiency (11β-OHD), and
3β-hydroxysteroid dehydrogenase deficiency (3β-HSD)

because the other adrenal enzyme deficiencies are not
compatible with fertility. The interposition of the placenta
on the hypothalamic-pituitary-adrenal axis and other
endocrine changes during pregnancy considerably influence
the clinical evaluation of the congenital adrenal hyper-
plasias. Successful management of CAH in pregnancy
requires a firm knowledge of normal adrenal, anatomic,
and endocrine changes that occur during pregnancy.
Women with severe forms of CAH have decreased fertility
rates because of oligoovulation, and successful conception
often requires a combination of good therapeutic compli-
ance, careful endocrine monitoring, and, often, ovulation
induction. Accurate prenatal diagnosis of these three
enzyme deficiencies is now possible, which allows prenatal
treatment in an attempt to minimize clinical problems in
the neonate. Prevention of masculinization of affected
female fetuses (i.e., corticosteroid suppression) has been
attempted in all three enzyme deficiency states with vari-
able degrees of success. CAH is a relatively common dis-
ease occurring 1 per 5000 to 1 per 15,000 births in most
populations.73 21-OHD has a particularly high frequency
among Hispanic persons. Carrier rates of 21-OHD vary
between 1.2% and 6% of the population. The gene respon-
sible for the 21-OHD was isolated in 1984; since then,
knowledge of the mutations that cause different forms
of CAH has grown rapidly. Of clinical importance is that
the clinical expression of endocrine disease is not always
correlated with the mutations of the primary structural
gene. Clinicians therefore cannot accurately predict the
cause of the disease or base their decisions on genotype
alone.73

Pathophysiology of Congenital Adrenal Hyperplasia
CAH is an abnormality of steroid biosynthesis. Most
steroidogenetic enzymes belong to the cytochrome P450
group of oxidases.74 Most cytochrome P450 enzymes can
act on multiple substrates and can also catalyze many
oxidation steps. This accounts in part for the broad clinical
spectrum of steroid hormone deficiency seen in association

Figure 8–3. Adrenal steroid biosynthesis. HSD, hydroxysteroid dehydrogenase; DOC, deoxycorticosterone;
DHEA, dehydroepiandrosterone (8-9).
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with a single cytochrome P450 enzyme defect. The P450-C21
enzyme is found in the cellular endoplasmic reticulum.
The P450-C11 enzyme is located in the mitochondria. The
3β-HSD enzyme is a non–cytochrome P450 enzyme and is
also found in endoplasmic reticulum. The P450-C21 genes
(P450-C21A and P450-C21B) are located on the short
arm of the chromosome 6 in the middle of the region of
the major histocompatibility complex. The P450-C21A
gene is nonfunctional and is known as a pseudogene. The
P450-C21A pseudogene can exert an effect on the active
P450-C21B gene by exchanging DNA, which is known as
gene conversion. Because the P450-C21 genes are linked
to the HLA locus, this association was used clinically to
assess whether the fetus was a CAH carrier or would be
affected. However, HLA typing has now been superseded by
molecular genetic techniques. Because of the large number
of different defects in the P450-C21B gene, this means that
most subjects affected with this type of CAH are “com-
pound heterozygotes” and have different genetic lesions
found in association with each of the two P450-C21 genes.
Thus, the very clinical manifestation of this form of CAH
is also determined partly by the different genetic lesions
of the P450-C21B gene. Gene conversions are the most com-
mon lesions found, but 10% of women with severe forms of
CAH have macroconversions that change the P450-C21B
gene sequence into one that resembles the P450-C21A
sequence. The majority of women with severe disease (75%)
have microconversions. Random gene deletions, insertions,
and point mutations are rare in 21-OHD deficiency.75

Deficiency of 11β-OHD is responsible for 15% of CAH
cases in Muslim and Ashkenazi Jewish women but is
uncommon in women of European descent. The genes of
the P450-C11 enzyme are located on the long arm of chro-
mosome 8 and are therefore not HLA linked. The gene
encoding 3β-HSD has been cloned and is located on
chromosome 1. The 3β-HSD enzyme is not a cytochrome
P450 enzyme and is also not HLA linked.

21-Hydroxylase Deficiency: Pregnancy Considerations
Historically, different forms of 21-OHD CAH have been
identified clinically. Although this was practically conven-
ient, terms such as “salt-wasting,” “simple virilizing,”
“nonclassic,” “late-onset,” and “cryptic” all refer to different
presentations of the same disease. Women with all mani-
festations of the disease should receive prepregnancy coun-
seling, which must include reference to fertility concerns,
possible pregnancy complications, prenatal diagnosis,
and prenatal treatment.

Fertility in Congenital Adrenal Hyperplasia
Menarche in girls with CAH may be delayed up to 2 years
in comparison with that in normal girls. Women with
severe forms of CAH have decreased fertility rates (32%)
because of several factors76:

1. Oligoovulation rates are high (30%) in 21-OHD CAH,
which may reflect either noncompliance with therapy
or perhaps abnormal brain androgen imprinting both
in utero and before puberty. There is a possibility that
women with 21-OHD CAH have oligoovulation on the
basis of a masculinized center nervous system, but this
is a controversial area.

2. Inadequate vaginal introitus can contribute to the low
fertility rate (35%). The presence of the salt-losing
21-OHD CAH is often associated with marked mas-
culinization and the necessity of major plastic surgery.
In spite of the surgery, the vaginal introitus was inade-
quate for intercourse in 35% of markedly masculinized
women.34

3. Women with 21-OHD CAH also exhibit less sexual
activity than normal women and tend to have a more
negative body image.

4. Women with severe 21-OHD CAH have a low marriage
rate (32%).

5. 21-OHD is associated with other medical conditions
that may reduce fertility, such as Turner’s syndrome.
This association may be a reason for diminished
endometrial receptivity.35

6. In women with milder forms of 21-OHD CAH, fertility
may actually reach normal rates, particularly in the
“late-onset” group. Even in this group, the increased
rates of oligoovulation may resemble polycystic ovarian
disease.77 Successful conception in this group requires
good compliance with therapy, careful endocrine
monitoring, and, often, induction of ovulation.

7. Spontaneous first trimester abortion rates are high
(30%) in comparison with those in the normal popula-
tion (12% to 15%). The mechanism behind the increased
rate of spontaneous abortion is not known, but the
possibilities include inadequate corpus luteum activity
and endometrial implantation difficulties caused by
the presence of elevated androgen levels.36

Pregnancy Outcome in 21-Hydroxylase Deficiency Congenital
Adrenal Hyperplasia

Women with 21-OHD CAH should be prescribed
glucocorticoids, usually hydrocortisone, prednisone, or
dexamethasone, and (if the condition is salt losing) a min-
eralocorticoid. In the nonpregnant state, 17α-hydroxyprog-
esterone levels are measured to assess the effectiveness of
this treatment in lowering ACTH levels and thus stimula-
tion to the adrenal cortex. However, 17α-hydroxyproges-
terone levels normally increase throughout pregnancy. Free
testosterone levels do not change and may be used as
a marker for adequate suppression. Blood pressure, edema,
and electrolytes should be monitored for adequacy of min-
eralocorticoid replacement. Most women do not require
any change in either mineralocorticoid or glucocorticoid
therapy, except at times of stress (e.g., hyperemesis, labor,
delivery), when parenteral stress dosages are required.

Prevention of Virilization in an Affected Fetus
In most situations, the fetus is at risk for virilization, as
discovered when the condition is diagnosed in a sibling in
infancy or in childhood. This diagnosis confirms that
both parents are carriers of the enzymatic defect, of which
they were probably unaware previously. Each subsequent
pregnancy therefore carries a 1-in-4 risk for an affected
child and a 1-in-8 risk for an affected girl.

Prenatal Treatment to Avoid Virilization
The first course of treatment is to prevent virilization
in female fetuses; thus, 1 in 8 fetuses may benefit for
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in utero intervention. The fetal adrenal gland synthesizes
and secretes testosterone from 6 to 12 weeks of gestation,
which is the time of masculinization of female genitalia. If
the excess androgen can be decreased by reducing ACTH
stimulation to the fetal adrenal glands, the need for geni-
tal corrective surgery and the potential masculinization
of the female brain may be avoided. Because of the early
development of the external genitalia, treatment must be
initiated before anyone knows whether the child is
affected and what sex the child is; thus, eight fetuses must
be treated to prevent virilization in one. New and colleagues
developed an algorithm for prenatal diagnosis and treat-
ment of 21-OHD (Fig. 8–4) to suppress fetal ACTH; glu-
cocorticoids are given to the mother.77a Dexamethasone is
the agent of choice because it has the greatest transpla-
cental passage. Dosages of 0.5 mg three times daily or 20 μg
per kilogram of prepregnancy body weight per day in two
or three doses are recommended. To obtain the best results,
treatment must be started with confirmation of preg-
nancy and continued throughout the pregnancy. Fetal
response to dexamethasone is very variable, and although
masculinization may be reduced, it is often not eliminated.
Two thirds of treated affected girls and women nonethe-
less need some reconstructive surgery for the external
genitalia.

There are several theoretical and actual disadvantages to
the use of fetal adrenal corticosteroid suppressive therapy.78

Glucocorticoid therapy in human pregnancy is not asso-
ciated with an increase in congenital malformations.
Suppression of the fetal hypothalamic-pituitary-adrenal
axis is a theoretical concern, but neonatal ACTH stimulation
test results have generally been normal. Dexamethasone
has been assigned a risk factor C by the U.S. Food and
Drug Administration.

Another disadvantage of fetal adrenal suppression by
first trimester corticosteroid use is the blanket coverage of
all potentially affected fetuses that is required until fetal
sex is known and whether the fetus is affected. No long-
term effects of psychomotor development or intrauterine
death has been seen. However, there have been reports
of low birth weight and a reduction in central nervous
system DNA content in animal studies. The full conse-
quence may not yet be apparent, in view of the small num-
bers in young infants exposed to date. This treatment
should therefore be considered experimental, and parents
must be informed that the risk/benefit ratio has not been
clearly established and that the controversy over the
effectiveness of treatment continues.

Sonographic Prenatal Diagnosis of Congenital Adrenal
Hyperplasia

Ultrasonography of the fetal perineum can demonstrate
ambiguous genitalia in affected female fetuses. Ultrasound
examination of the adrenal glands of three newborns with

Figure 8–4. Procedure for management of pregnancies at risk for congenital adrenal hyperplasia due to 21-hydroxylase deficiency. hCG,
human chorionic gonadotropin. (From Mercado AB, Wilson RC, Cheng KC, et al: Prenatal treatment and diagnosis of congenital adrenal
hyperplasia owing to steroid 21-hydroxylase deficiency. J Clin Endocrinol Metab 1995;80:2014. © The Endocrine Society.)
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CAH demonstrated a cerebriform pattern. In fetuses of
mothers in whom CAH is treated with glucocorticoids,
the adrenal glands are much smaller.79

11β-Hydroxylase Deficiency Congenital Adrenal
Hyperplasia

11β-OHD CAH is the second most common cause of
CAH and results in a hypertensive form of the disease.
11β-OHD is inherited as an autosomal recessive condition.
The enzyme is a mitochondrial P450 enzyme and is coded
by the CYP11B1 gene, which is situated on chromosome
8q22 in tandem with the gene for aldosterone synthase.
Deficiency of 11β-hydroxylase results in the inability to
convert 11-deoxycortisol, and this deficiency accounts for
5% to 8% of cases of CAH. 11β-OHD causes a decrease in
cortisol production, and virilization develops in affected
women. Salt-losing forms are not found because the sub-
strate for 11β-hydroxylase is 11-deoxycortisol, which has
mineralocorticoid activity. 11β-OHD CAH can be caused
by one of several mutations in the CYP11B1 gene.80 The
diagnosis of 11β-hydroxylase deficiency is based on the
findings of elevated plasma deoxycorticosterone levels
and an exaggerated response of plasma deoxycortico-
sterone to ACTH stimulation.

This form of CAH is uncommon in North America,
but the incidence of the defect is higher in certain popu-
lations from Morocco, Tunisia, Turkey, Iran, and Israel.
There is marked clinical variability in manifestation, vary-
ing from modest masculinization with clitoromegaly to
extreme forms with fused labial scrotal folds. Menstrual
disturbances are common. The degrees of hirsutism and
acne are variable. Many women with 11β-OHD CAH who
are treated with adequate dosages of glucocorticoids
appear to have normal fertility, and uneventful pregnan-
cies have been reported. Severe forms of 11β-OHD show
a poor response to glucocorticoid suppressive therapy and
have been treated by laparoscopic bilateral adrenalectomy
with marked clinical and biochemical improvement.
Therefore, more aggressive management with early bilat-
eral adrenalectomy may be appropriate in selected diffi-
cult cases before pregnancy.81 In spite of the association of
11β-OHD with hypertension, pregnancies reported do
not appear to have been complicated by an increased
incidence of any other type of hypertensive disease.

Prenatal Diagnosis of Affected Female Fetuses in 11β-
Hydroxylase Deficiency Congenital Adrenal Hyperplasia

Masculinization of the external genitalia may affect
female fetuses during the first trimester, but the extent
of the genital ambiguity is extremely variable. Prenatal
diagnosis and treatment have met with some success.
Initially, endocrine diagnosis involved utilization of
amniotic fluid levels of 11-deoxycortisol and tetrahydro-
11-deoxycortisol, which are elevated in pregnancies
with affected fetuses.82 Better distinction between affected
and unaffected fetuses was obtained when sequential
maternal urine and amniotic fluid levels were obtained
in parallel. More accurate diagnosis can now be achieved by
the application of the new molecular genetic techniques.
Dexamethasone suppressive therapy has been used in an
attempt to prevent genital masculinization of affected
female fetuses but has not always been successful.83

3β-Hydroxysteroid Dehydrogenase Deficiency and Pregnancy
Classical 3β-HSD deficiency is a rare form of congenital
CAH that impairs steroidogenesis in both the adrenal
glands and gonads, resulting from mutations in the
HSD 3B2 gene, causing varying degrees of salt loss in both
sexes and in complete masculinization of the external
genitalia in genetically male persons. The condition
causes decreases in steroid synthesis in three pathways:
(1) reducing the conversion of pregnenolone to proges-
terone, (2) reducing the conversion of 17α-pregnenolone
to 17α-hydroxyprogesterone, and (3) reducing the conversion
of dehydroepiandrosterone to androstenedione. The genes
encoding 3β-HSD are located on chromosome 1. The
type 1 gene that is expressed in peripheral tissues does not
appear to mutate, unlike the type 2 gene that is expressed
almost exclusively in the adrenal glands and gonads.
Mutations identified include nonsense, frame shift, and
missense mutations.84 The type 1β-HSD gene is also
expressed in the placenta, as well as peripheral tissues.

The 3β-HSD deficiencies are characterized by varying
degrees of salt wasting and normal female sexual differenti-
ation or mild virilization. Clinically, there is a very broad
spectrum of the disease, varying from acute severe neonatal
presentation to a mild form manifesting up to puberty with
features suggestive of polycystic ovarian disease.85 Women
with mild 3β-HSD deficiency often are infertile because
of oligoovulation, but menstrual regularity occurs after
dexamethasone suppression. The 3β-HSD deficiency is
uncommon in North America but has been found in up to
12% of Israeli women presenting with hyperandrogenism.
Successful pregnancies have been reported after both dex-
amethasone therapy and in vitro fertilization.86 Affected
female fetuses may have variable degrees of labial fusion and
clitoromegaly, but masculinization is usually mild because
dehydroepiandrosterone is a weak androgen. 
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In adult life, adaptation to acute and subacute alter-
ations in calcium homeostasis is largely accomplished

through the actions of parathyroid hormone (PTH) and
1,25-dihydroxyvitamin D. During pregnancy and lacta-
tion, other, “nonclassical” hormones, such as parathyroid
hormone–related protein (PTHrP) appear to contribute to
the alterations in calcium and skeletal homeostasis that
occur in this setting. Maternal calcium homeostasis is
geared to provide sufficient calcium flux across the pla-
centa during pregnancy and into breast milk during lac-
tation to ensure normal fetal and neonatal skeletal
mineralization. These requirements are substantial and
cannot be met solely by augmented intestinal calcium
absorption; therefore, pregnancy and lactation are typi-
cally accompanied by increased rates of bone resorption
and declines in bone density. As a consequence of these
changes, the clinical course of diseases associated with
hypercalcemia or hypocalcemia is altered during preg-
nancy. Recognizing this is critical to successful manage-
ment of these diseases and to ensuring good maternal and
fetal outcomes.

The physiologic alterations that occur in mineral and
skeletal metabolism during pregnancy and lactation are
reviewed below. This is followed by a discussion of com-
mon clinical disorders of mineral homeostasis that can
occur during this period and their appropriate manage-
ment. Although there is an extensive literature on experi-
mental animal models of pregnancy and lactation, the
focus of this review is solely human physiology and
pathophysiology.
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9
CALCIUM HOMEOSTASIS
AND DISORDERS OF CALCIUM
METABOLISM DURING
PREGNANCY AND LACTATION
U r s z u l a  S .  M a s i u k i e w i c z  a n d  K a r l  L .  I n s o g n a

MATERNAL CALCIUM HOMEOSTASIS
DURING PREGNANCY AND LACTATION

Pregnancy

Changes in Serum Minerals

As a consequence of hemodilution, the total serum calcium
concentration falls during a normal pregnancy. This fall
largely reflects the fall in serum albumin and the albumin-
bound fraction of the total calcium.1 Ionized calcium levels,
when measured directly, are not different from values in
nonpregnant women.2-11 Serum concentrations of phos-
phate are normal throughout pregnancy.5,8,12,13

Changes in Calcitropic Hormones

The normal fetus accumulates approximately 21 g of
calcium (range, 13 to 33 g)14 during gestation; 80% of
this accrues to the rapidly mineralizing skeleton in the
third trimester.14,15 A key adaptive change in response to
this dramatic strain on maternal calcium metabolism
is an increase in production of 1,25-dihydroxyvitamin D
[1,25(OH)2-vitamin D, or calcitriol]. 1,25-Dihydroxyvitamin
D is the active form of vitamin D, and its main site of
action is the proximal intestine, in which it increases
calcium absorption. Pregnancy is associated with an
approximately twofold increase in circulating levels of
1,25-dihydroxyvitamin D.3,11,12,16-21 This increase occurs early
in the first trimester and is sustained throughout pregnancy.
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The source and regulatory events that mediate this
increase in 1,25-dihydroxyvitamin D production has been
the topic of much debate. The principal site of increased
production appears to be the maternal kidney, with con-
tributions from maternal decidua, placenta, and fetal
kidneys.22 PTH, which is the primary regulator of 1,25-
dihydroxyvitamin D synthesis in the nonpregnant state,
plays little role in mediating this increase; several prospec-
tive studies have shown that the level of immunoreactive
PTH is in a low-normal range early in pregnancy when
1,25(OH)2-vitamin D levels are high, and PTH levels reach
the midnormal range only by the end of pregnancy.5-7,11,12,23

Furthermore, women without functioning parathyroid
glands still evidence a rise in circulating 1,25(OH)2-vitamin
D during pregnancy.

Increased 1,25-(OH)2-vitamin D production during
pregnancy leads to a marked increase in intestinal calcium
absorption and, as a consequence, hypercalciuria. The
increase in intestinal calcium absorption has been
demonstrated as early as week 12 of gestation, well before
fetal skeletal mineralization is maximal.12,24,25 This sug-
gests that the increase in 1,25-dihydroxyvitamin D is an
independent phenomenon and may allow the maternal
skeleton to store calcium in advance of peak fetal demands
later in pregnancy. Urinary calcium excretion rates in the
hypercalciuric range (i.e., >4 mg/kg body weight) are not
uncommon.3,5,11,12,26,27

A role for calcitonin and PTHrP in mediating mineral
metabolism in pregnancy has also been suggested. Serum
calcitonin levels during pregnancy are generally higher
than values in nonpregnant women; at least 20% of values
exceed the normal range.22 It has been speculated that ele-
vated calcitonin levels protect the maternal skeleton from
excessive bone resorption, but the experimental data that
address this issue are scant, and it deserves further study.

Several studies have documented elevated levels of PTHrP
as early as the first trimester of pregnancy.23,28 PTHrP was
discovered in the early 1980s when it was found to be
overexpressed by tumors that cause hypercalcemia; thus,
it was called humoral hypercalcemia of malignancy.29-31 It is a
product of a gene distinct from that for PTH. It is processed
into multiple forms, including an amino- (N-) terminal
fragment with structural similarity to the N-terminus of
PTH, and structurally unique middle and carboxyl- (C-)
terminal fragments. Unlike PTH, PTHrP does not normally
circulate in detectable concentrations. It is widely expressed
and appears to be an important paracrine signal in several
tissues. Absence of PTHrP leads to a failure of normal skele-
tal development caused by accelerated mineralizing of carti-
lage. PTHrP can relax smooth muscle, and stretch induces
its expression in the bladder, vascular smooth muscle,
and uterus. Potential sources of PTHrP production during
pregnancy include the placenta, decidua, amnion, fetal
parathyroid glands, and umbilical cord.32-35 PTHrP is also
produced by breast tissue.36,37 Elevations in N-terminal
fragments of PTHrP may contribute to the increase in 1,25-
dihydroxyvitamin D and to the suppression of PTH noted
during pregnancy. It has also been suggested that N-
terminal forms of PTHrP may play a role in regulating the
onset of labor, inasmuch as PTHrP levels decline in
myometrium at the onset of labor.32 A midmolecular form
of PTHrP stimulates placental calcium transport38 and may

be important in ensuring that adequate calcium gets to the
developing fetus. The C-terminal portion of PTHrP, termed
osteostatin, is able to inhibit osteoclastic bone resorption in
some in vitro assays and in rats in vivo. Therefore, this frag-
ment of PTHrP could have a role in protecting the maternal
skeleton from excessive bone loss during pregnancy.22

Lactation

Although accurate estimates of the calcium loss during
lactation are difficult to quantify precisely because of
inherent variations in the calcium content of breast milk,
as well as because of other factors,39,40 the daily loss of
calcium in breast milk has been estimated to range from
280 to 400 mg.40 Losses up to 1000 mg calcium per day
have been reported.41 In contrast to the pregnant state,
lactation is not associated with intestinal calcium hyper-
absorption, and the skeleton appears to be the primary
source from which lactating women meet these require-
ments. The underlying mechanisms responsible for this
demineralization are not fully understood, but a promi-
nent role for PTHrP in mediating this process has been
proposed. Total and ionized calcium42-46 and serum phos-
phate5,13,44,47-50 are high-normal or slightly elevated in lac-
tating mothers in comparison with nonlactating women.
The majority of studies have found that PTH levels are
low in lactating women in comparison with nonlactating
women, and levels rise to normal or just above normal
after weaning.12,44-49,51-54 The postweaning increase in PTH
levels may be sustained for up to 3 months,12,44 but whether
this increase contributes to rebuilding of bone after weaning
remains unknown. Levels of 1,25-dihydroxyvitamin D,
elevated in pregnancy, fall into the normal range within
days of delivery and remain normal during lacta-
tion.11,12,18,21,43,48,54-56 As a consequence of this, the intes-
tinal calcium hyperabsorption and hypercalciuria seen
during pregnancy resolve within days after delivery. In
addition, the renal excretion of calcium has been reported
to be low during lactation.3,5,12,13,23,26,48,57 After weaning,
there is an increase in intestinal absorption of calcium,50

whereas low urinary calcium excretion persists.48 These
changes probably contribute to rebuilding the maternal
skeleton after weaning.

PTHrP is expressed in lactating mammary tissue and
plays a key role in mammary gland development.58 In its
absence, the mammary gland does not develop. PTHrP is
secreted into milk in large quantities.59-61 In fact, the con-
centration of PTHrP in milk is 1000-fold higher than that
measured in hypercalcemic cancer patients.59 The role of
PTHrP in milk remains unclear. It is possible that, as in
the placenta, it augments transport of calcium into breast
milk, although this has not been established. In support
of this notion, PTHrP concentrations in the milk have been
found to correlate positively with a total milk calcium
content.62 PTHrP, like PTH, stimulates bone resorption
through the PTH receptor expressed in bone,63 and emerging
evidence suggests that breast milk–derived PTHrP may
reach the maternal circulation and may be an important
mediator of maternal skeletal resorption during lactation.
In accordance with this, PTHrP levels have been found to
correlate positively with serum ionized calcium levels46,47,64
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as well as with the degree of bone loss during lactation.65

Hypercalcemia associated with low PTH levels has been
reported in lactating women, and it has resolved after
weaning66 or reduction mammoplasty,67 which suggests
breast milk–derived PTHrP may be responsible. Calcitonin
is also secreted into breast milk at concentrations signifi-
cantly higher than in the maternal serum,68 but its func-
tions if any are not known.

In summary, maternal calcium homeostasis is geared to
provide sufficient calcium flux across the placenta during
pregnancy and into breast milk during lactation to ensure
normal fetal and neonatal skeletal mineralization. These
requirements are substantial and are met by alterations in
calcitropic hormone profile and effects of “nonclassical”
hormones, such as PTHrP, on calcium homeostasis, as
summarized in Table 9–1.

FETAL-PLACENTAL PHYSIOLOGY

Among the many functions of the fetal-placental unit is
to provide sufficient calcium for the fetal skeleton to min-
eralize and to maintain the fetal extracellular calcium
concentration in the appropriate range. Serum calcium
levels are higher in the fetus than in the mother. Human
cord blood calcium levels exceed maternal values by 1 and
0.5 mEq/L for total and ionized calcium, respectively.69

Therefore, placental calcium transport occurs against a
concentration gradient, especially at the end of gestation,
when the difference between maternal and fetal blood cal-
cium is greatest. As noted, there is evidence that the active
placental transport mechanism for calcium is regulated
by a midmolecule portion of PTHrP.22,70 Fetal hypercalcemia
is also maintained by the effects of PTrP: in this instance,
the N-terminal fragment of PTHrP stimulates fetal renal
tubular calcium reabsorption, thereby helping to main-
tain a high serum level of calcium. Unlike calcium, PTH,
1,25-dihydroxyvitamin D, and calcitonin apparently do
not cross the placenta in appreciable amounts. Circulating
25-hydroxyvitamin D freely crosses the placenta, where
placental 1α-hydroxylases convert it to the active 1,25-
dihydroxyvitamin D.

The fetal-placental unit functions relatively independ-
ently of the maternal calcium needs. For example, the fetal
skeleton mineralizes normally, and the fetal calcium con-
centration is unaffected even in the presence of moderate
hypocalcemia and vitamin D deficiency in the mother.71-73

The circulating concentration of intact PTH in the fetus
has been reported to be one fourth that of maternal val-
ues,74 presumably because of the relative hypercalcemia of
the fetus. At birth, the neonate has relatively elevated serum

levels of total and ionized calcium, calcitonin, and PTHrP
and suppressed levels of PTH. Serum calcium levels fall by
about 1 mEq/L and reach a nadir at 1 or 2 days of age. In
normal infants, secretion of PTH is stimulated at this
point, and recovery of normal serum calcium levels gener-
ally occurs by 1 week of age.

BONE PHYSIOLOGY AND
DISEASE STATES IN PREGNANCY
AND LACTATION

Pregnancy

Effect of Pregnancy on Markers of Bone
Turnover and Bone Density

Studies examining the effects of pregnancy on bone
turnover markers in humans are limited, but the existing
evidence suggests that bone turnover is low in the first half
of pregnancy and increases towards the end of pregnancy,
which coincides with the increased demands of the mineral-
izing fetal skeleton. Markers of bone resorption (pyridino-
line and deoxypyridinoline crosslinks and hydroxyproline)
are low in the first trimester and increase steadily through-
out pregnancy, peaking at about twice the normal levels in
the third trimester.12,23,51,75 Markers of bone formation, such
as osteocalcin and procollagen I carboxypeptides, are low or
undetectable in early pregnancy but rise to normal levels by
the end of pregnancy.6,12,51,75-77 Alkaline phosphatase, which
is routinely used to evaluate bone turnover in a nonpreg-
nant patient, is not a helpful marker during the pregnancy
because of the contribution of placental alkaline phos-
phatase to maternal levels.

Despite several studies and case reports describing
changes in bone mineral density (BMD) during pregnancy,
there exists controversy regarding the time course and
extent of BMD changes during and after gestation. Because
of concerns about radiation exposure to the fetus, few
studies have examined BMD during the pregnancy by pre-
cise techniques such as dual-energy x-ray absorptiometry
(DEXA). Older prospective studies with either single- or
dual-photon absorptiometry did not find a significant
change in BMD during the pregnancy.13,26,78,79 One study
found a significant decrease in BMD of the femoral neck
and radial shaft, but no change in lumbar bone density, by
comparing single- and dual-photon absorptiometry meas-
urements before conception with those 6 weeks post par-
tum.80 More recent studies with DEXA measurements
before and after pregnancy reported conflicting results; two
studies showed declines in lumbar bone density ranging

Serum Serum 1,25- Parathyroid
Calcium Calcium Serum Urine Dihydroxy- Parathyroid Hormone–Related
Total Ionized Phosphate Calcium vitamin D Hormone Protein

Pregnancy ↓ Normal Normal ↑ ↑ Low normal ↑
Lactation Normal Normal High normal ↓ Normal Low normal ↑

TABLE 9–1 Summary of Calcitropic Hormone Profile during Pregnancy and Lactation
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from 3.5% to 4.5%,81,82 whereas a third study reported no
change in bone density during pregnancy.83 These results
may be divergent because, in the first two studies, bone den-
sity was measured 4 to 6 weeks post partum and lactation-
induced bone loss may have confounded the results (see
later discussion under “Lactation”). A few investigators
have used ultrasonography to measure bone density and
have reported a decrease in BMD according to this tech-
nique during pregnancy.75,84,85 Whether parity has any
long-term effect on the maternal skeleton is unclear,
although the majority of studies have found no effect of
parity on bone density or fracture risk,22 and several other
studies have found increased parity to have a beneficial
effect on bone mass. Few studies have linked parity to
decreased bone density.86-88 In summary, it has not been
clearly established whether the increased bone turnover
seen in late pregnancy has any long-term effects on the
maternal skeleton. The discrepancies in data are attributa-
ble to a number of factors, including small sample sizes in
study populations, differences in gestational weight gain,
body composition, pattern of physical activity, and
whether the mothers breast-fed. On balance, the existing
evidence suggests either no effect or a very small negative
effect of pregnancy on bone density over the long term.

Osteoporosis and Pregnancy

Osteoporosis with accompanying fragility fracture is
extremely rare in pregnancy. When it does occur, it is usually
assumed that the woman’s bone density was very low before
conception and that the additional physiologic and physical
stress of pregnancy (i.e., back strain) unmasks rather than
causes the osteoporosis. There are rare cases of women pre-
senting in the third trimester with transient osteoporosis of
the knee or hip.89-93 The pathophysiologic mechanism in
these unusual cases is unknown, but the normal calcitropic
hormone profile in these patients and the fact that this con-
dition is usually localized suggest that mechanisms other
than generalized bone loss are the underlying causes. Local
factors, such as reflex sympathetic dystrophy, ischemia,
trauma, viral infections, marrow hypertrophy, immobiliza-
tion, and fetal pressure on the obturator nerve, have been
proposed. Affected patients typically present with hip pain
and/or insufficiency fractures of the hip.89,91,94,95 Osteopenia
is seen on plain films,90,96 and DEXA measurements of the
symptomatic femoral head and neck document reduced
bone mass.94 Magnetic resonance imaging of the affected
femoral head has demonstrated joint effusions and
increased water content of the femoral head and marrow
cavity.97 The condition is typically self-limiting and necessi-
tates no treatment except for analgesia. The decreased BMD
and magnetic resonance imaging findings usually resolve
within 2 to 6 months post partum.89,94,95,97

Lactation

Effect of Lactation on Bone Turnover and
Bone Density

In the aggregate, studies examining the rate of bone
turnover indicate that both bone resorption and formation

are increased during lactation. Markers of bone resorp-
tion are elevated twofold to threefold during lactation
and are higher than values observed during preg-
nancy.12,13,46,48,51,52,75,98 Similarly, markers of bone formation
have been reported to be high during lactation and to
increase over the levels observed during pregnancy, with the
exception of alkaline phosphatase, which typically falls
immediately after delivery of the placenta.13,46,48,51,52,75,98

Several longitudinal studies of bone density during lacta-
tion have documented 3% to 8.0% declines in trabecular
bone mass (i.e., at sites such as the lumbar spine) after 2 to
6 months; smaller losses have been recorded at cortical sites
when lactating women are compared with women who are
feeding their infants formula.13,26,46,48,51,52,54,80,98-107 It is not
clear whether the lactation-induced bone loss results from
the relative estrogen deficiency that occurs during lactation
or from the combined effects of estrogen deficiency and
PTHrP-induced skeletal resorption. Several studies have
suggested that estrogen withdrawal and the intensity and
duration of lactation are factors that predict the degree of
bone loss during lactation.53,94,106,108,109 Early resumption of
menses or use of supplemental estrogen can reduce skeletal
losses during lactation.106,108 Conversely, bone density may
continue to decrease during extended lactation, even after
resumption of menses,94,109 which suggests that estrogen
deficiency alone cannot fully account for lactation-induced
bone loss. In selected studies, PTHrP levels were found to
correlate with loss of BMD at the lumbar spine and femoral
neck in lactating women, even after serum estradiol and
PTH levels were controlled.65 PTHrP has also been reported
to be elevated in patients with hyperprolactinemia47,110; in
these patients, PTHrP correlated negatively with bone den-
sity of the lumbar spine, which lends further support to the
notion that PTHrP is a mediator of lactation-induced bone
resorption. The majority of studies have reported that the
bone loss associated with lactation is completely reversed
during weaning.48,51,54,109 Recovery of skeletal mass occurs
quickly, because women who breast-fed for at least 6 months
and had a second pregnancy within 18 months of their prior
delivery did not have lower bone density after the second
pregnancy.107,111 Further extended lactation was not associ-
ated with lower BMD in a cross-sectional study of 30 mul-
tiparous women who had breast-fed, in comparison with a
control population.112 There is no convincing evidence in
the literature that increasing dietary calcium intake pre-
vents lactation-induced bone loss.113,114 In addition, the
majority of epidemiologic studies of premenopausal and
postmenopausal women have found that a history of lacta-
tion has no adverse or salutatory effect on peak bone mass
or hip fracture risk.

Osteoporosis of Lactation

Osteoporosis with accompanying fragility fractures has
occasionally been described to occur during lactation. As is
the case for osteoporosis during pregnancy, it is difficult
to distinguish patients with preexisting low bone mass from
those with significant pregnancy- and lactation-induced
bone loss. Typically, women with lactation-associated osteo-
porosis present several months post partum with vertebral
crush fractures, bone pain, loss of height, and, in rare
instances, hypercalcemia.66,115 Histologic evaluation of bone
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shows either normal cellular activity or evidence of increased
resorption.115 Serum PTH levels have been reported to be
normal or reduced, and 1,25-dihydroxyvitamin D levels are
normal.66,115 It has been postulated that PTHrP released
from the lactating breast into the maternal circulation
contributes to the excessive bone resorption, osteoporosis,
and fractures in these cases.66,116

HYPERCALCEMIA DURING PREGNANCY

Primary Hyperparathyroidism

Hypercalcemia during pregnancy poses a risk to both the
mother and fetus and can present a complex management
issue. Hypercalcemia from any cause can occur during
pregnancy (Table 9–2); however, because women of child-
bearing years are young and healthy, primary hyper-
parathyroidism is the most common cause. The incidence
of hyperparathyroidism during pregnancy is not known,
but it is uncommon; less than 200 cases have been reported
in the literature.117 This may reflect underreporting or a
failure to recognize all cases. Furthermore, it is possible
that pregnancy-related changes in calcium and PTH phys-
iology (as outlined previously) with a physiologic fall in
total serum calcium level, as well as the pregnancy-related
hypercalciuria, obscure the diagnosis of mild primary
hyperparathyroidism in some women. As noted, calcium
easily crosses the placenta, and hypercalcemia in a pregnant
woman with hyperparathyroidism may be further masked
by the ability to “dispose” of calcium in the mineralizing
fetus. Up to 80% of pregnant women with hyperparathy-
roidism are asymptomatic,118-121 and the condition is
detected on routine prenatal biochemical tests or post par-
tum when the newborn develops symptomatic hypocal-
cemia. Although most patients with hyperparathyroidism

are asymptomatic, this disease can be associated with
a significantly increased risk of maternal and fetal com-
plications. Earlier studies (conducted largely before
automated blood sampling of calcium) reported maternal
complication rates as high as 67% in patients with
hyperparathyroidism.122 Because the hypercalciuria of
pregnancy can be exacerbated by hyperparathyroidism,
nephrolithiasis is the most common symptomatic mani-
festation of hyperparathyroidism during pregnancy, with
an estimated incidence of 24% to 36%.118,123 Pancreatitis,
which poses a significant risk, occurs in 7% to 13% of
pregnant women with hyperparathyroidism.118,122,124-127

Hyperemesis gravidarum also occurs with a significantly
increased frequency in pregnant patients with primary
hyperparathyroidism.

In the past, fetal complications have occurred with a
frequency as high as 53%,128-130 and the incidence of
neonatal death has been reported to be as high as 27% to
31%.128,129,131 Fortunately, neonatal death is rare now.
Nonfatal complications of hyperparathyroidism in preg-
nancy have included intrauterine growth restriction, low
birth weight, and preterm delivery.118,128,129,131-133

Although less serious, neonatal hypocalcemia and
unrecognized hypocalcemic tetany are common in off-
spring of women with hyperparathyroidism and may be
seen in up to 50% of such infants.130,134-137 Even mild
asymptomatic hypercalcemia in the mother has been
reported to cause neonatal parathyroid suppression and
tetany.134-136 This can largely be avoided if calcium supple-
mentation is started promptly after birth. Neonatal
hypocalcemia is usually transient, but it can persist for
several months, and cases of permanent neonatal
hypoparathyroidism have been reported.131,138,139

Because of the potential for serious complications,
women with a diagnosis of hyperparathyroidism who
wish to conceive should be treated surgically before preg-
nancy. When the hyperparathyroidism is discovered dur-
ing the pregnancy, management is influenced by the
degree of hypercalcemia, gestational age, and presence of
complications. Surgical correction of primary hyper-
parathyroidism during the second trimester, to prevent
fetal and neonatal complications, was recommended in
early studies.140-143 However, many of the women in those
early cases were symptomatic and had nephrocalcinosis or
renal insufficiency. Available evidence, although limited,
suggests that the typical mildly hypercalcemic asympto-
matic pregnant woman with primary hyperparathyroidism
can be safely managed conservatively144-147 if neonatal
hypocalcemia is sought and treated. A proposed algorithm
for managing pregnant women with primary hyperparathy-
roidism is presented in Figure 9–1. In general, it is reason-
able to manage patients with mild asymptomatic primary
hyperparathyroidism conservatively, simply by discontin-
uing the use of calcium supplements and encouraging
good hydration. Medications often used to treat nonpreg-
nant hypercalcemic patients, such as loop diuretics (e.g.,
furosemide) and bisphosphonates, readily cross the pla-
centa and should be avoided during pregnancy.121,127 As
noted for conservatively managed patients, the neonate
must be monitored closely for the development of
hypocalcemia. In patients in whom conservative manage-
ment fails or who present with complications during

Primary hyperparathyroidism
Malignant disease
Familial hypocalciuric hypercalcemia
Granulomatous diseases

Sarcoidosis
Tuberculosis
Histoplasmosis
Coccidioidomycosis

Endocrine disorders
Thyrotoxicosis
Pheochromocytoma
Adrenal crisis

Drug induced
Vitamin D
Thiazide diuretics
Lithium
Vitamin A
Aluminum intoxication (in chronic renal failure)
Aminophylline

Miscellaneous
Milk-alkali syndrome
Renal failure (tertiary hyperparathyroidism)
Total parenteral nutrition
Hypophosphatasia

TABLE 9–2 Differential Diagnosis of Hypercalcemia
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pregnancy, surgical therapy is indicated. To limit the
extent and duration of surgery, noninvasive preoperative
localization studies can be helpful. Radionuclide localiz-
ing studies (sestamibi scan) are contraindicated during
pregnancy, but ultrasonography, when performed by an
experienced clinician, can be helpful in localizing a
parathyroid adenoma.148,149 In selected cases, ultrasono-
graphically guided biopsy of a suspect lesion with meas-
urement of PTH in the aspirate can confirm the
diagnosis. Such fine-needle aspirates carry minimal risk
and, if successful, provide the opportunity to limit surgery
to a minimally invasive parathyroidectomy. Intraoperative
measurement of serum PTH, available in most major cen-
ters in which parathyroid surgery is performed, should be
done to ensure the success of the procedure.150 If neces-
sary, a pregnant patient should undergo parathyroid ade-
nomectomy during the second trimester, when the rate of
surgical complications and risk of preterm labor are gen-
erally considered low.151

Figure 9–1. Proposed algorithm for managing pregnant women with primary hyperparathyroidism.

Familial Hypocalciuric Hypercalcemia

Familial hypocalciuric hypercalcemia (FHH), is an auto-
somal dominant disorder resulting from heterozygous
inactivation of the calcium-sensing receptor gene. This
receptor is expressed in the parathyroid gland and kidney,
and loss of its function leads to a failure of the parathy-
roid gland to appropriately sense serum calcium and to
suppress secretion of the hormone when serum calcium
rises. Therefore, patients with FHH evidence mild eleva-
tions in serum calcium with concomitant elevations in
serum PTH. Urine calcium is paradoxically low because
the kidney cannot sense the level of calcium in the blood
and inappropriately reclaims excessive amounts of fil-
tered calcium. It is important not to confuse FHH with
primary hyperparathyroidism because parathyroidectomy
is not indicated in patients with FHH. Although FHH
usually poses no risk to the mother, infants of mothers
with the disease can have suppressed parathyroid glands

Noninvasive localization studies
ultrasound, +/– us guided biopsy

Continue conservative
management

Surgery in 2nd trimester
if clinically possible

• Asymptomatic
• Serum calcium <12 mg/dL

• Severe hypercalcemia
• Symptoms
• Presence of complications
   related to hypercalcemia

• No signs of maternal
  or fetal compromise
• Stable serum Ca

• Signs of maternal
  or fetal compromise
• Development of complications
  related to hypercalcemia
• Increasing serum calcium

• Signs of maternal
  or fetal compromise
• Development of complications
  related to hypercalcemia
• Increasing serum calcium

Stop calcium supplementation
Hydration
Close follow-up

Conservative management

Surgery

Diagnosed prior
to conception

Diagnosed during
pregnancy
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and are at risk for neonatal hypocalcemia and seizures or
tetany. Neonatal hypocalcemia can have a delayed presen-
tation in this setting and may necessitate prolonged treat-
ment while parathyroid function recovers.139

HYPOCALCEMIA DURING PREGNANCY

The many causes of hypocalcemia are summarized in
Table 9–3. The specific causes and management of these
diseases have been reviewed in detail elsewhere.152,153

However, because pregnancy and lactation can alter the
clinical course and management of some of these diseases,
a selected few are discussed as follows.

Hypoparathyroidism

Hypoparathyroidism results from inadequate secretion of
PTH. Absent or diminished action of PTH in the kidney
and in bone leads to hypocalcemia and hyperphosphatemia.
Multiple causes of hypoparathyroidism have been
described153; autoimmune causes and inadvertent removal
of the parathyroid glands during thyroid surgery are rela-
tively more common. Patients with mild hypoparathy-
roidism may be asymptomatic or may experience only
subtle manifestations of the disease. In more severe forms
of the disorder, symptoms and signs related to decreased
serum ionized calcium concentrations may occur. Increased
neuromuscular excitability with a positive Chvostek or
Trousseau sign can be observed. Muscle weakness and
paresthesias can progress to the development of seizures,
tetany, or laryngospasm. Papilledema, elevated cere-
brospinal fluid pressure, and neurologic signs that mimic
a cerebral tumor may be found. A spectrum of mental status
changes, from irritability to psychosis, can also occur.
Abnormalities in cardiac conduction, particularly prolonga-
tion of the QT interval and T wave changes, may be present.

Radiographs of the skull may demonstrate intracranial
calcifications. Uncorrected hypocalcemia in pregnancy
can lead to maternal, fetal, and neonatal complications.154

As a consequence of decreased availability of maternal cal-
cium, the fetus of a hypocalcemic woman develops com-
pensatory secondary hyperparathyroidism (with measurable
elevations of serum PTH). Generalized skeletal demineral-
ization can result.155 Although the secondary hyperparathy-
roidism is usually transient and resolves in the neonatal
period, the infant may not achieve normal bone mineral-
ization until age 6 months.154 These complications can be
avoided if the maternal serum calcium level is maintained
in a low-normal range during pregnancy. Because of PTH-
independent production of 1,25(OH)2-vitamin D during
pregnancy, hypoparathyroid women have fewer hypocal-
cemic symptoms and reduced requirements for supple-
mental 1,25(OH)2-vitamin D to maintain a serum calcium
in the desired range.156-164 Despite a few reports to the
contrary,165-167 there is general agreement that in late preg-
nancy, the dose of 1,25(OH)2-vitamin D must be reduced
or discontinued altogether to avoid the appearance of
hypercalcemia.22,156,157,160,165,166,168

Severe hypomagnesemia, in the setting of diabetes
mellitus, alcoholism, aminoglycoside use, or malabsorptive
syndrome, may cause an acquired hypoparathyroidism.
Hypomagnesemia is thought to impair release of PTH from
the parathyroid gland, although impaired PTH bioactivity
or end-organ resistance may contribute to the hypocalcemia
in some hypomagnesemic patients. Calcium and vitamin D
supplementation may not be effective in treating hypocal-
cemia associated with hypomagnesemia, and correction of
the hypomagnesemia is the preferred approach. Magnesium
supplementation is safe and effective in pregnancy.

Women with hypocalcemia (regardless of cause) are
at increased risk of tetany during labor, presumably because
of the frequent occurrence of hyperventilation leads to
an acute fall in ionized calcium. Intravenous calcium
should be available at the bedside of women with docu-
mented hypocalcemia or who are at risk for developing
hypocalcemia.

Pseudohypoparathyroidism

Pseudohypoparathyroidism is a heterogeneous group of
genetic syndromes characterized by hypocalcemia caused
by PTH resistance.153 Pseudohypoparathyroidism has
been described in pregnancy, and Breslau and Zerwekh,169

in their report of pregnant patients with pseudo-
hypoparathyroidism, noted a normalization of serum
calcium levels as pregnancy progressed. These patients
remained normocalcemic without the use of supplemental
calcium or vitamin D. During pregnancy, the circulating
level of 1,25-dihydroxyvitamin D increased twofold to three-
fold, whereas PTH levels fell to nearly half the prepregnancy
values. Again, this is largely a result of the PTH-independent
rise in circulating levels of 1,25(OH)2-vitamin D. Therefore,
the requirement for vitamin D and calcium supplementa-
tion should be reevaluated frequently in pregnant patients
with pseudohypoparathyroidism to avoid hypercalcemia.

In both patients with hypoparathyroidism and those
with pseudohypoparathyroidism, the requirement for

Hypoparathyroidism/abnormal parathyroid hormone secretion
Autoimmune
Neck surgery
Activating mutations in calcium-sensing receptor
Developmental abnormalities (DiGeorge’s sequence)
Severe magnesium deficiency
Hypermagnesemia

Pseudohypoparathyroidism/parathyroid hormone resistance
Pseudohypoparathyroidism (types 1a, 1b, 2)
Severe magnesium deficiency

Disorders of vitamin D metabolism
Medication-induced

Bisphosphonates, calcitonin, phosphate, anticancer agents,
pentamidine, foscarnet

Increased osteoblastic activity
Hungry bone syndrome (after parathyroidectomy)
Osteoblastic tumor metastases

Miscellaneous
Hyperphosphatemia
Massive blood transfusion
Pancreatitis
Sepsis

TABLE 9–3 Causes of Hypocalcemia
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supplemental 1,25(OH)2-vitamin D and calcium after deliv-
ery increases rapidly as placental 1,25(OH)2-vitamin D
production ceases.

Magnesium Sulfate Therapy

Parenteral magnesium sulfate, used in the treatment of
women with eclampsia, preeclampsia, or preterm labor,
can cause alterations in calcium homeostasis. In women
treated for as little as 24 hours, hypocalcemia, hyperphos-
phatemia, and hypercalciuria, can occur. The mechanism
by which magnesium sulfate causes hypocalcemia is
unclear, although a plausible explanation is that magne-
sium ions compete with calcium for common reabsorptive
sites in Henle’s loop. A loading dose of 4 to 6 g intra-
venously, followed by infusion of 1 to 2 g/hour, has been
shown to cause serum ionized calcium concentrations to
fall. A compensatory secondary hyperparathyroidism
develops with a rise in circulating levels of PTH and 1,25-
dihydroxyvitamin D, which tends to limit the degree
of hypocalcemia.170 Umbilical venous levels of 1,25-
dihydroxyvitamin D and PTH are also found to be elevated
during maternal treatment with magnesium sulfate. The
elevated levels of 1,25-dihydroxyvitamin D may be caused
by placental transport of maternal 1,25(OH)2-vitamin D;
however, the PTH is of fetal origin. These hormonal
changes, in addition to other placental protective mecha-
nisms, shield the fetus somewhat from the hypermagne-
semia and hypocalcemia experienced by the mother.
However, at birth these infants can be mildly hypermag-
nesemic and hypocalcemic. Usually neither condition is
clinically significant, and both typically resolve during the
first 2 days after birth.

Although the effects of short-term magnesium sulfate
therapy on calcium homeostasis appear benign and
reversible, the use of long-term, higher dose magnesium
sulfate for tocolysis has raised safety concerns. A prospec-
tive study of women treated with magnesium sulfate for a
mean of 26 days revealed alterations in calcium home-
ostasis that parallel those described previously with short-
term magnesium therapy.171 The frequency of significant
side effects in neonates born to mothers receiving long-
term magnesium sulfate therapy are largely unknown.
There are, however, a few case reports of neonatal hypocal-
cemia, osteopenia, and rickets,172,173 although it appears
that these are rare complications.
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The impact of genetic disorders on health and disease
has been increasingly recognized since the 1950s. The

overall frequency of inherited conditions, including those
with single-gene, chromosomal, and nonclassical genetic
causes, has been estimated to be just over 5%.1 Two percent
of infants have a major congenital malformation, many of
which have a genetic component to their cause.2 Genetic
or gene-influenced conditions also contribute a substantial
amount to infant and childhood morbidity and mortality.
Hall and colleagues showed that 5% to 10% of hospital
admissions in children are accounted for by these condi-
tions,3 and Roberts and associates estimated that almost
40% of childhood deaths are caused by conditions with
a genetic component.4 It is estimated that genetic disorders
affect about 12% of hospitalized adults.5,6 The knowledge
about inherited conditions has expanded significantly as
scientific understanding of many genetic conditions has
increased. The completion of the draft sequence of the
human genome in the current phase of the Human Genome
Project has expanded the understanding of the structure
and function of human genes, and the National Human
Genome Research Institute is moving forward into the
genomic era.7 This expansion of knowledge in human
genetics and genomics is providing new understanding of
the role of genes in human disease. It signals the arrival of
genomic medicine.8 New molecular genetic tools have
expanded diagnostic capabilities and will improve the
ability to define risks to individuals and families on the
basis of genotype. This increase in knowledge has begun
to give the physician caring for women in the childbearing
years the ability to provide anticipatory guidance and
a timely assessment of risks when a woman is contemplat-
ing pregnancy, as well as advice and management when
a woman is already pregnant. The physician requires
enhanced understanding of these molecular genetic tools
to provide up-to-date information to the pregnant woman.
Genetic disorders that can affect pregnancy generate risks
to the fetus on the basis of maternal or paternal factors
and risks to maternal health resulting from the maternal
genetic disease. Interventions that are available to the physi-
cian caring for the woman of childbearing age can address
risk to the fetus as well as to the health of the mother.

When risk to the fetus or the mother is identified, the
family can make reproductive decisions ahead of time.

GENETIC MECHANISMS THAT AFFECT
PREGNANCY MANAGEMENT

Several genetic mechanisms are relevant to the care of the
pregnant woman. In monogenic disorders, the clinical
signs and symptoms are caused by a mutation in a single
gene that significantly affects function. These conditions
are individually rare and, in the aggregate, affect some-
what fewer than 1% of the population. Nevertheless, they
cause significant morbidity and mortality. A considerable
amount has been learned about these genes and the
mechanisms by which they cause disease. Many common
disorders aggregate in families but do not follow classical
mendelian genetic patterns. The role that genes play in
these conditions is that of conferring susceptibility to the
disorder, and other factors that include different genes
and environmental factors must also play a role. Although
these mechanisms are still poorly understood,9-11 much
research is currently being devoted to their identification.
Of the 30,000 to 35,000 genes currently estimated to make
up the human genome,7 many must play this kind of role.
In addition, some genes follow a developmental timetable;
time of expression during fetal life may play an important
role in fetal growth and development.

The expansion of genetic knowledge has increased
scientific understanding of many genetic conditions.
Traditionally, the physician was limited to the use of pedi-
gree analysis and estimation of risk with statistical methods
for most mendelian conditions. Diagnosis was often based
on phenotype, because it could be defined by physical
examination, imaging tools such as radiography and
ultrasonography, linkage to protein markers, and the
measurement of analytes in body fluids such as blood and
urine. In the 1990s, the understanding of the molecular
genetic pathologic mechanisms of a large number of genetic
conditions was advanced. The draft sequence of the human
genome has been completed, and the understanding of the
genetics and genomics of both rare and common disorders
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is expanding rapidly. Physicians will be able to use this
information to make specific genetic diagnoses of the
single-gene disorders and to identify genetic factors that
influence the development of common disorders. Specific
molecular testing now complements earlier methods for
identifying genetic risk. New cytogenetic techniques have
augmented earlier methods for detecting chromosome
abnormalities.

Genetic factors that affect pregnancy outcome and
management of the pregnant woman may be viewed as
mechanisms that cause disease and as tools for identifying
risk. In addition, the risks identified may be to the health
of the fetus or the health of the mother. Risks to maternal
health that arise from maternal genetic disease can involve
any organ system. In addition, many genetic conditions
affect more than one organ system, and the management
plan must account for this. The mechanisms considered
in this chapter include chromosomal (cytogenetic) and
molecular mechanisms. Patterns of inheritance that are
considered include mendelian single-gene patterns and
familial aggregation in which the genetic mechanisms are
not yet understood. The chapter addresses the ways in
which increased genetic risk is recognized. Finally, it
addresses the use of genetic tests in assessing the genetic
effect on pregnancy and pregnancy outcome.
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Figure 10–1. Normal karyotype, 46,XX. The distinctive bands of each chromosome can easily be seen. (Courtesy of Teresa Yang-Feng, PhD,
Yale University.) 

Cytogenetic Disorders

In every cell, the genetic material resides in chromosomes
that contain DNA and nucleoproteins such as histones.
Each human cell contains 23 pairs of chromosomes: 22
pairs of autosomes and 1 pair of sex chromosomes.12,13

Abnormality in the structure or number of chromosomes
is a major cause of fetal demise and contributes substan-
tially to perinatal morbidity and mortality. In addition,
chromosomal abnormalities are an important cause of
mental retardation and of congenital malformations.
Chromosomal abnormalities are thoroughly reviewed in
several texts.12-14

Lymphocytes are the usual source of cells for preparing
a karyotype. Cells are stimulated to divide so that mitosis can
be stopped in metaphase. Microscopic slides are then pre-
pared from the cells, and stains are applied. Chromosomes
thus prepared demonstrate alternating dark and light
bands, each of which contains a number of genes. By con-
vention, the chromosomes are numbered according to
size and position of the centromere15 (Fig. 10–1).

New techniques for identifying chromosomes involve
fluorescent in situ hybridization (FISH), in which fluo-
rochromes and specific molecular probes are used.16-19

These methods allow the identification of deletions,



insertions, and rearrangements that cannot be appreci-
ated with banding alone. Diagnostic testing for contiguous
gene syndromes, microdeletions, and mosaicism involves
the use of metaphase preparations and FISH methods in
interphase preparations, such as cells obtained by chorionic
villus sampling (CVS). Such FISH studies may provide
a preliminary diagnosis of chromosome abnormalities.
The full karyotype is normally used for confirmation.
Multicolor spectral imaging enables visualization of the
entire chromosome complement.20,21

Chromosomal abnormalities can be divided into
abnormalities in number and abnormalities in structure.
Abnormalities in number represent deviations from the
normal number of 46, a situation known as aneuploidy.
Trisomy, an extra chromosome from one of the pairs, occurs
with autosomes and with sex chromosomes (Fig. 10–2).
The most common trisomies are listed in Table 10–1.
Monosomy, the loss of one chromosome from a pair,
occurs with sex chromosomes; monosomy of X is the
most common example. Autosomal monosomy is not
seen in liveborn individuals; it is a cause of fetal demise.
Other chromosomal abnormalities found in sponta-
neously aborted fetuses are listed in Table 10–2. Integral
multiples of the haploid set of 23 chromosomes can also
be seen. The most commonly recognized are three sets

(triploidy, or 69 chromosomes in each cell) and four sets
(tetraploidy, or 92 chromosomes in each cell). These
abnormalities are seen in spontaneously aborted fetuses
and stillborn infants, and they are incompatible with life.

Structural rearrangements of chromosomal material
can be balanced or unbalanced. In the balanced situation,
the correct amount of genetic material is present, but it is
rearranged. Structural chromosomal abnormalities have
phenotypic consequences if there is deletion or duplica-
tion of genetic material or disruption of genes. In general,
deletions have a worse effect on the phenotype than do
duplications. Deleted euchromatic material contains a
number of genes; thus, it is not surprising that such dele-
tions result in a complex phenotype. The mechanisms by
which these rearrangements occur are not well understood.

Translocations result from breakage and reassembly
between two nonhomologous chromosomes. If no material
is either gained or lost, these translocations are referred to
as balanced. If the breaks occur at the centromere, the
rearrangement is called robertsonian; if the breaks are on
either the long or short arm, the translocation is called
reciprocal. Figure 10–3 demonstrates a male karyotype with
a translocation involving chromosomes 14 and 21. This
translocation results in trisomy of chromosome 21 when
the translocation is unbalanced. The possible chromosome

C H A P T E R 10 Clinical Genetics 195

Figure 10–2. Karyotype demonstrating trisomy for chromosome 21, 47,XY +21. This is the karyotype found in the most common autosomal
trisomy, Down’s syndrome. (Courtesy of Teresa Yang-Feng, PhD, Yale University.)



constitutions with this translocation are shown in
Figure 10–4. Inversions occur when one chromosome
undergoes two breaks and reassembly takes place with
one piece inverted. Usually this has no phenotypic conse-
quences, but it may have serious reproductive consequences
when the inverted chromosome attempts to line up with
its homologue at meiosis. The consequences of deletions
have been recognized more clearly since the development
of techniques that resolve the chromosome into discrete
bands, because the correlation between phenotype and
specific deleted bands can be made. A number of specific
deletion and duplication syndromes are now recognized.
Some of these are undoubtedly the result of the deletion
of several important genes and have come to be called con-
tiguous gene syndromes.22,23 Insertions result from nonho-
mologous recombination between chromosomes. These
are rare and cause no phenotypic effect but may have
reproductive consequences because of their behavior at
meiosis. Very small deletions and duplications undetected
on light microscopy but identifiable through molecular
techniques can be recognized by using specific probes for
regions where deletions are known to occur and to result
in clinical syndromes. Unbalanced rearrangements that
occur at the telomeric ends of chromosomes are increas-
ingly being recognized as a cause of mental retardation
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and congenital malformations.24,25 In some families, this
event has occurred for the first time in the affected child.
In other families, a balanced rearrangement is carried by a
parent; this may lead to an unbalanced rearrangement in
a child. When such a child is identified, a subtelomeric
FISH study on both parents can identify whether such a
rearrangement exists in a parent. FISH testing for sub-
telomeric rearrangements has been effective in prenatal
diagnosis in families at risk for such disorders. FISH
studies of both cultured and interphase cells obtained
with CVS have achieved prenatal diagnosis of affected
fetuses.26,27

The syndromes listed in Table 10–3 are associated with
deletions or duplications, some of which are not detected
at the light microscopic level.23,28

Trisomies account for more than 25% of spontaneous
abortions and about 4% of stillbirths.29 Trisomies occur in
the fetus de novo as a result of nondisjunction of a pair of
homologous chromosomes during meiosis in a parental
gamete. The result is that the gamete, which should contain
only one copy of each chromosome of the pair, instead
contains two chromosomes of that pair. These can be the
two homologous chromosomes of the pair or two copies
of one of the homologues, depending on the stage of
meiosis at which the error occurs. The mechanism of
nondisjunction is not understood. There is some evidence
for reduced meiotic recombination,30 and techniques
involving molecular cytogenetics are being developed to
study the stage at which nondisjunction occurs.31 The
only well-recognized risk factor is maternal age.32 The
incidence of trisomies in live births and spontaneously
aborted fetuses increases as maternal age advances, with an
exponential rise beginning around the age of 35 years.29

The frequency of trisomy has been estimated to exceed 30%
in recognized pregnancies at maternal age 42.29 Hook and
Regal estimated the incidence of all trisomies at live birth at
the same age to be approximately 2.5%.33 This is in contrast
to much lower frequencies at younger ages. Paternal age has
also been examined as a factor in the cause of nondisjunc-
tion trisomy 21 (Down’s syndrome),34 a challenge because
of the correlation of paternal age with maternal age.
Nevertheless, the data show no significant effect of paternal
age on nondisjunction.33 Cross and Hook found an odds
ratio of 1.5 (observed to expected paternal age) at paternal
age 55, and this did not reach statistical significance.34

Uniparental disomy (UPD) is also now recognized as
a cause of genetic disease.35-38 In this situation, both of the
chromosomes in a pair come from one parent with no
contribution from the other parent. The total number of
chromosomes is normal. The child may inherit two copies
of the same homologue (isodisomy) or both chromo-
somes of a homologous pair (heterodisomy), depending
on the stage of meiosis at which the error occurs. The
mechanism probably involves a phenomenon called trisomy
rescue.39 The original zygote is trisomic, and the cell then
loses one of the extra chromosomes without regard to the
parental origin of that chromosome.40-42 Isodisomy for
chromosome 7 caused cystic fibrosis (CF) in a child whose
mother was heterozygous for the CF mutation.43 Another
example of UPD accounting for a rare recessive disorder is
a child with the fatty acid oxidation disorder trifunctional
protein deficiency who inherited both chromosomes

Types of Chromosomal Frequency (per 1000 
Abnormalities Liveborn Infants)

Autosomal trisomies
(13, 18, and 21) 1.5

Sex chromosomes
Male: (all types) 2.6 (of boys)
Female:

XXX 1.04 (of girls)
45,X and mosaics 0.5 (of girls)

Structural rearrangements
Balanced 1.9
Unbalanced 0.6

Total abnormalities 6.2
Abnormalities with phenotypic effects 4.0

Data from Hassold TJ, Jacobs PA: Trisomy in man. Annu Rev Genet 1984;18:69.

TABLE 10–1 The Most Common Chromosome
Abnormalities in Liveborn Infants

Chromosomal Abnormality Karyotype

Monosomy X 45,X
Monosomy 21 45,XY, −21
Trisomy 47, + autosome
Double trisomy 48, + two autosomes
Mosaic trisomy 46/47, + autosome or 

48, + two autosomes
Triploidy 69,XXX, XXX, or XYY
Tetraploidy 92,XXXX, XXXY, or XXYY
Structural abnormalities Translocations, unbalanced

Data from Hassold TJ, Jacobs PA: Trisomy in man. Annu Rev Genet 1984;18:69.

TABLE 10–2 The Most Common Chromosomal
Abnormalities in Spontaneously Aborted Fetuses
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Figure 10–3. Karyotype demonstrating translocation of chromosomes 14 and 21, 45,XY, t(14q21q). The individual with this genotype has
a balanced karyotype with the normal amount of material from chromosomes 14 and 21 and thus has a normal phenotype.

Figure 10–4. Reproductive consequences for an
individual with the balanced translocation shown in
Figure 10–3. (From Thompson MW, McInnis RR,
Willard HF: Thompson and Thompson Genetics in
Medicine. Philadelphia, WB Saunders, 1991, p 223.)



from one parent.44 Although these events are important
and their identification changes the estimates of genetic
recurrence risks in affected families, they appear not to be
a common mechanism for causing mental retardation
and malformations. Heterodisomy has been recognized as
a cause of Prader-Willi syndrome45-47 and some growth
retardation syndromes such as Russell-Silver syndrome.
The genes involved in these conditions represent exam-
ples of parental imprinting, a poorly understood process
by which the expression of a gene depends on the sex of
the parent from whom it was inherited.37 A number of genes
involved in fetal growth exhibit imprinting.48 Studies sug-
gest that the role of UPD as a cause of early spontaneous
abortion is not large.40

The overall effect of chromosomal abnormalities on
pregnancy outcome derives from the frequency of trisomies
caused by nondisjunction, the consequences of balanced
rearrangements in a parent, and the occurrence of de novo
structural rearrangements in the fetus. Trisomies involving
autosomes and sex chromosomes are not rare. Hassold
and Jacobs29 reported an overall incidence of trisomy of
0.3% (1 per 333) of live births. The effect of chromosomal
abnormalities on pregnancy outcome is summarized in
Table 10–4.

Because maternal age is a well-known factor in the cause
of nondisjunction, it is of interest to know the parental
origin of the extra chromosome. Morphologic polymor-
phisms have been used to determine the parent of origin
and, when informative, have shown that the extra chromo-
some is of maternal origin in more than 75% of cases.25,49,50

More recently, the use of molecular techniques51,52 has
confirmed this conclusion and demonstrated that the
extra chromosome is of maternal origin in about 95% of
cases, independently of maternal age. The factors that
lead to this phenomenon are poorly understood.53-56

The risk of recurrence of trisomy 21 in a subsequent
pregnancy for a woman who has had a child with trisomy
21 is about 1%.57,58 Several studies have addressed the rate

198 C H A P T E R 10 Clinical Genetics

Syndrome Region Critical Chromosomal Location

Greig’s cephalopolysyndactyly GCPS del 7p13
Holoprosencephaly HOLO del 7q34
Trichorhinophalangeal/Langer-Giedion syndrome TRP del 8q24.1
Wilms’ tumor, aniridia, genital abnormalities, retardation WAGR del 11p13
Beckwith-Wiedemann syndrome BWS dup 11p15
Retinoblastoma RB del 13q14.11
Prader-Willi/Angelman’s syndrome PWS/AS del 15q12
HbH/α-thalassemia–mental retardation ATMR del 16p13.3
Rubinstein-Taybi syndrome RTS del 16p13.3
Miller-Dieker syndrome MDS del 17p13
Smith-Magenis syndrome SMS del 17p11.2
Charcot-Marie-Tooth disease type 1A CMT1A dup 17p11.2p12
Arteriohepatic dysplasia (Alagille’s syndrome) AHD del 20p11.23p12.2
DiGeorge’s/velocardiofacial syndrome DGS del 22q11
Cat-eye syndrome CES dup 22q11
Duchenne’s muscular dystrophy/contiguous genes DMD del Xp21
Kallmann’s syndrome/contiguous genes KAL del Xp22.3
Choroideremia, deafness, clefting, retardation CDCR del Xq21

Data from Greenberg F: Contiguous gene syndromes. Growth Genet Horm 1993;9:5; Schmickel R: Contiguous gene syndromes: A component of recognizable syndromes.
J Pediatr 1986;109:231; and Eman BS: Molecular cytogenetics: Towards dissection of the contiguous gene syndromes. Am J Hum Genet 1988;43:575.

TABLE 10–3 Contiguous Gene Syndromes

of trisomy 21 in second- and third-degree relatives of indi-
viduals with trisomy 21.59,60 The results of these studies
generally agree that the risk is below 1%, but it is unclear
whether the age-related risk is increased over that in the
general population. Speculation about the possibility of
familial nondisjunction continues, and mechanisms such
as mitochondrial DNA mutations have been proposed,
but no convincing data exist.61,62

Balanced translocations in a parent have reproductive
consequences because chromosomal segregation cannot
take place normally during meiosis. The consequences of
this in the fetus depend on whether the segregation in the
parental gamete results in a balanced or unbalanced state
in the fetus. The magnitude of the risk depends on the sex
of the parent who carries the translocation; the risks are
higher if the affected parent is the mother. If the fetal
chromosomes contain a balanced amount of genetic
material, the child will be like the parent with regard to
the affected chromosome. This will have reproductive
consequences for the child later in life, but no phenotypic
effects. The most common example is illustrated by the
parent with a robertsonian translocation involving chro-
mosomes 14 and 21. The parent has 45 chromosomes,
of which one is a translocation chromosome in which

Trisomy Trisomy Trisomy
Outcome 13 (%) 18 (%) 21 (%)

Spontaneous abortions 1.1 1.1 2.3
Stillbirths 0.3 1.1 1.3
Livebirths 0.005 0.01 0.13
All recognized pregnancies 0.18 0.18 0.45
Percentage that are liveborn 2.8 5.4 23.8

Data from Hassold TJ, Jacobs PA: Trisomy in man. Annu Rev Genet 1984;18:69.

TABLE 10–4 Effect of Cytogenetic Abnormalities on
Pregnancy Outcome



14 and 21 are attached at the centromere (see Fig. 10–3).
The small amount of centromeric material that is missing
from one of those two chromosomes does not contribute
to the phenotype. Gametes from such a parent can have
the constitutions and consequences listed in Figure 10–4.
The monosomies and trisomy 14 are not viable; these may
result in early miscarriages even before the woman recog-
nizes that she is pregnant. Trisomy 21 occurs in fewer
than 5% of liveborn infants if the father is the translocation
carrier and in about 10% of liveborn infants if the mother
is the translocation carrier.12 The reason for this differ-
ence is not known. Unbalanced translocations account
for about 3% to 6% of all individuals with trisomy 21.63

Other translocations occur, but they are considerably less
frequent than 14;21 translocation (Table 10–5). If the sit-
uation is unbalanced in the fetus, the phenotype depends
on the specific additional genetic material. Careful band-
ing and molecular studies may be needed to define the
expected phenotype. Other, more complex chromosomal
rearrangements also occur and similarly have reproduc-
tive consequences. The risk of having chromosomally
unbalanced offspring can vary from as much as 50% with
some insertions to 0%, depending on the nature of the
rearrangement.64 Experience with subtelomeric rearrange-
ments has shown an increased risk of an unbalanced
offspring when a parent carries a balanced subtelomeric
rearrangement.26

Abnormal chromosomal constitution in a parent is a
cause of pregnancy loss and should be investigated when
a couple has had more than two miscarriages. One study
noted that in 10% of couples who have had recurrent mis-
carriages, one of the members of the couple had a chromo-
somal abnormality.65 Tharapel and colleagues reviewed
the literature and, combining data from 79 studies and
their own study, they found that the frequency of chromo-
somal abnormalities in couples with two or more pregnancy
losses was 2.9%, five to six times the frequency in the general
population.66 They defined pregnancy loss as spontaneous
abortion, stillbirth, and early neonatal death. The types of
chromosomal abnormalities found include translocations
(both reciprocal and robertsonian), inversions, mosaicism,
and extra sex chromosomes (both 47,XXX and 47,XXY
karyotypes). It is clear that when any couple has a history
of reproductive failure, including repeated miscarriage,
stillbirth, or early infant death, the chromosomes of both
members of the couple should be carefully evaluated.
Identification of an abnormality has implications for the
reproductive future of that couple, and it may also lead to
the identification of extended family members at similar
risk. Prenatal diagnosis with any method that provides
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Ovum/Sperm Cell Chromosomes Phenotype of Offspring

Normal 21, normal 14 Normal
Normal 21, 14;21 Trisomy 21
Normal 14, 14;21 Trisomy 14 (nonviable)
14;21 Balanced 14;21 carrier
21, no 14 Monosomy 14 (nonviable)

TABLE 10–5 Translocations: Consequences of 14;21
Translocation in a Parent

a fetal karyotype can be offered for a fetus at risk in a
subsequent pregnancy.

Molecular Genetics

It has been said that the physician of the future must know
the molecular anatomy, physiology, and biochemistry
of the human genome if real understanding of inherited
disorders is to be possible.67,68 New understanding has
been added to the traditional concepts of gene structure
and function. DNA directs the synthesis of RNA, which in
turn directs the synthesis of protein.12,13 Genes, originally
believed to be linear arrays of DNA, are now known to
have a more complex structure. The coding regions of
DNA (called exons) are interrupted by noncoding regions
(called introns), which are transcribed to RNA but removed
during RNA processing by a complex splicing mechanism.
This mechanism then puts the RNA together as a contin-
uous string of exons that are translated into protein.69,70

A number of ways of studying gene structure and func-
tion have been developed, and many of these are now being
used for clinical diagnosis.71,72 Several classes of muta-
tions influence both gene expression and phenotype, and
specific molecular abnormalities have been increasingly
defined in a number of disorders.73,74 Classes of muta-
tions are listed in Table 10–6. Specific mutations result in
specific abnormalities, and methods for identifying them
have improved diagnostic precision. Mechanisms such as
mosaicism in phenotypically normal parents of affected
individuals, gonadal mosaicism, and gene expansion are
being identified. Gene expansion changes gene structure
and leads to abnormal or absent protein because of a
number of repeated trinucleotide elements within the
gene or in the untranslated region of the gene.75,76 Mutations
can affect protein function in a variety of ways, some of
which may depend on the kind of protein involved.
Examples of specific disorders and their molecular patho-
logic processes are listed in Table 10–7.

A number of new techniques provide molecular diag-
nosis of many genetic conditions.71,77 Techniques that
separate DNA into identifiable fragments,78 cloning tech-
nology,79 direct DNA sequencing,80 and DNA amplification
techniques81 have revolutionized genetic diagnosis. As
positional cloning has located and specified more disease
genes, greater understanding of pathophysiologic processes,
improved diagnosis, and possibilities for treatment have
resulted. With increasing diagnostic specificity, hetero-
geneity at the genetic level is being recognized in a greater
number of disorders. When direct DNA analysis does not
give adequate information, new methods of protein analy-
sis may yield answers. Duchenne’s muscular dystrophy
has been diagnosed by immunocytochemical analysis of
the dystrophin made in muscle cells.82 Such innovative
methods that take advantage of molecular tools continue
to be developed. Microarray technology, although not yet
in wide use, is helpful in cancer diagnosis.83 Examples of
disorders for which molecular testing is available are listed
in Table 10–8.

The increase in molecular understanding of genetic
disorders has also led to new therapeutic ideas. Several
investigators have suggested that understanding of the



CF mutation may lead to both pharmacologic interven-
tions and to gene therapy for that disorder.84,85 Major
effort is being made to develop methods of gene transfer
that could be clinically useful and result in normal func-
tioning of the defective pathway in a genetic disorder.86

Strategies involving retroviral vectors and direct or conju-
gated DNA injection are being investigated. For a number
of disorders, animal models are being studied and clinical
trials are being developed.87,88 Experience with gene ther-
apy approaches in congenital immune disorders have
raised significant concerns, however, because of the devel-
opment of leukemia in several recipients.89

INHERITED DISORDERS THAT AFFECT
A PARENT

Inherited disorders that affect a parent confer risk on the
unborn child, the magnitude of which depends on the
mechanism of inheritance of the condition. Both
mendelian inheritance and nonmendelian inheritance
operate to cause the child to be at risk for developing the
parent’s condition.

The principle underlying mendelian inheritance is that
a mutation at a single genetic locus results in the synthesis
of an abnormal protein, the effects of which are expressed
as an abnormality in a structural protein, an enzyme, a
transport mechanism, or a regulatory mechanism.12,13 If
the gene involved is located on one of the 22 autosomes,
the condition is called autosomal, and if it is located on the
X chromosome, it is called X-linked or sex-linked. Known
genes on the Y chromosome that lead to a clinical phenotype
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are limited to the sex-determining genes on the short arm,
but much research is being done to refine the Y map.90 In
the case of autosomal genes, if the deficit caused by this
abnormal protein is clinically significant when only one
of the two alleles is abnormal, the condition is called domi-
nant. When both alleles must be abnormal for clinical
expression, the condition is termed recessive. In the case of
genes on the X chromosome, the mechanism is somewhat
different. Boys and men with XY chromosome constitution
have only a single X, and a mutant gene on that X chromo-
some is expressed. Girls and women, however, have two
X chromosomes, and thus the definition of dominant
and recessive holds. Single-gene disorders have an inheri-
tance pattern that follows from these principles. Little is
known as yet about the modifying effects of other genes
on the expression of mutant genes that cause mendelian
disorders.

The catalog published by McKusick includes more
than 3000 traits inherited as single-gene traits.91,92 This
catalog now has more than 14,000 entries of phenotypes
and gene loci related to human phenotypes. An increasing
number of conditions have been shown to be inherited in
a mendelian way. The chromosomal mapping strategy
and location of more than 700 genetic disorders has been
reviewed according to what McKusick called the “morbid
anatomy of the human genome.”74,93 From a clinical point
of view, autosomal dominant conditions can present prob-
lems for the physician caring for the pregnant woman.
Often, a family history reveals a vertically inherited pattern
of many members of the family affected with the same
condition; this makes the diagnosis and assessment of
risk fairly straightforward. More commonly, the patient
represents the first affected member of a family, and the
challenge is to establish the correct pattern of inheritance
in order to establish risk. The first step is making the specific
diagnosis in the individual. The phenomenon of genetic
heterogeneity must be kept in mind during this process.
As the molecular mechanisms of genetic disorders are

Single base changes
Substitution (missense)
Nonsense
Premature stop codons

Messenger RNA processing mutations
Splice site mutations
Cryptic splice site activation

Deletions, insertions
Frameshift
Codon insertions, deletions
Gene deletions, duplications
Repeat element insertions, deletions

Fusion genes

TABLE 10–6 Classes of Mutations

Disorder Molecular Pathology

Duchenne’s muscular Deletions, duplications
dystrophy

Cystic fibrosis Codon deletion, point mutations
Phenylketonuria Point mutations, splice site mutations
Huntington’s disease Trinucleotide repeat
Myotonic dystrophy Trinucleotide repeat
Hemophilia A Deletions, point mutations

TABLE 10–7 Examples of Specific Molecular Pathology

Disorder Testing

Duchenne’s musclular Deletion analysis, linkage
dystrophy studies, dystrophin analysis

in transformed cells
Phenylketonuria (PKU) Specific mutation analysis,

linkage analysis
Myotonic dystrophy Trinucleotide repeat analysis
Fragile X syndrome Trinucleotide repeat analysis
Neurofibromatosis Linkage analysis, specific

mutation analysis
Contiguous gene syndromes Fluorescent in situ hybridization 
Adult polycystic kidney disease Linkage analysis
Thalassemias Allele-specific oligonucleotide

analysis
α1-Antitrypsin deficiency Allele-specific oligonucleotide

analysis
Hemophilia A Specific mutation analysis,

linkage analysis

*A comprehensive list can be found in Phillips and Vnencak-Jones.351 The list
increases daily; several hundred disorders can be diagnosed with molecular tools.

TABLE 10–8 Examples of Disorders for which
Molecular Testing Is Available*



established, it is increasingly recognized that in an auto-
somal dominant pattern, many conditions have similar
phenotypes but different genetic mechanisms. Sometimes
the specific genetic diagnosis may need to rely on molecular
testing for certainty. Once the diagnosis is established, the
literature must then be reviewed to establish the pattern
of inheritance. In the case of autosomal dominant inheri-
tance without a family history, the affected individual has
a new mutation of the gene that can then be passed on to
the offspring at the same 50% risk as if there were a family
history. The other issue is the variability that some domi-
nantly inherited conditions display both within and
between families. This must be recognized and taken into
account in discussions of the phenotype that the child at
risk might develop. Figures 10–5 to 10–8 illustrate the
mendelian patterns of inheritance.

The conditions that are inherited in an autosomal
recessive manner do not show vertical inheritance; rather,
they appear in multiple affected members in the same sib-
ship. Whether there are also affected cousins depends on
the frequency of the gene involved. The challenge is that
of determining the correct diagnosis and whether reces-
sive inheritance or consanguinity is involved. As in auto-
somal dominant inheritance, multiple affected members
of the family may suggest the inheritance pattern, but
specificity of the diagnosis is important, because genetic
heterogeneity also operates here. In a family in which one
child already suffers from an autosomal recessive condi-
tion, the 25% risk that another child will be affected must
be represented as a new risk to that pregnancy. There is
much less phenotypic variability within sibships in auto-
somal recessive conditions.

When the condition is X-linked, the family history
demonstrates matrilineal inheritance, in which all
affected individuals are related through their mothers. In
the case of genes expressed in a single copy, the pattern is
X-linked dominant and both sexes are affected, but
affected men have only affected daughters, not affected
sons. Because of X inactivation and random lyonization,94

there is more phenotypic variability among affected girls
and women. If the condition is X-linked recessive, affected

boys and men express the condition, but girls and women
usually do not. The risk to the unborn child depends
on which parent has a personal or family history of an
X-linked condition. If only the father has a positive family
history, the risk depends on whether he too is affected.
If so, he can pass his X chromosome, which bears the
mutation, on to a daughter, who will be either affected or
a carrier, depending on whether the condition is expressed
in a dominant or recessive way. He cannot have an affected
son, because he passes his Y and not his X chromosome
on to a son. If the mother has a family history of an X-linked
condition, it must be determined whether she is a het-
erozygote for this mutation. For many conditions, molec-
ular testing is available. For others, reliance must be made
on empirical risk calculations. If she already has an
affected son, she is a heterozygote if she has such a family
history. If she does not have a family history, the birth of
an affected child may be the result of a new mutation or
she may be heterozygous. Again, molecular testing may be
helpful. Otherwise, clinical testing or empirical risk data
must be used.

Mental retardation is more common in boys and men,
and genes have been sought on the X chromosome to
explain this observation. The first recognition of a spe-
cific causal gene on the X chromosome was marked by the
observation cytogenetically of an abnormal-appearing
X chromosome that was called a fragile site,95 or “fragile X.”
In the past, cytogenetic techniques were used to diagnose
this condition. The gene, FMR1, has been identified, and
direct DNA analysis is used to diagnose this condition
both postnatally and prenatally.76,96,97 The number of repeats
determines the severity of the phenotype. In normal indi-
viduals, the number of repeats ranges from about 5 to 44.
Affected boys and men generally have more than 200
repeats, known as a full mutation.98 An intermediate
range of about 45 to 58 repeats is not usually associated
with expansion or with a clinical phenotype. A repeat
number of about 58 to 200 is called a premutation.
Women who carry a premutation on one of their X chro-
mosomes are at risk for expansion of the repeat number
to more than 200; if a woman transmits that expanded
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Figure 10–5. Prototype pedigree of autosomal dominant
inheritance. Note that there is male-to-male transmission
of the trait and that both sexes are affected. Unaffected
persons do not have affected children.



X chromosome to her son, he will have fragile X mental
retardation. The larger the number of repeats she has, the
higher will be the risk that her offspring will have the full
mutation. Maternal age and parental origin of the FMR1
gene may also be factors.99,100

Careful molecular diagnosis and genetic counseling
are crucial for helping such a woman assess the risks to
her offspring. The most significant risk is the 50% risk of
transmitting her X chromosome with the expanded allele
to a son. If she transmits the normal X chromosome, her
son will not be affected. However, girls and women with
an expanded FMR1 gene have an increased frequency of
mental retardation; for this reason, if an affected woman’s
daughter inherits the X chromosome with an expanded
allele, she is at risk for being affected. In addition, premature
ovarian failure has been reported in women with a premu-
tation.101,102 Other fragile sites on the X chromosome have

now been identified, including fragile X (E), for which
molecular testing is becoming available. A family history
of boys and men with mental retardation or girls and
women with mild mental retardation should prompt
investigation of fragile X syndrome.103

Nonmendelian inheritance is a term used to refer to situ-
ations in which genes are involved but the pattern is not
that of mendelian or single-gene inheritance. Several genetic
mechanisms can explain this kind of family history. UPD
for a chromosome that bears a mutation expressed as an
autosomal recessive is one.104 The recurrence risk in such
a family would not be 25%, as predicted by autosomal reces-
sive inheritance; in the case of UPD, risk for recurrence
would be quite low. This has been reported in CF.43

In other situations, there may be genes that confer
susceptibility to disease, but these genes alone are not
enough to cause the disease. Major work is being done to
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Affected Heterozygous Normal

Figure 10–6. Prototype pedigree of autosomal
recessive inheritance. Note that both male and
female family members are affected. Cousins in the
same generation can be affected. Affected persons
do not have affected children unless the affected
person’s partner is heterozygous for the mutation,
a situation that occurs if there is consanguinity or if
the gene is very common. 

Affected Heterozygous Normal

Figure 10–7. Prototype pedigree of X-linked recessive
inheritance. The pattern is matrilineal. Affected men
can have affected grandsons, but not affected sons.



search for these kinds of susceptibility genes for hyper-
tension, diabetes, obesity, and cancer. Current examples
largely still include rare alleles that account for a small
percentage of these disorders. Disorders in which such
genes play a role include type II diabetes105 and heart dis-
ease.106 Similarly, such genes are being sought in relation
to congenital malformations. Examples include
Hirschsprung’s disease,107 in which mutations in the RET
protooncogene and in SOX 10 have been identified,108

and neural tube defects,109,110 in which folic acid metabo-
lism is being implicated. Such susceptibility genes proba-
bly have to act in concert with environmental factors,
most of which are still largely unknown.

The phenomenon of maternal inheritance is recog-
nized when the mutation responsible resides in the mito-
chondrial genome. The small mitochondrial genome
encodes 13 polypeptides, all of which are subunits of
enzymes involved in oxidative phosphorylation. This
genome is entirely maternally inherited; mutations in
mitochondrial DNA are passed from an affected mother
to all her children regardless of sex.111 In segregation dur-
ing mitosis, mitochondria behave as populations; there-
fore, if cells contain both normal and mutated
mitochondrial genomes, progeny cells may be normal or
may contain mutated mitochondrial genomes. The segre-
gation process is random. This segregation accounts for
the clinical variability seen in these conditions. The most
prominent mitochondrial disorders that are maternally
inherited include the following disorders: Leber’s heredi-
tary optic neuropathy, a disorder characterized by loss
of central vision and cardiac arrhythmias, has been asso-
ciated with at least one specific mutation in mitochon-
drial DNA.112 Both the syndrome of mitochondrial
encephalomyopathy, lactic acidosis, and stroke-like symp-
toms (MELAS) and myoclonus epilepsy with ragged red
fibers (MERRF) have been associated with maternally

inherited mitochondrial mutations.113-115 Diagnosis is
accomplished by microscopy and molecular studies of
muscle tissue from affected individuals. The inheritance
pattern is demonstrated in Figure 10–9. Prenatal diagno-
sis may pose a challenge,116 because a small sample of het-
eroplasmic fetal cells may not be representative of the rest
of the body.

Risks to the Fetus Because of Maternal
Genetic Conditions

Phenylketonuria

Phenylketonuria (PKU) is a recessively inherited inborn
error of phenylalanine metabolism that, until the early
1960s, caused irreparable brain damage in the affected
individual, resulting in severe mental retardation. It
results from a deficiency in phenylalanine hydroxylase.
The gene has been mapped to chromosome 12q24.1 and
has been cloned.68,117,118 If identified in the first weeks
after birth and treated with a phenylalanine-restricted
diet, children who have PKU can undergo normal intel-
lectual development.119,120 Since the development of
neonatal screening for PKU, a generation of women who
were diagnosed in the neonatal period and treated with
the restricted diet have grown up. These women have not
suffered the ravages of untreated PKU. Over the years, it
has been observed that infants born to women with PKU
suffer the teratogenic effects of high concentrations of
phenylalanine circulating in the blood of the affected
woman who does not follow the restricted diet during
pregnancy.120,121 Congenital heart defects, severe micro-
cephaly, and mental retardation with a cerebral palsy–like
picture are the most commonly seen effects.119 In Lenke and
Levy’s study, 95% of mothers whose blood phenylalanine
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Affected Normal

Figure 10–8. Prototype pedigree of X-linked dominant
inheritance. The pattern is matrilineal. Affected men can
have affected daughters and grandsons, but not affected
sons. Women are also affected and can have affected sons
and daughters.



concentrations exceeded 20 mg/dL had one or more
infants with mental retardation, 72% had infants with
microcephaly, and 17% had infants with congenital heart
disease. The Maternal PKU Collaborative Study122

reported on a total of 468 pregnancies in 227 women with
hyperphenylalaninemias. The data indicate that the blood
phenylalanine levels through the first 8 weeks of preg-
nancy play an important role in the development of
congenital malformations; levels during weeks 8 to 12 of
pregnancy are a determinant of brain, fetal, and body
growth. An influence on nervous system development
continues through the rest of pregnancy. It is clear that
the best outcome occurs when phenylalanine restriction
results in good control before pregnancy begins.120,122 It is
crucial, however, that the diet be followed during the early
weeks, which are extremely important in embryonic devel-
opment.123,124 In practical terms, this means before the
onset of pregnancy. Major efforts are being made through-
out the United States by the Maternal PKU Collaborative
to identify women in whom PKU was diagnosed in neonatal
screening programs to be sure that they are aware of the
importance of the diet during pregnancy. In a report from
the Centers for Disease Control and Prevention,125 only
33% of pregnant women with PKU had confidence that
their obstetrician was knowledgeable about PKU manage-
ment during pregnancy; this prompted a call for improved
education of obstetricians in this area. A National Institute
of Child Health and Human Development (NICHD)
Consensus Development Conference on Phenylketonuria126

emphasized the importance of anticipatory management
and dietary control for pregnant women with PKU. The
physician who cares for a woman undertaking pregnancy
should assess for this condition when obtaining the medical
history and should test for it by measuring serum phenylala-
nine concentration if the woman has a history of two or
more infants with microcephaly of unknown cause.125,127

Other Inborn Errors of Metabolism

Other inborn errors of metabolism have been studied
for the kind of teratogenesis that occurs in PKU.

Histidinemia,128 Hartnup’s disease,128 propionic acidemia,129

and lysinuric protein intolerance130 have been specifically
exonerated.

Folate Availability

Folate has been implicated in the origin of neural tube
defects. Although it has not been shown that women who
deliver infants with neural tube defects (spina bifida or
anencephaly) are deficient in folate, evidence that folate
supplementation can reduce the incidence of neural tube
defects in offspring of women who have previously had
such an affected child has accumulated.131,132 Current
recommendations for folate intake for pregnant women
to prevent neural tube defects address women who have
never had a child with a neural tube defect and those who
have previously given birth to a child with a neural tube
defect.133 All women should supplement their diet with
0.4 mg/day of folate during their reproductive years.
Women who have had a previous child with a neural tube
defect should receive counseling regarding the risk for
a recurrence and the appropriate amount of folate to take.
Current recommendations include 4 mg/day of folate
before the start of pregnancy.134-136 Currently, food supple-
mentation with folate provides more folic acid to prospec-
tive mothers.137

Skeletal Dysplasias

Infants of women who are affected with any of the skele-
tal dysplasias incur two kinds of risks: (1) the genetic risk
during gestation of being affected with the condition and
(2) the possible difficulty during delivery, which may
necessitate operative delivery. The genetic risk to the fetus
is best addressed by ascertaining the specific genetic diag-
nosis and mode of inheritance. The decision to undertake
operative delivery depends on the anatomic changes that
the skeletal dysplasia has produced. Of major concern are
the skeletal dysplasias that cause pelvic contraction: most
particularly, achondroplasia (Table 10–9).
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Figure 10–9. Prototype pedigree of mitochondrial inheri-
tance. Note that male and female family members can be
affected. All offspring of affected mothers are affected.
Affected men cannot have affected offspring.



Maternal Epilepsy

Maternal epilepsy is associated with risks to maternal
health and fetal well-being.138-140 Anticonvulsant treat-
ment of mothers raises special concerns.141-143 Maternal
health may be threatened because of a change in the
metabolism of anticonvulsants during pregnancy and
resultant increase in seizure frequency. An increased risk
of toxemia, vaginal bleeding, hyperemesis gravidarum, and
abruptio placentae have been reported.144 Fetal malfor-
mations, low birth weight, prematurity, and neonatal drug
withdrawal complicate fetal and neonatal life. A serious
concern is the risk to the fetus posed by the teratogenic
effects of some of the anticonvulsants. Hanson and asso-
ciates145,146 first reported a constellation of dysmorphic
features in children born to mothers taking diphenylhy-
dantoin during pregnancy; thus, fetal hydantoin syndrome
was an additional cause of congenital malformations and
mental retardation. Further studies on other anticonvul-
sants have shown that anticonvulsant exposure during
fetal life increases the frequency of congenital malforma-
tions, microcephaly, mental retardation, growth restriction,
and fetal death. Not all infants exposed to anticonvul-
sants are affected: Time of exposure, maternal dosage,
maternal pharmacokinetics, and the specific drug are all
factors.144,147,148 The most common malformations identi-
fied are congenital heart disease, cleft lip and palate, 
and neural tube defects. Neural tube defects are particu-
larly associated with exposure to valproic acid or carba-
mazepine. The frequency of minor malformations ranges
from 6% to 20%, about a twofold increase in relative risk
over that in the general population. Major malforma-
tions occur in 4% to 6% of the offspring of women with
epilepsy, in comparison with about 1% to 2% in the general
population.144,147,148

The woman with epilepsy needs to be informed of
these associations, and her treatment must be tailored to
her individual situation. Prevention of seizures contributes
to maternal health and well-being. Because seizures increase
the risk of miscarriage, their prevention also contributes
to fetal well-being.147,148 In addition, because the risk of
adverse fetal outcome is relatively low when pregnancy is
carefully managed, pregnant women should not automat-
ically change or discontinue therapy because of concern
about fetal risk.144 Prenatal diagnostic tests, such as ultra-
sonography, that assess fetal anatomy should be offered
to evaluate the fetus for evidence of malformations.
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There is some evidence that folate supplementation may
not be as protective against neural tube defects in pregnant
women with epilepsy who are taking anticonvul-
sants,147,148 particularly valproic acid and carbamazepine.

Vitamin A Toxicity

Two circumstances expose the pregnant woman to the
teratogenic effects of vitamin A and other retinols. Intake
of vitamin supplements has become popular, and such
supplements are widely available; some calcium supple-
ments also contain vitamin A. In addition, the synthetic
retinol, isotretinoin, is used in the treatment of severe
acne. Isotretinoin has been recognized as a teratogen since
the early 1990s; estimates are that fetal exposure to this
agent confers a 25-fold increase in risk for congenital mal-
formations involving the head, face, heart, and central
nervous system.149,150 Other data151 suggest that mothers
who consume more than 10,000 IU per day of vitamin A
as dietary supplements during pregnancy have an approx-
imately threefold increased risk of having a child with
craniofacial, central nervous system, thymic, and cardiac
defects.

Wilson’s Disease

Wilson’s disease is a disorder of copper metabolism that is
inherited in an autosomal dominant manner. The gene
has been mapped to chromosome 13q14-21.152 The main-
stay of treatment has consisted of a copper-restricted diet
and administration of agents that chelate copper, chiefly
penicillamine and now trientine.153 Current therapy for
Wilson’s disease includes the use of zinc acetate, which
competes for copper transport.154 The effect of Wilson’s
disease on pregnancy raised concern because of two case
reports of infants born with connective tissue abnormali-
ties to mothers receiving penicillamine during preg-
nancy.155,156 The evidence is not clear that this outcome
had anything to do with penicillamine. It has been reported
that good pregnancy outcome can be achieved with careful
management in patients with Wilson’s disease treated with
each of these preparations.153,157-159 The risk of fetal abnor-
mality in pregnancies complicated by Wilson’s disease is
probably very low, and treatment should continue because
of the recognized dangers of treatment withdrawal.153,160

Myotonic Dystrophy

Myotonic dystrophy is an autosomal dominant condition
with an estimated incidence of 1 per 8000.161 Although
age at onset of neurologic symptoms has usually been in
the second decade, a congenital severe neonatal form has
been recognized, and most often such a child is born to an
affected mother.161,162 The disorder results from a C-T-G
trinucleotide repeat in the 3′ untranslated region of the
myotonic dystrophy protein kinase gene located on chro-
mosome 19q13.3.163-168 The number of repeats is
increased in affected individuals in comparison with nor-
mal persons, and the size of the repeat may be correlated
with clinical age at onset.169,170 Expansion from generation
to generation occurs and may account for the more severe
phenotype of congenital hypotonia seen in the infant of

Condition Mode of Inheritance

Achondroplasia Autosomal dominant
Osteogenesis imperfecta Autosomal dominant and recessive
Pseudoachondroplasia Autosomal dominant
Cartilage-hair hypoplasia Autosomal recessive
Spondyloepiphyseal dysplasia Autosomal dominant and recessive
Epiphyseal dysplasia Autosomal dominant

Data from Allanson JE, Hall JG: Obstetric and gynecologic problems in women
with chondrodystrophies. Obstet Gynecol 1986;67:74.

TABLE 10–9 Skeletal Dysplasias with Obstetric
Implications



an affected mother. Both clinical diagnosis and prenatal
diagnosis can be made with molecular techniques; direct
mutation analysis is preferred when possible.76,116,168,171

Risks to the Fetus Because of Paternal
Genetic Conditions Disorders

The genetic risk to a fetus of being affected because
of inherited parental genetic conditions, heterozygote
status, or chromosomal translocations has already been
discussed. There are few other risks to the fetus that
result from paternal genetic disorders. Paternal PKU
has been studied, and no effects on the fetus have been
identified.172

Risks to Maternal Health Based on
Maternal Genetic Disease

There are a number of genetic conditions in which the
mother can experience worsening of disease during preg-
nancy or catastrophic events during delivery. It is impor-
tant to be aware of these conditions so that the woman
can be aware of the risks associated with pregnancy if she
is not already pregnant or so that she can be managed
expectantly if pregnancy is already under way. The following
sections describe examples of specific genetic disorders
with known risks associated with pregnancy. Other chap-
ters in this textbook consider a variety of serious medical
conditions that affect pregnancy. Textbooks of general
medical management during pregnancy should be reviewed,
or experts in management of the specific disorder should be
consulted, for more detailed recommendations on specific
management issues.

Hematologic Disorders

Alterations in physiology associated with pregnancy can
complicate both the inherited hematologic disorders
and the management of these disorders. Sickle cell ane-
mia is an example of such a disorder. In addition, the use
of pain medications to control painful crises can place
the neonate at risk for withdrawal symptoms.173 Children
of mothers who are heterozygous for the either α- or
β-thalassemia gene may be at risk for having severe forms
of thalassemia if the fathers are also heterozygous for
a deleterious mutation.

Connective Tissue and Skeletal Disorders

Marfan’s Syndrome This disorder affects connective tis-
sue, with manifestations in the ocular, skeletal, and vas-
cular systems. The cardinal features are tall stature,
scoliosis, joint hypermobility, arachnodactyly, dislocation
of ocular lenses, mitral valve regurgitation, and dilatation
of the aortic root.174 The syndrome is inherited in an auto-
somal dominant manner and is associated with muta-
tions in the gene for fibrillin (FBN1), which is located
on chromosome 15q21.1.175-177 Fibrillin is an important
component of connective tissue. Point mutations as well

as deletions have been reported in FBN1 in patients with
Marfan’s syndrome. The diagnosis is based on clinical cri-
teria and, in families in which a specific mutation has
been identified, on molecular analysis of FBN1. Studies
are beginning to make correlations between fibrillin
abnormalities and the prognosis in Marfan’s syndrome
and the related fibrillinopathies that may prove useful for
prognosis and treatment planning.178 Women with
Marfan’s syndrome are at risk for catastrophic aortic rup-
ture during pregnancy and delivery, as well as during the
puerperium, if they have preexisting aortic root dilata-
tion, aortic valve regurgitation, or other severe cardiovas-
cular compromise. They can be managed well throughout
pregnancy if these problems have not occurred.179 Data
suggest that aggressive medical and surgical management
can mitigate risks of early death from cardiovascular com-
plications. Treatment with β-adrenergic blockade and use
of surgical techniques including mitral valve repair and
composite aortic graft180 are among the interventions that
have been reported. The pregnant patient with Marfan’s
syndrome requires careful management by a team experi-
enced with this condition.

Ehlers-Danlos Syndrome This name is applied to a
number of disorders that involve the connective tissue of
the skin and vascular system. At least 10 types have been
identified, some of which are more severe than others and
some of which have implications for the affected preg-
nant patient. Diagnosis is based on clinical grounds,
except in families in which a molecular lesion can be iden-
tified in one of the collagen genes or in lysyl hydroxylase.
The greatest risk to the pregnant woman is that of vascu-
lar rupture and uterine rupture (Ehlers-Danlos syndrome
type IV).

Pseudoxanthoma Elasticum This genetically hetero-
geneous condition has been associated with gastroin-
testinal bleeding during pregnancy181 and with abnormal
placentation.182

Skeletal Dysplasias These conditions may complicate
pregnancy. Allanson and Hall showed that pregnancy
occurs in women with a variety of chondrodystrophies and
that mean age at conception is no different from that in
the general population.183 In this group of disorders, an
increased rate of poor pregnancy outcome, including spon-
taneous abortion, neonatal death, and prematurity, has
been reported, but that was not substantiated in Allanson
and Hall’s study.183 Pelvic abnormalities may necessitate
operative delivery in the affected mother, and this is the
preferred method of delivery in patients with achondropla-
sia. Respiratory distress based on thoracic contraction may
make early delivery necessary. Care should be taken to
evaluate the mother’s spine before attempting any kind of
spinal anesthesia, because of the danger of complications,
especially spinal cord damage.

Pulmonary Disorders

Cystic Fibrosis This recessively inherited condition is
associated with chronic, usually severe pulmonary disease
and pancreatic insufficiency. It occurs in about 1 per 2500
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white persons.67 The gene has been mapped to chromo-
some 7q31.2. It codes for a protein, CFTR, which is a cell
membrane protein essential for ion transport. Women
with CF can survive to childbearing age and become preg-
nant. Clinton and associates’ review suggested that preg-
nancy outcome is related to severity of maternal disease
before the onset of pregnancy.184 Increased fetal wastage,
premature labor, and worsening of the mother’s pul-
monary status can all occur. Hypoxemia, cor pulmonale,
and a decreased vital capacity all are predictive of diffi-
culty with maternal tolerance of the increased cardiac
load typical of pregnancy.185,186 Other reports suggest that
at least 75% of women with CF wishing to become preg-
nant can do so successfully.187,188 Although prematurity is
reported, outcome in the infant is generally good.189 Good
outcomes have been reported around the world.
Pregnancy, however, is a stress on maternal lung function.
Management during pregnancy requires attention to
nutritional, infectious, and pulmonary functional needs
and collaboration with CF specialists. Women who have
CF transmit one CF mutation to their offspring; they
should be offered testing for paternal CF carrier status.
Prenatal screening for carrier status for CF is discussed in
the section on genetic testing in this chapter.

Neurologic Disorders

Myotonic Dystrophy The implications of myotonic dys-
trophy for fetal well-being have been discussed
earlier. The condition can worsen in the mother during
pregnancy.190 The myotonic process affects the myo-
metrium, resulting in premature labor and postpartum
complications.

Neurofibromatosis This autosomal dominant condi-
tion is associated with café au lait spots, neurofibromas,
Lisch nodules, and, in some persons, optic neuroma and
skeletal manifestations.191,192 It occurs in about 1 per 3000
individuals; about 30% to 50% of cases represent new
mutations in the neurofibromatosis type 1 (NF1)
gene.193,194 There is much clinical variability both within
and between families. Diagnosis is made on the basis of
the presence of two or more of the following: café au lait
spots, neurofibromas, axillary or groin freckling, Lisch
nodules, distinctive bone lesions, and the existence of an
affected first-degree relative.195 The central and the
peripheral nervous systems can be involved. The NF1 gene
has been mapped and cloned.196,197 It is a very large gene
and codes for a protein that is homologous to guanosine
triphosphatase activating protein.198 Mutations in the
NF1 gene located on chromosome 17q11.2 have been
identified and associated with the disease. Since the
cloning of the NF1 gene, the clinical diagnosis has been
augmented by DNA analysis in families in which a spe-
cific mutation has been identified and molecular diagno-
sis can be performed. DNA probes can be used for
prenatal or postnatal diagnosis199 when the family is
informative with linkage markers or specific mutations or
deletions.200-202 The implications of this diagnosis for the
health of the pregnant patient have been reviewed by several
authors.203-206 The early literature referred to increase in the
size and number of neurofibromas during pregnancy,207

and these changes are still observed. If these are superfi-
cial, this growth may be of only cosmetic significance, but
if they are located in areas where compression is a signifi-
cant problem, such as the spinal canal, symptoms can
progress rapidly. Rapid growth of intraspinal tumors has
been reported in pregnancy with progression to para-
plegia.208 Hypertension has been a frequent problem in preg-
nant patients with NF1. Frequency has varied in several
studies from half to nearly all patients.209-212 Eclampsia
has been noted,212 as have thrombocytopenia213 and occa-
sional cases of malignant tumors such as neurofibro-
sarcoma and malignant schwannoma.214-216 Molecular
testing has been applied to preimplantation diagnosis.217-220

Disorders of Intermediary Metabolism

Ornithine Transcarbamylase Deficiency There have been
several reports of women with ornithine transcarbamylase
deficiency suffering acute ammonia intoxication that
results in coma after delivery.221 Ornithine transcarbamy-
lase deficiency is an X-linked disorder of ammonia dis-
posal that causes severe hyperammonemia and death if
untreated in the affected boy or man.222 Ornithine trans-
carbamylase is a mitochondrial enzyme crucial to the dis-
posal of ammonia; the gene has been mapped to Xp21.1.
More than 60 mutations in the gene have been identified,
and molecular diagnosis is possible for some families.223

Girls and women who, because of unfavorable lyoniza-
tion, have a partial deficiency of this enzyme are intoler-
ant of protein and can develop hyperammonemia under
conditions of stress.224 Because this condition is X-linked,
its existence in a heterozygous woman could go undiag-
nosed as until the birth of an affected son or the occur-
rence of acute ammonia intolerance in the mother during
the postpartum period. A family history of early infant
death, especially of boys, should prompt investigation of
this possibility. Other disorders of ammonia disposal
could perhaps behave in the same manner, and careful
monitoring is advisable.

Lysinuric Protein Intolerance This disorder has been
reported130 to be associated with anemia and thrombocy-
topenia in pregnancy and in at least one case of a stormy
perinatal course for mother and child.

Homocystinuria It is possible that patients with homo-
cystinuria caused by cystathionine synthase deficiency
might be at risk for thromboembolic phenomena during
operative delivery, much as they are during any surgery,225

and thrombophlebitis has been reported during preg-
nancy. Women with pyridoxine-responsive cystathionine
synthase-deficient homocystinuria have been reported
to withstand pregnancy successfully.226 With pyridoxine-
unresponsive women and men, fewer conceptions
occur.227 No untoward effects on offspring have been
noted.226,227

Porphyria Porphyria has been reported to worsen dur-
ing pregnancy.228-230 Causal factors that operate during
pregnancy include poor caloric intake because of hyper-
emesis and increased estrogen and progesterone. It is
important that the drugs known to precipitate attacks
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not be used and that caloric restriction be avoided.231

Some drugs to be avoided include metoclopramide, ergot
preparations, barbiturates, and sulfonamides. Aggarwal
and associates emphasized the need for careful manage-
ment in achieving good outcome of pregnancy.230

COMPLEX COMMON DISORDERS

Understanding of the genetics of common complex disor-
ders such as heart disease and diabetes lags behind that
of the rare single-gene disorders. The management of
diabetes in pregnancy is addressed in Chapter 2, but the
pregnant woman with diabetes may be concerned about
the risk that her child will also develop diabetes. This risk
is estimated to be about 2% for children of women with
type 1 (insulin-dependent) diabetes mellitus; if the father
has type 1 diabetes, the risk to the offspring is slightly
higher, about 6%. Studies of susceptibility genes continue,
but genetic testing is not yet practical. The frequency of
type 2 (non–insulin-dependent) diabetes mellitus in the
first-degree relatives of individuals who have type 2 diabetes
has been estimated to be about 10% to 15%.232

COMMON PREGNANCY-RELATED
CONDITIONS WITH A GENETIC
COMPONENT

Hypertension in Pregnancy

Geller and colleagues described a genetic mechanism that
accounts for pregnancy-induced hypertension in at least
one family.233 In this family, a mutation in the mineralo-
corticoid receptor resulted in activation of this receptor
in the presence of increased progesterone, exacerbating
hypertension during pregnancy. It is unclear how common
this mechanism may be, but it is an important model.
Similarly, in glucocorticoid-remediable aldosteronism,
a hereditary form of primary hyperaldosteronism that
manifests with hypokalemia and hypertension, there is
aggravation of existing hypertension without frank eclamp-
sia or apparent increase in the frequency of preeclampsia
during pregnancy.234

Preeclampsia/Eclampsia

The ongoing search for possible genetic mechanisms
in preeclampsia and eclampsia has not yet led to conclu-
sive results. Family studies have suggested that genetic
factors are involved,235 and attention has centered on
maternal susceptibility and on maternal-fetal interactions.
Immunogenetic mechanisms in particular have been sought
but not yet found. Increased frequency of the thrombophilic
disorders, including hyperhomocystinemia, factor V Leiden,
and activated protein C resistance have been linked, as have
procoagulant factors, but, again, the associations are not
definitive. Numerous family studies and genetic considera-
tions have been explored,235,236 and familial aggregation has
been confirmed. A positive family history that includes

female first-degree relatives increases the risk in the primi-
gravida by about fourfold in some studies.237 Although
many candidate loci have been proposed, none has been
proved. Ultimately, this condition is likely to be heteroge-
neous, and a genetic contribution from both the mother
and the fetus will probably be found.

Acute Fatty Liver of Pregnancy and HELLP
Syndrome

Acute fatty liver of pregnancy and HELLP (hemolysis,
elevated liver enzymes, and low platelets) syndrome44 can
be devastating illnesses in the mother. Some mothers with
either of these conditions are carrying infants with defi-
cient activity of mitochondrial trifunctional protein
(TFP) (long-chain 3-hydroxyacyl–coenzyme A dehydroge-
nase [LCHAD] deficiency), an inherited disorder of fatty
acid degradation.238 This fetal-maternal combination has
also been described in women with placental floor infarc-
tion. This condition appears to require the combination
of a heterozygous mother and a homozygous affected
infant. LCHAD deficiency can be successfully treated in
the infant, but the mortality rate for these infants is high
when it is unrecognized, and early treatment is therefore
important. Although the carrier frequency in pregnant
women with HELLP syndrome is probably low,239 evalua-
tion of the infant for LCHAD/TFP deficiency should be
considered. In addition, the mother may be at risk during
future pregnancies because LCHAD/TFP deficiency is
inherited in an autosomal recessive manner.

INTERVENTIONS IN PREGNANCY
COMPLICATED BY A GENETIC
DISORDER

Before establishment of pregnancy, it is helpful to establish
the risk to the fetus and the mother so that choices about
reproductive management are available to the family. It is
important to discuss the risks to both the mother and
the baby. Referral to a genetic specialist may be of value,
particularly if the diagnosis is in question or if complex
genetic processes or testing is involved. The physician should
discuss alternative methods of reproduction that may miti-
gate the risk to the health of mother or child. The family
may wish to consider adoption if there is risk to the mother
or the fetus. Assisted reproduction may be helpful if the
risk is to the fetus. Strategies include artificial insemination
by donor, in vitro fertilization with donor egg or sperm, or
in vitro fertilization with the husband’s sperm and then
diagnostic testing of the blastocyst.240 Intracytoplasmic
sperm injection is also being used to address male disorders
in which sperm production is abnormal.241

Tests that Address Risk to the Fetus

The interventions that address the risk to the fetus
depend on the nature of the concern about that fetus.
When the risk is for a condition with major anatomic or
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functional correlates, the use of only one modality
for fetal diagnosis may suffice. Often, more than one
modality is needed. The assessment of fetal anatomy,
chromosome status, and biochemical and molecular sta-
tus may all be needed to evaluate the fetus for the pres-
ence of a specific genetic abnormality.242 Anatomy and
functional correlates of anatomic structures such as the
heart and kidneys can be assessed with ultrasonography.
Specific diagnosis may often be accomplished by applying
biochemical, molecular, and cytogenetic techniques to
fetal cells.

Ultrasound examination can provide anatomic and func-
tional information through noninvasive methods.
Current ultrasound techniques entail the use of real-time
scanners and provide information about fetal growth and
movement. Specialized examinations can provide detailed
information about cardiac structure and activity and
about the anatomic structure of the head, chest, skeleton,
and abdominal organs.243 It is important that the sonolo-
gist be experienced in the diagnosis of congenital malfor-
mations if false-positive and false-negative results are to
be avoided in ultrasound diagnosis of genetic conditions.
In addition, it is crucial that the sonologist be familiar
with the associations of congenital malformations within
genetic syndromes; in particular, knowledge of the associ-
ation between congenital cardiac malformations and
other anatomic malformations should lead to further
evaluation when one of these is identified. When the fetus
is at known risk for a genetic syndrome, the examination
can be planned to look for all associated malformations.
The fetal skeleton can be assessed by ultrasonography,
making it possible to diagnose a large number of skeletal
dysplasias. Congenital heart disease is amenable to fetal
diagnosis. The use of real-time transducers allows a func-
tional assessment of valvular movement, and a four-
chamber view provides more anatomic definition.244,245

In addition, the great vessels can also be imaged. Other
structures within the chest can be identified, and abnor-
malities such as diaphragmatic hernia can be diagnosed.
The body wall can be well imaged, and defects such as
omphalocele and intraabdominal masses such as polycystic
kidneys can be seen. Hydrocephalus and microcephaly
can be detected, as can absence of the corpus callosum
and holoprosencephaly. Defects in development of the
fetal spine, such as spina bifida and anencephaly, can also
be seen. Ultrasonographic equipment continues to become
more sophisticated, and increasingly finer anatomic
detail is recognized. Second trimester ultrasound exami-
nation as a screening tool to identify pregnancies at high
risk for chromosomal abnormalities may allow women
to select more invasive testing such as amniocentesis to
confirm or rule out a chromosomal disorder if such
abnormalities are found.

Fetal biometry may be helpful in identifying the fetus
at risk for trisomy 21. Ultrasound features that suggest
the presence of trisomy 21 include short humerus and
femur lengths,246 increased nuchal fold thickness,
echogenic bowel, echogenic intracardiac focus, and renal
pyelectasis.247-249

The presence of cystic hygroma increases the risk that
the fetus is affected with Turner’s syndrome.250,251 Other
ultrasound abnormalities seen in Turner’s syndrome

include short femur length, subcutaneous edema, and
narrow aortic arch.251

The presence of fetal choroid plexus cysts alerts the obste-
trician to the increased risk of trisomy 18, and some studies
have suggested that this risk may be as high as about 1 per
200.252,253 However, isolated choroid plexus cysts may be
seen in as many as 1% of pregnancies during the second
trimester. For this reason, the risk of trisomy 18 must
be refined to help the woman decide about the option for
further invasive testing, such as amniocentesis. Ultrasound
algorithms have been suggested, in which maternal age is
taken into account and measurements of femur length,
presence of other gross anomalies, and presence of a two-
vessel umbilical cord are included.254

The risk for a chromosome abnormality can be refined
with multiple serum markers. Protocols have been devel-
oped to use ultrasound markers and results of maternal
serum markers to calculate a combined risk that can
guide the decision to use more invasive testing such as
amniocentesis, in view of its attendant risks.255,256 These
calculations can decrease the number of amniocenteses
performed, but they must be carefully designed so that
the detection of chromosomally abnormal fetuses is not
substantially reduced.249,252,257,258 Ultrasonography is
being used to individualize risk estimates for trisomy 18,
in combination with results of maternal serum screen-
ing.254,259 Testing strategies that can be used earlier in
pregnancy are under development.260

Longitudinal follow-up of children exposed to diag-
nostic ultrasonography in utero has shown no evidence
of harm from this exposure. In a study performed by
Stark and colleagues,261 detailed neurologic and physical
examination was performed on children who were moni-
tored up to 12 years of age; no differences between these
children and a control group were noted either at birth or
at 12 years of age. Further reports continue to show the
lack of association with significant effects on neurologic
outcome, growth, development or cancer.262 However,
there are reports of an increase in left-handedness in boys
exposed to fetal ultrasonography, which indicates the
need for further research.262,263 Examples of conditions
that can be diagnosed in the fetus with ultrasonography
are listed in Table 10–10.

Maternal blood is a source of both proteins and cells
that reflect fetal status. The most prominent protein of
fetal origin is α-fetoprotein (AFP). First recognized as
a component of fetal serum, AFP was later measured
in maternal serum through radioimmunoassay. Several
large clinical studies have documented the association of
greater-than-normal amounts of AFP in maternal serum
when the fetus has a neural tube defect, open body wall
defects, and skin abnormalities or when fetal well-being is
compromised.264-268 The U.K. study268 and others demon-
strated overlap between maternal serum concentrations
and the presence of fetal defects, but the differences were
sufficient to allow this measurement to become a useful
screening test. When followed by careful ultrasound
examination, AFP screening can detect 80% to 85% of
open neural tube defects.267 Because elevated maternal
serum AFP can be associated with maternal diabetes, twin
pregnancy, impending fetal demise, or no abnormality
at all, and because the concentration is correlated with
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gestational age and maternal weight, careful evaluation of
the test result is crucial to its usefulness.

The observation that decreased concentrations of AFP
in maternal serum were associated with an increased fre-
quency of Down’s syndrome269 has led to efforts to refine
maternal serum screening for fetal chromosomal abnormal-
ities.254,270-272 The addition of maternal age and history of
a previous child with Down’s syndrome were considered
by Cuckle and Wald273 to improve the risk estimates, but
further refinement with three or four biochemical markers
is now becoming widely used. Measurement of AFP, human
chorionic gonadotropin, and unconjugated estrogen
allows detection of an estimated 60% to 70% of fetuses with
Down’s syndrome or trisomy 18, regardless of maternal
age.274,275 Research is being directed at separation of fetal
cells from the maternal circulation, but the problems relat-
ing to fetal cell enrichment have not yet been solved to
make this a clinical reality.276,277

The three serum biochemical markers now in wide use
are AFP, human chorionic gonadotropin, and unconju-
gated estriol. Statistical studies indicate that as many
as 60% to 70% of fetuses with Down’s syndrome can be
detected through the combination of measuring these
three analytes. This triple analyte screening does have
a significant false-positive rate, which necessitates amnio-
centesis, with its entailed risks, to exclude cytogenetic
abnormalities in the fetus. Adjusting the cutoff rate that
is considered to be normal reduces the false-positive rate
at the expense of also decreasing the number of abnormal
fetuses identified. The decision to use these screening
methods as an alternative to amniocentesis in the mother
at higher risk should be made only after thorough genetic
counseling with discussion of the predictive value of both
kinds of testing.278 Serum analyte screening is less reliable
in predicting chromosome abnormalities in twin preg-
nancies, and the changes in each analyte are not consis-
tent; therefore, this testing is unreliable in twin and
higher order multiple pregnancies.279 Studies continue in
the efforts to develop more serum markers that would
increase the precision of maternal serum screening.280

Maternal serum screening with four serum markers by the
addition of inhibin to the panel (quadruple testing, or
“quad screen”) is now entering clinical practice.281
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Congenital heart disease Renal anomalies
Arrhythmias Polycystic disease
Valvular anomalies Renal agenesis obstructive 
Hypoplastic left heart syndrome uropathy

Neural tube defects Skeletal dysplasias
Spina bifida Ellis–van Creveld syndrome
Anencephaly Thanatophoric syndrome

Gastrointestinal anomalies Jeune’s syndrome
Diaphragmatic hernia Achondroplasia
Duodenal atresia Osteogenesis imperfecta

Body wall defects Camptomelic dysplasia
Omphalocele Jarcho-Levin syndrome
Gastroschisis Diastrophic dysplasia

Robinow’s syndrome
Tetraphocomelia

Craniosynostosis syndromes

TABLE 10–10 Fetal Diagnosis by Ultrasonography Evidence is accumulating that the quadruple testing may
have greater efficacy in detecting Down’s syndrome.282-284

Amniocentesis in midtrimester has been performed for
prenatal diagnosis for more than three decades. As the
earliest of the techniques used to diagnose disease in the
fetus, its safety and effectiveness have been carefully studied
since the early 1970s. The procedure depends on obtaining
amniotic fluid from the uterine cavity, most commonly
through a transabdominal approach. Many studies have
documented the safety and accuracy of midtrimester
amniocentesis.285-288 The percentage of fetal losses was
not different from that in pregnant women who did not
undergo amniocentesis. No significant differences were
seen between newborns born after amniocentesis and those
without amniocentesis. The pregnancy loss rate varied
from 1.5%82 to 4.7%.288 Other collaborative studies have
found similar data,289 and the usual risk for fetal loss
quoted for amniocentesis is 0.5%. Diagnostic errors were
rare in all of the studies; Golbus and associates reported
a karyotyping error rate of 0.07%.285 The technique was
further improved when Romero and colleagues showed
that real-time ultrasonographic guidance could reduce
the number of needle insertions necessary to obtain an
adequate sample.287 There is evidence that experience
of the operator is also a factor.289 The major drawback to
midtrimester amniocentesis is the timing.

CVS can be used between weeks 10 and 13 of gesta-
tion to obtain fetal cells that can be studied directly or
cultured to provide information about the fetus.290-293

The advantage of CVS is the ability to obtain fetal cells in
the first trimester, when the pregnancy is not far
advanced. Information gained can be used for decisions
about pregnancy termination at a time when there are
fewer obstetric and social complications.291 Because some
studies can be done directly without the need for culturing
cells, the time between the test and the result is minimal,
thus reducing parental anxiety. The technique is performed
under ultrasound guidance. In the transcervical approach,
a flexible catheter is introduced into the chorion frondo-
sum, and, under negative pressure, villi are aspirated.294

Samples can also be obtained through the maternal
abdomen using a 19-gauge spinal needle. The villi can
then be dissected under a microscope, and cells can be
examined directly or submitted for culture. Most data
suggest that the fetal loss rate is lowest if the procedure
is performed between the 9th and 11th weeks of preg-
nancy.294,295 The collaborative study sponsored by NICHD296

demonstrated the safety of CVS from the standpoint of
maternal complications and fetal loss rate. Maternal
complications are few. The fetal loss rate was estimated to
be 3.8%, only 0.6% higher than the miscarriage rate for
amniocentesis, and very close to the rate of spontaneous
abortion at that gestational age of about 4%.294 Brambati
noted a range in fetal loss rates in various collaborative
studies of 6.2% to 13.6%, some variation being related to
gestational age and some to experience of the operator.297

Other reviews suggest that the risk of CVS for procedure-
induced pregnancy loss is little different from that for
amniocentesis.298 Long-term follow-up studies have shown
no difference in health status of children exposed to CVS
in comparison with those who underwent amniocentesis,
other than the increased frequency of limb deficiency



abnormalities after early CVS. After scattered case reports
appeared, Burton and coworkers first called attention to
the association of limb anomalies in infants born after
CVS had been performed early in the pregnancy.299 They
observed four infants with limb-reduction defects involving
both hands and feet; the mothers had undergone CVS
between 9.5 and 11 weeks of pregnancy. No technical factors
could be identified to explain the observation, and no
specific syndrome could be identified to explain the find-
ings. After a study in Germany, Schloo and colleagues
concluded that the incidence in large series might be no
greater than population incidence and recommended
further study.300 In a study of 4300 pregnancies in which
CVS was performed between 9 and 12 weeks’ gestation,
Jahoda and associates observed three cases of transverse
limb defects—in two, CVS had been performed before
11 weeks—and concluded that further study was needed to
clarify the safety of CVS, especially in early pregnancy.301

In a workshop held at the NICHD, in which clinicians of
worldwide expertise gathered to address this question,302

the data from several large studies,303 including the
United States and Canadian collaborative studies, was
reviewed.296,304-306 This workshop showed that oromandibu-
lar limb hypoplasia was more common in CVS-exposed
infants, perhaps correlated with performance of the pro-
cedure before 9 weeks’ gestation. Holmes included early
CVS among the causes of congenital limb defects.307

Current data suggest no increase in limb defects in
comparison with the population risk if CVS is performed
after 10 weeks’ gestation.298 The ethical issues involved in
the use of CVS before 8 weeks’ gestation308 center on the
increased risks of such early CVS and ethical and religious
views surrounding pregnancy termination.

Observations of the outcome of pregnancies in which
chromosomal mosaicism was noted in samples obtained
at CVS have led to new uncertainties regarding the inter-
pretation of the results of prenatal karyotyping.46,309-313

Normally, the expectation is that both fetal and placental
tissues should reflect the status of the fetus. However, at
CVS, mosaicism is noted in 1% to 2% of pregnancies. When
mosaicism is noted, two issues are paramount. The first is
the need to distinguish between mosaicism confined to
the placenta and mosaicism affecting the fetus; this risk
has been ranged from 10% to 40% of the fetuses with con-
fined placental mosaicism.298,314 The second issue is
assessing the risk that the embryo was initially trisomic
and that rescue of this trisomic embryo has resulted in
uniparental disomy of a pair of chromosomes in the fetus.
Further studies that are indicated include fetal ultrasound
examination,315 to assess growth and anatomic structures,
and amniocentesis, to confirm the fetal karyotype. Normal
karyotype suggests that the fetus is not aneuploid, but
true fetal mosaicism can never be completely ruled out.
Molecular studies that identify maternal and paternal
origin of the chromosome that was trisomic in the CVS
study can confirm or rule out uniparental disomy. Certain
chromosomes are of particular concern for uniparental
disomy because of the presence of imprinted genes
on them. These chromosomes include 7, 11, 14, and 15.316

Fetal growth failure and malformations have been reported
with confined placental mosaicism of chromosome 16.317,318

If mosaicism is identified on CVS, amniocentesis should
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Increased Identified 
Risk of Pathologic

Method Fetal Loss* Process

Maternal serum 0% Open body wall defects;
triple screening chromosomal 

abnormalities; impending
fetal demise

Fetal 0% Skeletal abnormalities; 
ultrasonography CNS, renal, body wall

abnormalities; other
anatomic features

Amniocentesis 0.5% Biochemical abnormalities;
enzymatic abnormalities; 
specific mutations; linkage
markers for genetic disease;
chromosomal abnormalities

Chorionic villus 0.6% Enzymatic abnormalities;
sampling specific mutations; linkage

markers for genetic disease;
chromosomal abnormalities

*Versus control group.
CNS, central nervous system.

TABLE 10–11 Fetal Diagnostic Modalities

be offered to the woman to confirm the status of the
fetus.298

Percutaneous fetal blood sampling, also called cordocentesis,
has been used to provide access to fetal blood when fetal
cells obtained by other means are unrevealing or fetal
serum is critical to the diagnostic study.319,320 The tech-
nique involves the introduction of a needle into the
umbilical cord near its insertion into the placenta and the
withdrawal of fetal blood.320 Volumes obtained vary from
1 to 4 mL. Real-time ultrasound guidance is used. The
risks of the procedure are being assessed; rates of fetal loss
range from 0% to 1.6%.320,321 The advantage of this tech-
nique is that both cells and serum can be obtained, which
widens the range of studies that can be performed. The
technique is limited at present to a few specialized centers.

Fetal cells (whether obtained by CVS, amniotic fluid cell
culture, or cordocentesis) can provide information through
the use of cytogenetic, biochemical, or molecular tools.
These cells can be used for karyotype analysis, enzyme
measurement, or DNA analysis.322 Analytes measured in
amniotic fluid or fetal serum can include metabolites
reflective of inborn errors of metabolism, proteins that leak
from compromised body wall surfaces, kidneys affected by
nephrosis, proteins known to be associated with pathologic
conditions, and evidence of infections. Various prenatal
diagnostic techniques are listed in Table 10–11.

A number of options for actions based on diagnostic
information exist, and these should be discussed before
any testing is undertaken. Although it is no longer consid-
ered important that parents decide on a course of action
before prenatal testing, it is valuable to have considered
the many possibilities before the crisis of decision making.
Termination of pregnancy may be the option favored by
a family confronted with the diagnosis in a fetus of a disor-
der that is incompatible with life or normal development.
Undertaking this option should be accompanied by sensi-
tivity to the feelings of the parents. Confirmatory studies



should be considered on the abortus after the termination
of pregnancy. The option of postabortion counseling
should be presented. Delivery at a center that can address
the fetal condition needs to be considered if a serious
condition has been identified and the pregnancy is
continued. Such a strategy has two important advantages:
(1) the availability of skills and interventions to address
the fetal problem, and (2) the lack of need for separation
of the mother from the infant. This approach has been
valuable in managing congenital heart disease and other
congenital malformations such as omphalocele, diaphrag-
matic hernia, and neural tube defects.

As more treatment modalities become available, it may
be possible to provide therapy in utero for genetically
determined disorders. Treatment of a rare inborn error of
metabolism has been reported323 after prenatal diagnosis
of vitamin B12-responsive methylmalonic acidemia by
providing the mother with large amounts of vitamin B12.
Packman and colleagues324 successfully treated a fetus in
whom biotin-responsive multiple carboxylase deficiency
was prenatally diagnosed, by administering biotin to the
mother. Prenatal diagnosis of congenital adrenal hyper-
plasia, followed by treatment of the mother with dexa-
methasone can reduce or even prevent virilization of the
female fetus.247,325 Fetal surgery has been performed in
an effort to correct anatomic abnormalities in the fetus
before they produce permanent damage. Efforts at
catheter drainage for hydrocephalus, hydronephrosis, and
hydrothorax have been reported,326,327 but the outcome
has been mixed. Lung expansion was seen in six of eight
infants treated for hydrothorax.327 For the uropathies, the
chance of survival was good for posterior urethral valves
but poor for other categories of uropathy. The outcome in
the patients with hydrocephalus was less encouraging.326

Open fetal surgery has been performed in both primate
models and humans.328 Wilson reported that the condi-
tions for which fetal surgery is currently being considered
include myelomeningocele, sacrococcygeal teratoma,
cystic adenomatoid malformation of the lung with fetal
hydrops, twin-to-twin transfusion syndrome, and other
monochorionic twin abnormalities (severe discordant birth
defects or twin reversed arterial perfusion sequences).329

Maternal safety has been well demonstrated in the small
number of cases reported, and no adverse effects on future
reproductive capacity have been seen. Limiting factors
have been the difficulty in preventing premature labor
and the less-than-ideal outcome in the infants thus far
treated.

Tests that Address Risk to the Mother

Confirmation of a genetic diagnosis in the mother is
the first step needed to assess the risk and determine
a diagnostic and therapeutic plan. Consultation with
a genetic specialist may be of value in completing this
part of the evaluation. After that, assessment of baseline
status can be done with the involvement of appropriate
specialists. The importance of counseling and follow-up
cannot be overemphasized. In some cases, a new diagnosis
may result from the assessment. The patient may require
more information and longitudinal care, or specific
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Prenatal
Ethnic Group Disorder at Risk Diagnostic Test

European and Cystic fibrosis DNA analysis
U.S. populations

White persons Phenylketonuria DNA analysis
Ashkenazi Jews Tay-Sachs disease Enzyme measurement, 

DNA analysis
Canavan’s disease DNA analysis
Gaucher’s disease DNA analysis

(adult)
West African Sickle cell anemia DNA analysis

populations
Mediterranean Thalassemia DNA analysis

peoples Sickle cell anemia DNA analysis
Asian peoples α-Thalassemia DNA analysis

Sickle cell anemia DNA analysis
French-Canadians Tay-Sachs disease Enzyme measurement, 

DNA analysis

TABLE 10–12 Heterozygote Screening in Ethnic Groups

disease-related intervention during the pregnancy may be
crucial. If the risk to the pregnant mother’s life or health
is determined to be high, she may elect termination of
pregnancy.

IDENTIFICATION, GENETIC TESTING,
AND COUNSELING OF PATIENT
AND FAMILY AT RISK

Careful assessment of maternal health, as discussed earlier,
is a keystone of the identification of the family at risk for
a genetic condition in the fetus. Questions about paternal
health history and age may turn up information that is
also important to this assessment. A thorough family
history, obtaining information about the families of both
parents, should be documented with particular attention
to early infant deaths, neurologic disorders, mental retar-
dation, congenital malformations, skeletal disorders, and
renal disorders.

Ethnic Background

All ethnic groups have genes that are more common in them
than in other segments of the population. The reasons for
this include geographic or religious isolation, founder
effect, and genetic drift. If a mutation appears in a group
that is socially or geographically isolated, it tends to be
perpetuated in that group and is eventually common in
that group than in others. It is important for the physi-
cian caring for the pregnant mother to recognize that she
may be at a higher risk for a given condition on the basis
of her ethnic background or that of the baby’s father. The
ability to determine heterozygote status for recessive con-
ditions by means of screening tests is improving, and this
kind of testing can be offered to provide knowledge to the
family and to mitigate risk.330 A list of disorders with
increased prevalence in particular ethnic groups is provided
in Table 10–12.



Consanguinity

The offspring of consanguineous parents are at risk for
recessively inherited conditions by virtue of inheriting
two copies of a mutant gene from the shared ancestor of
the parents. An affected child thus inherits two copies of
a gene identical by descent. The more remote in genera-
tion the shared ancestor is, the lower the risk is. Siblings,
who share two parents, have the highest risk of sharing
the same recessive gene inherited from a parent, a chance
of 50%. Distant cousins, on the other hand, whose shared
relative may be many generations removed, have a much
smaller risk of sharing a gene inherited from the common
relative. These risks are recognized by U.S. law, in that
most (but not all) states prohibit marriage between rela-
tives closer than first cousins. Consanguineous marriage
is, however, practiced among many populations around
the world.331 Empirical data exist to assess the risk of
abnormal offspring to consanguineous parents when
there is no genetic condition segregating in the family.
These data demonstrate that the risks are high in siblings
and other first-degree relatives. The empirical data sug-
gest that when the relationship is further removed than
first cousins, the risks are not greatly different from the
risks in the general population. The empirical risk that
first cousins will have a child with an abnormality is esti-
mated to be 4.5% to 5%,332 in comparison to the general
population incidence of congenital malformations of 2%
to 3%.2 Decreased birth weight, stillbirth, early infant
death, and congenital malformations are all increased
among the offspring of cousins.332-334 The offspring of
siblings or father-daughter matings have a high risk of
mental retardation, congenital malformations, and early
death.335

Genetic Counseling and Testing

Risks in a Fetus Based on Parental or Family
History

Information obtained from the family history may alert
the physician to a number of kinds of risk in the fetus.
A single-gene condition that follows mendelian principles
may become obvious from the pedigree. On the other
hand, the family history may reveal an individual who has
a condition known to be inherited in a mendelian manner.
In either case, careful assessment of the pedigree may
establish the risk to the fetus. Alternatively, further testing
of at-risk individuals may be needed.

Nonmendelian inheritance, discussed earlier, can also
account for a family history of disorders that would be of
concern to the couple planning a family or the woman
already pregnant. In the case of the multifactorial situa-
tions, conditions in which genes and environment are
operating, empirical risk figures must guide genetic
assessment counseling. Because the risk in relatives for
these conditions is low, there may be only one or two such
affected persons in a family. Review of what is known
about inheritance in the specific condition is helpful in
assessing risk in the unborn child. In general, risks are low
if the affected relative is more remote than second degree.

Maternal inheritance of a mitochondrial mutation
should be considered when the clinical picture of myopathy
or other neurologic symptoms, diabetes and deafness, or
certain eye disorders is seen or when a family history is
suggestive of maternal inheritance.

Balanced chromosomal translocations should also be
considered when there is familial aggregation that does
not fit a mendelian or maternally inherited pattern. The
medical history of the affected individual may provide
information as to whether a karyotype was obtained. If
there is no information, the phenotype of the individual
should be assessed to determine whether it is consistent
with a chromosomal abnormality. Examples include
multiple congenital malformations, mental retardation,
or the combination of these. Further testing can be per-
formed on the affected individual or on the parent of the
unborn child at risk if the situation cannot be clarified.

Maternal health can affect the health of the unborn
child. Mendelian conditions, nonmendelian conditions,
chromosomal translocations, and maternal age have
already been discussed. All these represent genetic risks. In
addition, the maternal disease state may represent a risk
to the fetus because of either direct effects of the disease
on the baby or effects of the treatment.

Two opportunities for imparting information about
genetic risks present themselves: before pregnancy has
occurred and after pregnancy has been established. The
challenges are somewhat different for each time, but the
principles are the same. The importance of communica-
tion cannot be overemphasized.

The physician should take time to hear and under-
stand the concerns and questions of the patient and
family. A careful and thorough family history needs to
be obtained, along with supporting data regarding any
possible genetic diagnosis in other family members.192

Thorough explanation of the genetic mechanisms involved
and the factors that explain the risks should be made
(Tables 10–13 to 10–16). Diagrams and other educational
material may be helpful. Care should be taken to use
terms that the patient and family can understand and to
explain scientific terms that are unfamiliar. The physician
needs to be sensitive to the concerns that the family may
have about confidentiality and to the need to avoid
stigmatization. Risks and probability statements should
be clear. There should be ample opportunity for the
patient and family to ask questions and to clarify areas of
confusion. Empathic concern for the fear and anxiety that
genetic risks raise is a crucial part of the communication
process. It is also crucial that the patient and family use
the information provided to arrive at their own choice of
action.336

Prenatal Carrier Screening , Specialized Genetic
Testing , and Neonatal Screening

As discussed in the section on ethnic background, carrier
screening for heterozygosity for deleterious genes is an
important way of identifying families at risk for an inher-
ited disorder. Carrier screening for disorders that are
highly prevalent within a particular ethnic group is rou-
tinely offered to women who are pregnant or contemplating
pregnancy. Carrier screening for additional conditions is
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recommended in many centers. The American College of
Obstetricians and Gynecologists and the American
College of Medical Genetics (ACMG) published clinical
guidelines for carrier screening for CF.337-339 CF is a reces-
sively inherited disorder that affects gastrointestinal and
pulmonary function. When both members of a couple carry
a CF mutation, the risk of having a child affected with CF
is 25% with each pregnancy. The guidelines recommend
offering CF screening to individuals with a history of CF,
reproductive partners of persons with CF, and couples
with one or both partners of European or Ashkenazi Jewish
ancestry. The standard screening test should include
a pan-ethnic panel of at least 25 mutations; this will iden-
tify 80% of white persons of European descent, 90% of
white persons of northern European descent, and 97% of
Ashkenazi Jews who are heterozygous.338,340 The predictive
value for persons who are members of other ethnic groups
varies; the CF mutation is rare in Native Americans and in
persons of Asian ethnicity. Although the frequency of CF
in African Americans is lower than in white persons in
general and Ashkenazi Jews, they may want to consider
testing after being informed of the predictive value of test-
ing for them. Molecular testing for CF heterozygosity is
highly complex, and it is important that the physician
select a laboratory that participates in the relevant quality
assurance and proficiency testing programs provided by
the College of American Pathologists and the ACMG. On
occasion, test results can be equivocal because particular
variants may be complicated to interpret. In such cases,
referral to a genetic specialist may be needed if the labora-
tory report does not clarify the situation. Before choosing
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to be tested, patients should be fully informed about CF
and factors to consider in screening, including the fact
that CF genotype is not perfectly predictive of the clinical
course in an affected individual. The American College of
Obstetricians and Gynecologists provides educational
material for patients that is helpful to the practitioner.
Preconception testing allows the couple to discuss the
options before undertaking a pregnancy. Prenatal testing
is available through molecular testing on material
obtained at CVS or amniocentesis.

Because the fragile X syndrome is the second most
common cause of mental retardation after Down’s
syndrome, screening for fragile X carrier status is being
offered to all women in some prenatal diagnostic centers.
A recent Cochrane review reported that no clinical trials
have been performed to show how effective this is in identi-
fying families who would not be identified on the basis of
family history.341 However, patients with fragile X syndrome
may have few clinical symptoms, and the condition may
go undiagnosed. Pembrey and associates estimated that
clinical case-finding followed by carrier testing may identify
only half of premutation carriers.342 Testing is accurate with
molecular methods that detect the C-G-G repeat number.

Frequency Per Recurrence
Malformation 1000 Live Births Risk (%)

Spina bifida 2.5 3–5
Anencephaly 2 3–5
Congenital heart disease 6 3–10*

Pyloric stenosis 3 2–12†

Cleft lip/palate 1 3–5

Data from Carter CO: Genetics of common single malformations. Br Med Bull
1976;32:21.
*Depending on specific lesion.
†Depends on the sex of the index patient and of the siblings.

TABLE 10–13 Congenital Malformations, Not
Mendelian or Chromosomal

Estimated Incidence at Birth of Diseases with a Major Heritable
Component

Percentage of
Disorder All Births
Chromosomal abnormalities at birth 0.5–1
Most common single-gene disorders 1–2
Major congenital anomalies (3% of births) with a 1.2

genetic component
Nonspecific mental retardation (3% of births) with 1.8

a genetic component
Total 4.5–6

Estimated Prevalence of Morbidity and Mortality Caused by
Genetic Diseases

Percentage of
Perinatal Morbidity and Mortality All Cases
Chromosomal disorders

Spontaneous abortions 50
Stillbirths/neonatal deaths 5
Surviving live births 0.5

Genetic disorders
Genetic variation potentially handicapping: liveborn 10

Percentage of
Late Morbidity All Cases
Pediatric hospital admissions attributable to 

Single-gene diseases
Chromosomal diseases 12
Multifactorial diseases

Pediatric hospital admissions attributable to 18
multifactorial congenital malformations

Adult hospital admissions with a significant 12
genetic component

Severe mental retardation with a significant 60
genetic component

15% single-gene defect
45% other genetic component

TABLE 10–15 Incidence, Prevalence, and Morbidity of
Genetic Disorders

Consanguinity
Ethnic background
Maternal age
Medical history of known genetic condition
Family history of

Early infant deaths
Congenital malformations
Mental retardation
Multiply affected individuals, same disorder
Known genetic condition

TABLE 10–14 Factors in the Medical History to
Consider in Assessing Genetic Risks

�



As in other genetic testing, patients need to have accurate
information before deciding whether to undergo this test-
ing. The ACMG published guidelines on fragile X testing
that discussed prenatal diagnostic testing343; material
from both CVS and amniocentesis can be used, but the
unique properties of CVS cells need to be recognized.

Neonatal screening represents another kind of genetic
screening that is of interest to the pregnant woman.
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Amino Acid Metabolic Disorders
Argininosuccinic aciduria
Maple syrup urine disease
Methylmalonic acidemia
Propionyl-CoA carboxylase deficiency
Cystinosis
Homocystinuria

Carbohydrate Metabolic Disorders
Galactosemia
Glycogen storage diseases, types II–IV
Glucose-6-phosphate dehydrogenase deficiency
Mucolipidoses, types I–IV

Lipid Metabolic Disorders
Lipidosis Group
Gaucher’s disease
Fabry’s disease (XL)
Tay-Sachs disease
Sandhoff ’s disease
GM1 gangliosidosis
Krabbe’s disease
Metachromatic leukodystrophy
Niemann-Pick disease
Farber’s disease

Other Lipid Disorders
Familial hypercholesterolemia (AD)
Cholesterol ester storage disease
Refsum’s syndrome
Wolman’s disease

Mucopolysaccharide Metabolic Disorders
Hurler’s syndrome
Hunter’s syndrome (XL)
Sanfilippo’s syndrome
Scheie’s syndrome
Morquio’s syndrome
β-Glucuronidase deficiency

Miscellaneous Disorders
Cystic fibrosis
Orotic aciduria
Lesch-Nyhan syndrome (XL)
Testicular feminization (XL)
Xeroderma pigmentosum
Hypophosphatasia (AR or AD)
Adenosine deaminase deficiency
Congenital adrenal hyperplasia
Porphyrias (AR and AD)
Sickle cell anemia
Thalassemia

*Mode of inheritance: autosomal recessive (AR) except when noted AD 
(autosomal dominant ) or XL (X-linked).
CoA, coenzyme A.

TABLE 10–16 Categories of Biochemical Disorders for
Which Prenatal Diagnosis Is Feasible, and Examples of
Specific Disorders*

Although she will not be confronted with this until her
newborn arrives, the obstetrician-gynecologist is in a unique
position to prepare her for this testing, which takes place
in the first days after her baby’s birth.344 Newborn screening
for a battery of conditions is mandated in all 50 of the
United States, in the uniformed services, in Puerto Rico,
and throughout the developed world.345,346 An increasing
number of states has expanded the disorders tested for to
include about 30 conditions, a large proportion of which
are genetic. In some states, screening for CF347 and con-
genital hearing loss are provided.348 In all states in the
United States, these programs are mandated by public
health law and carried out in collaboration with
Departments of Public Health. Some states require
informed consent from the mother, but most do not.
Information provided in a late prenatal visit can help a
mother prepare for these tests and the possibility of a pos-
itive test result that will warrant further testing.

With the increasing recognition of molecular hetero-
geneity, the use of molecular diagnostic tools has become
more complex.349,350 The physician caring for the pregnant
woman who has a genetic disorder or whose fetus is at
risk for one may have an increased need for consultation
with genetic specialists in diagnosis and management.192

Clinicians should expect such specialists to provide
up-to-date information on the availability of molecular
diagnosis, the role of genetic heterogeneity, the modalities
for prenatal testing, the availability of presymptomatic or
heterozygote testing, and the prognosis for the fetus.
Consultation with such specialists can be made available
to the patient and family when the information and testing
required are complex. Access to Internet resources can be
of valuable help to the physician. Genetics resources on
the Internet include the following:

Genetests: http://genetests.org/
National Human Genome Research Institute:

http://www.genome.gov/
ACMG: http://www.acmg.net/
National Newborn Screening and Genetics Resource

Center: http://genes-r-us.uthscsa.edu/
Cystic Fibrosis Mutation Database: http://www.genet.

sickkids.on.ca/cftr/

SUMMARY

The physician caring for the woman who is pregnant or
contemplating pregnancy has a unique opportunity to
affect the health of both mother and child as well as to
provide information of potential value to the mother’s
family. To take advantage of this opportunity to address
genetic risks, the physician needs to be informed in all
the major areas of diagnosis and management. Genetic
conditions affect all organ systems without regard for age
or class. Knowledge of new molecular diagnostic tools
and of classical genetic mechanisms is necessary to pro-
vide the patient with information and available options.
Communication skills and compassionate support are
crucial in helping the patient understand and use the
means that can be provided to ensure her health and the
health of her unborn child.
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The study of ethics involves the determination of whether
a proposed action is morally acceptable, or which

among various proposed actions is morally preferable.
The branch of ethics known as normative ethics involves the
search for fundamental principles or theories on which to
base these judgments. The branch known as applied ethics,
of which medical ethics is one example, refers to the appli-
cation of those principles to specific difficult cases.1

In medical ethical dilemmas, many people share in the
responsibility to identify a morally acceptable solution,
but the President’s Commission for the Study of Ethical
Problems in Medicine has stated that “the primary respon-
sibility for ensuring that morally justified decisions are
made lies with the physician.”2 In accordance with that
view, training in ethics is now a required part of all post-
graduate medical education in the United States. The
American College of Obstetricians and Gynecologists
(ACOG) also recommends that physicians have general
background knowledge in the discipline of ethics.3

Essential to ethical discourse is an individual’s ability
to articulate the principles or theories upon which his or
her judgment is based, and the ability to apply them in
a rational and consistent manner. There are some widely
accepted basic principles of medical ethics that should be
understood by all physicians, and a brief overview of those
principles is presented. The review of fundamental princi-
ples is followed by a discussion of some specific problems
of particular interest to the practicing obstetrician,
including how the principles might be applied to those
problems.

LEGAL VERSUS ETHICAL ANALYSIS

The principles described in this chapter are ethical ones
and not necessarily legal ones. Although there may be
laws in place that are based on some or all of these princi-
ples, an understanding and application of the principles
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does not necessarily provide the correct answer to the
question “Is it legal?” Although references to court rulings
and legal issues are made in the following discussion,
these are intended to provide an historical and societal
perspective; a true legal analysis is beyond the scope of
this chapter. The reader with legal questions is encour-
aged to seek the guidance of an attorney familiar with the
laws in the relevant state that pertain to the practice of
medicine. The focus of this chapter is to establish an
approach to answering a fundamental question that is
surely no less important than the legal one: “Is it morally
acceptable?”

THE INFLUENCE OF RELIGION

Agreement on basic principles is no easy matter in a plu-
ralistic society with no universally accepted set of
beliefs.4,5 How, for example, should religious beliefs be
incorporated into our fundamental principles? For many
individuals, including many physicians, moral behavior
is based largely or entirely on adherence to specific reli-
gious precepts. For some people, faith itself stands as the
justification for their principles and beliefs, and reason
or logic is not necessarily required. The philosophical
discourse typically employed in ethics to defend or reject
a position may then become difficult or impossible between
individuals who hold disparate religious beliefs. Many
medical ethicists seek to justify their positions on rational
rather than religious grounds, which seems the most
appropriate approach for this textbook. Therefore, the
ethical principles and arguments presented in this chapter
are not based on any specific religious belief or tradition.
Nevertheless, the reader should have the self-awareness to
understand that religious beliefs may have a significant
effect on his or her own ethical viewpoint, and the insight
to realize that this is often true of patients and colleagues
as well.



FUNDAMENTAL PRINCIPLES

Although there are many possible approaches to ethical
questions in medicine, an approach based on the applica-
tion of four fundamental principles is widely (although
not universally) accepted. These principles have been
described in detail by Beauchamp and Childress in their
text Principles of Biomedical Ethics.6 The four principles are
respect for patient autonomy, nonmaleficence, benefi-
cence, and justice.

Respect for Autonomy

The word autonomy is of Greek origin, meaning “self-
rule.”7 In the medical context, it refers to the patient’s
right to determine what is done to his or her body.

The importance of patient autonomy was noted by the
United States Supreme Court in 1914, when reviewing the
case of a surgical procedure that was medically indicated
and was performed but to which the patient had not agreed.
Judge Benjamin Cardoza noted, “Every human being of
adult years and sound mind has the right to determine
what shall be done with his body.”8 In 1947, the Nuremberg
Code addressed the issue of autonomy in clinical research,
stating unequivocally that “the voluntary consent of the
human subject is absolutely essential.”9 In recent decades,
the central role of patient autonomy has been widely
accepted, and it has become for many ethicists the domi-
nating principle.

At first look, it seems quite reasonable that the patient
should have the final say on what is done to his or her
body. There are, nevertheless, circumstances in which def-
erence to a patient’s wishes is not appropriate. One generally
accepted example is the very young child, who may stren-
uously object to immunizations or life-saving surgery.
A justification for overriding the child’s wishes is that he
or she is unable to adequately understand the nature of
the situation or the consequences of his or her decision.
This justification may rightly be extended to some adults
with an inadequate ability to understand, such as some
with mental retardation or certain mental illnesses.
Children or adults lacking the capacity for understand-
ing, communication, and reasoning in light of their own
conception of the good are deemed incompetent to make
medical decisions. Although small children are generally
believed incompetent to make major medical decisions,
there is a legal and societal presumption of competence for all
adults; that is, adults are presumed competent to make
their own health care decisions until proven otherwise.
A decision inconsistent with the values or advice of the
physician is not adequate evidence of incompetence.10

If a patient is truly not able to decide for himself or
herself, a qualified surrogate decision maker should be
identified. The surrogate decision maker should be able to
understand the situation and the therapeutic options and
should make decisions for the patient by using the substi-
tuted judgment standard. This standard calls for the decision
to be based on what the patient would have wanted if he
or she were competent. If the surrogate lacks adequate
knowledge of the patient to use substituted judgment,
then the decision should be based on optimizing the

balance of benefits and burdens to the patient, referred to
as the patient’s best interest standard.11 The role of surrogate
decision maker is usually filled by a close family member
or, less often, someone designated by the court. It is gen-
erally inadvisable for the physician to assume the role of
surrogate decision maker when making major decisions
for a patient in a nonemergency situation.

The need for patient understanding, the prohibition of
coercion, and the objective provision of relevant informa-
tion form the basis of the concept of informed consent.4,12

A patient unable to understand his or her current situa-
tion or the possible consequences of his or her decision
cannot make a truly autonomous decision and therefore
cannot give informed consent. In addition, a patient
who gives consent under coercion cannot be said to have
made a truly autonomous decision. One example of this
would be a prisoner who agrees to a treatment or partici-
pation in a clinical study, out of fear of reprisals should he
or she refuse.

Beneficence

The principle of beneficence directs the physician to act
for the benefit of the patient. This is consistent with the
basic virtues of self-effacement and self-sacrifice, as described
by McCullough and Chervenak, which rightly call upon
the physician to place his own interests secondary to those
of the patient.13 A conflict of principles may arise when
the interests of the patient, as perceived by the physician,
conflict with the patient’s autonomous decision. The
physician can choose a path consistent with respect for
autonomy and thereby seemingly violate the principle of
beneficence. Conversely, the physician can do what he or
she believes is best for the patient, despite the patient’s
wishes, thereby being in accord with the principle of
beneficence but violating the patient’s autonomy.

Dissonance between these two central principles often
arises and illustrates why a working knowledge of some
fundamental principles does not ensure avoidance of all
ethical dilemmas. However, familiarity with the principles
does provide a framework within which to consider and
discuss a problem. Although there is no simple answer to
such conflicts, a course acceptable to all involved can nearly
always be found, through communication, compassion,
and patience. The physician should also bear in mind that
even a well-informed patient often makes decisions that
are based on misperceptions, fears, or experiences that may
or may not be relevant. This, too, highlights the importance
of communication.

Ultimately, if the physician believes it is unethical to
provide the treatment the patient has chosen, there are
other avenues that can be pursued. These might include
consultation with a colleague, a formal second opinion,
withdrawal from the case, and/or consultation with the
Hospital Ethics Committee. In general, the presumption
in such conflicts is in favor of respect for autonomy, par-
ticularly when a competent, informed patient refuses
a recommended treatment. There may be valid exceptions
to this presumption, such as when a patient demands
a treatment the physician believes is futile or is not medically
indicated.14
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Nonmaleficence

The principle of nonmaleficence calls for the clinician
to avoid harming the patient. This is one of the central dog-
mas in medicine, as stated in the Physician’s Credo, “Primum
non nocere” (“First do no harm”). Whereas beneficence
implies the positive obligation to provide benefit (or remove
harm), nonmaleficence seems less demanding, calling upon
the physician only to avoid doing harm. Beauchamp and
Childress provide examples of harming another, including
killing, causing pain or offense, or depriving one of the
goods of life.15 They recognize, however, that in some cir-
cumstances the dictates of nonmaleficence may be over-
ruled by another relevant principle, such as beneficence. For
example, it is sometimes acceptable to cause pain if that
pain is part of a treatment that is in the patient’s overall best
interest and the patient has agreed to it.

Justice

Justice may be viewed as requiring that each person be
treated fairly or receive what they are entitled to receive.16

Justice for the worker may include fair pay; for the accused
criminal, a fair trial. What each patient is necessarily enti-
tled to has been explored at length by ethicists and physi-
cians and remains unclear. For example, whether justice
requires that all patients receive free medical care at some
level or what that level might be, is a subject of much
debate and is not explored here. At the very least, however,
justice requires that equals be treated equally.4 Justice
therefore seems to dictate a measure of consistency in
medical practice; that is, patients with similar clinical sta-
tus should be treated similarly, without regard to ethnic,
social, or financial characteristics. In support of this con-
cept of justice, the ACOG Code of Professional Ethics pro-
hibits “discrimination on the basis of race, color, national
origin, or any other basis that would constitute illegal
discrimination.”17

A particularly important aspect of justice in the medical
setting is distributive justice, which refers to the fair dis-
tribution of scarce or limited resources. The search for
a just means of prioritizing candidates for the receipt of
organ transplants represents one example. Other, perhaps
less obvious, examples may include the allotting of beds
in the intensive care unit on a busy night or the distribu-
tion of research funds.

VERACITY

Veracity, or devotion to the truth, is described as a “moral
rule” rather than a fundamental principle18 and is essential
to the field of medical ethics. Respect for another individ-
ual generally (although not always) includes a duty to be
honest, and the physician-patient relationship is typically
built in large part on the patient’s trust in the physician’s
honesty. As with each of the principles previously
discussed, there may be situations in which the require-
ments of veracity are outweighed by other ethical concerns.
Nevertheless, there is generally a clear obligation to be truth-
ful with patients. As stated by the ACOG Committee on

Ethics, “Because human interaction and self-determination
depend upon use of accurate information, there is a strong
presumption that deception either by imparting or with-
holding information is unethical.”19

This obligation extends beyond the simple prohibition
of lying. Deception may also take the form of omitting
information. Although it is often impractical for the
physician to share every bit of information that may be
relevant to a given patient, this should not be used as an
excuse to avoid disclosing information that is both relevant
and significant. Another violation of the rule of veracity
occurs when a physician fails to disclose a conflict of
interest. Examples might include a financial incentive to
prescribe (or withhold) a certain treatment, or a relation-
ship the physician has with a colleague or institution to
which the patient is being referred.

Deception may also take the form of implication. For
example, the physician may not provide misinformation
directly to the patient; however, it is possible for the physi-
cian to give a false impression by actions or words. If the
physician has reason to believe that the patient is pro-
ceeding under a false assumption, there is an obligation to
address that assumption and clarify the situation.

Lastly, the physician should avoid self-deception, such
as an unrealistic view of his or her own clinical capabilities
or a failure to appreciate the impact of outside influences,
such as gifts from vendors.

VIRTUES

McCullough and Chervenak define virtues in the context
of medical ethics as traits of character that blunt self-
interest and direct a physician’s concern to the interests of
others. It is the essential “other-regarding” nature of these
traits that makes them a central component of morality in
medicine. These authors describe four basic virtues that
promote a sound ethical basis for the physician’s relation-
ship with the patient: self-effacement, self-sacrifice, com-
passion, and integrity. Self-effacement is the tendency of the
physician to focus on the needs and interests of the patient
rather than his or her own. Self-sacrifice may refer to a sacri-
fice of financial well-being, time, energy, or, in some cases,
even personal safety in order to serve the interests of the
patient. Realism and practicality suggest that there are
necessarily limits to even the most dedicated physician’s
self-sacrifice, but the importance of this virtue remains.
Compassion toward another person in that person’s time of
distress motivates an individual to act on that person’s
behalf. Integrity may be seen as adherence to certain moral
and professional standards.20 A fifth virtue worthy of con-
sideration is courage. Pellegrino has advocated for the
“courage to pursue the good in the face of today’s com-
mercialization, depersonalization, and industrialization
of professional life.”21

PHYSICIAN-PATIENT RELATIONSHIP

The sanctity of the physician-patient relationship is at the
core of medical ethics, and as a special relationship, it car-
ries special duties. These duties can be derived from the
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principles and virtues just described. For example, the
duty of the physician to place the interests of the patient
ahead of his or her own interests correlates with the virtues
of self-effacement and self-sacrifice. It is in light of this
special relationship that the unique nature of medical
ethics in the field of obstetrics is observed. In caring for a
pregnant woman, it is commonly argued, the obstetrician
cares for two patients. If the fetus is truly a patient, then it
seems to follow that the same duties that apply to the
physician’s relationship with the mother apply to the
physician’s relationship with the fetus as well.

The point at which a fetus becomes a patient, thereby
acquiring the right to be treated according to the precepts
governing the physician-patient relationship, is contro-
versial. McCullough and Chervenak suggest that a human
being becomes a patient when presented to the physician
for the purpose of providing clinical care and interven-
tions, which are expected to promote the interests of the
patient.22 Thus, when a pregnant woman presents to the
obstetrician for the care of herself and her fetus, the fetus
becomes (along with the woman) the obstetrician’s patient.
The woman, therefore, essentially confers the status of
patient on her fetus. These authors differentiate between
the viable and previable fetus, stating that the pregnant
woman is free to withhold or withdraw the moral status of
patient from her previable fetus but not necessarily from
the viable fetus.23 This moral distinction between the
viable and previable fetus, however, is not universally held.

MORAL STANDING OF THE FETUS

Moral standing may be thought of as a measure of how
much an individual’s interests should count.24 The rights
attributed to an individual may be said to derive from that
individual’s moral standing. Throughout most of human
history, societies have accorded what can be considered
different moral standing to different individuals on the
basis of ethnicity, social stratum, gender, age, and many
other criteria. Much of modern political and ethical
thought, however, is based on the concept that every person
should have equal or “full” moral standing. The moral
standing (and therefore the rights) of the fetus, however,
remains unclear and is a central question in medical ethics.

Should a fetus be accorded the same rights as an
infant? At the time of this writing, the Supreme Court
seems to have determined that early in gestation the fetus
should not be accorded full human moral standing (or at
least full legal standing), as evidenced by rulings permit-
ting abortion. Later in gestation, particularly at the age of
viability, a greater standing is generally accorded the fetus,
as evidenced by laws limiting or forbidding termination
of pregnancy at that time. However, even late in gestation,
the fetus may not be seen as having full moral standing,
equivalent to that of a child or adult.

Two commonly held views are that the fetus has full
standing or no standing. A third viewpoint, based on the
work of Sumner and others, is that there is a gradual
increase in moral standing through gestation. This sug-
gests that the fetus has less standing than an adult but
nevertheless has some moral standing and therefore some
rights.24 The rights of the viable fetus would therefore

exceed those of the previable fetus, which would be con-
sistent with the views of McCullough and Chervenak as
discussed previously, and with current laws allowing ter-
mination of pregnancy early but not late in gestation.
Similarly, the rights of the newborn may then exceed the
rights of the viable fetus.

Most readers have an opinion regarding the moral
standing and rights of the fetus but should recognize
that, at the time of this writing, society’s inability to come
to agreement on this issue remains a source of conflict.
Each obstetrician should have an understanding of the
moral question, his or her own views on the matter, and
the views of other professionals with whom he or she works
closely. Some colleagues (physicians and/or nurses) may
refuse to participate in procedures that do not, in their
perception, adequately respect the rights of the fetus, and
this is best discovered in a nonurgent setting. An obstetri-
cian with firmly held convictions in this area should also
have an understanding of the views of the pregnant patient,
and potential conflicts are, again, better discussed in
advance, in a nonurgent setting.

MATERNAL-FETAL CONFLICT

The term maternal-fetal conflict has been used to describe
situations in which a pregnant woman’s actions are
thought to be inconsistent with the interests of her fetus.
Examples of this may include the use of illegal drugs,
excessive nicotine or alcohol intake, and noncompliance
with prescribed treatment regimens. Among the most
dramatic examples is the refusal of cesarean section when,
in the opinion of the obstetrician, the well-being or even
the survival of the fetus may be jeopardized. Opinions on
this issue have evolved considerably, and specific recom-
mendations have been made by professional organizations
and the courts. Before recommendations are presented,
the relevant principles and the most recent history of the
question are briefly reviewed.

Principles Relevant to Maternal-Fetal
Conflict

Two basic principles that appear to conflict in this situation
are respect for the woman’s autonomy and the beneficence-
based obligation to act in the best interest of the fetus.
The pregnant woman and the physician may each have a
beneficence-based obligation to the fetus, but this chapter
focuses on the physician’s obligations. Surely the physi-
cian has an obligation to respect the autonomy of the
pregnant patient, but is there a point at which that obli-
gation is essentially trumped by the needs of the fetus?
This question might be approached in light of the rights,
or moral standing, of the fetus. However, as noted previ-
ously, on this question there are a spectrum of strongly held
beliefs, endless debate in the philosophical, theologic, and
popular writings, and no clear consensus.

Three possible approaches to this conflict may be con-
sidered, and their relative merit probably depends largely
on the reader’s opinion regarding fetal rights. One approach
grants absolute autonomy to the competent pregnant
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woman, without considering the interests of the fetus.
A second view is that they have equal moral standing, and in
this case the vital interests of the fetus in some situations
may outweigh the woman’s autonomy. According to this
view, a procedure that poses a relatively low risk to the
woman but may offer great benefit to the fetus (e.g.,
cesarean section in certain settings) would be appropriate,
even over the woman’s objection. A third approach is
based on the view that the fetus has some (but less than
full) moral standing. In that case, the woman’s autonomy
would generally trump fetal interests, but in certain extreme
situations, fetal interests may override the mother’s.

Even for people who recognize some moral standing
for the fetus, however, overruling a pregnant woman’s
autonomy remains problematic from an ethical standpoint,
on the basis of consideration of a third relevant principle:
justice. Justice requires that equals be treated equally, and
unless society is willing to state that a woman, upon
becoming pregnant, abdicates her claim to equality within
society, she must be accorded the same rights as her equals,
who are men and nonpregnant women. This understanding
of justice suggests that a pregnant woman should never
be forced to undergo a procedure without her consent, even
to benefit another person (in this case, her fetus) unless
a similar demand could be made of a nonpregnant adult. As
Burrows has pointed out, it is most unlikely that a court
would order a father to donate bone marrow without his
consent.25 Indeed, a Pennsylvania court in 1978 refused to
order an adult to donate bone marrow to a family member
who would presumably die without it.26 In fact, no adult
in the United States has ever been forced to donate tissue
or organs to another person, regardless of the severity of the
need or the safety of the procedure.27 An appeal to justice,
therefore, would suggest that society should not compel
a pregnant woman to undergo a procedure (even one of
relatively low risk) to save the life of another, unless it
would similarly compel nonpregnant adults to undergo the
same procedure, which has not been the case.

One potential response to this justice-based argument
is that pregnancy is a unique circumstance, both physio-
logically and morally. It could be argued that analogies
to other situations, such as bone marrow donation, are
therefore not entirely valid. The validity of the justice-based
argument seems to be predicated on the reader’s accep-
tance of the moral equality of pregnant and nonpregnant
adult patients.

Historical Background and Landmark Cases

The performance of invasive treatments on competent
pregnant patients without consent has been practiced in
the United States, long after court rulings presumably put
an end to it for competent nonpregnant adults. In 1987,
Kolder published the results of a survey of program direc-
tors in Maternal-Fetal Medicine regarding coerced inter-
ventions.28 Nearly half the physicians surveyed believed
that a pregnant woman could be detained to ensure com-
pliance and that she could be required to undergo a proce-
dure to save the life of her fetus. Many respondents reported
having obtained a court order to perform a cesarean section
against a competent patient’s wishes. In 2003, Adams and

colleagues published a subsequent survey of Maternal-
Fetal Medicine fellowship directors, which showed a sig-
nificant change.26 In this more recent survey, only 4% agreed
that women should be compelled to undergo surgery for
the sake of the fetus. However, eight respondents reported
cases in which pregnant patients were compelled to undergo
procedures, usually cesarean section, against their wishes,
all with a court order.26,28

Perhaps the best-known case of maternal-fetal con-
flict and refusal of treatment is that of Angela Carder,
a 28-year-old pregnant woman who was dying of cancer.
She was undergoing chemotherapy in an effort to survive
until her fetus could be delivered at 28 weeks’ gestation.
At 25 weeks, as her condition deteriorated, lawyers for
George Washington University Hospital sought a court
order to perform a cesarean section in an effort to maxi-
mize the chances of survival for the baby. The patient, her
husband, and her physician were all opposed to the pro-
cedure, but the court ordered surgical delivery over their
objections. The baby died within hours of birth, and
Angela Carder died 2 days later. In 1990, after the deaths of
Angela Carder and her baby, the District of Columbia Court
of Appeals overturned the original court order. With the
benefit of written legal briefs, formal oral arguments from
both sides, and time to reflect on the question in the
absence of a perceived emergency, the court stated that
the informed decision of a competent pregnant patient
should “control in virtually all cases.”26,29

Similar rulings in Illinois have emphasized that a
woman’s right to autonomy cannot be subordinated to
the interests of her fetus, even for less invasive procedures
such as blood transfusion. An Illinois Appeals Court has
stated that “a woman’s right to refuse invasive medical
treatment … is not diminished during pregnancy….The
potential impact on the fetus is not legally relevant.”26 In
the view of the Illinois judges, the right to bodily integrity
emphasized by Judge Cardoza more than a half-century
before clearly included pregnant women. Similarly, in the
United Kingdom, the Court of Appeal in 1997 pronounced
that a competent woman had the right to refuse an inter-
vention even if the consequence of that refusal may be
death or disability for her fetus or herself.25

Patient Incompetence

A potential loophole in the legal support of the pregnant
woman’s autonomy is the question of incompetence. Even
in keeping with the court rulings and ethical arguments
in favor of respect for autonomy, a physician could legiti-
mately seek to override a pregnant woman’s objections to
invasive treatment, if the physician could show that the
woman was incompetent to make decisions. However, many
ethicists, clinicians, and jurists have cautioned against the
abuse of this argument. Specifically, a patient is not shown
to be incompetent simply because she disagrees with the
recommendation of her physician or because she makes
a decision that is based on a value system different from
that of her physician or of most individuals in her society.
The patient who refuses intervention (e.g., transfusion)
on religious grounds, for example, should not be deemed
incompetent solely on that basis.
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Any physician seeking to override a patient’s wishes on
the basis of presumed incompetence should obtain confir-
mation of that assessment by a qualified colleague, prefer-
ably a psychiatrist or psychologist, and the involvement of
the courts may be needed in contested cases. If the patient is
truly incompetent to make the decision, then a surrogate
decision maker should be identified to speak (and decide)
for her. As with nonpregnant patients deemed incompetent,
the surrogate should usually be the spouse or another close
relative. The physician should generally not serve as the
surrogate decision maker.

Potential Pitfalls

A retrospective look at court-ordered obstetric interventions
yields two important observations that should influence
any physician considering a court order to override a
patient’s refusal. First, as many as one third of those inter-
ventions in the United States may have been, in retrospect,
based on poor medical judgment.25,28,30 In every medical
specialty, there is ample experience in which physicians
were convinced that one outcome would occur, only to
subsequently observe a different outcome. Obstetrics is
no exception. An understanding that any good physician
will, over time, make mistakes in judgment and prognosis
should provide each physician with an appropriate measure
of humility, particularly when he or she considers overriding
a patient’s fundamental right to autonomy.

An additional concern is that there appears to be an
increased tendency to seek court orders to override the
refusal of pregnant woman of ethnic minorities and/or low
socioeconomic status.27,28,30 Justice requires that equals be
treated equally; that is, in order to justify treating two groups
differently, a morally relevant difference between them
must be identified. Because no such difference has been
identified, there is no moral justification for what appears
to be a difference in respect for the right to autonomy on
the basis of ethnic background or social standing.

Professional Organizations

In the position statement entitled “Patient Choice and the
Maternal-Fetal Relationship,”31 ACOG describes recom-
mendations for scenarios in which maternal and fetal
interests may be divergent: (1) when the pregnant woman
refuses a procedure or therapy intended to benefit the fetus
and (2) when the pregnant woman engages in behavior
thought by the physician to be potentially harmful to the
fetus. In either case, according to these guidelines, once
the physician has made a thorough effort to persuade the
patient to accept the recommendation and she refuses,
the physician has three options. The first option is to
accept the woman’s refusal. The second is to help the
patient find a different physician willing to accept her
refusal and assume responsibility for her medical care.
This, of course, is less practical in an emergency and is
best handled as a preventive approach by identifying areas
of conflict before a crisis. The third option is to seek
a court order to override the patient’s refusal of the recom-
mended treatment.

A court order, per the ACOG guidelines, should be
sought only on very rare occasions and only when all the
following four scenarios are present: (1) There is high
probability of serious harm to the fetus if the woman’s
refusal is accepted, (2) there is high probability that the
treatment will substantially reduce harm to the fetus, (3) no
other comparatively effective but less intrusive way to
reduce the harm to the fetus is available, and (4) the recom-
mended treatment poses little or no risk to the pregnant
woman. Furthermore, even if a court order is obtained
and the patient continues to refuse, ACOG has stated that
the use of force against a competent resistant patient is
still not justified.

The International Federation of Gynecology and
Obstetrics, in their ethical guidelines regarding interven-
tions for fetal well-being, are even stronger in their
emphasis on patient autonomy: “… No woman should be
forced to undergo an unwished-for medical or surgical
procedure to preserve the life or health of her fetus since
this would be a violation of her autonomy and fundamental
human rights. Resort to the courts … is inappropriate and
usually counterproductive.”32

Specific maternal-fetal conflict guidelines were devel-
oped by the University of Virginia Health Sciences Center
and can serve as a model for other hospitals.33 Several ele-
ments of the following recommendations are drawn from
the University of Virginia maternal-fetal conflict guidelines:

1. Conflict may arise when the pregnant woman refuses
a recommended medical or surgical intervention that
the physician believes is in her best interest and/or that
of her fetus.

2. The physician may have a beneficence-based obligation
to the fetus, and the pregnant woman may herself have
a beneficence-based obligation to act in the best interest
of her fetus. However, neither her denial of that obliga-
tion nor the physician’s obligations provide sufficient
ethical grounds for the physician to overrule the woman’s
right to autonomy in refusing a recommended therapy.
In other words, her right to autonomy is ultimately the
deciding factor in virtually all cases.

3. The physician should present the relevant data in a clear
and objective manner. If the physician perceives a moral
compulsion to then advocate for a given therapeutic
course, it is appropriate to do so. If a conflict is not
resolved by careful deliberation, a second medical opin-
ion is advised. If conflict persists, consultation with the
Hospital Ethics Committee (as time allows) is recom-
mended. Both the physician and the patient should be
afforded the opportunity to meet with the committee
in an effort to reach an agreement. The Ethics
Committee and/or the physician may also seek adminis-
trative and legal counsel from hospital authorities.

4. In nonemergency situations, the patient should be
offered the option of transferring care to another physi-
cian and/or hospital.

5. Ultimately, if the competent patient continues to refuse
the recommended intervention despite the efforts just
listed, her refusal should be respected.

6. Court intervention in the case of a competent patient
is very rarely, if ever, appropriate. Some authorities
have argued, and the ACOG guidelines also suggest,
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that in rare, extreme cases, in which the physician feels
an overwhelming ethical obligation to provide the pro-
posed intervention (e.g., the therapy would be lifesaving
for mother or fetus, with a relatively low risk to the
mother), a court order may be sought. It is not clear,
however, that this can be justified on ethical grounds.
The court order may be used as a means to persuade the
pregnant woman, but even with a court order, physical
force (including forced anesthesia) should never be used
on a competent patient. If the patient continues to
refuse the recommended therapy, even in the event of a
court order, the refusal should ultimately be respected.

7. In emergencies, there may be no time to pursue the
avenues just discussed, and in those cases the competent
patient’s refusal should not be overridden.

8. If a physician believes that the patient is not competent
to decide the question at hand, the physician should
obtain confirmation of that assessment by a qualified
colleague, preferably a psychiatrist or psychologist,
before seeking to overrule the refusal. If a patient is
incompetent, a surrogate decision maker (a person
other than the physician) should be identified.

PRENATAL DIAGNOSIS
AND WITHHOLDING OBSTETRIC
AND NEONATAL INTERVENTIONS

In nearly every delivery, the obstetrician and the neona-
tologist proceed with the assumption that every effort
should be made to preserve the life of the newborn.
A valid exception to this approach may exist when there is
a prenatal diagnosis that carries a very poor prognosis and
the physicians and the expectant parents agree that resus-
citation of the newborn should not be performed. That
decision should generally be based on an assessment of the
child’s best interests.34 A very poor prognosis may similarly
be used to decide against obstetric interventions, such as
operative delivery or electronic fetal monitoring. The
American Academy of Pediatrics Textbook of Neonatal
Resuscitation specifically cites anencephaly, trisomy 13, and
trisomy 18 as examples in which it is appropriate not to
perform resuscitation. This textbook does not exclude the
possibility of other diagnoses that warrant this approach
as well.35

A decision to withhold resuscitation requires confi-
dence in the prenatal diagnosis (typically confirmed by
serial ultrasonograms and/or chromosomal analysis) and
a willingness to change the plan in the delivery room if
physical examination of the newborn raises significant
doubt about the diagnosis. The obstetrician must be
forthright about any degree of diagnostic uncertainly
with the parents, the neonatologist, and himself or herself
when making plans for the management of labor and of
the newborn immediately after birth. The expectant parents
should be fully informed about the diagnosis, including
the possibility of error, and about the short- and long-
term consequences of the diagnosis and of various
management options.

In many circumstances, it is helpful for the expectant par-
ents to discuss the prenatal diagnosis with a neonatologist

and/or other appropriate pediatric subspecialist. Although
it is appropriate for the physicians to make a recommen-
dation, all relevant information should first be presented
to the expectant parents in an objective manner. If there are
any concerns about legality, consultation with a hospital
attorney is recommended. Consultation with a hospital
ethics committee may be helpful and reassuring to the
parents and/or the physician, and should be available,
but should not necessarily be required if parents and
clinicians are in agreement about the most appropriate
management. Nonphysician members of the clinical team
who are expected to take part in the management—
notably, obstetric or neonatal nurses—should also be
included in planning.

When a decision is reached not to provide resuscita-
tion, all efforts should be made to minimize pain and
discomfort in the newborn. Parents should be offered the
option of holding their child, and staff familiar with
bereavement support should be involved. In addition,
support from clergy should be available if the parents
desire it.

When there is uncertainty regarding the diagnosis or
the most appropriate course, aggressive obstetric manage-
ment is recommended, and neonatal resuscitation should
generally be carried out. Examination of the infant imme-
diately after birth may, in some circumstances, yield find-
ings that indicate that withholding resuscitation is
appropriate. It is generally accepted that withholding and
withdrawing a treatment are ethically equivalent, and any
treatment that could potentially improve the outcome
should not be withheld in the delivery room out of fear
that, once initiated, it cannot later be withdrawn.34 The
neonatology team, in conjunction with the parents, may
make the determination to continue or withdraw support
after more information becomes available.

DELIVERY AT THE EDGE OF VIABILITY

Preterm delivery may be necessitated by maternal illness
or injury or by fetal illness, or it may occur as a result
of premature labor, amnionitis, or incompetent cervix.
Anticipated delivery at the edge of viability, currently
22 to 24 completed weeks’ gestation, may pose a difficult
dilemma. It could be viewed as another situation in which
prognosis may be poor and the advisability of certain
obstetric interventions and/or neonatal resuscitation is
not clear. Should cesarean section or newborn resuscita-
tion be recommended at 22 weeks? At 23 weeks? Should
a woman expected to deliver at 22 weeks be moved to
a facility with neonatal intensive care capability? The obste-
trician’s approach should be based on accurate data and
on full and honest communication with the expectant
parents, typically in conjunction with a neonatologist.
The data considered should be current and relevant to
the institution where delivery will take place.

Predicted Survival

Lorenz’s review of the medical literature revealed mean
survival rates of 10% at 22 completed weeks’ gestation
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(n = 151), 28% at 23 weeks (n = 490), 51% at 24 weeks
(n = 1295), and 71% at 25 weeks (n = 1608).36 Similar results
were published by the National Institutes of Child Health
and Human Development (NICHD) Neonatal Research
Network for infants born at its 14 participating academic
medical centers, although a somewhat higher rate of sur-
vival (21%) was noted at 22 weeks. There were no survivors
among those born at less than 22 weeks’ gestation in the
NICHD study.37 Lorenz noted a wide range of reported
survival rates at the lowest gestational ages: for example,
ranging from 0% to 21% at 22 weeks. Different levels of skill
with these most fragile patients may account for some of
the variability in survival rates observed. Perhaps an even
larger influence on the data, particularly at 22 weeks, is
the varying degree of clinical aggressiveness for these new-
borns practiced at different institutions. Variability in
survival rate among different institutions for the lowest
gestational ages underscores the importance of knowing
and communicating the recent data from the relevant
institution when expectant parents are counseled.36 An
obligation of veracity would also suggest that if predicted
survival is significantly better at another available facility,
the expectant parents deserve that information as well.

The steep slope of the survival curve at 22 to 25 weeks’
gestation makes it particularly difficult to predict newborn
survival for a pending delivery. The published data are
usually based on best obstetric estimates of gestational
age for the subjects studied, and a margin of error as small
as 1 week may have had a significant impact on results.
Moreover, the exact gestational age of the specific infant
about to be delivered is also often unknown.

Resnick and Moore noted that the classical obstetric
methods of estimating gestational age, such as last men-
strual period and first trimester uterine size, are accurate
only to within 2 weeks. They also stated that a single
sonographic study at 16 to 22 weeks “affords acceptable
dating accuracy (±10 days).”38 Although it may be accept-
able in most situations, an error of ±10 days represents
a major difference in predicted outcome at the edge of
viability. Physicians often give a false sense of accuracy
when describing the gestational age, for example, as “224/7
weeks.” If that estimate were based on ultrasonograms at
16 weeks, a more appropriate description would be “21 to
24 weeks.” This margin of error reveals a predicted rate of
survival ranging from 0% to 50%! Sometimes more accu-
rate dating is available, such as after in vitro fertilization
or ultrasonography in the earliest weeks of gestation.
Planning and counseling can then be made with this greater
accuracy in mind. Because of the inherent difficulties in
determining the exact gestational age of most newborns,
many prefer to use survival data based on birth weight. Of
course, the exact weight is not available before birth, and
estimation of fetal weight from ultrasonograms has its
own inherent error.

Self-Fulfilling Prophecy

One potential pitfall in the use of survival statistics is the
creation of a self-fulfilling prophecy. In an institution in
which newborns younger than 23 weeks’ gestation are not
resuscitated or given intensive care measures, the survival

rate for this gestational age at that institution will remain
at 0%. The staff could then honestly report that “there has
never been a survivor under 23 weeks at our institution” and
withhold resuscitation on that basis, thus maintaining
a survival rate of 0% and perpetuating the rationale. This
is flawed logic, as illustrated by the fact that 0% survival
could be perpetuated among infants born at 25 weeks’
gestation and thus justify withholding support in such
infants by using the same approach.

This faulty reasoning might be employed by individual
physicians, but it could also be used by institutions or on
a much wider scale. Thus, when the chances of success of
therapy is considered, it is important to distinguish what
has not been successful at one institution from what has
not been successful anywhere and to distinguish each of
these from what has not been successful because it has
not been tried. This is not to suggest that every physician
or institution is obligated to attempt resuscitation regard-
less of the infant’s gestational age. The decision not to
attempt resuscitation in infants younger than 23 weeks,
for example, may be appropriate but cannot be justified
solely by this flawed rationale.

Long-Term Morbidity

Many authorities argue that decisions about providing
obstetric interventions or newborn resuscitation at border-
line gestational ages should also take long-term morbidity
into account. Significant problems found on follow-up
have included cerebral palsy, low scores on the Bayley
Mental and Psychomotor Developmental Indices, visual
impairment, and hearing impairment. Wood and associ-
ates studied 314 infants born at 22 to 25 completed weeks’
gestation in the United Kingdom and Ireland in 1995,
including a neurologic and developmental evaluation at
30 months.39 Of the infants born at 22 completed weeks,
there were only two survivors; one had severe disability,
and the other had no disability. Of those born at 23 to
25 weeks, “severe disability” was noted at 30 months in 23%.
Just fewer than half had no detectable disability. In Lorenz’s
review of the literature on follow-up of infants born at
22 to 26 completed weeks, 24% had “at least one major
disability.”36 The NICHD Neonatal Research Network
presented their follow-up data by birth weight rather than
gestational age, based on evaluation at 18 to 22 months of
corrected age. Approximately 60% of all newborns with
birth weight less than 800 g had at least one “major deficit”
at follow-up.40

Variation in reported morbidity may arise from differ-
ences in assessment of gestational age, in clinical proficiency,
in age and assessment tools used at follow-up, and in clini-
cal aggressiveness. For example, the NICHD study showed
an increase in neurodevelopmental morbidity associated
with grade 3 or 4 intraventricular hemorrhage; thus, a
center that is likely to withdraw support from patients
with severe hemorrhage may have a lower incidence of
neurologic morbidity among survivors. The NICHD inves-
tigators also observed an association between later neu-
rodevelopmental morbidity and other neonatal findings,
including chronic lung disease, necrotizing enterocolitis,
periventricular leukomalacia, male gender, and steroid
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therapy for chronic lung disease. Lorenz argued that these
associations are not strong enough to provide guidance
for withdrawal of support.36 Nevertheless, some clinicians
may consider these findings, particularly severe intraven-
tricular hemorrhage and widespread periventricular
leukomalacia, when discussing possible withdrawal of
intensive care measures.

Decisions under Uncertainty

Ultimately, when physicians and expectant parents consider
whether to provide interventions such as cesarean section or
newborn resuscitation at the edge of viability, the decision is
often made in the setting of uncertainty that exists on many
levels. There may be uncertainty regarding the exact gesta-
tional age of the fetus. Even if the exact gestational age is
known, despite ample statistical data, it would generally not
be clear how an individual newborn would fare.

An additional layer of uncertainty exists surrounding
the infant’s best interest. It has been recommended that
decisions regarding withholding or withdrawing support
be based on the best interest of the patient.34 Is it in the
child’s best interest to actively resuscitate at 23 weeks?
Does the benefit of potential survival outweigh the burden
of invasive procedures, prolonged intensive care, and a
probable poor outcome? The answer may be far from clear,
and an assessment of best interest ultimately becomes
more of a value judgment than a medical one. Finally,
although most physicians and medical ethicists recognize
the patient’s best interest standard, there exists some dis-
agreement about that standard itself. It has been argued
that the benefits and burdens to family members should
also be considered in the decision-making process.41,42

Recommendations

ACOG has acknowledged that it may be appropriate to
withhold support from certain newborns with extremely
low birth weight, placing particular emphasis on parents’
preferences.43 The American Academy of Pediatrics has
similarly emphasized the central role of parents, as well as
the physician’s responsibility to be certain that the parents
are well informed and competent to decide. The physician
should generally defer to the wishes of the parents, unless
their preferences clearly conflict with the best interests of
the child or they are requesting a therapy that the physi-
cian believes cannot benefit the patient.34,44,45 An example
of the latter would be a request to resuscitate a newborn
that was clearly previable. The American Academy of
Pediatrics Textbook of Neonatal Resuscitation suggests that
withholding resuscitation is appropriate for newborns
with a confirmed gestational age of less than 23 weeks or
a birth weight of less than 400 g.35 This recommendation,
however, does not prohibit attempted resuscitation in
infants younger than 23 weeks, nor does it preclude with-
holding resuscitation from slightly larger or more mature
newborns (e.g., those weighing less than 600 g or aged
younger than 24 weeks) if informed parents so request.

A large survey of neonatologists in the United States
indicated support for parental decisions for infants at

borderline gestational ages. Most neonatologists believed
that parents have a right to demand that aggressive resus-
citation be provided to a newborn weighing less than 600 g
with a fair prognosis. A majority also believed that parents
have a right to demand that aggressive resuscitation
be withheld in the same situation.46 Ultimately, 22 to 24
completed weeks of gestation may be perceived as an area
of ethical uncertainty, wherein the predicted survival,
long-term morbidity, and balance of benefits and burdens
to the patient are unclear. The physicians should provide
medical information and data in an objective and thorough
manner. It is also appropriate to provide an opinion and
recommendations regarding obstetric intervention and
newborn resuscitation, but within this area of uncertainty,
the wishes of competent, well-informed parents should
prevail.47

It is strongly recommended that delivery of a newborn
of borderline viable gestational age take place in a setting
in which neonatology support is immediately available
and that planning for obstetric interventions and newborn
resuscitation be made in concert with the neonatologist.
It is reasonable to advise parents that the agreed-upon
plan might be altered in the delivery room once the child
is born, on the basis of size, apparent maturity, and
response to resuscitation, if the newborn appears to be
much different than anticipated. However, there are no
data to suggest that neonatologists can accurately deter-
mine gestational age in this range, or that presentation or
initial response to resuscitation is predictive of long-term
outcome.48

In the event that time does not permit the parents to
provide an informed opinion regarding resuscitation,
aggressive care should be provided until it is clear that the
child cannot survive or until the parents have been ade-
quately informed and have requested that intensive care
measures be withdrawn.

CONFLICT RESOLUTION AND THREE
PRACTICAL GUIDELINES

Much of the ethics literature, including this chapter, may
be helpful to the obstetrician who finds himself or herself
in conflict with the requests or demands of the pregnant
patient. An analysis of the situation and the search for the
best course of action may be guided by an understanding
of the principles of medical ethics described previously.
Alternatively, some ethicists have rejected this “princi-
plism” in favor of other theories. There are many theories,
principles, or approaches that the ethicist may endorse,
but ultimately it is the physician who is left with the
responsibility of finding an acceptable solution to the
specific conflict at hand. Toward that end, three practical
guidelines are provided.

The first guideline is to avoid acting alone. A physician
in conflict with a patient or other caregivers over the morally
acceptable course of action should, at the very least, seek
the opinion of a respected colleague. Moreover, consulta-
tion with the hospital ethics committee should be
strongly considered when the obstetrician is faced with
ongoing conflict. That committee, which ideally includes
physicians, nurses, clergy, and others, may provide valuable
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objective insight. They may also help construct a compro-
mise proposal that is acceptable to all parties involved.
In some situations, other resources, such as a hospital
attorney or the courts, may be an appropriate source of
help. The essence of the guideline is that, except perhaps
in rare emergencies in which no help is available, a physi-
cian should not take unilateral action in the presence
of conflict but rather should seek the counsel of other
appropriate individuals.

The second practical guideline is for the physician to
be open to the possibility that he or she is wrong. When
the obstetrician seeks the advice of a colleague or the ethics
committee, he or she should not do so just to have “covered
that base,” although in retrospect the physician’s justifi-
cation of his or her actions might well be aided by having
done so. Rather, he or she should do so while mindful of
the possibility that the other viewpoint, on further reflec-
tion, is in fact valid and that it may be morally acceptable
to yield.

The third practical guideline is to remember that many
conflicts, or what are perceived as “ethical dilemmas,”
require no special intervention from outside the physician-
patient relationship but, rather, can be resolved through
the use of compassion and communication. Often a con-
sideration of the emotional state of the patient and/or
family may make it most appropriate for the physician to
yield. Moreover, many (perhaps most) conflicts brought
to the attention of hospital ethics committees can be
resolved simply by facilitating better communication
among the parties involved. That communication remains
one of the physician’s central responsibilities.
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1212
EMERGENCY MANAGEMENT
OF THE OBSTETRIC PATIENT
D e b r a  H o u r y  a n d  J e a n  T.  A b b o t t

Emergency care of the pregnant patient involves recogni-
tion of the needs of two organisms: mother and fetus.

In general, optimizing maternal physiology results in
optimal outcome for the fetus. This is true for medical
cardiopulmonary resuscitation (CPR), resuscitation from
traumatic injury, and acute surgical or toxicologic emer-
gencies. Physiologic changes in pregnancy, however, change
some aspects of emergency assessment of the mother and
some of the resuscitation needs of both mother and fetus.
This chapter reviews general and specific aspects of maternal
resuscitation in the context of pregnancy.

PHYSIOLOGIC CHANGES THAT ALTER
RESUSCITATION IN PREGNANCY

Pregnancy is a hypermetabolic state characterized by a
hyperdynamic, low-resistance cardiovascular profile and
respiratory alkalosis. In spite of an expanded plasma vol-
ume and anemia, hypercoagulability is present. The uterus
grows to use one fourth to one third of the maternal
cardiac output, and its physical mass distorts abdominal
anatomy, decreases residual volume, and compresses venous
return. The important changes that affect resuscitation
are listed in Table 12–1. In the critically ill pregnant woman,
airway and ventilatory control should be maintained
aggressively and cardiovascular volume must be supported
because disproportionate fetal sequelae of metabolic
derangements and decreased maternal reserve can occur.

MEDICAL CARDIOPULMONARY
COLLAPSE IN PREGNANCY

Cardiopulmonary arrest occurs infrequently in pregnancy.
Maternal cardiac arrest is most often related to events
that occur at time of delivery (i.e., eclampsia, amniotic
fluid embolus, iatrogenic drug toxicity) or as a result of
physiologic changes (i.e., cardiomyopathy).1 In patients in
whom resuscitation is possible, the outcome is clearly

time dependent. The clinician caring for the obstetric
woman with cardiac arrest must therefore have a preplanned
approach that ensures the following:

1. Basic life support algorithms and a management
plan based on primary rhythm disturbance (advanced
cardiopulmonary life support [ACLS]).

2. Consideration of the potential reversible etiologies for
the cardiac arrest.

3. Rescue of the fetus if maternal resuscitation fails but
fetal survival is possible.

Principles of Basic and Advanced
Life Support

Basic life support and ACLS are based primarily on rec-
ommendations and cardiac rhythm algorithms published

Uteroplacental vasoconstriction in response to hypercarbia and
hypoxia

Increased minute ventilation and decreased lung residual volume
Normal PCO2 of 30 to 32 mm Hg with physiologic “hyperventilation”
Expanded plasma volume and physiologic anemia
Hypercoagulability: increased levels of multiple coagulation factors

and fibrinogen
Lack of autoregulation of uterine blood flow in response to changing

maternal blood pressures
Obstruction of venous return in the supine position after 20 weeks’

pregnancy
Uterine vasoconstriction in response to α-adrenergic stimulation and

maternal hypovolemia
Impaired fetal carbon dioxide excretion with maternal hypercarbia
Generalized smooth muscle relaxation and increased abdominal

pressure with risk of aspiration

Data derived from Buchsbaum14; Lee et al56; Neufeld et al57; Nolan et al58;
Patterson59; Pearlman et al32; and Satin et al.5
PCO2, partial pressure of carbon dioxide.

TABLE 12–1 Physiologic Changes That Affect
Resuscitation in Pregnancy
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and updated periodically by the American Heart Association.
The current recommendations are based on consen-
sus statements published by the AHA in 20002 and a
review of modifications, particularly in pregnancy.1

The cornerstones of resuscitation consist of the follow-
ing factors: early institution of CPR, rapid identification
and electrical conversion of ventricular fibrillation (VF),
early intubation and establishment of effective ventila-
tion, and use of epinephrine to restore coronary perfusion
pressure (Fig. 12–1). In pregnancy, reversible causes of
cardiac arrest should be sought early because these may be
more common than in the general population1 and the
majority of successes (particularly if initial defibrilla-
tion efforts are not successful) come from this group
of patients with secondary cardiac arrest. Only the spe-
cial considerations of resuscitation in pregnancy are
reviewed here.

Early Cardiopulmonary Resuscitation

Institution of rescuer ventilation and closed cardiac mas-
sage results in improved survival rates in out-of-hospital
cardiac arrests when initiated within 4 minutes. Optimal
CPR techniques generate a maximum of only 30% of nor-
mal cardiac output and therefore should be immediately
followed by further methods of restoring effective cardiac
output. In the operating room, open cardiac massage can
generate a more satisfactory cardiac output and may
therefore be preferable.2,3

Uterine compression of the inferior vena cava in the sec-
ond half of pregnancy can decrease cardiac output by 20%
to 30% in the supine position, in which women are placed
during standard resuscitation and CPR. This may be even
more critical in the low-flow states that accompany critical
illness, and impaired venous return to the heart may either
precipitate cardiac arrest or prevent restoration of effective
circulation in established cardiac arrest.4 CPR in the second
half of pregnancy should therefore be modified to displace
the uterus off the inferior vena cava by one of the following
methods: manual displacement of the uterus to the left of
the midline by the rescuer, tilting of the patient to the left
by at least 15 degrees on a secure backboard, wedging of
the patient’s trunk and pelvis, or use of the Cardiff tilt
table. Performance of CPR at an angle of at least 15 degrees
diminishes the effectiveness of CPR and increases rescuer
effort but has been shown to minimize supine hypotensive
changes.5

Early Defibrillation

The most successful outcome from adult cardiac arrest
in the general population occurs with identification of
VF and rapid defibrillation.6 VF is probably a less common
initial rhythm in the pregnant patient, because secondary
causes of arrest may be more common than sudden primary
cardiac events. However, defibrillation of VF is the highest
priority of advanced life support when VF is identified,
taking precedence in the monitored in-hospital patient

Figure 12–1. Cardiopulmonary arrest in pregnancy. ACLS, advanced cardiopulmonary life support; BVM, bronchovascular markings; CPR,
cardiopulmonary resuscitation; EMD, esophageal motility disorder; IV, intravenous; NS, normal saline; W, watts.

*For doses and specific details, see text reference AHA, 2000.2

*Defibrillate:
200 W/sec, 300 W/sec, 360 W/sec

Ventricular fibrillation

• 1-5 mg Epinephrine IV
• Defibrillation 360 W/sec
• Further ACLS drugs
  and protocols

Ventricular fibrillation

CPR

Asystole or EMD

dissociation

• 500 mL NS bolus
• Consider reversible
  causes and perform
  appropriate interventions

Electromechanical

Consider cesarean section > 24 wks

Apnea

Open airway

2 Slow deep breaths
(mouth-to-mouth or BVM)

Pulseless

Apply cardiac monitor

Asystole

• Check leads and monitor

• Epinephrine, atropine IV

*Intubate, oxygenate, ventilate
*Position on left side
*Continue CPR
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over even airway management and initiation of CPR.6
Physiologic changes during pregnancy may affect
transthoracic impedance, but no studies have found a sig-
nificant difference in the “dose” required for effective
defibrillation.7

The safety of direct current electric shock to the
fetus has been demonstrated in several series of case
reports. In cases in which maternal defibrillation at 200 to
300 W/ second has been accompanied by fetal monitoring,
neither disruption of the fetal rhythm nor stimulation of
uterine contractions has been reported.8 Fetal monitoring is
desirable during countershock, although it often is not pos-
sible in an arrest situation. It is currently believed that the
fetus is protected because the direct energy received is small
and that fetal hearts have a high fibrillatory threshold.9

Early Establishment of Airway and Ventilation

In all patients in cardiac arrest, inadequate ventilation
is the major cause of acidosis, particularly in the first
10 minutes of resuscitation. Therefore, early normalization
of respiratory function is a priority. Because the risk of
aspiration is increased as a result of gastroesophageal
sphincter relaxation and decreased lower gastrointestinal
motility, intubation should be performed early in the
affected pregnant patient. Maternal hypoxia and hyper-
carbia are disproportionately reflected in decreased fetal
blood flow, fetal acidosis, and hypoxia.

Medications to Restore Circulation and Coronary
Perfusion Pressure

Epinephrine has remained a useful vasoactive drug in car-
diac resuscitation, probably because of its α-sympathetic
effect of increasing arterial pressure and creating a perfu-
sion gradient across the coronary vascular bed. In addition,
vasopressin was added to ACLS protocols as a treatment
for ventricular fibrillation.2 Vasopressin is a class B drug
that directly stimulates smooth muscle receptors, resulting

in vasoconstriction. Establishment of at least a 30–mm Hg
gradient for coronary perfusion pressure is currently the
best predictor of successful resuscitation from cardiac
arrest.6 Although theoretical concerns might make the clini-
cian hesitate to administer drugs that will cause uterine
vasoconstriction, this should not be a consideration in the
pregnant patient in cardiac arrest. The best hope for fetal
survival is restoration of spontaneous maternal circulation.6

Discovery and Treatment of Reversible Causes
of Cardiac Arrest

In pregnancy, several secondary causes of cardiac arrest
need to be rapidly identified and addressed. The most
common of these are listed in Table 12–2. Clues to the
presence of a reversible cause include the clinical setting
and the presence of a pulseless organized electric rhythm
(pulseless electrical activity).6 In cardiac arrest, time con-
straints mandate that interventions, such as intravenous
(IV) fluids or chest decompression, be performed rapidly
if these causes are suspected, without the luxury of time-
consuming diagnostic studies.

Perimortem Cesarean Section

Basic management during the first minutes of cardiac
arrest is outlined in Figure 12–1. If VF is not present or
cannot be converted to an organized rhythm, CPR should
be started with the uterus at a 15-degree tilt to the left, if
the pregnancy is at least 24 weeks along. Intubation, oxy-
genation, and ventilatory support are performed, and
a fluid bolus may be indicated if hypovolemia is suspected.
If this fails to restore maternal circulation, emergency
cesarean section is suggested in the woman with a fetus of
more than 24 weeks’ gestation, to maximize survival of
both the mother and the fetus.1,10 Fetal survival is optimal
when delivery is performed within 5 to 10 minutes of the
cardiac arrest, although cases with normal fetal outcome
have been reported after prolonged resuscitations.4,11

Cause Setting Intervention

Pulmonary embolus Late pregnancy Oxygen, CPR
Peripartum Consideration of thrombolytics
Hypoxia, cyanosis, respiratory distress

Amniotic fluid embolus Labor Inotropic support
Uterine evacuation or procedure Coagulation factor replacement

Hypovolemia External blood loss Fluid bolus: 500-1000 mL NS or RL
Suspected abruptio placentae Coagulation factor support
GI bleeding; ruptured liver, spleen, or other

bleeding source
Anaphylaxis Anesthetic or IV pharmacologic agents Fluid bolus: 500-1000 mL NS or RL

Radiographic dye procedures IV epinephrine
Tension pneumothorax Intubation, positive-pressure ventilation Chest decompression
Pericardial tamponade Chronic renal failure, TB Fluid bolus, 500 mL NS or RL

Needle aspiration of pericardium
Sepsis Infection: pyelonephritis; pelvic, septic emboli Oxygen, CPR, bicarbonate
Primary respiratory failure Magnesium toxicity; pulmonary infection or Positive-pressure ventilatory support

emboli or congestive heart failure
Seizure, eclampsia, intracranial bleeding Suctioning, hyperventilation

CPR, cardiopulmonary resuscitation; GI, gastrointestinal; IV, intravenous; NS, normal saline; RL, Ringer’s lactated solution; TB, tuberculosis.

TABLE 12–2 Potentially Reversible Causes of Cardiopulmonary Arrest in Pregnancy
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Other Rhythms and Drugs in Cardiac Arrest
in Pregnancy

Asystole

Asystole is an ominous rhythm from which resuscitation is
uncommon. It is often the end result of prolonged cardiac
ischemia. Mechanical difficulties, such as disconnected
leads, should always be considered. The monitor gain
should be turned up, and leads should be changed by
90 degrees to detect the rare fine VF that appears to be
asystolic. Initial management includes CPR, airway con-
trol, and use of epinephrine and atropine to restore cardiac
activity.

Cardiac Resuscitation Drugs

The majority of standard ACLS pharmaceutical agents,
including atropine and lidocaine, are safe in pregnancy.12

Amiodarone has been linked with fetal/neonatal hypothy-
roidism and thus should be used only in life-threatening
situations.13 All medications should be used according to
standard ACLS protocols. Dosages may need to be increased
because maternal blood volume in late pregnancy is
increased. Per-kilogram dosages usually allow adequate
drug levels, at least as these are currently known. In the
intubated patient, epinephrine, diazepam, and lidocaine
may be given (usually in double dosages) through the
endotracheal tube if IV access has not been established.2

Sodium Bicarbonate

Sodium bicarbonate usage in cardiac resuscitation has
been increasingly discouraged for several reasons, includ-
ing the following: (1) The major cause of acidosis in the
first 15 minutes of a cardiac arrest is respiratory; (2) the
ability to resuscitate is poorly correlated with bicarbonate
administration, even in the presence of a low serum pH;
and (3) serum alkalinization is associated with a paradoxic
brain acidosis as carbon dioxide rapidly crosses the blood-
brain barrier but the bicarbonate ion diffuses poorly.2 In
pregnancy the fetal circulation, likewise affected by a blood-
membrane barrier, experiences a similar paradoxic increase
in acidosis with sodium bicarbonate administration. Thus,
ventilation should be the mainstay of management for
metabolic and respiratory acidosis in the pregnant patient
in cardiac arrest, and bicarbonate therapy should only be
used in specific situations. Current indications for sodium
bicarbonate use are cardiac arrest caused by hyperkalemia
(from renal failure or iatrogenic), cyclic antidepressant
overdose, and preexistent metabolic acidosis, as from sepsis
or drug ingestion (methanol, ethanol, salicylates).2,5

Treatment of Nonarrest Cardiac
Rhythm Disturbances

Supraventricular Tachycardias

Paroxysmal tachycardias of supraventricular origin (PSVTs)
are not uncommon in young women, and their frequency
may increase with the stress of pregnancy. Management of
the patient with PSVT depends on the cardiovascular

stability of the mother. Rapid conversion is often a greater
priority in pregnancy, because the fetus is particularly sen-
sitive to decreases in maternal cardiac output. Placental
blood flow may decrease 20% in the presence of normal
maternal blood pressure, as the uterine vasculature has no
ability to autoregulate and maintain perfusion pressure
in the presence of decreases in cardiac output.14 In the
treatment of PSVTs, care should always be taken to
exclude sinus tachycardia, which is a secondary rhythm
necessitating management of the following underlying
conditions: sepsis, hypovolemia, hypoxia, pain, pulmonary
embolus, or congestive failure. Sinus tachycardia rarely
exceeds a rate of 180 bpm, and is characterized by gradual
rate changes over time. For the patient with primary
PSVT, the following treatments should be considered:

1. Cardioversion has been reported to be safe for the fetus
and effective in pregnancy.9,15 Usual “doses” for PSVTs
start at 50 W/second, with the defibrillator in the “syn-
chronized” mode. If no conversion occurs, rates can be
increased in increments of 50 to 100 W/second to the
maximum of the unit. If transient conversion occurs,
higher electricity levels should not be used, but med-
ications may be necessary to maintain the converted
rhythm. Cardioversion is the first line of treatment
in the unstable woman with impaired cardiac output
secondary to PSVT.2,15

2. Adenosine is the treatment of choice for the stable
patient with a narrow-complex tachycardia. A direct
vagal-receptor stimulator with an onset of action of 10 to
20 seconds and a duration of effect of 30 to 60 seconds,
adenosine is ideal, even in the patient with some measure
of hypotension: 6 mg should be rapidly given intra-
venously. If that dose is not effective, 12 mg are given.
Patients frequently experience a transient wave of
flushing or warmth; only reassurance is necessary for
it. Adenosine does not affect the fetal heart rate and is
well tolerated in pregnancy.12

3. In general, verapamil has become a second-line drug
because of its longer duration of action and hypoten-
sive calcium channel blocker effects. Although no
adverse outcomes have been reported in pregnancy,
fetal bradycardia has been reported.16

Wide-Complex Tachycardias

Wide-complex tachycardias, which are much rarer in young
patients, can be caused either by ventricular tachycardia or
by supraventricular tachycardia with aberrant rate-related
conduction. Often the two cannot be differentiated.
Treatment is, again, dependent on maternal cardiovascular
status: In the pulseless patient, the treatment is defibrilla-
tion as with VF. In the unstable patient, synchronized car-
dioversion is used, as described previously. In the stable
patient, a trial of lidocaine (1 mg/kg), amiodarone (150 mg
in an IV bolus over 10 minutes), or IV procainamide is
recommended. If these fail, sedation and synchronized
cardioversion can be used in the awake patient.2,12

Bradycardias

Bradycardia is defined as a pulse less than 60 bpm. Although
sometimes normal in healthy nonpregnant adults, slow
rates are particularly poorly tolerated in pregnancy, in
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which resting pulse rates are more commonly in the range
of 90 to 100 bpm. Sinus bradycardias and even asystole may
occur while patients undergo instrumentation, when over-
stimulation of vagal pathways through pain or visceral
organ manipulation occurs. Bradycardia rates less than
60 bpm in pregnancy should be treated if associated with
hypotension (systolic blood pressure <80 mm Hg or less
than the patient’s known normal level), fetal distress, or
other signs of hypoperfusion. Treatment in patients with
a pulse is IV atropine in 0.5-mg increments every 5 minutes,
to a total of 3 mg. In pulseless bradyarrhythmias, 1 mg
intravenously is used. Pacing, with a transcutaneous pacer,
may be necessary, particularly in the peripartum patient
with significant myocardial or conduction system disease.

ASSESSMENT AND MANAGEMENT OF
THE PREGNANT TRAUMA PATIENT

Physiology and Response to Hypovolemia

Injury is currently the leading cause of death in women of
reproductive age and is a leading cause of maternal mortality
in several urban series. Homicide accounts for the majority of
fatalities; motor vehicle accidents, suicides, and intentional
assault injury account for the rest.17,18

The same physiologic changes in pregnancy that are seen
in medical cardiopulmonary arrest confound assessment in
the pregnant trauma victim. The capacities of the maternal
respiratory and circulatory systems to respond to injury
are impaired (see Table 12–1). Also of importance in trauma
is that abdominal anatomy is distorted. The diaphragm is
higher, and the location of the bowel shifts as the uterus dis-
places structures into the upper abdomen. The uterus itself
becomes the leading target for anterior abdominal forces
beyond the first trimester. In addition, peritoneal bleeding is
less likely to cause the nonpregnant response of guarding,
tenderness, and rigidity, because the abdominal muscles are
stretched and the anterior peritoneum and abdominal wall
are distanced from organs such as the liver and spleen.19

Hypovolemia is a common consequence of blunt or
penetrating injury. The fetus is not protected from mater-
nal blood loss, because autoregulation of uterine perfu-
sion does not occur. Confounding the problem is the
vasoconstrictive effect of maternal hypoxia, acidosis, and
sympathetic stimulation (α-adrenergic) often seen in
hypovolemic shock.14,20 Maternal vital signs can remain
normal until up to 30% of blood volume is lost; the fetus,
however, may have markedly impaired perfusion.
Resuscitation of the pregnant trauma victim in the sec-
ond half of pregnancy is also impaired by the effects of
prolonged supine positioning on venous return. Supine
hypotension is a clear danger in the gravid patient who
requires immobilization for potential spinal injury, and
such danger may be accentuated in the setting of
decreased blood volume.

Fetal and Maternal Injury in Blunt Trauma

Both the mother and the fetus are susceptible to lethal
injury in assaults, falls, and motor vehicle accidents.

Mortality in pregnant women, as in nonpregnant blunt
trauma, is most commonly caused by uncontrolled hem-
orrhage or head injury, and this risk is probably not
altered in pregnancy.

The most common cause of fetal death is maternal death
or sustained hypotension.19,21 Other causes of fetal death
include direct uterine trauma, hypoxia, pelvic fracture, and
severe head injury. One study found that a maternal injury
severity score of 25 or higher was correlated with at least
50% fetal mortality.22 However, correlation of fetal outcome
with the severity of maternal injuries is not entirely pre-
dictable, and the fetus may survive after severe maternal
insult, or it may die after relatively minor maternal injury.23

In the trauma victim without fatal injuries, the most
common mechanism of fetal death is abruptio placentae.22

Forces on the gravid uterus can result from assault, falls,
impact with the steering wheel, or ejection from a vehicle.
The likelihood of uterine trauma increases as the size and
prominence of the uterus increase. It is thought that
frontal impact and rapid distortion of the uterine shape
causes shear forces between the elastic uterus and the
nonelastic placenta, resulting in separation. Whereas
abruptio placentae is seen in only a small percentage of
minor injuries in pregnant women, the incidence is as
high as 50% in major injuries.24 Fetal death most often
occurs rapidly, particularly if a large percentage of the pla-
centa is involved.19 Delayed fetal distress and death can
also occur from placental abruption, even with injuries
that are minor.22 In such cases, vaginal bleeding, amniotic
fluid leakage, and abdominal contractions are less common
than abnormal fetal heart tracings as early warning signs
of abruption.25

Uterine rupture is rare and occurs in 1% or fewer cases
of severe trauma. It almost always results in fetal death.
Rupture is usually associated with severe frontal abdominal
trauma; it is more common with pelvis fractures and with
increased gestational age. Direct injury to the fetus may
also occur during trauma. Although more common with
penetrating injury, blunt injury has also been associated
with fractures and head injury in the fetus. Such injuries
are more common as the fetus approaches term and the
head becomes engaged within the pelvis. Associated
maternal pelvis fractures are commonly present.18

Approach to the Blunt Trauma Patient

Maternal Resuscitation

Aggressive maternal resuscitation provides the best
assurance of fetal well-being, both because the best fetal
environment is a physiologic maternal one and because
the fetus is frequently affected disproportionately by mater-
nal injury. The principles of blunt trauma resuscitation
have been well outlined in more specific references.19,26

Primary assessment and resuscitation of the mother con-
sist of ensuring a patent airway (while keeping the cervical
spine immobilized), assessment and control of breathing if
needed to ensure adequate oxygenation and acid-base bal-
ance, followed by control of bleeding and restoration of
adequate circulation. These principles apply in pregnancy
to an equal if not greater extent because the fetus may be the
first to become impaired if there is inadequate oxygenation
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or hypovolemia. After 20 weeks of pregnancy, the patient
should be tilted onto her left side, either with a 15-degree
wedge under the right side of the backboard or by support-
ing the right hip and pelvis, to protect against the effects of
supine hypotension.26

Monitoring the Fetus

In the patient pregnant more than 24 to 26 weeks, evaluation
of the fetus should be added to the primary assessment of
the injured patient, because emergency surgical inter-
vention (a “D” for delivery to add to the initial “ABCs” of
resuscitation) may be necessary to save the fetus. Although
auscultation of the fetus can sometimes be managed,
both cardiotocographic monitoring and bedside sonogra-
phy are usually necessary to accurately diagnose fetal
death or distress, particularly in the setting of a multiply
injured patient with hypovolemia undergoing major
resuscitation.27,28 The fetal heart rate is moderately accu-
rate as an indicator of fetal health. However, decreases in
baseline variability are more sensitive markers and neces-
sitate continuous monitoring.21,23 Two indications for
emergency cesarean section have been described. The first
is a distressed but live fetus if abruptio placentae or uter-
ine rupture is suspected. The second is a moribund
mother who does not respond to initial primary interven-
tions of trauma resuscitation. As in a medical cardiac
arrest, delivery may allow not only fetal rescue but also
restoration of maternal venous return. Perimortem
cesarean section in the trauma resuscitation room has
been suggested in such circumstances, although only rare
case reports of successful fetal and maternal resuscitation
in trauma exist.29

Secondary Assessment and Management
of the Pregnant Woman

After initial stabilization of the mother, a complete
assessment for injuries is sought, because multiple and
often occult injuries are common in blunt trauma.
Hypovolemia and head injury are the most common
causes of death. Radiographs of the cervical spine are
standard to rule out cervical spine fracture. Chest and
pelvis radiographs are indicated in the significantly
injured patient and should never be withheld because of
fetal risk if they are indicated. When the beam edge is
more than 10 cm from the fetus, radiation exposure is
negligible.30 Lead shielding can also be used to protect the
fetus from unnecessary exposure. Thoracic and lumbar
films should be taken if the physical examination or
symptoms dictate, because half of all spinal injuries in
blunt trauma occur below the cervical vertebrae.

In the hypovolemic trauma patient, the location of
internal bleeding must be sought aggressively at the same
time as crystalloid and blood are being used to replace
losses. The common sites of occult blood loss include the
chest cavity, peritoneum, retroperitoneum, pelvis, and
femur fractures. In pregnancy, uterine bleeding from
abruptio placentae may also be occult but significant.
Plain radiographic diagnosis of long bone fractures, pelvic
fractures, and intrathoracic injuries can be made rapidly.
Emergency laparotomy may be the diagnostic procedure

of choice in the critically injured patient with blunt
abdominal trauma and hypovolemic shock, but more
commonly peritoneal lavage, computed tomography
(CT), or ultrasonography are first used to detect intra-
abdominal sources of bleeding. Successful peritoneal
lavage has been reported even in the third trimester with
an open, supraumbilical approach. Sensitivity ranges
from 80% to 90%, equivalent to that in the nonpregnant
woman.31 Because of the oversensitivity and lack of speci-
ficity of a positive lavage for injuries necessitating
laparatomy, CT of the abdomen is usually preferred in the
stable patient.32 An added advantage of CT is the ability to
determine the extent of solid organ injuries and to assess
the retroperitoneum, the other potential source of occult
blood loss. Fetal radiation dosage with abdominal CT and
a modern scanner is on the order of 5 to 10 rad.29

Ultrasonography has also been reported as a newer
method of assessment of intraperitoneal bleeding in
trauma, and it is particularly suitable for pregnancy,
because fetal assessment can be done concomitantly with
no radiation exposure to the fetus. Ultrasonography has
been reported to have a sensitivity of 83% and a specificity
of 98% for detecting intraperitoneal fluid in pregnant
patients who have suffered blunt abdominal trauma.33

Initial laboratory tests in major trauma include
complete blood cell count, blood typing and crossing,
baseline hepatic and renal function studies, toxicology
studies as indicated, and a Kleihauer-Betke smear to detect
large-volume fetomaternal transfusion.26 Coagulation
studies, including fibrinogen and fibrin split product
levels, should be performed if abruptio placentae is
suspected, because this may trigger disseminated intravas-
cular coagulation. Baseline fibrinogen levels in the third
trimester are normally 400 to 500 mg/dL. Levels less than
300 mg/dL are abnormal, and levels less than 150 mg/dL
are associated with significant coagulopathy.14,19

Cardiotocographic monitoring should be an integral
part of the early and ongoing evaluation of the fetus older
than 20 weeks’ gestation after maternal trauma. Early
auscultation for abnormal fetal heart rate is useful as a
screening procedure; abnormal rates may be present with
maternal shock, abruptio placentae, uterine rupture, or
direct fetal injury. Cardiotocographic monitoring allows
early recognition of fetal distress and response to volume
therapy and can also detect uterine irritability or contrac-
tions. Monitoring should be continued for at least 4 to
6 hours if significant abdominal forces have occurred.
Abnormal fetal heart rates and loss of beat-to-beat vari-
ability are believed to be the most sensitive clues to occult
abruptio placentae.25,27,34

Bedside sonography can be useful to detect fetal heart
activity that often cannot be readily heard with simple
auscultation in a busy resuscitation room, as well as uterine
rupture, gestational age, and amniotic fluid volume.28

Sensitivity for recognizing placental abruption is only fair,
but when a separation is seen, sonography is useful for
monitoring subchorionic clots to see whether they are stable
or expanding.21

Several other complications of blunt trauma should
be anticipated. Uterine contractions are probably the
most common consequence of trauma in pregnancy and
developed in 5% of women with nonadmissible injuries
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in one series.35 These usually stop spontaneously but may
be an early indicator of abruptio placentae. The role of
tocolytic agents is uncertain.19,21

Fetomaternal transfusion is also a risk after blunt
abdominal trauma. Although it occurs spontaneously in
normal pregnancies, fetomaternal transfusion occurs more
frequently after trauma, particularly to the abdomen. In
one prospective series, 30% of women with significant
abdominal trauma had evidence of fetal cells in the mater-
nal circulation, with a 6% control rate.36 In another series
of patients with dischargeable injuries, a 9% incidence of
fetomaternal hemorrhage occurred.34 The Kleihauer-Betke
test has been used to detect fetal hemorrhage into the
maternal circulation, but its sensitivity is much less than
the volume of fetal cells necessary to sensitize an
Rh-negative mother with an Rh-positive fetus.34 As few as
0.01 mL of fetal red blood cells can trigger a maternal
immune response; therefore, it has been recommended
that RhO(D) immune globulin (RhoGAM), 300 μg, be
given to all Rh-negative mothers without antibodies, and
whose fetuses have no known Rh-negative father, who
sustain abdominal trauma. The Kleihauer-Betke assay can
be used to detect the rare instances of massive fetomater-
nal transfusion that may result in fetal anemia. The dose
of RhO(D) immune globulin may need to be increased if
large-volume transfusion is detected in an Rh-negative
mother (300 μg/30 mL of fetal whole blood).32,34

One of the most difficult questions in maternal trauma
management is how to predict and anticipate the risk to
the fetus in mothers who are uninjured or who have minor
injuries. Several series have emphasized that fetal death,
usually from placental abruption, can occur with minor
injury to the mother.25,34 Although isolated case reports
have indicated that fetal death can occur several days after
blunt trauma, prospective studies have determined that
signs of fetal distress are usually immediate. For the fetus
that initially appears healthy, frequent uterine activity
(more than eight contractions per hour) in the first 4 to
6 hours is a sensitive if nonspecific predictor of later fetal
complications and mandates a longer period of monitor-
ing.24,32,34 In the mother who is admitted for other indica-
tions or in whom cardiotocographic abnormalities are seen,
monitoring should be continued until contractions are
resolved and abruptio placentae has been ruled out.21,27,34

Pregnant patients involved in motorcycle or pedestrian
collisions or patients with absent fetal heart tones or a fetal
heart rate of less than 120 bpm or more than 160 bpm have
an increased risk of fetal demise.27

Prevention of maternal and fetal injury is always impor-
tant for primary care providers such as obstetricians.
Women should be encouraged to wear three-point restraint
systems. A significant percentage of women never use seat
belts in pregnancy, many because they are uncomfortable
or afraid of causing injury.37 As with nonpregnant trauma
victims, seat belts prevent ejection from a motor vehicle.
Their use is associated with a fivefold decrease in mortal-
ity for both the mother and fetus. Seat belts should always
be worn snugly, with the lap portion against the anterior
iliac crests and with the shoulder strap above the uterine
fundus.38 Reports of air bag deployment in pregnancy have
not shown risk to the fetus.39 In the general population,
driver fatalities are decreased overall in vehicles with air

bags by about 28% in frontal crashes over fatality rates in
vehicles with manual belts only.40 Frontal impact of the
gravid uterus against the steering wheel is a significant risk
to the unbelted pregnant driver; thus, air bags have the
potential to decrease the risk of abruption and fetal injury.

Other Traumatic Injuries in Pregnancy

Penetrating Trauma

Protocols for managing penetrating abdominal trauma in
the general population have evolved since the mid-1990s.
Exploration by radiography or examination is mandated
by maternal instability, gunshot wound with penetration
of the peritoneal cavity, evisceration, or signs of peritoneal
irritation. In the stable patient, stab wounds are explored
locally, as are gunshot wounds that do not appear to pen-
etrate the peritoneum, and peritoneal lavage is performed
on all wounds whose extent cannot be ascertained or that
penetrate the peritoneum.

In pregnancy, the uterus is more often involved in pen-
etrating trauma, and the viscera are relatively protected,
particularly in late pregnancy. Fetal mortality rates
approach 50% in some penetrating trauma series, whereas
the incidence of maternal visceral injury is only 20% in
gunshot wounds when penetrating trauma occurs below
the uterine fundus.41 Because of the low incidence of vis-
ceral injury necessitating repair, observation alone has
been recommended in anterior penetrating abdominal
trauma below the uterine fundus, if the fetus does not
appear compromised or is dead (because spontaneous
delivery can be anticipated).41 Even when fetal injury is
suspected, survival is more likely in the premature fetus,
unless fetal distress is seen. Exploratory laparotomy is still
recommended if the mother is unstable, if injury is above
the fundus, or if there is evidence of maternal visceral
injury. Even when laparotomy is indicated, hysterotomy
may not need to be part of the surgical procedure.20,35,41

Burns

In general, the pregnant patient who sustains burns is man-
aged as any other burn patient. Fetal prognosis in general
parallels maternal prognosis; about an 80% rate of mortal-
ity is reported in major burns of 30% maternal body surface
area or greater.42 Loss of a significant percentage of dermal
integrity is associated with massive fluid losses, and the
major causes of early mortality are hypoxia from inhalation
injury or hypovolemia from inability to keep up with fluid
losses.43 Premature labor may be a problem in pregnancy
complicated by burns. Early delivery of the fetus in third
trimester patients with severe burns is recommended,
and an emergency cesarean section is indicated for mater-
nal distress.43 Magnesium sulfate has been suggested as
a tocolytic because β-sympathomimetics may be coun-
tertherapeutic in the context of volume resuscitation.42

Electrical Injury

Although direct current countershock has been reported
to be safe in pregnancy (as with cardioversion), fetal risk
has been reported with exposure to alternative current
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electrical shocks, such as household current, that may
appear minor.44 Fetal death has been reported without
maternal injury, and in surviving fetuses, decreased move-
ment, oligohydramnios, or growth restriction may be
evident over time. All patients who experience electrical
exposures should be evaluated for fetal health, and fetal
activity should be monitored periodically thereafter,
although the risk to the fetus is probably low.44,45

POISONINGS AND OVERDOSES IN
PREGNANCY

Epidemiology

The pattern of drug ingestion in pregnancy parallels that
in the general adult population: Intentional overdoses
usually involve a single substance, the majority of over-
doses in adults are intentional, and medically dangerous
overdoses are rare. In a series of 111 pregnant women with
intentional overdoses reported by the Michigan Poison
Control Center, 55% had mild or no symptoms, 45% had
major symptoms, and no fatalities were reported. Most
overdoses were associated with depression and situational
stresses. The most common substances involved in over-
dose were nonnarcotic analgesics (26%), nutritional sup-
plements (12%), antianxiety agents (11%), sedative/
hypnotic drugs (10%), controlled analgesics (8%), antibiotics
(7%), and antihistamines/decongestants (6%).46 As with
other adult overdoses, these substances are usually readily
available (if not over the counter) and are commonly used
during pregnancy.

Pregnancy Effects on Toxicity

Several changes in maternal physiology would be expected
to alter the toxicity of various poisonings in pregnancy.
Increased ventilatory needs are more susceptible to narcotic-
and sedative-induced depression. Increased blood volume
and maternal fat stores lead to a larger volume of drug
distribution. The glomerular filtration rate is increased,
resulting in more rapid handling of renally excreted
drugs. Experience is limited with poisonings in preg-
nancy; thus, the exact balance of protection and increased
risk of overdose in pregnancy is often not clear.

General Approach to the Poisoned Patient

The pregnant patient with an acute drug ingestion should
be handled in the same manner as a nonpregnant patient.
A history of the ingestion should be elicited to give an
idea of the type of toxicity that may be encountered.
Accuracy of the history is compromised by both acciden-
tal and deliberate errors by the patient. In most cases,
a toxicology screen on blood or urine, directed at the most
likely substances (e.g., hallucinogens, drugs of abuse,
sedative/hypnotics) is useful for confirming which sub-
stances are present. The time of ingestion is likewise
important, as is the reason for the overdose. Although
medical management takes precedence, the psychologic

background must always be addressed when the patient is
recovered from medical effects. Seemingly benign inges-
tions must be taken seriously from a psychiatric standpoint
because this pattern of “communication” for help com-
monly repeats itself and may be fatal, even if that was not
the patient’s intention. Among pregnant women, more
than 50% of suicidal ingestions occur in the first
trimester.46 Learning to deal constructively with the stresses
of continued pregnancy and eventual parenting or seeking
counsel to decide whether pregnancy termination is best
are important aspects of the complete care of the patient.

Consultation with a regional poison control center
should be a routine part of management of poisoned
patients.47 Poison control centers provide information
about signs and symptoms to expect, delayed toxicity, spe-
cific antidotes, and general management. The obstetrician
should be aware of the following common principles of
toxicologic management.

Initial Stabilization

Opening and protection of the airway, assessment of
breathing and support as needed, and circulatory support
are the first interventions needed, as with any unknown
and potentially critically ill patient. The breathing patient
should be assessed with pulse oximetry, and oxygen
should be applied liberally to keep the maternal oxygen
saturation more than 90%. Arterial blood gas analyses
should be obtained if the adequacy of ventilation is in
question. The pregnant patient is at higher risk of aspira-
tion because of slower gut motility and higher intragastric
pressures19 and normally has a respiratory alkalosis with
a partial pressure of carbon dioxide of 30 to 35 mm Hg.
Thus, intubation should be performed in a poisoned
pregnant patient to support fetal oxygenation, increased
metabolism, and carbon dioxide excretion. Vasodilation is
a common cause of hypotension in drug overdose; there-
fore, the first step in circulatory support should be fluid
administration to expand the circulating volume.
Vasopressors should be avoided unless fluid resuscitation
is insufficient. In pregnancy, the α-adrenergic effects of
pressors have the potential risk of increasing uterine con-
tractility and decreasing uterine blood flow.

Three standard antidotes are commonly given to the
patient with altered consciousness who may have taken
an overdose.47 IV dextrose, 50 mL of a 50% solution in water,
is given to treat potential hypoglycemia. The pregnant
diabetic may be more susceptible to accidental hypo-
glycemia than she is when not pregnant; thus, this guide-
line is particularly appropriate in pregnancy. IV naloxone,
2 mg, is given for a suspected narcotic overdose. In addition,
thiamine, 50 to 100 mg intramuscularly or intravenously,
is given to alcoholic or nutritionally deficient patients with
suspected thiamine deficiency to prevent adverse effects
from glucose administration, which can precipitate
Wernicke-Korsakoff syndrome in such patients.47

General Measures to Prevent Absorption

Traditionally, gastric emptying with either syrup of ipecac or
gastric lavage has been a standard method of preventing
absorption of ingested substances. However, no benefit



and some hazards of both of these interventions have
been shown. The most effective gastrointestinal decontam-
inant is activated charcoal. Administration of at least one
dose of activated charcoal (50 to 100 g in a slurry, or 10
times the mass of the ingested substance) is currently rec-
ommended.47 Charcoal is an inert substance with a large
surface area that absorbs a wide range of toxic substances,
including most pharmacologic compounds that are com-
monly ingested, preventing absorption from the gastroin-
testinal tract into the systemic circulation. Substances for
which charcoal is not effective include ethanol, lithium,
and strong acids or bases.47 Cathartics may be used with
the charcoal to speed transit through the gastrointestinal
tract, thus also limiting drug absorption.

Specific Diagnosis and Treatment

Diagnosis of specific poisonings by use of toxicology
screening tests on blood or urine is not necessary in the
patient who is not sick. Serum drug levels are useful in
only a small number of poisonings in which symptoms
are subtle or initially absent, in which toxicity may be
severe, or for which specific antidotes exist. Selectively,
blood levels are indicated to detect acetaminophen, salicy-
lates, antiepileptic medications, lithium, alcohols, iron,
theophylline, or digoxin. An electrocardiogram to screen
for cyclic antidepressant overdose (serum levels are not
useful in general) is commonly performed.47

The care of most poisoned patients is supportive. In
the unknown ingestion, it is frequently useful to group
symptoms to guide supportive and specific therapy. In
pregnancy, the most common syndromes are those asso-
ciated with sedatives (narcotics), anticholinergic symptoms
associated with cyclic antidepressants or antihistamines
(over-the-counter sleep medications), and those associ-
ated with sympathomimetic medications.47

Specific Poisonings in the Pregnant Patient

In all patients with toxic ingestions or exposures, treatment
should be guided by the complete and up-to-date data-
bases available through a regional poison control center.
The following discussions highlight the current specifics
of treatment for common or potentially dangerous
poisonings in the pregnant patient but should never
be substituted for detailed management according to such
protocols.

Acetaminophen

Acetaminophen is one of the safest and most commonly
used over-the-counter drugs currently available. It is part
of many multidrug combinations and in therapeutic
doses has a wide toxic-therapeutic ratio. Deliberate over-
dose, however, can be fatal.47,48 In general, ingestion of
about 7.5 g of drug is potentially toxic, although nomo-
grams based on blood levels taken at 4 hours after inges-
tion (or later) should be used to guide specific treatment.
Acetaminophen poisoning is important for three reasons:
(1) the overdose may be fatal, (2) early symptoms may be
subtle or absent, and (3) an excellent antidote is available

if the diagnosis is recognized early. For these reasons and
because patients are often confused about which over-
the-counter pain medication they have ingested, routine
serum screening for acetaminophen is usually part of the
initial workup of the poisoned patient.47

In pregnancy, toxicity of acetaminophen to the fetus
may be enhanced over that of the mother. Toxicity occurs
in the maternal liver when the serum load of acetamino-
phen overwhelms the normal metabolic pathways and
a toxic metabolite, usually detoxified by glutathione,
builds up in the blood. Injury to hepatocytes occurs, which
may result in fatal liver injury. The specific antidote,
N-acetyl-L-cysteine (NAC), administered in a loading dose
of 140 mg/kg orally, via nasogastric tube, or intravenously
and continued at 70 mg/kg every 4 hours for 48 to 72 hours,
causes regeneration of glutathione, which metabolizes the
toxic intermediary compound and protects the liver, par-
ticularly when administered within 10 hours of an acute
ingestion.48

Acetaminophen freely crosses the placenta into the
fetal circulation and is metabolized by the fetal liver. In
a series of 60 pregnant patients with acetaminophen
poisoning, increased incidence of spontaneous abortion
or fetal death was noted in patients with delayed NAC
administration.49 As with nonpregnant patients, it is rec-
ommended that NAC be administered as soon as possible
after ingestion, preferably within 10 hours.

Salicylates

Although salicylate poisonings are less common than
in previous years, significant toxicity still occurs, either
as deliberate or accidental overdose. The narrow toxic-
therapeutic ratio of salicylates makes unintentional poi-
soning common, usually in the setting of repeated
therapeutic doses in a patient with dehydration from vomit-
ing or poor oral intake (common in pregnancy). Major
symptoms of salicylate intoxication include tachypnea,
tinnitus or decreased hearing, gastrointestinal upset,
vomiting and dehydration, and alterations in conscious-
ness. Although acute single-ingestion toxicity can be esti-
mated from serum salicylate levels, clinical variability
is great. With chronic toxicity from multiple ingestions,
toxicity may be present at a salicylate level only slightly
above therapeutic.

Treatment consists of alkaline diuresis, repletion of
potassium and phosphate depletion, and dialysis for severe
toxicity. Salicylates cross into the fetal circulation and
cannot be metabolized by the fetus efficiently. Fetal toxicity
may therefore be greater, and fetal deaths due to salicylism
have been reported.50

Antidepressants

Antidepressant drugs are currently the second leading
cause of adult overdose fatalities.47 Intentional overdose
causes both (1) neurotoxicity in the form of agitation,
delirium, seizures, and coma and (2) cardiac toxicity in the
form of serious conduction disturbances, arrhythmias,
and even cardiac arrest. Peripheral anticholinergic signs
such as dry mucous membranes, mydriasis, fever, flushing,
and tachycardia are also commonly seen. Serious symptoms
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can develop rapidly and with little warning; thus, antide-
pressant overdose is particularly dangerous. Alterations
in mental status, sinus tachycardia greater than 120 bpm,
or QRS widening greater than 100 milliseconds on
the electrocardiogram suggest significant potential for
complications.51

Little experience in managing pregnant patients with
cyclic antidepressant overdoses has been reported. Such
patients should be watched and monitored for at least
6 hours, and poison control center consultation should be
prompt. In addition to general treatment measures, emer-
gency treatment of arrhythmias and seizures consists of
intubation, hyperventilation, benzodiazepines, and serum
alkalinization with sodium bicarbonate to a pH of 7.55.51

Iron

Iron is the second most commonly ingested overdose in
pregnancy, probably because of the accessibility to iron in
maternal vitamins.52 Iron overdose may be fatal, and treat-
ment is complex, based on serum iron levels and evidence of
free iron in the serum. Initial treatment consists of IV fluids
and gastrointestinal decontamination. Deferoxamine is
commonly used as a chelating agent to bind free iron and is
used in moderate to severe overdoses. Deferoxamine does
not cross the placenta and is safe for use in pregnancy. No
fetal injury directly attributable to iron has been reported.52

Carbon Monoxide

Carbon monoxide exposure is the most common cause of
fatal poisoning nationwide. Although not common in
pregnancy, cases of fetal death and fetal injury in the pres-
ence of maternal survival make therapeutic decisions crit-
ical. The fetus may be more susceptible to the effects of
hypoxia from carbon monoxide poisoning than is the
mother because fetal hemoglobin has a greater affinity for
carbon monoxide than does adult hemoglobin. In addi-
tion, because the fetus operates on the steep part of a left-
shifted oxygen-hemoglobin dissociation curve, small
decreases in oxygenation may cause significant fetal
hypoxia. Carbon monoxide uptake and excretion by the
fetus, however, are slower than in the mother, and therefore
effects are more sustained.53

In the nonpregnant patient, the use of hyperbaric
oxygen is an effective method of rapidly unloading carbon
monoxide from hemoglobin and restoring its ability to
carry oxygen to the tissues. The half-life of carboxyhemo-
globin can be reduced from 240 minutes at room air to
90 minutes breathing 100% oxygen and to 20 minutes with
treatment at three atmospheres, resulting in significant
attenuation of the hypoxic insult.54 In pregnancy, many
hours of extended treatment with 100% oxygen are required
to achieve washout from the fetus. Hyperbaric oxygen
treatment in pregnancy has been prospectively described
in one small, nonrandomized series of 44 women, in which
two miscarriages and 34 normal deliveries were reported.55

Other pathophysiologic benefits of hyperbaric oxygen
have been proposed but are not yet well accepted.

In pregnancy, theoretical concerns with hyperoxia
include retinal injury to the fetus, premature closure of the
ductus arteriosus, cardiovascular alterations in uterine

flow, and fetal anomalies. Elkharrat and colleagues used
hyperbaric oxygen irrespective of the maternal carbon
monoxide level and clinical features because of the
enhanced fetal concerns, although current recommenda-
tions are to use hyperbaric oxygen in carbon monoxide
poisoning treatment in pregnancy with significant carbon
monoxide levels (>20%), signs of fetal distress, or maternal
central nervous system symptoms.53,55
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RENAL DISEASE IN
PREGNANCY
Jo h n  P.  H a y s l e t t

PHYSIOLOGIC CHANGES IN PREGNANCY

Renal disease in pregnancy, resulting from either primary
renal disease or systemic disorders, may threaten fetal devel-
opment as well as the health of the mother. Because assess-
ment of renal function must account for the significant and
unique functional and morphologic changes that occur in
the kidney during normal pregnancy, it is important to
understand the dynamic changes that occur in the periph-
eral vasculature during pregnancy. In human pregnancy,
there is a marked expansion of extracellular fluid volume,
associated with a cumulative retention of 500 to 700 Eq
of sodium and a 1.5-fold increase in plasma volume.1
Concurrently, a pronounced peripheral vascular dilatation
begins early in pregnancy and persists until term, resulting
in a 40% decrease in total peripheral arterial resistance.2
Blood pressure declines modestly in the second trimester
and returns to baseline values near term. Additional hemo-
dynamic changes include a 50% increase in cardiac output
and similar rises in blood flow to the visceral organs, such
as the kidney and uterus.2,3 It is assumed that these changes
occur to provide an optimal environment for the growth
and development of the fetus, but the mechanisms that
cause these changes are not fully understood.

The renin-angiotensin-aldosterone system has attracted
attention for its possible role in the control of sodium bal-
ance in pregnancy. A striking increase in adrenal secretion
of aldosterone is observed by the eighth week of preg-
nancy and continues to rise throughout pregnancy until
plasma aldosterone levels reach 80 to 100 ng/dL by the
third trimester,4 fourfold to sixfold above the upper level
observed in euvolemic nonpregnant adults. Although renin
activity also increases, the time of change does not correlate
with that of aldosterone. Special interest is also directed
toward progesterone, produced by the placenta, because the
progressive rise during pregnancy parallels that of aldos-
terone and a level of about 200 ng/dL is reached by term,4
and because progesterone is an antagonist for aldosterone.
The administration of progesterone, in physiologic

amounts, to adults with normal adrenal function induces
natriuresis, but not in subjects with adrenal insuffi-
ciency5; this suggests that progesterone blocks the action
of aldosterone to retain sodium.

Some investigators postulate that high plasma levels of
aldosterone during pregnancy reflect a compensatory
response to salt-losing factors, such as the 50% increase in
filtered sodium and the inhibitory action of progesterone.
An alternative proposal, however, is that aldosterone secre-
tion is adjusted to support the expanded vasculature as
a result of the direct action of a vasodilating factor.6 Studies
in the rat model of pregnancy suggest that that factor may
be relaxin, a peptide hormone belonging to the insulin
family, which stimulates vascular dilatation by inducing
the production of nitric oxide in vascular endothelial
cells.7,8 Relaxin is normally produced in the corpus luteum
and in larger amounts by the placenta and decidua during
pregnancy.

Notwithstanding evidence that progesterone can antag-
onize the action of aldosterone, numerous studies indicate
that aldosterone is independently poised to maintain
sodium balance and extracellular fluid volume at a level
appropriate for the stage of pregnancy. When sodium bal-
ance is perturbed by decreases or increases in dietary
sodium, there are immediate and appropriate changes in
plasma aldosterone levels.9 At high sodium loads, the
aldosterone level falls to values observed in euvolemic non-
pregnant adults. The administration of mineralocorticoid
hormones to pregnant women stimulate sodium retention
and an increase in body weight10; this shows that the
mineralocorticoid receptor is capable of responding to the
ligand by becoming activated and that the signaling
mechanism to stimulate the epithelial sodium channel is
intact. All these responses occur in the presence of high,
stable plasma levels of progesterone. Together, these data
support the notion that aldosterone is critical in main-
taining sodium balance in pregnancy.

As noted previously, the peripheral vascular dilata-
tion results in a marked increase in renal blood flow.



Renal plasma flow increases by about 80% between con-
ception and the third trimester and subsequently falls to
a level about 60% higher than the nonpregnant norm.3 The
glomerular filtration rate (GFR), as shown in Figure 13–1,
achieves an incremental increase of 30% to 50% by the
ninth week of pregnancy; this level is then sustained until
term, after which the rate falls to nongravid levels.11

In a study performed on 10 healthy women, with inulin
as marker, the GFR rose from the nonpregnant level
of 105 ± 24 mL/minute (mean ± standard deviation) to
168 ± 22 mL/minute. The mechanism responsible for
this remarkable alteration in renal function probably
relates to the generalized dilatation that characterizes
pregnancy, because micropuncture studies performed in
the rat model of pregnancy showed that GFR correlates
solely with the increase in glomerular plasma flow and
not with a rise in intraglomerular capillary pressure.12

These findings were subsequently corroborated in human
pregnancy, in which gestational hyperfiltration was
caused primarily by renal plasma flow, with only a
minor contribution from a reduction in capillary oncotic
pressure.13

In addition to changes in sodium metabolism, pregnancy
alters the mechanism for water metabolism. In health, the
volume of body water is regulated within narrow limits
by the kidney through the action of a vasopressin that
maintains serum osmolality at about 280 mOsm/kg H2O
in the nongravid state; a rise above that level induces
a release of the hormone, whereas a fall inhibits release.
In contrast, the plasma osmolality in pregnancy falls to
about 270 mOsm/kg H2O.14 Studies in pregnant women
show that the fall in plasma osmolality is caused by
a reduction in the set point of the osmostat that regulates
vasopressin release.15 The physiologic response to changes
in osmolality above or below the new level is comparable
with that in the nonpregnant state. In addition, changes

in the thirst threshold, which is set approximately
10 mOsm/kg H2O above the osmostat level in the non-
gravid individual, parallels that of the osmostat in preg-
nancy and falls from about 290 to 280 mOsm/kg H2O.
Furthermore, studies have shown that the metabolic
clearance of vasopressin is accelerated during pregnancy
severalfold and reaches a peak at weeks 22 to 24, appar-
ently because of the progressive increase in the produc-
tion of the enzyme vasopressinase, produced by the
placenta.16 Serum levels of vasopressin, however remain
normal. Together, these data suggest that the production
of vasopressinase rapidly degrades circulating vaso-
pressin, which is compensated by an increased production
and release of vasopressin from the posterior pituitary
gland to maintain normal plasma vasopressin levels.
Some rare individuals fail to fully compensate for the
rapid degradation of vasopressin or excess production of
vasopressinase and develop the syndrome of diabetes
insipidus.17,18 The ability to concentrate urine can be
restored by the administration of 1-deamino-8-D-arginine-
vasopressin (DDAVP), the synthetic V2 vasopressin agonist,
which is resistant to the action of vasopressinase. Despite
these physiologic changes in water metabolism, however,
the ability to concentrate urine and, alternatively, to excrete
a water load during gestation is unchanged in comparison
to the nongravid state.15

Pregnancy also alters renal tubular function. The 
fractional absorption of glucose,19 amino acids,20 and 
β microglobulin is decreased, which results in higher rates
of urinary excretion; this is consistent with the notion
that renal absorption of nonelectrolyte solutes is reduced
in the proximal tubule in pregnancy. This phenomenon
may have clinical relevance in some patients who exhibit
glucosuria during pregnancy in the absence of hyper-
glycemia. In addition, total urinary protein excretion also
rises in normal pregnancy, from a nonpregnant level of
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tion rate measured by three methods in
10 healthy women at 15 to 18, 25 to 28,
and 35 to 38 weeks of pregnancy, and
again at 8 to 12 weeks post partum.
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97 ± 52 mg per 24 hours to 180 ± 50 mg per 24 hours 
in the third trimester.21 Another study confirmed that
protein excretion can reach a level of approximately 
250 mg/day but also showed that albumin excretion does
not exceed 30 mg/day, the upper limit of the normal
range in nonpregnant women.22

These insights into the physiologic alterations that
occur in normal pregnancy indicate that a different scale of
values should be considered in determining normal renal
function. For example, screening techniques for estimating
the level of GFR usually rely on measurements of serum
levels of urea nitrogen and creatinine. Because of the
expansion of extracellular fluid and the increased GFR, lev-
els of these substances are substantially lower during preg-
nancy than in nonpregnant women. In comparison with
nonpregnancy values of 13 ± 3 mg/dL (mean ± standard
deviation) of serum urea nitrogen and 0.67 ± 0.2 mg/dL 
of plasma creatinine, levels fall to 8.7 ± 1.5 mg/dL and 
0.46 ± 0.1 mg/dL, respectively. Concentrations that exceed
13 mg/dL for urea nitrogen or 0.8 mg/dL for creatinine
suggest the possibility of renal insufficiency. In patients
with known or suspected renal insufficiency, formal
estimates of GFR are required. In early pregnancy, the
GFR can be estimated from creatinine clearance, per-
formed on a 24-hour urine collection. In the latter half of
pregnancy, however, a 24-hour urine collection may yield
underestimates of the true GFR because of edema forma-
tion in the lower extremities, shown in Figure 13–1. If that
is a concern, a short-term creatinine clearance should be
measured with the subject lying on her side, after hydration
with water to increase urine flow rate to about 5 mL per
minute.

EFFECT OF RENAL DISEASE ON
PREGNANCY

When renal disease occurs during pregnancy, three ques-
tions are inevitably raised:

1. Does pregnancy adversely affect the course of the
underlying renal disease?

2. Is the outcome of pregnancy adversely affected?
3. What are the maternal complications?

Regardless of the type of renal injury, the functional con-
sequences may take one or two nonexclusive forms:
namely, the nephrotic syndrome and renal insufficiency.
Each of these clinical expressions of renal disease is con-
sidered separately, although in many cases they occur
concurrently, and I attempt to provide insights for the
questions that have been posed.

Nephrotic Syndrome

The nephrotic syndrome is defined as proteinuria in
which protein levels exceed 3 g per 24 hours and a serum
albumin level lower than 3 g/dL. Patients with this syn-
drome inevitably have a reduced capacity for excreting
sodium and retain salt and water as edema fluid if sodium
intake exceeds the lowered maximum excretory capacity
for sodium excretion. The nephrotic syndrome therefore

represents symptomatic proteinuria, in contrast to lesser
rates of protein excretion that are not associated with
clinical symptoms. In many patients with glomerular
disease, however, asymptomatic proteinuria progresses to
the nephrotic syndrome in the latter part of pregnancy.
In addition, and apparently as a consequence of hypoal-
buminuria, these patients usually also exhibit elevated
cholesterol and triglyceride levels as a result of increased
lipid production. The GFR may be normal or reduced,
depending on the severity of renal injury. The nephrotic
syndrome always results from an injury reaction that
affects the glomerulus in both primary and systemic
diseases.

The nephrotic syndrome in pregnancy may be caused
by preexisting renal disease, renal disease that develops
de novo during pregnancy, or preeclampsia. The distinc-
tion between intrinsic renal disease and preeclampsia has
important clinical implications because of differences in
patient management. In patients with established renal
disease before pregnancy or in whom proteinuria is docu-
mented before the 20th week of pregnancy, the diagnosis
of intrinsic renal disease is easily made because preeclamp-
sia rarely occurs before the 20th week. The onset of pro-
teinuria in the latter part of pregnancy or when there is no
information on protein excretion in early pregnancy, how-
ever, is of diagnostic uncertainty because of the similari-
ties in clinical features of primary renal disease and
preeclampsia: namely, the clinical features of hyperten-
sion and proteinuria. In this case, it may be possible to
confirm the diagnosis of preeclampsia because of hemol-
ysis, thrombocytopenia, and/or liver function abnormali-
ties. With regard to management of patients with
nephrotic syndrome caused by intrinsic renal disease, in
the absence of renal insufficiency or significant hyperten-
sion, it is usually possible to achieve full-term delivery. In
contrast, delivery in preeclamptic patents is usually indi-
cated as soon as fetal maturity is achieved.

In patients with nephrotic syndrome caused by pri-
mary renal disease, several analyses of relatively large
numbers of patients have concluded that, in the absence
of moderate or severe renal insufficiency, pregnancy does
not seem to affect the natural course of the underlying
renal disease or fetal survival rate.23,24 In regard to mater-
nal morbidity, the accumulation of edema can cause mas-
sive edema, especially near term, and may aggravate or
cause hypertension; vaginal delivery has been reported to
be complicated by vulvar edema. One report showed that
women with preeclampsia-induced nephrotic syndrome
may develop dilutional hyponatremia.25 This impairment
in water excretion was ascribed to the nonosmotic mech-
anism for release of vasopressin, activated by a reduction
in plasma volume. Therefore, these results suggest that
serum sodium levels should be monitored in patients with
preeclampsia, especially when complicated by nephrotic
syndrome, because the neurologic effects of hypona-
tremia can resemble the features of impending eclampsia,
although clinical management differs markedly. Although
the usual guidelines for severe preeclampsia are indicated
when premonitory signs of preeclampsia are exhibited,
a delay in delivery is indicated, if possible, in women with
significant hyponatremia, until serum sodium concentra-
tion is raised by restriction of oral fluid intake and the
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volume of intravenous fluids. If delivery cannot be delayed,
the volume of water in parenterally administered fluids
must be reduced.

The clinical management of patients with nephrotic
syndrome caused by renal disease should aim to mitigate
the severity of edema formation. In this regard, it is
important to initiate a low sodium intake (1.5 g/day) to
reduce the rate of edema formation. The administration
of a low-sodium diet was shown to blunt several of the
hemodynamic changes associated with pregnancy, but it
did not affect fetal development or pregnancy outcome.2
Frequently, bed rest promotes a higher GFR and renal
plasma flow and, subsequently, an increase in the excre-
tion of sodium. In general, the use of diuretic drugs dur-
ing pregnancy has been discouraged on the grounds that
volume contraction may reduce placental blood flow.
When diuretics are used to reduce intractable edema that
is resistant to conservative measures, this therapy should
aim to reduce only excessive edema and, if needed on
a chronic basis, should be administered intermittently to
avoid volume contraction, electrolyte abnormalities, and
drug resistance. In most cases, a spontaneous diuresis
occurs post partum as serum albumin levels improve.

It is important to note that the most common cause of
de novo nephrotic syndrome in pregnancy is preeclamp-
sia.26 In contrast to nephrotic syndrome caused by pri-
mary renal disease, preeclampsia-induced nephrotic
syndrome is associated with a decrease in fetal survival,
probably because the nephrotic syndrome is a sign of
severe preeclampsia. Management of affected patients fol-
lows the usual guidelines for managing preeclampsia.
Unless pulmonary edema occurs, diuretic agents are not
used in patients with preeclampsia or the probability of
preeclampsia, because this condition has been shown to
involve reduced circulating plasma volume.6

Primary Renal Disease with Normal
or Near-Normal Renal Function

Early reports before the introduction of potent oral anti-
hypertensive agents and modern techniques for monitor-
ing fetal growth suggested that the course of pregnancy
was relatively benign in patients with preserved renal
function. The first of several large series involving
patients with primary renal disease and normal or near-
normal renal function was reported in 1980.27 The defini-
tion of near-normal renal function was arbitrarily defined
as a serum creatinine level lower than 1.4 mg/dL. In that
study, 121 pregnancies in 89 women were analyzed. Criteria
for inclusion were continuation of pregnancy beyond the
first trimester and available data for evaluating its impact
on the underlying renal disease. In all patients, a histologic
diagnosis was established. The serum creatinine level at
onset of pregnancy was lower than 1.4 mg/dL, proteinuria
was present in one third of the women, and hypertension
was observed in 20%. During pregnancy, hypertension
increased or occurred de novo in 28%, and renal function
decreased in 16%, most often in women with diffuse
glomerulonephritis, as shown in Table 13–1. In addition,
protein excretion rose in 50% of cases and exceeded 3.0 g
per 24 hours in 39 (68%) of 57 pregnancies. These changes
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Creatinine Level

<1.4 mg/dL* >1.4 mg/dL†

Number of pregnancies 121 82
Reduction in glomerular 16% 43%

filtration rate (pregnancy
and post partum)

Exacerbation or de novo onset 28% 48%
of hypertension

Significant proteinuria 29% 41%

*Data from Katz AI, Davison JM, Hayslett JP, et al: Pregnancy in women with kidney
disease. Kidney Int 1980;18:192.
†Data from Jones DC, Hayslett JP: Outcome of pregnancy in women with 
moderate or severe renal insufficiency. N Engl J Med 1996;335:226.

TABLE 13–1 New Maternal Complications during
Pregnancy in Primary Renal Disease with Preserved
and Moderately Reduced Renal Function

generally resolved after delivery, and during long-term
follow-up, the decline in renal function was judged to be
similar to that expected during the natural course of the
underlying types of renal disease. As shown in Table 13–2,
the live birth rate was 93% and the rate of perinatal
mortality (stillbirths and neonatal deaths) was 10%, in
comparison with a rate of 2% in the general population.
The incidence of preterm deliveries (20%) and growth-
restricted infants (24%) were substantially higher than
the corresponding rates in normal pregnancies (11% and
10%, respectively). These results therefore indicate a mod-
erate incidence of reversible maternal complications and
a moderate decrease in fetal survival, and have, in general,
been confirmed subsequently by other large series.28,29

In all of these studies, the data suggested that pregnancy
had not altered the natural course of the underlying renal
disease.

Because many of these patients were hypertensive, it is
difficult to determine whether the high incidences of fetal
growth restriction and preterm delivery were related to
hypertension per se or to some factor specifically related
to renal disease. On the basis of other reports, however, it
seems likely that hypertension did play an important role
in the causation of adverse neonatal outcomes. In an
analysis of 763 women with chronic hypertension
enrolled in a multicenter trial of low-dose aspirin for the
prevention of preeclampsia, 81 women had proteinuria at
baseline.30 The frequency of preeclampsia in this subset
was not affected by the presence of proteinuria at baseline
in comparison with the group as a whole, which involved
25% of the total group with chronic hypertension.
Women with proteinuria (and therefore with renal dis-
ease) at baseline, however, were more likely to deliver
babies at less than 35 weeks of gestation than were con-
trols (36% vs. 16%) and to have infants that were growth
restricted (23% vs. 10%).

The safety of newer antihypertensive agents in preg-
nancy is uncertain because of a lack of well-designed stud-
ies involving sufficiently large numbers of patients and
the absence of long-term evaluation of the effect of these
drugs on the physical and cognitive development of off-
spring. Early studies proposed restricting antihyperten-
sive therapy to patients with severe hypertension, defined



as a diastolic pressure higher than 110 mm Hg, under the
assumption that lower levels did not threaten the life of
the mother or produce long-term vascular complica-
tions.31 In contrast, the consensus report published by the
National Institutes of Health32 indicates that women with
chronic hypertension and renal disease are at increased
risk for preeclampsia, perinatal morbidity and death, and
the possibility of deterioration of renal function. This
report suggests the use of antihypertensive agents if the
diastolic pressure exceeds 100 mm Hg. More recent stud-
ies, however, have clearly shown that hypertension accel-
erates the decline in renal function in nonpregnant
patients with chronic renal insufficiency, and probably in
patients with lesser degrees of renal injury, in comparison
with patients with normal blood pressure.33 Together,
these results argue for treatment of all patients with renal
disease, especially when chronic hypertension is present at
onset of pregnancy.

The consensus report just noted proposed continua-
tion of the same antihypertensive agents that were shown
to be effective before conception, except for angiotensin-
converting enzyme inhibitors or angiotensin-blocking
agents that are fetopathic.31 Methyldopa has been the pre-
ferred antihypertensive agent in pregnancy because there is
evidence that it is free of adverse effects in the fetus.
Unfortunately, it is not as potent as some of the newer
drugs and therefore may not control blood pressure ade-
quately in some patents. Despite the lack of evidence based
on scientific studies that affirm the effectiveness and
safety of newer agents, β-blocking agents, such as labetalol,
and calcium channel blockers are widely used and appear
to be safe.32,34 These drugs can be taken both orally and
parenterally and therefore offer the opportunity for out-
patient management and control of hypertensive crises.

As noted previously, patients with chronic hypertension
with or without renal disease are at increased risk for
developing preeclampsia. There has, therefore, been a great
interest in developing methods to reduce the risk of
preeclampsia in such high-risk pregnancies. In small series
of patients at increased risk for preeclampsia, low-dose
aspirin was reported to reduce proteinuric hypertension,
as well as to reduce preterm birth, intrauterine growth
restriction, and perinatal death. Subsequently, a large-scale

prospective, randomized study was performed with 2539
women at high risk for preeclampsia, including women
with established diabetes, chronic hypertension, and mul-
tiple pregnancies and those with a history of preeclampsia
in a previous pregnancy. Women were enrolled between
weeks 13 and 26 of pregnancy and received either 60 mg of
aspirin or placebo daily. Unfortunately, this study did not
confirm the benefits of a reduced incidence of preeclamp-
sia or improved perinatal outcomes.35

Primary Renal Disease with Moderate or
Severe Renal Insufficiency

In contrast to gravid women with preserved renal function,
moderate (serum creatinine level, 1.4 mg/dL to 2.5 mg/dL)
and severe (serum creatinine level, >2.5 mg/dL) renal
insufficiency have been reported, in earlier case reports
and small series, to accelerate the underlying disease and
to be associated with markedly reduced fetal survival rates
to 50% or less. Maternal and obstetric complications in
pregnancy with preexisting primary renal disease and
a serum creatinine level exceeding 1.4 mg/dL at the onset
of pregnancy were reported in a large series of 82 preg-
nancies (67 women).36 The types of renal disease in these
women were equally divided between chronic glomeru-
lonephritis and tubulointerstitial diseases. Follow-up on
nearly all women at 12 months after delivery enabled
an assessment of long-term effects of pregnancy on the
natural course of renal disease.

In these patients, maternal complications included
a doubling of the incidence of hypertension in the third
trimester over that in the first antepartum visit (48%
vs. 28%) and significant proteinuria (41% vs. 29%), as
shown in Table 13–1. In addition, there was a pregnancy-
related loss of renal function (occurring during pregnancy
or within 6 weeks of delivery) in nearly half of all cases,
and in 23% of this subgroup (10% of the total series), there
was a rapid progression to end-stage renal failure within 
6 months after delivery. The risk of accelerated progres-
sion was higher when the serum creatinine level was
higher than 2.0 mg/dL at the beginning of pregnancy.
Obstetric complications were also higher than in patients
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Creatinine Level General Population in United States‡

<1.4 mg/dL* >1.4 mg/dL†

Number of pregnancies 121 82
Preterm delivery (<37 wk) 20% 59% 11%
Growth restriction (<10th percentile) 24% 37% 10%
Birth weight 2693 ± 878 g 2239 ± 839 g 3400 g
Stillbirths 5% 5% 0.7%
Fetal deaths 2% 7% 0.7%
Neonatal deaths 4.9% 2% 0.7%
Infant survival 89% 91% 98.6%

*Data from Katz AI, Davison JM, Hayslett JP, et al: Pregnancy in women with kidney disease. Kidney Int 1980;18:192.
†Data from Jones DC, Hayslett JP: Outcome of pregnancy in women with moderate or severe renal insufficiency. N Engl J Med 1996;335:226.
‡Data from Cunningham G, Gant NF, Gilstrap L, et al: Williams Obstetrics, 21st ed. New York, McGraw-Hill, 2001, p 746.

TABLE 13–2 Obstetric Complications in Primary Renal Disease with Preserved and Moderately Reduced
Renal Function



with relatively preserved renal function and included pre-
term delivery in 59% and fetal growth restriction in 37%.
Despite these complications, the overall fetal survival
was 91%, as shown in Table 13–2.

These findings corroborate prior smaller studies,
involving 19 to 37 pregnancies, that reported fetal survival
rates of 76% to 80%.37-39 In these studies, 16% to 50% of
women had a loss of renal function during pregnancy. The
better obstetric outcomes in the more recent studies, in
comparison with older studies, probably reflect improved
medical and perinatal care and the availability of the
intensive care nurseries for infants born before term.

The effect of hypertension on pregnancy outcome was
also examined in women with moderate or severe hyper-
tension. In the smaller previous series of patients who
exhibited chronic hypertension, higher incidences of super-
imposed preeclampsia, preterm deliveries, growth restric-
tion, and fetal loss were observed, in comparison with
normotensive pregnant women. In the larger study of 82
pregnancies, however, hypertension at onset of pregnancy
was not correlated with fetal survival, preterm delivery, or
growth restriction.36 When present in the third trimester,
however, hypertension was associated with a higher rate
of preterm delivery (72% vs. 46%) but not with increased
intrauterine growth restriction (36% vs. 38%) or reduced
fetal survival rates. The presence of high-grade protein-
uria at any time during pregnancy had no effect on the
outcome of pregnancy.

Acute Renal Failure

Acute renal failure in pregnancy in industrialized coun-
tries is now relatively uncommon, apparently because of
liberalization of abortion laws, aggressive treatment of
infections, and improved antepartum care. The marked
decline in acute renal failure since the early 1960s is attrib-
uted largely to reduction of sepsis caused by nonsterile
therapeutic abortion procedures and administration of
abortifacients. Although the cause of acute renal failure in
pregnant women is similar to the causes in the general
population, pregnancy-specific factors account for the
majority of cases of acute renal failure and include abor-
tion, volume contraction caused by hyperemesis gravi-
darum, and severe pyelonephritis in early pregnancy.40 In
late pregnancy, hemorrhage, either overt or concealed by
an abruptio placentae, is a leading cause, along with pre-
eclampsia; disseminated vascular coagulation resulting
from the syndrome of hemolysis, elevated liver enzymes,
and low platelets (HELLP) or postpartum renal failure41;
and acute fatty liver of pregnancy. In rare cases, renal
failure has resulted from bilateral ureteral obstruction
caused by massive polyhydramnios.42

Bilateral renal cortical necrosis, which is not unique
to pregnancy, may result from any cause of acute renal
failure.43 Abruptio placentae is the most common precip-
itating event in most series, followed by uterine hemor-
rhage and amniotic fluid embolism. This lesion is
characterized by irreversible necrosis of the renal cortex,
often in a patchy manner, and may cause varying degrees
of renal failure. The clinical presentation is characterized
by severe oliguria persisting for 1 month or more and the

subsequent identification of calcification in the subcap-
sular zone of the kidneys. The higher incidence of bilat-
eral cortical necrosis in pregnancy than in the general
population is thought to be attributable to the procoagu-
lant properties of serum in pregnant women.

Septic abortion resulting from clostridia can be dramatic
and life-threatening within a few days after an attempted or
completed abortion. An abrupt rise in temperature, brisk
leukocytosis, nausea, vomiting, and generalized muscle pain
are often a prelude to shock. Access to aggressive therapy
with antibiotics and volume resuscitation in an intensive
care setting usually can be lifesaving. Acute tubular necrosis
is a frequent sequela.

Renal function can be moderately reduced in severe
preeclampsia and usually returns to baseline values
within a week or so after delivery. Acute renal failure does
occur, however, when preeclampsia progresses to the
HELLP syndrome.44 In an analysis of 442 pregnancies
with the HELLP syndrome, 33 (7%) had acute renal fail-
ure. The pregnancies of all these patients were compli-
cated with one or more of the following: abruptio
placentae, fetal death, disseminated intravascular coagu-
lation, hypotensive shock, or sepsis. Ten patients required
dialysis therapy for azotemia or hyperkalemia during
hospitalization.

Diabetic Nephropathy

In a classic report from the Joslin Clinic in 1977, Hare and
White45 described morbidity and mortality in women
with pregestational diabetes and their products of con-
ception from 1898 to 1975. In the preinsulin era, before
1917, the rate of viable fetal salvage was 40%, and the
maternal mortality rate was 33%. Subsequently, the fetal
survival rate rose to 90% and the maternal survival rate to
100% by 1975 among diabetic women as a whole. Hare and
White commented, however, that “it is striking to note the
almost universal incidence of fetal distress or serious
neonatal morbidity in class F”(diabetic nephropathy).
In 1975, the fetal survival rate in patients with diabetic
nephropathy was only 72% in 54 cases in their series. By
the 1980s, neonatal intensive care units had been estab-
lished and modern antepartum care methods were intro-
duced, along with better overall medical treatment to
manage diabetic women with vascular complications.
Two reports, one from the Joslin Clinic46 and the other
from Yale,47 were published to describe the effects of dia-
betic nephropathy on maternal blood chemistry and renal
vascular function during pregnancy; they were conducted
to assess maternal and neonatal outcome and to evaluate
maternal and infant status at long-term follow-up in the
combined total of 57 women.

Data from the Yale study is presented because it is rep-
resentative of the Joslin Clinic report and other, smaller
studies. The Yale study involved 31 continuing pregnancies
managed at the Yale–New Haven Hospital between 1975
and 1984.47 At the initial visit, 26% of cases were compli-
cated by the nephrotic syndrome, and 33% of patients had
protein excretion rates exceeding 500 mg per 24 hours.
Renal insufficiency was present in 48%, and 68% had pro-
liferative retinopathy. During pregnancy, renal function
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worsened in 39% and blood pressure increased in 29%.
Most patients had significant increases in proteinuria, and
the incidence of nephrotic syndrome rose to 71% by the
third trimester. After delivery, changes in renal function,
blood pressure, and protein excretion returned to values
similar to those observed in the first trimester. The long-
term course was viewed as not differing from the expected
course of diabetic nephropathy in subjects who had not
become pregnant.

The fetal outcomes reported in the Yale and Joslin
Clinic reports on patients with diabetic nephropathy are
shown in Table 13–3, and are compared with results in
a large series of patients with either nonproteinuric dia-
betes or primary renal disease.47a This table shows that
perinatal survival in diabetic patients with renal disease
averaged about 90%, a value that was similar to that for
patients with primary renal disease. In addition, data
derived from patients with primary renal disease and dia-
betic renal disease indicate similar rates of fetal survival,
preterm deliveries, and intrauterine growth restriction. It
therefore seems likely that these types of fetal complica-
tions in the diabetic population with renal disease were
caused primarily by renal injury and/or associated hyper-
tension. In contrast, the high incidences of large size for
gestational age, neonatal complications, and major con-
genital anomalies were confined to the groups with dia-
betes, which suggests that they were caused by metabolic
changes induced by diabetes. Because it has been demon-
strated that the latter group of complications can be pre-
vented or markedly reduced by normalizing maternal
blood glucose levels from conception through term,48,49

a strategy is available to reduce diabetes-related fetal com-
plications. Moreover, it appears that in diabetic renal
disease, fetal and neonatal disorders reflect the additive
effects of renal disease per se and those associated with
diabetes.

Not surprisingly, subsequent reports demonstrated
that in comparison to the Joslin Clinic and Yale series
with a relatively high prevalence of vascular complica-
tions, patients with milder forms of diabetic nephropathy
generally produce infants who exhibit fewer fetal and
neonatal complications, and the pregnancy outcomes are
better. This correlation is similar to the findings in women

with primary renal disease. For example, in a report from
Ohio State University of 49 pregnancies in 45 women, the
serum creatinine level exceeded 1.0 mg/dL in only four
patients (9%) and heavy proteinuria in six patients (13%)
at the initial presentation.50 A mean blood pressure of less
than 108 mm Hg was found in all pregnancies. Fifty three
percent of patients developed preeclampsia, and by the
third trimester, 58% of patients excreted more than 1.0 g
of protein per 24 hours and 36% demonstrated a 15% fall
in creatinine clearance. With regard to pregnancy out-
come, however, 84% of pregnancies lasted at least 34 weeks,
the incidence of fetal growth restriction was only 11%, and
the rate of perinatal survival was 100%. Long-term follow-
up for 2.8 years indicated that proteinuria had markedly
improved from time of delivery and that renal function
continued to decline at a rate that probably reflected the
rate expected if pregnancy had not occurred.

A more global assessment of pregnancy outcome 
in women with pregestational diabetes was derived from
462 women in a study designed to determine whether aspirin
reduced the incidence of preeclampsia.51 Preeclampsia fre-
quency and preterm delivery before 35 weeks rose signifi-
cantly with the increasing severity of diabetes, according
to the White classification,45 and was highest in the 
58 women with class F/R (retinopathy/renal disease)
diabetes. In women with proteinuria (renal function was
not reported), the incidence of preeclampsia was 36%, the
incidence of preterm delivery was 29%, and the incidence
of fetal growth restriction was 14%.

Preconception evaluation and care of diabetic women
with nephropathy is discussed elsewhere.52 Although
maternal death is a rare event, it is clear that in women with
diabetic vascular complications, fetuses are at risk for high
levels of morbidity. Optimal care requires facilities with
a neonatal intensive care unit, because of a high incidence 
of preterm delivery, and a team of specialists to manage
both the obstetric complications and medical issues that
include chronic hypertension, renal insufficiency, diabetic
retinopathy, heart failure, and kidney failure. For some
women, the risk of complications is so high that pregnancy
is relatively contraindicated. Most patients, however, can be
expected to achieve a satisfactory pregnancy outcome if
antepartum care is comprehensive and aggressive.
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Diabetes Diabetic Nephropathy Nondiabetic Renal Disease

Number of pregnancies 232* 57† 121‡

Fetal death 0.4% 7% 6%
Preterm deliveries 4% 26% 20%
Small for gestational age 2% 19% 24%
Large for gestational age 40% 14% 5%
Major congenital anomalies 9% 9% —
Neonatal complications

Respiratory distress syndrome 8% 23% —
Death 3% 2% 5%
Perinatal survival 97% 91% 89%

*Data derived from Kitzmiller JL, Cloherty JP, Younger MD, et al: Diabetic pregnancy and perinatal morbidity. Am J Obstet Gynecol 1978;131:560-580.
†Data derived from Kitzmiller JL, Brown ER, Phillippe M, Stark AR, et al: Diabetic nephropathy and perinatal outcome. Am J Obstet Gynecol 1981;141:741-751; and
from Reece EA, Coustan DR, Hayslett JP, et al: Diabetic nephropathy: Pregnancy performance and fetomaternal outcome. Am J Obstet Gynecol 1988;159:56-66.
‡Data derived from Katz AI, Davison JM, Hayslett JP, et al: Pregnancy in women with kidney disease. Kidney Int 1980;18:192-206.

TABLE 13–3 Comparison of Perinatal Outcome in Diabetic Patients and in Patients with Primary Renal Disease
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Figure 13–2. A, Correlation of exacerbations of systemic lupus erythematosus (SLE) during pregnancy in relationship to activity of disease
at onset of pregnancy. B, Incidence of fetal survival in relationship to activity of disease at onset of pregnancy. Data is shown from four 
individual reports as indicated by the citations in parentheses. (Adapted from Hayslett JP: The effect of systemic lupus erythematosus on
pregnancy and pregnancy outcome. Am J Reprod Immunol 1992;28:199-204.)

Systemic Lupus Erythematosus
and Pregnancy

Systemic lupus erythematosus (SLE) is an autoimmune
disorder that has a predominance among women and
occurs in women during their reproductive years. Women
with the established diagnosis of SLE may seek counseling
with regard to their chances for a successful pregnancy out-
come, or the disease may be detected after conception has
occurred. In some cases, SLE may first occur during
pregnancy. There is some evidence that pregnancy may
aggravate this autoimmune disorder. In addition to the
fact that 90% of all patients with this disease are women,
experimental studies have demonstrated that estrogens
activate an animal model of SLE.53 One large study
reported an increase in the rate of exacerbations during
pregnancy in women with SLE in comparison with the
rates before and after pregnancy.54

The first large series of pregnancy associated with lupus
nephropathy was published in 1980.55 In an analysis of 

65 pregnancies in 47 patients in whom clinical renal dis-
ease was present before pregnancy in 80%, the rate and
severity of exacerbations were correlated with disease activ-
ity in the mother during the 6 months before conception.
Among 35 patients with clinical remission for at least 
6 months, the relapse rate during pregnancy was 26%, and
clinical flares were usually mild and resolved after delivery.
In contrast, among 25 women with evidence of disease at
the beginning of pregnancy, SLE remained active in 36%
and exacerbations occurred in 32%; these flares were more
severe, and did not always resolve post partum. The corre-
lation between disease activity in the mother and preg-
nancy flares is supported by three subsequent studies56-58

and were summarized59 as shown in Figure 13–2A.
The overall fetal and neonatal survival rate was 87% in

the same four studies published since 1980,55-58 as shown
in Figure 13–2B. These data, however, reveal a fetal sur-
vival rate of 88% to 100% in women with inactive disease
at the beginning of pregnancy, in comparison with an
incidence of 50% to 82% in women with active disease.



When SLE begins in pregnancy, maternal disease is usu-
ally reported to be severe, and fetal survival rates averaged
50% in the studies mentioned. Patients in these reports
were usually treated aggressively with glucocorticoid hor-
mones and immunosuppressive agents. Inspection of
these reports failed to reveal an increase in fetal anomalies
as a result of treatment. Because fetal morbidity and mor-
tality were correlated with disease activity in the mother,
these data suggest that the maternal disease should be
aggressively treated.

An important complication of SLE involves transmis-
sion of a maternal antibody to the soluble tissue ribonu-
cleoprotein antigen Ro (SS-A) in the fetus.60 This
antibody has been associated with complete heart block
in infants born to women with established SLE and to
women with this circulating antibody in the absence of
clinical features of connective tissue disease. At autopsy, a
diffuse and extensive endocardial fibrosis that may
involve all four cardiac chambers and replace septal mus-
culature in the area of the atrioventricular node has been
described. Tissue-antigen variation in the child may 
be important because not all children born to anti-Ro 
(SS-A)–positive women develop heart block.61 Nevertheless,
pregnant women with SLE should be screened for this
antibody and, if they are seropositive, fetal echocardiogra-
phy monitoring should be offered.

DIALYSIS DURING PREGNANCY

Dialysis has been employed during pregnancy when renal
failure occurs in women who conceive before the develop-
ment of severe renal insufficiency and in women receiving
chronic dialysis. In the latter case, the diagnosis of preg-
nancy is usually made in the second trimester because
menstrual irregularities are common in women with renal
failure and the typical symptoms of pregnancy are usually
attributed to other causes. Ultrasonography is useful for
diagnosis and assessment of gestational age because
human chorionic gonadotropin levels are elevated in
severe renal insufficiency as a result of a reduction in
metabolic clearance. Information on pregnancy outcome
in gravid women supported by dialysis treatment is avail-
able only from case reports and small series that may
favor pregnancies with better outcomes. The scarcity of
data reflects, at least in part, the uncommon use of dialy-
sis in pregnancy. The prevalence of fertility among women
on chronic dialysis may, however, be higher than thought,
according to a report from Saudi Arabia.62 In that survey
of the incidence of pregnancy in 50% of all women
younger than 50 years receiving chronic dialysis during
the interval 1985 to 1990, 27 pregnancies were reported in
380 women, an incidence of 7%. Ten pregnancies, includ-
ing all 8 pregnancies that continued for at least 34 weeks,
were successful, representing a survival rate of 37%. This
result highlights the importance of counseling women of
reproductive age about the necessity for birth control if
they wish to avoid pregnancy.

Perinatal death is most commonly related to preterm
delivery resulting from premature labor, although abrup-
tio placentae, fetal distress, and maternal bleeding are also
frequent causes of early delivery.63 Both hemodialysis and

chronic peritoneal dialysis have been employed with
about equal rates of a successful outcome, ranging from
20% to 50%.64 Peritoneal dialysis may have a theoretical
advantage because it avoids dramatic changes in fluid vol-
ume, the absence of heparin, and greater ease in continu-
ing an unrestricted diet.

It is common practice to perform hemodialysis more
frequently than the usual routine of three times per week.
Dialysis is usually performed daily or on an alternating-
day basis to maintain the urea nitrogen level below 
50 mg/dL and to reduce the likelihood of large changes
in fluid volume and electrolytes. The prescription for
dialysis, largely based on theoretical considerations, is
detailed elsewhere.64 It proposes using a bicarbonate
dialysate, rather than one containing acetate, and the
maintenance of normal plasma levels of ionized calcium
and 1,25-vitamin D, along with appropriate adjustments
in the dialysate calcium level. Only minimal doses of
heparin are used to reduce the risk of bleeding. In addition,
recommendations include control of hypertension to levels
lower than 140/90 mm Hg. Recombinant erythropoietin
is used to prevent the hematocrit from falling below 30%
to 32%.

In one report, a series of eight consecutive pregnancies
were treated with peritoneal dialysis as the primary
modality of treatment for end-stage renal failure.65 The
authors showed that it was feasible to implant Tenckhoff
catheters intraperitoneally during pregnancy and that
sufficient space was available in the peritoneal cavity to
accommodate adequate volumes of dialysate.

RENAL TRANSPLANTATION
AND PREGNANCY

Because successful renal transplantation restores fertility
as well as renal function, it is not surprising that some
women have become pregnant after transplantation or
desire to do so after their sense of well-being returns.
Insights into pregnancy outcome and maternal complica-
tions can be derived from careful studies performed at
single transplantation centers and also from registries that
compile data from many transplantation centers. Sturgiss
and Davison reported their study of 34 pregnancies
among 18 renal allograft recipients managed at a single
medical center between 1967 and 1987, when immuno-
suppression consisted of azathioprine/prednisone.66 Of
24 pregnancies in 17 women that continued beyond early
pregnancy, 11 had adverse prenatal outcomes: five growth-
restricted babies, five stillbirths (fetal survival rate of 79%),
and one neonatal death. Preterm delivery was common
(46%), and five pregnancies ended at or before 32 weeks.

These patients was compared with 18 women, who
underwent transplantation in the same center, who did not
become pregnant. They were matched with regard to
underlying disease and renal function in order to deter-
mine the long-term effect of pregnancy on allograft recipi-
ents. The periods of observation averaged 12 years. The
incidences of spontaneous abortions in the two groups
were similar, and there was no long-term difference in GFR
or the prevalence of hypertension between those who con-
ceived and those who did not conceive. When the follow-up
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was extended to 15 years, the same results were obtained.67

Although the number of patients in this series was small,
this study suggested that pregnancy does not cause a
remote adverse affect on renal function or on blood pres-
sure in allograft recipients.

Subsequently, Davison reported a survey obtained
from published reports on obstetric outcome and mater-
nal complications in allograft recipients during the inter-
val 1961 to 1987.68 About 40% of all conceptions did not
continue beyond the first trimester because of spontaneous
and therapeutic abortions. The overall complication rate
in pregnancies beyond the first trimester was 46%.
Furthermore, he made the noteworthy observation that a
successful obstetric outcome occurred in only 73% of
pregnancies associated with complications (usually uncon-
trolled hypertension, graft rejection, or deterioration
in renal function) before 28 weeks, in contrast to a success
rate of 92% when complications did not occur before
28 weeks.

On the basis of this experience, Davison stressed the
importance of counseling at the time of transplantation
because women who were previously infertile may not be
aware of the possible change in fertility status if they
achieve a well-functioning graft. In addition, he proposed
guidelines to reduce maternal complications and enhance
a successful obstetric outcome, which included avoiding
pregnancy for at least 24 months after surgery and then
attempting conception only when the plasma creatinine
level is 2.0 mg/dL or less, there is no hypertension, and
immunosuppressive therapy is stable at a maintenance
dosage.

A National Transplant Registry was established in 1991
to study pregnancy outcomes in transplant recipients in
the United States and reflects more current clinical experi-
ence. Results from the Registry published in 199569 are
shown in Table 13–4, according to whether 297 patients
were immunosuppressed with or without cyclosporine.
In this table, only pregnancies that advanced beyond the
early weeks are tabulated, because the rate of spontaneous
abortion in an average normal population is about 20%
and because a large fraction of pregnancies in allograft
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No Cyclosporine Cyclosporine

Number of pregnancies 252 197
Obstetric complications

Premature (<37 wk) 52% 54%
Low birth weight (<2,500 g) 37% 50%
Live births 97% 97%

Maternal complications
Hypertension 21% 56%
Preeclampsia 20% 29%
Infection 18% 22%
Rejection 6.5% 11.1%
Graft loss (within 2 yr of

delivery) 4.5% 8.9%

Adapted from Radomski JS, Ahlswede BA, Jarrell BE, et al: Outcomes of 500
pregnancies in 335 female kidney, liver, and heart transplant recipients.
Transplant Proc 1995;27:1089-1090.

TABLE 13–4 Obstetric and Maternal Complications in
500 Pregnancies by Transplant Recipients

recipients are interruption by therapeutic abortion. These
data show that the incidence of live births was 97% among
the patients not taking cyclosporine and 97% in those tak-
ing cyclosporine, because of a 3% incidence of stillbirths in
each group. The incidence of low birth weight (<2500 g)
was high, at between 37% and 50%, primarily because of
preterm delivery. The table also indicates that the inci-
dence of rejection of the graft during pregnancy was
between 6% and 11%, and graft loss within 2 years of deliv-
ery occurred in 4.5% to 8.9%. Maternal complications,
including hypertension, preeclampsia, and infection, were
common, as shown in Table 13–4. Multivariate analysis
demonstrated that low birth weight was correlated with
hypertension, a plasma creatinine concentration exceeding
1.5 mg/dL, and pregnancy within 2 years of operation.
These registry data therefore indicate better fetal survival
rates than did earlier reports. These data also provide
information on the introduction of cyclosporine into graft
management and show that the incidence of low birth
weight and maternal hypertension is increased, in compar-
ison to the azathioprine era.

The Registry was updated in 2000 and now includes 
619 kidney recipients and 947 pregnancies. A comparison
of outcomes in recipients treated with two types of
cyclosporine (Sandimmune and Neoral) and tacrolimus
(FK506, Prograf) showed that the incidences of live births
were similar among the three groups and were higher than
95%. As in the earlier report, the incidence of pregnancy
complications was high, with 50% preterm deliveries, a 50%
cesarean section rate, and 40% neonatal complications.70
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14
GASTROINTESTINAL
COMPLICATIONS
A d a m  F.  S t e i n l a u f ,  Pe t e r  K .  C h a n g ,
a n d  M o r r i s  Tr a u b e

Gastrointestinal disorders are common during preg-
nancy. Clinicians treating a pregnant woman must

(1) differentiate symptoms that are normal during preg-
nancy from those that may indicate more serious disor-
ders, (2) understand how the disorder and the pregnancy
may affect each other, (3) know how to safely evaluate the
pregnant patient, (4) be able to weigh the risks of a disease
against the risks of treatment, and (5) be able to safely
treat the condition without causing adverse effects on the
mother or the fetus. This chapter reviews these issues with
regard to some of the major gastrointestinal disorders
that can occur during pregnancy.

DIAGNOSTIC TESTING IN PREGNANCY

Radiologic and Related Studies

A clinician can choose among a variety of radiologic tech-
niques to evaluate a pregnant patient with gastrointesti-
nal symptoms. Plain films, computed tomography (CT),
barium studies, and radionuclide studies emit ionizing
radiation, whereas ultrasonography and magnetic reso-
nance imaging (MRI) do not.

There may be a general belief that any radiation expo-
sure is harmful to the fetus. However, this belief is unwar-
ranted and could potentially lead to either missed
diagnoses or unnecessary elective abortions. The main
concerns of ionizing radiation exposure are cell death, ter-
atogenic effects, carcinogenesis, and genetic effects1-3;
however, most radiologic procedures are associated with
few, if any, such risks. According to the American College
of Radiology, no single diagnostic radiologic procedure
results in sufficient radiation to threaten the well-being of
the fetus.2 Fetal risk of anomalies, growth restriction, or
abortion is not increased with radiation exposure of less
than 5 rad. To put this into perspective, a two-view chest
x-ray examination gives an exposure of approximately 0.02
to 0.07 mrad, abdominal radiographs result in exposure

of .245 mrad, a barium enema study or a small bowel
series results in 2 to 4 rad, and CT of the abdomen or the
lumbar spine results in exposure of 2.6 rad and 3.5 rad,
respectively.3 CT pelvimetry, using a low-exposure tech-
nique,4 results in only a 250-mrad exposure.

The risk of carcinogenesis after radiation exposure is
also probably small. Exposure to as little as 1 or 2 rad
results in a slight increase in childhood malignancies, par-
ticularly leukemia.1,5 The background rate of childhood
leukemia is approximately 3.6 per 10,000 children. The
rate in those exposed in utero to radiation is approxi-
mately 5 per 10,000, representing an increase of about 1
per 10,000 from the background rate.

Nuclear medicine scans with radionuclides are occa-
sionally required during pregnancy. The most common
scans—those for the lung, gallbladder, kidney, bone, or for
evaluation of intestinal bleeding—all make use of tech-
netium 99m. They deliver doses of less than 0.5 rad to the
fetus, much lower than that known to produce detrimen-
tal effects. Accordingly, scans involving 99mTc may be per-
formed with relative safety if medically indicated.6

However, scans that involve radioactive iodine are con-
traindicated during pregnancy.

The decision to utilize studies with ionizing radiation
should involve a consideration of the gestational age of
the fetus. The preimplantation period (days 0 to 9 after
conception) is the time during which the fetus is most
sensitive to radiation-induced prenatal death. The period
of organogenesis (days 15 to 50 after conception) is the
time during which the fetus is most sensitive to radiation-
induced malformations. Finally, the entire first trimester
(days 15 to 90) is the period during which radiation can
induce growth and mental retardation, as well as child-
hood cancer.7

In contrast to studies with ionizing radiation, there are
no reports of detrimental fetal effects from ultrasound
waves, including those produced during duplex Doppler
imaging, and ultrasound examinations are not contraindi-
cated during pregnancy. Likewise, there are no documented



260 C H A P T E R 14 Gastrointestinal Complications

detrimental fetal effects from MRI, in which magnets are
used to alter the energy state of hydrogen protons.
Nevertheless, the National Radiological Protection Board
has arbitrarily recommended that MRI not be used during
the first trimester.8 Moreover, gadolinium chelates, which
can cross the placenta, should be avoided, because their
long-term effects are not known.

In summary, attempts should be made to avoid non-
emergency radiologic procedures involving ionizing radi-
ation during pregnancy, particularly during the first
trimester. However, if a radiologic procedure has already
been performed in a patient with undiagnosed pregnancy
or is medically required, there is no substantial concern
for significant risk.3 If diagnostic x-ray procedures are
indicated, they should be recommended and performed
after appropriate discussion with the patient, who may be
informed that a single x-ray exposure does not increase
the risk of fetal anomalies or pregnancy loss. If diagnostic
modalities that do not involve ionizing radiation (i.e.,
ultrasonography or MRI) are available and appropriate,
they should be considered better alternatives, but MRI
should be avoided in the first trimester.

Gastrointestinal Endoscopy

A series of reports indicates general safety of endoscopic
examinations in pregnancy. In one study of 26 flexible
sigmoidoscopic evaluations in 24 pregnant women, there
were no complications during the procedures. There were
18 healthy infants, 4 voluntary abortions, 1 involuntary
abortion 9 weeks after the procedure in a diabetic hyper-
tensive woman, and an unknown outcome in one
patient.9 In another study of 48 flexible sigmoidoscopic
examinations in 46 patients, the outcomes were 38 healthy
infants (27 full term), 4 voluntary abortions, 1 unknown
outcome, and 3 cases of fetal demise.10 This study also
reported on colonoscopy in eight pregnant women. The
outcomes were six normal infants, one voluntary abor-
tion, and one fetal demise 4 months after colonoscopy,
which was probably unrelated to the procedure. Thus,
diagnostic flexible sigmoidoscopy and colonoscopy
appear to be safe in pregnancy and should be undertaken
if clinically indicated. However, therapeutic endoscopy
was not evaluated in these studies.

Another study evaluated the safety of upper endoscopy
in 83 pregnant women.11 No clinically significant compli-
cations occurred during the procedures. The outcomes
were 70 healthy infants, 6 voluntary abortions, 3 unknown
outcomes, and 4 cases of fetal loss. However, there were
eight high-risk pregnancies, and fetal loss was considered
unrelated to the procedures. Two of the patients under-
went therapeutic endoscopy, and the pregnancies resulted
in healthy infants.

The use of endoscopic retrograde cholangiopancre-
atography (ERCP) should be limited, whenever possible,
to therapeutic indications, because diagnostic information
can usually be obtained through noninvasive tests, such
as ultrasonography or magnetic resonance cholangiopan-
creatography. However, when necessary for diagnostic or
therapeutic purposes, ERCP appears to be safe for both
mother and fetus. One study reported on the safety of

29 ERCP procedures in 23 patients.12 In this study, 3 patients
had diagnostic procedures, and 20 had therapeutic proce-
dures. Fifteen, eight, and six procedures were performed
in the first, second, and third trimesters, respectively. There
was only one complication, that of post-ERCP pancre-
atitis. There was one spontaneous abortion 3 months
after the ERCP and one neonatal death; however, a causal
relationship was not established. With additional
intraprocedure safety measures, such as lead shielding of
the pelvis, minimizing the fluoroscopy time, and taking
hard copy radiographs only when essential, the radiation
exposure can be minimized. In a study of 15 patients with
a mean length of pregnancy of 25 weeks, the average esti-
mated fetal dose, including exposure from fluoroscopy
and spot films, was 310 mrad, a dose substantially below
the 5- to 10-rad level that is considered to be of concern
for radiation teratogenesis. Labor did not occur within
1 month after any ERCP in these patients. By the end of the
study, 11 patients had delivered, with Apgar scores higher
than 8, and the continuing pregnancies were uneventful.13

The normal practice in the United States is to provide
medications for conscious sedation for most endoscopic
procedures other than flexible sigmoidoscopy. Table 14–1
lists the Food and Drug Administration (FDA) rating
system that is used to describe drug safety during preg-
nancy14; pregnancy category is the term used in this chapter
to refer to this rating system. Table 14–2 lists medications
commonly used for conscious sedation in endoscopy
and comments on their safety in pregnancy.15-18 Finally,
the general principles and precautions for performance
of endoscopy and the administration of medications
during endoscopy have been reviewed19 and are listed in
Tables 14–3 and 14–4.

GASTROINTESTINAL MOTILITY
DISORDERS

Nausea, Vomiting, and Hyperemesis
Gravidarum

Nausea and vomiting occur frequently during pregnancy,
particularly during the first trimester, and affect approx-
imately 70% to 90% of pregnant women.20-23 Mild to

Category Interpretation

A Controlled studies show no risk
B No evidence of risk in humans:

Animal findings show risk but human
studies do not

or
Animal findings are negative but there are

no adequate human studies
C Risk cannot be ruled out:

Animal findings are positive or lacking;
human studies are lacking

D Positive evidence of risk:
Can still be used if benefit outweighs risk

X Contraindicated during pregnancy

TABLE 14–1 Food and Drug Administration Categories
Used in Pregnancy Rating



moderate nausea and vomiting are physiologically and
“statistically” normal in pregnancy. They represent
the most common complaints during the first 5 months
of pregnancy.24 Symptoms are more common in
younger women, obese women, women from Western cul-
tures, women with fewer than 12 years of formal educa-
tion,20 women who experience nausea and vomiting while
taking oral contraceptives,21 and women with a corpus
luteum in the right ovary.25 Increased symptoms have
been correlated with heaviness of the placenta, nonsmok-
ing status, history of nausea in previous pregnancies, and
history of nausea and vomiting in the pregnant patient’s
mother.26 Lower levels of prolactin and, perhaps, higher
levels of estradiol contribute to the occurrence of nausea
with or without vomiting at any time during the first two
trimesters of pregnancy.27 The nausea and vomiting of
later pregnancy are probably the results of mechanical
action by the enlarging uterus on the diaphragm or lower
esophageal and pyloric sphincters.24

Typically, symptoms begin by 4 to 6 weeks of preg-
nancy, peak in incidence and severity by 8 to 12 weeks,
and resolve by the third to fourth month. They usually
appear early in the morning and improve later in the day

(“morning sickness”), although symptoms can occur any
time of the day and have a variable duration.21,23,24 The
prognosis for both mother and infant is excellent; there is
no increased risk of fetal death, low birth weight, or con-
genital malformations.28

Hyperemesis gravidarum is a severe, debilitating condi-
tion characterized by vomiting severe enough to result in
weight loss (>5% of body weight), dehydration, hypo-
kalemia, or acidosis. It occurs in up to 2% of all preg-
nancies and usually necessitates hospitalization.29-31

The diagnosis of hyperemesis gravidarum requires the
exclusion of other causes of severe vomiting, such as gas-
troenteritis, cholecystitis, pyelonephritis, primary hyper-
parathyroidism, and liver dysfunction.20,32-34 Similar to
mild or moderate nausea and vomiting of pregnancy,
hyperemesis usually begins early during pregnancy, but
it persists after the 14th week. It occurs more often in
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Defer endoscopy to after first trimester, when possible
Defer endoscopy to postpartum period, when possible (e.g., postpone

surveillance colonoscopy)
Avoid endoscopy for “weak” indications
Terminate poorly tolerated endoscopic procedures
Consider obstetric consultation
Obtain fully informed and written consent after discussion, which

should include fetal risk from procedure
Obtain continuous cardiac monitoring and pulse oximetry, as well as

intermittent sphygmomanometry
Consider fetal monitoring during endoscopy, if available
Avoid endoscopy during threatened abortion, placental abruption,

or other serious obstetric complications
Postpone endoscopy during active labor until post partum
Substitute less invasive procedure if possible: sigmoidoscopy for

colonoscopy or possibly MRCP for diagnostic ERCP
Perform procedure expeditiously (e.g., avoid examination of distal

duodenum at upper endoscopy or unnecessary endoscopic biopsies)
Avoid polypectomy, hot biopsy, and electrocoagulation, if possible
Restrict performance of endoscopy to highly experienced attending

endoscopists
Consider performing ambulatory endoscopy in a hospital endoscopy

suite rather than in the physician’s office
Avoid fluoroscopy during colonoscopy or EGD, and minimize

fluoroscopy during ERCP
Refer patient with complicated biliary disease during pregnancy to a

tertiary medical center

EGD, esophagogastroduodenoscopy; ERCP, endoscopic retrograde
cholangiopancreatography; MRCP, magnetic resonance
cholangiopancreatography.

TABLE 14–3 General Endoscopy: Recommendations

Use smallest effective dosage of medication
Involve patients in decisions about potentially fetotoxic drugs
When alternative drugs are available, use the drug that is safest for

the fetus
Avoid category D drugs
Do not use category X drugs
Avoid optional drugs
Contact pharmacologist or review literature as necessary with regard

to drug teratogenicity
Consider involvement of anesthesiologist for administering sedative

TABLE 14–4 Medications for Endoscopy:
Recommendations

FDA
Medication Category Comments

Meperidine B Appears to be safe and
nonteratogenic

The most commonly used labor
narcotic

Can cause neonatal respiratory
depression when given near the
time of labor

Fentanyl C Generally safe to use during
pregnancy

Can cause a brief decrease in
fetal heart rate variability

Associated with less maternal
nausea, vomiting, and
prolonged sedation than
is meperidine

Diazepam D There are case reports of first
trimester exposure in utero
resulting in facial clefts, cardiac
malformations, and other
malformations, but no syndrome
of defects has been identified

Can cause floppy infant
syndrome or marked neonatal
withdrawal symptoms when
exposure is in the third trimester

Midazolam D There are no published reports of
malformation, but the drug is
not as well studied as diazepam
during pregnancy

Propofol B Considered relatively safe during
pregnancy but can cause
profound respiratory depression
and should therefore be
administered by an
anesthesiologist

FDA, Food and Drug Administration.

TABLE 14–2 Drugs Used for Conscious Sedation during
Endoscopy



Western populations, has a higher prevalence in primi-
gravid women, and tends to recur in subsequent pregnan-
cies. One study showed that fetal outcome is not adversely
affected by the presence of hyperemesis gravidarum35;
however, earlier studies demonstrated an increased fre-
quency of low birth weight, antepartum hemorrhage,
preterm delivery, and fetal anomalies, including central
nervous system malformations, undescended testicles, hip
dysplasia, and Down syndrome. Most investigators agree
that the vomiting itself is not responsible for the adverse
outcomes; rather, they result from the electrolyte distur-
bances, malnutrition, and maternal weight loss.29,32,36-39

The exact cause of hyperemesis gravidarum remains
unknown. It is probably related to rising estrogen or
human chorionic gonadotropin levels, which are charac-
teristically elevated during the first trimester of preg-
nancy. Increased progesterone and reduced motilin levels
have also been implicated,23,24,40 as have adrenal dysfunc-
tion41 and thyroid disorders. The hormonal derangement
that occurs during pregnancy may result in impaired gas-
tric motility. Indeed, studies comparing gastric emptying
in women and men found that premenopausal women
and postmenopausal women taking hormone replace-
ment had slower gastric emptying than men; however,
postmenopausal women without hormone replacement
did not.42,43 Electrogastrography, which is performed with
cutaneous electrodes, has demonstrated gastric dysrhyth-
mias in pregnant women experiencing nausea.44 Most
recently, the presence of antibodies against Helicobacter
pylori has been shown to be associated with vomiting dur-
ing pregnancy.45 Among patients with hyperemesis gravi-
darum, the prevalence of H. pylori is twice that among
pregnant controls.46,47 However, a causal relationship
has not been established, and it is not known whether
eradication of H. pylori improves the vomiting.

The treatment for mild nausea and vomiting is sup-
portive therapy. The ingestion of multiple small-portion
meals high in carbohydrates and low in fats has been sug-
gested.23 As symptoms become more severe, pharmaco-
logic therapy and nutritional support become necessary.
Table 14–5 lists medications available for the treatment

of nausea and vomiting, along with comments on their
safety in pregnancy.23,48-56

For more severe cases of nausea and vomiting, as well
as hyperemesis gravidarum, antiemetics remain the back-
bone of treatment, inasmuch as specific therapies or
interventions to treat pregnant women with nausea and
vomiting are lacking. Doxylamine succinate plus pyridox-
ine HCL (Bendectin) was one of the first antiemetics
approved for use during pregnancy but was subsequently
withdrawn from use because of suspected teratogenicity.57

Metoclopramide (Reglan) has been in use in Europe since
the early 1970s. It has no teratogenic effects in animals
when given at doses 12 to 250 times the recommended
maximal human dose, and anecdotal reports of use in
humans have shown no fetal abnormalities.51,52 Moreover,
continuous subcutaneous metoclopramide therapy can be
given for at-home treatment of hyperemesis gravidarum.
The treatment is safe, effective, associated with mild side
effects, and cost effective in comparison with inpatient
hospitalization.53 Other antiemetics, such as antihista-
mines (e.g., meclizine) and phenothiazine derivatives (e.g.,
promethazine), may be used if symptoms are severe and
intractable.23 One study in hyperemesis gravidarum
found the combination of droperidol and diphenhy-
dramine to be beneficial and cost effective, leading to
fewer and shorter hospital admissions. There were no sig-
nificant differences with regard to maternal or perinatal
outcomes in comparison with a group that did not receive
treatment.50 However, droperidol now has a “black box”
warning because of associated corrected QT interval pro-
longation and cardiac arrhythmias.49 Another study
showed that vitamin B6, 25 mg every 8 hours, was signifi-
cantly better than placebo in decreasing vomiting in 
all patients and decreasing nausea in patients with severe
symptoms.48 Because vitamin B6 has no known teratogenic
or adverse side effects, it is a good therapeutic alternative.
More recently, case reports have shown some success with
ondansetron in treating refractory hyperemesis gravi-
darum,54,55 and a double-blind study showed ondansetron
not to be worse than promethazine.56 In very severe cases,
total parenteral nutrition may be required.33 Finally,
psychotherapy may be useful in selected cases.58

Gastroesophageal Reflux Disease

Gastroesophageal reflux disease (GERD) has been shown
to affect 30% to 50% of pregnant women, although it may
be up to 80% in some populations.59,60 One study of 25
patients completing a questionnaire showed that half had
symptoms severe enough to change their lifestyles.61

Of these patients, 53% had heartburn before pregnancy;
however, only 30% believed it was severe enough to require
H2 receptor antagonists, and only 20% consulted their
physicians for such symptoms.

The symptoms of GERD do not differ from those in
nonpregnant patients. Symptoms are typically worse
during the third trimester and abate soon after delivery.
They typically include retrosternal burning but may also
be discomfort in the epigastrium, neck, throat, or back.
They usually occur postprandially but also noctur-
nally and are exacerbated by recumbency or bending over.
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Medication Comments

Vitamin B6 Considered safe
Metoclopramide Category B; anecdotal reports show no

significant human risk
Meclizine Category B; epidemiologic studies show no

fetal abnormalities
Diphenhydramine Category B; shown in human study to be

safe when combined with droperidol
Promethazine Category C; animal studies indicate that it is

teratogenic, interferes with platelets, and
is associated with perinatal wastage,
prematurity, premature labor, and fetal
anomalies

Droperidol Category C; slight increase in mortality in rats
in high doses; black box warning relating to
corrected QT interval abnormalities and
cardiac arrhythmias

Ondansetron Category B; limited data available

TABLE 14–5 Drugs Used for Nausea, Vomiting, and
Hyperemesis Gravidarum



Other symptoms are regurgitation, dysphagia, globus
sensation, or water brash (reflex esophageal hypersaliva-
tion in response to esophageal acid). As in nongravid
people, the symptoms are aggravated by dietary factors,
such as the ingestion of caffeine, chocolate, fatty foods,
peppermint, alcohol, orange and apple juice, large meals
or late-night meals, various medications that decrease
lower esophageal sphincter (LES) pressure, and smoking.
The three main atypical manifestations of GERD are
noncardiac chest pain; pulmonary symptoms, such as
asthma; and ear, nose, and throat manifestations, such as
laryngitis.62

The pathophysiologic mechanism of GERD in preg-
nancy is multifactorial. In the nonpregnant patient, gas-
troesophageal reflux results from (1) decreases in resting
LES pressure, (2) increases in spontaneous relaxation of
the LES, (3) increases in volume and acidity of gastric
secretions, (4) decreased esophageal clearance of refluxed
secretions, and (5) changes in the resistance of the
esophageal mucosa to refluxed gastric secretions.62 In
pregnancy, the resting LES pressure is significantly
decreased, leading to more frequent regurgitation and
reflux episodes. In addition, increased transient LES relax-
ations are present and are believed to be the effect of hor-
monal changes. Progesterone has a smooth-muscle
relaxant effect on the LES. These changes appear to
reverse post partum.63 Furthermore, the increases in
intraabdominal pressure that result from the enlarging
uterus may exacerbate reflux as well, particularly when
the patient is recumbent.

The diagnosis can usually be established by document-
ing the patient’s medical history carefully. In some of the
more vague cases, diagnostic endoscopy can be performed
safely, looking for changes in the esophageal mucosa,
such as erythema, friability, exudate, erosions, frank
ulcerations, and strictures. In the setting of a normal
endoscopic result, distal esophageal mucosal biopsies
may support a diagnosis of reflux if microscopic inflam-
matory changes are present. A negative endoscopy and
biopsy do not completely exclude reflux, and 24-hour pH
monitoring effectively establishes the presence or absence
of reflux. However, it is quite unusual to require endo-
scopic or pH studies to confirm a working diagnosis of
esophageal reflux during pregnancy.

Initial treatment of reflux in the pregnant woman
should be conservative. Initial recommendations include
avoidance of exacerbating medications listed previously,
elevation of the head of the bed at night, and the use of
non–systemically absorbed medications, such as antacids,
as needed.64 When these measures fail and the patient
is bothered sufficiently to affect her quality of life,
prescription drugs should be considered. Medications
used to treat reflux include H2 receptor antagonists
(cimetidine, ranitidine, famotidine, and nizatidine) and
the proton pump inhibitors (PPIs) (omeprazole, lanso-
prazole, rabeprazole, pantoprazole, and esomeprazole)
(Table 14–6).61,65-68

The H2 receptor antagonists are classified by the FDA
as category B. They are considered generally safe for use
during pregnancy, including the first trimester. In a
prospective study of 178 pregnant women with gesta-
tional H2 blocker use during the first trimester, major

malformations, method of delivery, gestational age, prema-
turity, birth weight, smallness for gestational age, neonatal
health problems, and developmental milestones were not
different from those in children of an age-matched control
group.68 The dose of the H2 blocker can be oral, once at
night or twice daily, but the twice-daily regimen may be
better than the single nightly dose.61

The PPIs are significantly more effective than H2
blockers for acid suppression. Human studies of PPIs in
pregnant women are not as common as studies of H2
blockers, but PPI use is generally safe. PPIs are classified as
category B by the FDA, except omeprazole, which is clas-
sified category C. Ironically, the majority of studies of PPI
safety in pregnancy involve omeprazole. A metaanalysis
comprising five cohort studies with almost 600 exposed
pregnancies showed that PPI exposure during the first
trimester did not pose an important teratogenic risk.65

A small case series described nine women, including three
who continued omeprazole therapy without interruption
until delivery, and reported no side effect to the mothers
or fetuses.66

Other medications used for the treatment of GERD are
the prokinetic agents, such as metoclopramide (discussed
previously) and cisapride. Cisapride acts by enhancing the
cholinergic excitatory process at postganglionic sites at
neuromuscular junctions, thereby increasing gastroin-
testinal motility from the upper gastrointestinal tract
down through the colon. It is no longer generally available
because of an association with QT interval prolongations
and serious cardiac arrhythmias. It is available only
through a limited access program developed by the manu-
facturer and the FDA. Cisapride should not be used by
pregnant patients.
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Medication Comments

Antacids Bicarbonate can cause sodium retention
Sucralfate Category B; considered safe for use in

pregnancy
Cimetidine Category B
Ranitidine Category B; no adverse effects in a human

study
Famotidine Category B
Nizatidine Category B
Omeprazole Category C; animal studies indicate dose-

related lethality in embryos, fetal abortion,
pregnancy disruption, postnatal
development toxicity; human study
indicate safety at 20- to 40-mg doses

Lansoprazole Category B
Rabeprazole Category B
Pantoprazole Category B
Esomeprazole Category B
Metoclopramide Category B; anecdotal reports show no

significant human risk
Cisapride Category C; embryotoxic/fetotoxic in animals,

no teratogenic effects; available only
through a limited access program with
the manufacturer

Misoprostol Category X; causes uterine contraction,
bleeding, and miscarriage

TABLE 14–6 Drugs Used for Gastroesophageal Reflux
and Peptic Ulcer Disease



Constipation

The prevalence of constipation in the pregnant population
varies from 11% to 38%, and symptoms tend to be worse in
the first and third trimesters.69-71 Constipation is probably
related to the effects of progesterone on motility of both
the small intestine and the colon.23 Other factors may
contribute as well. Motilin, a stimulatory gastrointestinal
hormone, is reduced during pregnancy. Progesterone may
inhibit motilin release, thus further adversely affecting
gastrointestinal motility.72 Finally, the enlarging uterus
may physically affect the small intestinal motility directly,
particularly late in pregnancy.

Initial treatment should include patient education,
reassurance, increased physical activity, and increased
fluid intake. Dietary supplements of fiber in the form of
bran or wheat fiber are likely to help.73 If lifestyle modifi-
cations and dietary supplements are inadequate, many
agents are available for the treatment of constipation. The
bulk-forming preparations containing fiber are the safest,
because they are not absorbed. Other relatively safe
options include the hyperosmotic agents such as lactulose
and sorbitol, saline laxatives (in moderation) such as milk
of magnesia, the stimulant bisacodyl, and the docusate
sodium stool softeners. The use of polyethylene glycol
solution for constipation is increasing, particularly among
the pediatric population, primarily because of its efficacy
and safety profile.74 However, there are insufficient data
on the use of polyethylene glycol in treating constipation
during pregnancy. Tegaserod, a new 5-HT4 receptor partial
agonist, has emerged as a new medication indicated for the
treatment of constipation-predominant irritable bowel
syndrome in women.75 Animal studies suggest that it
would be safe for use during pregnancy; however, human
data for evaluating its safety during pregnancy are lacking.
It is therefore listed in pregnancy category B. The risks of
these and other agents are outlined in Table 14–7.23,76,77

Diarrhea

Diarrhea in the pregnant woman can be caused by the same
processes as in the nonpregnant patient, such as infection,
malabsorption, inflammatory bowel disease (IBD), and
drug-related diarrhea. When a pregnant woman presents
with new-onset diarrhea, a standard evaluation is indicated.

The workup should begin with a thorough history,
because this helps direct any further evaluation and treat-
ment. Careful attention must be paid to comorbid diseases
or medications that could cause diarrhea. A history of volu-
minous diarrhea or of midabdominal cramping suggests a
small bowel source, whereas the passage of red blood,
tenesmus, or small volumes of stool suggest a colonic
source. Stool studies should be obtained; fecal red or white
blood cells suggest colonic inflammation, which could be
secondary to an infection or idiopathic IBD. Stool cultures
should be obtained and, if positive, prompt appropriate
treatment. If these measures fail to reveal the cause of the
diarrhea, flexible sigmoidoscopy or upper endoscopy can
safely be performed for diagnostic purposes.

If the diarrhea appears to be mild and nonspecific
but sufficiently bothersome to warrant treatment,

non–systemically absorbed medications should be tried
first (Table 14–8).23 Of the systemically absorbed medica-
tions listed in Table 14–8, loperamide is probably the least
dangerous; however, even this agent, if used, should be
given in small and limited doses.
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Medication Comment

Nonsystemic
Kaolin with pectin (Kaopectate) Safe; not absorbed
Stool-bulking agents See Table 14–7

Systemic
Loperamide (Imodium) Category B; safe in animals at up to

30 × human dose
Limited human data: of pregnan-

cies in nine patients, four were
normal, two resulted in infants
with congenital malformations,
two ended in spontaneous
abortions, one resulted in
infant with bilateral Erb’s palsy

Diphenoxylate/atropine Category C; affects fertility;
(Lomotil) may cause malformations in

humans if used in first trimester
Bismuth subsalicylate Unsafe; can be teratogenic and

(Pepto-Bismol) cause bleeding

Data from Baron TH, Ramirez B, Richter JE: Gastrointestinal motility disorders
during pregnancy. Ann Intern Med 1993;118:336.

TABLE 14–8 Drugs Used for Diarrhea

Medication Comments

Bulk-Forming Agents
Fiber preparations Regarded as safe; agents of choice

during pregnancy

Osmotic Laxatives
Sorbitol, lactulose Regarded as safe
Polyethylene glycol (MiraLax) Insufficient data on use in

pregnancy

Cationic Laxatives
Milk of magnesia, magnesium Regarded as safe; can cause

citrate, Fleets products electrolyte disturbances and
fluid retention

Stimulant Laxatives
Anthraquinones (cascara, senna) Excreted in breast milk; may cause

diarrhea in neonate
Increased congenital malformations

Phenylmethanes (bisacodyl) Generally safe
Castor oil Unsafe; may cause premature

uterine contractions

Lubricants
Mineral oil Can cause fat-soluble vitamin

deficiency

Promotility Agents
Tegaserod (Zelnorm) Studies in rats and rabbits

demonstrate that it is safe;
no human data

Stool Softeners
Docusate salts (Colace) Generally safe

Modified from Baron TH, Ramirez B, Richter JE: Gastrointestinal motility disor-
ders during pregnancy. Ann Intern Med 1993;118:336.

TABLE 14–7 Drugs Used for Constipation



PEPTIC ULCER DISEASE

Pathophysiology

Our understanding of the pathogenesis of peptic ulcer
disease (PUD) has changed substantially over time. In the
early part of the 20th century, psychosocial stress and
dietary factors were thought to be important.78 In 1910,
gastric acid was implicated and remained highest on the
list of causes through most of the 20th century. Although
acid plays an important role in the pathogenesis of PUD,
recurrences of PUD after treatment with H2 receptor
antagonists are frequent.79 Defective mucosal defenses
have been considered to be more likely to be involved in
the pathogenesis of most cases of PUD.80 Specifically,
occurrences of most gastric and duodenal ulcers have
been attributed to nonsteroidal antiinflammatory drugs
(NSAIDs) or to colonization of the stomach by H. pylori.

NSAIDs cause gastric mucosal damage, resulting in
hemorrhage or perforation.81 The risk for the need of
hospitalization in patients taking NSAIDs has been esti-
mated at 1% to 1.5% per year, and the risk of death from
gastrointestinal complications, at 0.13% per year.82

Risk factors for such complications include increased
age, history of PUD, use of more than one NSAID, and
concomitant steroid use.83-86

NSAIDs cause two types of gastrointestinal lesions.80

With short-term use, endoscopically visible punctate
lesions occur and are replaced by white-based erosions,
usually in the antrum, which wax and wane sponta-
neously. With long-term use, these erosions can become
ulcers: again, usually in the antrum but at times anywhere
in the gastrointestinal tract. These ulcers result from the
inhibition of cyclooxygenase and prostaglandin synthesis.

H. pylori is a unipolar, multiflagellate, spiral-shaped,
microaerophilic, gram-negative rod that lives in a portion
of the mucous gel where the pH is near neutral. It is the
most common chronic bacterial infection in the world
and is present in one third of the population.87 It is most
prevalent in underdeveloped countries, where it is com-
mon in children and where more than 70% of adults are
infected by the age of 25 years. In developed countries, it
is uncommon in children but seen in 50% of adults older
than 60 years. H. pylori causes a superficial type B gastri-
tis.88,89 Duodenal and gastric ulcers are also closely associ-
ated with H. pylori. H. pylori has been found in 90% to
100% of patients with duodenal ulcers and in 60% to 100%
of patients with gastric ulcers.90 The presence of the bac-
teria appears to be essential for the development of most
non–NSAID-induced ulcers; however, its presence alone is
not sufficient for ulcer formation, because only 1.7% to 20%
of patients with H. pylori infection acquire ulcers.91-93

Other factors, such as cytotoxins released by the bacteria,
smoking, stress, concurrent NSAID use,91,94 and underly-
ing genetic predisposition, are important.95-97 The mecha-
nisms by which H. pylori infection leads to PUD are not
completely clear. Once H. pylori gains access into the
mucous layer, it synthesizes phospholipase A2 and ammo-
nium ions, which destroy the hydrophobic phospholipid
surface.80 Other physiologic alterations associated with
PUD, including an increase in gastrin levels,98 inhibition
of antral somatostatin release,99 and a decrease in the

secretion of duodenal bicarbonate release, are produced
by H. pylori.100 The net results of these alterations are
increased acid secretion, decreased acid neutralization,
and gastric metaplasia in the duodenum, resulting in fur-
ther colonization of H. pylori. However, the steps from gas-
tritis and duodenitis to frank ulceration are unclear, but
they probably involve host and bacterial virulence factors.

Symptoms of Peptic Ulcer Disease

Duodenal ulcers produce epigastric pain that can be
sharp, burning, gnawing, pressure-like, or ill defined.
The pain is episodic and recurrent, usually begins 1.5 to
3 hours after eating, frequently awakens the patient from
sleep, and is relieved by eating or antacids. Recurrences
last days to months and can occur without symptoms.
The symptoms of gastric ulcers are less well defined.
Epigastric pain is the most common symptom. The pain
may not be relieved by food, and, in some patients, the
pain may increase after food intake. Antacids relieve
the pain less reliably than in duodenal ulcers. Changes in
the quality of pain may signal that a complication has
occurred. The main complications and their symptoms
are penetration, which is usually posterior toward the
pancreas (pain radiating to the back); perforation (abrupt
increase in abdominal pain); gastric outlet obstruction
(pain that increases with food and increased nausea and
vomiting); and hemorrhage (hematemesis, Hemoccult-
positive stools, melena). Physical examination in uncom-
plicated cases may reveal mild midepigastric or right
upper quadrant tenderness. When complications occur,
physical examination may reveal tachycardia or hypoten-
sion, cutaneous or mucosal pallor if significant bleeding
has occurred, a “surgical abdomen” if perforation or pen-
etration has occurred, or a succussion splash if gastric
outlet obstruction has resulted.

The diagnosis of PUD can be made radiologically or
endoscopically. In single-contrast barium studies, 70% to
80% of duodenal ulcers found at endoscopy can be seen,
whereas 90% can be identified in a double-contrast bar-
ium study. With regard to gastric ulcers, barium studies
are 80% accurate. Endoscopy is most accurate for the diag-
nosis of PUD; furthermore, in the case of hemorrhage,
the risk of bleeding recurrence can be ascertained and
endoscopic therapy can be applied.

The treatment of PUD requires discontinuing offend-
ing medications such as NSAIDs, administering anti-
secretory medications (see Table 14–6), and treating
H. pylori, if identified, in order to decrease recurrences.
If NSAIDs cannot be stopped, concurrent, long-term use
of medications aimed at protecting the gastric and duode-
nal mucosa is necessary. These include misoprostol
(a prostaglandin analog), sucralfate, H2 receptor antago-
nists, and PPIs. Misoprostol and the PPIs are most effec-
tive in protecting against both duodenal and gastric ulcers.

Approach to and Treatment of Peptic Ulcer
Disease in Pregnancy

The true incidence of PUD during pregnancy is
unknown because indigestion, nausea, heartburn, and
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vomiting are all common during this time. However, it is
believed that the incidence is very low. One study identi-
fied only six cases of PUD in 23,000 deliveries.101 If PUD
becomes more clinically apparent during pregnancy, it
tends to do so closer to the time of delivery.102 Pregnancy
tends to have a beneficial effect on the course of dis-
ease.103 This beneficial effect may be caused by dimin-
ished gastric acid output and increased gastric mucus
secondary to progesterone104 or histaminase release
from the placenta.105 The beneficial effects of pregnancy
may also result from the ability of gastric and duodenal
mucosa to regenerate, possibly as a result of epidermal
growth factor.103

When a pregnant woman presents with a prior his-
tory of PUD, a detailed history should help determine
the certainty of the diagnosis. The patient without typi-
cal burning symptoms who has suffered complications
without warning should continue with H2 receptor
antagonists. The patient with typical symptomatic dis-
ease in the past should receive medications only with the
onset of recurrent symptoms. In the absence of a history
of PUD, symptoms may be confused with GERD, simple
nausea and vomiting, or hyperemesis. Treatment should
initially be conservative. Recommendations should
include dietary measures, such as eating small, frequent
meals and avoiding foods known to trigger symptoms,
particularly those that promote reflux, such as caffeine,
chocolates, fatty foods, and mints. Antireflux measures,
as described previously, should also be recommended.
When these measures fail to work, antacids are the first
line of therapy. They are safe, particularly when used in
the second or third trimesters, as well as during breast-
feeding. H2 receptor antagonists are considered next in
line; they are classified in category B (see Table 14–6).
Sucralfate is a sulfated disaccharide with aluminum
hydroxide that is minimally absorbed and functions as a
topical agent, forming an ulcer-adherent complex that
provides an acid barrier. It is also considered safe for use
during pregnancy. PPIs are generally safe and classified
in category B, except for omeprazole, which is in cate-
gory C. However, omeprazole has not been found to be
associated with major malformations in humans when
used during pregnancy.65 Misoprostol (Cytotec) is a syn-
thetic prostaglandin E1 analog. It exhibits both anti-
secretory and mucosal protective properties. Because it
can cause uterine contraction, bleeding, and miscarriage,
misoprostol should be avoided during pregnancy.67

In fact, it is used to induce labor.106

In view of the chronic nature of the infection and the
risk of exposing the fetus to multiple medications, it is
best to delay treatment of the H. pylori infection until the
postpartum period. For this reason, the various combina-
tions of antibiotics and their rates of eradication are not
discussed here.

INFLAMMATORY BOWEL DISEASE

Pathophysiology

The IBDs are ulcerative colitis (UC) and Crohn’s disease
(CD). These are two distinct disorders, each with its own

varied manifestations. Both are characterized by chronic,
relapsing, nonspecific intestinal inflammation. Although
of unknown orgin, they have their own constellation of
genetic, immunologic, and pathologic characteristics.

There are currently three theories regarding the etiol-
ogy of IBD: (1) reaction to a persistent intestinal infec-
tion, (2) defective intestinal mucosal barrier to bacterial
antigens, and (3) dysregulated host immune response to
ubiquitous antigens. Whichever theory proves to be true,
it can be said that luminal bacteria, either pathogenic or
resident, stimulate the immune system, which in turn
starts and perpetuates the inflammatory cascade. The
chronicity of IBD results from a complex interplay of
environmental stimuli, as mentioned (bacterial antigens
or other toxins), affecting a patient with genetically pre-
determined host susceptibility factors and resulting in the
person’s preprogrammed immune response or mucosal
barrier function. When the mucosal barrier is disrupted,
the lamina propria immune cells are continually exposed
to bacteria and other antigens present in the lumen,
thereby perpetuating the immune cascade. Many
immunoregulatory abnormalities have been identified,
such as increases in helper T cells in relation to suppres-
sor T cells, changes in epithelial antigen presentation, and
cytokine alterations that favor continued inflammation.
When the T lymphocytes and macrophages are activated,
more cytokines are released, attracting and stimulating
more cells of inflammation, thereby perpetuating the
immune cascade. The end result of all the inflammation
is tissue damage.107

Many of the therapies available are aimed at correcting
the dysregulated immune response in a nonspecific
manner. Treatments designed to correct the antigenic
drive, such as antibiotics, have also been given a role in the
management of IBD. More recently, therapies aimed at
proinflammatory cytokines such as tumor necrosis factor
α (TNF-α) have attained a role in the management of IBD.

Ulcerative Colitis: General Overview

The main symptom of UC is bloody diarrhea. Other
symptoms associated with increasing severity include
frequency, pus, crampy abdominal pain, fever, weight loss,
dehydration, and anemia. With primary rectal involve-
ment, tenesmus may be a major complaint, and some
patients may present with constipation rather than
diarrhea.

Findings on physical examination are usually non-
specific. In mild cases, the examination findings may be
entirely normal. In more severe cases, the abdomen may
be tender along the course of the colon, and fever, tachy-
cardia, and postural hypotension may be present.
Extraintestinal manifestations of IBD involve the eyes,
skin, and joints (Table 14–9); their presence should
increase the clinician’s degree of suspicion about the pres-
ence of IBD. Laboratory data are also nonspecific and
usually reflect the degree and chronicity of inflammation
and bleeding. Anemia may be observed, and if chronic
bleeding has taken place, iron deficiency may result.
Inflammation may lead to leukocytosis and an elevated
erythrocyte sedimentation rate. Hypokalemia may result
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from fecal loss of potassium and hypoalbuminemia from
loss of luminal protein. Liver function test results may
be abnormal if the hepatobiliary system is affected (see
Table 14–9). Stool testing usually reveals red and white
blood cells, reflecting mucosal inflammation; the results
of stool cultures are usually negative.

The diagnosis is suspected on the basis of the patient’s
history, physical examination findings, and laboratory
data, as already described. Stool cultures should be
obtained to rule out infectious colitis, which can manifest
with similar signs and symptoms. Single-contrast barium
enema studies may show changes consistent with early
disease; however, barium enema study is often nonreveal-
ing at this early stage. In the later stages, barium enema
can determine the extent of inflammation and identify
associated features such as pseudopolyps, ulcerations,
bowel shortening, depression of flexures, loss of haustral
markings, and the development of carcinoma. Of course,
barium studies should not be done during pregnancy
because of radiation exposure.

Direct examination of the colonic mucosa with
mucosal biopsies is the best way to make the diagnosis.
Sigmoidoscopy in UC shows inflamed mucosa beginning
in the rectum and extending proximally in a continuous
manner for a variable distance. The findings include ery-
thema, edema, friability, loss of normal vascular pattern,
exudate, and shallow ulcerations. As mentioned, the
inflammatory changes are continuous; there are no
skipped areas. The inflammation may involve only the
rectum (proctitis), extend only as far as the sigmoid colon
(proctosigmoiditis), or involve the entire colon (pancoli-
tis). In the latter case, a small segment of terminal ileum
may be involved in what is known as “backwash ileitis.”
If this occurs, thickening and narrowing of the terminal
ileum rarely develop; this characteristic helps distinguish
such disease from CD. During acute inflammation,
the goal of the endoscopic evaluation is only to estab-
lish a diagnosis, not its anatomic extent. If the patient

experiences discomfort and the disease appears to
extend beyond the level of insertion of the scope, the
examination should be aborted, and treatment can be
initiated. Continuing to advance the sigmoidoscope may
result in further patient discomfort and greater risk of
perforation related to the acute inflammation. The extent
of the disease can be established at a later date, when
inflammation is under better control.

Biopsies of the inflamed areas confirm the diagnosis.
Microscopically, the inflammation in UC affects the
mucosa and submucosa without affecting deeper layers
(in contrast to CD). Pathologic findings include neu-
trophilic infiltration, loss of surface epithelial cells, ulcer-
ation, crypt abscesses, loss of crypt epithelium and goblet
cells, and bifurcation at crypt bases. Recurrent inflamma-
tion results in submucosal fibrosis, shortening of the
colon, and regenerative islands of mucosa amidst
denuded areas, resulting in pseudopolyps. Dysplasia may
be seen in long-standing UC. In very severe cases, when
toxic megacolon develops, the bowel wall becomes very
thin, and inflammation can extend to the level of serosa.

The main therapies for UC consist of 5-aminosalicylic
acid (5-ASA) compounds and corticosteroids, delivered
orally or rectally. In more severe cases, other agents may
be necessary, such as azathioprine/6-mercaptopurine
and cyclosporine. A more detailed discussion of the med-
ications used in IBD follows.

Crohn’s Disease: General Overview

CD can affect any part of the gastrointestinal tract, from
the mouth to the rectum; most cases involve the small
bowel, the colon, or both. The clinical manifestation of
CD therefore depends on the area of involvement. The
major clinical features of CD are fever, abdominal pain,
and diarrhea, often without blood. Diarrhea and rectal
pain are the most common colonic manifestations.
Anorectal complications, such as fistulas, fissures, and
abscesses may develop. Extensive involvement of the colon
may lead to colonic dilatation, but this is less common
than in UC. Presumably, the transmural involvement of
CD results in colonic wall thickening, which makes dilata-
tion less likely. Extraintestinal manifestations of IBD (see
Table 14–9) are more common when the colon is involved.
With disease of the small bowel, symptoms may consist of
fatigue, weight loss, low-grade fever, anorexia, nausea,
vomiting, and right lower quadrant pain. The pain may be
colicky or crampy, depending on the degree of intestinal
narrowing. The diarrhea of small bowel CD may be mod-
erate and without associated blood loss.

The physical examination helps determine the site and
severity of disease. Vital signs may be normal in mild cases.
The examination may reveal elevated temperature, hypoten-
sion, and tachycardia resulting from active inflammation,
fistula or abscess formation, dehydration from nausea and
vomiting, or diminished oral intake. Extraintestinal mani-
festations may be evident (see Table 14–9). The abdominal
examination may reveal tenderness with or without an
associated fullness, reflecting adherent loops of bowel or
an inflammatory mass. The perianal examination may
reveal skin tags, abscesses, or fistula formation.
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Rheumatologic
Arthralgias
Nondeforming (peripheral) arthritis
Central arthritis (ankylosing spondylitis)

Dermatologic/Oral
Erythema nodosum
Pyoderma gangrenosum
Aphthous ulcers

Hepatobiliary
Focal hepatitis/fatty infiltration
Pericholangitis
Sclerosing cholangitis
Cholangiocarcinoma
Chronic active hepatitis
Cirrhosis

Ocular
Episcleritis
Recurrent iritis
Uveitis

TABLE 14–9 Extraintestinal Manifestations of
Inflammatory Bowel Disease



Laboratory data may reveal a mild anemia resulting
from chronic disease or an iron deficiency, a folate defi-
ciency, or a vitamin B12 deficiency resulting from extensive
ileal involvement. Leukocytosis with a predominance of
immature forms and an elevated erythrocyte sedimenta-
tion rate may be found. Abnormal liver function tests
reflect hepatobiliary involvement. Extensive diarrhea may
lead to electrolyte disturbances, such as hypokalemia
and hypomagnesemia. Hypocalcemia may result from
vitamin D malabsorption and protein-losing enteropathy.
Steatorrhea may be present from bile acid malabsorption.
Stool analysis may reveal leukocytes if the colon is
involved, but the results of cultures are negative.

Radiologic studies are helpful in delineating extent of
disease. A barium enema study shows rectal sparing, skip
lesions, small ulcerations, longitudinal fissures, or stric-
tures, the last resulting from irregular bowel wall thicken-
ing and fibrosis. A small bowel series may reveal a
cobblestone appearance, loss of mucosal detail and rigid-
ity of segments of bowel from submucosal edema or
stenosis, and fistulous tracts. CT may identify segments
of involved bowel, phlegmons, and abscesses.

Endoscopic examination shows ulcerations (tiny aph-
thae or longitudinal fissures), a cobblestone appearance,
pseudopolyps, or strictures. In view of the noncontinu-
ous nature of the disease, colonoscopy is superior to flex-
ible sigmoidoscopy because it allows evaluation of the
entire colon and of the terminal ileum. Biopsies should
be undertaken to evaluate for nonspecific findings such
as crypt abscesses, inflammatory infiltrates, and ulcera-
tions and for the specific finding of granulomas, which
are seen in 30% to 50% of biopsy samples of inflamed
areas.

The medications for the treatment of CD are the same
as those used for UC. For colonic involvement, an
approach similar to UC is appropriate. Antibiotics such as
ciprofloxacin and metronidazole have shown benefit.108

If the small bowel is involved, 5-ASA products in the form
of mesalamine, which are released more proximally in the
intestinal tract, may be helpful. These include Asacol,
a pH-released preparation, and Pentasa, a moisture-
released preparation. Corticosteroids can be used to treat
acute flares. Other medicines used with success in CD are
azathioprine/6-mercaptopurine, infliximab, methotrex-
ate, cyclosporine, tacrolimus, and thalidomide. A more
detailed discussion of the drugs used for IBD during
pregnancy follows.

Pregnancy and Inflammatory Bowel Disease

It can be difficult to diagnose IBD during pregnancy
because many signs and symptoms of IBD are nonspecific
and may erroneously be attributed to pregnancy itself.
However, a thorough history, physical examination, and
appropriate laboratory data should strongly suggest the
diagnosis. A limited flexible sigmoidoscopic evaluation
can be performed safely.109 Total colonoscopy is usually
not necessary because the findings are not likely to
change therapeutic decisions.

Although it is best to achieve and maintain disease
remission before conceiving, some patients conceive dur-
ing the throes of a flare. Many of these patients prefer to

struggle through the pregnancy rather than treat the
disease medically. Furthermore, some patients prefer to
stop maintenance medications before conception.110

This decision is often based on patients’ personal beliefs
or on inappropriate advice from ill-advised physicians.
Indeed, physicians’ reference books, such as the
Physician’s Desk Reference (PDR), often emphasize risks
and side effects without weighing risk/benefit ratios. The
FDA pregnancy categories reflect this cautious approach.
Although it is important to inform couples contemplat-
ing pregnancy about drug risks and warnings, it is equally
important to educate and counsel them with regard to
the experience and safety of these medications during
pregnancy.

Aminosalicylates

This group includes sulfasalazine, in which 5-ASA is the
active therapeutic agent linked via a diazo bond to sul-
fapyridine, and the mesalamine products, which consist
of two diazo-linked 5-ASA molecules encapsulated in var-
ious vehicles to allow delivery of the drug to different
locations in the intestinal tract without the intake of the
sulfapyridine moiety, which is responsible for most side
effects.111 These medications are considered first line for
the treatment of the IBDs. Table 14–10 summarizes the
data on their safety during pregnancy.112-117

Antibiotics

The use of antibiotics in IBD is becoming increasingly
important not only for the treatment of intercurrent
infections but also as first-line therapy for CD.118 There
are limited data regarding the safety of antibiotics for the
treatment of CD during pregnancy.

Metronidazole and ciprofloxacin are typically the first
antibiotics considered in the treatment of patients with
active CD.119 Both appear to be safe for use during preg-
nancy (see Table 14–10).119-127

Other antibiotics thought to be safe for use in the
treatment of CD during pregnancy include penicillins,
cephalosporins, and the erythromycins.128

Corticosteroids

Corticosteroids are indicated for the treatment of moder-
ate to severely active IBD. During pregnancy, cortico-
steroids cross the placental barrier, but they are rapidly
converted to less active metabolites by placental 11β-
dehydrogenase, resulting in lower fetal blood levels. For
example, prednisone results in fetal levels that are approxi-
mately 10% of maternal levels.129 For this reason, pituitary
adrenal axis suppression is rarely seen. Dexamethasone
and betamethasone are less efficiently metabolized by the
placenta. Budesonide, a new synthetic glucocorticoid, is
released in the small bowel and is indicated for the treat-
ment of CD involving the terminal ileum or ascending
colon. It acts topically and has very high first-pass metabo-
lism (80% to 90%), which results in lower plasma levels.

In general, corticosteroids are well tolerated during
pregnancy. However, as with all drugs, risks of their
use should be carefully weighed against the risks of
the disease on the developing fetus, and the drugs

268 C H A P T E R 14 Gastrointestinal Complications



should be used only when clinically indicated (see
Table 14–10).114,130-134

Azathioprine and 6-Mercaptopurine

Azathioprine and 6-mercaptopurine are purine analogs
that interfere with nucleic acid biosynthesis and are
active against human leukemias. Azathioprine is a pro-
drug of 6-mercaptopurine and is rapidly converted to
6-mercaptopurine in vivo. These medications are rated in
pregnancy category D. This rating is based on early human

reports that revealed increased abortion rates.135,136

Animal studies evaluating high doses in rats, mice, and
rabbits reported increased incidences of congenital
malformations, prematurity, low birth weight, and chro-
mosomal abnormalities. However, in animal studies
evaluating dosages similar to those recommended in
humans (1.5 mg/kg for 6-mercaptopurine and 2.5 mg/kg
for azathioprine), the only adverse outcomes were
decreased fertility rates and low birth weight.137-139

Most of the human experience with these medica-
tions in pregnancy is found in the rheumatology and
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Pregnancy Comments and Data of Recent Safety 
Medication Category during Pregnancy

5–Aminosalicylic Acid
Sulfasalazine (Azulfidine) B All shown to be safe
Mesalamine B Kernicterus a potential but rare concern with sulfasalazine
Balsalazide* B Sulfasalazine interferes with folate absorption; folate supplements required

Very high doses of 5–aminosalicylic acid should be used with caution

Antibiotics
Metronidazole B Short courses of metronidazole for Trichomonas infection found to be safe
Quinolones C Possible arthropathogenicity with ciprofloxacin, but not
Penicillins B seen in two major studies
Cephalosporins B
Erythromycin B

Corticosteroids
Prednisone No rating Generally well tolerated and safe in pregnancy
Prednisolone No rating Increased spontaneous abortions, small litter size, and cleft palate in
Hydrocortisone sodium No rating animal studies; none of these outcomes observed in human studies

succinate (Solu-Cortef) Topical agents are safe until third trimester unless miscarriage or preterm
Methylprednisolone No rating delivery is a concern

sodium succinate (Solu-Medrol) Budesonide is teratogenic and embryocidal in rats and rabbits
Budesonide* C Safe to women during pregnancy when inhaled

Purine Analogues
Mercaptopurine D Appears safe for use during pregnancy
Azathioprine D High doses in animals reveal increased congenital malformations,

prematurity, low birth weight, and chromosomal abnormalities
Only decreased fertility and low birth weight seen in humans
Paternal use within 3 months before conception associated with

spontaneous abortions and congenital abnormalities

Anti–Tumor Necrosis Factor Agents
Infliximab B Infliximab safe in murine models
Thalidomide X Postmarketing safety database of 35 pregnancies reveals rates of 74.3% 

live births, 14.3% miscarriages, 11.4% therapeutic terminations; these
data are consistent with those in healthy women

Thalidomide associated with fetal abnormalities and a high mortality rate of 40%

Immunosuppressive Agents
Cyclosporine C Cyclosporine is safe for use during pregnancy
Tacrolimus C Transplantation and rheumatology literature show association with low

birth weight and prematurity but high survival rates
One abstract showed successful pregnancies in 4 of 5 mothers with IBD
Tacrolimus appears safe; it results in high prematurity rate but compares

favorably with other immunosuppressive agents with regard to
congenital malformations, birth weight, and neonatal problems

Antimetabolites
Methotrexate X Teratogenic and embryotoxic in animals, resulting in chromosomal damage

and miscarriage
Used as an abortifacient in tubal pregnancies
Should be avoided

*New.
IBD, inflammatory bowel disease.

TABLE 14–10 Drugs Used for Inflammatory Bowel Disease



transplantation literature,140-149 which shows azathio-
prine to be safe in these populations. Infants of renal
transplant recipients had an increased rate of low birth
weight; however, this was believed to be more likely
secondary to the underlying renal function than to the
use of these medications.

The literature covering azathioprine/6-mercap-
topurine use in pregnancy is much less extensive (see
Table 14–10).150-152 Azathioprine and 6-mercaptopurine
appear safe for use in pregnancy. Patients should gener-
ally not stop medication before they conceive. Once preg-
nant, the patient can stop her medication if the disease
has been under good control for a prolonged period.
Alternatively, the patient may elect to remain on the drug
if the disease was chronic, active, and difficult to control
before she started medication.

Cyclosporine

Cyclosporine is indicated for moderate to severe UC as
either a steroid-sparing agent or as means of avoiding sur-
gery in severe steroid-refractory cases.153 It is also effective
in treating fistulizing CD.154,155 The indications in the
pregnant patient are no different. The drug’s usefulness
in pregnant patients with steroid-refractory disease can-
not be overstressed, inasmuch as surgery in this setting
carries a high risk of fetal mortality.156

Like other immunosuppressive agents, most of the
safety data in pregnancy come from the transplantation
and rheumatology literature.149,157-161 In these studies,
cyclosporine did not demonstrate teratogenicity. There
was a higher rate of prematurity and low birth weight;
however, the survival rate was high.

Again, the IBD literature is much less extensive (see
Table 14–10).156,162 Cyclosporine appears safe for use in
pregnancy if clinically indicated. As is true for all medi-
cines, the risks of use should be weighed against the risks
of the underlying disease.

Tacrolimus

Tacrolimus is a macrolide antibiotic, which acts by a
mechanism similar to that of cyclosporine, although it
differs structurally. It is 100 times as potent as cyclo-
sporine and is absorbed independently from bile flow.
It has been shown to be effective in the treatment of
complicated or fistulous CD as well as colitis (UC and
CC).163,164 It is used predominantly in a steroid-sparing
role or for steroid-refractory disease, as a “bridge” to other
medications, such as azathioprine/6-mercaptopurine or
methotrexate.165,166

Data on the safety of this drug during pregnancy are
very limited. The transplantation literature shows that it
appears to be safe (see Table 14–10).167-171

Methotrexate

Methotrexate is a folic acid antagonist. Feagan and col-
leagues first described this antimetabolite’s role as an
inductive agent in the management of CD.172 The drug is
used as an alternative to azathioprine/6-mercaptopurine
in the management of steroid-dependent or steroid-
resistant CD. Animal studies have shown methotrexate to

be both teratogenic and embryotoxic, resulting in chro-
mosomal damage and miscarriage.142,149 Indeed, the drug’s
negative effects on fetal viability are utilized therapeutically
as an abortifacient in high doses for tubal pregnancies.173

Although normal pregnancies have been reported dur-
ing methotrexate treatment,142,174 the risks are too great.
Methotrexate is therefore contraindicated for use during
pregnancy and is rated in category X by the FDA. Couples,
either of whom is taking methotrexate, should be informed
to use reliable contraception. The prospective father should
remain off methotrexate for at least 3 months (time
required for spermatogenesis), and the prospective mother,
for 1 month. If conception should accidentally occur,
therapeutic abortion should be discussed. If abortion is not
an acceptable option for the parents, the high risks of
spontaneous abortion and congenital abnormalities
should be clearly discussed and documented. The mother
should be instructed to stop methotrexate immediately
and begin high-dose folic acid replacement.175

Infliximab

Infliximab (Remicade) is a chimeric monoclonal antibody
directed against TNF-α and is indicated for the treatment
and maintenance of moderate to severe refractory or fis-
tulizing CD.176-179 The literature reporting on its safety in
humans during pregnancy is limited (see Table 14–10).180

The infliximab postmarketing safety database demon-
strates pregnancy results that are similar to those in
healthy controls.

Thalidomide

Thalidomide has been shown to be effective in the treat-
ment of inflammatory and fistulizing CD.181,182 The
mechanisms of action of thalidomide are not fully under-
stood; however, its TNF-α suppression is thought to play
a major role in its effectiveness in the management of CD.
Use of this agent has been associated with major human
fetal abnormalities. Furthermore, mortality at or shortly
after birth has been reported in approximately 40% of
cases.183,184 For these reasons, thalidomide has been rated
category X by the FDA. In women and men of childbear-
ing age, it should be used only when all other viable
options have failed and only after the patient has been
properly counseled with regard to prevention of preg-
nancy and risks of use during pregnancy (see Table 14–10).

Total Parenteral Nutrition and Surgery

Total parenteral nutrition for IBD is considered safe to use
during pregnancy,185,186 despite concerns that fat emulsions
may lead to fat embolization to the placenta. Surgery is
indicated for severe disease not responsive to medical treat-
ment, as well as for complications, such as obstruction,
unremitting bleeding, and toxic megacolon. Although
emergency surgery during pregnancy is rarely needed, it
should be done without delay when indicated. Surgery dur-
ing pregnancy is associated with a high (approximately
50%) complication rate (stillbirths and spontaneous
abortions). In view of the high complication rate, it is
prudent for the clinician to be aggressive with medical
therapy if surgery can be delayed or even prevented.
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Fertility and Inflammatory Bowel Disease

In general, infertility rates in patients with IBD are similar
to those in the general population.128 The rate in the
general population is approximately 8% to 10%.187 It was
initially thought that fertility rates were lower in patients
with IBD.188 Indeed, patients with IBD do have fewer
children than would be expected for the general popula-
tion.189 However, studies have shown that this decrease
may be secondary to voluntary reasons, such as fear of
disease transmission to offspring,128 relationship diffi-
culties (fear of intimacy or dyspareunia), body image
problems,190 or inappropriate medical advice.191,192

There are certain situations in which infertility is,
indeed, increased. Although women with UC have normal
fertility, infertility appears to be increased after ileal
pouch–anal anastomosis (IPAA).193-197 The reasons are not
clear. Ravid and associates attempted to identify possible
factors that may contribute to infertility, defined as the
inability to conceive within 1 year.198 These include age at
diagnosis of UC, age at surgery, utilization of a two-stage
procedure, postoperative complications, weight changes,
smoking status, number of hospitalizations or transfu-
sions, medications used, and comorbid medical problems.
None of these factors appeared to be implicated in post-
IPAA infertility. In this study, women who reported infer-
tility were eventually able to conceive at a rate similar to
that in the fertile group, but they more frequently required
medications or surgery to achieve a successful pregnancy.
Dyspareunia appears to be increased after IPAA; the fre-
quency is reported to be as high as 22% to 38%.128,193

Interestingly, sexual satisfaction was found to be increased
after IPAA, probably because of improved general
health.193,199 In men, the incidence of sexual dysfunction
after IPAA has been observed to be low, between 2% and
4%, and is therefore generally not a significant issue.193,199

Inactive CD does not appear to affect fertility; however,
active disease does affect fertility.191,200 Inflammation or
adhesions involving the fallopian tubes or ovaries are
believed to be responsible. Fertility seems to normalize
when disease remission is achieved.

Medications utilized to treat IBD essentially have no
effect on fertility except for the well-described effect of
sulfasalazine on male fertility. Sulfasalazine causes a
reversible, dose-related decrease in sperm count and
motility. Of all men on the drug, up to 60% report
impairment in fertility.201-204 When sulfasalazine is substi-
tuted by another 5-ASA product, sperm function
improves.205 The negative effect of sulfasalazine is
reversed 2 months after the drug is discontinued.

Effect of Inflammatory Bowel Disease
on Pregnancy

There appears to exist a misconception among patients
and many primary care physicians that pregnant women
with IBD should avoid medications during pregnancy.
When advising patients and referring physicians, it is
important for primary care physicians to convey the risks
of active IBD itself versus the risks of treated, controlled
disease on the developing fetus.

Most studies show that UC, when inactive, has little
effect on the course of pregnancy with regard to congeni-
tal abnormalities, spontaneous abortions, and stillbirths,
in comparison with non-IBD controls.206,207 The incidence
of premature delivery is not likely to be substantially
affected; however, some studies do show this adverse event
to be increased.191,208 It is therefore prudent to advise close
obstetric follow-up during the third trimester.

The data on the effects of active UC on pregnancy are
somewhat vague. Active UC during pregnancy persists
in one third of the cases and worsens in another third of
the patients. The poor course inevitably leads to poor
maternal health, resulting in prematurity and low birth
weight.119 Indeed, there appears to be an increased risk of
preterm birth when the birth occurs after the mother’s
first hospitalization, especially when the hospitalization
takes place during the pregnancy.209 One study suggests
that active UC may be associated with increased reporting
of congenital malformations.210 As the disease becomes
more active, there is a greater threat posed to both the
mother and the fetus. Active, nonfulminant UC carries a
combined abortion/stillbirth rate of 18% to 40%,211,212

whereas severe or fulminant UC necessitating surgery
carries a corresponding rate of up to 60%.213

Like UC, quiescent CD has minimal effects on the
course and outcome of pregnancy.200,206,207 As in UC, close
follow-up is advised during the third trimester.191,208

Active CD, either at the time of conception or during the
pregnancy, has been shown to increase the incidence of
fetal loss, stillbirths, preterm delivery, low birth weight,
and developmental defects. The risks appear to be related
to the disease activity rather than to the medications used
to treat the disease.206,214-216 In the most severe cases, sur-
gery may be required. In these cases, maternal and fetal
mortality rates are very high (up to 60%).188,217 Thus, in
CD, as in UC, there is every reason to strive for clinical
remission before conception and to aggressively treat
flares medically in order to prevent complications.

Effect of Pregnancy on Inflammatory
Bowel Disease

The course of UC during pregnancy tends to be similar to
that in the nonpregnant state if conception occurs at a
time of disease inactivity. That is, approximately one third
of affected patients experience relapse during the preg-
nancy or puerperium.214 If a relapse occurs, it is likely to
do so during the first trimester.132 However, if the disease
is active at the time of conception, disease activity persists
or worsens in approximately two thirds of affected
patients.200,212,218 Physicians should therefore strongly
advise a woman contemplating pregnancy to attempt to
conceive only when the disease is in remission.

CD exhibits a similar trend. When conception occurs
during a period of disease quiescence, approximately one
third of affected patients experience relapse during the
pregnancy; this rate would be expected in the nonpregnant
population.214 If conception occurs at a time of active dis-
ease, two thirds of affected patients have persistent activity,
and, of these, about half experience deterioration during
the pregnancy.187,200,219 Of interest, it has been noted that
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the course of CD appears to be altered by pregnancy.
As parity increases, the need for surgical intervention
decreases, and the interval between surgeries increases.219

Other autoimmune diseases such as lupus and
rheumatoid arthritis exhibit a similar relationship to
pregnancy. It has been shown that if both the human leu-
cocyte antigen-DR and -DQ alleles are disparate in a
mother and her child, her disease remains stable or
improves, whereas if the two are disparate at only one
allele, the disease worsens.220 It is theorized that as dispar-
ity increases, the more the mother’s immune system must
be suppressed to prevent rejection of the pregnancy.

Inflammatory Bowel Disease
and Breast-Feeding

Breast-feeding while being treated with oral 5-ASA prod-
ucts or corticosteroids is generally safe. These drugs are
poorly secreted in the breast milk. Topical mesalamine is
probably safe during breast-feeding. There are no data
about the safety of azathioprine/6-mercaptopurine,
ciprofloxacin, or metronidazole in breast-feeding mothers.
However, methotrexate and cyclosporine are contraindi-
cated during breast-feeding.119

ACUTE PANCREATITIS

Acute pancreatitis rarely complicates pregnancy, and
pregnancy does not directly predispose a patient to devel-
opment of pancreatitis. The incidence has been reported
to range from 1 per 1066 to 1 per 4000 pregnancies.221-224

The most common causes of acute pancreatitis in preg-
nant patients are gallstones and hyperlipidemia.
Pregnancy predisposes to gallstone formation and, in this
way, may indirectly predispose to gallstone pancreatitis.
Hyperlipidemia is more commonly seen than in nonpreg-
nant women because lipids and lipoproteins increase dur-
ing pregnancy.225,226 Such hyperlipidemia of pregnancy
may be exacerbated in patients with familial hyperlipi-
demia. Of course, as in the nonpregnant patient, other
causes of acute pancreatitis, such as medications or
trauma, are possible.

Although acute pancreatitis can occur at any time dur-
ing pregnancy, it occurs most commonly in the third
trimester, when the rise in serum triglyceride levels is
greatest.222,226,227 If acute pancreatitis occurs in the first
trimester, it usually results from gallstones.223 It is impor-
tant to differentiate acute pancreatitis from hyperemesis
gravidarum, which is more common than acute pan-
creatitis in the first trimester. Acute pancreatitis has
the potential of being more progressive, relapsing, and
dangerous if the diagnosis is missed. Knowledge of the
diagnosis of acute pancreatitis can allow for better coun-
seling to the patient and better fetal monitoring over time,
if necessary. There does not appear to be an association
between acute pancreatitis and pregnancy status.222,224

Clinically, acute pancreatitis is characterized by pain
and tenderness in the epigastrium, which can be mild to
incapacitating, and is accompanied by nausea, vomiting,
and abdominal distention. The pain may radiate to the
back, can be exacerbated by meals or lying down, and can

be relieved by leaning forward. Associated signs include
low-grade fever, tachycardia, and hypotension. Serum
amylase levels are usually elevated; however, the severity of
disease does not correlate with the degree of amylase ele-
vation. Other conditions can lead to amylase elevations,
and the serum lipase activity can be helpful in increasing
diagnostic yield. Leukocytosis is usually present but may
not be informative, in view of the normal leukocytosis
of pregnancy. The serum bilirubin and aminotransferase
levels may be elevated if local inflammation and edema
are sufficient to affect the adjacent bile duct.
Hypocalcemia can be present in up to 25% of cases.228

Various prognostic factors can be predictive of severity;
these include respiratory failure, shock, need for massive
colloid replacement, hypocalcemia with measurements of
less than 8 mg/dL, or hemorrhagic fluid identified by
paracentesis. Indeed, if three of the first four are present,
the survival rate is only 30%. In general, acute pancreatitis
of pregnancy is more dangerous to the fetus than to
the mother. The prognosis depends on the severity of
the disease and the degree of complications. Preterm
labor can occur in as many as 60% of patients with acute
pancreatitis late in pregnancy, and gestational age is a pri-
mary determinant of perinatal outcome.229 Prostaglandin
elevation occurs in pancreatitis, and this may be the cause
of increased preterm labor.230 Preeclampsia is another
complication of acute pancreatitis in pregnancy.221,231

The diagnosis of acute pancreatitis is based on the clin-
ical history, physical examination findings, and elevations
of serum amylase and lipase levels. These criteria are usu-
ally sufficient for diagnosis; however, in difficult cases,
abdominal ultrasonography may be helpful in delineating
a swollen, boggy pancreas. In addition, ultrasonography
helps determine whether gallstones are implicated. As
reviewed earlier, ultrasonography is safe during pregnancy
and may be readily undertaken. Abdominal CT would
also help to define the anatomy of the pancreas; however,
it is best to avoid CT, if possible, because of the radiation
exposure involved.

Supportive management is the cornerstone of treat-
ment of acute pancreatitis, regardless of pregnancy status.
Patients should not take anything by mouth, to prevent
further secretions of proteolytic enzymes and arrest the
autodigestion process, and they should be well hydrated
intravenously to prevent cardiovascular collapse from the
third spacing of fluid. If oral nutrition cannot be started
within a week, parenteral nutrition should be started
because this has been proven to sustain fetal growth,
prevent the recurrence of pancreatitis, and aid in the man-
agement of lipoprotein disorders.232,233 All medications
that may be implicated in the causation of acute pancre-
atitis should be discontinued. The inflammation is usu-
ally self-limited and resolves within 5 to 7 days. In more
severe cases, other interventions may be necessary.
Lipoprotein apheresis and plasmapheresis have been
found to decrease triglyceride levels and provide rapid
relief of acute pancreatitis during pregnancy.234 If gall-
stones are implicated, surgery can be performed during
the second trimester or early postpartum period.235 ERCP
has been found to be safe during pregnancy.12,13 It is indi-
cated for fulminant gallstone pancreatitis, as an alter-
native to surgical cholecystectomy; surgery is reserved
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for the postpartum period.236 Cholecystectomy can be
performed safely either “open” or laparoscopically during
pregnancy, if indicated, as for cholecystitis.237

APPENDICITIS

Appendicitis has been estimated to occur in approxi-
mately 1 per 1500 pregnancies.238-241 It is the most com-
mon extrauterine surgical emergency encountered during
pregnancy.242 During pregnancy, the physical changes
that take place, including the enlarging uterus, distended
abdomen, and the migration of the appendiceal location,
make the diagnosis of appendicitis challenging. It is,
therefore, important for the clinician to have a thorough
understanding of these anatomic changes, as well as the
presentation of appendicitis, so that an accurate diagno-
sis can be made quickly. Because the ultimate decision to
operate is usually based on clinical grounds, sound
knowledge of the disorder should limit the morbidity
caused by delaying necessary surgery, while also minimiz-
ing any unnecessary surgery.

Typically, appendicitis manifests as a colicky epigastric
or periumbilical pain that eventually localizes to the right
lower quadrant, where it remains and intensifies. In preg-
nant women, the appendix migrates up the right side of
the abdomen after the third month and reaches the level
of the iliac crest by the sixth month. After birth, the
appendix returns to its original location by the 10th post-
partum day.243 Because of these changes, the pain may
migrate not exactly to the right lower quadrant but to
some other location on the right side, depending on the
location of the appendix. Anorexia may accompany the
disease; however, this is common in pregnancy and, there-
fore, not specific.244-246

Rebound tenderness is also not specific in the pregnant
patient.244,247 The temperature is usually less than 38°C,
unless perforation has occurred.246,248 Patients with appen-
dicitis typically have an elevated white blood cell count.
Because the white blood cell count in normal pregnancy
can range from 6 to 16,000 cells/mm3 during the first and
second trimesters and from 20 to 30,000 cells/mm3 during
labor, an elevated white blood cell count in pregnancy may
not be informative.242 Ultrasound imaging is effective in
making the diagnosis in the nonpregnant patient with a
sensitivity of 75% to 90%, a specificity of 86% to 100%, and
a positive predictive value of 89% to 93% for the diagnosis
of acute appendicitis.249-251 Ultrasonography is also some-
what successful in the pregnant patient.252 CT is the most
accurate radiologic test for appendicitis in the nonpreg-
nant patient, with a sensitivity of 98%, specificity of 98%,
and a positive predictive value of 98%.253 In view of the sig-
nificant radiation exposure to the fetus, it is not unrea-
sonable to reserve the CT as the last-resort radiologic test
in the pregnant patient suspected of having appendicitis.
Ultimately, the decision to perform laparotomy is based
on the clinical setting and on a high level of suspicion on
the part of the physician, and it must be understood that a
higher negative laparotomy rate is expected and acceptable
in this population to minimize fetal and maternal mortal-
ity.238 Most large series report a false-positive laparotomy
rate of approximately 20% to 35% for appendicitis in
pregnancy.239,254

Appendicitis increases the likelihood of preterm labor
or abortion, particularly when peritonitis occurs.228 The
rate of fetal loss is as high as 36% if perforation occurs,
and the rate is as low as 1.5% in the absence of perfora-
tion.239 Such data demonstrate the importance of having
a high level of suspicion and an early diagnosis. The per-
foration rate is highest in the third trimester, when the
rate is double that in the second trimester.255 Maternal
mortality is a rarity. It is highest in the third trimester,
approaching a rate of 5%. Furthermore, maternal mor-
tality increases when the diagnosis is delayed.238,256,257
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15
LIVER DISEASES
C a r o l i n e  A .  R i e l y  a n d  H a r o l d  J .  Fa l l o n

THE EFFECTS OF PREGNANCY
ON THE LIVER

Normal pregnancy can alter the results of so-called “liver
function” tests. These changes are largely reversible but
can present difficulty in the diagnosis of liver diseases
during pregnancy.

Anatomic Changes

Liver weight increases during pregnancy in experimental
animals, but a corresponding enlargement in humans has
not been documented. Liver size is difficult to estimate in
pregnancy, but autopsy records of women dying during
pregnancy fail to show any substantial increase in liver
weight in comparison with nonpregnant controls.1

Therefore, detection of hepatomegaly is strong evidence
for the presence of liver disease.

Minor histologic changes have been reported in the
human liver during pregnancy. In a series of liver biopsies
reported in 1945, variations in size and shape of the hepa-
tocytes, occasional lymphocytic infiltration in the portal
areas, and variable increases in glycogen and fat were
noted.2 These findings are nonspecific and may be seen in
apparently healthy nonpregnant women. Administration
of estrogens or oral contraceptives is also unaccompanied
by significant histologic or electron microscopic alter-
ations unless obvious clinical and laboratory evidence of
cholestasis develops in response to these agents.

Physiology

Hepatic blood flow is maintained at a constant rate in
pregnancy despite marked changes in the cardiovascular
system. An increase in plasma and blood volume of 50%
or more and a rise in cardiac output of up to 50% occur
during pregnancy. These changes are maximal at the

beginning of the third trimester. Blood flow increases to
the kidneys and other organs, but hepatic blood flow is
unaltered, which results in a decline of approximately 35%
in the proportion of cardiac output delivered to the liver.3

Liver Function in Pregnancy

Proteins

Significant changes occur in the serum concentration of
various plasma proteins during pregnancy. Virtually all
serum proteins known to be synthesized in the liver
are affected by pregnancy or by the administration of
estrogens to nonpregnant women. The changes that arise
during pregnancy may persist for several months after
delivery.

The total serum protein concentration declines
approximately 20% in midpregnancy, primarily a result of
the substantial decline in serum albumin. There is a small
increase in the α and β globulin fractions and a slight
decline in γ globulin. A portion of the decrease in serum
albumin may be attributed to simple dilution caused
by the increase in total blood volume, although most
other serum proteins either remain unchanged or increase
in concentration. There is evidence of a reciprocal rela-
tionship between rising levels of α-fetoprotein and the fall
in serum albumin.4 The variable changes in the several
globulin fractions remain unexplained. The hepatic
parenchymal cell is not the site of globulin biosynthesis,
and therefore other tissues are probably involved in the
serum globulin alterations.

A significant rise in serum fibrinogen regularly accom-
panies pregnancy. Experimental evidence suggests that
this is a consequence of increase fibrinogen synthesis.5
Similarly, administration of estrogens or combined estro-
gen and progestin preparations to human beings induces
a rise in serum fibrinogen levels. Other coagulation pro-
teins, including factors VII, VIII, IX, and X, may be
increased during pregnancy or after estrogen treatment.
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The prothrombin time is normal in pregnancy, but fibri-
nolytic activity is slightly reduced.

Other serum proteins synthesized in liver may be
altered by pregnancy. Ceruloplasmin levels gradually
increase, reaching a maximum at term. Estrogens stimu-
late a similar increase in serum ceruloplasmin concentra-
tions. In some pregnant patients with Wilson’s disease,
the level of ceruloplasmin may increase to nearly normal
values. Transferrin levels are increased in the last trimester
but are not affected by estrogen administration. An
increase in serum binding capacity for thyroxine, vitamin D,
folate, corticosteroid, and testosterone also occurs
in pregnancy, altering the serum concentration of these
hormones. These changes are attributed to increased
levels of the specific binding proteins and have been
reported after estrogen administration to nonpregnant
women. Serum haptoglobin levels are decreased after
estrogen administration, and this possibly accounts for
the higher concentration of haptoglobin in men.
Pregnancy does not alter haptoglobin concentration.

Liver Function Tests

The results of so-called liver function tests in normal
pregnant women in all three trimesters have been com-
pared with those of controls.6 Most studies have failed to
document significant bilirubin elevation in the absence of
specific cause during normal pregnancy.3 Therefore, an
increased serum bilirubin level in pregnancy should be
considered presumptive evidence for the presence of liver
or hematologic disease. There is evidence that elevated
maternal unconjugated bilirubin from whatever cause
may be transferred to the fetus and cause neurologic
complications in the infant.7,8

The total serum alkaline phosphatase level is elevated
during the third trimester of normal pregnancy. The
major source of this elevation during pregnancy appears
to be the placenta, as established by differential inhibition
studies, gel electrophoresis, heat stability determination,
and immunochemical techniques. The portion of total
serum alkaline phosphatase derived from placenta
increases from less than 10% in the first month of preg-
nancy to more than 50% at the time of delivery. The
placental alkaline phosphatase concentration decreases
rapidly after delivery, usually reaching normal levels
about 20 days post partum.9 A pattern of rapidly decreas-
ing placental alkaline phosphatase during the last
trimester has been associated with fetal death in utero.10

A rise in bone alkaline phosphatase has also been reported
during pregnancy, although this increase is modest.

Serum alkaline phosphatase levels may be increased in
nonpregnant women by administration of exogenous
estrogens. It is obvious that the phosphatase under these
conditions is not of placental origin; it is probably derived
from the liver. The major sources of serum alkaline phos-
phatase in nonpregnant persons are the liver, bone, and
the intestine.11 Liver alkaline phosphatase production is
stimulated by a variety of injuries to the canalicular mem-
brane, including mechanical bile duct obstruction and
intrahepatic cholestasis. Estrogens may produce the latter
type of injury.12 This possibility is supported by observa-
tions that serum 5′-nucleotidase, a more specific indicator

of canalicular membrane disturbance, is also increased in
some women receiving estrogens.13

The serum γ-glutamyl-transpeptidase (GGTP) is an
enzyme whose level is regularly but not invariably elevated
in cholestasis and hepatocellular injury. It is normal in a
very few cholestatic disorders, such as Byler’s syndrome,
now recognized as progressive familial intrahepatic
cholestasis (PFIC) type 1.14 It is reported to be normal or
decreased during the third trimester of normal preg-
nancy.6 Serum bile acid level is quite helpful in any form
of cholestasis. The serum level is normal in normal
pregnancy. Serum lactate dehydrogenase and ornithine
transcarbamylase are increased near term.

Levels of serum aminotransferase—aspartate amino-
transferase (AST) and alanine aminotransferase (ALT)—
are normal in normal pregnancy. Therefore, these two
serum enzyme determinations remain sensitive indicators
of liver damage during pregnancy. The ALT is especially
useful, because significant elevation of this enzyme does
not occur with injury to tissues other than liver.

Serum Lipids

A substantial increase in the serum concentration of the
major lipid classes occurs during pregnancy and is most
marked at term. Inhibition of postheparin esterase activ-
ity and lipoprotein lipase occurs in late pregnancy, with
a rapid return to normal after delivery.15 These effects
may be attributable to estrogenic compounds, which are
known to reduce lipoprotein lipase activity in nonpreg-
nant women. In addition, there is evidence that estrogens
accelerate hepatic triglyceride biosynthesis.

Although the elevation in serum triglyceride levels may
be quantitatively the most marked serum lipid change,
the rise in serum cholesterol may cause the greatest
confusion in the differential diagnosis of suspected liver
disease. The upper limit of normal for cholesterol during
the last trimester of pregnancy is approximately double
the normal limit for nonpregnant women of the same age.
Therefore, hypercholesterolemia in this range cannot
be taken as evidence of cholestasis during pregnancy. The
changes in serum lipid constituents are a consequence
of corresponding increases in serum low-density lipopro-
teins and very-low-density lipoproteins.

Porphyrins

There are minor changes in porphyrin metabolism during
pregnancy. Total urine coproporphyrin excretion may
be increased slightly, but there is a marked decrease in
urinary excretion of the coproporphyrin III isomer and
a relative increase in the coproporphyrin I isomer.
Porphobilinogen excretion is normal, but δ-aminolevulinic
acid excretion is increased in about half of normal preg-
nancies.16 A summary of the major biochemical changes
in liver function during pregnancy is shown in Table 15–1.

Effects of Female Sex Hormones
on Liver Function

Several authors have reviewed the effects of anabolic
steroids, estrogens, progestins, and oral contraceptives on
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liver structure and function.12,17 Each of these classes of
agents has significant and somewhat different effects on
the liver. However, their role in mediating the physiologic
and biochemical alterations associated with normal preg-
nancy or in mediating the liver diseases specifically related
to pregnancy is not clear. This is because the liver is the
major site of estrogen metabolism and contains estrogen
receptors.18

Many natural and synthetic sex hormones produce
variable degrees of cholestasis. Cholestasis is defined as
centrilobular bile stasis associated with dilation of the
canaliculi and loss of the normal microvillus structure of
the canaliculus as seen by electron microscopy. The bio-
chemical changes of cholestasis are extremely variable.
The most reliable and sensitive test of cholestasis is the
serum bile acid level. Other useful indices include the
serum level of alkaline phosphatase, 5′-nucleotidase,
GGTP, and, on occasion, bilirubin.

The anabolic steroids most likely to cause significant
cholestasis are those containing a methyl or ethyl group
in the C-17 position. Many of these compounds cause
a small rise in AST without histologic evidence of hepato-
cellular injury. Much less commonly, alkaline phos-
phatase, lactate dehydrogenase, and serum bilirubin
concentrations may be elevated. Intrahepatic cholestasis
with anatomic changes limited to the canalicular mem-
brane and sparing of most of the intracellular organelles
is characteristic of this class of drugs. On occasion,
hepatocellular necrosis is also reported.

The estrogens increase hepatic rough endoplasmic
reticulum and accelerate synthesis of some hepatic pro-
teins. Progesterone, in contrast, causes proliferation of
the smooth endoplasmic reticulum and an increase in
cytochrome P-450 in rats. The rise in mixed function oxidase
activity is preceded by an increase in δ-aminolevulinic acid
synthetase.

It is possible that hormones play a role in the produc-
tion of cholestatic jaundice of pregnancy and other forms
of liver injury in pregnancy.

LIVER DISEASES SPECIFICALLY
RELATED TO PREGNANCY

Intrahepatic Cholestasis of Pregnancy

The syndrome of intrahepatic cholestasis of pregnancy
(ICP) was first recognized in the 19th century, but
adequate descriptions did not appear until the compre-
hensive studies of the disease in Swedish women in the
1950s.19 The syndrome has been variously called recurrent
jaundice of pregnancy, cholestatic jaundice of pregnancy,
jaundice of late pregnancy, and hepatosis of pregnancy.
ICP, however, is the preferred term, because jaundice
is inconstant in any type of cholestatic disorder. The
frequency of ICP is clearly higher among certain ethnic
groups, including Scandinavians and Chileans. In the
latter group, ICP may appear in 2.4% or more of pregnan-
cies, the highest reported incidence in the world.20,21 The
incidence is quite high (20.9%) in twin pregnancies.22

Several studies have demonstrated a familial predisposi-
tion to the syndrome in Sweden, Chile, and the United
States.23,24 In one study of the disease in three generations, a
mendelian dominant mode of transmission was suggested.
Other studies suggest that incomplete penetrance and vari-
able expression may occur with a dominant gene defect.
It is likely that environmental or polygenic factors influence
the occurrence and severity of the disease, and there may
be more than one genetic disorder that results in a similar
phenotypic expression.23 The proposed genetic predispo-
sition and precipitating factors result in an enhanced
cholestatic response to physiologic estrogen levels during
pregnancy.13,25 Studies have shown that in some affected
women, ICP may result from the heterozygous form of the
gene associated with one of the PFIC syndromes.26

Clinical Description

Pruritus is the initial symptom and appears in the third
trimester in more than 70% of cases. Most of the remain-
ing patients date their onset of symptoms to the second
trimester, although cases have appeared during early preg-
nancy.20 Many patients report the appearance of dark
urine without frank jaundice shortly after the onset of
pruritus. Only a minority of patients develop obvious
jaundice, and this is usually mild, although a marked
elevation of bilirubin level has been reported in at least
one case.27

Pruritus is the dominant and most disturbing clinical
feature of ICP. The symptom may become very severe and
usually involves the trunk and the extremities, including
the palms and the soles of the feet. As a result of the pru-
ritus, insomnia, fatigue, and even mental disturbances
have been reported. It is notable that abdominal pain,
biliary colic, fever, anorexia, nausea, vomiting, and
arthralgias are absent. The physical findings are usually
limited to evidence of scratching and, in rare cases, mild
and slightly tender hepatomegaly.

Trimester of
Test Effect Maximum Change

Albumin ↓ 20%-50% Second
γ Globulin Normal to slight ↓ Third
α Globulin Slight ↑ Third
β Globulin Slight ↑ Third
Fibrinogen ↑ 50% Second
Ceruloplasmin ↑ Third
Transferrin ↑ Third
Prothrombin time None —
Bilirubin None —
Alkaline Twofold to fourfold ↑ Third

phosphatase
GGTP None —
Bile acids None —
Lactate Slight ↑ Third

dehydrogenase
Serum AST None —
Serum ALT None —
Cholesterol Twofold Third
Triglyceride Twofold to threefold ↑ Third

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGTP,
γ-glutamyl-transpeptidase.
↑, increase; ↓, decrease.

TABLE 15–1 Liver Function Test Results in Normal
Pregnancy
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The duration and severity of the syndrome varies with
the time of onset during pregnancy. Early onset is
reported to be associated with more severe symptoms and
a higher incidence of fetal distress.28 The improvement in
both pruritus and jaundice begins to occur quite
promptly after delivery, most often within 24 hours.
However, jaundice may continue for several days after
delivery, and some of the abnormal chemistry profiles
persist for as long as several months.

Subsequent pregnancies are frequently accompanied
by recurrences of the syndrome.23,29 However, the syn-
drome may be quite mild or, on occasion, even absent in
later pregnancies.30

Biochemical Changes

The most frequent biochemical abnormalities noted in
ICP are shown in Table 15–2. The earliest and most con-
sistent change is a rise in serum bile acid concentrations.
This includes a 10- to 100-fold rise in the serum cholic
acid level. There is also a rise in chenodeoxycholic acid,
but the increase is usually less, and the ratio of cholic acid
to chenodeoxycholic acid increases above 1.31

The rise in serum bile acid levels is frequently followed
by increases in serum transaminase values.32 The ALT is
elevated in approximately 65% of cases and the AST in
approximately 60% of cases.31 Although the elevation in
serum transaminase values is usually mild, it occasionally
reaches 500 IU/L or higher. Alkaline phosphatase eleva-
tions are common, and levels are increased above the
elevations noted in normal pregnancy. The rise in alkaline
phosphatase in this disease is accompanied by an eleva-
tion in 5′-nucleotidase, which indicates a hepatic source
for the increased alkaline phosphatase. Bilirubin eleva-
tions occur in approximately 20% of patients, and the
increased bilirubin is almost exclusively direct reacting.
Although bilirubin is usually in the range of 2 to 5 mg/dL,
values as high as 35 mg/dL have been reported in the
absence of hemolysis.27 The serum levels of GGTP are
normal in most cases of ICP.32 The minority of affected
patients who have elevations in GGTP may be those
carrying a defect in the multidrug resistance gene 3 (MDR3),
the gene associated with PFIC type 3.33-35

Other laboratory changes that are commonly observed
include a rise in serum cholesterol, triglyceride, phospho-
lipid, and lipoprotein levels, including low-density
lipoprotein X. There is usually a decrease in the high-
density lipoprotein fraction.36,37

Prothrombin time is usually normal in this syndrome
unless there is significant malabsorption. When malab-
sorption is worsened by cholestyramine administration,
significant prothrombin time prolongation may occur. In
these cases, the prothrombin time responds quickly to
parenteral administration of vitamin K. There is often a
demonstrable increase in fecal fat excretion if the disorder
lasts 3 weeks or more.20 Other biochemical changes
include a rise in coproporphyrin excretion in the urine.38

Alterations in estrogen metabolism, including a depres-
sion in the excretion of urinary estriol glucuronide and
a rise in estriol sulfate excretion, also occur. These
changes result from a marked decline in the biliary excre-
tion of estriol, which may exceed 95%.39

Diagnosis

The diagnosis of ICP is usually based on the clinical symp-
toms of severe pruritus that appear in the second or third
trimester of pregnancy, accompanied by a rise in serum
bile acids, transaminases, and, on occasion, bilirubin.
Dark urine and light color stools may also be present. It is
important to exclude alternative diagnoses, such as viral
hepatitis, mechanical biliary tract obstruction, or under-
lying chronic liver disease. This may require additional
laboratory studies, including evaluation of hepatitis
markers, a review of drug intake, abdominal ultrasonog-
raphy and, in rare cases, liver biopsy.

In areas of high endemic incidence, ICP may account
for 50% of the patients with abnormal liver studies in
the last trimester3; however, in the United States, ICP is
less common.

Histologic Features

Histologic study of the liver in ICP usually reveals only
simple cholestasis. There is dilatation of the centrilobular
bile canaliculi, and many of these contain bile plugs.
Electron microscopic study shows swelling, distortion,
and atrophy of the canalicular microvilli. There are mild
changes elsewhere in the liver, but all of these are non-
specific. The picture is indistinguishable from that of
intrahepatic cholestasis of other causes. Follow-up stud-
ies after delivery and resolution of the clinical syndrome
reveal no abnormalities.40

Mechanism

The mechanism of ICP is uncertain. Current evidence
suggests that it is an inherited phenomenon caused by
more than one genetic abnormality.20,23 There exists
strong evidence that several defects in MDR3 can result
in ICP.34,35,41 The fact that a similar syndrome may be
produced in normal women by administration of oral
contraceptives suggests that hormones may play a role
in its pathogenesis. This hypothesis is strengthened by
the observation that women with a history of ICP also

Clinical Features Biochemical Changes

Pruritus Serum bile acids 10- to 100-fold
Jaundice* Alkaline 7- to 10-fold ↑

phosphatase
No anorexia or malaise 5′-Nucleotidase Twofold ↑
Second or third GGTP Normal to slight ↑

trimester onset*
Recurrent* Bilirubin (total) Normal to 5 mg/dL
Familial* AST/ALT ↑↑

Prothrombin Normal to twofold ↑
time

Cholesterol Twofold to fourfold ↑
Triglyceride Normal to twofold ↑

*These clinical features are not invariably present.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGTP,
γ-glutamyl-transpeptidase.
↑, increase.

TABLE 15–2 Intrahepatic Cholestasis of Pregnancy
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had a high incidence of oral contraceptive–induced
cholestasis on the early high-dose regimens.13,20 Also,
there is an increased incidence in twin pregnancies, which
are associated with higher estrogen levels.29 Studies
have shown that abnormalities in serum bile acid levels
may be produced by administration of estrogens to
women with a history of ICP. In some cases, men, who
may transmit the defect to their daughters, also show
such abnormalities. Thus, the evidence suggests that pre-
disposed individuals have an exaggerated liver response
to estrogens.42 Reports suggest that progesterone may
play a role.32,43

Despite this strong evidence, there are some difficulties
with the hypothesis. First, not all patients who have ICP
respond with a recurrence of chemical abnormalities or
symptoms with estrogen administration after delivery.44

Also, occasional patients develop the syndrome early in
the first trimester, when hormonal levels are normal. In
addition, some improve before delivery, when estrogen
levels are highest. Furthermore, symptoms may persist
in some patients for as long as 8 weeks after delivery.
Moreover, not all affected women have a recurrence in
subsequent pregnancies. These variations on the syndrome
are unexplained and suggest that factors in addition to
hereditary hepatic sensitivity to estrogens play a role in
the clinical disorder. A drop in the prevalence of ICP in
Chile suggests the influence of unknown environmental
factors.45

Effects on the Mother

Although earlier reports suggested that the only effect of
ICP on the mother was related to the discomfort of pruritus,
more recent studies have suggested more serious compli-
cations. These include an increased risk of postpartum
hemorrhage, especially in those given cholestyramine, and
an increased risk for the development of gallstones after
pregnancy.20

Effects on the Fetus

The implications of ICP for the fetus are considerably
more ominous. An increased incidence of prematurity
and fetal death has been reported in several studies.45-47

Fetal distress is reported in one third of patients, leading
to cesarean section in 30% to 60% of cases and prema-
turity in over 50% in some series.20 Stillbirths are recorded
in more than 9%. These outcomes are more likely if
the disorder begins earlier in pregnancy.28 Thus, ICP
very clearly increases the risks to the fetus. Diagnosis of
the disease requires that the patient be observed closely,
with early delivery by cesarean section if fetal distress
appears.

Treatment

Therapy is directed at alleviating pruritus in the mother.
Ursodeoxycholic acid has been used successfully in the
treatment of cholestasis in other settings, most promi-
nently primary biliary cirrhosis. Improvement in both
liver function test results and the symptom of pruritus
has been documented in women with ICP treated with

a standard 15-mg/kg/day dosage.43,48,49 A larger dosage,
20 to 25 mg/kg/day has been shown to be effective with
no adverse affects on either mother or baby.50 The safety
of ursodeoxycholic acid for either mother or fetus during
pregnancy has not been clearly established.

Other older treatments are well established but less
effective. Phenobarbital in a dosage of 100 mg/day has
been reported to be effective in approximately 50% of
patients.51 Cholestyramine may be somewhat effective
and is usually given in a dosage of 4 g four or five times
per day. Cholestyramine must not be given in conjunction
with other medications because of its nonspecific anion-
binding capacity. Although cholestyramine reduces pruri-
tus in more than 50% of patients, side effects are common;
these include mild nausea, anorexia, bloating, and occa-
sionally constipation. In addition, the cholestyramine
may worsen the malabsorption of fats and fat-soluble
vitamins. Therefore, the prothrombin time must be
monitored in patients treated with this regimen, and
parenteral vitamin K should be given before delivery.

More recently, intravenous or oral S-adenosyl-L-
methionine has been reported to lead to a significant
improvement in pruritus and in serum transaminase and
bilirubin levels, perhaps by reducing the negative effects
of estrogens on bile secretion.38,52 These clinical observa-
tions have revealed both clinical improvement in mother
and reduced fetal prematurity. In contrast, Chilean
investigations found no improvement with this agent in a
double-blind study.28 Whether this indicates differences
in trial design or differences in the mechanisms of the
disease between the two groups is unknown.

Although induction of labor is not routinely recom-
mended for all patients with ICP, the high frequency of
fetal distress and premature delivery mandates close
observation. Some investigators recommend elective
induction at 38 weeks or as early as 36 weeks if the fetus’s
lungs have matured.45 It is also advisable for patients with
this syndrome to be aware of the possible recurrence
of symptoms in association with oral contraceptives or
subsequent pregnancies.

Preeclamptic Liver Disease

Several clinically distinct syndromes of liver involvement
occur in patients with preeclampsia and, presumably,
are related etiologically to it. These conditions—HELLP
syndrome, hepatic hematoma with rupture, and hepatic
infarction—can be grouped together under the rubric of
preeclamptic liver disease. Acute fatty liver of pregnancy
(AFLP) often, perhaps even usually, occurs in patients
with preeclampsia. However, it is a clinically and histolog-
ically distinct disease, one that traditionally is categorized
separately.

Preeclampsia is a common but poorly understood
disorder unique to humans, complicating 5% to 10% of
pregnancies.53,54 It is a multisystem disorder, best known
by its effects on the cardiovascular system, which lead to
hypertension, and on the kidneys, which lead to protein-
uria and hyperuricemia. Involvement of the central nerv-
ous system can occur, and eclampsia is defined by the
complication of seizures. These and other signs and



symptoms result from some generalized underlying
pathologic process that still eludes definition. What is
known is that implantation of the trophoblast is abnor-
mal, leading to restricted blood flow to the fetal-placental
unit. An increase in systemic vascular resistant results,
leading to hypoperfusion of various organs.55

The uncertainty about the origin of this disorder is
reflected in the imprecision of its name. It was previously
known as toxemia of pregnancy. More recently, it has been
termed pregnancy-induced hypertension, although this term
fails to highlight the multisystemic nature of the disorder.
More precision in terminology and in diagnosis will
have to await discovery of the underlying pathogenesis.
Until such time, we must be content with the diagnostic
uncertainty typical of other such clinically defined
syndromes.

HELLP Syndrome

This term, coined in 1982, is an acronym for several
clinical findings that, when they occur together, signify
potentially serious involvement of the liver in the
preeclamptic patient.56 These findings are hemolysis (usu-
ally modest with bizarrely shaped red blood cells on
peripheral smear), elevated liver test results (primarily
aminotransferases), and low platelets (<100,000/m).
Although the name and the collection of findings are
awkward, the term is very evocative of the syndrome and
has gained widespread acceptance among practitioners.
It is not rare; it was diagnosed in 437 (20%) of 2331
women with severe preeclampsia.57 As part of the syn-
drome of preeclampsia, its occurrence is limited to the
latter half of pregnancy, usually the third trimester. It may
have its onset, or be recognized clinically, after delivery in
up to 30% of cases.

Prominent among the clinical characteristics of this
syndrome (Table 15–3) is a chief complaint at presenta-
tion of pain, which may be quite variable, including pain
in the right upper quadrant, the lower chest, or mid-
epigastrium. Almost one third of affected patients have no
symptoms other than the hypertension and proteinuria
typical of preeclampsia. Indeed, not all patients who
subsequently receive this diagnosis have hypertension or
proteinuria at presentation. As much as 30% of patients
with HELLP present after delivery.57

As the words of the acronym suggest, the diagnosis
rests on laboratory test demonstration of liver involve-
ment associated with thrombocytopenia. The liver test
abnormalities are hepatocellular, in contrast with
cholestatic, with elevations in AST and ALT. These eleva-
tions can be modest, as low as 70 U, or can be high enough
to suggest viral hepatitis, up to several thousand. As a
rule, true hepatic failure is not present, and liver function
is normal, with a normal prothrombin time and fibrino-
gen level, unless the course is complicated by dissemi-
nated intravascular coagulation. Thrombocytopenia is
present, usually below 100,000/m. Platelet levels late in
normal pregnancy can be as low as 100,000 to 125,000/m,
as a result of the hemodilution present late in pregnancy.
The hemolysis usually is subclinical, signified only by
microangiopathic changes on the peripheral blood smear.
Bilirubin elevations are modest, usually below that which
causes jaundice. The lactate dehydrogenase levels are
often elevated, presumably because of the ongoing
hemolysis or the sequestration of red blood cells in areas
of hemorrhage within the liver.

Findings on liver biopsy in HELLP syndrome are
unique.58,59 Nevertheless, biopsy is not needed to confirm
this disorder, which is defined by laboratory findings in a
specific setting. Furthermore, biopsy carries potential risk
in these patients and should be undertaken only with
care. The histologic features of HELLP syndrome are
those previously described in preeclampsia: namely, peri-
portal hemorrhage and fibrin deposition (Fig. 15–1). The
pathologic process is centered on the portal triad (zone 1),
although in severe cases the areas of hemorrhage may
extend well into the midzone. There are peliotic collec-
tions of red blood cells, with disruption of the hepato-
cytes and necrosis. These areas may also show fibrin
deposition. There may be infiltration of neutrophils adja-
cent to the areas of hemorrhage. This lesion is unique,
not reported in other disorders in either humans or exper-
imental animals. Not all affected patients have these
abnormalities, and the biopsy findings may be normal, which
suggests that the involvement is spotty. Interestingly,
there is no statistical correlation between the severity of
the histologic involvement and the degree of abnormality
in either aminotransferases or platelet count.60 Thus, the
clinician cannot safely predict the severity of the liver
involvement on the basis of the laboratory findings.

The biopsy specimen in patients with HELLP syn-
drome may also demonstrate steatosis.60,61 This may be
either as large- or small-droplet fat. When present, the
fatty infiltration is modest and not centered on the cen-
tral veins. It is not superimposable on the microvesicular
infiltration typical of AFLP and the other microvesicular
fat disorders, including tetracycline toxicity and Reye’s
syndrome.62

The liver in preeclampsia also demonstrates deposition
of fibrinogen along the sinusoids, even in the absence
of detectable liver injury.63 This is best seen with special
stains, such as that used in immunofluorescence assays,
and is similar to the glomerular deposition of fibrinogen
documented in preeclampsia. It is also not specific,
having been demonstrated in patients with AFLP.64

The course of HELLP syndrome is that of the under-
lying preeclampsia. Delivery is indicated for reasons
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Clinical Features Laboratory Changes

Pain
Right upper quadrant Bilirubin Slight ↑, normal
Midepigastrium, right chest AST/ALT ↑, 70-1500 U

Preeclampsia Prothrombin time Normal
Second half of gestation; Uric acid ↑

postpartum onset possible
Nausea, vomiting; post- LDH ↑

partum onset possible Fibrinogen Normal
Platelets <100,000/m3

ALT; alanine aminotransferase; AST, aspartate aminotransferase; HELLP, hemoly-
sis, elevated liver test results, and low platelets; LDH, lactate dehydrogenase.
↑, increase.

TABLE 15–3 HELLP Syndrome



C H A P T E R 15 Liver Diseases 285

involving both mother and fetus. Once delivered, most
affected mothers have an uneventful recovery, with return
of the platelet count to normal within 7 days. Failure to
deliver the patient may lead to eclampsia or to extension
of the liver disease to hepatic hematoma or rupture.57

Occasional patients can be “tided over” on bed rest and
antihypertensive treatment, with transient improvement
in both the aminotransferase levels and the thrombo-
cytopenia.65 Corticosteroids can be used to delay deliv-
ery.66,67 In such patients, serial monitoring of the fetus
often demonstrates lack of intrauterine growth, which
suggests that the preeclamptic process persists. Infants
of affected mothers do not have HELLP syndrome,
and thrombocytopenia in the newborn is rare in this
setting.68,69 They may, however, show results typical of
preeclampsia, including intrauterine growth restriction
and prematurity.

The differential diagnosis in patients with this disor-
der can be challenging. The gastroenterologist/hepatolo-
gist first considers other disorders leading to elevated
aminotransferases, including viral hepatitis. Hepatitis
serologic profiles are useful but often require more time
to determine than is allowed by the urgency of the clinical
setting. A history of risk factors, such as a new sexual part-
ner within the preceding 4 months, which is suggestive of

hepatitis B, can be helpful. The primary hepatotropic
viruses (hepatitis A, B, C, or D) do not result in disease
that is more likely to manifest late in pregnancy, at the
time typical for preeclampsia. On the other hand, both
herpes simplex virus and hepatitis E are exacerbated by
pregnancy and may manifest as severe hepatitis, with or
without hepatic failure, at term.70,71 No form of hepatitis
is associated with hypertension, however. More trouble-
some to exclude is the diagnosis of AFLP, which is often
associated with preeclampsia and may overlap with
HELLP syndrome.64 Unlike patients with HELLP syn-
drome, those with AFLP have true hepatic failure, with a
prolonged prothrombin time, decreased fibrinogen, and,
in severe cases, encephalopathy and hypoglycemia.

The differential diagnosis of thrombocytopenia in
pregnancy is long.68 Particularly problematic is the
distinction of HELLP syndrome from thrombotic throm-
bocytopenic purpura (TTP). Although the microangiop-
athy and central nervous system and renal involvement
typical of TTP may mimic those of preeclampsia, patients
with TTP are not hypertensive, and fever is not a sign of
HELLP syndrome. Also, TTP is not improved by delivery.
Idiopathic thrombocytopenic purpura can also present a
problem in differential diagnosis, but it is not associated
with preeclampsia and usually has a benign outcome

Figure 15–1. Syndrome of hemolysis, elevated liver enzymes, and low platelets (HELLP) as shown on liver biopsy specimen. The portal triad
is surrounded by areas of hemorrhage with peliotic collections of red blood cells. There is a mixed cellular infiltrate. An area of fibrin deposi-
tion is seen adjacent to the portal triad in the upper right corner of the illustration. (From Gitnick G: Principles and Practice of
Gastroenterology and Hepatology, 2nd ed. Norwalk, Conn, Appleton & Lange, 1994.)
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in pregnancy. Thrombocytopenia also occurs in patients
with an antiphospholipid antibody, with or without
systemic lupus erythematosus. Finally, as many as 75% to
80% of pregnant women with thrombocytopenia have
a benign condition termed gestational thrombocytopenia,
isolated thrombocytopenia as low as 70,000/m without
associated preeclampsia or morbidity for the mother or
infant.

Hepatic Hematoma and Rupture

Spontaneous rupture of the liver in pregnancy is a cata-
strophic event leading to fetal and maternal mortality in a
large number of cases.72-74 Although the precise disease
progression is unclear, it can be presumed that this is the
severe extreme of the spectrum of HELLP syndrome, and
hematoma with rupture has been reported to occur in 1%
of patients with HELLP syndrome.57 Hepatic rupture
occurs in patients with preeclampsia, although hyper-
tension is often absent, at least when patients present
in shock. Affected patients are more likely to be multi-
gravida and to be older than 30 years. The initial symp-
toms are usually related to stretch or irritation of the liver
capsule, with pain in the right upper quadrant or right
lower chest. Initially, there is hemorrhage beneath the
intact liver capsule, leading to a contained hematoma that
lifts the capsule away from the surface of the liver.75 If the
capsule ruptures, then free hemorrhage develops from
the exposed surface of the liver into the peritoneum, and
the patient presents with abdominal distention, shock,
and profound anemia. After resuscitation, the hyperten-
sion typical of the underlying preeclampsia may become
evident.

The diagnosis of hematoma of the liver requires imag-
ing of the abdomen.76 Ultrasonography may demonstrate
the collection of blood, but more complete information
can be gained from computed tomographic (CT) scan,
with and without contrast, or magnetic resonance imag-
ing. Affected patients have the thrombocytopenia and
elevated aminotransferases typical of HELLP syndrome.
Liver biopsy is contraindicated in this setting; it should
never be performed if hepatic hematoma is under consid-
eration, but, if performed, it should be done in HELLP
syndrome with only the utmost care. To avoid problems,
it seems prudent to perform CT scanning before biopsy in
this setting. When available, the histologic study shows
that the region adjacent to a rupture has microscopic
hemorrhage and fibrin deposits, with a neutrophilic
infiltrate, similar to the findings typical of HELLP syn-
drome. After rupture of the liver, hemoperitoneum can be
confirmed by peritoneal aspiration, which yields unclot-
ted blood. Affected patients often have an associated
consumptive coagulopathy, with prolongation of the
prothrombin time and low fibrinogen levels.

Management of hepatic hematoma or rupture should
be aggressive; if the patient survives, the liver will return to
normal when the preeclampsia resolves. Toward this end,
the patient should be delivered on an emergency basis. If
the patient has a hematoma alone, without free rupture,
then conservative management with observation and
maximal support in an intensive care unit can be chosen.
If the capsule has ruptured, then immediate surgery is the

treatment of choice, preferably with the help of surgeons
experienced in the management of trauma to the liver, the
most comparable situation.77 At operation, the liver sur-
face is seen to be exposed with multiple bleeding points.
An omental patch can be constructed, or the liver can be
packed with Gelfoam with the intent of reoperating in
several days. If the rupture is limited, a lobectomy can be
undertaken.

Hepatic rupture is not common, and there exist no
studies comparing possible modes of therapy. Some
authors have suggested radiologic embolization or surgi-
cal ligation of the hepatic artery.78 When called for, the
liver can be removed and the patient held anhepatic until
a donor for liver transplantation can be found; this is
a rather radical approach to a problem that can resolve
with maximal supportive care.79,80 Recurrence of hepatic
hematoma with rupture has been reported, and affected
patients should be informed of this possibility.81

Hepatic Infarction

Another clinical scenario associated with preeclampsia,
and presumably with HELLP syndrome, is hepatic infarc-
tion: large geographic infarctions in the liver.82,83 Affected
patients present with abdominal pain and fever.
Laboratory tests demonstrate thrombocytopenia and
massive elevations in aminotransferase, in the range of
5000 to 8000 U. Except in the most severe cases, hepatic
failure is not present. CT scanning confirms the diagnosis
and demonstrates punched-out, poorly vascularized
areas, often in more than one lobe of the liver. Aspiration
of these areas has been undertaken, particularly because
of the attendant fever, and yields only necrotic debris.
Histologic study shows hemorrhage with neutrophilic
infiltration in areas adjacent to the infarction.
Presumably, this disorder results when adjacent areas
within the liver are affected with the periportal hemor-
rhage typical of HELLP syndrome, and these areas
coalesce to form a geographic infarction. Despite the
impressive elevations in aminotransferases and the alarming
images, affected patients have few symptoms and recover
with no therapy. As is true of the other preeclampsia-related
syndromes, prompt delivery is indicated.

Acute Fatty Liver of Pregnancy

This rare liver disorder unique to pregnancy is justifiably
feared.64,83-85 Reports of probable cases were published
almost a century and a half ago. Sheehan, who is perhaps
now better known for his description of postpartum pitu-
itary necrosis, first recognized this disorder as a distinct
syndrome in 1940.86 He named it acute yellow atrophy,
but it is now more commonly known as acute fatty liver of
pregnancy. The fact that the name of this disorder has
remained essentially unchanged, and universally used,
testifies to the fact that, unlike the preeclamptic liver
disorders, this is a distinct clinical disease, not merely a
syndrome or collection of signs and symptoms. AFLP is
rare, encountered in a tertiary maternity hospital approx-
imately once a year, with a reported incidence of 1 in
13,000 to 1 in 16,000 deliveries.87,88 Despite its distinct



clinical hallmarks and biopsy appearance, its underlying
pathogenesis remains elusive. Preeclampsia is present
in 50% or more of cases of AFLP and may play a role in its
origin. Reports of occasional recurrent cases and an  asso-
ciation with a deficiency of long-chain 3-hydroxyacyl–
coenzyme A (CoA) dehydrogenase, raise the interesting
notion that, at least in some instances, this disease results
from an inborn error of metabolism.89-95

Clinical Characteristics

AFLP occurs in the latter half of pregnancy, usually close
to term (Table 15–4). As with HELLP syndrome, affected
patients may present after delivery.96 It is reported to
occur more commonly in a first pregnancy and in the
presence of multiple pregnancy, both factors also preva-
lent in preeclampsia.85 There are reports of an association
between AFLP and gestation of a male fetus.68,92 Affected
women have nonspecific symptoms, including, promi-
nently, nausea and vomiting, malaise and fatigue, jaun-
dice, thirst, headache, and altered mental status. These
can be signs and symptoms of acute hepatic failure. Such
severe disease is not universal at presentation, however,
and many reports of asymptomatic patients, who have a
very mild clinical course, exist. In these cases, the diagno-
sis was based on liver biopsy performed in evaluation of
abnormal liver function tests at term.64 In severe cases
that go untreated, there is progression over hours or days
to fulminant hepatic failure, with hepatic coma, hypo-
glycemia, severe coagulopathy with hemorrhage from the
gastrointestinal tract or the uterus, and death. Most
affected women have signs of coexistent preeclampsia,
including modest elevations in blood pressure, hyper-
uricemia, and proteinuria. Very high blood pressures are
not usual in the setting of AFLP, because hepatic failure
leads to diminished systemic vascular resistance and rela-
tive hypotension. The symptom of abdominal or subster-
nal pain can often be elicited, but rarely is it a major
symptom volunteered by the patient at presentation.

Laboratory tests confirm involvement of the liver, with
elevations in aminotransferases, in cholestatic enzymes
such as GGTP, and in bilirubin. The aminotransferase ele-
vations are usually modest, below 1000 U, and normal

aminotransferase values have been reported in confirmed
cases.64,85 More striking are the abnormalities in the true
liver function tests, especially the prothrombin time
and fibrinogen. There may be a marked reduction in
antithrombin III levels.97 As is the case in other forms of
hepatic failure, the ammonia level may be high and the
blood glucose level low. The platelet count may be low,
because of attendant disseminated intravascular coagula-
tion, leading to overlap with HELLP syndrome in some
cases.64,85 Many affected patients are also found to have
leukocytosis, with elevations of white blood cell count
above the high range expected during normal pregnancy.

The histologic features of this disease are distinctive
but can be misleading.64,85,98 The classic lesion of AFLP is
microvesicular fatty infiltration, most prominently
involving the pericentral region, zone 3 of the liver lobule
(Fig. 15–2). The fat droplets are small, resulting in a
picture of pallor and cell vacuolization in affected areas,
rather than the empty cell with the asymmetric nucleus
seen in large-droplet fat. This change can easily be over-
looked or misinterpreted on histologic material handled
in the routine way with paraffin embedding, which causes
the fat to dissolve. Indeed, the biopsy appearance of AFLP
can easily be interpreted as resulting from viral hepatitis,
with ballooning of cells and cytolysis. In order to pre-
dictably detect the fatty change, the biopsy material must
be processed in a special way. In the past, the technique
used was frozen section, followed by staining with oil
red O. This technique has its faults: The stain intensity is
poorly reproducible, and it is difficult to interpret frozen
material, particularly as the droplets can be smeared away
from the affected areas to cover the whole specimen.
A better technique is to handle the tissue as if for electron
microscopy, with glutaraldehyde fixation and embedding
in Epon. The microvesicular fat can be seen clearly by
examining toluidine blue-stained sections under the light
microscopy or by electron microscopy. The picture at the
electron microscopic level is a nonspecific one, which
includes non–membrane-bound fat droplets and mito-
chondrial changes.85,99 As is true of the other microvesicu-
lar diseases, the fatty change is evanescent and resolves in
several days. Therefore, the most typical histologic
appearance is found early in the course. Involvement of
other organs with microvesicular fatty change has been
reported.100

Course and Management

Patients with undiagnosed AFLP are at risk for progres-
sion, with an unpredictable but often short time course,
to fulminant hepatic failure and death for both mother
and fetus. As recently as the 1960s, the conventional wis-
dom was that if the patient survived, the diagnosis could
not have been AFLP. More recent reports give a much
improved outlook in this disease, and now it is rare for a
patient to die, with appropriate diagnosis and aggressive
management.64,85,88,101,102 Similarly, the outlook for the
fetus of the affected pregnancy has also improved,
although it remains worse than that of the mother.

Like Reye’s syndrome, AFLP is well defined clinically,
and histologic confirmation is not needed except in spe-
cial circumstances. Usually, the diagnosis rests on finding
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Clinical Features Laboratory Changes

Nausea, vomiting Bilirubin Slight ↑, normal
Malaise, fatigue AST/ALT ↑, normal to

1000 U
Jaundice GGTP Slight ↑
Abdominal pain Prothrombin time ↑↑
Preeclampsia Fibrinogen ↓↓
Coma Uric acid ↑
Bleeding Ammonia ↑
Onset in second half of Glucose ↓

gestation; postpartum Leukocytes ↑
onset possible Platelets ↔, ↑

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGTP,
γ-glutamyl-transpeptidase.
↑, increased; ↓, decrease; ↔, no change from normal.

TABLE 15–4 Acute Fatty Liver of Pregnancy
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hepatic failure at term in the absence of any risk factors,
physical findings (such as vesicular rash in herpes simplex
hepatitis), or serologic profiles suggestive of viral hepati-
tis.103 Most patients have signs of preeclampsia, albeit
subtle at times. Imaging may be useful; fat in the liver has
been demonstrated in AFLP with ultrasonography and
CT scanning.89,104,105 These changes are modest, however,

and are best proven by comparing the CT scan during ill-
ness with that obtained several months later, after resolu-
tion of the disease. Thus, imaging may help confirm the
diagnosis in retrospect but may not be helpful in the
acute situation. The presence of a normal liver on CT scan
certainly does not exclude AFLP. The liver biopsy is
diagnostic, if the specimen is processed appropriately.

Figure 15–2. Fatty liver of pregnancy as shown by needle biopsy specimen. A, Many hepatocytes are infiltrated with small droplets of fat.
These droplets stain positively with a Sudan stain for lipid. B, The predominance of the infiltration in pericentral areas is shown. There is
relative sparing of the middle zone and periportal areas of the lobule. (Courtesy of The Klatskin Library, Yale University.)



Biopsy is necessary only in special circumstances of diag-
nostic confusion. For example, if delivery is being delayed,
then a biopsy finding compatible with AFLP should
prompt it. In this setting, biopsy should be performed
with care, because the coagulopathy and the potential
overlap with the preeclampsia syndromes, including
HELLP and rupture. The differentiation between HELLP
syndrome and AFLP is of little immediate clinical relevance,
because both are treated identically: namely, by delivery of
the fetus.

Treatment of AFLP begins with delivery. The route
should be guided by obstetric indications. Cesarean
section is not always necessary; vaginal delivery can be
accomplished. With delivery, repair of the liver disease
begins, the initial sign of improvement being a fall in pro-
thrombin time elevation. In severely ill patients, recovery
may be lengthy, and complications such as gastrointesti-
nal bleeding, adult respiratory distress syndrome, and
pancreatitis with metastatic fat necrosis have been
reported.106 Diabetes insipidus has been reported in sev-
eral patients with AFLP.107 Diuresis in affected patients
should not be assumed to result simply from normal
postpartum shifts in volume. In this setting, the occur-
rence of diabetes insipidus should suggest that AFLP is
the diagnosis, although it is not specific for this disease
and has also been reported in patients with HELLP syn-
drome.108 This interesting finding appears to result from
abnormally high circulating levels of vasopressinase.109

The management should include maximal support in an
intensive care unit by a team that includes both obstetri-
cians and hepatologists. Liver transplantation for AFLP
has been reported.110,111 Early diagnosis and delivery, with
aggressive supportive management, should obviate the
need for such herculean therapy, particularly as the disease
is not chronic.

There are no residua after AFLP, and complete recovery
of the affected patient should be expected. Cases of recur-
rent AFLP, as well as cases of nonketotic hypoglycemia in
the offspring, have been reported and are discussed later.
In view of this risk, mothers and the infants from affected
pregnancies can be tested for the gene defect in long-chain
3-hydroxyacyl–CoA dehydrogenase.94,112 In general, the
risk to the mother in subsequent pregnancies is slim,
although all patients with a history of AFLP should be
managed by obstetricians expert in maternal-fetal medicine.

Cause and Pathogenesis

AFLP remains a disease of unclear origin. It appears to
share some clinical hallmarks with the other disorders
classified as microvesicular fatty liver diseases, including
Reye’s syndrome, Jamaican vomiting sickness, and the dis-
orders of fatty acid metabolism, the most common of
which is medium-chain acyl-CoA dehydrogenase defi-
ciency.62 These conditions share mitochondrial dysfunc-
tion as an underlying pathogenic mechanism. In
Jamaican vomiting sickness, the toxin hypoglycin, present
in the arils of unripe ackee fruit, poisons β oxidation in
the mitochondrion, leading to a Reye’s-like syndrome
and the presence in the urine of abnormal organic
acids.113 Similarly, individuals with the inherited defect

medium-chain acyl-CoA dehydrogenase deficiency may
have episodes during infancy and childhood, perhaps
prompted by anorexia and stress such as a febrile illness,
of hyperammonemia and nonketotic hypoglycemia sug-
gestive of recurrent Reye’s syndrome.114 Most genotypi-
cally affected individuals never have clinical disease,
however. Interestingly, tetracycline, which had previously
been associated with an AFLP-like syndrome in both preg-
nant and nonpregnant patients receiving intravenous
therapy, also affects mitochondrial function.115,116 AFLP
is not simply Reye’s syndrome of pregnancy, and subtle
differences can be detected on electron microscopy.99

The reports in the literature of recurrent AFLP suggest
that perhaps this syndrome is also the result of an inborn
error of metabolism. This postulate is supported by
demonstrations that the offspring of AFLP pregnancies
were affected with a defect in fatty acid oxidation, long-
chain 3-hydroxyacyl–CoA dehydrogenase (LCHAD)
deficiency.91,92,95 These infants failed to thrive and died.
Their mothers had either AFLP or HELLP during the
pregnancy, although pregnancies that resulted in the
birth of unaffected children were normal. Subsequent
studies have shown that some but not all women with
AFLP are heterozygous for LCHAD deficiency.93,95 The
molecular basis for this deficiency has been established,
and DNA testing for it is available.94 Genotyping should
be carried out on both parents and the infant of the
affected pregnancy. The implication is that disease in the
fetus can affect the course of pregnancy for the mother,
with the presumption that she is an otherwise phenotypi-
cally normal heterozygote. Other reports, however, fail to
confirm the associations between LCHAD deficiency and
AFLP.117 These fascinating observations should prompt
further investigation of affected patients, as well as of
women with a history of AFLP.

The relationship of AFLP with preeclampsia is the sub-
ject of much debate. Half of reported cases of AFLP occur
in women with preeclampsia, and the timing (at the end
of pregnancy), the association with the primigravid state
and with multiple gestation, and the improvement with
delivery are all suggestive of underlying preeclampsia.64,84

An overlap among the preeclamptic syndromes (HELLP,
infarction, and rupture) has been reported.106 Women
with AFLP in association with LCHAD deficiency were
more likely to have preeclampsia.93 Nevertheless, at the
bedside the problems are different and can usually be
distinguished on purely clinical grounds. One group
suggested that the fat found on biopsy in patients with
preeclampsia or HELLP demonstrates that these condi-
tions are one and the same.61 However, the fatty change in
HELLP syndrome is usually only modest in extent, may be
both microvesicular and macrovesicular, and does not
have the characteristic central location.60 Furthermore,
there are no reports of the occurrence of the histologic
changes typical of HELLP (periportal hemorrhage and
fibrin deposition) in patients with biopsy-documented
AFLP. Therefore, until further explication, we surmise
that preeclampsia is a permissive condition, a stress that
brings out AFLP in susceptible individuals. Previous
reports suggest that male gender in the fetus makes AFLP
more likely.85
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LIVER DISEASE DURING PREGNANCY

Common forms of liver disease occur during pregnancy,
although the diagnosis, clinical course, and therapy for
these diseases differ from those in nonpregnant persons.
The major diseases of the liver are reviewed, with special
emphasis on features relevant to pregnancy, including
effects on the fetus.

Hepatitis

Hepatitis may be caused by a number of well-characterized
viruses, as well as by drugs or autoimmune disease.
Usually cytomegalovirus, measles, Epstein-Barr virus,
and herpes simplex are not included as causes of “viral
hepatitis,” although each may cause hepatocellular necro-
sis and inflammation. Cytomegalovirus infection during
pregnancy may cause hepatitis, even of the fulminant
type, often with congenital infection in the newborn.
Measles during pregnancy may cause maternal hepatitis
and adverse outcomes for the infant, including prematu-
rity, spontaneous abortion, and death.118 Severe herpes
simplex–related hepatitis in pregnancy has been success-
fully treated with acyclovir.103,119

The term hepatitis is conventionally reserved for viral
infection caused by hepatitis A, hepatitis B, hepatitis C,
δ hepatitis, and hepatitis E viruses. The characteristics
of these forms of hepatitis are shown in Table 15–5.
Advances in serologic identification of the hepatitis
viruses have led to clearer separation of the clinical dis-
eases caused by each of these infections. Although there is
considerable overlap, the clinical course of each form of
infection is somewhat different, and the complications of
infection are substantially different. The latter differences
are especially noteworthy during pregnancy because of
variable implications for the subsequent health of both
mother and infant.120

Hepatitis A

Hepatitis A virus (HAV) infection is common worldwide.
It occurs more frequently in impoverished populations, in
lower socioeconomic groups, and in developing nations,
where poor hygienic conditions often exist. In Central
America, Asia, and Africa, it is usually a disease of child-
hood or adolescence. In Western Europe and North
America, it is a sporadic infection and usually affects
adults. Localized epidemics occur.121 In the remaining
parts of the world, it is an epidemic disease of susceptible
individuals of all ages. The overall incidence of positive
serology for HAV infection in the United States averages
approximately 30%. Evidence of prior infection is
high among certain risk groups, including parenteral
drug abusers, homosexual men, prostitutes, sexually
promiscuous persons, and elderly persons. The disease is
transmitted almost exclusively by the fecal-oral route.
Contaminated food and water are the usual sources
of epidemic HAV infection. In the United States, HAV
infection is often reported in association with ingestion of
contaminated shellfish. Another important source is
exposure to diapered children in daycare settings.

The clinical syndrome of acute HAV infection consists
of vague flu-like symptoms with fatigue, weakness, nau-
sea, and loss of appetite. The onset is usually abrupt.
A variety of extrahepatic manifestations, including myal-
gia, arthralgias, arthritis, and urticaria, may occur.121

A small proportion of patients develop severe disease
heralded by the onset of marked vomiting, abdominal
pain, and fever. In a very small number, fulminant HAV
infection with massive hepatocellular necrosis occurs,
possibly leading to death. Other forms of HAV infection
include cholestatic hepatitis, with a prolonged course
marked by itching and jaundice, and relapsing hepatitis,
with a relapse within 3 months of disease onset. In
rare cases, HAV infection can precipitate autoimmune
hepatitis, responsive to corticosteroids.121 Most cases of
hepatitis A, however, are subclinical.
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Characteristics Hepatitis A Hepatitis B Hepatitis C

Older name Infectious hepatitis Serum hepatitis Non-A, non-B hepatitis
Virus type RNA DNA RNA
Virus size 27 nm 42 nm 30-60 nm
Incubation period 15-50 days 30-180 days 30-160 days
Transmission Fecal-oral Parenteral or body fluids Parenteral, sporadic
Vertical transmission Not observed Common Uncommon

to fetus
Serologic Hepatitis A antibody HBsAg, HBsAb; HBcAb, Hepatitis C antibody

diagnosis IgM and IgG types IgM, and IgG types
HBeAg, Ab, hepatitis B virus DNA RNA by PCR

Maximum infectivity Prodrome Prodrome or HbeAg positive HIV co-infected
Carrier state None 5%-10% 50%-85%
Acute clinical forms Asymptomatic to fulminant Asymptomatic to fulminant Asymptomatic to severe; relapsing
Chronic clinical forms None Chronic persistent hepatitis Chronic persistent hepatitis

Chronic active hepatitis Chronic active hepatitis
Cirrhosis Cirrhosis

HBsAb, hepatitis B surface-associated antibody; HBsAg, hepatitis B surface-associated antigen; HBcAb, hepatitis B core antibody; HBeAg, hepatitis B early antigen;
HIV, human immunodeficiency virus; IgG, immunoglobulin G; IgM, immunoglobulin M; PCR, polymerase chain reaction.

TABLE 15–5 Forms of Viral Hepatitis



Early in the onset of the disease, antibody to HAV
appears in the serum. The antibody is of the immunoglob-
ulin M (IgM) type during the acute illness and early recov-
ery phase. Several months later, the antibody becomes
predominantly immunoglobulin G in type. The latter
antibody is protective and remains detectable for many
years. Therefore, it is currently possible to confirm recent
infection with HAV by the presence of IgM antibody.
Because there exists no chronic carrier state for HAV, this
is the only period in which HAV IgM antibody is present.

The characteristic changes in liver function test find-
ings include marked elevations in AST and ALT. Most
often, these reach levels of 1000 to 2000 U during the
early part of the infection. Elevations in bilirubin and
alkaline phosphatase also occur but are more unpre-
dictable. The entire infection may be anicteric, but on
occasion it is associated with severe jaundice, pruritus,
and light-colored stools. The latter may be confused clin-
ically with biliary obstruction. The acute illness usually
lasts 10 to 15 days, and then gradual recovery begins.
Most patients are free of symptoms by 1 to 2 months after
the onset of the disease, although ill effects may linger
longer in some. Except for fulminant HAV infection, there
are no serious sequelae or chronic forms of this disease.

There is substantial evidence that pregnancy does not
alter the course of HAV infection in the United States and
Europe. However, a higher incidence of fulminant disease
associated with acute HAV infection during pregnancy
has been reported in developing nations, although the
reason is uncertain. Concurrent malnutrition has been a
suspected cause, but the evidence is conflicting. If the
course of HAV infection is severe, it may precipitate
premature labor in women in the third trimester of
pregnancy.121 There is no evidence that HAV causes
birth defects,122 and there is no evidence of maternal-fetal
transmission.123

Clinical management of pregnant patients with HAV
infection does not differ from that of those who are not
pregnant. However, hospitalization may be indicated,
especially during the last trimester and in the presence
of severe anorexia, nausea, and vomiting. Under these
circumstances, the differential diagnosis may be uncer-
tain, and close observation indicated. On occasion, vomit-
ing is so severe that parenteral administration of fluids is
necessary.

HAV infection may be prevented in close household
contacts by the administration of immune serum globu-
lin. This is recommended for those at risk in the home. In
rare circumstances in which the mother has acute HAV
infection at the time of delivery, immune serum globulin
may be administered to the infant. Even under these
conditions, the risk of transmission to the infant seems
very small.

Hepatitis B

Acute hepatitis B virus (HBV) infection has clinical simi-
larities to HAV infection. However, the incubation period
is longer (1 to 6 months), and the prodrome is more fre-
quently associated with extrahepatic symptoms such as
rash, arthralgias, myalgias, and occasionally frank arthri-
tis. Jaundice may occur. In addition, 5% to 10% of patients

enter a chronic phase of HBV infection, and almost half
these patients develop chronic active hepatitis and cirrhosis.
The 10% who become chronic HBV carriers also have a high
incidence of hepatocellular carcinoma 10 to 25 years after
initial infection.

The disease is worldwide in distribution but is most
common in Asia and Africa, where transmission is fre-
quently by the maternal-fetal route.124 In North America,
HBV is transmitted most commonly by heterosexual
contact. However, maternal-fetal transmission is well
recognized and presents a major problem for both obste-
trician and pediatrician.

HBV infection is confirmed by the presence of specific
serologic markers as listed in Table 15–6. Hepatitis B sur-
face antigen (HBsAg), hepatitis B early antigen (HBeAg),
and hepatitis B core antibody appear early in the disease,
usually before the onset of clinical symptoms. Initially,
this antibody is primarily of the IgM class, but late in nor-
mal recovery, a gradual transition to a predominant
immunoglobulin G antibody occurs. The presence of IgM
hepatitis B core antibody indicates acute infection. In
those who do not become HBV carriers, hepatitis B sur-
face antibody appears, and this antibody, as well as the
hepatitis B core antibody, may persist for many years.

HBV infection accounts for approximately one third of
sporadic cases of viral hepatitis in the general U.S. popu-
lation. The incidence of the HBV carrier state among preg-
nant women is variable and depends on the patient group
studied. The incidence of HBV carriers is considerably
higher in populations in which drug abuse is common-
place or with a high incidence of sexual promiscuity. Also,
Asian and African immigrants and some American Indian
populations have a high incidence of the HBV carrier
state. Evidence suggests that transmission of HBV to
infants is common when mothers have acute infection in
the third trimester or when they are chronic carriers of
HBV infection and have positive results of serum tests for
HBeAg or HBV DNA.125

Acute HBV infection during early pregnancy is usually
accompanied by a normal course without significant
implications for either the mother or the infant. In the
past, hepatitis with a high acute mortality rate in certain
areas of the world, including the Middle East, Africa, and
India, was reported during pregnancy. This severe hepati-
tis in pregnancy has now been shown to be caused by
infection with hepatitis E virus (HEV).71

Certainly, fulminant hepatitis that develops during the
course of the acute infection in a small percentage of
women in Western countries has a high mortality rate.
However, the incidence of this severe form of viral hepati-
tis does not seem to be higher during pregnancy in the
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Hepatitis B virus Dane particle
Hepatitis B core antibody HBcAb
Hepatitis B surface antigen HBsAg
Hepatitis B surface antibody HBsAb
Hepatitis Be antigen HBeAg
Hepatitis Be antibody HBeAb
Hyperimmune serum globulin HBIG
Hepatitis B viral DNA HBV DNA

TABLE 15–6 Hepatitis B Terminology



United States. For this reason, fulminant acute HBV
infection is a relatively small factor in either maternal or
fetal death in this country.

Clinical management of acute HBV during pregnancy
should not be different from that in a nonpregnant indi-
vidual (Table 15–7). However, when the infection occurs
during the last trimester, there is a high risk of transmis-
sion of the disease to the infant.126-128 The risk of trans-
mission is highest in mothers who are HBeAg-positive at
the time of delivery. The presence of HBeAg in serum is
usually correlated with higher levels of serum HBV DNA.
Thus, the presence of HBeAg in the mother is a measure
of a high titer of virus in blood and, hence, increased risk
of transmission to fetus and newborn. During acute viral
hepatitis, HBeAg positivity is usually transient, and trans-
mission in utero or to the newborn is much more likely
when the mother has acute infection just before or at the
time of delivery. It is estimated that approximately 5% of
the infants may be infected with HBV at birth and have
acquired the disease by the transplacental route.128,129

Little can be done to prevent this kind of transmission to
the fetus. In addition, other mothers who are incubating
HBV at the time of delivery can infect their offspring
before they become clinically ill. These two groups may
account for a small number of infants who eventually
become infected with HBV despite adequate therapy to
prevent infection of the newborn after delivery.

The second group of mothers who may commonly
transmit HBV to their infants are chronic carriers of HBV
infection who are HBeAg-positive.130 These mothers
acquired acute infection with HBV months or years before
the onset of pregnancy and continue to have intermittent
viral replication. In most Western countries, fewer than
1% of the general population are HBsAg carriers. The rate
is often higher in urban populations, especially among
intravenous drug addicts. In parts of Asia and Africa, the
incidence of HBV carriers may be as high as 30% to 40%.
Among carriers, the risk of transmission of HBV infection
to infants is largely dependent on HBeAg status. The rate
of transmission is usually 90% or higher for those with
HBeAg or high levels of HBV DNA in serum.125,131 The
rate is considerably lower and less consistent for those
without HBeAg or in the presence of early antibody to
hepatitis B.127,130,131 This is not surprising, inasmuch as there
is a correlation between HBeAg and the presence of circu-
lating virus as measured by HBV DNA in serum. However,
patients who are negative for HBeAg may have circulating
viral particles; therefore, HBeAg status cannot be relied
upon to determine the risk of infant transmission.

The administration of hyperimmune globulin and
HBV vaccine protects 90% to 95% of infants from HBV
infection. Therefore, it is appropriate to administer HBV
vaccine and HBV hyperimmune globulin (HBIG) to
infants of mothers who are HBsAg-positive regardless of
the mother’s HBeAg status.130,132,133 This is both medically
and economically effective in prevention of acute hepati-
tis, HBV carrier state, chronic hepatitis, cirrhosis, or
hepatoma. It is recommended that 0.5 mL of HBIG be
given at birth and that three doses of HBV vaccine be
given beginning at birth according to manufacturers’
recommendations for recombinant vaccines.130 Variations
in the timing of this regimen have also been highly effec-
tive, but both HBIG and HBV vaccine must be given for
maximum effect.126,129,134 HBIG and HBV vaccine may be
given simultaneously without inhibiting the antibody
production induced by HBV vaccine (Table 15–8).
Complications of this regimen are rare and mild.135
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Establish type by serologic test
Institute appropriate isolation and precautions
Determine need for contact prophylaxis with serum globulin

preparation and/or vaccine
Activity: determined by tolerance
Diet: patient preference, parenteral if necessary
Antiemetics: phenothiazines may be used
Corticosteroids: not indicated
Immunoprophylaxis of infant: if hepatitis B is present

TABLE 15–7 Management of Acute Viral Hepatitis in
Pregnancy

Hepatitis A Hepatitis B Hepatitis C 

Maternal Infection Acute Infection Acute Infection Carrier State Acute and Chronic

Transmission risk Rare First and second HBeAg-positive: 85%-95% ∼10%
to infant trimesters: <10% HBeAb-positive: <5%

3rd trimester: ∼65% HBeAg-negative, 
HBeAb-negative: ≅50%

Infant disease Rare clinical Usually mild May have severe or Acute hepatitis, also
hepatitis hepatitis, rarely fatal hepatitis (at probable chronic
(at 14-30 days of age) severe hepatitis (at 30-120 days of age) hepatitis or carrier

Passive antibody 30-120 days of age) Commonly become carriers state
Commonly become Cirrhosis or hepatoma

carriers (late complications 
10-20 years later)

Recommended ISG: optional, for infant ISG: no ISG: no ISG ineffective
prophylaxis for infant of mother with acute HBIG at 24 hr, 1 mo, HBIG at 24 hr, 1 mo, 

infection at birth and 6 mo (20 mg each and 6 mo (20 mg each 
time) + hepatitis B vaccine time) + hepatitis B vaccine

Combined HBIG and hepatitis B vaccine is 85-95% effective in preventing hepatitis B infection in infant.
HBeAb, hepatitis B early antibody; HBeAg, hepatitis B early antigen; HBIG, hyperimmune serum globulin; ISG, immune serum globulin.

TABLE 15–8 Transmission of Viral Hepatitis from Mother to Infant



Failures of this regimen may relate to transplacental
infection before birth or incubating infection at the time
of birth. It is also possible that some newborns acquire
infection from household members other than the
mother who are chronic HBsAg carriers (horizontal
spread). This has been suggested as the cause of infection
in infants born to hepatitis B early antibody–positive
mothers when the infant did not receive prophylaxis.136 It
is a further argument for the use of HBIG and HBV vac-
cine in all situations in which the mother is identified as
a carrier, because of the increased incidence of other
HBsAg carriers in the family when the mother is a carrier.
There have been reports of severe or fulminant hepatitis
in infants of mothers with hepatitis B early antibody
despite vaccination.137-139 The presence of severe infection
despite proper immunization of the infant has led to
identification of a mutant virus with a single amino acid
change in the precore region.139 The frequency of this
mutation and its possible transmission to other persons
is not yet certain. Universal vaccination of all infants at
birth for HBV is now the standard of care.140 Vaccinations
for all children previously not immunized is recom-
mended as they enter puberty. In future generations, the
specter of viral hepatitis B and its complications could
be eliminated. Vaccine for pregnant women exposed to
hepatitis B is safe.141

Hepatitis C

The genome of hepatitis C (HCV) was first reported in
1989.142 This discovery led to the development of the
enzyme-linked immunosorbent assays for detection of HCV
antibody in serum now used clinically. Improvements in
the initial serum tests have led to greater sensitivity and
specificity for detecting evidence of HCV infection,
including the development of polymer chain reaction–
based assays for viral RNA. Clinical studies subsequently
established that HCV was the major cause of non-A, non-B,
post-transfusion hepatitis and also a cause of sporadic
hepatitis in the United States and Western Europe.
Evidence of HCV infection is higher among intravenous
drug abusers, sexually promiscuous persons, and groups
exposed to blood products (e.g., patients on hemodialysis,
hemophiliac patients, health care workers). The relatively
low levels of virus in blood in comparison with HBV infec-
tion probably explain the lower incidence of HCV person-
to-person transmission. Sexual transmission has been
recorded, but the risk is substantially lower than for
HBV.143 Despite these observations, HCV accounts for
40% to 50% of cases of hepatitis in the United States, with
a prevalence of 1% to 5.4% in the population.144 Moreover,
as many as 50% to 85% of those infected become chronic
carriers of HCV, and many carriers develop slowly pro-
gressing chronic active hepatitis and cirrhosis.143

Therefore, the number of chronically infected individuals
is high, and many have serious and often asymptomatic
chronic liver disease. HCV was the subject of a recent
National Institutes of Health–sponsored consensus devel-
opment conference.145

The course of HCV infection in nonpregnant patients
is unusual in comparison with those of other forms of
hepatitis viruses. The acute phase is often asymptomatic

and usually anicteric, although the disease is occasionally
severe. More characteristic is the relapsing nature of
abnormal liver function test findings and clinical symp-
toms over a period of many months or years after initial
infection. This course may be accompanied by histologic
changes in the liver that range from a mild form of hepatitis
to severe chronic active hepatitis and cirrhosis.

HCV infection may cause acute hepatitis during preg-
nancy but may not be detected unless liver function tests
and HCV antibody tests are obtained. It is important to
note that development of a positive result of HCV antibody
tests may be quite delayed after onset of infection, occa-
sionally as long as several months. Thus, repetition of HCV
antibody testing or the addition of tests for viral RNA
during pregnancy in a suspected case may be necessary.

The course of chronic HCV infection during pregnancy
is under debate. In a large study, the course was reported
to not be different during pregnancy.146 Other studies
show either an improvement in ALT during pregnancy147

or a worsening of histologic findings after pregnancy.148

There are no reports of fetal or neonatal abnormalities
in association with maternal HCV infection. Survival
and prematurity rates are comparable, regardless of the
mother’s HCV antibody status.144 However, there is evi-
dence that acute or chronic infection during the third
trimester may be accompanied by transmission to the
fetus.149-152 The rate of transmission may be higher in
mothers co-infected with human immunodeficiency
virus.153 In other circumstances, the efficiency of vertical
transmission is low, and the reasons for the variable
results between studies are uncertain.154,155 There is no
known treatment to prevent vertical transmission of
HCV infection, and routine screening of all mothers is
currently unwarranted. Pregnant women at high risk for
HCV infection can be offered antibody testing, and
infants born to infected mothers observed for the devel-
opment of hepatitis. Breast-feeding by infected mothers
appears to be safe.156 Testing the infant may yield mis-
leading results, because a proportion who are HCV
RNA–positive at birth eventually clear the virus. In a large
Italian study, 13% of the infants born to HCV RNA–
positive mothers were HCV RNA–positive at birth, but
only 3% remained so at age 2 years.157

Severe chronic HCV infection has been successfully
treated with interferon-α, although relapse is common
after cessation of treatment.143 Because interferon-α ther-
apy is accompanied by frequent and sometimes severe side
effects, and because the progression of chronic HCV infec-
tion is usually quite slow, it is unwise to use this agent
during pregnancy. Moreover, effects of the interferons on
fetal development and health in humans has not been
well studied, and it should be considered contraindicated
in pregnancy. Ribavirin has been teratogenic in animals
and should not be used in pregnant women or in either
men or women seeking pregnancy.

Hepatitis D

The hepatitis δ virus (HDV) is a defective RNA virus that
replicates only in the presence of circulating HBV.
Therefore, it is confined to patients with chronic HBV or
to patients who become simultaneously co-infected with
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both HBV and HDV. Superinfection in a chronic HBV
carrier by HDV may lead to serious deterioration or ful-
minant hepatic failure. The virus is most common in
nations bordering the Mediterranean Sea. It is less
common in the United States, where it is usually seen in
intravenous drug abusers, in whom transmission of HBV
and HDV may occur simultaneously or sequentially. HDV
can be transmitted from mother to child at birth.158

Hepatitis E

The most recently described form of acute viral hepatitis,
hepatitis E (caused by HEV), occurs most frequently in
Asia, North Africa, South America, and Central America.
It occurs in epidemics and resembles HAV in clinical
manifestation and epidemiology. It is an RNA virus that
is distinct from the others described. Antibody can be
identified in serum.

In areas of the developing world that are endemic for
HEV, a high incidence of fulminant HEV infection has
been reported, especially among women in the third
trimester of pregnancy.159 The case fatality rate for hepati-
tis E is as high as 20% among women infected during the
third trimester of pregnancy.71,160 In the United States,
hepatitis E occurs primarily in travelers from endemic
areas. HEV can be transmitted to the fetus in utero and
can cause acute hepatitis in the newborn.161

Atypical Forms of Hepatitis

Fulminant Viral Hepatitis A small percentage of patients
with viral hepatitis, regardless of type, may present with
fulminant disease. Fulminant hepatitis characteristically

manifests with encephalopathy, jaundice, and marked
aberrations in coagulation factors. The overall mortality
rate is approximately 80%. The pathologic lesion in the
liver reveals massive hepatocellular necrosis, in which
virtually every hepatocyte is necrotic, or submassive
necrosis, in which multilobular collapse and “bridging”
necrosis alternate with areas of substantial hepatocyte
preservation. Data suggest that the massive form is
almost uniformly fatal, whereas some patients with sub-
massive lesions survive. The differentiation of this disease
from AFLP or severe preeclampsia may be difficult in
patients during the third trimester. Most often, the
transaminase and bilirubin elevations are higher in fulmi-
nant hepatitis, but overlap may occur. Coagulation
abnormalities and disseminated intravascular coagula-
tion may exist in either disease. The presence of serologic
markers of acute HAV or HBV is helpful. If acute HCV is
suspected, then testing for HCV RNA should be done, as
antibodies now tested for HCV may not become
detectable for several months. Liver biopsy is definitive
but often difficult to obtain because of attendant coagu-
lopathy. The major diseases with which fulminant hepatitis
may be confused are AFLP and preeclampsia. Some of
the differential features of these disorders are shown in
Table 15–9.

Rapid delivery of the fetus is clearly indicated in AFLP
and severe preeclampsia. It is desirable in fulminant hepati-
tis to spare the life of the infant. Therefore, rapid delivery is
reasonable for either disease when the diagnosis is in doubt.
The use of lactulose, prompt treatment of gastrointestinal
bleeding, and supplementation of clotting factors with
fresh-frozen plasma and platelets are imperative if patients
and their infants are to be provided any opportunity for

Acute Fatty Liver Fulminant Viral Preeclampsia and
of Pregnancy Hepatitis Eclampsia

Onset Third trimester Any time Third trimester
Clinical symptoms Nausea and vomiting, Nausea and vomiting, Nausea and vomiting,

abdominal pain, coma abdominal pain, hepatic abdominal pain
encephalopathy May have convulsions

Other features Hypertension, edema, May have hepatitis A or Hypertension, edema, 
proteinuria are common B serologic findings proteinuria

Laboratory findings
AST <1000 500-3000 Usually <2000
Bilirubin 2-10 mg/dL 20-30 mg/dL 1-6 mg/dL
Hemolysis Occasional Usual Usual
Leukocytosis 90%-100% Variable Not found
Thrombocytopenia Rare ∼50% 90%-100%
FDP Often Occasional Usual
Ammonia Increased Increased Normal
Blood smear schistocytes Occasional Rare Frequent
DIC Common Occasional Usual
Hypoglycemia Occurs Rare No

Diagnosis Liver biopsy if coagulation Hepatitis studies, biopsy Response to delivery, biopsy
studies permit if possible

Histology Centrilobular Multilobular collapse Fibrin thrombi, periportal
microvesicular fat and necrosis hemorrhage, peliosis

Treatment Prompt delivery, fresh- Delivery for fetal survival Control preeclampsia and 
frozen plasma DIC, prompt delivery

AST, aspartate aminotransferase; DIC, disseminated intravascular coagulation; FDP, fibrin degradation products.

TABLE 15–9 Liver Failure in Pregnancy
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survival. Hepatic transplantation has been successfully
accomplished in patients with fulminant hepatitis.

Chronic Hepatitis Pregnancy may occur in women with
chronic hepatitis, most often in those with autoimmune
disease that is responsive to corticosteroid therapy.131,162

There is an increased risk of preeclampsia in mothers and
prematurity in infants. Immunosuppressive therapy with
corticosteroids and azathioprine should be continued
during pregnancy in this group. Among those with
chronic viral infection, many patients with mild or asymp-
tomatic chronic active hepatitis C may sustain pregnancy.
Similarly, chronic active hepatitis B that is mild or in
spontaneous remission is compatible with pregnancy.
The impact of pregnancy on the mother is dependent on
the severity of the disease. Although congenital abnor-
malities are not increased in the infants of such patients,
prematurity occurs with more severe maternal disease.163-165

If the patient has cirrhosis and chronic hepatitis, early ter-
mination of pregnancy and perinatal mortality are clearly
increased.164 There is also an increased risk to the mother
of esophageal bleeding, anemia, and toxemia. In one series,
maternal complications occurred in 42% of patients. The
relative reduction in hepatic blood flow and the increase
in intravascular volume in pregnancy may account for
reports of reduced hepatic function and increased risk of
esophageal bleeding. Nonetheless, a patient with milder
disease may proceed safely through pregnancy and deliver
a normal infant. Careful observation of the mother during
the pregnancy should include monthly measurement of
liver function and control of weight gain and blood pressure.

Drug and Alcohol Reactions

Liver manifestations of drug reactions can be divided into
two general classes: those that predominantly cause
cholestasis and those that produce widespread hepatocel-
lular injury. Many agents produce a mixed reaction.
Although any of the drugs associated with hepatic injury in
nonpregnant patients also may cause reactions during
pregnancy, several agents are of special importance because
of their frequent use in the treatment of complications of
pregnancy. These include the antiemetic agents, especially
chlorpromazine166 and structurally related compounds; the
antibiotics, especially tetracyclines167 and the sulfonamides;
anesthetics such as halothane168; tocolytics169; and other
agents such as chlorothiazide, tranquilizers, and antide-
pressants. Other drugs associated commonly with hepatic
injury include α-methyldopa, isoniazid, acetaminophen,170

cimetidine, ranitidine, and penicillin.
Alcoholic liver disease may appear in pregnancy and

is occasionally confused with other diseases that cause
hepatic failure in pregnancy. Chronic alcoholism in the
mother also may result in liver injury in the fetus.171,172

Diagnosis of hepatic injury related to drugs is difficult
because liver function changes are variable and nonspecific,
and even liver biopsy may yield inconclusive findings.
Improvement with cessation of the drug or recurrence when
treatment is resumed are the most convincing evidence of
the cause. However, when the presumption is strong, the
use of alternative therapy is indicated.

There are no unusual risks of hepatocellular or cholesta-
tic drug reactions in the mother with the exception of
intravenous tetracycline. However, confusion in diagnosis
may cause difficulties in management. Cessation of treat-
ment or substitution with a drug of different chemical
structure usually results in clinical improvement, although
recovery may be slow, lasting many weeks in some cases.
The effects of drugs on fetal development are independent
of their potential for causing hepatocellular or cholestatic
reactions.

OTHER DISORDERS OF PREGNANCY
AFFECTING THE LIVER

Hyperemesis Gravidarum

Hyperemesis gravidarum can be defined as excessive
nausea and vomiting in pregnancy that result in dehy-
dration and ketosis, severe enough to necessitate hospi-
talization. Although this is not primarily a liver disorder,
it affects the liver in up to 50% of patients.173,174 In modern
times, this condition is almost invariably mild. In the
pre–intravenous fluid era, this syndrome was known to
result in jaundice and death.

Nausea is an extremely common accompaniment of
early pregnancy, and “morning sickness” is often one of
the first signs that a woman is pregnant. Hyperemesis
gravidarum is considered to be the severe extreme of the
spectrum of morning sickness. It is not rare, with rates
reported from 3 per 1000 pregnancies to 1 per 100.175

Affected patients present in the first trimester, usually
by weeks 10 to 12. They have persistent nausea and
vomiting and experience weight loss, often of significant
amounts. They also have ptyalism (excessive spitting).
Factors thought to favor an increased risk for hyper-
emesis gravidarum include obesity, nulliparity, and
twin gestation.175,176 Laboratory testing demonstrates
abnormal liver values in up to 50% of affected patients;
the most sensitive test is the ALT, which may rise as
high as 1000 U.173 Severely affected patients also have
elevations in bilirubin.24 In some patients, laboratory
testing may demonstrate either hyperthyroidism or
hypercalcemia with hyperparathyroidism of unclear
pathogenesis.83,177-179 The electrogastrogram is abnormal
in some patients in comparison with that of pregnant
controls without hyperemesis gravidarum.180,181 Liver
biopsy, which is rarely indicated, shows very minimal
abnormalities, primarily central cholestasis, and no inflam-
matory infiltrate.

Improvement in the nausea and vomiting and resolu-
tion of the liver test abnormalities occur when most
affected patients are given intravenous fluids and put to
gut rest. The syndrome resolves by week 20 in most,
although rare patients have persistent vomiting and
require enteral or total parenteral nutrition. Antiemetic
therapy with drugs such as ondansetron182 or droperi-
dol183 is helpful. Corticosteroid therapy has been reported
with success.184,185 Patients affected with hyperemesis
gravidarum have no increased rate of prematurity, infants
with low birth weight, or infants with birth defects.186,187

The differential diagnosis includes viral hepatitis,
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especially in patients with high levels of aminotrans-
ferases, and gastroparesis (e.g., that caused by diabetes
mellitus) is not associated with pregnancy. Hyperemesis
gravidarum often recurs during subsequent pregnancies
and has been reported to cause liver dysfunction in three
successive pregnancies.24

The origin of the liver disease associated with hyper-
emesis gravidarum is unclear, as indeed is the syndrome
itself. Not all affected patients have liver disease; there-
fore, the vomiting does not appear to be secondary to the
liver involvement. Starvation alone does not seem to be an
adequate explanation for the liver dysfunction, particu-
larly inasmuch as biopsy in affected patients fails to show
the fatty infiltration typical of starvation. It is tempting to
think that this syndrome relates to the levels of gesta-
tional hormones, which are changing rapidly during this
early part of pregnancy. However, a consistent relation-
ship between hormone levels and the occurrence of hyper-
emesis gravidarum has not been established.188

Pyelonephritis

Pyelonephritis is not uncommon in pregnancy, and if it is
untreated or is associated with preeclampsia, changes in
liver function may occur.189 Jaundice is rare, and the liver
abnormalities respond when the infection is controlled by
the proper use of antibiotics. Urinary infection has been
reported with ICP and may play a role in precipitating
this disorder.190 It is important to recognize that some
of the therapeutic agents used in treating urinary tract
infections may also cause liver function changes.167

Cholelithiasis

Pregnancy does predispose to the formation of biliary
sludge and gallstones, presumably because it slows biliary
motility (the so-called sluggish gallbladder of preg-
nancy).191 The sludge and gallstones that accumulate dur-
ing pregnancy may resolve after delivery.192,193 Indeed, the
increased risk for gallstones reverts to normal 5 years after
the last pregnancy.194

Surgical treatment for biliary colic may be associated in
pregnancy with an increase in either maternal or fetal
morbidity.195,196 Treatment of common duct stones by endo-
scopic retrograde cholangiography and sphincterotomy
has been reported in pregnancy. Lead shielding of the uterus
resulted in minimal exposure of the infant to radiation.197,198

Laparoscopic cholecystectomy can be used successfully,199

although not without risk.200 Many patients can be managed
by conservative medical management.

Cirrhosis and Pregnancy

Pregnancy in patients with cirrhosis is unusual but is no
longer considered rare.165,201,202 Cirrhosis often leads to
amenorrhea and infertility. However, therapy for certain
forms of cirrhosis—for example, caused by autoimmune
hepatitis or Wilson’s disease—can result in improvement

Outcome %

Early termination (<20 weeks) 18
Prematurity (birth at 21-37 weeks) 20
Vaginal delivery 85
Perinatal mortality 18
Maternal complication 42

TABLE 15–10 Cirrhosis and Pregnancy

in an increasing number of young women of childbearing
age that is sufficient for them to conceive and have suc-
cessful pregnancies.

Natural History

The natural history of 95 pregnancies in 78 patients with
cirrhosis or chronic active hepatitis has been reported.203

The majority of these patients had postnecrotic cirrho-
sis, although a few were diagnosed as having Laennec’s
cirrhosis, primary biliary cirrhosis, or chronic active
hepatitis. In two thirds of the cases, there was no signifi-
cant change in liver function during pregnancy. In the
remaining patients, a deterioration of liver function
appeared, and in some, jaundice occurred. Two patients
improved during the pregnancy. Of 23 patients with
demonstrated esophageal varices, 18 had gastrointestinal
bleeding during the pregnancy. Six of the nine deaths
in the series were a result of variceal bleeding. Several
patients underwent successful portal decompressive
surgical procedures during pregnancy. No adverse effects
of the surgery on the mother or fetus were reported. The
survival of the fetus was affected by the presence of mater-
nal cirrhosis. There were 10 stillbirths, 7 spontaneous
abortions, and 67 live births among the 78 patients with
cirrhosis.

The results of another study are shown in Table 15–10.
In this group, 70% of patients had postnecrotic cirrhosis
or chronic active hepatitis, 20% had primary biliary
cirrhosis, and 10% had Laennec’s cirrhosis. The incidence
of premature delivery and fetal mortality was high. The
maternal complications included anemia, toxemia, post-
partum hemorrhage, and bleeding from esophageal
varices. The variceal bleeding occurred in 20% of patients
and was associated with maternal death in approximately
one third of the patients. The incidence of bleeding from
esophageal varices during pregnancy may be less in those
who have undergone portal decompressive surgery before
pregnancy.201

These several studies indicate that pregnancy can occur
in cirrhotic women and may result in a normal, healthy
infant. However, the risk of complications, including
deterioration in liver function and hemorrhage from
varices, is high. Variceal hemorrhage accounts for most of
the maternal deaths in cirrhotic patients. The risk of
variceal bleeding in these patients is highest in the second
and third trimesters, but the bleeding may occur shortly
after delivery.204 Prematurity and infant mortality are also
increased. These risks, by themselves, are not sufficiently
high to be considered absolute indications for interrup-
tion of the pregnancy. However, pregnant patients with



cirrhosis and varices should be aware of the substantial
risk of variceal bleeding.

Problems in Therapy

Therapy for some chronic liver diseases presents specific
problems during pregnancy. The effectiveness of
immunosuppressive therapy in the treatment of severe
chronic autoimmune hepatitis, with or without cirrhosis,
has been established in several controlled studies.162,205

The many undesirable side effects of long-term immuno-
suppressive therapy may appear during pregnancy and
complicate management. In addition, there is, theoreti-
cally, a higher risk of congenital deformities in infants
born to mothers receiving such therapy. However, serious
deterioration in liver function during pregnancy in
patients with autoimmune hepatitis poses an even greater
risk to both mother and fetus. Therapy with the mini-
mum effective dosages of corticosteroid and azathioprine
is desirable. The dosages necessary to control the disease
vary, but the lowest possible dosages should be used.
One study documented the effect of pregnancy on
autoimmune hepatitis. During pregnancy, the disease
became less active, reflecting the relative immune sup-
pression of pregnancy. After delivery, the disease flared,
with ALT elevations.206 This experience supports enhanced
monitoring of patients with autoimmune hepatitis for
several months after delivery.

Corticosteroids are not effective in HBV chronic hepa-
titis and should not be used in this setting. Treatment of
chronic active HBV or HCV infections with interferon-α is
contraindicated in pregnancy because of the numerous
side effects and the uncertain effect on mother and fetus.
Ribavirin therapy is contradicted in pregnancy.

Portal Hypertension

The presence of severe portal hypertension with
esophageal varices is associated with an increased risk of
hemorrhage during pregnancy. Patients previously
treated with portacaval shunt for varices have become
pregnant. Twenty-one pregnancies in 17 patients with por-
tacaval shunts before pregnancy resulted in 17 live births,
2 neonatal deaths, 1 stillbirth, and 1 spontaneous abortion.
No maternal deaths were recorded. Therefore, the presence
of a portacaval shunt is not a contraindication to preg-
nancy and does not contribute an additional risk to that
of the chronic liver disease alone.207,208 In fact, it may
reduce the risk of bleeding for the mother.201

The potential hazard of pregnancy for noncirrhotic
patients with portal hypertension who have not had a
prior shunt procedure is indicated by a report of two
patients with extrahepatic portal hypertension.209 Both
patients had had previous multiple episodes of hemateme-
sis, which were controlled by transthoracic ligation of
varices. During pregnancy, both patients experienced
bleeding, presumably because of increased portal hyper-
tension resulting from the pregnancy. It is apparent
that the risk of variceal hemorrhage is increased
during pregnancy, regardless of the cause of the portal
hypertension.

The use of sclerotherapy for bleeding varices during
pregnancy may provide a safe alternative to portacaval
anastomosis and has been reported to be effective.210

Controlled trials have suggested efficacy in nonpregnant
patients, and such treatment seems reasonable for the
pregnant patient with bleeding esophageal varices.

Liver Transplantation

Women with chronic liver disease who undergo liver trans-
plantation regain their fertility. Pregnancy in such women
can be successful, although there is an increased risk of
maternal complications such as hypertension, as well as
prematurity.211 Immunosuppression must be continued
in such patients, and heightened monitoring of blood lev-
els is indicated.212 There is no reported teratogenicity of
these drugs in this setting.213 These pregnancies, like any in
patients with preexisting liver disease, should be managed
by experts in maternal-fetal medicine.

Liver transplantation has been performed successfully
during pregnancy, although the risk to the fetus with this
heroic therapy is high.214-216 In choosing such treatment,
the physician should bear in mind that many forms of
liver disease in pregnancy, most notably AFLP and
preeclamptic liver diseases, resolve after delivery, leaving
the patient with no sequelae. Clearly, liver transplanta-
tion, with its risks and lifelong immunosuppression,
should be reserved for only special situations.

Other Hepatic Disorders Occurring
during Pregnancy

Wilson’s Disease

Wilson’s disease is a rare disorder characterized by cirrhosis,
neurologic abnormalities, the Kayser-Fleischer corneal ring,
and, less commonly, hematologic and renal dysfunction
and osteopenia. The advent of effective therapy for this dis-
ease has increased the incidence of pregnancy but has also
raised the issue of fetal injury produced by penicillamine. If
therapy with penicillamine is started early in the disease,
considerable improvement in all the manifestations of
Wilson’s disease results. The secondary amenorrhea is often
corrected, and because many patients are in the childbearing
period, successful pregnancies have ensued.217-219

Most patients given D-penicillamine or trientine for
treatment of Wilson’s disease during pregnancy have
given birth to normal infants. Fifteen pregnancies studied
in 10 mothers with Wilson’s disease treated with penicil-
lamine resulted in 15 normal births. However, one infant
eventually died of prematurity. These studies provide
evidence that pregnancy is possible and safe and that
continued therapy with penicillamine or trientine seems
to have no serious effects on either mother or infant.220,221

Zinc therapy has also been shown to be effective and safe
during gestation.222 The danger of discontinuation of
therapy for Wilson’s disease during pregnancy has been
shown by reports of fulminant hepatic failure and hemo-
lysis occurring after delivery in a mother who stopped
treatment during her third pregnancy.223
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Sickle Cell Disease

Liver disease, primarily of a cholestatic type, has been
reported in patients with sickle cell disease.224 The disor-
der is associated with marked sickling of cells in the
hepatic sinusoids and prominent swelling of the Kupffer
cells, which are often seen engulfing the abnormal red
blood cells. This process is exaggerated during sickle cell
crisis and has also been associated with pregnancy.
Marked jaundice, elevation in alkaline phosphatase, and
a moderate increase in AST occur. The process subsides
after delivery, and most authors recommend induction of
labor in such patients.3 The possible association of sickle
cell trait with infarction of the liver during pregnancy has
been noted.225

Budd-Chiari Syndrome

Budd-Chiari syndrome, or hepatic vein occlusion, is an
uncommon disease that has been associated with both
pregnancy and the use of oral contraceptives.226,227 The
disease may be of sudden onset and, when the major
hepatic veins are involved, may result in death within
several weeks to a few months. Alternatively, it may be
more insidious, involve smaller intralobular veins, and be
associated with prolonged survival. Unfortunately, the
sudden-onset type has been most often recorded in asso-
ciation with pregnancy and may accompany preeclamp-
sia.228 Symptoms usually appear near term or, more
commonly, within hours or days after delivery. Several
reports suggested that Budd-Chiari syndrome in preg-
nancy is associated with the presence of an underlying
procoagulant state, including antiphospholipid anti-
body,229 anticardiolipin antibodies,230 factor V Leiden
mutation231 or polycythemia rubra vera.232

Most often, pain in the upper abdomen is rapidly fol-
lowed by abdominal distention and the development of
ascites. Fever, vomiting, and jaundice may occur but are
not constant. The ascitic fluid may show a high protein
content (about 50% of cases). Liver biopsy reveals a char-
acteristic centrilobular zonal congestion with hemor-
rhage and necrosis. Usually, sclerosis of the smaller
central vein radicles is not seen, although venoocclusive
disease also has been reported in pregnancy.233 Hepatic
vein wedge pressures, if possible to obtain, are ele-
vated, and radiographic studies most often show blockage
of the main hepatic veins, often with collateral circu-
lation. In addition, inferior vena caval obstruction may
occur. Hepatic scintigraphy often shows an unusual pat-
tern, with hypertrophy and increased uptake in the
caudate lobe, which has auxiliary drainage into the infe-
rior vena cava. Magnetic resonance imaging may assist in
diagnosis.228

The course of patients with major occlusion of hepa-
tic veins is usually rapid deterioration, manifested by
portal hypertension, bleeding varices, severe ascites,
and hepatic failure. Direct surgical removal of the block
is rarely successful. Side-to-side portacaval shunts have
ameliorated portal hypertension and ascites and are
recommended for patients with stable liver function.
Because hepatic vein occlusion usually occurs after

delivery, there are no direct effects on the fetus. In severe
cases, liver transplantation may be necessary,228 although
most patients improve with conservative therapy,
including anticoagulation. Recurrence when antico-
agulants were stopped during pregnancy have been
reported.230

AN APPROACH TO THE DIAGNOSIS OF
LIVER DISEASE IN PREGNANCY

Symptoms

The appearance of jaundice or pruritus is often the first
indication of liver disorder in pregnancy. It is important
for the physician to be aware that significant liver disease
may also be present in the absence of overt jaundice.
Symptoms such as vague abdominal pain, fatigue, nausea,
edema, and fever may be the earliest manifestations of
liver dysfunction. Unless an obvious explanation exists for
such complaints, careful physical examination and per-
formance of liver function tests are indicated to evaluate
the possibility of liver disease.

Physical Examination

The physical examination should include a careful search
for icterus, spider angiomas, and palmar erythema. The
latter two are common in uncomplicated pregnancy,
appearing in approximately two thirds of normal preg-
nancies. However, if prominent in early pregnancy, they
are more suggestive of antecedent liver disease. Estimation
of the liver size in late pregnancy is difficult, but in
early pregnancy, measurement by percussion is useful
for determining liver size. Similarly, enlargement of the
spleen may be exceedingly useful in directing attention to
the possibility of long-standing liver disease with second-
ary portal hypertension. The relative sizes, consistencies,
and tenderness of the two organs are of assistance to the
clinician in suggesting various diagnostic possibilities.
Other physical findings include evidence of ascites,
edema, abdominal venous distention, and abdominal
bruits or rubs.

Initial Laboratory Studies

Liver function studies for initial diagnostic purposes
should include measurements of the major synthetic and
excretory functions of the liver. Most often, these include
determination of serum total protein, albumin, and
globulin; direct and total bilirubin; alkaline phosphatase,
5′-nucleotidase, or GGTP; AST and ALT; cholesterol; and
prothrombin time. Specific serologic tests may be useful
as screening, including HBsAg and HCV antibody. If the
physical findings or liver function test results suggest the
possibility of liver disease, various clinical disorders must
be considered and distinguished.



Stage of Pregnancy

The stage of pregnancy at which liver disease first
becomes clinically evident can often assist in delineating
the major diagnostic possibilities. Certain diseases may be
manifest in all three trimesters; however, others are
restricted to the latter half of pregnancy.

The most common causes of major liver dysfunction
in each trimester are indicated in Table 15–11. The inci-
dence varies in different series and in various parts of
the world; however, it is apparent that the number of
disorders to be considered is highest in the third
trimester. It is not surprising that episodes of anicteric
hepatitis or mild cholestasis are frequently overlooked
during the last trimester. Nevertheless, the importance
of correct diagnosis is perhaps greatest during this stage
of pregnancy because of the possible value of induced
labor to the health and survival of mother and fetus.

Evaluation of the Liver Disease

The usual liver function changes for major forms of liver
disease that occur in the third trimester are indicated in
Table 15–12. None of these changes is diagnostic, and
there is considerable overlap in the range of abnormalities.
These studies are often useful in helping to suggest the
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First Trimester Second Trimester Third Trimester

Viral hepatitis Viral hepatitis Cholestasis of pregnancy
Hyperemesis Gallstones Viral hepatitis

gravidarum
Drug reaction Pyelonephritis Preeclampsia

Cholestasis of Acute fatty liver of
pregnancy pregnancy

Gallstones
Pyelonephritis

TABLE 15–11 Major Causes of Liver Function
Abnormalities in Pregnancy

Albumin, 
Histologic Percentage Alkaline 

Condition Findings of Normal AST Bilirubin* Phosphatase*

Normal pregnancy Normal ↓ 20 Normal Normal Twofold ↑
Viral hepatitis Typical ↓ 20-40 500-2000 1-5 mg/dL Twofold to threefold ↑
Cholestasis of pregnancy Cholestasis ↓ 20 Normal to 1000 1-5 mg/dL 10-fold ↑
Preeclampsia Sinusoidal fibrin ↓ 20 100-1500 Slight ↑ Twofold to threefold ↑
Acute fatty liver of pregnancy Microvesicular fat ↓ 40 100-1000 1-10 mg/dL Threefold ↑
Gallstone Normal ↓ 20 Normal to slight ↑ Variable Twofold to 10-fold ↑
Cirrhosis and chronic Cirrhosis ↓ 20-40 50-150 1-5 mg/dL Threefold ↑

active hepatitis

*These values indicate the usual range for each condition.
AST, aspartate aminotransferase.
↑, increase; ↓, decrease.

TABLE 15–12 Diagnosis of Liver Disease in Third Trimester

clinical diagnosis and are important in evaluating the
results of treatment. In many cases, the course of the
changes is important; for example, a rapid improvement
is seen after delivery in the preeclamptic patient, but this
is not the case in patients with viral hepatitis.

Liver biopsy is only rarely indicated. It can be safely
performed, despite the greater technical difficulties
related to displacement of the liver by the enlarged uterus.

Clinical Course of the Disease

The clinical history is most useful in deciding among
these various possibilities. For example, the abrupt onset of
encephalopathy, bleeding, and labor should suggest AFLP,
fulminant hepatitis, or preeclampsia (with or without
hepatic rupture). Each is a life-threatening illness and is an
indication for provision of an adequate airway, mainte-
nance of normal blood pressure, and replacement of coag-
ulation factors by intravenous infusion of fresh-frozen
plasma or coagulation factors. In most patients, when vital
signs have become stabilized, delivery of the infant is indi-
cated. Immediate surgery is necessary for hepatic rupture
that complicates preeclampsia. Final proof of diagnosis
may require liver biopsy after stabilization of the clinical
status. On the other hand, awareness of the typical clinical
presentation and course often enables a reasonable pre-
sumptive diagnosis and quick identification of patients
who require immediate obstetric or surgical intervention.
Liver failure in pregnancy is a life-threatening event that
must be treated promptly.
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GENERAL CONSIDERATIONS

The Gravid State

Pregnancy both enhances the susceptibility to infection
caused by certain microorganisms and increases the viru-
lence of others. Many of the organisms causing infections
in pregnant women require cell-mediated immunity for
host defense. During pregnancy, the number of polymor-
phonuclear leukocytes increases, whereas the absolute
number of lymphocytes in general falls. B cell numbers
remain relatively constant,1 whereas total T cell numbers
decline.1-3 Some authors have reported a diminution in
the number of helper T cells and an increase in the num-
ber of suppressor cells4; others have reported that the
helper/suppressor rate remains unchanged.1 In vitro, lym-
phocyte proliferation in response to selected antigens,
such as tuberculin,5 cytomegalovirus,6 and tetanus toxoid,7
may be reduced. Natural killer cell activity has been
reported to increase in the first trimester and early post par-
tum and to decrease in the second and third trimesters.8
Diminished natural killer cell activity and diminished
lymphocyte proliferation may be the result of a proges-
terone-induced blocking factor, which depends on a spe-
cific progesterone suppressor-lymphocyte interaction.9,10

The production of lymphokines such as interleukin-2,
interleukin-6, and interferon-γ may also be diminished,3,11-16

signaling a reduction in the type 2 immune response in
pregnancy. The production of interleukin-4, interleukin-5,
and interleukin-10—cytokines that strengthen humoral
immunity—is not diminished.13 Further complicating our
understanding, murine studies have suggested that ade-
quate levels of interferon-γ may be essential for successful
pregnancy,17 whereas other studies have demonstrated
new unique immunosuppressive factors, such as preg-
nancy-specific glycoprotein-1α, in the serum of pregnant
women.15,18,19 Although levels of circulating immunoglob-
ulin may be normal or increased, specific protective anti-
body production may be diminished, as demonstrated in

a study of malaria in human pregnancy.20 Some of the data
on the immunologic change in pregnancy are contradictory,
however, and much remains to be elucidated.

Most of the steroid hormones have been shown to be
able to depress some aspect of cell-mediated immunity.21,22

Estradiol, for example, can inhibit graft rejection in animal
models and, together with human chorionic gonadotropins,
can cause thymic involution.9,22 The roles played by estrogen,
progesterone, α-fetoprotein, and various trophoblastic
factors in the modulation of immune function in preg-
nancy have not yet been clearly defined.23 The hormonal
changes associated with pregnancy may also predispose to
infection by altering another host defense mechanism: the
local mucosal barrier. High levels of estrogen, for example,
have been associated with changes in genitourinary
epithelial cells, changes that promote the adherence of
pathogenic microorganisms.24-26 Mammalian hormones
may also directly stimulate the growth of pathogenic
fungi such as Coccidioides immitis27 and, perhaps, Candida
species.28

Antimicrobial Therapy

Antibiotic use in pregnancy requires knowledge not only
of the general principles of antimicrobial therapy but also
of the altered physiology of pregnancy and potential
effects of any drug on the fetus. The aim with any antimi-
crobial treatment is to achieve a level of drug in the
affected tissue that exceeds the minimal inhibitory con-
centration of the infecting organism by as much as possible
without incurring toxicity. Until the offending pathogen
is identified, the choice of antibiotics should be based on
knowledge of the usual organisms encountered in a par-
ticular clinical situation. The use of broad-spectrum
agents may be required initially, especially when polymi-
crobial infections are suspected. On many occasions,
however, an equally or more efficacious, safer, less expen-
sive agent with a narrower spectrum may be substituted
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for a broad-spectrum agent once culture and sensitivity
results are available.

Pregnancy affects antibiotic levels through a variety of
mechanisms. Decreased gastric motility and increased
gastric acidity found in pregnancy may affect absorption
of oral antibiotics. Plasma protein-binding capacity usu-
ally decreases in pregnancy, leading to increased active
concentrations of some drugs. With pregnancy, the volume
of distribution of drugs increases, and serum levels in
general decrease. In addition, the increases in glomerular
filtration and effective renal plasma flow found in preg-
nancy may lead to more rapid clearance of drugs by the
kidney and lower serum and tissue levels. In complex clin-
ical situations, monitoring serum drug concentrations may
be necessary to ensure that treatment is adequate.

The choice of antibiotics in pregnancy may be affected
by a requirement for adequate levels in fetal tissue (as in
the treatment of maternal syphilis); conversely, the desire
may be to limit fetal exposure. Antibiotics that are small,
lipid soluble, and not protein bound diffuse most rapidly
across the placenta. Any drug given to the mother does,
however, cross the placenta to some extent and has the
potential to affect the fetus adversely. As with any phar-
macologic agent, antibiotics should be given only when the
benefits to the mother outweigh the risks to the fetus.

The following is a brief discussion of selected common or
new antibiotics and their use in pregnancy. Unfortunately,
there have been few controlled clinical trials to provide
guidance, and data are derived largely from animal stud-
ies and clinical practice. In 1979, using the data available,
the U.S. Food and Drug Administration (FDA) established
a classification system for drugs, including antibiotics,
with regard to their potential for adverse fetal effects29

(Table 16–1), and these ratings are included with the drugs
discussed here, when available.

Penicillins

The penicillins are among the safest and most efficacious
antibiotics in clinical use. They are bactericidal and act by
inhibiting cell wall synthesis. Penicillin and ampicillin are
active against the pneumococcus and most other strepto-
cocci, Listeria species, and non–β-lactamase–producing
strains of Haemophilus influenzae. Methicillin, oxacillin,
and nafcillin inhibit streptococci and Staphylococcus
aureus. Carbenicillin, ticarcillin, piperacillin, azlocillin,
and mezlocillin expand the spectrum of penicillin to
inhibit more gram-negative rods, including many
Enterobacteriaceae and some Pseudomonas species.

Much of the resistance to the penicillin family of anti-
biotics occurs because bacteria make β-lactamases. The
combination of a β-lactam antibiotic with a β-lactamase
inhibitor has been successful in overcoming this type of
resistance. Clavulanic acid, sulbactam, and tazobactam
are three such β-lactamase inhibitors. Currently available
examples of this type of combination antibiotic include
ampicillin-sulbactam (Unasyn), ticarcillin–clavulanic acid
(Timentin), and piperacillin-tazobactam (Zosyn) for intra-
venous use, and ampicillin-clavulanic acid (Augmentin), an
oral agent. Many strains of S. aureus, H. influenzae,
Escherichia coli, Neisseria gonorrhoeae, and Bacteroides fragilis
that are resistant to the penicillin base are susceptible to

these combination drugs. Isolates of Streptococcus pneumoniae
that are intermediately susceptible or highly resistant to
penicillin have become more common. This mechanism
involves alterations in the organism’s penicillin-binding
proteins and is not reversed by β-lactamase inhibitors.
Methicillin-resistant S. aureus isolates are also frequently
encountered and necessitate treatment alternatives to the
semisynthetic penicillins that used to be the mainstays of
treatment.

Although controlled trials in pregnancy are lacking, the
penicillins are widely used, and no evidence of adverse
effects on the fetus has been demonstrated. All penicillins
belong to FDA category B.

Cephalosporins

Like the penicillins, the cephalosporins possess a β-lactam
ring, and they also bind to and inactivate enzymes that
are necessary for the synthesis of the bacterial cell wall.
Substitutions or modifications of the side chains of the
six-member dihydrothiazine ring characteristic of
the cephalosporins have resulted in a whole family of
agents with different pharmacokinetic and antibacterial
properties.

The cephalosporins are classified into generations, on
the basis of their activity (Table 16–2). As a group, the
first-generation cephalosporins, such as cefazolin, have
excellent activity against staphylococci and streptococci.
(However, methicillin-resistant staphylococci are resistant

Category A Controlled studies in women fail to demonstrate
a risk to the fetus in the first trimester (and there 
is no evidence of a risk in later trimesters), and the
possibility of fetal harm appears remote.

Category B Either animal reproduction studies have not
demonstrated a fetal risk, but there are no
controlled studies in pregnant women, or animal 
reproduction studies have shown an adverse effect 
(other than a decrease in fertility) that was not
confirmed in controlled studies in women in the 
first trimester (and there is no evidence of a risk
in later trimesters).

Category C Either studies in animals have revealed adverse effects 
on the fetus (teratogenic or embryocidal or other) 
and there are no controlled studies in women,
or studies in women and animals are not available.
Drugs should be given only if the potential
benefit justifies the potential risk to the fetus.

Category D There is positive evidence of human fetal risk, but the
benefits from use in pregnant women may be
acceptable despite the risk (e.g., if the drug is 
needed in a life-threatening situation or for a
serious disease for which safer drugs cannot be 
used or are ineffective).

Category X Studies in animals or humans have demonstrated
fetal abnormalities or there is evidence of fetal risk
based on human experience, or both, and the risk 
of the use of the drug in pregnant women clearly 
outweighs any possible benefit. The drug is 
contraindicated in women who are or may
become pregnant.

From the U.S. Food and Drug Administration: Federal Register 1980;44:37434.

TABLE 16–1 Fetal Risk Factors for Pharmaceuticals
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to all cephalosporins. The enterococci also are not inhib-
ited.) These agents are active against a limited number
of gram-negative rods, including E. coli, Klebsiella pneumo-
niae, and some species of Proteus. The second-generation
cephalosporins generally have greater gram-negative
activity than do the first-generation agents. Some, such as
cefoxitin and cefotetan, also have greater anaerobic activity,
inhibiting approximately 75% of B. fragilis strains. The third-
generation antibiotics have the broadest spectrum and the
most potent activity against gram-negative rods, inhibiting
most at levels far below 1 μg/mL.30 Of the available third-
generation cephalosporins, ceftazidime has the best and
most reliable activity against Pseudomonas aeruginosa. Some
anaerobes are inhibited by the third-generation agents,
but activity against B. fragilis, for example, is not reliable.
The tradeoff for enhanced gram-negative activity is
poorer gram-positive coverage. Ceftazidime, for example, is
16 times less active than cefazolin against S. aureus.31 Thus,
these third-generation agents offer no advantage over the
first-generation cephalosporins in the treatment of
staphylococcal and streptococcal infections. Two of
the third-generation cephalosporins (ceftriaxone and
cefoperazone) are hepatically metabolized and excreted,
achieving high concentrations in bile. Ceftriaxone’s
extended half-life allows once- or twice-daily intravenous
administration, a convenience in outpatient therapy.
Cefotaxime, ceftazidime, and ceftizoxime are excreted by
the kidney, and dose adjustment is necessary in renal failure.
Cefpodoxime has the greatest in vitro activity of any oral

cephalosporin against the pneumococcus; its activity
against S. aureus is in the moderate range.

Cefepime is the first fourth-generation cephalosporin.
It has greater stability against chromosomal and plasmid-
mediated β-lactamases than do third-generation agents,
and it possesses no β-lactamase–inducing activity. This
antibiotic possesses a gram-negative spectrum similar
to that of ceftazidime and greater gram-positive activity.
Gram-negative rods that are resistant to the third-
generation cephalosporins may still be susceptible to
cefepime. Its longer half-life allows for twice-daily dosing.32

Most cephalosporins readily cross the placenta, achiev-
ing cord blood levels 30% to 70% of those in serum,
depending on the agent. Amniotic fluid levels are usually
slightly lower.33 Most cephalosporins are excreted in
breast milk in low concentrations.

The first-generation cephalosporins are safe, inexpensive,
effective drugs with a myriad of clinical uses. The second-
generation cephalosporins are used in adult medicine pri-
marily for preoperative prophylaxis in abdominal and
pelvic surgery. They may also be useful in the treatment of
“mixed” infections such as pelvic inflammatory disease
(PID) or endometritis.34,35 Most infections, especially those
that are community acquired, do not necessitate treatment
with third-generation cephalosporins because less expensive
agents with a narrower spectrum of activity and equal effi-
cacy are usually available. Third-generation cephalosporins
have, however, been very useful in the treatment of gram-
negative meningitis and in the treatment of complicated

Generic Name Proprietary Name Route Usual Adult Dosage and Range

First Generation
Cefazolin Ancef, Kefzol IV 1 g q6-8h
Cephradine Velosef, Anspor Oral 250-500 mg q6h

IV 1-2 g q6h
Cefadroxil Duricef Oral 1 g q.d.-b.i.d.
Cephalexin Keflex Oral 250-500 mg q6h

Second Generation
Cefoxitin Mefoxin IV 1-2 g q6-8h
Cefotetan Cefotan IV 1-2 g b.i.d.
Cefamandole Mandol IV 500 mg to 1 g q4-8h
Cefonicid Monocid IV 1 g q.d.
Cefuroxime Zinacef, Kefurox IV 750 mg-1.5 g q8h

Ceftin Oral 250-500 mg b.i.d.
Cefaclor Ceclor Oral 250-500 mg q8h
Cefprozil Cefzil Oral 250-500 mg q12-24h

Third Generation
Cefotaxime Claforan IV 1-2 g q4-12h
Ceftriaxone Rocephin IV 1-2 g q12-24h
Cefoperazone Cefobid IV 2-4 g q12h
Ceftazidime Fortaz, Tazidime, IV 1-2 g q8-12h

Ceptaz,
Tazicef, 
Pentacef

Ceftizoxime Cefizox IV 1-2 g q8-12h
Cefpodoxime Vantin Oral 100-400 mg q12h

Fourth Generation
Cefepime Maxipime IV 500 mg to 2 g q8-12h

IV, intravenous.

TABLE 16–2 The Cephalosporin Family of Antibiotics



infections with resistant gram-negative rods, including
penicillinase-producing N. gonorrhoeae. Cefepime should
be reserved for the treatment of complicated mixed bacterial
infections or when bacterial susceptibilities preclude
treatment with other agents. Most patients who are allergic
to penicillin can safely receive cephalosporins, but those
with a history of anaphylaxis in response to penicillin must
be carefully monitored. The cephalosporins are all FDA
class B agents.

Monobactams

Aztreonam is the first member of a new class of antibiotics,
the monobactams. It consists of a modified β-lactam ring
structure with an acyl side chain at position 3. This anti-
biotic does not inhibit any gram-positive species, but it does
penetrate through the outer wall of many gram-negative
species (including some strains of P. aeruginosa), and it is
not inhibited by most gram-negative β-lactamases. After
infusion of 1 g of aztreonam intravenously, peak levels
of 90 to 160 μg/mL are attained.36 Most Enterobacteriaceae
are inhibited at levels less than 1 μg/mL, but some (e.g.,
Enterobacter, Serratia, and Pseudomonas species) necessitate
higher concentrations (≤16 μg/mL).37 Aztreonam has no
activity against anaerobes.

Aztreonam is cleared by the kidneys, and dose adjust-
ment is required in patients with significant renal impair-
ment. Few adverse effects have been noted with this agent,
and there has been no evidence of mutagenicity or terato-
genicity in extensive animal testing.38 Aztreonam does not
cross-react with the penicillins or cephalosporins, and it
has been used safely in patients with severe penicillin
allergy.39

Aztreonam is a safe and effective agent in the treatment
of serious gram-negative infections. In the treatment of
infections such as pyelonephritis, its limited spectrum has
the advantage of leaving undisturbed the gram-positive
and anaerobic flora of the body. Aztreonam has also been
used successfully instead of gentamicin in combination
therapy with clindamycin or metronidazole in the treat-
ment of endometritis and PID.40,41 Aztreonam is in FDA
class B.

Carbapenems

Imipenem, the prototype drug of this class of com-
pounds, is a novel antibiotic with a broad spectrum of
activity. Although it is stereochemically different from the
penicillins and cephalosporins, it binds to the penicillin-
binding proteins of both gram-positive and gram-negative
bacteria and causes rapid cell death. It has very good activ-
ity against most medically important bacteria, including
Enterococcus faecalis, P. aeruginosa, Serratia species, and
all Bacteroides species.42 (It does not, however, inhibit
Pseudomonas maltophilia, Pseudomonas cepacia, or some
methicillin-resistant S. aureus.) Imipenem is not absorbed
orally. Peak serum levels after 500 mg or 1 g of imipenem
given intravenously are 33 and 52 μg/mL, respectively.43

Imipenem is eliminated by the kidney, by both glomerular
filtration and tubular secretion. It is not excreted in the
bile and has no effect on the fecal flora. In the kidney, the
drug by itself is rapidly metabolized to inactive forms.

To overcome this disadvantage, an inhibitor of the renal
enzyme that inactivates imipenem was developed. This
inhibitor, cilastatin, is included with imipenem in a 1:1 ratio
in an available formulation, the brand name of which is
Primaxin. Cilastatin and imipenem have similar pharma-
cokinetics. Cilastatin itself has no antibacterial properties
and, like the β-lactamase inhibitors, does not interfere
with the activity of imipenem or have any known adverse
effects of its own. Cilastatin does have other properties
that may be advantageous. Imipenem administered alone
in high dosages to experimental animals is nephrotoxic.
Cilastatin inhibits this nephrotoxicity,42 and no nephro-
toxicity has been observed with imipenem-cilastatin in
humans. A second carbapenem, meropenem (Merrem) is
more active than imipenem against gram-negative organ-
isms and less active against gram-positive bacteria. It, too,
possesses excellent anaerobic activity.44 Some gram-
negative organisms that are resistant to third-generation
cephalosporins and to imipenem-cilastatin are sensitive
to meropenem.45 It is also stable against renal hydrolysis,
and the coadministration of cilastatin is not required.45

Like imipenem, it is renally excreted, and dose adjustment
is necessary in renal failure.46

Adverse effects with imipenem include nausea and vom-
iting (which may be severe, especially at high dosages),
neutropenia, thrombocytopenia, elevated liver enzymes,
and seizures.47 Meropenem is better tolerated than
imipenem and may have reduced potential for causing
seizures and other central nervous system toxic effects.45

The carbapenems should be used with great caution in
patients who display immediate sensitivity reactions to
penicillin, because these drugs may cross-react.

Imipenem rapidly crosses the placenta and achieves
levels in fetal tissues equal to or greater than 50% of those
in serum. Levels in breast milk are comparable with those
in serum.48 In some species, treatment of pregnant animals
caused emesis, diarrhea, weight loss, and death.49 In animal
studies, meropenem does not appear to impair fertility or
cause fetal damage, but experience in pregnant women is
quite limited. It is not known whether meropenem is
excreted in breast milk, but, like imipenem, meropenem
appears to penetrate well into most tissues.

Most infectious diseases specialists reserve the use of
imipenem and meropenem for infections caused by other-
wise resistant gram-negative organisms or serious polymi-
crobial infection. Imipenem has been used in the treatment
of postpartum endometritis50 and PID.51 Imipenem is in
FDA class C and should be used during pregnancy only
when the potential benefits justify the potential risks.
Meropenem compared favorably with clindamycin/
gentamicin therapy in a prospective, randomized study of
515 patients with acute gynecologic and obstetric pelvic
infections. Pregnant and nursing women were excluded
from this study, however.52 Meropenem is a drug in FDA
category B.

Macrolides, Azalides, and Lincosamides

The macrolides, lincosamides, and azalides, although
chemically unrelated, all bind to the 50s ribosome of bac-
teria and inhibit protein synthesis. Erythromycin and
clarithromycin are macrolides; azithromycin’s different
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structure properly classifies it as an azalide. Clindamycin
is the only lincosamide commonly used today.

Erythromycin is a safe and effective antibiotic. It has
been the drug of choice for the treatment of Legionella and
Mycoplasma infections for a number of years. It is also the
drug of choice for the treatment of chlamydial infections
in pregnancy. Because of its spectrum of activity, erythro-
mycin is also frequently prescribed for the treatment of
respiratory tract infections and sinusitis. Erythromycin
has traditionally been an alternative in the treatment of
syphilis for patients with penicillin allergy, but its use for
this purpose in pregnancy is no longer recommended
because the concentration of drug in fetal tissues may
be inadequate for eradication of the organism.53-55

Erythromycin estolate causes cholestatic hepatitis more
frequently than do other preparations56 and should be
avoided. Approximately 10% of women treated with eryth-
romycin estolate in the second trimester had elevated liver
function test values that returned to normal after therapy
was discontinued.57,58

Two relatively new agents, clarithromycin and
azithromycin, cause gastrointestinal distress less fre-
quently than does erythromycin.59 The three drugs are

similar in spectrum. The newer drugs possess excellent
activity against many of the atypical organisms responsi-
ble for respiratory tract infections, but, of note, (1) clar-
ithromycin has greater activity against H. influenzae than
does erythromycin, and (2) azithromycin, in general, has
more gram-negative and less gram-positive activity than
does erythromycin.59-61 These agents penetrate well into
tissues and concentrate in cells. Because of its long half-
life, clarithromycin can be given twice daily. Azithromycin
is especially noteworthy because of its long half-life and
sustained high tissue levels62; 5-day courses of this anti-
biotic are comparable with 10-day courses of others.
Azithromycin is given once daily. In clinical trials, clar-
ithromycin and azithromycin appear approximately com-
parable with erythromycin in clinical efficacy in the
treatment of sinus, skin and soft tissue, and respiratory
tract infections.63-66 Advantages in terms of side effect
profiles, potential patient compliance, and pharmacoki-
netics with the two newer agents need be weighed against
the disadvantage of increased cost (Table 16–3).

Ease of administration coupled with excellent clinical
efficacy makes single-dose (1-g) azithromycin the drug of
choice for the treatment of nongonococcal urethritis in
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Agent Oral Dosage Pharmacy 1* Pharmacy 2*

Sulfisoxazole 1 g q6h 16.00 14.00
2 g q6h 25.00 22.00

Trimethoprim-sulfamethoxazole 2 SS b.i.d. 26.00 16.00
1 DS b.i.d. 17.00 11.00

Amoxicillin 250 mg q8h 16.00 12.00
500 mg q8h 15.00 17.00

Amoxicillin-clavulanic acid 250 mg q8h 79.00 83.00
500 mg q8h 100.00 92.00

Dicloxacillin 250 mg q6h 20.00 21.00
500 mg q6h 22.00 34.00

Cephalexin 250 mg q6h 30.00 16.00
500 mg q6h 29.00 27.00

Cefaclor 250 mg q8h 30.00 27.00
500 mg q8h 50.00 53.00

Cefuroxime 250 mg b.i.d. 59.00 56.00
500 mg b.i.d. 131.00 103.00

Erythromycin 250 mg q6h 15.00 12.00
500 mg q6h 16.00 16.00

Clarithromycin 250 mg b.i.d. 72.00 77.00
500 mg b.i.d. 72.00 77.00

Azithromycin 500 mg × 1, then 250 mg × 5 days 60.00 63.00
Norfloxacin 400 mg b.i.d. 75.00 77.00
Ciprofloxacin 250 mg b.i.d. 81.00 79.00

500 mg b.i.d. 94.00 94.00
750 mg b.i.d. 98.00 98.00

Ofloxacin 200 mg b.i.d. 95.00 99.00
300 mg b.i.d. 112.00 111.00
400 mg b.i.d. 118.00 116.00

Gatifloxacin 200 mg po q.d. × 10 days 119.00 107.00
400 mg po q.d. × 10 days 106.00 104.00

Lomefloxacin 400 mg q.d. 69.00 62.00
Levofloxacin 250 mg q.d. 63.00 85.00

500 mg q.d. 79.00 94.00
Moxifloxacin 400 mg po q.d. × 10 days 123.00 111.00

*Data obtained in July 2003 from two San Diego, California, pharmacies belonging to different national chains. Costs given are those for a 7-day supply unless otherwise
noted, with the least expensive formulation available, and have been rounded to the nearest dollar.
DS, double-strength; PO, orally; SS, single-strength.

TABLE 16–3 Cost (in U.S. Dollars) of Common Oral Antibiotics



patients who are not pregnant.67,68 Both clarithromycin
and azithromycin have been useful in the treatment of
atypical mycobacterial infections.

Erythromycin (FDA category B) has a long history of
efficacious use in pregnancy, and no major adverse effects
on the fetus have been demonstrated. Because of terato-
genicity in animal models, clarithromycin is in FDA
category C. No such toxicity has been demonstrated with
azithromycin,69 which is in FDA category B.

Clindamycin has activity against streptococci, staphy-
lococci, and both gram-positive and gram-negative
anaerobes, including B. fragilis. It is available in both oral
and intravenous forms. It is well distributed in most body
fluids, including the reproductive tract, and achieves levels
30% to 50% of those of serum in the fetus. Most of the drug
is metabolized by the liver and excreted in the bile. In the
setting of combined renal and hepatic insufficiency, dose
adjustment may be necessary.

Anaerobes often play a major role in pathogenesis of
infection of the female genital tract, and clindamycin,
usually in combination with another antibiotic, is fre-
quently used in the treatment of postpartum endometritis,
postoperative infection, and PID. Diarrhea is the major
adverse side effect, and clindamycin is one of the most
common antibiotics associated with pseudomembranous
colitis. Clindamycin has not been associated with congenital
defects and is in FDA category B.

Quinolones

The quinolones are another group of antibiotics that are
in widespread use. They prevent bacterial replication by
inhibiting DNA gyrase, an enzyme that coils and uncoils
DNA. The quinolones are of interest because they are
active against a wide variety of organisms and because
they can be given orally. They penetrate well into tissues
and achieve 30% to 50% of serum levels in amniotic fluid.
Levels in breast milk equal or exceed those in serum.70

Ciprofloxacin, one of the first agents marketed, achieves
peak serum levels of 2 to 3 μg/mL after an oral dose of
500 mg.71 Of all the available quinolones, ciprofloxacin
has the greatest activity against gram-negative rods,
inhibiting most strains (even P. aeruginosa) at no more than
1 μg/mL.72 It is less active against gram-positive organisms,
especially streptococci. Norfloxacin is, in general, less
active than ciprofloxacin and achieves therapeutic con-
centrations only in urine. Enoxacin is less active than
ciprofloxacin and offers no clear microbiologic or phar-
macologic advantages. Ofloxacin is slightly more active
than ciprofloxacin against gram-positive bacteria; it is
slightly less active than ciprofloxacin against gram-negative
organisms on a per-weight basis, but it is better absorbed
(100% vs. 80%), and thus the two are approximately
comparable. Most of the activity of ofloxacin resides in its
S-(−)isomer, which has been marketed as levofloxacin.
Levofloxacin, too, is virtually 100% absorbed when given
orally, which is an advantage over ofloxacin, and it can be
administered once daily. Gatifloxacin has a spectrum of
activity very similar to that of levofloxacin, but it also has
additional anaerobic coverage. Trovafloxacin has the
broadest spectrum of any of these agents and possesses
anaerobic activity, in addition to broad gram-positive and

gram-negative coverage,73 but rare cases of fulminant
hepatic failure associated with its use has restricted its indi-
cations to severe, life-threatening infections. Lomefloxacin
is not as active as either ciprofloxacin or ofloxacin, but it
has a longer half-life, allowing for once-daily dosing for
susceptible organisms.

Quinolones are frequently prescribed in the treatment
of complicated urinary tract infections (UTIs) when the
organism isolated is resistant to other, less expensive
antibiotics. Ciprofloxacin has an excellent history in the
treatment of bacillary dysentery and prostatitis. Therapy
with a single dose of a number of the quinolones has been
shown to be successful in eradicating penicillinase-
producing N. gonorrhoeae, and they are useful in the treat-
ment of many atypical organisms, such as Legionella and
Rickettsia species.74 The newer quinolones potentially offer
considerable advantage as single oral agents useful in the
treatment of serious polymicrobial infections if widespread,
indiscriminate use does not limit their effectiveness.75

The quinolones are, in general, well tolerated, but nausea,
anorexia, and central nervous system toxicity (headache,
dizziness) and bad dreams may occur.76,77 Sparfloxacin
has been associated with prolongation of the QT interval,
and 8% to 10% of patients taking it experience photo-
sensitivity.78 Absorption of all of the quinolones is
reduced by concomitant administration of antacids con-
taining divalent cations (Mg2+, Ca2+) and sucralfate.
Of note, when administered to immature animals, all of
the quinolones studied cause lesions in cartilage79 and are
therefore contraindicated in pregnant or lactating
women. Their use in pregnancy should be considered only
when alternatives are lacking and the benefits are thought
to outweigh the risks to the fetus. The quinolones are in
FDA category C.

BACTERIAL INFECTIONS

Major Clinical Syndromes

Urinary Tract Infection

UTI is the most common bacterial infection in pregnancy.80

Three clinical syndromes are described: (1) asymptomatic
bacteriuria, (2) acute cystitis, and (3) acute pyelonephritis.
Asymptomatic bacteriuria is defined as the presence of
at least 105 colony-forming units (CFUs) of bacteria per
milliliter of clean, voided, midstream urine in specimens
obtained on two separate occasions. Acute cystitis is
symptomatic infection of the lower urinary tract. Signs of
systemic toxicity, such as fever and leukocytosis, are usually
absent. Symptoms include dysuria, frequency, urgency,
and suprapubic tenderness, and urinalysis demonstrates
pyuria and bacteriuria. Although for many years the
“gold standard” for assessing the significance of bacteri-
uria in the setting of acute cystitis was also a colony count
of at least 105 CFUs/mL, more recent evidence suggests
that even low levels of bacteriuria (i.e., ≥102 CFUs/mL),
when accompanied by pyuria, are meaningful if patients
have symptoms.

Pyelonephritis is infection of the kidney. The term acute
pyelonephritis implies symptomatic infection, and patients

310 C H A P T E R 16 Bacterial, Fungal, and Parasitic Disease



have fever, chills, nausea, vomiting, and flank pain, often
in addition to the symptoms of lower UTI. Leukocytosis is
common. Significant pyuria (≥10 white blood cells per
high-power field) and bacteriuria (≥105 CFUs/mL) are
almost invariably present. The term subclinical pyelonephritis
is used when infection of the kidney occurs in the absence
of any signs of upper tract infection. Depending on the
series, between 11% and 47% of cases of documented
kidney infection fall into this category.81 A significant
number of women with symptoms of acute cystitis actually
have subclinical pyelonephritis. Localization techniques
such as ureteral catheterization, Fairley bladder washout,82

and tests for antibody-coated bacteria83 have demon-
strated that subclinical pyelonephritis may also be the cause
of asymptomatic bacteriuria. Thus, although symptoms
are used to define the syndromes associated with UTI,
their utility in predicting the anatomic site of infection
is limited.

Cause and Pathogenesis
Although bacteria may infect the urinary tract by

hematogenous or lymphatic routes, they most frequently
ascend from the urethra. Periurethral colonization with
facultative bowel flora such as E. coli commonly precedes
ascending infection.84,85 The ability to attach to uroepi-
thelial cells is an important virulence factor for E. coli, the
organism that causes more than 90% of community-
acquired infections (Table 16–4). In the lower urinary
tract, bacteria adhere to mannose receptors present on the
surface of bladder epithelial cells. E. coli isolates recovered
from patients with cystitis adhere to bladder uroepithelial
cells in significantly higher numbers than do strains
found in the fecal flora.86 Attachment to different glyco-
lipid receptors, found in high numbers in the upper
urinary tract, may be important in the pathogenesis of
pyelonephritis, inasmuch as preventing attachment to
these receptors precludes pyelonephritis in animal models.87

Normal women with a history of UTI express these gly-
colipid receptors in higher numbers than do uninfected
control subjects.88 Staphylococcus saprophyticus, the second
most common agent causing acute cystitis in women, is
also able to adhere to uroepithelial cells, whereas other
species of staphylococci do not. In women, the short
length of the urethra and sexual intercourse facilitate the
ascent of bacteria into the bladder.89-91 The use of
diaphragms and spermicides also predisposes users to vagi-
nal and periurethral colonization with E. coli. In pregnancy,
there occur profound physiologic alterations that may also
contribute to the development of symptomatic infection.

Mechanical and hormonal changes may lead to hydroureter,
decreased ureteral peristalsis, bladder distention, and
incomplete emptying, with subsequent vesicoureteral
reflux and stasis.92-94 Estrogens may also predispose to the
development of renal infection in pregnancy through
enhancement of growth of E. coli.95-97 Supporting this
line of evidence are data indicating that elderly women
treated with estrogen98 and young women taking oral
contraceptives99,100 also appear at increased risk for
infection.

Asymptomatic Bacteriuria
Asymptomatic bacteriuria occurs in 2% to 11% of preg-

nancies; most related studies indicate a prevalence of
4% to 7%.101,102 The frequency of bacteriuria increases with
age, sexual activity, parity, and socioeconomic status.
Certain subgroups have a higher incidence; for example,
the incidences among diabetic patients and persons with
a history of UTI are 12.5% and 18.5%, respectively.103

Bacteriuria is twice as common in pregnant African
American women with sickle cell trait than it is in African
American women of the same socioeconomic status with-
out sickle cell trait.104 Rates among pregnant and non-
pregnant sexually active women are similar, however, and
there is no evidence that pregnancy predisposes to the
acquisition of bacteriuria.

Bacteriuria in pregnancy is a clear predisposition to the
development of acute pyelonephritis, which, in turn,
poses significant risks to mother and fetus. Although
acute pyelonephritis is rare in nonpregnant women with
asymptomatic bacteriuria,105,106 pyelonephritis develops
in 13.5% to 65% of bacteriuric pregnant women.102

Successful treatment of bacteriuria in pregnancy reduces
the incidence of pyelonephritis to 2.9%.102 Failure to erad-
icate bacteriuria after repeated courses of antibiotic therapy
is associated with high rates of symptomatic infection.107

The incidence of pyelonephritis during pregnancy
in women without bacteriuria on initial screening is
approximately 1.4%.102

Whether asymptomatic bacteriuria itself is a predictor
of adverse maternal or fetal outcome has been a matter of
debate.108-111 A metaanalysis of the results of a number of
studies showed that untreated asymptomatic bacteriuria
during pregnancy significantly increased the rates of
preterm delivery and low birth weight in infants.
Antibiotic treatment significantly reduced these rates.112,113

Screening early in pregnancy with appropriate eradica-
tion of bacteriuria, if present, leads to the prevention of
70% to 80% of all cases of antenatal pyelonephritis.102

Asymptomatic bacteriuria, if present, is found on the first
prenatal visit in most women. Only 1% to 2% acquire bac-
teriuria later in pregnancy.114 Screening women for
asymptomatic bacteriuria on the first prenatal visit is a stan-
dard of obstetric care and has been demonstrated to be cost
effective.115 Several authors have advocated screening at
the 16th week of gestation as optimal.101,116 Urine cultures
that initially yield positive results (defined as those with
≥105 CFUs/mL of urine) should be repeated, because
52% to 59% of women are found to have significant bac-
teriuria on a second clean-catch midstream specimen.117,118

The screening method chosen should allow accurate quan-
tification as well as identification of the organism isolated.
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Escherichia coli
Klebsiella pneumoniae
Proteus species
Staphylococcus saprophyticus
Group B streptococci
Enterobacter cloacae
Citrobacter diversus
Group D streptococci

TABLE 16–4 Common Urinary Tract Isolates
in Women



Because there is no imperative for immediate treat-
ment in this asymptomatic population, the choice of
antibiotic should be based on the results of sensitivity
testing. Amoxicillin and sulfa preparations have a long
history of efficacy and safety in pregnancy, but in many geo-
graphic locations, resistance to these agents is a problem.
The combination of trimethoprim-sulfamethoxazole
(Septra or Bactrim) is frequently first-line therapy for UTIs,
but its use is generally not recommended in pregnancy
because of fear of fetal abnormalities caused by trimetho-
prim. The use of sulfa drugs is not recommended near
term because of the risk of kernicterus. Therapy with the
combination agent amoxicillin-clavulanate (Augmentin)
is successful in treatment of the Enterobacteriaceae
(E. coli, Klebsiella species, Proteus species) that are resistant
to amoxicillin alone. Oral cephalosporins may also be
used, although their history of use in pregnancy is lim-
ited. The quinolones, which are especially useful as oral
agents in the treatment of a complicated UTI, are gener-
ally not used in this setting in pregnancy because of the
risk of fetal abnormalities.

The optimal duration of therapy for asymptomatic
bacteriuria in pregnancy has not been established.
To minimize toxicity to both the mother and fetus, ther-
apy for asymptomatic bacteriuria should be for the short-
est duration required for efficacy. Differences in study
design, the small numbers of patients treated, and the use
of different antibiotics make drawing conclusions from
published trials difficult,119 and this matter is one of con-
siderable debate. Because of high recurrence rates, several
authors initially recommended continuous therapy until
term.110,120 Continuous regimens were associated with
adverse effects in the mother, however, and therapy with
7 to 10 days of antibiotics followed by a urine culture to
monitor recurrence/reinfection became standard. Results
of several studies comparing single-dose or short-course
(3- to 5-day) therapy with 7- to 10-day regimens have gen-
erated some enthusiasm for single-dose or short-course
regimens, because cure rates were comparable.118,121

Enthusiasm for single-dose therapy in the treatment of
uncomplicated cystitis in nonpregnant women, a group
much easier to treat, has waned, however.122-125 Analysis of
28 trials led Norrby to the conclusion that single-dose
therapy was less efficacious than therapy for 3 days or
more and that β-lactam antibiotics should be adminis-
tered for a minimum of 5 days.126 Of note, in most trials,
oral cephalosporins have, in general, been less efficacious
than amoxicillin or sulfa drugs and should not be used in
abbreviated therapy.127,128 For asymptomatic bacteriuria
in pregnancy, most experts continue to recommend treat-
ment for 7 to 10 days.80,102,129,130

Acute Cystitis
Symptomatic lower UTI occurs in 1.3% to 3.4% of preg-

nant women.131 Urinary frequency, urgency, dysuria, and
suprapubic pain define this syndrome. Although patients
in whom pyelonephritis develops during pregnancy have
frequently had preceding asymptomatic bacteriuria, those
who present with cystitis often have not.131 Likewise,
detection and treatment of asymptomatic bacteriuria have
decreased the incidence of acute pyelonephritis, but the inci-
dence of acute cystitis has remained relatively constant.

Evidence in nonpregnant women suggests that the find-
ing of even 100 CFUs/mL of bacteria in urine may be
significant when urinary tract symptoms are accompa-
nied by pyuria on urinalysis.132 The presence of pyuria was
a better predictor of response to treatment than was the
number of bacteria isolated. Although this has not been
studied specifically in pregnancy, lowering the threshold
for “significant” bacteriuria in the presence of both symp-
toms and pyuria seems prudent in pregnant women as
well. The organisms that cause cystitis are identical to those
that cause asymptomatic bacteriuria and pyelonephritis.
In pregnant women presenting with lower urinary tract
symptoms, a urinalysis and urine culture should be
performed.

Because many enteric organisms are resistant to ampi-
cillin or sulfa alone, therapy should be initiated with
amoxicillin-clavulanate or a cephalosporin. Older, more
standard, less expensive agents can be substituted if the
organisms are found to be susceptible. The optimal dura-
tion of treatment has not been established, but several fac-
tors persuade me to recommend treatment of both patients
with asymptomatic bacteriuria and those with symptoms
of cystitis for 7 to 10 days (see earlier discussion). In many
of the treatment trials of acute uncomplicated cystitis,
pregnant women and those with symptoms of more than
24 hours’ duration were excluded. In addition, the
absence of symptoms of an upper UTI is an imperfect
predictor of disease localized to the bladder. As in the
treatment of asymptomatic bacteriuria, a follow-up urine
culture should be performed after therapy has been
completed. If the same organism is again isolated,
prolonged (6-week) or suppressive therapy should be
considered. The rate of recurrence of acute cystitis is,
however, quite low.131

Acute Pyelonephritis
Superficial bladder infection carries little morbidity

and no mortality, but flank pain, nausea, vomiting, fever,
and leukocytosis accompanying the signs and symptoms
of a lower UTI indicate kidney involvement, which may
have serious consequences for both the mother and the
fetus. Pyelonephritis occurs in 1% to 2% of pregnant
women,80 usually in the second or third trimester. Maternal
complications include septic shock in 1.3% to 3%133,134;
adult respiratory distress syndrome is an uncommon com-
plication.135 Some authors have reported maternal ane-
mia, toxemia, and chronic renal damage as consequences
of pyelonephritis in pregnancy, but others disagree.136 The
association between pyelonephritis and preterm labor and
delivery is well documented, however.101,134

Treatment of asymptomatic bacteriuria reduces the
incidence of pyelonephritis.110 Because pyelonephritis
occurs predominantly in women who have had asympto-
matic bacteriuria, screening for asymptomatic bacteriuria
has become the standard of practice.

The organisms causing pyelonephritis are the same as
those implicated in asymptomatic bacteriuria and acute
cystitis (see Table 16–4), although in patients who have
received prior antibiotic therapy, more resistant organ-
isms may be encountered. Urine culture and sensitivity
testing are imperative in the management of acute
pyelonephritis. Patients with acute pyelonephritis during
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pregnancy should be hospitalized and treated with intra-
venous antibiotics. Third-generation cephalosporins,
with or without an aminoglycoside (the latter indicated
primarily until sensitivity testing is available), provide excel-
lent broad coverage of most common etiologic organisms.
Adjustment to less expensive, more familiar alternatives
such as ampicillin, sulfa drugs, or first-generation
cephalosporins can occur if the bacteria isolated are
susceptible. Fever is common for the first 72 hours after
the institution of antibiotic therapy, but the trend in the
temperature should be downward. Fever that persists
after 72 hours may indicate a complication, and investi-
gation with repeat urine culture and ultrasound examina-
tion may be warranted.137 Appropriate oral antibiotics
may be substituted for intravenous therapy 72 hours after
fever and leukocytosis have resolved and should be con-
tinued to complete a 14-day course.138 Several analyses
have failed to show superiority of any particular treat-
ment regimen for symptomatic infection during preg-
nancy. Because of a high rate of recurrent pyelonephritis
in the pregnant women successfully treated,138,139 sup-
pressive therapy until delivery138 or close follow-up
with repeated treatment if positive cultures develop140

is warranted.

Pneumonia

Pneumonia is the second most common nonobstetric
bacterial infection during pregnancy. Its incidence has
varied widely in different surveys, ranging from 1 per 118
deliveries to 1 per 2288 deliveries.141,142 Reports suggest
an incidence of 1.5 to 2.5 per 1000 pregnancies.143-145

Pneumonia may occur at any time during pregnancy but
is most common in the second and third trimesters.146

Even in severe cases, prompt antibiotic therapy and
aggressive support have reduced maternal mortality rates
substantially, from the 20% to 32% noted in the preanti-
biotic era to 0% to 4% noted currently.141,143,147 The effects
of maternal pneumonia on the fetus are difficult to assess.
There is no evidence that congenital abnormalities result
from pneumonia in pregnancy,146 but maternal pneumo-
nia can precipitate preterm labor.148 In one series, mean
birth weight for the children of mothers with antepartum
pneumonia was reduced by 400 g, in comparison with a
control group without pneumonia.143

Although pregnant women still have significant respi-
ratory reserve, pregnancy renders women less capable of
dealing with insults. Both defects in host immune
response3 and the increases in lung water noted in preg-
nancy may contribute to the pathogenesis of pneumonia
in this setting. Mechanical factors may also decrease
the ability of a pregnant woman to clear secretions.
Underlying serious medical illnesses (including prior lung
disease, anemia, and illicit drug use) and smoking are
clear predispositions.141-143

The symptoms, signs, and causes of pneumonia do not
differ substantially between pregnant and nonpregnant
women. Pneumonia has frequently been divided into
“typical” and “atypical” manifestations. In typical bacterial
pneumonia, patients usually report the rather abrupt
onset of fever, chills, and a cough production of purulent
sputum. A history of a preceding upper respiratory tract

infection is common. Leukocytosis is present, and chest
radiographs classically reveal alveolar filling, usually in a
lobar distribution. The bacterial pathogens most com-
monly isolated in this manifestation in pregnancy are
those most common in pneumonia in nonpregnant people
(i.e., S. pneumoniae and H. influenzae). In atypical pneumonia
caused by Mycoplasma pneumoniae or Chlamydia pneumoniae,
patients usually do not appear to be very ill. Their symp-
toms gradually increase in severity, and they note fever,
headache, and a nonproductive, hacking cough. The white
blood cell count is not impressive, and chest radiographs
exhibit patchy or interstitial infiltrates.

Gram stain and culture of sputum are key to the diag-
nosis of the specific organism responsible for pneumonia,
especially in typical manifestations. Lack of purulent spu-
tum suggests infection by an atypical agent or a virus. The
interpretation of sputum culture results in the absence of
a Gram stain is fraught with difficulty because samples may
be contaminated with organisms from the mouth.

The organisms that cause atypical pneumonia are not
often easily isolated in the microbiology laboratory, and
special media or prolonged incubation may be required.
Diagnoses in these cases are often established with cer-
tainty only in retrospect, through comparison of acute
and convalescent antibody titers.149,150 In the setting of
acute pneumonia in men and nonpregnant women, how
vigorously a specific etiologic diagnosis is pursued often
depends on the degree of illness of the patient, the clinical
setting, and the confidence of the physician in establishing
a clinical diagnosis. Once antibiotics are given, culture of
the sputum has very limited usefulness.

The choice of agent for empirical treatment of
community-acquired pneumonia depends on the patient’s
presentation, but penicillin or ampicillin (which inhibit
the pneumococcus and non–β-lactamase–producing
H. influenzae) or erythromycin (which inhibits the pneu-
mococcus; some H. influenzae strains; and Mycoplasma,
Chlamydia, and Legionella species) are still useful agents.
At one time, all pneumococci were exquisitely sensitive to
penicillin, but widespread use of antibiotics has resulted
in the emergence of more resistant organisms. These
organisms may be difficult to eradicate in anatomic sites
where the concentration of penicillin may be low (e.g., the
meninges or middle ear), but high doses of intravenous
penicillin are still effective in treating most S. pneumoniae
pulmonary infections. However, because of an increasing
incidence of resistance of a number of respiratory
pathogens, second- and third-generation cephalosporins
are now commonly used as first-line empirical therapy,
with the addition of a macrolide if the patient is quite
ill and the cause is in doubt.151,152

Appendicitis

Acute appendicitis is the most common nongynecologic
surgical emergency occurring during pregnancy.153,154

It has an incidence of 1 per 1764 deliveries and is approx-
imately twice as common in the second trimester as in the
first and third trimesters.155 The incidence of appendicitis
does not appear to be increased in pregnant women, but
diagnosis may be more difficult. In a review of 720 cases
of acute appendicitis during pregnancy, perforation
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occurred in 25%, a rate more than twice that in the general
population.155 This high perforation rate generally
reflects a delay in the time to operation. Early symptoms,
such as nausea, vomiting, and abdominal pain, are fre-
quently attributed to other, more common conditions in
pregnancy. Right lower quadrant tenderness with rebound
on examination may be more helpful diagnostically,155

but guarding and rebound were absent in more than half
of patients with appendicitis in the third trimester in one
series.156 As pregnancy progresses, diagnosis may become
even more difficult as the appendix rotates cephalad,155,157

because the disease then causes pain and tenderness in
the right upper quadrant. Fever may also be low grade
or absent. Leukocytosis with a left shift is common but
must be distinguished from the relative leukocytosis of
pregnancy.

The key to diagnosis remains a high index of suspicion.
Ultrasonography may be helpful in excluding other
diagnoses. The technique of ultrasonography with graded
compression may visualize the diseased, distended
appendix,154,158,159 but its sensitivity in the presence of per-
foration is low,160 and the old maxim “If in doubt, take
it out” appears to apply. In the collected series reported
by Mahmoodian, although the frequency of “normal
appendices” at operation was 31%, a negative laparotomy
was associated with low rates of fetal and maternal mor-
bidity and mortality.155 In contrast, in both this series and
others, complications associated with perforation were
substantial, with a rate of fetal loss of 17% to 20%.153,161

When there is a reasonable possibility that the patient
has appendicitis, prompt surgical intervention is appro-
priate. Laparoscopic techniques are advocated by some
authors and are becoming increasingly accepted.162-164

Short-term, broad-spectrum antibiotics (most commonly
ampicillin, an aminoglycoside, and clindamycin) are
adjunctive. Antibiotics should be continued and adjusted
on the basis of operative cultures if gross perforation has
occurred.

Intraamniotic Infection

Bacterial infection of the amniotic cavity occurs in 0.5% to
1% of all pregnancies and causes both maternal morbidity
and perinatal mortality.165,166 Most infections occur after
rupture of membranes and are caused by organisms in the
cervical or vaginal flora. Risk factors in this setting
include the number of vaginal examinations performed,
the duration of ruptured membranes, the use of internal
monitors, and the total duration of labor.167 Charles and
Edwards reported an increased incidence of intraamniotic
infection (IAI) after cervical cerclage; chorioamnionitis
developed in 9.6% of patients in the first 4 weeks of cer-
clage, and an additional 14.8% acquired this condition in
the next 4 weeks.168 Studies have identified meconium-
stained amniotic fluid as an independent risk factor for
the development of IAI and postpartum endometritis,169-171

because meconium may enhance bacterial growth and
render host defense mechanisms less effective.172,173

Bacterial vaginosis (Fig. 16–1) has also been recognized as
a risk factor for premature birth, IAI, and postcesarean
endometritis.174-176 Maternal bacteremia with organisms
such as Listeria monocytogenes may also result in IAI, and it

is in this setting that the consequences to the fetus may be
the most devastating.

Why some women acquire IAI after rupture of mem-
branes and others do not probably reflects the interplay of
host defense mechanisms, bacterial virulence, and inocu-
lum size. Most infections are polymicrobial; E. coli;
Klebsiella species; group B streptococci (GBS); and anaer-
obes such as Bacteroides, Fusobacterium, Clostridium, and
Peptococcus species are common isolates.177 Although both
Chlamydia and Mycoplasma species have been cultured from
amniotic fluid of women with clinical chorioamnionitis,
their pathogenic potential is unclear.178-180 Cervical
colonization with Chlamydia trachomatis, has, however, been
associated with adverse pregnancy outcomes (e.g., low
birth weight, preterm delivery, and premature rupture of
membranes), whereas colonization with the genital
mycoplasmas in general has not.181 Clinically evident IAI
is often accompanied by preterm delivery. Subclinical
chorioamnionitis, or histologic inflammation of the
placenta, has also been associated with early labor.182,183

Fusobacterium, Mycoplasma, and Ureaplasma species are the
most common isolates in this setting. Although histo-
logic chorioamnionitis is associated with prematurity and
perinatal mortality, the correlation between the patho-
logic and clinical entities is poor,184 and a metaanalysis
failed to demonstrate a clear overall benefit of antibiotic
therapy on neonatal outcomes185 in patients with intact
membranes. However, in those with premature rupture of
membranes, antibiotic administration is associated with
significant neonatal benefit.186 An analysis of two trials
involving 838 women revealed a statistically significant
reduction in chorioamnionitis and endometritis in women
who received antibiotics for prelabor rupture of membranes
at or near term,187 and a subsequent analysis of more than
6000 women also demonstrated a reduction in neonatal
morbidity.186 In several studies, treatment of bacterial
vaginosis during the second trimester in the subset of
women who had risk factors for premature delivery
significantly reduced rates of preterm birth,188-190 and
a metaanalysis also suggested that treatment of bacterial
vaginosis during pregnancy may reduce the risk of
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Figure 16–1. Wet mount of a “clue cell,” a vaginal epithelial
cell covered with bacteria and useful in the diagnosis of bacterial
vaginosis.



low birth weight and preterm prelabor rupture of
membranes.191 Screening for bacterial vaginosis should
therefore be considered in patients with risk factors for
prematurity.181,192 Those with positive test results or
symptoms of bacterial vaginosis should be treated with
oral metronidazole.192,193 The regimen of 500 mg orally
twice daily for 7 days appears most effective.194

Clindamycin, 300 mg orally twice daily for 7 days, is an
alternative. (Although topical therapies may cure bacterial
vaginosis, they do not appear to be effective in reducing
preterm births.193) Making the diagnosis of IAI requires a
high index of suspicion because clinical signs and symp-
toms are neither sensitive nor specific. Fever is the most
common clinical finding and is present in 90% to 100% of
patients. Maternal tachycardia and uterine tenderness are
found in 20% to 80% and 13% to 25%, respectively.195

The presence of malodorous amniotic fluid is uncommon
but is suggestive of mixed aerobic-anaerobic infection.
Leukocytosis is frequently present but is also seen in
uncomplicated labor. Fetal tachycardia is common but
also nonspecific. IAI should be considered in any febrile
pregnant woman, especially if rupture of membranes has
occurred.

Direct examination of the amniotic fluid may provide
very useful information when IAI is suspected. Specimens
may be obtained by aspiration through an intrauterine
pressure catheter, if one is present, or by amniocentesis,
before rupture of membranes. Fluid should be sent for
culture, Gram stain, and cell count. A low amniotic fluid
glucose level (≤5 to 25 mg/dL) is a good predictor of a posi-
tive culture result.196 However, bacteria and leukocytes
may be present in patients who are not clinically infected.
In a study of patients with clinical IAI, Gibbs and col-
leagues found bacteria in 80.5% of patients with IAI, in
comparison with 30.8% of control subjects. Infected
patients had at least 102 CFUs/mL of bacteria, whereas
control patients with positive cultures had low numbers
of bacteria isolated. The results of Gram stains were posi-
tive in 67.4% of infected patients and 11.6% of control
subjects. Samples from 80.8% of the infected patients had
detectable leukocytes, in comparison with 28.8% of the
control samples. In patients with clinical infection,
virulent bacteria such as E. coli and GBS were more likely
to be isolated, whereas nonpathogenic bacteria, such as
lactobacilli and diphtheroids, were the predominant iso-
lates in the uninfected.177 With infection, amniotic fluid
levels of inflammatory cytokines such as interleukin-8
and interleukin-6196,197 are elevated, and high levels of
interleukin-8 may also be present in the urine.198,199 The
clinical utility of such measurements is questionable,
however.

Treatment of IAI should include both prompt admin-
istration of antibiotics and delivery. Delay in antibiotic
therapy increases both maternal and neonatal morbidity.
Several studies have demonstrated a significant decline in
the incidence of neonatal sepsis when antibiotics are given
during parturition versus post partum.200-202 Gibbs and
associates also demonstrated significant improvement in
maternal outcome measures with intrapartum treatment,200

although in one metaanalysis, the difference between
giving antibiotics during parturition versus post partum
did not achieve statistical significance.203 There are few

controlled clinical trials to guide the choice of antibiotics
in this setting. Traditionally, ampicillin (2 g intravenously
every 4 to 6 hours) and gentamicin (1.5 to 2 mg/kg intra-
venously every 8 hours) have been used with generally good
results. Some authors have advocated the addition of clin-
damycin if delivery is by cesarean section because of the
importance of resistant Bacteroides species and the high fail-
ure rate of ampicillin-gentamicin alone in postcesarean
endometritis.165 However, in one study in which women were
randomly assigned to receive therapy with either ampicillin-
gentamicin or ampicillin-gentamicin-clindamycin, no
significant differences in the incidence of endometritis or
neonatal morbidity or mortality were found.204 Infusion
of larger doses of aminoglycosides once daily results in
equal or superior efficacy and less cost and less toxicity
than do regimens with infusions every 8 hours.205 There
are very few reports of the use of the new third-generation
cephalosporins, extended-spectrum penicillins, or combi-
nation β-lactam/β-lactamase inhibitors in the treatment
of chorioamnionitis.206 These drugs usually have the
appropriate spectrum of activity and a pharmacokinetic
advantage over the aminoglycosides, however, and their
use merits serious consideration.

Although studies in general do not indicate a criti-
cal time interval from the diagnosis of IAI to delivery,
delivery should be prompt, usually within 12 hours of
diagnosis.166,200,207 Although chorioamnionitis is not an
indication for cesarean section per se, the rates of cesarean
delivery are increased in this population because of
dysfunctional labor and fetal distress.208,209

In studies since the late 1970s, no maternal deaths
from chorioamnionitis have been reported.165,201,207,210

Postpartum infection is common, however, especially after
cesarean delivery. Perinatal mortality rates are increased
in IAI, especially in Listeria infection. Premature infants
fare much more poorly than their full-term counterparts,
and although they may not die of sepsis, infection causes
their course to be more complicated. In a total of 371 full-
term deliveries reported in two studies, no neonatal deaths
occurred, although neonatal sepsis and pneumonia were
complications.201,207 Infants born after IAI may also be at
increased risk for the development of cerebral palsy.211

Endometritis and Postpartum Infection

Endometritis is the most common infectious complica-
tion after parturition. It occurs in approximately 2% to 5%
of women delivering vaginally and 15% to 20% of those
undergoing cesarean section, although rates vary widely
among studies.212

In the preantibiotic era, most postpartum infection
was caused by group A streptococci, and mortality was
significant.213 Since that time, advances in the under-
standing of the pathogenesis and treatment of puerperal
fever have led to a major decline in rates of morbidity and
mortality. Today, nosocomially acquired group A strepto-
cocci are a rare cause of puerperal sepsis. Most patients
are infected with organisms that are part of their own
vaginal flora and respond promptly to antibiotic therapy.
Septic shock, necrotizing fasciitis, septic thrombophlebitis,
and abscess formation are rare but potentially serious
complications.
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Cesarean delivery is the major predisposition to post-
partum pelvic infection, and infection in this group of
patients is also more severe.214-218 Operative technique may
affect infection rates: There is evidence that manual pla-
cental removal and exteriorization of the uterus for repair
of the surgical incision increase the incidence of endometri-
tis in both the absence and the presence of prophylactic
antibiotics.219,220 Length of operation, not surprisingly, is
also a positive correlate.216,221 The duration of labor before
abdominal delivery has been found to be the most signifi-
cant factor related to infectious complications.216,222,223

Other commonly cited risk factors include preterm birth
and premature rupture of membranes,224 duration of
membrane rupture before delivery,225-227 colonization of
the vagina with virulent organisms, bacterial vaginosis,
and high colony counts of bacteria in amniotic fluid.228

Positive amniotic fluid cultures (collected without con-
tamination at cesarean section) are strongly associated
with puerperal infection.227,229-231

In indigent patients, regardless of race, puerperal infec-
tion rates are higher than those in patients of higher
socioeconomic status.230,232 Some studies have questioned
whether the number of vaginal examinations correlated
with an increase in the infection rate,233,234 whereas others
have reported an increase in infection with internal fetal
monitoring.235 Results vary among studies, however. The
interrelated nature of many of these variables complicates
analysis, and some authors question whether all of these
factors are independent predictors of infection or simply
part of a high-risk state.236

Endometritis occurring in the first 24 to 36 hours after
delivery tends to be caused by a single organism, and GBS
is most commonly identified.237,238 Most cases of
endometritis are polymicrobial, however, and occur 48 or
more hours after delivery227 (Table 16–5). “Ascending”
infection with contamination of the uterine cavity by
organisms present in the vagina is the most common
route of infection. Endometritis may result from clinical
or subclinical chorioamnionitis present before parturi-
tion or may occur solely as a consequence of delivery. Both
host defense and the nature and virulence of the organisms
in the vaginal flora play an important role in pathogenesis.
The presence of bacterial vaginosis213,239 or Mycoplasma
hominis217 is correlated with increased risk. The isolation
of C. trachomatis was correlated with late-onset endometritis
in one study180 but was not correlated with infection in sev-
eral others.240,241 Colonization with group B streptococci
also is a risk factor for postpartum endometritis; colonized

patients have an 80% greater likelihood of developing this
infection.242 Tissue trauma, hematoma formation,
retained placental tissue, and the presence of any foreign
material predispose the host to endometritis. Once the
endometrium is involved, infection may spread to the
myometrium, parametrium, and adnexal structures.
In cesarean deliveries, wound infection may also occur.
Infection becomes more serious as it progresses. Bacteremia
accompanies endometritis in 8% to 20% of cases.230 Three
cases of endometritis caused by herpes simplex virus have
been reported in the medical literature.243,244

The most common signs and symptoms of endometritis
include fever, leukocytosis, lower abdominal pain, uterine
tenderness, and purulent or foul-smelling lochia.245

Although transient fever to 38° C (100.4° F) is found
in approximately 20% of postpartum patients,246 persist-
ent fever is probably the most important hallmark of
true infection. When virulent organisms such as the
β-hemolytic streptococci, S. aureus, or Clostridium perfrin-
gens are involved, the patient may quickly become critically
ill with chills, high fever, severe pain, and abdominal
distention. With the β-hemolytic streptococci and C. perfrin-
gens, discharge may be serosanguineous rather than foul
smelling or purulent, and a Gram stain of the lochia may
reveal large numbers of gram-positive cocci or gram-
positive rods, respectively. Most postpartum endometritis
of polymicrobial origin is more insidious in onset.
Intermittent low-grade fever may be the only clinical
finding. Other causes of fever, such as atelectasis, UTI, or
wound or episiotomy infection, should be sought, but
postpartum pyrexia must be considered to be caused by
endometritis until proven otherwise.232

When endometritis is suspected, both endometrial cul-
tures and blood cultures should be obtained. Bacteremia
occurs in 5% to 25% of women with endometritis. In one
study, 1 (0.8%) of 126 patients with a temperature lower
than 38.8° C had a positive blood culture, whereas
9 (21.4%) of 42 patients with a temperature higher than
38.8° C had documented bacteremia.247 Although the util-
ity of endometrial cultures is debated,245 and anaerobic
isolates may not even be fully identified by the time the
patient is discharged, the isolation of facultative aerobic
organisms is straightforward and may be useful in guid-
ing therapy. Because of the risk of vaginal contamination
of specimens with the transcervical approach, the use of
protected catheters (double-lumen, triple-lumen, or
brush)248-250 and of transfundal needle aspiration251 has
been advocated, but no clear consensus on the optimal
culture method exists.

Once endometritis is suspected and appropriate cul-
tures have been obtained, broad-spectrum antibiotic
coverage should be begun. For many years, standard ther-
apy consisted of clindamycin plus gentamicin, although
monotherapy has been shown to be equally efficacious
with second-generation cephalosporins such as cefoxitin
or cefotetan; extended-spectrum penicillins such as
mezlocillin, piperacillin, and ticarcillin; and β-lactam/
β-lactamase inhibitor combinations such as ticarcillin-
clavulanate or ampicillin-sulbactam.239,252-257 An analysis of
47 treatment trials suggested regimens with appropriate
coverage for penicillin-resistant anaerobes were superior
to those without such coverage.258 Intravenous therapy
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Escherichia coli
Klebsiella species
Group B streptococci
Group D streptococci (enterococci)
Gardnerella vaginalis
Peptostreptococci and peptococci
Bacteroides species
Clostridium species
Fusobacterium species

TABLE 16–5 Common Organisms Causing
Endometritis



should be continued until the patient is afebrile for a mini-
mum of 36 to 48 hours and clinical signs have abated.
Cure rates of postpartum endometritis approach 95%,
and additional outpatient oral antibiotic therapy does
not appear to be necessary in most patients without
bacteremia.259,260 If fever persists 48 to 72 hours after the
initiation of appropriate antibiotic therapy, wound infec-
tion, parametrial abscess formation necessitating draining,
or septic thrombophlebitis may be present. Pelvic ultra-
sonography, computed tomography, or magnetic reso-
nance imaging may be useful in this setting.261 In critically
ill or persistently febrile patients, drainage of any fluid
collections and uterine curettage should be considered.
Uterine gas formation may signal myonecrosis and the
need for emergency hysterectomy, although nonsurgical
management has been reported to be adequate for
patients not seriously ill.262,263 On occasion, a resistant
organism not covered by the antibiotic regimen chosen
(e.g., enterococci with clindamycin-gentamicin therapy)
may be encountered, and appropriate adjustments in anti-
biotic treatment (e.g., the addition of penicillin or ampi-
cillin) should be made.

Septic thrombophlebitis is a common complication of
protracted pelvic infection and causes persistent fever
despite appropriate antibiotic coverage. Patients may
experience wide fluctuations in temperature but usually
do not appear dangerously ill and have only vague
abdominal discomfort. Septic embolus to the lungs is
an infrequent but serious complication. Although it is
commonly said that the institution of heparin therapy
usually results in defervescence within 48 to 72 hours,
one review noted a median of 5 days before patients
became afebrile.264 Anticoagulants should be continued
for 10 days.

The incidence of postpartum endometritis has been
greatly reduced through the use of prophylactic anti-
biotics after cesarean section.212,265,266 A single dose of
antibiotic may be given after cord clamping to avoid expo-
sure of the fetus if no evidence of intrapartum infection is
present. Many different antibiotics have been used as pro-
phylaxis and are effective. First-generation cephalosporins,
such as cefazolin (Ancef), appear to be as effective as newer
agents in this case and are less expensive.267

Sexually Transmitted Diseases

Syphilis
Syphilis is caused by the spirochete Treponema pallidum,

and the illness that results from this infection is typically
one of stages. Primary syphilis occurs after spirochetal
inoculation into a skin or mucous membrane site, which
results in a characteristic painless, indurated ulcer called a
chancre. The incubation period for primary syphilis varies,
depending on the size of the inoculum, but averages
approximately 21 days. Organisms are plentiful in the
primary lesion, and painless inguinal adenopathy is
frequently present. Even without treatment, chancres
spontaneously heal, usually in approximately 6 weeks.
The secondary stage of infection usually occurs after the
chancre has healed and represents hematogenous dissem-
ination with replication of the organism in multiple
organs. This stage is characterized by fever, malaise, and
a generalized maculopapular rash involving the palms
and soles (Fig. 16–2). Mucous patches and condyloma lata
represent proliferation of organisms in moist areas of the
skin during the second stage of infection. Generalized
lymphadenopathy may be present at this stage, and hepa-
titis is fairly common. Headache may be severe enough to
warrant lumbar puncture; subsequent results are compat-
ible with aseptic meningitis. The findings of secondary
syphilis also spontaneously remit but may recur over the
next several years. Syphilis then typically enters a latent
phase in which patients are completely asymptomatic.
In approximately one third of infected people, the disease
progresses to the development of tertiary syphilis, which
involves the central nervous system (e.g., tabes dorsalis,
general paresis), cardiovascular system, or skin and mus-
culoskeletal tissues. The latent period between secondary
and tertiary syphilis is usually a decade or more; the
course may be significantly shortened in patients infected
with human immunodeficiency virus (HIV). On pathologic
examination, an obliterative small vessel endarteritis is
characteristic of syphilis in all stages.268

Syphilis is transmitted primarily through sexual con-
tact or transplacentally. Accidental direct inoculation by
health care workers through the handling of infected
specimens is rare, as is transmission by blood transfusion.
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Syphilis in pregnancy usually occurs in women who are
young and unmarried and in those who receive little or no
prenatal care.269 In the early 1990s, the incidence of syphilis
in women and cases of congenital syphilis nearly tripled;
however, since the mid-1990s, a decline to previous levels
has again been noted.269 Although congenital syphilis
is now rare in the United States, with 30 cases per 100,000
live births noted in 1996, it is still a major problem in
sub-Saharan Africa and in countries of the former Soviet
Union.270,271

The manifestations and clinical course of syphilis in
pregnant women are no different than in women who are
not pregnant. In women, chancres on the external geni-
talia may be easy to identify, but when present on the
cervix or in the vagina, they may go undetected; when
present in the mouth, chancres may be misidentified.
In some people, especially those with prior infection, no
primary lesion or only a small papule may develop.272

Syphilis should be considered in the differential diagnosis
of any genital lesion and any generalized rash, especially
one involving the palms and soles.

The primary aim of screening programs in pregnancy
is to prevent transmission to the fetus, which can occur as
early as 6 weeks’ gestation and can result in spontaneous
abortion, stillbirth, nonimmune hydrops, intrauterine
growth restriction, premature delivery, and perinatal
death.269,272-277 The risk of transmission is related to the
stage of maternal infection and reflects the degree of mater-
nal bloodstream infection. In a study reported by Fiumara
and associates in 1952, half of the infants born to mothers
with untreated primary or secondary syphilis were prema-
ture or stillborn or died soon after birth; congenital syphilis
developed in the other 50%. Of the children delivered
during the late latent stage in their mothers, 10% were
stillborn and 10% had congenital infection.278

The manifestations of congenital syphilis are quite
variable; however, most frequently, affected offspring ini-
tially appear normal.268 In early congenital syphilis, which
encompasses the period of the first 2 years of life, rhinitis
(snuffles) may be the earliest sign. A diffuse, desquamative,
maculopapular rash involving the palms and soles may
follow. Osteochondritis and perichondritis are common.
In severely infected infants, hepatosplenomegaly, jaundice,
generalized lymphadenopathy, anemia, and thrombocy-
topenia may be present. Surviving infants may enter a
latent period and may eventually manifest the signs of late
congenital syphilis such as interstitial keratitis, eighth
nerve deafness, abnormal notched teeth, frontal bossing,
and saber shins.268 In early congenital syphilis, spirochetes
are plentiful in affected organs. As the disease progresses,
more of the manifestations reflect scars induced by
early lesions or reactions to persistent inflammation, and
organisms are few.279

The approach to diagnosis of maternal syphilis
depends on the stage of infection. Darkfield examination
of primary or secondary stage skin lesions often reveals
characteristic, coiled, motile spirochetes. Early in infection,
serologic tests may be negative, but by the time secondary
lesions are present, high titers of antibodies are found.
Both primary and secondary lesions have characteristic
pathologic processes. Silver stains and specific immuno-
fluorescent or immunoperoxidase stains may demonstrate

spirochetes in tissue samples, but biopsies are rarely
necessary. Macroscopically, the placenta may be large, thick,
and pale, and the umbilical cord may resemble a barber’s
pole. In necrotizing funisitis, the microscopic appearance
of the umbilical cord is that of perivascular inflammation
and obliterative endarteritis of the matrix; this appearance
is pathognomonic of congenital infection.268

Most cases of syphilis in pregnancy are detected through
screening serologic tests. Serologic testing should be per-
formed at the time of the first prenatal visit. Some states
require that all mothers be tested at the time of delivery;
the Centers for Disease Control and Prevention (CDC)
recommends testing twice during the third trimester
in patients thought to be at high risk, with the second
test at 28 weeks. The CDC also recommends testing
all women who deliver a stillborn infant after 20 weeks’
gestation.

There are two types of serologic tests used in the diagno-
sis of syphilis. Nontreponemal tests (e.g., the rapid plasma
reagin and the Venereal Disease Research Laboratory test)
measure antibodies to cardiolipin-cholesterol-lecithin.
Infection with T. pallidum induces production of these
antibodies, but they are also present in a variety of other
clinical situations. These tests have the advantage of being
rapid and inexpensive to perform, but false-positive
results are common in settings in which there is a strong
immunologic stimulus, in intravenous drug users, and in
patients with rheumatologic disease.268 Pregnancy itself
may also result in false-positive nontreponemal tests.
Specific treponemal tests (the fluorescent treponemal
antibody absorption test, the T. pallidum hemagglu-
tination test, and the microhemagglutination assay for
T. pallidum), in which lyophilized T. pallidum or a lysate of
pathogenic T. pallidum is used as the source of antigen,
should be performed to confirm the diagnosis. The Venereal
Disease Research Laboratory or rapid plasma reagin test
usually yields positive results 4 to 8 weeks after acquisi-
tion of the organism, but up to one fourth of patients may
have negative test results when a chancre is first present.280

Titers usually parallel the course of infection. Quantitative
rapid plasma reagin values should start to fall after ther-
apy is initiated and should be negative 1 year after treatment
of primary syphilis and 2 years after treatment of second-
ary syphilis.268 Specific treponemal test results usually
remain positive for life, although reversion to a nonreactive
status has been documented in patients with HIV infection
and in those treated very early in infection.281,282

The diagnosis of maternal syphilis is fairly straight-
forward. Determining whether a neonate is infected may be
more problematic because many infants are asymptomatic
at birth and the standard treponemal and nontreponemal
antibody tests primarily measure immunoglobulin G
(IgG), which crosses the placenta. Newer serologic tests
(immunoglobulin M [IgM] enzyme-linked immunosor-
bent assay [ELISA], IgM and immunoglobulin A [IgA]
immunoblotting) and the use of polymerase chain reaction
(PCR) may be helpful in the future, but experience with
these modalities is currently limited.269

Penicillin is the treatment of choice for all stages of
syphilis, and there are no proven alternatives to penicillin
for treatment of syphilis during pregnancy270 (Table 16–6).
Penicillin is effective in preventing transmission to the
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fetus and in treating in utero infection. Women with a his-
tory of significant penicillin allergy should be desensi-
tized and treated with penicillin. (For regimens for skin
testing to confirm penicillin allergy and for desensitiza-
tion protocols, readers are referred to the latest CDC
monograph on the treatment of sexually transmitted
diseases.270) Infants born to mothers with untreated
syphilis at the time of delivery, mothers whose treatment
occurred no more than 1 month before delivery, or moth-
ers who were treated with regimens other than penicillin
should receive penicillin therapy. In addition, infants
born to mothers who experienced a fourfold rise in non-
treponemal antibody titers during pregnancy (indicating
reinfection or relapse) and those born to mothers treated
early in pregnancy who fail to demonstrate a significant
decline in antibody or whose serologic response was not
documented should also be treated270 (see Table 16–6).

Women with a history of syphilis during pregnancy are
at high risk for delivering infants with congenital syphilis
during subsequent pregnancies. McFarlin and Bottoms
retrospectively reviewed the charts of 46 women with doc-
umented syphilis who had delivered at least two consecu-
tive infants at their institution, and they found that 40%
who delivered an infant with congenital syphilis during
the first pregnancy delivered another infant with congen-
ital syphilis during a second pregnancy. Of those whose
first infants were free of infection, 42% transmitted
syphilis to their second offspring. Lack of prenatal care,
continued drug abuse, and failure to re-treat those with
documented treatment during the first pregnancy appeared
to be risk factors. McFarlin and Bottoms found that sero-
logic titers were not clinically useful and urged caution in
assuming that one-time treatment is adequate in patients
with continued risk for reinfection.283

All women found to have syphilis in pregnancy should
be screened for the presence of other sexually transmitted
diseases, including HIV infection.

Gonorrhea
Approximately 600,000 new cases of gonorrhea occur

each year in the United States, and many of these cases in
women are asymptomatic.270 The responsible organism,
N. gonorrhoeae, is a nonmotile, gram-negative diplococcus
that is shaped like a kidney bean. The gonococcus attaches
to columnar or cuboidal epithelial cells lining mucosal
surfaces and eventually penetrates into the submucosal
tissues, causing neutrophil migration and microabscess
formation. Although gonorrhea is primarily a mucosal
infection (i.e., cervicitis, urethritis, proctitis, pharyngitis,
and conjunctivitis), some strains are able to circumvent
host defense mechanisms, enter the bloodstream, and
cause disseminated gonococcal infection.284

Gonorrhea is transmitted primarily through sexual
contact, although neonates may also acquire the disease
in utero, during delivery, or in the postpartum period.285

As is the case in most sexually transmitted diseases, the
risk of transmission from men to women during sexual
intercourse is greater than that from women to men286,287

and exceeds 90% after three exposures.288 In favorable
conditions, N. gonorrhoeae can survive in the environment
for up to 24 hours, but transmission through fomites is
extremely uncommon.289

The incidence of gonorrhea in pregnancy ranges from
less than 1% to 7.3%, depending on the population studied.
Most infected women are asymptomatic. The endocervix
is the major site of infection, and symptoms, when present,
usually develop approximately 10 days after exposure.
These include dysuria without other symptoms of
UTI, increased vaginal discharge, and intermenstrual
bleeding.286,290,291 Up to 40% of infected women may also
have positive rectal cultures, and the rectum may be the
only infected site in approximately 5%.286,291 Pharyngeal
infection can be found in 10% to 20% of infected women,
and one study suggests that the incidence is higher in
infected pregnant women than in infected nonpregnant
women.286,292,293 Symptomatic proctitis and pharyngitis
may be present, but, again, most infected patients are
symptom free. Of note, those with symptomatic gonor-
rhea infection often also are infected with other sexually
transmitted pathogens, such as C. trachomatis.

PID is a well-recognized complication of gonorrhea,
but both PID and perihepatitis (the Fitz-Hugh–Curtis
syndrome) are uncommon in pregnant women after the
first trimester.294 Pregnant women with gonorrhea have
an increased incidence of spontaneous abortion, preterm
labor, premature rupture of membranes, and perinatal
infant mortality.286,294,295 There is debate about whether
disseminated gonococcal infection, which represents
bacteremic gonococcal infection, is more common in
pregnancy.286,296-298 This syndrome, which usually occurs in
persons who carry N. gonorrhoeae asymptomatically, con-
sists of fever, malaise, arthralgia, multiple pustular skin
lesions (Fig. 16–3), tenosynovitis, or septic arthritis, most
commonly involving the knee, ankle, or wrist. The strains of
N. gonorrhoeae that cause disseminated gonococcal infection
have been found to share several characteristics: They are

C H A P T E R 16 Bacterial, Fungal, and Parasitic Disease 319

Adult
Primary, secondary, or early latent* syphilis: Benzathine penicillin,

2.4 mU, in a single IM dose
Late latent syphilis or syphilis of unknown duration: Benzathine penicillin,

7.2 mU, administered as three doses of 2.4 million units IM each
at 1-wk intervals

Tertiary syphilis (gummatous and cardiovascular): Benzathine penicillin,
7.2 mU, administered as three doses of 2.4 million units IM each
at 1-wk intervals

Tertiary syphilis (neurosyphilis): Aqueous crystalline penicillin G,
18-24 mU/day, administered as 3-4 mU IV every 4 hr for
10-14 days, or procaine penicillin, 2.4 mU/day IM, plus probenecid,
500 mg orally q.i.d., both for 10 to 14 days

Congenital
Aqueous crystalline penicillin G, 100,000-150,000 U/kg/day,

administered as 50,000 U/kg/dose IV every 12 hours during the
first 7 days of life and every 8 hours thereafter for a total of
10 days, or procaine penicillin G, 50,000 U/kg IM as a single dose
for 10 days

From Centers for Disease Control and Prevention: Guidelines for treatment of
sexually transmitted diseases. MMWR Morb Mortal Wkly Rep 2002;51(RR-6):1.
*Syphilis acquired during the previous year (i.e., those with documented serocon-
version within 1 year; those with unequivocal symptoms of primary or secondary
syphilis during the past year; those with a sex partner with primary, secondary,
or early latent syphilis within the past year). All others with positive serologic
profiles in the absence of symptoms are assumed to have late latent syphilis.
IM, intramuscularly; IV, intravenously.

TABLE 16–6 Treatment Regimens for Syphilis



resistant to complement-mediated lysis, they share certain
auxotypes and surface membrane protein serotypes, and
they are exquisitely sensitive to penicillin. Disseminated
gonococcal infection was fairly common in the 1970s, but
the strains of N. gonorrhoeae that produced it have become
less prevalent, and, thus, so has the syndrome.286

The most common manifestation of gonorrhea infec-
tion in the newborn is conjunctivitis, called ophthalmia
neonatorum. Purulent conjunctival exudate affecting both
eyes usually develops within 1 week after birth and may
lead to permanent corneal scarring and blindness if left
untreated. To establish the diagnosis, the organism can
be seen on a Gram stain of the discharge, and it is easily
cultured on appropriate media. Topical application of a
1% silver nitrate solution soon after delivery is highly
effective prophylaxis, but the best prevention is to ensure
that mothers have been appropriately screened and
treated for infection, if present, before giving birth.

The CDC recommends screening for N. gonorrhoeae
at the first prenatal visit for women at risk or for women
living in areas where the prevalence of N. gonorrhoeae is
high. A repeat test should be performed during the third
trimester for those at continued risk.270 Culture remains
the diagnostic procedure of choice. If specimens are col-
lected adequately and processed with reasonable speed
(≤6 hours), a single culture with commercially available
transport media and subsequently inoculated onto selec-
tive growth media has a sensitivity in women of 80% to 90%.
In asymptomatic women, sampling endocervical secre-
tions alone is recommended, but specimens from addi-
tional sites (e.g., oropharynx, rectum, blood) should be
cultured, depending on the clinical history in those with
symptoms. A number of new sensitive diagnostic tests for
N. gonorrhoeae involving rapid antigen detection methods
or amplification techniques, such as PCR or ligase chain
reaction, have been developed and are useful in screening
endocervical swabs (preferred) or urine when culture is
not feasible.299-301

Cefixime, an oral third generation cephalosporin,
was a widely used drug for the treatment of gonorrhea in
pregnancy, but it is no longer manufactured. Studies with
small numbers of women suggest that amoxicillin plus

probenecid may be an acceptable oral alternative, but
intramuscular regimens are the only ones currently rec-
ommended in this setting.270,302 Pregnant women with
uncomplicated gonococcal infections of the cervix, urethra,
rectum, or oropharynx should be treated with ceftriaxone,
125 mg intramuscularly in a single dose. Those who
cannot receive cephalosporin should be treated with 2 g of
spectinomycin in a single intramuscular dose. Gonococcal
infections of the oropharynx are more difficult to eradi-
cate than urogenital or anorectal infections, and ceftriax-
one, 125 mg intramuscularly in a single dose, is the only
regimen recommended in pregnancy. Patients with dis-
seminated gonococcal infection should usually be hospi-
talized and treated with ceftriaxone, 1 g intravenously or
intramuscularly every 24 hours, for a 7-day course.

Chlamydial Infections
C. trachomatis probably causes more sexually transmitted

infections in the United States than any other pathogen.303

It is the major cause of nonspecific urethritis and post-
gonococcal urethritis in men. Although most women
with chlamydial infection are asymptomatic, it may cause
various clinical syndromes, and it is isolated in approxi-
mately 20% of women with PID; the range is approximately
5% to 51%, depending on the population studied.304

Certain serovars or strains of C. trachomatis are responsible
for lymphogranuloma venereum (LGV), a specific clinical
syndrome endemic in Africa, Southeast Asia, India, and
South America with sporadic cases elsewhere. Worldwide,
C. trachomatis, the agent of ocular trachoma, is a leading
cause of blindness. In the United States, it is a major cause
of neonatal conjunctivitis and pneumonia during the
first 6 months of life.

Chlamydiae are bacteria that have a complex, two-part
life cycle. The extracellular form, called an elementary
body, is metabolically inert and most closely resembles a
spore. It attaches to specific receptors on host epithelial
cells and subsequently becomes internalized, probably
through receptor-mediated endocytosis. The elementary
body then reorganizes into the replicative form, the retic-
ulate body, which must rely on the host cell as its source
of energy. The ability to survive within cells and inhibit
phagolysosomal fusion is critical for establishing infection,
and infected cells release multiple elementary bodies to
continue the life cycle. Chlamydiae most closely resemble
gram-negative bacteria. They contain lipopolysaccharide
but lack peptidoglycan, which helps other bacteria
maintain their rigid cell walls. Although all isolates of
C. trachomatis share some common epitopes, the strains
that cause LGV can be distinguished from those causing
trachoma and those causing oculogenital disease in adults
and children.

In the tropics, ocular trachoma is spread by person-
to-person contact, through fomites, or through vectors such
as flies that feed on the exudate from active conjunctivitis.
LGV and the serovars responsible for urogenital infection
in adults are spread through sexual contact. The risk of
transmission with sexual intercourse has not been pre-
cisely quantified, but it appears to be less than that for
gonorrhea.305 Adolescents and adults with genital infec-
tion may acquire acute follicular conjunctivitis from
autoinoculation. Spread between individuals through
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Figure 16–3. Disseminated gonococcal infection. Note the
pustular skin lesion over the distal interphalangeal joint of the ring
finger. (Photograph courtesy of Allen McCutcheon, MD, University
of California, San Diego, School of Medicine.)



nonsexual contact with infected secretions also occurs.306

Infants usually acquire infection by passage through an
infected birth canal. Approximately 65% of infants born
to infected mothers acquire the organism during vaginal
delivery.307

Ocular trachoma is a chronic follicular conjunctivitis
that causes conjunctival scarring and distortion of the
eyelids, eventually resulting in corneal ulcerations and
loss of vision. The L1, L2, and L3 serovars of C. trachomatis
cause LGV, which begins as a small papule or painless
ulceration at the site of inoculation, usually on the geni-
tal mucosa or adjacent skin. The incubation period ranges
from 3 to 30 days, and the primary lesion heals sponta-
neously without treatment.308,309 Days to weeks after the
appearance of the primary lesion, the lymph nodes drain-
ing the area become painful, erythematous, and enlarged.
Lymphadenopathy is unilateral in two thirds of
patients.308,309 Initially, the nodes may be discrete, but
eventually they may become an inflammatory mass (bubo)
that becomes fluctuant and ruptures in one third of those
infected. In this stage of the illness, patients frequently
experience fever, headache, and myalgias, which may
improve as the buboes rupture and form sinus tracts.
Relapses occur in approximately 20% of untreated
patients.310 The diagnosis is usually made through sero-
logic testing or through isolation of the organism from
infected tissue. LGV has a fairly characteristic histopatho-
logic process that also can aid in establishing a diagnosis
in the appropriate clinical setting.

The serovars of C. trachomatis that produce urogenital
infection are less invasive than those causing LGV. Most
women and up to 50% of men who are infected with these
strains are asymptomatic.303 When symptoms are present
in women, they most frequently are mild and consist of
vaginal discharge, lower abdominal pain, bleeding with
intercourse, and dysuria. Vaginal discharge usually
reflects endocervical rather than vaginal infection because
the organism does not infect the squamous epithelium
of the adult vagina. Chlamydiae are also a frequent cause
of the acute urethral syndrome, which consists of dysuria
and frequency in the absence of at least 105 CFUs/mL of
bacteria in urine. In one study, approximately 25% of
patients with the acute urethral syndrome and pyuria
were infected with C. trachomatis and responded to appro-
priate antibiotics.311 C. trachomatis infection can lead to
clinical endometritis and salpingitis, and it is isolated
from approximately 20% of patients with PID.304 In com-
parison with PID caused by N. gonorrhoeae, the disease
caused by C. trachomatis is generally more subacute but
just as frequently results in tubal scarring and infertility.
Recurrent infections are not uncommon. In men, chla-
mydiae are responsible for 30% to 50% of cases of symp-
tomatic nongonococcal urethritis and are the most
frequent cause of epididymitis in men aged 35 years or
younger.308,312,313

The prevalence of C. trachomatis infection in pregnancy
depends on the population studied and ranges from 2% to
35%.179,303,314,315 Although there is controversy,316-318 some
studies have found an association between C. trachomatis
infection and spontaneous abortion, premature rupture
of membranes, preterm delivery, stillbirth, and neonatal
death.179, 314,315,319-322

Neonatal inclusion conjunctivitis usually develops 5 to
12 days after birth. From 15% to 44% of children born to
infected mothers manifest overt findings, whereas sero-
logic evidence of infection can be found in 60%.323,324

Prophylaxis with silver nitrate or topical antibiotics does
not appear to be effective. Pneumonia develops in 3% to
16%, usually 4 to 17 weeks after delivery.324,325 This pneu-
monia may be subacute in onset. Frequently, the infants
are afebrile or have only low-grade fever. Cough is a promi-
nent feature. Of note, infection can result in subsequent
pulmonary dysfunction.326,327

Inoculation into cell culture traditionally has been the
“gold standard” for the detection of chlamydial infection,
but it is expensive and time consuming, and many labora-
tories no longer use this technique. The sensitivity and
specificity of all of the diagnostic tests for chlamydiae are
directly related to the adequacy of the specimen obtained
for testing.303 In women, endocervical specimens contain-
ing columnar epithelial cells are required. Chlamydial
urethritis in men is best diagnosed from urethral swabs
obtained several hours after urination. For culture, speci-
mens should be placed in a special transport medium and
refrigerated immediately after collection at 2° to 8° C.303

Antigen detection techniques such as direct fluorescent
antibody, enzyme immunoassay, or DNA hybridization
tests usually are quicker and easier to perform than cul-
ture but are not suitable for vaginal, rectal, nasopharyngeal,
or female urethral specimens.328 They also lack specificity
in a low-prevalence population and may lack sensitivity
in pregnancy and in women with disturbed vaginal lac-
tobacillary flora.300,301 However, DNA probe tests for
N. gonorrhoeae and chlamydiae may be performed with a
single specimen, which is an advantage.329 Commercial
PCR and ligase chain reaction kits for the detection of
C. trachomatis are the most sensitive and specific tests avail-
able.301,303,330 Both tests allow detection with urine speci-
mens, a major advantage in screening programs. Direct
cytologic examination with Giemsa staining of smears
taken from newborns with conjunctivitis demonstrates
typical intracellular chlamydial inclusions in more than
90%331 but lacks sensitivity in other clinical situations.
Serologic tests have little utility except in the diagnosis
of LGV (in which a single or stable complement fixation
titer of ≥1:64 is supportive) or pneumonitis in infants
(detection of a titer of IgM antibodies of ≥1:32 by micro-
immunofluorescence is diagnostic).301

The CDC recommends screening women younger than
25 years and those who have new or multiple sex partners
for chlamydial infection during the third trimester of
pregnancy.270 In those who lack symptoms, a positive result
on a nonculture screening test should be confirmed by
culture or another nonculture test.303,328

Azithromycin, doxycycline, and ofloxacin are the pre-
ferred agents for treatment of uncomplicated chlamydial
infections in adults who are not pregnant. Erythromycin,
500 mg orally four times a day for 7 days, has been the tra-
ditional treatment in pregnancy, but side effects (nausea,
vomiting, diarrhea and abdominal pain) are frequent and
limit its usefulness. Doxycycline and ofloxacin are not rec-
ommended in pregnancy because of their potential to
harm the fetus. Although experience with azithromycin in
pregnancy is not as extensive as that with erythromycin,

C H A P T E R 16 Bacterial, Fungal, and Parasitic Disease 321



it appears to be safe and is better tolerated. A single 1-g dose
of azithromycin offers advantages in terms of compliance
and efficacy.332 Amoxicillin, 500 mg three times daily for
7 days, is now also considered first-line therapy and is
preferable to erythromycin regimens.332 Repeat testing,
preferably by culture, is recommended 3 weeks after ther-
apy is completed.270 Sex partners should also be referred
for evaluation and treatment. Patients should be counseled
to refrain from intercourse for the 7 days of treatment or
for 7 days after single-dose azithromycin.

Specific Etiologic Agents of Note

Group B Streptococcal Infections

The GBS, also known as Streptococcus agalactiae, was first
described as a human pathogen in 1938 in a report by
Fry of three cases of fatal puerperal sepsis.333 This organ-
ism was estimated to cause approximately 7600 infections
in infants in 1990, and it accounts for 10% to 20% of
positive blood cultures in women admitted to obstetric
services.238,334-336 Despite advances in the treatment of
critically ill newborns, GBS can cause significant neonatal
morbidity and mortality.

Group B streptococci all share a common carbohydrate
group antigen that is detected in the Lancefield grouping
system. In addition, six type-specific polysaccharide cap-
sular antigens (designated Ia, Ib, II, III, IV, and V) have
been identified. Current serotype classification also
depends on the presence or absence of another group of
antigens called C proteins, which may be present in
strains of any capsular polysaccharide type. Both the
strain-specific capsular polysaccharides and the C proteins
appear to be virulence factors for GBS by aiding the bac-
teria in evading opsonization and phagocytosis,337,338 and
antibody against either offers protection in animal models
of infection.339 The sialic acid residues present in the cap-
sule appear to be important in virulence because capsule-
deficient or desialylated isogenic transposon mutants of
type III GBS are less virulent.340 It has been suggested that
the sialic acid residues prevent activation of the alterna-
tive complement pathway.337 Of note, other bacteria with
sialylated polysaccharide capsules, such as E. coli K1 and
N. meningitidis types B and C, are important etiologic
agents in meningitis.

Women harbor GBS as part of the normal fecal and
vaginal flora. Rates of asymptomatic carriage are estimated
to be between 10% to 30%, but rates vary according to the
culture technique used, the number of samples cultured,
and the nature of the populations studied.341-343 Risk fac-
tors for colonization include sexual intercourse, timing
during the first half of the menstrual cycle, use of an
intrauterine device, age younger than 20 years, and
ethnicity.343,344 Vaginal colonization may be transient, and
only approximately one third of women have chronic per-
sistent carriage throughout pregnancy.345 When maternal
colonization is present, transmission to the neonate is
estimated to occur in approximately 60% of cases, and
early-onset invasive disease develops in approximately
1% to 2%. This is in contrast to a group A streptococcal
colonization rate of 0.03%.346,347

GBS is isolated in 2% to 29% of women with asympto-
matic bacteriuria during pregnancy346 and may be a cause
of acute pyelonephritis. Subclinical GBS infection may be
a cause of preterm labor,342,348 and heavy colonization with
GBS in the second trimester is associated with clinical
chorioamnionitis.242

GBS causes approximately 20% of cases of postpartum
endometritis, which is often associated with cesarean
deliveries.349 High fever usually develops rapidly after
delivery, and uterine and adnexal tenderness may be
marked. The lochia is usually sanguinous but not foul
smelling. Bacteremia is common, and GBS may also cause
bacteremia in the absence of focal signs and symptoms.
Pass and colleagues estimated the attack rate for GBS-
related puerperal sepsis to be 2 in 1000 deliveries.350 The
question of why some women who carry GBS acquire infec-
tion and others do not remains unresolved, but factors
such as maternal immunity, length of time since rupture
of membranes, invasive fetal and maternal monitoring,
and preterm delivery350 may play a role. GBS is also an
important cause of postpartum wound infections, intra-
partum chorioamnionitis, and both asymptomatic and
symptomatic UTIs in pregnancy. Most affected women
respond well to antibiotic therapy351; fatal complications
include septic shock, adult respiratory distress syndrome,
meningitis, and necrotizing fasciitis.346

Neonatal infection with GBS encompasses two fairly
distinct syndromes that depend on the time of clinical
presentation.352 Early-onset disease, which accounts for
most illness, occurs within the first 6 days after birth and
usually reflects exposure to the organism in utero or
in passage through a colonized birth canal. Infants are
often ill at birth or become ill shortly thereafter. Between
one half and two thirds of infants show symptoms within
the first 12 hours of life; the mean age at onset is
20 hours.335,353,354 Prematurity and low birth weight are
risk factors, although most affected infants are full term.
Additional risk factors include premature rupture of
membranes, prolonged labor, maternal chorioamnionitis,
multiple births, high GBS genital inoculum, maternal
GBS bacteremia in pregnancy, and low levels of maternal
type-specific capsular antibodies.346 The signs of early-
onset GBS infection in the newborn are nonspecific
and include fever, lethargy, respiratory distress, jaundice,
and hypotension. Bacteremia is almost always present, and
may be manifested by neonatal sepsis without a definite
focus of infection, pneumonia, or meningitis. The over-
all rate of mortality from early-onset GBS has declined
from approximately 50% in 1977 to approximately
6% currently,336 although infants of low birth weight are
still at substantial risk.355 Early-onset GBS disease has
an incidence of 1.8 cases per 1000 live births336 and is
equally divided among capsular antigen types I, II, and III
GBS (although 80% of early-onset meningitis is caused by
type III).356

Late-onset GBS infection occurs in 0.5 to 1.8 cases per
1000 live births and carries a mortality rate of approxi-
mately 10%.346 The mean age at onset is 24 days. The route
of transmission to the neonate is less clear. Nosocomial,
environmental, and maternal spread are all possible. The
maternal obstetric history is usually unremarkable, and the
birth is uncomplicated. Most infants affected are full term.
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Meningitis occurs in 85%, but infants may also present
with bacteremia without localizing findings.357 Neurologic
sequelae develop in approximately 50%.358 Of note, approx-
imately 90% of late-onset GBS infection is attributable
to type III.356

The definitive diagnosis of GBS infection in the mother
or child requires isolation of the organism from blood or
other appropriate specimens. Several rapid methods for
detection of GBS antigen are commercially available.
These methods have the advantage of producing results
within hours, but their overall sensitivity is low,359,360 and
GBS has developed in neonates born to mothers with a
negative result of a rapid screening test.361 A rapid PCR-
based assay for GBS holds promise,362 but isolation from
culture is still recommended.

When GBS is suspected, broad-spectrum coverage
should be initiated until results of the culture are known.
Penicillin is the drug of choice for the treatment of docu-
mented GBS infection; the adult dosage is 12 million
U intravenously every day in four to six divided doses,
and higher doses (24 million U every day) are given if
meningitis is present.

Most GBS infections could, in theory, be prevented,
and GBS is high on the list of priorities for vaccine
development.363,364 Immunization of women with type-
specific GBS vaccines could provide protection to the
mother and protection to the infant both in utero and
after birth through transfer of protective antibody.
Capsular polysaccharide vaccines have undergone purifi-
cation and testing in small numbers of women, but these
vaccines are not highly immunogenic. Vaccines that couple
the capsular polysaccharides with tetanus toxoid produce
an antibody response that is greater than that of capsular
polysaccharide alone and appear to be well tolerated in
pregnant women.365-367 Coupling of capsular polysaccha-
rides with C proteins or other group B protein surface

antigens show promise but have not undergone extensive
testing in humans.368-370

Prevention of GBS infections is, however, partially
attainable at present through intrapartum administration
of antibiotics. In 1992, the American Academy of
Pediatrics, on the basis of the results of a randomized,
clinical trial371 and other available data,345 recommended
screening all pregnant women for GBS at 26 to 28 weeks
of pregnancy.372 Treatment was advocated for those who
subsequently had preterm labor, prolonged time since
rupture of membranes, or intrapartum fever. Although
this approach had merit, concerns were raised about the
predictive value of cultures so far removed from the time
of delivery,373 logistics and communication issues, and
the pressure on clinicians to treat before the intrapartum
period, a strategy with very limited effectiveness.342 The
American College of Obstetricians and Gynecologists took
a different approach, favoring treating with intrapartum
chemoprophylaxis all women who had risk factors for GBS
without any culture-based screening.374 Neither strategy,
however, addressed the 25% of all early-onset GBS cases
that occur in GBS carriers without risk factors.

In 1996, these groups, in conjunction with representa-
tives from the CDC and the American Academy of Family
Physicians, issued another set of guidelines for the preven-
tion of GBS infection in mothers and infants that were a
modification of the previous approaches.342 Both an
approach based on screening and one based on risk factor
assessment without screening were acceptable alternatives.
Subsequent analysis of the results of these two strategies led
to the conclusion that universal screening is over 50% more
effective than the risk-based approach in preventing perina-
tal GBS disease.376-380 On the basis of these data, the CDC,
in consultation with multiple partners, issued new guide-
lines that are summarized in Figure 16–4. These guidelines
advocate obtaining vaginal and rectal cultures from all
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Figure 16–4. Indications for intrapartum antibiotic prophylaxis to prevent perinatal group B streptococcal (GBS) disease under a universal
prenatal screening strategy based on combined vaginal and rectal cultures collected at 35 to 37 weeks’ gestation from all pregnant women.
(From Schrag SJ, Gorwitz R, Fulty-Butts K, Schuchat A: Prevention of perinatal group B streptococcal disease. Revised guidelines from CDC.
MMWR Recomm Rep 2002;51[RR-11]:8.)
*If onset of labor or rupture of amniotic membranes occurs at less than 37 weeks’ gestation and there is a significant risk for preterm
delivery (as assessed by the clinician), a suggested algorithm for GBS prophylaxis management is provided (see Figure 16–5).
†If amnionitis is suspected, broad-spectrum antibiotic therapy that includes an agent known to be active against GBS should replace GBS
prophylaxis.

Vaginal and rectal GBS screening cultures at 35–37 weeks’ gestation for ALL pregnant women
(unless patient had GBS bacteriuria during the pregnancy or a previous infant with evasive GBS disease)

Intrapartum prophylaxis indicated

• Previous infant with invasive GBS disease
• GBS bacteriuria during current pregnancy
• Positive GBS screening culture during current pregnancy
  (unless a planned cesarean delivery, in the absence of
  labor or amniotic membrane rupture, is performed)
• Unknown GBS status (culture not done, incomplete,
  or results unknown) and any of the following:

• Delivery at < 37 weeks’ gestation*
• Amniotic membrane rupture ≥ 18 hours
• Intrapartum temperature ≥ 100.4°F (≥38.0°C)†

Intrapartum prophylaxis not indicated

• Previous pregnancy with a positive GBS
  screening culture (unless a culture was also
  positive during the current pregnancy)
• Planned cesarean delivery performed in the
  absence of labor or membrane rupture
  (regardless of maternal GBS culture status)
• Negative vaginal and rectal GBS screening
  culture in late gestation during the current
  pregnancy, regardless of intrapartum risk
  factors
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Figure 16–5. Sample algorithm for group B streptococcus 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 Schrag SJ, Gorwitz R, Fulty-Butts K, Schuchat A: Prevention of perinatal group B streptococcal disease. Revised guidelines from CDC.
MMWR Recomm Rep 2002;51[RR-11]:12.)
*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 hours in a GBS culture–positive woman if delivery has not yet occurred. For women in whom GBS
cultures are 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, according to the result of the repeat culture.
‡Intrapartum antibiotic prophylaxis.

pregnant women between 35 and 37 weeks of pregnancy.
An algorithm for GBS prophylaxis in those at significant
risk for preterm delivery is presented in Figure 16-5. Culture
techniques that maximize the likelihood of GBS recovery
should be used (Table 16–7). The recommended regimens
for intrapartum prophylaxis are presented in Table 16–8.

Listeriosis

L. monocytogenes is a gram-positive bacillus that primarily
infects pregnant women, immunosuppressed patients,
and those at the extremes of age. Using data collected in
Scotland between 1967 and 1988, Campbell calculated the
annual incidence of listeriosis as 1 affected pregnancy per
3500 pregnant women,381 whereas in Melbourne, Australia,
Craig and associates found an incidence of 1 infection per
5000 pregnancies.382 In a summary of 722 cases of human
listeriosis in Great Britain from 1967 to 1985, 34% of
cases were associated with pregnancy.383 Although there
was only one major maternal complication, 96% of fetuses
were infected, and intrauterine death occurred in 19%.
After birth, neonatal listeriosis was recognized in 54%
within 2 days and 23% shortly after 2 days. Mortality rates
were 38% and 25%, respectively, in these two groups.

Listeriosis is a zoonosis, causing abortions and “circling
disease” (meningoencephalitis) in mammals. Animals
may also harbor Listeria in the gastrointestinal tract, and
the organism has been isolated from healthy cattle, pigs,
sheep, chickens, turkeys, and ducks.384 Most cases of
human listeriosis lack animal contact, however, and Listeria
is now recognized to be ubiquitous in the environment, in
which it survives well. A number of large outbreaks of lister-
iosis have been traced to contaminated foods. The initial
evidence for a foodborne source of this organism was

revealed by the investigation of a high rate of neonatal
listeriosis at a maternity hospital in Nova Scotia.385 In a
6-month period, 7 adults and 34 neonates were infected;
infection resulted in five spontaneous abortions, four still-
births, and a mortality rate of 27% among the liveborn
infants. The outbreak was eventually traced to ingestion of
coleslaw that had been made from cabbage fertilized by
sheep manure containing Listeria. The largest epidemic of
listeriosis in North America occurred in Los Angeles in
1985 and affected primarily pregnant Hispanic women and
their children.386 The case fatality rate was 63% for early
neonatal or fetal infections. This outbreak was eventually
traced to the consumption of cheese that had been made in
part from unpasteurized milk. In the Los Angeles outbreak,
the incubation period for listeriosis ranged from 11 to
70 days, with a median of 31 days. Such a long incubation
period is unusual in foodborne illness and complicates epi-
demiologic association.384 It is certainly possible that many
sporadic cases of listeriosis result from ingestion of con-
taminated foodstuffs as well. In various microbiologic sur-
veys, L. monocytogenes was cultured from 15% to 80% of
poultry samples and 30% of ready-to-eat meat products.387

Of note, listeriosis has also been transmitted by inadequate
hand washing, breaks in barrier nursing technique, and
contamination of equipment in the hospital setting, usu-
ally after the birth of an infected infant.388-390

L. monocytogenes has been cultured from the feces of 1%
to 12% of normal people. Higher rates have been noted in
household contacts of infected people and slaughter-
house workers. The gastrointestinal tract is presumed
to be the origin of most human infection, although colo-
nization of the cervix may play a role in some cases of
chorioamnionitis and spontaneous abortion.391 Why
some hosts tolerate colonization but infection develops in
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No GBS
prophylaxis†

GBS+

GBS+

GBS–

Penicillin IV
for   48 hrs*

(during tocolysis)

No growth
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others is unclear. What is clear from data in experimental
animals and humans is that T lymphocytes and activated
macrophages are very important in host defense.392 The
decreases in cell-mediated immunity associated with preg-
nancy may be a predisposition to this illness. Women with
multiple gestations may also be at increased risk.393

Although the mortality rate in immunocompro-
mised adults with listeriosis is substantial,394,395 that in
pregnant women is virtually zero,383,394,396–398 and menin-
goencephalitis, common in other patient populations, is
rare.399 Pregnant women with listeriosis may exhibit only
a mild, flu-like illness (possibly representing maternal
bacteremia), which may resolve even without treatment,
or they may present with fever, malaise, abdominal pain,
and the premature onset of labor, usually associated with
signs of chorioamnionitis.396 In Craig and colleagues’
series, premature labor was the most common presenting
symptom and occurred in 66%.382 Three forms of
fetal/neonatal infection have been described:

1. Overwhelming intrauterine infection (granulomatosus
infantisepticum), which has a characteristic pathologic
process and usually results in fetal demise.400

2. Early-onset disease, also a result of intrauterine infection,
in which clinical illness is apparent at birth or shortly
thereafter. A septic picture is common. Meningitis is rare.

3. Late-onset disease, occurring several days to weeks after
birth. Meningitis is very common in this presentation,
as it is in late-onset GBS infection.
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Procedure for Collecting Clinical Specimens for Culture of Group B Streptococcus at 35-37 Weeks of Pregnancy
Swab the lower vagina (vaginal introitus), followed by the rectum (i.e., insert swab through the anal sphincter), using the same swab or two

different swabs. Cultures should be collected in the outpatient setting by the health care provider or the patient herself, with appropriate
instruction. Cervical cultures are not recommended, and a speculum should not be used for culture collection.

Place the swab(s) into a nonnutritive transport medium. Appropriate transport systems (e.g., Amies’ or Stuart’s medium without charcoal)
are commercially available. If vaginal and rectal swabs were collected separately, both swabs can be placed into the same container of medium.
Transport media will maintain GBS viability for up to 4 days at room temperature or under refrigeration.

Specimen labels should clearly identify specimens as being for group B streptococcal culture. If susceptibility testing is ordered for penicillin-
allergic women (Table 16-8), specimen labels should also identify the patient as penicillin allergic and should specify that susceptibility testing
for clindamycin and erythromycin should be performed if group B streptococcus is isolated.

Procedure for Processing Clinical Specimens for Culture of Group B Streptococcus
Remove swab(s) from transport medium.* Inoculate swab(s) into a recommended selective broth medium, such as Todd-Hewitt broth

supplemented either with gentamicin (8 μg/mL) and nalidixic acid (15 μg/mL) or with colistin (10 μg/mL) and nalidixic acid (15 μg/mL).
Examples of appropriate commercially available options include TransVag broth supplemented with 5% defibrinated sheep blood or
LIM broth.†

Incubate inoculated selective broth for 18-24 hours at 35°-37° C in ambient air or 5% CO2. Subculture the broth to a sheep blood agar plate
(e.g., tryptic soy agar with 5% defibrinated sheep blood).

Inspect and identify organisms suggestive of group B streptococcus (i.e., narrow zone of β-hemolysis, gram-positive cocci, catalase negative).
Note that hemolysis may be difficult to observe; therefore, typical colonies without hemolysis should also be further tested. If group B
streptococcus is not identified after incubation for 18-24 hours, reincubate and inspect at 48 hours to identify suspected organisms.

Various streptococcus grouping latex agglutination tests or other tests for group B streptococcus antigen detection (e.g., generic probe) may be
used for specific identification, or the CAMP test may be employed for presumptive identification.

Modified from Centers for Disease Control and Prevention: Prevention of Perinatal Group B Streptococcal Disease: Revised Guidelines from CDC. MMWR Morb Mortal
Wkly Rep 45(RR-11):4, 2002.
*Before inoculation strep, some laboratories may choose to roll swab(s) on a single sheep blood agar plate or CAN sheep blood agar plate. This should be done only in
addition to, and not instead of, inoculation into selective broth. The plate should be streaked for isolation, incubated at 35°-37° C in ambient air or 5% CO2 for
18-24 hours and inspected for organisms suggestive of group B streptococcus as described. If suspected colonies are confirmed as group B streptococcus, the broth
can be discarded, thus shortening the time to obtaining culture results.
†Source: Fenton LJ, Harper MH: Evaluation of colistin and nalidixic acid in Todd-Hewitt broth for selective isolation of group B streptococci. J Clin Microbiol
1979:9:167-169. Although Trans-Vag medium is often available without sheep blood, direct comparison of medium with and without sheep blood has shown higher
yield when blood is added. LIM broth may also benefit from the addition of sheep blood, although the improvement in yield is smaller and sufficient data are not yet
available to support a recommendation.
CAMP, Christie, Atkins, and Munch-Peterson.

TABLE 16–7 Procedures for Collecting and Processing Clinical Specimens for Group B Streptococcal Culture

In a review of 222 cases of maternal listeriosis, details on
the outcome of the pregnancy were available in 178 cases.
In 36 (20.2%), pregnancy resulted in spontaneous abortions
or stillbirth. Among the remaining 142 liveborn infants,
68.3% were infected and 31.7% were not.401

Late-onset disease has a better prognosis than early-onset
disease.383,402 Antibiotic therapy may prevent or ameliorate
adverse fetal outcome,397,403-405 although uninfected infants
of even untreated mothers have been reported.386,400,406

Of note, in an epidemiologic investigation of listeriosis
reported by Cherubin and associates, the earlier the stage
of gestation in which infection occurred, the higher the
incidence of fetal demise.396

The diagnosis of maternal listeriosis is commonly
made from isolation of the organism from blood cultures,
placenta, or amniotic fluid. Because Listeria infection may
manifest as a nonspecific, flu-like illness inpregnancy,
blood cultures in this setting should be readily obtained.
Ampicillin and penicillin have excellent activity against
Listeria; addition of an aminoglycoside produces synergy,
and combination therapy is commonly used in severe
infections.392 A common regimen consists of ampicillin,
2 g intravenously every 4 to 6 hours, and gentamicin,
2 mg/kg intravenously every 8 hours. The optimal dura-
tion of therapy has not been established. Although
2 weeks of therapy appear to be adequate in pregnancy,
recurrences in immunosuppressed patients have prompted
some authorities to advocate 3 to 6 weeks of treatment. In
the absence of fetal demise, or if the fetus is not mature,



antibiotic management without immediate delivery may
be successful.404,407,408

Guidelines for the prevention of listeriosis include
the avoidance of unpasteurized milk or cheese, raw eggs,
and undercooked meats. Vegetables and fruits should be
thoroughly washed.

Borrelia burgdorferi and Lyme Disease

Lyme disease is caused by a thin, gram-negative spiro-
chetal organism, Borrelia burgdorferi, and is transmitted by
the bite of infected Ixodes ticks. This disease occurs in
stages, and the skin, central nervous system, cardiovascu-
lar system, and musculoskeletal system are commonly
affected. Because of similarities to another spirochetal
organism, T. pallidum, the agent of syphilis, concerns
about maternofetal transmission and the risk of congeni-
tal infection in infants born to mothers infected with
B. burgdorferi have been raised. There are published case
reports of infants born with congenital heart disease,409,410

hyperbilirubinemia, blindness, and syndactyly 411; miscar-
riages and stillbirths 412; and neonatal demise with spiro-
chetes seen in the brain at autopsy 413 in association with
Lyme disease during pregnancy. However, prospective,
controlled studies in endemic areas have failed to find evi-
dence that intrauterine exposure to B. burgdorferi causes
congenital anomalies or death. A survey of 2000 pregnant
women concluded that maternal Lyme disease or an
increased risk of exposure to Lyme disease was not associ-
ated with fetal death, decreased birth weight, or decreased
length of gestation at delivery.414 Tick bites or Lyme dis-
ease at the time of conception were not associated with
congenital malformations.415 In another serologic survey
of 1416 mothers with 1434 offspring, one woman with
clinically active, untreated Lyme disease gave birth to a child
with a ventricular septal defect. The child never developed

antibody to B. burgdorferi, however, and no serologic
evidence of intrauterine infection was found in offspring
born to women with elevated titers against B. burgdorferi.416

It appears that vertical transmission of B. burgdorferi can
occur but is probably uncommon.

Maternal Lyme disease appears to pose minimal risks
to the fetus if the mother is appropriately and aggressively
treated.417-419 Women with limited local skin disease and
no signs of systemic illness or disseminated infection can
be treated safely with oral amoxicillin, 500 mg three times
daily for 3 weeks. Similar therapy has been recommended
as prophylaxis for tick bites in pregnancy.420 In patients
with more extensive disease, intravenous ceftriaxone ther-
apy is recommended. Counseling patients to avoid heavily
wooded areas and to wear protective clothing to prevent
tick attachment may help prevent infection.

Mycobacterial Infections

From 1985 through 1992, the number of reported cases of
tuberculosis in the United States increased 20%.421 During
1985 to 1991, tuberculosis cases increased 44% among
those aged 25 to 44 years and 27% among children younger
than 15 years.422 Although tuberculosis in pregnant
women and their newborns used to be rare,423,424 this inci-
dence, unfortunately, also rose during this period. In two
large, inner-city hospitals in New York, tuberculosis was
diagnosed in 12.4 per 100,000 births from 1985 to 1990
and in 94.8 per 100,000 births during 1991 to 1992.425

Poverty, drug abuse, and co-infection with HIV were
important risk factors in this cohort. Other factors that
contributed to the general increase in cases of tuberculo-
sis included an increase in immigration from countries
with a high prevalence of tuberculosis and the general
decline both in public health services and in access
to medical care in many communities.424 This increased
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For Patients Not Allergic to Penicillin
Recommended Penicillin G, 5 mU IV load, then 2.5 mU IV every 4 hr until delivery
Alternative Ampicillin, 2 g IV load, then 1 g IV every 4 hr until delivery

For Patients Allergic to Penicillin†

Patients not at high risk for anaphylaxis‡ Cefazolin, 2 g IV initial dose, then 1 g IV every 8 hours until delivery
Patients at high risk for anaphylaxis

Group B streptococcus susceptible to clindamycin Clindamycin, 900 mg IV every 8 hr until 
and erythromycin§ delivery

or
Erythromycin, 500 mg IV every 6 hr until delivery

Group B streptococcus resistant to clindamycin or Vancomycin,¶ 1 g IV every 12 hours until delivery
erythromycin or susceptibility unknown

From Centers for Disease Control and Prevention: Prevention of Perinatal Group B Streptococcal Disease: A Public Health Perspective. MMWR Morb Mortal Wkly Rep
2002;51(RR-11):10.
*Broader spectrum agents, including an agent active against group B streptococci, 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 difficult to treat, such as persons being treated with β-adrenergic–blocking agents.
‡If laboratory facilities are adequate, clindamycin and erythromycin susceptibility testing (Table 16-7) should be performed on prenatal group B streptococcal 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 intraamniotic concentrations. Vancomycin should be reserved for penicillin-allergic women at high risk for anaphylaxis.

TABLE 16–8 Recommended Regimens for Intrapartum Antimicrobial Prophylaxis for Perinatal Group B
Streptococcal Disease*



incidence, together with the emergence of multidrug-
resistant tuberculosis, resulted in more stringent public
health controls and greater vigilance on the part of
physicians. Data again show a decline in cases, espe-
cially in inner-city areas where treatment programs have
been directed. However, heightened awareness still is
warranted, particularly among those who care for
immigrants.426-428

Tuberculosis is acquired through inhalation. Primary
infection usually occurs in the dependent portions of
the lung. Asymptomatic hematogenous dissemination
of organisms occurs before host defense (through cell-
mediated immune mechanisms) intervenes and halts
replication. Disease may develop at the time of primary
infection if host defense is not adequate, or viable but
contained organisms may reactivate and begin replication
years later. The most common sites of reactivated infec-
tion are the upper lobes of the lung. Common sites of
extrapulmonary infection arising from hematogenous
dissemination include the lymph nodes, bone, meninges,
and genitourinary tract.

Maternal tuberculosis does not appear to cause congen-
ital malformations,429 but it may lead to fetal infection.
Infection in the neonate may be acquired congenitally or
perinatally. Congenital infection arises from hematoge-
nous dissemination from the mother or from aspiration
of infected amniotic fluid arising from placental infec-
tion. The infant may also be infected at the time of birth
through aspiration of infected material if the mother has
tuberculous endometritis or through the traditional air-
borne route if persons in the infant’s environment have
pulmonary tuberculosis. Congenital or neonatal infection
is uncommon but carries a high mortality rate. In a review
of 390 women with tuberculin skin test conversion or
culture-proven tuberculosis during pregnancy, only three
cases of neonatal tuberculosis were found430; however, sev-
eral studies of congenital tuberculosis reported mortality
rates ranging from 30% to 46%.430,431

Hippocrates believed that pregnancy had a beneficial
effect on the course of tuberculosis,432 whereas physicians
in the early 20th century believed that the consequences to
the mother frequently warranted therapeutic abortion.424

Neither of these views has withstood the test of time. In
the 1940s and 1950s, studies appeared that did not sub-
stantiate the notion that tuberculous disease progression
was greatly accelerated during pregnancy.433,434 Although
some studies found a higher-than-expected rate of relapse
post partum,434,435 others did not.436,437 Most authorities
now believe that pregnancy has little effect on the progres-
sion or reactivation of asymptomatic disease.424

The clinical manifestations of tuberculosis in pregnancy
do not differ from those in the nonpregnant state. One
half to two thirds of patients may be asymptomatic or have
minimal symptoms early in disease.438,439 Cough, weight
loss, fever, malaise, and fatigue are the most common
symptoms in pulmonary tuberculosis.440 Extrapulmonary
disease occurs in 5% to 10% of those without an underly-
ing significant immunosuppressive disease,439 a statistic
not substantially different from that found in nonpreg-
nant people. Extrapulmonary manifestations are quite
common in persons with concomitant HIV infection,
however.421 Tuberculosis of the female reproductive tract

can occur but is uncommon in pregnancy because sterility
and menstrual abnormalities are common in women with
tuberculous endometritis. Asymptomatic endometrial
tuberculosis is frequently found in mothers of congeni-
tally infected infants, however.430,441 Tuberculosis mastitis
appears to be very rare but occurs almost exclusively in
young women.442 Up to one third of women are lactating
when the disease is diagnosed.443 Miliary disease has been
reported but is quite rare.145 In some cases, maternal
tuberculosis is suspected only after infection in the neonate
becomes apparent.431,444 The manifestation of tuberculo-
sis in neonates is variable and depends on the timing of
the infection (in utero, perinatal, or postnatal) and the
infecting dose.441 Symptoms may be present at birth and
may mimic those of bacterial sepsis or other congenital
infections. More commonly, clinical illness becomes
apparent during the second or third week of life.
Intrauterine growth restriction, respiratory distress,
hepatosplenomegaly, fever, irritability, and poor feeding
are important but nonspecific clinical features.431 A high
index of suspicion and a careful maternal and family
history often provide the key to diagnosis.

Despite a generalized decrease in cell-mediated
immunity, the tuberculin skin test result is frequently
positive in pregnant women, and studies in which
patients were their own controls have demonstrated no
effect of pregnancy on cutaneous delayed hypersensitivity
to tuberculin.445,446 Screening of all pregnant women with
a Mantoux skin test (which involves the intradermal injec-
tion of 0.1 mL of 5 tuberculin unit–strength purified pro-
tein derivative) identifies most of those with inactive,
healed, or prior infection and those with true asympto-
matic or symptomatic disease. Those with positive
reactions should undergo further evaluation (Table 16–9).
If symptoms suggestive of tuberculosis are present, a
chest radiograph should be obtained as soon as possible.
In the absence of symptoms, routine chest radio-
graphs with proper shielding of the abdomen should be
performed after the 12th week of pregnancy.424 Review of
systems, physical examination, and laboratory results
should be done carefully and completely to rule out
extrapulmonary tuberculosis. Approximately 10% of
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Area of 
Induration (mm) Reading

<5 Negative
≥5 Positive if the patient is a known TB contact, 

has abnormal chest radiograph, has clinical 
evidence of TB, or is HIV positive

≥10 Positive in any high-risk† or high-prevalence 
group

≥15 Positive

*Per recommendations of the American Thoracic Society and Centers for Disease
Control and Prevention. (From American Thoracic Society: Diagnostic
standards of classification of tuberculosis. Am Rev Respir Dis 1990;142:725.)
†High-risk groups include foreign-born people, health care workers, residents of
nursing homes, the homeless, drug addicts, or those residing in an area of
a high TB prevalence.
HIV, human immunodeficiency virus; TB, tuberculosis.

TABLE 16–9 Interpretation of Skin Test Results for
Tuberculosis*



immunocompetent people and 40% of HIV-infected
people with active tuberculosis have negative skin test
results.424,447 Therefore, symptoms suggestive of tubercu-
losis should be actively pursued even if the skin test result
is negative.

The diagnosis of tuberculosis is confirmed by isolation
of the organism from involved sites. Inoculation of speci-
mens into the BACTEC culture system448 has shortened
the time required for isolation of Mycobacterium hominis by
several weeks, and specific DNA probes now available
have simplified identification.449 Biopsies may reveal the
caseating granulomas with acid-fast organisms typical of
tuberculosis and should prompt therapy even in the absence
of microbiologic confirmation. In HIV infection, granu-
loma formation may be absent, but acid-fast organisms
are usually plentiful.

In the preantibiotic era, rates of mortality in mothers
and children from untreated, advanced tuberculosis were
between 30% and 40%.438 Rates of miscarriage and prema-
turity were also substantial.429,450 With the advent of
chemotherapy, the prognosis of tuberculosis has been
altered dramatically. More recent studies have found no
adverse effects of pregnancy and the postpartum period
on the course in women receiving chemotherapy.451,452

Initial treatment of active tuberculosis in preg-
nancy should consist of isoniazid (INH), ethambutol,
and rifampin, and therapy should be continued for
9 months.421,424 Pyrazinamide should be added if drug
resistance is probable, and an infectious diseases special-
ist should be consulted. INH, rifampin, and ethambutol
are generally considered safe during pregnancy.424,432

There are no data on the use of pyrazinamide in preg-
nancy, but in the setting of drug resistance, benefits prob-
ably outweigh risks.421,424 Unfortunately, streptomycin,
a very useful first-line antitubercular agent, may cause sig-
nificant eighth nerve damage in the fetus,432 and this toxic
effect limits its use. Pyridoxine should always be given
with INH during pregnancy because pregnancy itself
increases the requirements for this vitamin.453

In young, nonpregnant patients who have a positive
skin test result but no evidence of active disease, treat-
ment now usually consists of 6 to 9 months of INH
therapy. If INH resistance is present, rifampin is given.
Most authors advocate withholding prophylaxis for a posi-
tive skin test result during pregnancy until after delivery,
because the risks of reactivation of infection are minimal
unless it is likely that the mother has recently been
infected.424,454-456 In that case, INH should be started after
the first trimester.457 Reports of an increased incidence of
INH-associated hepatitis among pregnant and early post-
partum women reinforce the need for careful monitoring
of this population if INH is given.458

Breast-feeding is not contraindicated in women receiv-
ing antitubercular medications, because no toxic effects
have been reported and only low levels of drugs are found
in breast milk.455 Supplemental pyridoxine for the breast-
feeding infant has been advocated.424 If the infant is also
receiving antitubercular medication, the potential for tox-
icity is greater. Discontinuation of breast-feeding or giv-
ing the mother medication after feeding and substituting
formula for the next feeding has been recommended
in this setting.455

Other Bacterial Infections

Any bacteria may infect women during pregnancy. In cases
of maternal bacteremia or prepartum infection, conse-
quences to the mother may be less significant than those
to the fetus. Case reports and reviews of Campylobacter
fetus,459 Salmonella organisms,460-462 Pasteurella multocida,463

H. influenzae,464 group C streptococci,465 S. pneumoniae,466

S. aureus,467 and brucellosis468 complicating pregnancy
have been published. Separate discussion of all these
organisms is beyond the scope of this chapter.

FUNGAL INFECTIONS

Candidal Infections

Candida species are isolated from the vagina of 15% to
21% of nonpregnant women and 30% of those who are
pregnant,469-471 and the incidence of symptomatic candi-
dal vulvovaginitis is increased late in pregnancy.469

Factors that may contribute to this predisposition
include increased candidal adherence to vaginal epithelial
cells in pregnancy, high glycogen levels in the vagina,
increased candidal proliferation in the presence of high
levels of estrogens, and depression in cell-mediated
immunity.472-474 Candida species have been implicated in
chorioamnionitis complicating midtrimester cervical
incompetence, but serious candidal infections in preg-
nancy are rare.475-479 In a review of the English literature
from 1956 to 1991, Potasman and associates found eight
cases of candidal sepsis complicating pregnancy.480

All patients treated with amphotericin survived, whereas
three of four who went untreated died. Seven of eight
patients had had prior antibiotic therapy or had a foreign
body (i.e., an intrauterine device or intravenous catheter)
in place.

Intense pruritus, vulvar burning, dysuria, and dyspareu-
nia are the most frequent manifestations of vaginal yeast
infections in both pregnant and nonpregnant women.
Candida albicans is the most frequent isolate, and Torulopsis
glabrata (formally Candida glabrata) accounts for approxi-
mately 10% to 15% of cases. Discharge is frequently thick
and white and resembles cottage cheese. Examining the
vaginal discharge under the microscope with 10% potas-
sium hydroxide or the Gram stain technique reveals bud-
ding oval yeast forms and pseudohyphae, which establish
the diagnosis. These organisms are easily cultured in the
microbiology laboratory, and a culture may be indicated
if there is clinical suspicion and a negative finding on
potassium hydroxide preparation.

Local treatment of candidal vulvovaginitis is usually
sufficient to ameliorate symptoms. The imidazole agents
(miconazole or clotrimazole) appear to be more effective
than nystatin in this setting.481-483 In nonpregnant women,
3-day therapy with either fluconazole or itraconazole
produces cure rates comparable with intravaginal treat-
ment and is preferred by patients.484,485 However, flucona-
zole is teratogenic in humans, and related compounds
are likely to be teratogenic as well.486,487 Although single-
dose or short-course therapy with fluconazole has been
administered to pregnant women without obvious effects
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in the fetus,488 more prolonged administration has been
associated with multiple craniofacial and skeletal congen-
ital abnormalities.487 The treatment for systemic or seri-
ous candidal infections remains amphotericin B.489 After
an intravenous test dose of 1 mg, dosages can be rapidly
advanced to 0.3 to 0.5 mg/kg/day. The duration of treat-
ment depends on the clinical situation. Removal of any
foreign body (often the portal of entry of infection) is
often the key to a successful cure.

Coccidioidomycosis

Coccidioides immitis is a dimorphic fungus present in the
soil in the southwestern United States. Inhalation of fun-
gal spores, called arthroconidia, results in localized respi-
ratory infection that is often asymptomatic or may mimic
“flu.” Symptomatic disease is usually mild and self-limited,
although severe pneumonia and progressive cavitary
pulmonary disease infrequently occur. In approximately
0.1% to 0.2% of all C. immitis infections, the fungus dis-
seminates to other organs, notably the meninges, skin,
and joints. Disseminated disease may be rapidly fatal,
especially in immunosuppressed patients, or may result in
lifelong disability.

Pregnancy is a major predisposition to disseminated
coccidioidomycosis, with rates in pregnant women 40 to
100 times those in the general population.490 Pregnant
African-American women and women of Filipino or
Mexican ancestry appear to be at particular risk. Previously
resolved, limited coccidioidal infection does not usually
present a problem to women who become pregnant,491,492

although “healed” disseminated disease may reactivate
during pregnancy.493,494

The time of acquisition of infection during pregnancy
significantly affects prognosis. The later in pregnancy the
primary disease is acquired, the greater is the risk of dis-
semination and death.490,491,494 In a review by Peterson and
associates, 5 of 23 patients who acquired coccidioidomy-
cosis in the first trimester went on to acquire dissemi-
nated disease, whereas 26 of 38 who had third-trimester
infection did so.490 Of note, in a review of the 109 published
cases of coccidioidomycosis in pregnancy, there was no
maternal mortality in the absence of disseminated disease,
even though antifungal therapy was instituted in only
2 of 35.494 As is the case with nonpregnant individuals, the
presence of erythema nodosum is correlated with a posi-
tive outcome. In a review of 61 pregnant patients with
coccidioidomycosis, none of the 30 patients with ery-
thema nodosum developed disseminated disease, whereas
35% of the remaining 31 patients without erythema
nodosum experienced dissemination.495

Mortality rates of 29% to 90% have been reported in
pregnant women with dissemination,491,496,497 although
some authors believe that both the high rates of dissemi-
nation and mortality rates noted in earlier studies repre-
sent reporting bias. Advances in diagnosis, care, and
treatment may also play a role in declining mortality rates.
In an outbreak in Kern County, California, in the early
1990s, dissemination occurred in 9% of pregnant patients
(vs. 2.9% of nonpregnant women in the same age range),
and there were no maternal deaths.498

Transplacental spread to the fetus has not been
reported in disseminated coccidioidomycosis,490,499

although the placenta may be involved microscopically,
and the risks of fetal loss and prematurity are substantial
(43% and 29%, respectively, in one series of 15 patients
reported by Smale and Waechter500). Of note, C. immitis
has been grown from vaginal secretions of mothers with
dissemination. Infection of neonates is quite uncommon
but may occur during passage through an infected birth
canal.501,502

Several factors may contribute to the increased rate of
disseminated coccidioidomycosis in pregnancy. Decreases
in cell-mediated immunity have long been thought to
play a role.503 Barbee and associates have demonstrated a
decrease in tetanus-associated, coccidioidin spherulin
(Coccidioides tissue phase) antigen blast transformation in
pregnancy, whereas blast transformation to nonspecific
mitogens was maintained.504 In addition, Drutz and asso-
ciates have noted that female sex hormones bind to
C. immitis. The serum concentrations of progesterone and
17β-estradiol that are present during the latter half of
pregnancy can stimulate the growth and maturation of
this organism in vitro.505

Coccidioidomycosis should be considered in the differ-
ential diagnosis of respiratory tract infection in pregnant
women who live in or have traveled through endemic
areas. Pleuritic chest pain and hilar adenopathy are
common features. Eosinophilia is an important clue to
diagnosis. Erythema nodosum, if present, is a good prog-
nostic sign. Patients may also present with fever and
disseminated illness involving the joints, skin, and
meninges that may rapidly progress to coma, respiratory
insufficiency, and death.

The diagnosis of coccidioidomycosis can be made
microbiologically, pathologically, or serologically. The
organism grows easily from sputum, cerebrospinal fluid,
or tissue, and growth is usually visible in 3 to 4 days on
appropriate media. Very early in infection, C. immitis elic-
its a polymorphonuclear response. By the time of most
biopsies, well-formed granulomas are present, and the
typical tissue form of the organism, the spherule, which is
pathognomonic, may be found (Fig. 16–6).
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Figure 16–6. A ruptured spherule of Coccidioides immitis with
surrounding acute inflammation.



Antibodies to C. immitis antigens may be measured by a
number of different techniques. IgM precipitins occur
early in primary infection and usually disappear within
4 months.492 Titers of antibody measured by either
immunodiffusion or complement fixation techniques
appear to parallel the course of the disease and are very
useful. A complement-fixing antibody titer of at least 1:16
is strongly suggestive of disseminated disease. The pres-
ence of antibody in the cerebrospinal fluid indicates
meningeal involvement.

A positive result of a skin test for coccidioidin or
spherulin antigens (derived from the form of the organ-
ism in nature or in tissue, respectively) indicates only that
prior exposure to the organism has occurred. Because a
positive skin test result is a measure of delayed hypersen-
sitivity, it is a good prognostic sign. Skin tests for coc-
cidioidomycosis frequently yield negative results in dis-
seminated disease. Unfortunately, however, the antigens
used for skin testing for coccidioidomycosis are no longer
available.

The treatment of choice for disseminated coccid-
ioidomycosis in both pregnant and nonpregnant people
remains amphotericin B. With treatment, the prognosis
of coccidioidomycosis in pregnancy improves substan-
tially.490 After a test dose of 1 mg, amphotericin B in dosages
of 0.5 to 0.75 mg/kg/day should be instituted promptly.
The duration of therapy should be based on the patient’s
clinical and serologic response; cumulative doses of 2 g or
more are often necessary. Intrathecal therapy is also neces-
sary to treat meningitis; doses are administered by lumbar
puncture, beginning at 0.01 to 0.05 mg and increasing to
0.5 mg every other day.492

Because of the risks of dissemination, treatment of all
pregnant women with active disease appears warranted.
Dosages of 0.6 to 1.0 mg/kg of amphotericin B every other
day to a cumulative dose of about 1 g are recommended.506

No major fetal abnormalities or long-term toxicities
have been noted with the use of this drug.493 Although
a number of nonpregnant patients with localized and sta-
ble disseminated coccidioidomycosis have been treated
with ketoconazole, fluconazole, and itraconazole, their use
in pregnancy has been extremely limited. Concerns about
ketoconazole in pregnancy include potential hepatotoxic-
ity in the mother and interference with fetal testosterone
synthesis.493 Although some women have received single-
dose or short-term fluconazole therapy with no apparent
ill effects to the fetus, fluconazole has been associated
with congenital malformations in several reports.486,487,507

PARASITIC INFECTIONS

Toxoplasmosis

Toxoplasmosis is caused by the intracellular protozoan
parasite Toxoplasma gondii, whose definitive host is felines.
Ubiquitous in nature, T. gondii is found wherever cats are
encountered, but its prevalence in humans varies widely
by geographic location, which probably reflects both cli-
matic conditions and eating habits. Colder regions have
fewer human infections than warm, moist areas, where
the parasite oocyst excreted in cat feces remains infectious

in the soil for up to a year.508 In areas where the ingestion
of partially cooked meat is common, such as France,
infection is particularly frequent. In the United States,
seroprevalence rates among pregnant women vary widely,
from 22% in New York City509 to 3% in Colorado510 to
0.06% in Alabama.511 The risk of seroconversion during
pregnancy is estimated to be less than 0.1% in the United
States.512 The risk of fetal infection ranges from 1 per 1000
live births to 1 per 10,000 live births.512,513

T. gondii undergoes both sexual and asexual reproduction.
There are three major forms of the organism important
for understanding the infection in humans: (1) the oocyst,
(2) the cyst, and (3) the trophozoite or tachyzoite. Cats
excrete oocysts, the sexual form of the organism, in their
feces, and sexual reproduction occurs only in felines.
Once excreted, oocysts become infectious after a period of
1 to 5 days, and they then may be ingested by a number of
intermediate hosts, including humans. Ingested oocysts
develop in the intestinal epithelium into tachyzoites, which
spread throughout the body, especially to the brain, heart,
and skeletal muscle. With the development of immunity,
tissue cysts are formed (Fig. 16–7). Intact cysts invoke
little inflammatory response but contain large numbers
of viable parasites for many years. Cats become infected
when they ingest infected rodents or birds that contain
tissue cysts, and the cycle is repeated.

Human infection is incidental in the life cycle of this
parasite and occurs through ingestion of soil or foods
that have been contaminated by cat feces or by ingestion
of undercooked meat that contains viable cysts. (Of note,
10% to 70% of lamb, 25% of pork, and 10% of beef samples
have been reported to contain T. gondii cysts.514-516)
Transmission may also occur transplacentally when a
woman acquires infection during pregnancy.

Infection in humans is often subclinical or mild and
self-limited, although those who are immunosuppressed
may have severe primary infection or secondary recur-
rences. In acquired immunodeficiency syndrome (AIDS),
for example, encephalitis is common, and myocarditis,
pneumonitis, and hepatitis are also reported. Infection
in pregnant women is also often subclinical or may be
mistaken for the flu. A mononucleosis-like syndrome with
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Figure 16–7. A tissue cyst of Toxoplasma gondii containing
numerous tachyzoites.



fatigue, malaise, cervical lymphadenopathy, and atypical
lymphocytosis may occur. Pregnancy does not appear to
predispose to severe toxoplasmosis, although there exist
case reports of severe primary infection,517 and some report
an increased incidence of complications in women who
become infected.518

If a pregnant woman acquires toxoplasmosis during
pregnancy, there is a 40% chance that her fetus will be
infected.519 The later in pregnancy that primary infection
occurs, the more likely that transmission to the fetus will
result; transmission rates of 17% in the first trimester and
65% in the third trimester have been reported.520 Most
infants with congenital toxoplasmosis are asymptomatic,
but approximately 15% are severely affected.518 Findings
may include chorioretinitis, blindness, deafness, seizures,
convulsions, hydrocephalus, microcephaly, fever, jaundice,
hepatosplenomegaly, pneumonitis, and coagulopathy.
The earlier in pregnancy transmission occurs, the more
likely the fetus is to manifest severe illness. Most infected
fetuses asymptomatic at birth eventually have chorioret-
initis, which may lead to blindness in adolescence or
adulthood.521,522 Although it is not possible to predict
outcome in those asymptomatic at birth, some data sug-
gest that the children of women with high antibody titers
(≥256) are at risk for eventual development of disease.518

In a report by Couvreur, children who had chorioretinitis
also had twice the IgG antibody titers at birth of those
who did not.523

Serologic methods are the mainstay of diagnosis of
toxoplasmosis in pregnancy and the newborn. IgG anti-
bodies develop several weeks after infection and decline
slowly over months to years. Infected persons remain
seropositive for life. IgM antibodies appear earlier than
IgG antibodies and usually signify acute infection. They
increase rapidly and then usually disappear, although per-
sistence of T. gondii IgM titers for years has been
reported.524,525 IgA and immunoglobulin E (IgE) levels
also rise during acute infection. Five percent of people
with acute toxoplasmosis fail to manifest detectable levels
of IgA; however, in most, levels peak 2 months after initial
infection.526 Titers of IgE are usually measurable for only
4 months.513,527 A number of methods of measuring both
IgG and IgM antibodies are available. The Sabin-Feldman
dye test, an immunofluorescent antibody test, and an
agglutination test are commonly used to measure IgG.
IgM antibodies are measured by immunofluorescent anti-
body test, ELISA, or an immunosorbent agglutination
assay. IgA-ELISA kits are also commercially available.

Because most pregnant women with acute toxoplas-
mosis are asymptomatic, the diagnosis is unsuspected
until an affected fetus is born. In France, screening of
women for antibodies to T. gondii is mandatory. Because
the incidence of congenital toxoplasmosis in the United
States is relatively low (1 to 10 per 10,000 live births), the
utility of widespread screening continues to be debated.
Nevertheless, the demonstration of IgG antibody (positive
serologic test result) to T. gondii in a woman before con-
ception indicates that future pregnancies are at no risk,
unless the woman becomes severely immunocompro-
mised.508 A negative serologic test result before or during
pregnancy means that the woman is at risk, and preven-
tive counseling should be undertaken. A single positive

IgG titer obtained during pregnancy is difficult to interpret,
and serial IgM and IgG titers should then be obtained to
establish a diagnosis (Table 16–10). In patients presenting
with symptoms compatible with acute toxoplasmosis,
both IgM and IgG antibodies should be measured as soon
as possible. Commercially available kits for the measure-
ment of T. gondii IgM antibodies vary greatly in specificity
and reliability, however, and an FDA Public Health
Advisory has warned against relying on any single test
result as the sole determinant in diagnosing recently
acquired infection.528 In one study, 60% of patients with
positive IgM antibodies in whom tests were performed in
nonreference laboratories were probably not acutely
infected.529 If acute infection is suspected, sera should
be sent to a reference laboratory for confirmation.530

Measurement of levels of IgG, IgM, IgA, and IgE531

in combination on serial samples, together with the
determination of acute phase–specific IgG antibodies (the
differential agglutination [AC/HS] test,532 which is not
commercially available), is currently the most accurate
diagnostic method. If maternal infection is confirmed,
fetal ultrasonography should be performed to identify
abnormalities of the intracranial sutures, hydrocephalus,
aqueductal stenosis, intracerebral calcifications, or micro-
cephaly.533 Previously, if acute infection in the mother
occurred before the 20th week of gestation, Couvreur and
Desmonts recommended fetal blood sampling by ultra-
sonographically guided puncture of the umbilical cord
and amniotic fluid sampling.508 In a study of 746 women
at risk who underwent these procedures, samples were
inoculated into mice for isolation of the organism, and
serologic and routine testing on fetal blood were performed.
The authors were able to identify 93% of the infected
fetuses in utero.534 The availability of PCR testing of amni-
otic fluid specimens has made diagnosis of fetal infection
simpler, safer, quicker, and more accurate, however,535,536

and cordocentesis to obtain samples no longer appears
necessary.530 Amniocentesis for PCR testing is generally
performed. After birth, infants suspected of having con-
genital toxoplasmosis should undergo serial serologic
testing. IgM antibody signifies congenital infection,
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Immunoglobulin M Immunoglobulin G
(IgM) (IgG) Interpretation

+ − Acute infection, early; 
IgG titers should be 
retested in several
weeks

+ + Acute infection, 
recent; IgM titers 
should fall over the 
next several months

− + Low titers of IgG with
negative IgM
signify remote 
infection

− − Patient at risk for 
infection

TABLE 16–10 Interpretation of Toxoplasma Serologic
Findings



whereas declining IgG titers in the absence of IgM indicates
only passive transfer of maternal antibody.

If maternal infection is established, treatment with spi-
ramycin should be started, although there exists contro-
versy about its benefits. In a study reported by Couvreur
and Desmont in 1974, treatment with spiramycin, 3 g
orally in two divided doses daily, throughout the remain-
der of the pregnancy was reported to reduce the incidence
of congenital toxoplasmosis by approximately 60%.519

Spiramycin is a macrolide antibiotic that has been widely
used in Europe and is available in the United States
through application to the FDA. Toxicity is minimal, but
if transmission has occurred, disease in the fetus does not
appear to be modified,519 because spiramycin concentrates
in the placenta but does not cross it. Whether the azalide
drug azithromycin (FDA category B), which has been used
to treat toxoplasmosis in AIDS, is useful in this setting
remains to be determined.

The combination of pyrimethamine 25 mg orally every
day, plus sulfadiazine, 1 g orally four times daily, acts
synergistically in the killing of T. gondii and can both
reduce the rate of transmission and prevent progressive
fetopathy.523 Although this combination is more toxic
than spiramycin, it is also more effective. Because of the
potential for teratogenicity, some authors recommend
beginning pyrimethamine only after the 14th week of
gestation. Folinic acid (6 mg orally 3 times weekly) should
be given concurrently. Sulfonamides should be avoided
close to term because of the risk of kernicterus. Using
both spiramycin and pyrimethamine-sulfadiazine results
in the greatest decrease in placental infection,537 and
3 weeks of triple therapy alternating with 3 weeks of spir-
amycin alone is recommended for fetuses infected before
the 28th week of gestation.509,534 For those infected later
in gestation, spiramycin alone has been advocated.
Clindamycin has been successfully used in combination
with pyrimethamine in the treatment of toxoplasmic
encephalitis in AIDS,538 but it has not been evaluated for
therapy in pregnancy.

Treatment of overt congenital toxoplasmosis in the
neonate involves 6 months of pyrimethamine plus sulfa-
diazine with folinic acid, and an additional 6 months of
alternating monthly therapy with spiramycin. Couvreur
and associates recommended 1 year of therapy with alter-
nating 6-week cycles of pyrimethamine-sulfadiazine and
spiramycin for infants infected but asymptomatic at
birth.523 Healthy infants suspected of having congenital
toxoplasmosis can be treated with pyrimethaminesulfadi-
azine for 21 days, followed by spiramycin, until a defini-
tive diagnosis is established.

Prevention of toxoplasmosis in seronegative women
involves thorough cooking of meat, washing hands
after handling raw meat, washing fruits and vegetables
thoroughly, and avoiding contact with cat feces or cat
litter boxes.539

Malaria

More than 100 million cases of malaria are estimated
to occur yearly, with more than 1 million deaths per year

in Africa alone.540 Since 1976, when the World Health
Organization eradication program was declared a failure,
malaria has become an increasing worldwide health prob-
lem because both the mosquito vectors have become
resistant to pesticides and Plasmodium falciparum has
become resistant to antimalarial agents.

Each year, approximately 100 cases of malaria are
reported in the United States.541 Most of these cases occur
in people who have traveled to or immigrated from malar-
ious areas,542 although occasional transmission within the
borders of the United States has been documented.

Human malaria is a protozoan infection caused by four
species of Plasmodium, which are (in order of decreasing
worldwide prevalence) P. falciparum, Plasmodium vivax,
Plasmodium malariae, and Plasmodium ovale. Transmission
most commonly occurs through the bite of an infected
female Anopheles mosquito, but malaria can also be acquired
through blood transfusion, through organ transplantation,
through use of contaminated needles, or during parturi-
tion. After a bite from an infected mosquito, sporozoites
rapidly enter hepatocytes, where they transform into
hepatic exoerythrocytic forms. The exoerythrocytic stage
is clinically silent. After a period of approximately a week,
forms called merozoites are released from the liver and
invade red blood cells, initiating the erythrocytic stage.
Some merozoites undergo a process called schizogony
within the red blood cell, which leads to replication of
more merozoites and red blood cell rupture. Merozoites
of P. vivax invade only young red blood cells, and P. malar-
iae parasites invade only senescent red blood cells; how-
ever, P. falciparum infects red blood cells of any age, which
results in much higher levels of parasitemia. The fever and
chills characteristic of malarial infection are a conse-
quence of the rupture of red blood cells. The periodicity of
fever in malaria reflects the time required for schizogony
of each species (48 hours for P. vivax, P. ovale, and P. falci-
parum; 72 hours for P. malariae). Merozoites in other red
blood cells also may develop into male and female game-
tocytes that, when ingested by a mosquito during a blood
meal, begin the cycle again. Merozoites never reinvade the
liver, but the exoerythrocytic forms of P. vivax and P. ovale
species may remain dormant in the liver for extended periods
and can cause a relapse many months later.

The clinical manifestations of malaria commonly begin
with a flu-like prodrome, followed by paroxysms of fever,
rigors, nausea, abdominal pain, and severe headache. When
fever abates, symptoms resolve, and patients usually feel well
but exhausted. Early in infection or in severe P. falciparum
infection, fever may be continuous. Hepatomegaly,
splenomegaly, anemia, thrombocytopenia, and signs of
intravascular hemolysis may be present. In P. falciparum
malaria during pregnancy, infected erythrocytes are
sequestered in the placenta, and blood flow may be
disrupted.543 Malaria may mimic other disorders more
common in pregnancy,544,545 and the ensuing delays in treat-
ment may lead to significant morbidity and mortality for
both the mother and child. Pregnancy increases suscepti-
bility to malaria, and the complications of malaria are more
frequent in this population. The factors responsible have
not been completely elucidated but may reflect changes in
both cell-mediated immunity546 and antibody production.20
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In countries where malaria is endemic, this disease is
a particular problem in primigravidas, who appear to have
higher rates of parasitemia and greater parasite burdens
than either nonpregnant control subjects or multigravi-
das.547,548 Malaria increases the risk of second trimester
abortion and premature labor,541,547 and maternal malarial
infection is the most important infectious cause of low
birth weight in tropical Africa546,549-551; offspring of primi-
gravidas are most severely affected. Multiple factors,
including maternal anemia and cytotrophoblastic thick-
ening, probably contribute to the impairment in nutrient
transport to the fetus. Malaria in nonimmune travelers to
endemic areas may pose even greater health risks to mother
and fetus.552 Cerebral malaria, rare in adults except during
pregnancy, may be present.546 Almost all deaths from
malaria in pregnancy are caused by severe P. falciparum
infection. In addition to causing low birth weight and pre-
mature delivery, the consequences of malaria in the fetus
also include a substantial decrease in the transfer of
maternal antibodies,543 such as those to respiratory syncy-
tial virus, S. pneumoniae, H. influenzae, and tetanus.553-556

Diagnosis is made by detection of parasites on the
peripheral blood smear. The different species of malaria
have characteristic morphologic features. Thick blood
smears (in which red blood cells are concentrated in a
small area and then lysed) optimize the chances of detect-
ing parasites but make species identification difficult.
Thin smears, prepared identically to those for routine
hematologic purposes, allow species identification and
estimation of the magnitude of infection. Malarial para-
sites localize in the placenta, and placental blood films
may be a better indicator of infection than are maternal
peripheral smears.546

The reported incidence of congenital malaria ranges
from 0.1% to 42% and probably reflects maternofetal
transfusion during labor or parturition rather than
transplacental spread.557-560 Although most infants with
congenital malaria are born to mothers with symptomatic
infection, congenital malaria can occur without evidence
of active malarial infection in the mother.562,563 Neonates
born to immune mothers may spontaneously clear the
infection because of transplacental transfer of IgG, and
clinical congenital malaria in this group is relatively
uncommon. In infants of nonimmune mothers, rates as
high as 10% have been reported.560 Congenital malaria
usually becomes symptomatic from 2 to 8 weeks after
birth,557 although symptoms may appear within a few
hours and mimic neonatal sepsis.560,561 Fever, hepatomegaly,
splenomegaly, and anemia were noted in 84% to 93% of
infants for whom data were available in Hulbert’s review
of congenital malaria in the United States.557 Anorexia
and lethargy may also be prominent. Unfortunately, all
these findings are common in congenital infection, and
a proper epidemiologic history and a high index of suspi-
cion are necessary for establishing the diagnosis.

Once maternal malaria infection is confirmed, treat-
ment should commence promptly. Chloroquine is the
drug of choice for treatment of P. vivax, P. malariae, and
P. ovale infections. Treatment with pyrimethamine is neces-
sary in addition to chloroquine to eradicate the exo-
erythrocytic phase of P. vivax and P. ovale infections,

but pyrimethamine therapy should be delayed until after
delivery because of a risk of hemolytic anemia in the fetus.
Weekly doses of chloroquine may be given during pregnancy
to prevent a relapse.560 Chloroquine is generally considered
safe during pregnancy.

Unfortunately, chloroquine-resistant P. falciparum is
widespread.564,565 Quinine has been the mainstay of ther-
apy since 1961, when chloroquine resistance was first
recognized. Although some quinine-resistant strains of
P. falciparum have been reported, this drug remains very
useful in the treatment of most chloroquine-resistant
strains. Quinine may be given orally to patients who are
not seriously ill. Some authorities recommend the addi-
tion of pyrimethamine-sulfadoxine (Fansidar) if the patient
is not near term or clindamycin if P. falciparum malaria
was acquired in Southeast Asia because of the multidrug
resistance of some of these strains.566-568 In critically ill
patients and those unable to take oral medication, intra-
venous therapy should be instituted without delay. The
CDC recommends intravenous quinidine for severe
P. falciparum malaria because intravenous quinine is not
available in the United States.569 Hemodynamic parame-
ters and the QT interval on the electrocardiogram should
be monitored in patients receiving intravenous quinidine,
and close monitoring of the blood glucose level in pregnant
women receiving either quinine or quinidine is impor-
tant, because significant and recurrent hypoglycemia has
been reported in this population.568,570 Exchange transfu-
sion has been used successfully in addition to intravenous
quinidine in severe malaria (>10% parasitized cells) in
pregnancy.571

Neither quinine nor quinidine is free of potential seri-
ous adverse consequences to the fetus. When used in large
doses as an abortifacient, quinine has been associated
with a number of fetal malformations, most notably
central nervous system anomalies and limb defects.
Auditory and optic nerve damage have also been reported
with dosages higher than those used to treat malaria.57

Quinidine appears to be relatively safe, but neonatal
thrombocytopenia after maternal use has been reported.
In the setting of drug-resistant P. falciparum malaria, the
risks to the mother and fetus are outweighed by treatment
benefits. Quinine has been used extensively in the treat-
ment of malaria during pregnancy572 but is in FDA cate-
gory D, and quinidine is in category C.57 Pyrimethamine
(FDA category C) and sulfadoxine (FDA category B) are
considered safe during pregnancy, although folinic acid
should also be administered with these agents to prevent
folate deficiency.

The therapeutic armamentarium for the treatment
of resistant P. falciparum malaria in pregnancy is other-
wise quite limited.573 Tetracyclines are active against
chloroquine-resistant strains but are associated with
maternal hepatotoxicity and with fetal dental discol-
oration and dysplasia. Mefloquine is a relatively new oral
antimalarial agent that is active against both chloroquine-
sensitive and multidrug-resistant P. falciparum strains.
It has been used extensively as both prophylaxis and
treatment in nonpregnant patients.574 It has also been
used successfully during pregnancy.575,576 Although it has
been associated with teratogenicity in laboratory animals
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and its use is not without some risk, a study of inadvertent
exposure to mefloquine in female soldiers during their
first trimester revealed no evidence of congenital malfor-
mations in offspring.577 The World Health Organization
concluded that evidence to date has not confirmed initial
fears of embryotoxic or teratogenic effects, and meflo-
quine may be given with confidence during the second
and third trimesters.

In areas of endemic malaria, chemoprophylaxis appears
to be of limited utility in preventing placental malaria or
in improving mean birth weight except in primigravidas
or women with low parity.578 In areas of unstable
endemism, chemoprophylaxis may be more beneficial
because morbidity in mothers and fetuses is more
severe.572,579 Chloroquine remains effective prophylaxis in
areas where resistant P. falciparum is not prevalent. Most
authorities recommend that pregnant women refrain
from traveling to areas where multidrug-resistant P. falci-
parum is endemic.560,580,581 If travel cannot be avoided, vig-
orous attempts to reduce exposure to mosquito bites
through the use of protective clothing, mosquito repel-
lent, and netting should be made. Because of the major
risks of severe P. falciparum malaria during pregnancy,
some authorities recommend prophylaxis with chloro-
quine and proguanil hydrochloride.540,560 The CDC has
stated that “Mefloquine may be considered for use by
health care providers for prophylaxis in women who are
pregnant or likely to become pregnant when exposure to
chloroquine resistant P. falciparum is unavoidable.” If the
former regimen is used, travelers should be given a thera-
peutic dose of either pyrimethamine-sulfadoxine or
mefloquine if a febrile illness develops and medical help is
not available. Because of the importance of the appropri-
ate prophylaxis and treatment of malaria and the diffi-
culty in keeping abreast of changing resistance patterns,
physicians are urged to call the CDC hotline at 404-332-
4555 if questions arise. An international effort to develop
a vaccine to prevent malaria in pregnancy is under way.543

Other Parasitic Infections

Pregnant women may become infected by numerous
other parasitic infections. In addition to the malaria
species and T. gondii, other common protozoa include
Entamoeba histolytica (the agent of amebic dysentery) and
Giardia lamblia. Amoebiasis is more frequently fatal in
women at all stages of pregnancy than in nonpregnant
women.582 In two studies, 68% and 72% of the deaths from
amoebiasis occurred in women who were pregnant.583,584

In the United States, G. lamblia is the most commonly iso-
lated intestinal parasite. It may cause epidemics in daycare
centers; preschool children then may introduce this agent
into the home environment. Giardiasis is also more severe
during pregnancy, although its incidence is not increased.585

Helminthic (worm or fluke) infections are very common
worldwide, and many are still quite prevalent in the
United States, especially in the southeastern states. In
many experimental models, worm burdens are increased
during pregnancy.22 A detailed description of the multi-
tude of parasitic infections is beyond the scope of this
chapter. Specific issues relating to pregnancy in a number

of these illnesses are well covered in the text Parasitic
Infections in Pregnancy and Newborns, edited by MacLeod.586

General reviews are cited in Table 16–11. Readers are also
referred for guidance to standard textbooks of infectious
diseases.
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Viral infections occur frequently throughout life, and
most are of little consequence. However, some viral

infections can be more severe during pregnancy, and even
infections that are mild or subclinical in the mother can
have damaging effects on the fetus or newborn. Infection
can occur in utero, at birth, or in the neonatal period, with
very different outcomes (Table 17–1). Intrauterine or con-
genital viral infections usually result from maternal viremia
that infects the placenta and, subsequently, the fetus.

In 1941, Sir Norman Gregg first definitively estab-
lished that viruses could cause congenital defects when he
reported cataracts and other abnormalities in the children
of mothers who contracted rubella during pregnancy.1
These observations were later confirmed by investigators
around the world. Since Gregg’s observations, many fac-
tors have contributed to changes in the incidence and epi-
demiology of viral infections in pregnancy, such as the
introduction and wider usage of vaccines, the increase in
sexually transmitted viral infections, the appearance of
new viruses such as human immunodeficiency virus
(HIV), the shift in acquisition of some infections from
childhood to childbearing years, and the increasing use of
daycare facilities by women of higher socioeconomic
groups. A number of antiviral agents are also now avail-
able but have not been carefully investigated in pregnancy
and must be used with caution (Table 17–2).

Although the proportion of viral infections adversely
affecting the mother or child may be small, the opportu-
nities for prevention and treatment are increasing. It is
critical that clinicians recognize and seize those opportu-
nities. Various diagnostic tests are available through local
and reference laboratories. As a cautionary note, the use of
highly sensitive tests leads to the recognition of more sub-
clinical infections, and the prognostic implications of a
positive result are thus altered. In all cases, infection must
be distinguished from disease. Furthermore, some newer
methods, such as polymerase chain reaction (PCR), are
exquisitely sensitive but are generally not standardized.
Thus, results can vary tremendously among laboratories.

A number of viruses, including some covered in this
chapter, have been implicated over the years, on the basis of
case reports, as causes of congenital defects. Sporadic asso-
ciation with a particular virus infection is not sufficient to
distinguish causation from coincidence. Large prospective
studies are needed to show consistent patterns of disease
and to document a correlation with defects. Such studies are
often either lacking or give conflicting results.

This chapter focuses on viral infections commonly of
concern to clinicians and their patients (Table 17–3). The
hepatitis viruses are discussed in Chapter 15. The reader is
also referred to several excellent textbooks2-4 and is
reminded that it is essential to keep abreast of the most
recent developments, especially in HIV therapy.

CYTOMEGALOVIRUS

From its first recognition, cytomegalovirus (CMV) has
been appreciated as a cause of congenital infection.5 When
acquired after birth in the normal host, CMV infection

17
VIRAL INFECTIONS
M a r i e  L o u i s e  L a n d r y

Congenital Infection Perinatal Infection

Resorption of embryo Acute illness resulting in
Abortion Complete recovery
Stillbirth Long-term sequelae
Prematurity Death
Intrauterine growth restriction Persistent infection, clinical
Clinical disease at birth or subclinical, with late
Congenital malformation or defect sequelae
Death in infancy Subclinical infection
Asymptomatic infection
Late-onset congenital disease

or defect
Normal infant

TABLE 17–1 Possible Outcomes of Viral Infection
of the Fetus or Neonate



348 C H A P T E R 17 Viral Infections

Category Definition Antiviral Drugs

A Adequate and well-controlled studies of pregnant women fail to demonstrate —
a risk to the fetus in the first trimester, and no evidence exists of risk
during later trimesters

B Animal reproduction studies fail to demonstrate a risk to the fetus, but adequate Acyclovir (ACV)
and well-controlled studies of pregnant women have not been conducted Didanosine (ddI), ritonavir,

saquinavir, nelfinavir, tenofovir
C Safety in human pregnancy has not been determined; animal studies are either Ganciclovir (GCV), foscarnet

positive for fetal risk or have not been conducted, and the drug should not be Zidovudine (AZT), zalcitabine (ddC),
used unless the potential benefit outweighs the potential risk to the fetus stavudine (d4T), lamivudine (3TC),

delavirdine, nevirapine, indinavir,
abacavir, amprenavir, lopinavir,
efavirenz

Amantadine, rimantadine, zanamivir,
oseltamivir

D Positive evidence of human fetal risk that is based on adverse reaction data —
from investigational or marketing experience, but the potential benefits from
the use of the drug among pregnant women might be acceptable despite its
potential risks (e.g., in a life-threatening situation)

X Studies among animals or reports of adverse reactions have indicated that the —
risk associated with the use of the drug for pregnant women clearly
outweighs any possible benefit

TABLE 17–2 Risk Categories for Antiviral Drugs in Pregnancy

Preventive Measures
Manifestations of Transmission to Clinical Manifestations Long-Term against Maternal or

Virus Maternal Infection Fetus/Neonate in Fetus/Neonate Sequelae Neonatal Infection

Cytomeg- Subclinical Maternal viremia Cytomegalic inclusion Deafness Good hygiene, especially
alovirus Fever, Contact with infected disease Neurologic when changing diapers

mononucleosis genital secretions (hepatosplenomegaly, damage Seronegative or filtered
at birth jaundice, petechial rash, blood products

Breast milk microcephaly,
chorioretinitis, and
cerebral calcifications)

Herpes Subclinical Maternal viremia (rare) Microcephaly, vesicular Neurologic Cesarean section within
simplex Genital herpes Contact with genital skin lesions damage 4-6 hr of ruptured

lesions or infected Disseminated infection; Recurrent skin membranes
secretions at birth localized infection of lesions ACV in late pregnancy

Contact with skin skin, eyes and mouth; to reduce reactivations
lesions of caregivers encephalitis Prophylactic ACV in

neonates exposed to
herpes simplex virus
at birth

HIV-1 Subclinical Maternal viremia None at birth AIDS AZT given to mother
Fatigue, Contact with infected during pregnancy and

lymphadenopathy, blood and body delivery and to infant
opportunistic fluids at birth for 6 wk after birth
infections, AIDS Breast milk Cesarean section if

maternal viral load
>1,000 copies/mL

Avoidance of breast-
feeding

Parvovirus Subclinical Maternal viremia Hydrops fetalis Chronic anemia None recommended
B19 Fifth disease, Congenital anemia and persistent

arthralgias infection
Rubella Subclinical Maternal viremia Congenital rubella Cataracts Vaccination (before

Rash, adenopathy, syndrome (cataracts, Heart defects pregnancy)
arthralgias heart disease, deafness) Deafness

Purpura Neurologic
sequelae

Diabetes mellitus

TABLE 17–3 Viral Infections in Pregnancy

(Continued)
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is usually subclinical and self-limited; symptoms, when
present, are generally mild and nonspecific. Clinical man-
ifestations, such as a mononucleosis syndrome, hepatitis,
pneumonia, or Guillain-Barré syndrome, occur in far
fewer than 1% of infections. However, in the fetus, prema-
ture infant, and immunocompromised host, CMV is a more
serious pathogen.

Transmission

Primary infection with CMV results from initial exposure
to the virus, when the host lacks specific antibody. The
incubation period for acquired CMV ranges from 3 weeks
to 4 months. The virus is present in blood leukocytes and is
shed for prolonged periods after primary infection in
oropharyngeal secretions, urine, tears, feces, cervical and
vaginal secretions, semen, and breast milk. Latent infection

is established, and the virus can subsequently reactivate
spontaneously or in association with immunosuppression
or pregnancy.

Transmission of CMV requires close or even intimate
contact. The closer the contact, the higher is the rate of
infection. In addition, CMV can be transmitted by blood
transfusion and organ or tissue transplantation from
seropositive donors. Although CMV infection can be
acquired at any time, two periods of greatest risk have
been recognized: (1) early in life, from exposure to mater-
nal infection either in utero, during the birth process, or
after birth, and (2) after puberty, when sexual activity
begins.6 The infection is acquired at a younger age in
lower socioeconomic groups, and by young adulthood,
seroprevalence varies from 35% to 80% in different popu-
lations within the United States.7,8 Thus, many women of
childbearing age, particularly in higher socioeconomic
groups, are susceptible to primary infection.

Preventive Measures
Manifestations of Transmission to Clinical Manifestations Long-Term against Maternal or

Virus Maternal Infection Fetus/Neonate in Fetus/Neonate Sequelae Neonatal Infection

Varicella- Chickenpox Maternal viremia Fetal varicella syndrome Limb hypoplasia Vaccination (before
zoster Pneumonia Neonatal varicella Cutaneous pregnancy)

Respiratory Zoster in infancy scarring VZIG to ameliorate or
insufficiency (“cicatrices”) prevent maternal and

Microcephaly neonatal infection*
Psychomotor

retardation
Entero- Subclinical Maternal viremia Febrile illness Congenital Good hygiene

viruses Febrile illness, Contact with blood, Myocarditis heart disease? Standard precautions
abdominal pain body fluids, or Meningoencephalitis in newborn nurseries

stool at birth
Influenza Influenza syndrome Respiratory droplets Asymptomatic None Vaccination with

Pneumonia, or contact with Upper respiratory symptoms, inactivated vaccine
myocarditis, respiratory poor feeding, abdominal
pericarditis, secretions distention, fever,
myositis, respiratory distress, apnea
encephalopathy

HTLV-I Subclinical Breast milk None HAM/TSP, ATL Avoidance of breast-
Tropical spastic Contact with blood in later life feeding

paraparesis and body fluids
at birth

Papilloma- Subclinical Contact with None Laryngeal or None recommended
virus Condyloma infected genital respiratory

acuminatum tissues during birth papillomatosis
Flat genital warts
Abnormal cervical

cytologic findings
Measles Fever, rash, cough, Maternal viremia Neonatal measles Unknown Vaccination (before

and conjunctivitis pregnancy)
Pneumonia Immune globulin for

exposed pregnant
women and neonates
of mothers with
measles

Mumps Subclinical Maternal viremia Nonspecific respiratory Endocardial Vaccination (before
Parotitis, meningitis illness elastosis? pregnancy)

Note: Hepatitis is covered in Chapter 15.
*VZIG has not been shown to prevent congenital infection.
ACV, acyclovir; AIDS, acquired immunodeficiency syndrome; ATL, adult T cell leukemia; AZT, zidovudine; HAM/TSP, HTLV-associated myelopathy/tropical spastic
paraparesis; HIV-1, human immunodeficiency virus type 1; HTLV-I, human T-cell leukemia virus type I; VZIG, varicella-zoster immune globulin.

TABLE 17–3 Viral Infections in Pregnancy–cont’d
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Daycare centers have been recognized as fertile ground
for CMV transmission.9 Especially among toddlers, trans-
mission is very high, presumably caused by the sharing of
saliva-contaminated objects.10 Studies have found that
80% of toddlers in daycare centers become infected with
CMV, in comparison with 20% of toddlers who are cared
for at home.11 This has important implications for the
children’s nonimmune mothers and female caregivers if
they become pregnant.12,13

Maternal Infection during Pregnancy

The risk of fetal infection and damage is associated almost
exclusively with primary CMV infection in the mother.14

Although fetal damage can occur throughout pregnancy,
the effects on the fetus are most severe in the first two
trimesters. The seroconversion rate during pregnancy is
the same as that for nonpregnant women, approximately
2% per year.15 There is no evidence for increased severity of
symptoms in pregnant women, and, in fact, most primary
infections are silent.

In seropositive women, CMV reactivation increases late
in pregnancy and is virtually always asymptomatic in the
normal host. At the time of delivery, the virus may be shed
from the cervix, in urine, or in saliva, and, post partum, in
breast milk.16,17

Reinfection in seropositive pregnant women with a dif-
ferent strain of CMV has been linked to symptomatic con-
genital infection.17a Reinfection is most likely to occur in
poor, young, unmarried women.

Congenital Infection

Transplacental infection of the fetus occurs in 35% to 50%
of primary infections and about 1% of reactivation infec-
tions.8,14,18 The titer of the viremia, the virulence of the
virus strain, and the protective effect of transplacental
antibody all affect the outcome of fetal infection. In reac-
tivation infection, viremia is less common and of lower
titer, and maternal antibody is available to prevent or
modify infection in the fetus. Thus, CMV reactivation is
rarely associated with symptomatic disease or sequelae in
congenitally infected infants; however, severe congenital
infection after recurrent CMV was documented in the
fetus of an immunocompromised mother.19

CMV is the most common congenital viral infection
in humans. In the United States, 0.2% to 2.2% of all
births, or 40,000 infants per year, are infected in utero
with CMV.8,14-16,18 Approximately 10% of these infected
neonates are symptomatic at birth. Manifestations of
congenital CMV include petechiae, thrombocytope-
nia, hepatomegaly, splenomegaly, hyperbilirubinemia,
intracranial calcifications, chorioretinitis, deafness, and
microcephaly. Severe organ dysfunction can lead to death.

The changes in liver, spleen, and bone marrow resolve
over time. Neurologic damage, however, is permanent and
is the major source of long-term morbidity. Many sympto-
matic and some asymptomatic neonates suffer long-term
sequelae, including psychomotor retardation, micro-
cephaly, chorioretinitis, and, most common, sensorineural

hearing loss. The proportion of infants with sequelae
varies according to the methods used to identify congeni-
tally infected infants. In an infant identified on the basis of
clinical symptoms or elevated immunoglobulin M (IgM)
levels in cord blood, there is a greater likelihood of sequelae.
If more sensitive methods, such as virus isolation from
urine or PCR, are used to diagnose congenital infections,
the proportion of infants with sequelae decreases as a result
of the enhanced detection of mild infections.

Infants infected in utero shed virus from the nasophar-
ynx and in urine at birth and for years thereafter. They can
serve as a significant source of CMV for uninfected care-
givers and family members.

Perinatal or Acquired Infection

Infants who have escaped intrauterine infection may be
infected at the time of birth from contact with infected cer-
vical secretions or in the first few months after birth from
breast milk.17 In fact, breast milk transmission may be the
most common mode of CMV transmission worldwide.

When infection is acquired at or after birth, the virus is
not shed until the end of a 3- to 4-week incubation period.
Although most infants infected in the neonatal period are
asymptomatic, as many as one third have symptoms that
coincide with their first positive urine culture, including
interstitial pneumonia, lymphadenopathy, maculopapu-
lar rash, hepatosplenomegaly, and atypical lymphocyto-
sis.7,16 Transplacental antibody from seropositive mothers,
which crosses the placenta late in pregnancy, undoubtedly
ameliorates infection in these babies. Despite shedding
virus for years, these infants develop normally.

In contrast, CMV infection of preterm infants, espe-
cially of infants of very low birth weight, can have both
acute and long-term sequelae.20 CMV infection acquired
from transfusion was once a serious problem but is now
rare because of the use of seronegative or leukocyte-
reduced blood products.21 However, transmission of CMV
via breast milk from seropositive mothers to their infants
remains a problem.22 Although freezing milk at −20°C
reduces CMV titers in the milk, viable CMV has been
recovered from milk after 10 days at −20°C. Short-term
pasteurization by heating at 72°C for 10 seconds inacti-
vates virus while preserving nutritional and immunologic
constituents of milk; however, the means to accomplish
this are not readily available in general.22

Diagnosis

Because CMV infection is not clinically unique and is
most often present without symptoms, laboratory diag-
nosis is essential.23 In immunocompetent adults, viral
shedding in urine and saliva even in primary infection can
be intermittent and does not distinguish primary from
recurrent infection. Primary infection in the mother is
best documented by seroconversion. A sensitive method,
such as enzyme-linked immunosorbent assay (ELISA) or
latex agglutination, should be used and not the comple-
ment fixation test. Detection of IgM may precede sero-
conversion and provide supporting information but



should not be relied on as the sole source of diagnosis.
Interference by rheumatoid factor, heterologous rises of
IgM caused by infection with other herpesviruses, and
detection of IgM with reactivation infection are all poten-
tial problems.24 Anti-CMV immunoglobulin G (IgG) avid-
ity assays can be useful in the first trimester to assess
whether maternal infection is recent. Low-avidity IgG
indicates a recent infection, whereas high-avidity IgG
indicates that infection occurred more than 3 months ear-
lier, i.e., prior to pregnancy, and therefore of no risk to the
fetus.25

Prenatal documentation of fetal infection can be
attempted by testing amniotic fluid for infectious virus or
DNA or by testing umbilical vein blood for IgM.26,27

Positive results are not synonymous with fetal damage,
and negative results do not guarantee absence of infec-
tion, especially because the quality of testing may vary.8
However, when primary infection in the mother has been
documented, a combination of tests performed on amni-
otic fluid and fetal blood after 21 weeks’ gestation,
together with abnormal findings on ultrasonography
(e.g., hydrocephaly, periventricular brain or liver lesions,
hydrops fetalis, severe oligohydramnios) can help identify
the infected fetus with an unfavorable prognosis.26,27

Quantification of CMV DNA has been proposed as a pre-
dictor of fetal outcome; however, it is also dependent on
other factors such as gestational age and time elapsed
since maternal infection.28

Congenital infection in the neonate is best diagnosed
from culture of urine at birth. It is important to recognize
that samples must be obtained as soon as possible after
birth. If laboratory diagnosis is not attempted until the
infant is 3 to 4 weeks old, it will not be possible to confirm
congenital infection, because perinatally infected babies
begin shedding virus at this time. Rapid shell vial cen-
trifugation culture provides results in 1 to 2 days, whereas
conventional tube cultures may require 1 to 3 weeks. DNA
amplification methods, such as PCR, may be more sensi-
tive than culture, especially if the sample is transported to
a distant laboratory. An IgM antibody test at birth may
detect only 20% of cases in infants found to be shedding
CMV in urine24,29 and can yield false-positive results. If the
result of the urine culture is positive, there is no need to
confirm the diagnosis with an IgM test. However, a posi-
tive IgM result may indicate a more serious prognosis.
Maternal IgG masks seroconversion in the baby, but IgG
persists in the infected infant beyond the 6 to 12 months
expected for transplacentally acquired antibody.

Perinatal or postnatal infection can be diagnosed from
culture of urine, saliva, or nasopharyngeal swabs, but viral
shedding does not occur until 3 to 6 weeks after the infant
acquires the infection.

Treatment

Serious CMV infections in immunocompromised hosts
are treated with intravenous ganciclovir or foscarnet.
Ganciclovir is associated with neutropenia and foscarnet
with renal insufficiency and electrolyte imbalances.
Cidofovir and oral valganciclovir are effective in treat-
ment of retinitis in immunocompromised adults but have

not been studied in children.30 There is a paucity of infor-
mation about therapy in the normal host, and little infor-
mation is available on the effects of these drugs on the fetus.
It is not known whether therapy in the mother prevents fetal
infection and, if so, how long treatment should be contin-
ued. Ganciclovir has appeared to be beneficial in the treat-
ment of congenitally infected infants with central nervous
system (CNS) manifestations at birth, but data for routine
recommendations in other settings are insufficient.30,31

Furthermore, because 90% of congenitally infected
infants have no apparent sequelae, there is currently no
recommendation for termination of pregnancy in primary
maternal CMV.

Prevention

No data currently exist to support the use of CMV
immune globulin to prevent or ameliorate infection of
the fetus. In addition, most maternal infections are not
recognized until after congenital infection is diagnosed in
the newborn.

Serologic testing can be used to identify nonimmune
individuals.26,32 Seronegative mothers should be educated
about modes of CMV transmission. In caring for young chil-
dren, the importance of good hygiene and hand washing,
especially after changing diapers, should be emphasized.

Transmission of CMV by blood transfusion to preterm
infants and pregnant women can be prevented by the use
of seronegative or filtered blood products.

Vaccination of seronegative women before pregnancy
has received much attention as a strategy to prevent con-
genital infection,33,34 and the Institute of Medicine listed
development of a CMV vaccine as a high priority. Several
CMV vaccines, including a recombinant glycoprotein B
vaccine, are in clinical trials.

HERPES SIMPLEX VIRUS

Herpes simplex virus (HSV) infections are common and,
once contracted, lifelong. HSV type 1 (HSV-1) is most
commonly associated with herpes labialis, and HSV type 2
(HSV-2), with genital herpes. Infections of the eye, other
areas of the skin, and, in rare cases, the brain and the vis-
cera can also occur.35 Approximately 70% to 90% of oral
and 75% of genital herpes infections are asymptomatic.
Furthermore, clinical lesions may not appear until years
after an initial subclinical infection.

In the United States, the majority of children of lower
socioeconomic status are infected with HSV-1 in child-
hood, whereas in more affluent groups, infection is
delayed until adulthood in 50% to 70% of cases.35,36 HSV-2
is spread by sexual contact; therefore, seroconversion
begins with onset of sexual activity and increases with the
number of sexual partners.37 Since the early 1970s, the
seroprevalence of HSV-2 has risen in the United States to
approximately 20% of young adults.38 Genital HSV-1 infec-
tions are also increasing.39 This has increased concerns
about genital herpes in pregnancy. Furthermore, genital
ulcer disease has been linked to an increased susceptibility
to infection with HIV.40
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Transmission and Pathogenesis

Transmission of HSV is by contact with infected oral or
genital secretions. The incubation period is 2 to 12 days,
with an average of 4 days. The virus infects the epithelium
at the site of entry and is then transported via sensory
nerves to dorsal root ganglia, where a latent infection is
established. Periodic reactivation results in recurrent
lesions and viral shedding.

Primary infection, which occurs when the host lacks
specific antibody, is more severe than reactivation, because
of higher virus titers, longer duration of virus shedding,
and more frequent complications. Prior infection with the
heterologous HSV type can ameliorate symptoms.

Although vesicular lesions harbor the highest titers of
the virus, HSV can be shed and transmitted before lesions
occur and even in the absence of lesions.41 Viremia has
been reported in infected neonates and immunocompro-
mised hosts but rarely occurs in normal hosts42; in the
absence of viremia, the potential for transplacental trans-
mission is limited.

Genital Herpes in Pregnancy

Two percent or more of susceptible women acquire HSV
infection during pregnancy.43 Primary genital herpes in
pregnancy has been associated with a more severe course,
an increase in miscarriage in first trimester infections, and
premature delivery in third trimester infections in some
studies but not others.44-47 All studies, however, have
found that the risk of transmission to the fetus is greatest
when primary genital herpes occurs at term and ranges
from 30% to 50% for infants delivered vaginally.37,47

Recurrent HSV is much more common than primary
infection during pregnancy. A fetus exposed to recurrent
herpes at the time of delivery has only a 3% to 5% chance
of being infected,48 because of lower virus titers and the
protective effect of transplacental maternal antibody.
Transmission is much more likely if a lesion is present; in
recurrent infection, asymptomatic shedding carries an
extremely low risk of transmission to the fetus.48,49

Nevertheless, because most mothers with obvious gen-
ital herpes lesions undergo cesarean section, infants who
ultimately contract neonatal herpes are usually born to
mothers without symptoms at term. A Centers for Disease
Control and Prevention (CDC) study of neonatal herpes
found that only 22% of mothers had a history of genital
herpes and only 9% had recognized lesions at delivery.50

Surveys in the United States have detected HSV shedding
from the cervix in 0.01% to 0.39% of women at term,
regardless of history.47-49 Factors affecting the transmis-
sion of HSV to the fetus include high virus titers, lack of
transplacental antibody, rupture of membranes more
than 6 hours before delivery, and trauma to fetal skin.51-54

Congenital Infection

Congenital infection with HSV has been documented but
is rare.55 It is usually associated with transplacental trans-
mission of primary genital herpes early in gestation and is

characterized by intrauterine growth restriction, CNS
involvement (microcephaly, hydranencephaly), vesicular
skin lesions or skin scarring, eye findings (chorioretinitis,
microphthalmia), and, in a small number of affected
patients, enlargement of liver and spleen. With the excep-
tion of skin scarring, these manifestations have also been
identified in infants with congenital toxoplasmosis,
rubella, CMV, and syphilis.

In addition, intrauterine HSV infections can be
acquired in the intrapartum period from ascending infec-
tion after prolonged rupture of the membranes. Skin
lesions may be present at birth. To document intrauterine
infection, samples must be collected within 48 hours of
birth. The clinical manifestations are described in the
following section.

Neonatal Infection

The incidence of neonatal HSV infection varies in differ-
ent parts of the world for unclear reasons and is quite rare
in some populations, despite a high incidence of HSV-2
infections. In the United States, neonatal HSV has
increased in affluent populations, perhaps because of a
lower prevalence of HSV-1 antibody when sexual activity
begins and, thus, a higher risk of seroconversion in preg-
nancy.38,39 Despite an HSV-2 seroprevalence of 20% in the
United States, the incidence of neonatal herpes is 1 per
3000 to 1 per 10,000 deliveries per year.55a,56

HSV-2 accounts for about 70% of neonatal herpes and
is acquired from genital infection in the mother. Sources
of neonatal HSV-1 infections include maternal genital
herpes and skin lesions, oral herpes, or herpetic whitlow
in relatives or hospital personnel.57-59 Because of the greater
neurovirulence of HSV-2, the outcome for HSV 2–infected
neonates appears to be worse than for HSV-1.49

The portal of entry of neonatal HSV includes the
umbilical cord, eye, oral and nasal orifices, and trauma-
tized skin. HSV in the neonate is rarely subclinical. For
therapeutic and prognostic purposes, the clinical picture
has been classified as follows.60

Disseminated Infection

Disseminated infection in the neonate has the worst prog-
nosis. Involvement of multiple organs, especially the
brain, liver, lungs, and adrenal glands, is characteristic.
Vesicular skin lesions occur in 80% of affected neonates,
but their appearance may be delayed. In the absence of
skin lesions, HSV may not be recognized. Death is often
caused by disseminated intravascular coagulation and
pneumonitis; survivors suffer severe sequelae. In the past,
because of delay in diagnosis and treatment, this condi-
tion was the most common manifestation. With earlier
recognition, disseminated HSV infection is now diag-
nosed in only about 23% of cases.

Encephalitis

Encephalitis may occur alone, as part of a disseminated
infection, or together with skin, eye, and mouth involve-
ment. In disseminated infection, HSV reaches the CNS



by viremia. However, isolated encephalitis is presumably
contracted from retrograde axonal transport to the CNS
and is often associated with reactivation, rather than pri-
mary, infection in the mother. Thus, infants with isolated
encephalitis are likely to have received transplacental
antibody, which results in a longer incubation period.
Skin vesicles occur in 60% and their appearance may be
delayed. Cerebrospinal fluid (CSF) cultures are positive in
only 25% to 40%; thus, PCR is the preferred test. Survivors
suffer severe sequelae.

Skin, Eyes, and Mouth

Neonates with HSV infection localized to the skin, eyes, or
mouth have the most favorable prognosis. Nevertheless,
approximately 10% have long-term neurologic sequelae.

Disseminated infections commonly manifest at 9 to
10 days of age; encephalitis, at 16 to 17 days of age; and
localized skin, eye, or mouth infections, at 10 to 11 days of
age. Consequently, neonates do not usually become ill
until after they are discharged from the hospital.

Postnatal Infection

Postnatal transmission of HSV to neonates can also occur
from another HSV-infected neonate in the neonatal nurs-
ery, from orolabial HSV or herpetic whitlow of family
members or staff, and from skin lesions on the breast of a
nursing mother.57-59 Most postnatal infections are HSV-1.

Diagnosis

A rapid, sensitive, and specific test for HSV, available
24 hours a day and obtained at the onset of labor, is
needed but is not yet available. Thus, clinical management
at delivery still relies on examination of the mother’s
genital tract for lesions.

The laboratory method in most hospitals for routine
detection of active HSV infection is virus isolation.
Culture can detect HSV in skin lesions, as well as asymp-
tomatic shedding from the cervix and vagina at the time
of delivery and during the incubation period in neonatal
herpes. Swabs and tissues should be placed in viral trans-
port media, body fluids should be put in sterile contain-
ers, and both should be transported promptly to the
laboratory. If any delay is necessary, samples should be
kept at 4°C. Results are available in 1 to 5 days, depending
on the amount of virus in the sample. Restriction
endonuclease mapping of isolates has helped trace the
source of neonatal HSV infections.58

PCR is more rapid and more sensitive than culture for
detection of HSV, is the test of choice for CSF, and may
become the test of choice for all sample types.60,61 Assays
are currently available primarily in reference laboratories
and vary in sensitivity. Cross-contamination with false-
positive results remains a concern.62

Direct fluorescent antibody (DFA) staining of HSV-
infected cells from skin lesions can provide sensitive
detection with same-day results.63 A good quality sample
must be collected by vigorously swabbing fresh lesions.

Tzanck smears are neither sensitive nor specific for HSV,
and their use is not encouraged.

Serologic testing is generally not helpful. Standardized,
reliable HSV IgM assays are lacking; furthermore, IgM levels
rise very late in the course of illness or not at all. Most anti-
body tests also do not reliably distinguish between HSV-1
and HSV-2, and the presence of antibody to HSV-1 can
mask seroconversion to HSV-2. Several type-specific sero-
logic tests based on HSV glycoprotein D have been approved
by the U.S. Food and Drug Administration (FDA). These
include POCkit HSV-2 (Diagnology), HerpeSelect-1 ELISA
IgG, HerpeSelect-2 ELISA IgG, and HerpeSelect 1 and 2
Immunoblot (Focus Technology, Inc.). The sensitivities of
these tests for HSV-2 antibody vary from 80% to 98%, and
the specificities are higher than 96%.64

Treatment

Maternal HSV infections during pregnancy are self-limited
and generally resolve without ill effects on the fetus. Oral
acyclovir treatment is currently recommended for a first
episode of genital herpes or severe recurrent herpes, and
intravenous therapy is recommended for severe or compli-
cated maternal infections. In more than 1000 cases reported
to the Acyclovir Pregnancy Registry at GlaxoWellcome,
adverse effects on the fetus have not been described.65

High-dose intravenous acyclovir should be adminis-
tered to all infants with neonatal HSV infection.60,66

Because most infants are not recognized to be at risk for
HSV, and skin lesions may be delayed or even absent,
a high index of suspicion is necessary for detection.
Acyclovir therapy should be administered empirically for
clinically compatible illnesses if severe sequelae and viral
dissemination are to be reduced.67 Treatment of mucocu-
taneous HSV prevents progression to more serious infec-
tion in more than 90% of cases. Despite antiviral therapy,
disseminated HSV still carries a mortality rate of more
than 50%. Although the rate of mortality from encephali-
tis is reduced to less than 15% with treatment, 70% of sur-
vivors have serious psychomotor retardation.

Prevention of Neonatal Herpes

All women should be questioned during a prenatal visit
and during labor for a history of genital herpes or genital
lesions in themselves or their sexual partners. At the time
of delivery, all women should be carefully examined for
external genital lesions, and those with a history of genital
herpes should have a cervical examination. If no lesions are
present, the fetus can be delivered vaginally. If any lesion is
present, cesarean section should be performed over intact
membranes. If rupture of membranes has occurred,
cesarean section should be performed, ideally within
6 hours, to prevent transmission of herpes to the fetus.
Opinion is divided as to whether cesarean section is still of
benefit if membranes were ruptured more than 6 hours
before delivery. Fetal scalp monitors should be avoided, if
possible, when the mother has a history of genital her-
pes.45,68 Weekly cervicovaginal cultures in late pregnancy
or culture at delivery, as previously recommended, have
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not proved useful in identifying infants at high risk of
infection.69 Several studies have suggested that acyclovir
given late in pregnancy may prevent recurrences at term in
women known to have genital herpes and thus reduce the
need for cesarean section.45,70 Some specialists now recom-
mend such treatment.

If an infant has been exposed to HSV lesions during
delivery and is asymptomatic, the decision to treat the
infant empirically with intravenous acyclovir is controver-
sial. When risk of HSV transmission is high, as in primary
genital infection, premature delivery, or trauma to fetal
skin, some authorities would initiate treatment at birth
after cultures of the mouth, nasopharynx, eyes, urine,
stool or rectum, and CSF are obtained. Others would
obtain cultures 24 to 48 hours after delivery (to distin-
guish true infection from contamination at birth) and
treat only if cultures are positive for HSV, if CSF is abnor-
mal, or if symptoms develop.

When risk of transmission is low, as in infants exposed
to recurrent herpes lesions or those delivered by cesarean
section, most experts would not treat empirically without
culture confirmation or evidence of clinical disease. In
such infants, cultures should also be obtained 24 to
48 hours after birth, and the infants should then be
observed carefully for signs of infection.

Breakthrough infection has occurred despite prophy-
lactic treatment of neonates, and further study has been
recommended before such a protocol is accepted as
routine.71 The role of prophylactic immune globulin therapy
remains unclear. However, an antibody against HSV gly-
coprotein D is in development for clinical investigation.60

Because asymptomatic infants are discharged untreated,
parents and caregivers must be thoroughly educated in the
signs and symptoms of neonatal herpes and should seek
medical attention promptly if symptoms appear.

Preterm rupture of the membranes in the presence of
active genital lesions presents a difficult management
dilemma when the fetus is immature. Although the risks
and benefits of intravenous acyclovir in this situation
have not been defined, many specialists would recom-
mend its use.

To prevent postnatal HSV infection, parents, family
members, and hospital staff must be educated on the
risks of transmission in the neonatal period. Masks
should be worn when cold sores are present to prevent
inadvertent touching; skin lesions should be covered; and
hand washing should be reinforced. Personnel with her-
petic whitlow should not be allowed to work with
neonates, because gloves are not sufficient protection.

Strategies to prevent acquisition of primary genital HSV
in pregnancy include screening for HSV-2–specific anti-
bodies in all pregnant women and their sexual partners;
HSV-2–negative women with HSV-2–positive partners
could then be counseled to avoid transmission by using
condoms or by abstinence.45,64 Such a screening policy is
controversial because of its cost. Furthermore, such a pol-
icy does not prevent the 30% of neonatal HSV-1 infections
or infections arising from contacts with multiple sexual
partners. Thus, current recommendations are that preg-
nant women without known genital herpes avoid inter-
course during the third trimester with partners with 
a history suggestive of genital herpes. Pregnant women

without a history of orolabial herpes, who potentially lack
HSV-1 antibody, should be advised to avoid oral-genital sex
during the third trimester, to avoid acquiring a primary
genital HSV-1 infection.

Although considerable effort has been expended on
developing and testing vaccines for genital HSV-2 infec-
tions, an effective vaccine is not yet available.72

HUMAN IMMUNODEFICIENCY 
VIRUS TYPE 1

HIV type 1 (HIV-1) infection, with rare exception, causes
a slow but relentless destruction of the immune system
that ultimately results in acquired immunodeficiency
syndrome (AIDS).73 HIV type 2 (HIV-2) infection has a
more variable and benign course.74 HIV-2 has remained
largely confined to West Africa, whereas HIV-1 strains are
causing increasing epidemics around the world.

HIV is a retrovirus that is acquired through direct con-
tact with infected body fluids, including blood, blood
products, semen, vaginal and cervical secretions, amniotic
fluid, and breast milk. Transmission most commonly
occurs from (1) sexual contact that involves exchange of
semen, genital secretions, or blood; (2) parenteral inocu-
lation via transfusion or injection drug use; and (3) infec-
tion of a child by an infected mother during pregnancy,
birth, or breast-feeding.

HIV-1 primarily targets CD4+ T lymphocytes; however,
dendritic cells and monocyte-macrophages are also
infected. A DNA copy (provirus) of HIV RNA is stably
integrated into the chromosomes of infected cells; infec-
tious virus is continuously produced and can be detected
free in the plasma. Within 6 weeks to 6 months, HIV-
specific antibody appears in the blood, and virus titers
decrease. Eventually, the progressive destruction and
decline in CD4+ T cells in lymphoid tissue, accompanied
by an increase in HIV in the blood, lead to the immuno-
deficiency and opportunistic infections that are the hall-
marks of AIDS.

HIV-1 infection is an increasing problem among
women of childbearing age, and HIV has become a lead-
ing cause of death for young children in many parts of the
world. Without identification of HIV-infected mothers
and use of preventive therapy, 20% to 30% of these chil-
dren will become infected with HIV.75

Antiretroviral Therapy 
in Nonpregnant Patients

An increasing array of highly active antiretroviral thera-
peutic agents are available, and direct measurement of
HIV RNA, or viral load, in plasma is used to monitor
response to treatment. Drug toxicities and interactions,
the development of drug resistance, the introduction of
new drugs, and changing recommendations have all made
the management of HIV-infected patients increasingly
complex. Thus, it is essential that an HIV/AIDS specialist
participate in the care of all patients found to be infected
with HIV and that clinicians consult the latest guidelines
issued by the United States Public Health Service and by
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expert National Institutes of Health panels.76 The most
recent information is available at www.aidsinfo.nih.gov.

As of 2003, 16 antiretroviral agents have been licensed:
6 protease inhibitors and 10 reverse transcriptase
inhibitors (7 nucleoside and 3 nonnucleoside), and com-
bination therapy, or highly active anti-retroviral therapy
(HAART), has become the standard of care. All patients
with symptomatic HIV disease should be treated.
However, initiation of therapy in asymptomatic chronic
HIV infection can be delayed with careful monitoring of
plasma viral load and CD4+ T cell counts. Most experts
agree on initiating therapy when CD4+ counts are less
than 350 cells/μL or plasma HIV RNA levels are higher
than 55,000 copies/mL.75,76 Some physicians and patients
may choose to initiate therapy earlier than the official
guidelines. The goal of therapy is suppression of HIV to
undetectable levels to prevent loss of immune function
and emergence of resistant strains.

Human Immunodeficiency Virus Type 1
Infection in Pregnancy

When caring for the pregnant woman, the clinician is
faced with the dual responsibility of optimizing therapy
for the mother and reducing transmission of HIV from
the mother to the child. Current recommendations stipu-
late that treatment directed at HIV and opportunistic
infections not be withheld from women during preg-
nancy, unless there are known adverse effects that out-
weigh the benefits of therapy. Pregnant women should be
evaluated and offered prophylaxis and treatment similar
to that given to nonpregnant patients,75,77,78 including
new regimens as they become available. Women who do
not meet the current guidelines for treatment of nonpreg-
nant patients should also be offered antiretroviral therapy.
Viral load in the blood generally correlates with transmis-
sion to the fetus79,80; thus, it is prudent to reduce it to as
low a level as possible. Treatment that reduces plasma
HIV-1 RNA levels to less than 1000 copies/mL signifi-
cantly lowers the risk for perinatal transmission and
reduces the need to consider elective cesarean delivery.81

Nevertheless, the virus can still be present in the genital
tract, despite undetectable levels in the plasma.82,83

Information concerning the effects of antiretroviral
drugs on the fetus is minimal.75 The current FDA-
approved drugs are in pregnancy category B or C (see
Table 17-2). New agents should be used if they offer a
clear advantage over therapies for which there is greater
evidence of safety.

Many drugs traverse the placenta, and the first 6 to 
12 weeks of gestation is the period of greatest teratogenic
risk. In particular, treatment with efavirenz and hydroxyurea
should be avoided in the first trimester because of terato-
genic effects.75 Women who are not taking antiretroviral
therapy might wish to delay initiating therapy until after
the 10th to 12th weeks of gestation. In general, if the
mother is already receiving therapy, treatment should con-
tinue. However, some women may want to interrupt ther-
apy in the first trimester; in such cases, it is recommended
that all drugs be stopped simultaneously and then
restarted simultaneously to reduce risk of resistance.

When combination antiretroviral therapy is administered
during pregnancy, zidovudine (AZT) should be included
whenever possible to prevent vertical transmission (see
later discussion).

In addition, clinicians should be aware that HIV-
infected pregnant women are more likely to have serious
vaginal candidiasis, venereal warts, cervical dysplasia, car-
cinoma in situ, and overt cervical carcinoma than are unin-
fected women. They are also more likely to shed HSV-2
asymptomatically from the vulva and the cervix.84-86

Vertical Transmission

HIV can be transmitted from mother to child (1) transpla-
centally, (2) during labor and delivery, and (3) through
breast milk. The percentage of infections transmitted dur-
ing each of these periods is not precisely known. Half or
more may occur near or during birth, and another 10% to
20% from breast-feeding.

Increased risk of transmission has been associated with
low CD4+ T lymphocyte counts, high viral titers, advanced
HIV disease, detectable HIV p24 antigen in serum, placen-
tal membrane inflammation, events that increase expo-
sure of the fetus to maternal blood, breast-feeding, low
vitamin A levels, premature rupture of the membranes,
and premature delivery.87-93 The overall risk of transmis-
sion, in the absence of antiretroviral therapy, ranges from
13% to 40%; differences are attributed to the prevalence of
these risk factors.

Prevention of Vertical Transmission

Antiretroviral Treatment

In 1994, Pediatric AIDS Clinical Trials Group (PACTG)
Protocol 076 demonstrated that AZT administered to a
selected group of HIV-infected pregnant women and their
infants reduced the risk of transmission by approximately
two thirds, from 25.5% in the placebo recipients to 8.3%
among those receiving AZT.94 There was an inverse rela-
tionship between CD4+ T cell concentration and risk of
transmission, but subjects at all levels benefited. The
mechanism for the reduction in transmission by AZT is
not simply reduction in maternal viral load and is not
fully understood. The regimen consisted of oral AZT
beginning at 14 to 34 weeks of pregnancy and continuing
throughout pregnancy, intravenous AZT during labor
and delivery, and, finally, administration of AZT syrup to
the newborn, beginning 8 to 12 hours after birth and con-
tinuing for 6 weeks. The only adverse effect among infants
was a transient mild anemia. The initial trial used 100 mg
of AZT five times per day. Comparable clinical response
has been observed with AZT, 200 mg three times per day
and 300 mg two times per day, and the less frequent
schedule is acceptable.76

In Thailand, a study in collaboration with the CDC
evaluated a short-term AZT regimen, which consisted of
oral AZT beginning at 36 weeks of pregnancy and contin-
uing through labor until delivery, with no infant compo-
nent. This short-term regimen has been found to decrease
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transmission by 51%.95 Infants were not breast-fed.
However, in the United States, identification of women as
early as possible during pregnancy and the use of the full
three-part AZT regimen is recommended. If HIV infection
is not diagnosed until delivery, or if for other reasons an
infected mother was not given AZT during pregnancy or
labor, the infant should nonetheless be treated with AZT,
beginning as soon as possible after birth.

Transmission that occurs despite drug therapy may be
a result of resistance to the drug, noncompliance, anom-
alies in transplacental transport, fetal infection occurring
before initiation of therapy, and other unknown factors.
The contributions of intrapartum, parenteral, and neona-
tal AZT to the reduced transmission rate have not been
elucidated.96,97 Because there are insufficient data at pres-
ent to recommend substituting another drug, AZT must
be included in any regimen aimed at prevention of trans-
mission from the mother to the child. AZT may be unique
in that it is metabolized into active triphosphate within
the placenta, which may enhance its protective effect.98

Although AZT monotherapy is no longer considered
the standard of care, AZT alone can be used to prevent
transmission to the fetus in asymptomatic women who
would not otherwise be treated. There is some concern,
however, that AZT monotherapy could reduce the efficacy
of subsequent antiretroviral regimens.

Pregnant women should be informed of the known
benefits of treatment to their babies and that the long-
term risks are thought to be minimal but are unknown.
It is ultimately the woman’s decision to accept all or part
of a treatment protocol or to consider termination of the
pregnancy.

Avoidance of Breast-Feeding

HIV, both cell free and cell associated, has been found in
breast milk samples, and women infected after delivery by
blood transfusion have transmitted HIV to their babies.99

In industrialized countries, adequate alternatives to
breast milk exist, and breast-feeding should be avoided by
HIV-infected women. In underdeveloped parts of the
world, such a directive is more problematic; breast milk
provides significant protection against life-threatening
gastrointestinal and respiratory tract infections. Thus,
decision to avoid breast-feeding can also have serious and
even fatal consequences.

Cesarean Section

Cesarean section has been proposed as an additional
means to reduce transmission at birth. Cesarean sections,
performed electively before both onset of labor and rup-
ture of membranes, showed a 55% to 80% reduction in ver-
tical transmission.100,101 However, these studies were
performed before HAART and routine viral load monitor-
ing; thus, the benefit for women receiving HAART or with
very low or undetectable viral load is not known. Current
recommendations from the American College of
Obstetricians and Gynecologists support cesarean section
when viral load is higher than 1000 copies/mL. The bene-
fit when membranes have been ruptured, especially for
more than 4 hours, is not known.102

Monitoring Therapy in the Mother 
and the Child

All prenatal exposures to antiretroviral drugs should be
reported to the Antiretroviral Pregnancy Registry, at (800)
258-4263 (www.apregistry.com). HIV-infected pregnant
women should be monitored for drug toxicity according
to the guidelines for each agent used.75,76 Clinicians
should be alert for lactic acidosis and hepatic steatosis
that results from antiretroviral-associated mitochondrial
toxicity, especially in association with the combination of
stavudine and didanosine. These latter two drugs should
be avoided if possible. Hepatic enzymes and electrolytes
should be assessed more frequently during the last
trimester of pregnancy and any new symptoms evaluated
carefully. Maternal HIV-1 RNA levels should be moni-
tored every 3 to 4 months and again shortly before deliv-
ery to allow for appropriate planning for delivery. HIV
resistance testing should be considered in pregnant
women with acute HIV infection, those with virologic
failure despite treatment, and those likely, on the basis of
epidemiologic factors, to have resistant virus.

Maternal CD4+ T-cell counts should be monitored, and
Pneumocystis carinii prophylaxis should be initiated if CD4
cell counts fall to less than 200 cells/μL.75,103 However,
cotrimoxazole should be discontinued for a few weeks
during the peripartum period, as with other sulfa drugs.

Fetal monitoring should be performed only if clinically
indicated. Infants should be monitored for anemia and
for HIV infection. P. carinii prophylaxis and antiretroviral
therapy should be initiated in accordance with published
recommendations and in consultation with a pediatric
AIDS specialist.104

Diagnosis of Human Immunodeficiency
Virus Infection

To prevent transmission of HIV from a mother to her
child, it is essential that all HIV-infected pregnant women
be identified.105 The U.S. Public Health Service has issued
recommendations for HIV counseling and voluntary test-
ing of pregnant women.106 Testing must be offered to all
pregnant women, not just to those who report risk fac-
tors; otherwise, 50% to 70% of infected women will be
missed. Testing should be performed early in pregnancy
and again in the third trimester for patients with ongoing
risk factors.

In the mother, HIV-1 infection is routinely diagnosed
through antibody testing. The HIV-1 test algorithm recom-
mended by the U.S. Public Health Service should be fol-
lowed, whereby initial screening with an FDA-licensed
ELISA is followed by confirmatory testing of repeatedly
reactive ELISAs with an FDA-licensed supplemental test
(e.g., Western blot or immunofluorescence assay). Rapid
HIV tests can provide initial screening results within 
30 minutes; however, confirmatory testing is still needed
and usually requires several days or more. Indeterminate
Western blot results can occur when HIV-infected persons
have been infected recently, are seroconverting, or have end-
stage HIV disease. False-positive ELISA results and indeter-
minate Western blot results can occur for uninfected



persons and have been observed more frequently in preg-
nant or parous women.

A second serum sample should be tested from all
patients with positive results to exclude sample handling or
testing errors. Second samples submitted from patients
with previous indeterminate results may detect seroconver-
sion and confirm HIV infection. To resolve repeated
Western blot–indeterminate samples, a sensitive test to
detect virus in blood directly, such as PCR, can be used.
Of note, falsely low-positive HIV RNA results have been
reported. Thus, test results should be interpreted in view of
risk factors, additional virologic and immunologic test
results, and clinical follow-up findings. HIV RNA in plasma
should be quantitated if HIV infection is confirmed. 
Of note, recently infected patients may be HIV antibody-
negative, but have high levels of HIV RNA in plasma.

Maternal transplacental antibody, which can be
detected in all infants born to HIV-infected mothers for
up to 18 months, complicates the diagnosis of HIV-
infected infants. PCR to detect proviral DNA in peripheral
blood mononuclear cells (PBMCs) is very sensitive in
infants older than 2 weeks of age, and almost all infected
infants are seropositive by 1 month of age. Infants born to
HIV-infected women should be tested with PCR for HIV
DNA within 48 hours of birth, at 1 to 2 months of age,
and at 3 to 6 months of age. A positive result must be con-
firmed by testing a second blood sample. Cord blood
should not be used for the initial PCR screen because it
may be contaminated with maternal blood. PCR is more
sensitive than virus isolation and HIV p24 antigen, and
these latter tests are not recommended.

Blood for HIV DNA should be collected in ethylenedi-
aminetetraacetic acid (EDTA) (lavender) tubes or acid-
citrate-dextrose (yellow) tubes and PBMCs separated by
Ficoll-hypaque gradient or sent by overnight mail to the
testing laboratory. Although PCR to detect proviral DNA
in PBMCs is the standard protocol, there is some evidence
that the plasma HIV RNA test is more sensitive in young
infants.107 For HIV RNA testing, plasma must be sepa-
rated within 6 hours of collection but can then be stored
at room temperature up to a day, at 2° to 8°C for up to 
5 days, or frozen at −20° to −80°C for longer periods.
Heparin inhibits PCR, and green-top tubes should thus
not be used. Other sensitive tests such as nucleic acid
sequence–based amplification (NASBA) can also be used.

PARVOVIRUS B19

In 1975, blood donor serum number B19, used as a nega-
tive control in an assay for hepatitis B virus, gave a false-
positive reaction. When the serum was examined by
electron microscopy, parvovirus virions were visualized.108

Parvovirus B19 was subsequently found to be the cause of
erythema infectiosum, or fifth disease, a benign exanthe-
matous illness of childhood, as well as the cause of tran-
sient aplastic crisis in patients with chronic hemolytic
anemias.109,110 In 1984, adverse effects of parvovirus B19
on the human fetus, which include miscarriage, hydrops
fetalis, and stillbirth, were first reported.111

Parvovirus B19 replicates only in mitotically active cells
and results in a productive lytic infection of erythroid 

precursor cells in the bone marrow.109 The resultant tran-
sient absence of reticulocytes is followed by a drop in
hemoglobin, which is of little consequence in the normal
host but is potentially life-threatening in individuals with
hemolytic anemias. Failure to mount a neutralizing anti-
body response can result in persistent infections in
immunocompromised hosts, including infants infected
in utero.112-114 Manifestations include pure red blood cell
aplasia, which may remit and then recur. Other cells, such
as megakaryocytes, placental cells, fetal liver cells, and
myocardial cells also possess P antigen or globoside, the
receptor for parvovirus B19; these cells can be infected but
are not thought to produce infectious virus.

Parvovirus B19 infection is common, with greater
activity in late winter, spring, and summer. Transmission
is via respiratory secretions but may involve close contact,
fomites, and droplets rather than aerosols. Although the
risk is low, parvovirus B19 can also be transmitted in
blood products, especially pooled coagulation factor
concentrates.115

Parvovirus B19 infection has two phases. The first phase
is characterized by viral replication in bone marrow,
viremia, and viral shedding in the throat. The second phase,
associated with rash and arthralgias, is coincident with the
immune response and the presence of antigen-antibody
complexes. Fifth disease, or erythema infectiosum, is recog-
nized in the second phase by the characteristic “slapped
cheek” erythematous facial rash accompanied by a lacy,
reticular rash on the trunk and upper extremities that
waxes and wanes over a period of days or weeks. However,
infection is often subclinical or associated with nonspecific
flu-like symptoms. In adults, symmetric joint pain,
swelling, and stiffness, commonly involving hands, knees,
and ankles, often occur in the absence of rash. Parvovirus
B19 can thus be mistaken for Lyme disease, rheumatoid
arthritis, or systemic lupus erythematosus.116 Transient
detection of rheumatoid factor or antinuclear antibodies
further confuses the diagnosis. Simultaneous manifesta-
tion of acute parvovirus B19 infection and systemic lupus
erythematosus has also been described.117

Maternal Parvovirus B19 Infection

About 50% of adults have antibody to parvovirus B19, and
the annual seroconversion rate is estimated at 1.5%.110,118

Pregnant women neither are more susceptible to infection
nor suffer more severe disease than other patients.119 In
epidemics, 20% to 30% of susceptible adults in school and
daycare settings become infected.120 School-aged children
are also a major source of infection for family members,
including mothers. In addition, pregnant health care
workers may be exposed to patients with transient aplas-
tic crisis who shed high titers of virus.

In approximately 30% of maternal infections, virus is
transmitted to the fetus. Intrauterine infection usually
terminates uneventfully when maternal antibody crosses
the placenta. However, spontaneous abortion may occur
in the first half of pregnancy and hydrops fetalis in the
second half. Nonhydropic intrauterine fetal death occur-
ring late in gestation has also been linked to parvovirus
B19.121 The overall risk of fetal death from maternal B19
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infection has been estimated at 1.66%122 to 6.5%123; fetal
demise usually occurs 3 to 6 weeks after maternal infection.

Hydrops Fetalis

Parvovirus B19 causes approximately 10% to 15% of non-
immune hydrops fetalis.124,125 The main mechanism
appears to be parvovirus B19–induced severe anemia with
resultant congestive heart failure. However, parvovirus
B19–associated hydrops has been reported even with mild
anemia,126 and parvovirus B19–associated viral myocarditis
with impaired cardiac function has been implicated.127-129

Spontaneous resolution of hydrops fetalis has been docu-
mented.126,127,130,131 Risk of a fatal outcome is highest in
the first two trimesters.

Congenital Defects

Congenital malformations have been reported after par-
vovirus B19 infection,132,133 but the rate is no higher than
the baseline risk in the general population. However, per-
sistent infection at birth has been documented, with
chronic anemia, susceptibility to frequent infections, and
low levels of viral replication.111,114 At autopsy, virus has
been detected in many organs, including the liver, heart,
and brain.134,135

Laboratory Diagnosis

Accurate laboratory diagnosis is important in pregnant
women because the symptoms of parvovirus B19 can be
confused with rubella, measles, nonpolio enteroviruses,
Lyme disease, rheumatoid arthritis, and systemic lupus
erythematosus.136,137

Because the rash and arthralgias coincide with termi-
nation of viremia and appearance of the immune
response, antibodies are usually present when the patient
seeks medical attention. Thus, diagnosis of fifth disease is
by detection of parvovirus B19 IgM and IgG antibodies
in serum.109 False-positive IgM results caused by cross-
reacting antibodies and rheumatoid factor can be a problem.
The most reliable method is the class capture ELISA.138,139

To diagnose fetal infection, tests to detect virus in fetal
serum, ascitic fluid, or tissues should be used. Viral cul-
ture for parvovirus B19 is too specialized for routine
use140; therefore, detection of virus is most often accom-
plished by DNA hybridization or PCR of tissues, cells,
serum, or bone marrow.129,134,135,141,142 Likewise, PCR
should be used for immunocompromised hosts in whom
antibodies do not develop. In infants with persistent con-
genital infection, virus does not circulate in the blood but
is present in low levels in the bone marrow and can be
detected by PCR.114

Histopathologic examination may reveal typical viral
cytopathic effects and intranuclear inclusions in eryth-
roblasts in fetal liver.134 In bone marrow, viral cytopathic
effect is manifested by giant pronormoblasts113 or, if these
cells have already been lysed, by absence of red blood cell
precursors.

Treatment

No specific therapy is available, and in the normal host,
the infection is usually mild and self-limited. In the
immunocompromised host with chronic infection,
administration of immune globulin containing neutraliz-
ing antibody has been associated with improvement, but
repeated therapy may be needed.113,143

The patient with transient aplastic crisis requires red
blood cell support until the immune response terminates
the infection and red blood cells are again produced.

The optimal management of the infected fetus is con-
troversial.123,144 If seroconversion in the mother is detected
during pregnancy, termination of pregnancy is not indi-
cated, because the incidence of congenital malformations
is not increased; rather, the fetus should be monitored by
ultrasonography weekly for 12 weeks. If mild hydrops is
detected, a conservative approach is recommended. For
worsening hydrops or fetal distress, diagnostic cordocen-
tesis and intrauterine red blood cell transfusion should be
considered.123,145 Great care must be taken to optimize the
volume of blood transfused and to counter possible bleed-
ing from thrombocytopenia. Because the fetus can recover
without treatment and intrauterine blood transfusion can
cause fetal death, further study is needed to better define
the risks and benefits for this treatment. The use of
Doppler sonography of the middle cerebral artery peak
systolic velocity for early noninvasive detection of anemia
may be a helpful adjunct to management.146

A single case of fetal recovery after treatment of the
mother with high-dose intravenous immune globulin has
been reported.147 Treatment of chronic persistent congen-
ital infections with intravenous immune globulin has not
produced encouraging results.114

Prevention

Prevention of parvovirus B19 infection is difficult. It is an
annual problem, especially in schools, daycare centers, and
households with school-aged children. Many infections
are subclinical, and when the rash appears, the individual
is no longer infectious. Transmission may be lessened by
routine hygienic practices such as hand washing. Pregnant
health care workers should avoid caring for patients with
transient aplastic crisis or immunocompromised hosts
with parvovirus B19 infection, since these patients may be
highly contagious. A vaccine with recombinant capsid pro-
teins is under development but is not yet available.148

RUBELLA

For more than 100 years after it was first recognized as a dis-
tinct entity, rubella was considered a mild childhood illness
characterized by a morbilliform rash and lymphadenopathy.
In 1941, however, an Australian ophthalmologist noted a
surprising number of children with cataracts, often accom-
panied by serious congenital defects, after a large rubella epi-
demic.1 After some initial skepticism, it was confirmed that
rubella infection during pregnancy can have devastating
consequences for the fetus.149



Postnatal rubella is spread by direct contact or respira-
tory droplets.150 Virus then replicates in the respiratory
tract and lymph nodes. After 7 to 9 days, viremia ensues,
accompanied by lymphadenopathy and virus shedding in
nasopharynx, stool, and urine. A maculopapular rash
appears about 16 to 21 days after infection, accompanied
by suboccipital, postauricular, and cervical adenopathy,
and coincides with the appearance of serum antibodies.
The virus is shed in the nasopharynx for an additional
week. Acute arthralgia or arthritis is a common feature of
rubella in adolescent girls and in women. Joint symptoms
most frequently involve the fingers and knees and usually
resolve within weeks but may last for years. Approximately
half of all infections are asymptomatic.

Before introduction of the vaccine, rubella epidemics
occurred every 6 to 9 years with a peak in the spring
months in temperate zones. The last major epidemic in
the United States in 1964 left 20,000 infants with perma-
nent damage. Since the introduction of rubella vaccine in
1969, the incidence of rubella in the United States has
been reduced by more than 99%. In the 1990s, a median of
232 rubella cases were reported annually.151,152

Because most countries of the world do not require
rubella vaccination, congenital rubella syndrome (CRS)
remains an international problem, and 100,000 to 200,000
cases of CRS occur annually in the world. In the United
States, there remain pockets of unvaccinated and suscepti-
ble women, many of them poor or immigrants, particu-
larly of Hispanic origin. From 1997 through 1999, a total
of 24 infants with CRS were born in the United States, most
of them to Hispanic and/or foreign-born mothers.151-153

Indigenous rubella and CRS had been targeted for elimi-
nation in the United States by the year 2000, and signifi-
cant progress was made. However, prevention of imported
cases requires other countries to implement national
rubella vaccination policies as well.151-154

Maternal Rubella

There is no evidence that rubella is more severe in preg-
nant women than in other patients, and at least half of
infections are subclinical. Maternal viremia leads to infec-
tion of the placenta; once the placenta is infected, the
virus can disseminate to the fetus. Primary rubella in the
first trimester of pregnancy results in abortions, miscar-
riages, stillbirths, and fetal malformations. Reinfections
occur in rare cases and usually result in a boost in anti-
body but no risk to the fetus. Nevertheless, several cases of
CRS after reinfection have been reported.155,156

Congenital Rubella Syndrome

Fetal infection can occur throughout pregnancy, but the
risk is highest in the first trimester and rises again near
term.157-159 CRS is largely confined to infants infected in
the first trimester and is rare among those infected after
16 weeks’ gestation. Maternal infection during the first
10 weeks of pregnancy almost always results in fetal infec-
tion, and CRS occurs in about 90% of those infected. With
infection occurring between 11 and 12 weeks of gestation,

the risk of CRS drops to 50%, and with infection occur-
ring between 13 and 16 weeks of gestation, it drops to 33%.
With infections occurring after the 12th week, deafness is
usually the sole manifestation of CRS,160 and with infec-
tions occurring after 17 to 18 weeks, defects attributable
to rubella are rare.

Although fetal loss can occur very early in gestation,
most fetuses are carried to term. Anomalies associated
with CRS include hearing loss, congenital heart defects,
cataracts or glaucoma, chorioretinitis, and neurologic
disorders. In addition, intrauterine growth restriction,
hepatosplenomegaly, and thrombocytopenic purpura are
common. Radiolucent bone disease is less frequent.
Infection may be disseminated, may involve a single organ,
or may be subclinical. Some manifestations, particularly
hearing loss, may not be evident for several years.159-161

Infants with multiple abnormalities at birth have a poor
prognosis, and in such infants, the rate of mortality during
the first year of life is high.

Infants with CRS shed high titers of virus in nasopha-
ryngeal secretions and urine at birth and should be con-
sidered contagious for at least a year, unless the results of
cultures are repeatedly negative.162

Differences in the clinical manifestations of CRS have
been reported and may be attributed to strain differences.
For example, in Japan, CRS is less frequent, for unclear
reasons, and in Iceland, the epidemic of 1963 to 1964
resulted in congenital infections characterized by severe
hearing loss but no cataracts or heart disease.163

Diagnosis

It is critical to establish an accurate laboratory diagnosis.
The symptoms of rubella (rash, low-grade fever, lym-
phadenopathy) can be confused with drug-related erup-
tions or a number of other infections, including measles,
scarlet fever, roseola, fifth disease, enterovirus, adenovirus,
and dengue.

Nasopharyngeal and throat swabs or washes collected
at onset of rash can be used for viral culture, but the virus
is labile, and conventional culture methods are slow.
Reverse transcriptase PCR (RT-PCR) is useful, but assays
vary in sensitivity.164,165 Detection of rubella IgM is useful
in detecting postnatal and congenital infections, but
false-positive and false-negative results occur.136,137,166-168

Only about 50% of patients are seropositive for rubella
IgM on the day of rash onset. However, by 7 days after
rash onset, most patients will be IgM seropositive.
Because of the impact of the diagnosis in the first
trimester of pregnancy, testing of multiple specimen types
for rubella and for other viruses that cause similar clinical
disease should be performed.

The most reliable method for diagnosing postnatal
rubella is to document seroconversion. Acute-stage and
convalescent-stage serum samples, the latter collected
3 weeks after the former sample, should be submitted.
The widely used hemagglutination inhibition rubella
antibody test has been replaced by more convenient and
equally sensitive assays, such as ELISA, latex agglutina-
tion, and immunofluorescence assay.164 When a pregnant
woman of unknown immune status is exposed to rubella,
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a serum sample should be obtained and tested for rubella
IgG as soon as possible. If antibody is detected, the patient
is considered immune. If antibody is not detected, an
aliquot should be frozen and retested in parallel with a
second sample obtained 3 to 4 weeks after exposure. If the
second sample is also negative, a third sample should be
obtained 6 weeks after exposure and tested in parallel
with the first sample. The presence of antibody in the sec-
ond or third samples, but not in the first, indicates sero-
conversion and thus recent infection.

Diagnosis of CRS requires virus isolation from the
nasopharynx, urine, CSF, or tissues; demonstration of
rubella-virus IgM in cord blood or neonatal serum; or per-
sistence of rubella virus IgG in the infant’s serum at 1 year
or after maternal antibody has waned. In CRS, virus is
shed in high titers for months, thus facilitating virus iso-
lation. However, as rubella infections become uncommon
in the United States, routine diagnostic laboratories may
not maintain the cell cultures and expertise necessary for
rubella virus isolation. Before isolation is attempted, the
laboratory should be notified and, if necessary, arrange-
ments should be made for specimen transport to a spe-
cialized laboratory. All cases of suspected CRS should be
thoroughly investigated and reported through local or
state health departments to the CDC.

PCR has also been used to detect rubella virus prena-
tally, but it does not always correctly predict fetal rubella
viral infection.164,165

Treatment

Treatment of acquired rubella is supportive. There are no
reports of successful antiviral therapy in congenitally
infected infants.

Prevention

The routine use of immune globulin to prevent infection
or CRS in pregnant contacts of patients with rubella is not
recommended. Although clinical manifestations may be
reduced in the mother, CRS may still occur in the fetus.
Administration of immune globulin should be considered
only if termination of pregnancy is not an option.169,170

A live attenuated rubella vaccine is available, and two
doses are now recommended in accordance with the two-
dose measles immunization schedule. Thus, emphasis
should be placed on immunization of all individuals who
lack a vaccination history or serologic evidence of immu-
nity; a clinical history alone is unreliable. More than half
of CRS cases in outbreaks since the 1990s could have been
prevented if mothers had received postpartum immuniza-
tion after previous pregnancies as recommended.157,171

Vaccination results in transient arthritis and arthralgias
in 10% to 25% of vaccinated postpubertal females, but the
incidence is lower after vaccination than after natural
infection.172

Pregnant women should not receive rubella vaccine, and
postpubertal females should be warned to avoid pregnancy
for 28 days after receiving rubella vaccine.173 Despite a theo-
retical risk of 1.6% for CRS after first-trimester vaccination,4

no infants delivered to mothers inadvertently vaccinated in
the first trimester have had signs of CRS. This suggests that
vaccine strains are not teratogenic, despite their ability to
infect the placenta and fetus. Susceptible women should be
given rubella vaccine in the immediate postpartum period
before hospital discharge.171

Subunit vaccines designed to protect against viremia
without the side effects of live attenuated virus vaccines
are being developed.

VARICELLA-ZOSTER VIRUS

Varicella-zoster virus (VZV) derives its name from the
two diseases it causes: varicella (chickenpox) and zoster
(shingles). Varicella is acquired by the nonimmune host
via the respiratory route from aerosol, droplet, or direct
contact with vesicular skin lesions. Subsequent viremia
carries the virus to the skin and internal organs. The incu-
bation period is 10 to 21 days and is followed by the
appearance of vesicular rash, fever, and malaise. After pri-
mary infection, a latent infection is established in dorsal
root ganglia, from which virus can reactivate, usually
causing zoster, a rash in a dermatomal distribution. In
temperate zones, more than 95% of individuals are
infected in childhood, and most adults without a history
of varicella are immune when tested. In contrast, only 50%
of adults in the tropics are immune.174 Thus, Hispanic
Americans and persons who are natives of tropical coun-
tries should be considered susceptible unless vaccination
or serologic immunity have been documented.

When acquired in childhood, varicella is usually
a benign illness. When infection is delayed until adult-
hood, the mortality rate is higher, usually as a result of
pneumonia and disseminated intravascular coagulation.
Although fewer than 5% of varicella cases occur in adults
older than 20 years, more than 55% of varicella-related
deaths occur in this age group.175-177 Susceptible persons
with HIV infection or malignancies, those receiving
steroid therapy, and pregnant women are at increased risk
for severe varicella and complications.

Maternal Varicella

Only 0.05% to 0.07% of pregnancies in the United States,
or 7000 to 10,000 cases annually, are complicated by vari-
cella.178,179 With the upward shift in the age distribution of
varicella cases observed in the United States and United
Kingdom, this statistic could increase.180 Pulmonary
involvement occurs in about 10% of pregnant women with
varicella, which is not more frequent than in nonpregnant
adults.181,182 Risk factors for varicella-related pneumonia
include smoking and presence of more than 100 skin
lesions.182 The onset is often insidious, with cough, dysp-
nea, and chest pain developing 1 to 7 days after the appear-
ance of the rash; chest radiograph results may be normal
initially. Although most cases of pneumonitis resolve
within 1 week, death may occur as a result of pulmonary
insufficiency, bacterial superinfection, or progressive 
pulmonary fibrosis. Onset during the third trimester is
a risk factor for a fatal outcome. Maternal hypoxemia is



potentially damaging to the fetus, and severe maternal
infections can result in fetal demise.179 Thus, prompt
recognition and treatment are essential.

Even in the absence of complications in the mother,
viremia associated with primary VZV infection can result
in infection of the fetus. Intrauterine VZV infection may
result in congenital varicella syndrome, varicella in the
neonatal period, or zoster during infancy or early child-
hood.179,182 The consequences to the fetus are of greatest
concern early in pregnancy and near the time of delivery.

Congenital Varicella Syndrome

Infection with VZV during the first 20 weeks of gestation
can produce an embryopathy characterized by limb
hypoplasia, cutaneous scarring, and eye and brain dam-
age.183-185 Data combined from several prospective studies
in the United States indicate that the risk of congenital
varicella syndrome is 0.7% to 1.2% during the first
trimester of pregnancy.186-188 In one prospective study, the
risk of fetal damage was greater during the 13th to 20th
weeks of gestation (2%) than when infection occurred in
the first 12 weeks of gestation (0.4%).186

Fetal infection that occurs between 20 weeks of gesta-
tion and 5 days before delivery is usually associated with a
benign outcome; however, affected infants have a risk of
developing zoster during infancy or early childhood.179

One case of zoster present at birth has been reported.189 In
a few cases, infants infected in utero may have VZV IgM
antibody in the neonatal period.186 A more reliable marker
is VZV IgG immunity that persists after 1 year of age,
when maternal transplacental antibody has waned.

There is no credible evidence that maternal zoster
causes congenital defects.179,186

Neonatal Varicella

When the onset of maternal varicella rash occurs 4 days
before to 2 days after delivery, severe varicella infection can
occur in the neonate.190 In these cases, the fetus is infected
through maternal viremia but is delivered before sufficient
transplacental antibody is available to lessen the severity of
the disease.191 A mortality rate of 31% among infants whose
mothers experienced onset of rash up to 4 days before birth
has been estimated on the basis of a limited retrospective
analysis of the literature; however, this rate is probably
falsely high because of selective reporting.179,192

Diagnosis

The most rapid and sensitive routine test for detection of
VZV in vesicular skin lesions is DFA staining of cell scrap-
ings with VZV-specific monoclonal antibody. DFA pro-
vides results within hours and is more sensitive than
culture.193 Tzanck stains lack both sensitivity and speci-
ficity and have little, if any, use in current diagnosis.

Virus can be isolated from lesion swabs, vesicular fluid,
bronchoalveolar lavage, CSF, and tissue samples. In con-
trast, throat swabs rarely yield positive results for varicella

and should not be submitted. Shell vial centrifugation
cultures for VZV provide results in 2 to 5 days and yield
more positive findings than do conventional cell cultures,
which require 3 to 14 days for a positive result.193 PCR is
more sensitive than DFA or culture but is largely confined
to reference laboratories. Improved methods and instru-
mentation should lead to wider availability in the future.

Susceptibility and seroconversion to VZV can be 
determined by ELISA or latex agglutination tests.194

Complement fixation tests are not sufficiently sensitive
for determining immune status.

The diagnosis of congenital varicella is usually made by
identifying classic anomalies in the fetus, within the con-
text of a history of maternal varicella during pregnancy.
IgM antibody tests may have a role in supporting the diag-
nosis of congenital varicella when active skin lesions are not
present at birth. The diagnosis must be confirmed by doc-
umenting the persistence of VZV-specific IgG in the infant
after 1 year of age, when maternal antibody has waned. Due
to both sensitivity and specificity problems, IgM assays
should never be the sole basis for laboratory diagnosis.186,195

PCR has been used on chorionic villus tissue and amniotic
fluid for prenatal diagnosis of congenital infection, but
results may not correlate with fetal disease.183,195-197

Treatment

The safety of systemic acyclovir among pregnant women
has not been established by controlled trials. However,
analysis of more than 1000 cases of acyclovir administra-
tion to pregnant women, reported to the Acyclovir in
Pregnancy Registry at GlaxoWellcome, has revealed a fre-
quency of birth defects no different from baseline risk in
the general population.

Oral acyclovir has not been recommended for routine
treatment of uncomplicated varicella in pregnant women,
because the risks and benefits to the mother and fetus are
unknown. Nevertheless, some experts would consider its
use, especially in the third trimester. Intravenous acyclovir
is recommended in pregnancy for serious complications,
such as pneumonia.198,199

Intravenous acyclovir should also be considered for
treatment of neonatal varicella.

Prevention

Varicella-zoster immune globulin (VZIG) is prepared
from plasma of blood donors with high antibody titers
to VZV and is useful in preventing or modifying illness
caused by VZV infection if given intramuscularly as early
as possible but within 72 to 96 hours of exposure.176

A new intravenous VZIG has been reported to confer higher
levels of VZV antibodies and is comparable in safety.200

VZIG is administered when the patient is susceptible to
VZV, has had an exposure likely to result in infection,176

and is at greater risk for complications than is the general
population. Continuous exposure to household members
with varicella constitutes the greatest risk (approximately
90% chance of contracting varicella). Susceptible pregnant
women should be strongly considered for VZIG to prevent
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complications of maternal varicella, such as pneumonia.201

VZIG has not been proved to prevent viremia or infection
of the fetus. Neonates should also receive VZIG if the
mother received VZIG prophylaxis in the 5 days before
delivery, because it is unlikely that sufficient antibody will
cross the placenta in this period. Neonates who are born to
mothers with varicella rash onset from 5 days before to
2 days after delivery should receive VZIG; many such
neonates nonetheless contract varicella, but infection is
milder. Some authors have argued that this time period
should be extended from 5 days to 7 days before delivery.192

A live attenuated varicella virus vaccine is available for
use in susceptible children and adults.176,177,202 Individuals
over 12 are given two doses 4 to 8 weeks apart. The sus-
ceptibility of all adolescents and adults without a history
of varicella should be determined and vaccination encour-
aged. The effects of varicella virus vaccine on the fetus are
unknown; therefore, pregnant women should not receive
the vaccine, and nonpregnant women should avoid
becoming pregnant for 1 month after each injection.
A pregnant mother is not a contraindication for vaccina-
tion of a child; however, some experts would defer immu-
nization of the child until the third trimester or after
delivery. Transmission of vaccine virus from a healthy
child to his pregnant mother has been reported.203

Reports of mistaken administration of vaccine instead of
VZIG to pregnant women with household exposure to vari-
cella underscore the need for health care providers to under-
stand the indications for each of these products and to read
labels carefully before administration.204 Inadvertent vacci-
nation during pregnancy should be reported to the VARI-
VAX Pregnancy Registry (800-986-8999).205

ENTEROVIRUSES

The enteroviruses constitute a genus of the Picornaviridae
family that includes polioviruses, group A Coxsackie
viruses, group B Coxsackie viruses, echoviruses, and num-
bered enterovirus serotypes. Enteroviruses are named
after their propensity to replicate in the enteric tract.

Poliovirus vaccination has led to the elimination of
indigenous poliovirus circulation in the Americas and to the
hope of eradicating polio worldwide.206 In contrast, nonpolio
enterovirus infections are very common worldwide; they
occur throughout life and circulate predominantly in the
summer and fall in temperate zones. The majority of all
enterovirus infections, polio and nonpolio, are subclinical.
Nevertheless, various clinical syndromes have been associ-
ated with nonpolio enteroviruses, including summer colds,
pneumonia, meningitis, encephalitis, paralysis, myocarditis,
pericarditis, pleurodynia, hepatitis, hand-foot-and-mouth
disease, herpangina, and a variety of rashes.207

Transmission and Pathogenesis

Enteroviruses are transmitted postnatally predominantly
by the fecal-oral route, but respiratory transmission is
also possible. The incubation period is usually 3 to 6 days.
A viremia seeds target organs, and virus is shed from
throat, urine, stool, and cervix.

Transmission to the fetus or newborn may occur
transplacentally, but the majority of infections are proba-
bly acquired either during the birth process or after
birth.208 Ascending infection may also occur presumably
from an infected cervix.209 Enteroviruses have been recov-
ered from amniotic fluid in association with chorioam-
nionitis and fetal demise.210

Nonpolio Enterovirus Infections in
Pregnancy

Nonpolio enterovirus infections have been detected fre-
quently in pregnant women in a number of studies.211,212

Although severe illness has been reported,213 virus shed-
ding is usually associated with minimal or no symptoms.

Congenital Infection

A number of case reports have implicated nonpolio
enteroviruses as causes of spontaneous abortion, still-
birth, and fetal loss in the second and third trimesters.214-216

However, population-based studies of past enterovirus
epidemics have not shown an association with an increase
in risk for these complications.217,218 In retrospective
analyses of pregnancies with adverse outcomes or neurode-
velopmental delay in newborns, enteroviruses were
detected by PCR in amniotic fluids in some cases.219,220

In utero and postnatal enterovirus infections have also
been linked to juvenile-onset diabetes.221

Whether nonpolio enteroviruses can cause congenital
defects is unresolved. One group of investigators reported
that a rise in maternal antibody titers to certain
enteroviruses was associated with specific abnormalities,
such as fetal cardiovascular abnormalities with Coxsackie
B3 and B4 serotypes and gastrointestinal anomalies with
Coxsackie A9 serotype.211 Surprisingly, the antibody rises
did not follow a typical enterovirus seasonal pattern (i.e.,
summer and fall). In a number of large studies,217,218,222

the rate of congenital anomalies was the same in preg-
nancies complicated by enterovirus infection as in those
without infection. Furthermore, epidemics of enterovirus
infections have not been followed by an increase in con-
genital defects.208,223

Perinatal Infection

Transplacental transmission late in gestation can occur, and
neonatal enterovirus infections have been documented after
cesarean section.209,224,225 Infections contracted in utero dur-
ing maximal maternal viremia, with delivery before mater-
nal antibody development, tend to be the most severe.208,226

Onset of neonatal illness is within 3 days of birth. Postnatal
transmission of the same virus type results in milder
illness.208 Fortunately, in the majority of infected newborns,
the infection is acquired either during the birth process or
postnatally from exposure to infected maternal blood, feces,
or oropharyngeal secretions. Neutralizing antibody
acquired from the mother may prevent or ameliorate clini-
cal disease but does not always prevent infection.
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Although most infected newborns are asymptomatic,
undifferentiated fevers, sepsis, meningoencephalitis, hep-
atitis, myocarditis, and even skin lesions can occur.227

Most patients recover uneventfully, but some infants have
severe disease, and the clinical course may be biphasic.
Death is most often a result of severe hepatitis in
echovirus infections or myocarditis in Coxsackie B virus
infections. Mortality rates of 10% have been reported.208

One half to two thirds of infected mothers report viral
symptoms in the week before delivery; and some mothers
complain of abdominal pain mimicking a so-called acute
abdomen.208,226

Postnatal Infection

In addition to the mother, infected family members and
hospital personnel have also been implicated in neonatal
enterovirus infection.226 Nosocomial infection in hospital
nurseries has been well documented and has resulted in
respiratory, hepatic, gastrointestinal, cardiac, or neuro-
logic disease. Neonates infected vertically have served as
source patients, with virus transmitted to other infants by
hospital staff.225 Low birth weight and prematurity are
risk factors for disease.

Diagnosis

Enteroviruses are routinely diagnosed by virus isolation in
cell culture. A selection of susceptible cell types is needed
for optimal results, and detection of many Coxsackie
group A serotypes requires inoculation of newborn mice.
RNA amplification methods, such as RT-PCR and
NASBA, have become the tests of choice for detection of
enterovirus RNA in CSF228,229 and can be performed on
other samples as well but are often available only in refer-
ence laboratories.

Enteroviruses can be recovered from throat, nasophar-
ynx, stool, and urine. Because enteroviruses replicate in high
titer in the enteric tract, the stool provides the highest yield
of isolates. Virus can be isolated from the blood of newborns
who present during the viremic phase with fever and
lethargy. Virus can be cultured from CSF in approximately
half of CNS infections; use of RT-PCR or NASBA increases
the detection rate.229 Isolation of virus from stool alone may
not be indicative of acute infection in older children and
adults, because virus may be shed for weeks or even months
after infection. In neonates, however, this is not an issue.

Antibody titers to selected enterovirus types can be
determined by a neutralization test. However, this is very
labor intensive and is not generally available. The comple-
ment fixation test is more widely available, but cross reac-
tions and the presence of antibodies from prior infections
make test results difficult to interpret.

Treatment and Prevention

Specific antiviral therapy is not currently available for
enterovirus infections. Intravenous immune globulin ther-
apy may have some benefit if high titers of type-specific

neutralizing antibody are present in the preparation.
Immune globulin has been administered to exposed
infants in nursery outbreaks230 and has been used to treat
severe infections.231 Passive immunization of newborns of
mothers diagnosed with enterovirus infection within a few
days before birth has also been suggested, but its value
remains untested.224

Careful attention to hand washing, especially when
changing diapers, should be emphasized. When an
enterovirus epidemic has occurred in the hospital, closing
newborn units, restricting visitors, and enforcing contact
precautions are indicated.

INFLUENZA VIRUS

Influenza virus types A and B cause annual epidemics of
varying severity during the winter months in temperate
zones.232,233 Influenza viruses continually undergo minor
antigenic changes of their surface proteins, hemagglutinin
and neuraminidase, and thus evade the host’s immunity.
Influenza type A, but not influenza type B, can undergo
major antigenic changes with emergence of a new subtype
as a result of reassortment with animal influenza A
viruses. The appearance of a new subtype of influenza A
can result in a worldwide pandemic that is associated with
substantial mortality. During the 20th century, new sub-
types of influenza A appeared and led to pandemics in
1918 (H1N1), 1957 (H2N2), and 1968 (H3N2).

Transmission occurs via airborne droplets, and the incu-
bation period is 1 to 5 days. The typical influenza syndrome
consists of sudden onset of fever, myalgia, headache, photo-
phobia, cough, and prostration. Influenza causes a tracheo-
bronchitis, and complications include primary viral
pneumonia, combined viral-bacterial pneumonia, second-
ary bacterial pneumonia, myocarditis, pericarditis, myositis,
toxic shock syndrome, encephalopathy, and postinfluenzal
encephalitis.233 Reye’s syndrome, characterized by
encephalopathy and fatty infiltration of the liver, is a disease
of children and adolescents that follows infection with res-
piratory viruses, including influenza, as well as VZV and gas-
trointestinal infections. Use of salicylates is a risk factor for
development of Reye’s syndrome and is contraindicated in
patients with influenza infection.

During a nonpandemic year, influenza-associated
mortality is primarily confined to the very young, the eld-
erly, and persons with chronic cardiopulmonary or meta-
bolic disorders. Although the influenza mortality rate is
low, the number of deaths is significant because so many
persons are infected. In the 1990s in the United States,
approximately 36,000 deaths per year have been attrib-
uted to influenza.232

Maternal Infection

Excess deaths among pregnant women were documented
during the pandemics of 1918 and 1957.234,235 In interpan-
demic years, pregnancy has also been associated with an
increased risk of serious medical complications.236-238

Reasons for this increased risk for predominantly car-
diorespiratory complications include pregnancy-associated
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increases in heart rate, stroke volume, and oxygen con-
sumption; decreased lung volume; and changes in
immunologic function. Hospitalization occurs predomi-
nantly in the third trimester and has been estimated to be
needed for 250 per 100,000 pregnant women.239

Congenital Infection

Influenza virus infection is generally confined to the respi-
ratory tract, and viremia, if it occurs, is very low grade. In
fatal cases of maternal influenza, virus is usually not recov-
ered from the fetus, and the virus itself has not been found
to cause congenital defects.240,241 Although congenital
anomalies and hematologic malignancies have been
reported after influenza infection in pregnancy, no consis-
tent association has been determined.240-244 Schizophrenia
and autism have also been linked to influenza and other
viral infections during pregnancy,245 but findings have not
been not conclusive.

Neonatal Infection

Influenza infection of neonates, including nosocomial
outbreaks, have been reported, and infants with lower
birth weight are more severely affected.246-248 Clinical
manifestations include rhinorrhea, cough, sneezing, poor
feeding, vomiting, abdominal distention, fever, respira-
tory distress, and apnea. However, many cases are mild,
and infections may also be asymptomatic.

Diagnosis

Influenza can be diagnosed by virus isolation in cell cul-
ture or by a number of rapid assays, some of which can be
performed in doctors’ offices. Rapid nonculture tests,
such as ELISA, have a sensitivity of only 50% to 90%; opti-
mal sample collection increases the detection rate. DFA of
respiratory epithelial cells can provide rapid and sensitive
results in experienced laboratories and can detect infec-
tion with other respiratory viruses as well.232,233,249

Upper respiratory samples should be collected during
the first 24 to 48 hours of illness, when viral shedding is
maximal. Either a nasopharyngeal swab and an oropha-
ryngeal swab or two nasopharyngeal swabs, combined in
a single tube, increase the amount of virus and improve
the sensitivity of the results. Nasopharyngeal washes or
aspirates, endotracheal aspirates, and bronchoalveolar
lavage specimens are also excellent samples.

Serologic tests to detect a rise in influenza antibodies
provide a retrospective diagnosis, because serum samples
must be collected both during the acute stage and 2 to
3 weeks into convalescence.

RT-PCR is also available in some reference laboratories.249

Prevention and Treatment

Women whose pregnancies will be in the second or third
trimester during influenza season should be vaccinated.

To avoid coincidental association with spontaneous abor-
tion in the first trimester, clinicians may prefer to wait
until the end of the first trimester to vaccinate women who
are otherwise at low risk.232 However, women who have
medical conditions that increase their risk for influenza-
related complications should be vaccinated before
influenza season, regardless of the stage of pregnancy.

Inactivated influenza vaccine contains the three
influenza strains likely to be circulating in the upcoming
winter: two influenza A subtypes (H3N2 and H1N1) and an
influenza B virus. Because the vaccine viruses are grown in
embryonated hens’ eggs, persons allergic to eggs should
not receive the vaccine. Inactivated influenza vaccines also
contain a low level of thimerosal, a mercury-containing
compound, as a preservative. Although no evidence of
harm from thimerosal in vaccines has been reported,250

a limited number of preservation-free or reduced
thimerosal influenza vaccine doses are available from the
manufacturers. The benefits of standard or reduced-
thimerosal influenza vaccine far outweigh any theoretical
risk from thimerosal. Breast-feeding is not a contraindica-
tion to influenza vaccination. Many obstetricians, however,
fail to offer influenza vaccine to their patients.251,252

A live attenuated, intranasally administered influenza
vaccine has been approved by the FDA but is not for use in
pregnant women. Four antiviral drugs—amantadine, riman-
tadine, zanamivir, and oseltamivir—are available in the
United States as adjuncts to vaccination.232 Two cases of
treatment of pregnant women with amantadine have been
reported.253,254 No clinical studies have been conducted in
pregnant women, and amantadine and rimantadine have
been shown to be teratogenic and embryotoxic in high doses
in animal studies. Thus, these drugs should be used in preg-
nancy only if the potential benefit justifies the risk.

EPSTEIN-BARR VIRUS

Epstein-Barr virus (EBV) is the causative agent of heterophil-
positive infectious mononucleosis, a disease of adoles-
cents and young adults. In early childhood, however,
infection is most often subclinical. EBV has also been
linked to African Burkitt’s lymphoma, poorly differenti-
ated nasopharyngeal carcinoma, post-transplantation
lymphoproliferative disease, hairy leukoplakia in patients
with AIDS, and Hodgkin’s disease.

EBV is transmitted in saliva by close or intimate contact.
After primary infection, the virus establishes a persistent
infection in epithelial cells of the nasopharynx and in
B lymphocytes and may be shed intermittently or at a
chronic low level in saliva. Infection occurs at a young age
in persons in lower socioeconomic groups but is delayed
until puberty in a significant proportion of persons in
higher socioeconomic groups. Eventually, most people
acquire infection.

About 3% to 4% of pregnant women are susceptible to
EBV.255,256 Despite isolated reports,257 there is no convinc-
ing evidence that primary EBV infection in pregnancy
causes congenital defects. Some investigators have
explored the frequency of congenital infection by culturing
cord blood lymphocytes of neonates. Only 1 infant of 696
was infected, and this infant was normal on follow-up.258



In another study, one infant shedding EBV in saliva had
transient hepatomegaly but was otherwise normal.259

In a different approach, primary infections in pregnant
women were identified by serologic tests. Pregnancy out-
come was monitored, but convincing evidence of fetal
defects or disease was not found.256 Reactivation of EBV
in pregnancy, as determined by increases in antibody to
EBV early antigen, was also investigated, with conflicting
results.256,260 PCR has been applied to the detection of
EBV transmission in pregnancy, and several cases of pos-
sible vertical transmission were identified.261 However, the
outcome of the affected infants was not reported.

Diagnosis

Primary EBV infection is diagnosed by heterophil and
EBV-specific antibodies.262 Heterophil antibodies are pos-
itive in fewer than 50% of young children with primary
EBV, but 85% to 90% of older children and adults have a
positive result. For a more specific diagnosis, a panel of
EBV antibodies can be tested, preferably by immunofluo-
rescence. ELISA tests have yielded unreliable results in the
past but are improving. Both IgG and IgM antibodies to
EBV viral capsid antigen should be elevated in primary
infection. Test findings for antibody to EBV nuclear anti-
gen are negative during primary infection, rise in conva-
lescence, and remain positive for life.

Virus isolation requires transformation of human
umbilical cord blood lymphocytes and is confined to the
research laboratory. Virus can be detected by PCR in
saliva, blood, CSF, and tissue samples, but assays are, in
general, available only in reference laboratories.

HUMAN T CELL LYMPHOTROPIC
VIRUS TYPE I

Human T cell lymphotropic virus type I (HTLV-I) is
a retrovirus associated with adult T cell leukemia/
lymphoma (ATL) and with myelopathy (HTLV-associated
myelopathy [HAM]), which is also called tropical spastic
paraparesis (TSP).263 ATL is a malignancy of HTLV-
I–infected CD4+ T lymphocytes that occurs in 2% to 4% of
infected persons, after a latent period of decades. Most
cases of ATL occur in 40- to 60-year-old patients.  HAM/
TSP is a chronic, progressive demyelinating disease that
mainly affects the spinal cord. It occurs in fewer than 1%
of HTLV-I–infected persons with a latency period that is
shorter than that of ATL. It is characterized by progressive
lower extremity weakness, spasticity, hyperreflexia, sensory
disturbances, and urinary incontinence.

HTLV-I infection is endemic in the Caribbean basin,
parts of Africa, Melanesia, and southwestern Japan.
Seroprevalence rates as high as 15% have been reported in
endemic areas; rates are highest in older age groups and in
women.264 HTLV type II (HTLV-II) is a related virus preva-
lent among intravenous drug users in the United States,
Europe, and among some Native American populations.
It has not been clearly linked to any disease. In the United
States, donated blood is routinely screened for HTLV-I
and HTLV-II; approximately 0.016% of blood donors

are infected, half with HTLV-I and half with HTLV-II.
HTLV-I–infected individuals either are from endemic areas
or have had sexual contact with people from those areas.
A small number have a history of intravenous drug use or
blood transfusion.

HTLV-I is transmitted from mother to child, by sexual
contact, by blood transfusion, or by contaminated
needles. Mother-to-child transmission occurs primarily as
a result of breast-feeding.265 In endemic areas, about 25%
of breast-fed infants of infected mothers become infected.
Intrauterine or perinatal transmission occurs in about 5%
of infants who are not breast-fed. Infections early in life
carry the greatest risk of ATL.

Diagnosis

Most HTLV-I–infected patients of childbearing age are
asymptomatic. Infection may be first recognized when the
patient gives blood. If the patient is from an endemic area,
serologic testing in pregnancy should be considered.266

If results are positive, breast-feeding should be avoided.
The diagnosis is by two-step serologic testing. A posi-

tive ELISA screening test must be confirmed by Western
blot. If Western blot results are indeterminate, PCR to
detect HTLV-I in PBMCs can be performed. Whole blood
in EDTA should be sent by overnight delivery to a compe-
tent reference laboratory.

HTLV-I infection cannot be distinguished from HTLV-II
infection by ELISA. However, commercial Western blot
preparations have been spiked with type-specific envelope
glycoproteins (gp46-I and gp46-II) to differentiate HTLV-I
and HTLV-II infections.267

Prevention

Infection of the newborn can be reduced significantly by
avoidance of breast-feeding. Short-term breast-feeding,
for 6 months or less, was reported to reduce the infection
rate from 20% to about 4%.268 It was hypothesized that
maternal antibody may protect babies from infection
through breast milk during the first 6 months.

Sexual transmission, which is most efficient from
infected men to women, can be reduced by use of condoms.
A vaccine is not yet available.269

Treatment

Acute ATL is treated with standard chemotherapy but
with poor results. HAM/TSP has been treated with corti-
costeroids or danazol with some benefit.263

PAPILLOMAVIRUS

Human papillomaviruses (HPV) cause warts, which are
benign, proliferative lesions that undergo spontaneous
regression after a variable period of time. Despite varia-
tions in appearance and location, warts can be recognized
by characteristic histologic features. Infection is confined
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to the epithelium, results from contact of virus particles
with susceptible skin or mucous membranes, and is facili-
tated by minor trauma to the epithelium.270 Transmission
is by direct contact with infected tissue or by contact with
contaminated objects. Warts are found on the skin, in the
genital tract, in the oral cavity, and in the respiratory tract.
More than 90 genotypes have been identified.

The course of HPV infection is determined by the
immune response. Spontaneous regression within 2 years
is common, presumably as a result of cell-mediated immu-
nity. Conditions associated with depression of T cell func-
tion, such as pregnancy, transplantation, HIV infection,
and immunosuppressive drug ingestion, have been associ-
ated with increases in the prevalence, size, and number of
warts. Likewise, warts regress when the immunosuppres-
sive condition improves or resolves.

Papillomaviruses in both humans and animals have
been associated with cancers. However, only some types
appear to be oncogenic. The interval between infection
and malignancy is often long, and cofactors are required
for malignant transformation.

Genital Warts

Papillomavirus infection of the genital tract has been
increasing in incidence in the United States, and HPV is
now considered the most common sexually transmitted
viral pathogen. Condyloma acuminata are exophytic
warts on the external genitalia and have been recognized
for centuries. Flat and subclinical warts involving the
cervix and vagina are now recognized to be more common.
When sensitive DNA amplification methods are used,
almost half of college-aged women are found to be infected.
Most of these women have no clinical manifestations and
have normal cervical cytologic profiles, and many clear the
infection.271 During pregnancy, clearance of HPV appears
to be slowed during the first and second trimesters but
accelerates in the postpartum period.272

More than 25 HPV types infect the genital tract. HPV
types 6 and 11 are responsible for the large majority of
exophytic condylomata. HPV has been strongly linked to
the pathogenesis of squamous cell carcinoma of the
cervix. Consequently, genital HPV types have been classi-
fied by risk of progression to cervical cancer into low risk
(e.g., types 6 and 11), intermediate risk, and high risk
(types 16 and 18). Fortunately, cancer is a rare outcome.

Genital Warts in Pregnancy

The effect of pregnancy on genital HPV infections has been
the subject of several studies, with conflicting results.273

However, there is some evidence that condyloma acuminata
can grow more rapidly during pregnancy. These warts can
be located throughout the lower genital tract and perianal
region and can grow so large as to prevent vaginal delivery.
Furthermore, disruption of these lesions during delivery can
lead to substantial maternal blood loss. Therefore, many spe-
cialists advocate their removal during pregnancy.274 Cesarean
delivery may be indicated in cases of pelvic outlet obstruc-
tion or if vaginal delivery would result in excessive bleeding.

Respiratory Papillomavirus

Laryngeal papillomas or recurrent respiratory papillo-
matosis are believed to be transmitted by aspiration of
HPV-infected secretions during vaginal delivery.275-277

Most laryngeal papillomas are caused by genital tract
HPV types 6 and 11. The most common presenting symp-
tom is a voice change or abnormal cry, caused by involve-
ment of the larynx; the trachea, lungs, nose, and oral
cavity can also be involved. Respiratory papillomatosis
may occur at any age, but children younger than 5 years
are at the highest risk. Conjunctival papillomas in infants
have also been reported.278 These complications are rare
despite the frequency of genital HPV.279

Diagnosis

Warts are diagnosed by clinical examination. Histologic
examination can be performed when the diagnosis is in
doubt. Papanicolaou smears may detect characteristic
koilocytes. Subclinical lesions necessitate colposcopic
examination and staining with 3% acetic acid or iodine for
visualization of affected areas.

HPV DNA testing can also be performed with commer-
cially available reagents on cervical swabs or biopsies. DNA
probes are available to distinguish common high- and low-
risk HPV types. However, because treatment is based on
clinical disease and histopathologic findings, HPV-specific
diagnosis is currently limited to management of women
whose cervical cytologic profile shows atypical squamous
cells of undetermined significance.280 In these cases, repeat
cytologic testing, colposcopy or DNA testing for high-risk
HPV types are all acceptable approaches.

Treatment

Treatment of visible genital warts is directed at sympto-
matic relief, and multiple applications and modalities are
often necessary. The warts may initially disappear after
treatment, but recurrences are common. There is no evi-
dence that treatment affects the natural history of HPV
infection or the development of cervical cancer.

Podophyllin, podofilox, and imiquimod are contraindi-
cated in pregnancy.279 Trichloroacetic acid, cryosurgery,
electrocautery, laser therapy, and surgical excision may 
be used.

Laryngeal papillomas pose a difficult problem. Use of
interferon has met with limited or transient success.281

CO2 laser surgery remains the mainstay of treatment
when papillomas compromise the airway. However, scar-
ring may occur because surgery may be needed every year
or even more frequently. Progression to cancer has
occurred when lesions have been treated with radiation.

Prevention

Condoms provide some protection against sexual trans-
mission. Laryngeal papillomas may be prevented by
cesarean section, but because of the rarity of transmission,



no such preventive measures have been recommended.282

An HPV-16 vaccine has been shown to reduce the incidence
of both HPV-16 infection and HPV-16–related cervical
intraepithelial neoplasia and may eventually reduce the
incidence of cervical cancer.283

MEASLES

Measles is a highly contagious infection of childhood char-
acterized by cough, coryza, and conjunctivitis followed by
an erythematous maculopapular rash. Complications
include giant cell pneumonia, encephalitis, and bacte-
rial superinfections. Malnutrition and vitamin A defi-
ciency greatly increase the associated morbidity and mor-
tality. As vaccination has become more widely used, the
annual deaths from measles worldwide have decreased
from almost 6 million in 1980 to approximately 800,000
in 2000.164,284

A universal measles vaccination policy and the intro-
duction of a two-dose vaccination schedule have led to the
reduction in measles cases from 500,000 per year in the
United States to a record low of 86 cases in 2000.285

Endemic transmission of measles was probably inter-
rupted in 1993, and subsequent cases have been linked to
importations from Europe and Asia.

Measles in Pregnancy

Measles is rare in pregnancy. However, it has been associ-
ated with an increased risk of pneumonia in the third
trimester and puerperium, as well as an increase in mor-
tality from heart failure and pulmonary edema.286,287

Measles during pregnancy has also been implicated in an
increase in premature deliveries and in first trimester
spontaneous abortions.

Congenital Measles

Measles has not been implicated in congenital defects.
Congenital infection from transplacental transmission
near term can manifest at birth or during the first 10 days
after birth. Infection can be mild or rapidly fatal, especially
in premature infants or in infants who fail to develop the
rash. The overall mortality rate is 30% in the absence of
immune globulin prophylaxis. Previous reports suggesting
that measles virus infection in utero may be a risk factor
for Crohn’s disease have not been confirmed.288

Diagnosis

Virus isolation should be attempted because isolates are
useful in public health efforts to trace the origin and
spread of outbreaks. If testing is not available locally,
arrangements can often be made to send samples to a ref-
erence laboratory. Nasal washes or nasopharyngeal aspi-
rates, throat swabs, and urine should be collected within 1
to 3 days of onset of rash and be submitted for culture. RT-
PCR can also be useful, especially for tissue specimens.164

In addition, an acute-stage serum sample should be
obtained as soon as possible, followed by a convalescent-
stage serum sample 2 to 4 weeks later. Serum samples
should be tested in parallel to document seroconversion
or a significant rise in IgG antibody. Measles-specific IgM
can be detected beginning 3 to 7 days after the onset of
the rash.164,289 However, false-negative and false-positive
results occur.

Treatment

No specific antiviral therapy is available. However, the
World Health Organization recommends the administra-
tion of high doses of vitamin A to all children with acute
measles to reduce morbidity and mortality in countries
where the fatality rate is 1% or more.

Prevention

Immune globulin can be given to prevent or modify
measles in susceptible persons within 6 days of exposure.
Earlier administration confers better protection. Immune
globulin is indicated for susceptible pregnant women and
for newborns delivered from mothers who have measles
during the last week of pregnancy.

Measles vaccine is a live attenuated vaccine and is con-
traindicated in pregnancy, on the basis of theoretical risk
of fetal infection.241 Rubella susceptibility is predictive of
measles susceptibility.290 Hence measles-mumps-rubella
(MMR) vaccine, instead of rubella vaccine, should be
given to susceptible women, as currently recommended by
the Advisory Committee on Immunization Practices.291

Of note, the World Health Organization, the Pan
American Health Organization, and the CDC have
adopted the goal of global eradication of measles by 2005
to 2010.

MUMPS

Mumps is a highly contagious and usually benign child-
hood infection characterized by fever and parotitis. It has
also been associated with meningitis, orchitis (in postpu-
bertal boys), oophoritis, pancreatitis, and myocarditis.
Mumps is spread by respiratory droplets and has an incu-
bation period of 16 to 18 days. Up to 30% of infections are
asymptomatic. Although the widespread use of vaccina-
tion has led to a marked decline in the incidence of
mumps, vaccination is not universal, and a number of
states in the United States still do not require mumps vac-
cination.292,293 There has been a rise in the average age at
the time of disease, and young adults are at risk of acquir-
ing infection in the workplace or during travel because
mumps is still endemic throughout the world.

Infection is no more severe in pregnant women than in
nonpregnant adults.294 However, maternal mumps in the
first trimester may cause spontaneous abortion or
intrauterine death as a result of placental or fetal infec-
tion.295-297 Infection in the second and third trimester is
usually uncomplicated.
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Mumps virus can be transmitted by viremia to the
fetus near term and is shed in breast milk.298 Nevertheless,
perinatal infection of the neonate, which can manifest as
upper respiratory symptoms (without parotitis), pneumo-
nia, fever (with splenomegaly), and thrombocytopenia,299

is uncommon.
There does not appear to be an increase in congenital

malformations after maternal mumps. Some studies have
found a higher prevalence of mumps infection during
pregnancy in infants with endocardial fibroelastosis, but
this link has not been proved.300,301

Diagnosis

Isolation of the virus is the test of choice; mumps virus
can be isolated from throat swabs, saliva, urine, and CSF
for up to 5 days after onset of symptoms. To ensure that
the appropriate tests are performed, the laboratory
should be notified when mumps is suspected.

Serologic assays can also be helpful in diagnosing pri-
mary infection, but heterologous rises to parainfluenza
viruses can occur. In the acute and convalescent stages,
serum should be tested in parallel. Immunity is assessed
by testing a single serum sample by ELISA or hemaggluti-
nation inhibition testing; the complement fixation test is
not sufficiently sensitive.302

Treatment

There is no specific treatment.

Prevention

Immune globulin is not beneficial. A live attenuated vac-
cine is available but should not be given in pregnancy. The
requirement for a second dose of MMR vaccine has
helped reduce the incidence of mumps in the United
States. However, because the use of MMR vaccine is
restricted to affluent countries, mumps is expected to
remain a common infection worldwide.

MOLLUSCUM CONTAGIOSUM

Molluscum contagiosum is caused by a poxvirus of the
same name, and humans are the only host.303,304 Infection
is worldwide and most common in children, although people
of all ages can be affected. Transmission is by direct person-
to-person contact or through fomites. In the United States,
infection has become more common and can be a marker
for more serious sexually transmitted infections.

The skin lesions of molluscum contagiosum are char-
acterized by multiple small papular skin lesions, 2 mm to
1 cm in size, with an expressible core of degenerating epi-
dermal cells and keratin. In children, skin lesions are scat-
tered over the body, whereas in immunocompetent
adults, lesions are usually found in the genital and peri-
anal regions as well as on the upper thighs. Lesions often
occur in crops in localized areas, probably a result of

mechanical spread or multiple initial infections. There is
no evidence of viremia.

Skin lesions are notable for lack of inflammatory
response, and reinfections are fairly common. Lesions per-
sist for weeks to several years and then regress. The condi-
tion is a trivial infection in normal hosts, but in
immunocompromised hosts, widespread and recurrent
lesions may occur. This has been an increasing problem in
immunocompromised hosts, especially patients with AIDS.

Molluscum Infection during Pregnancy

Molluscum is not a particular problem during pregnancy.

Diagnosis

The diagnosis is made clinically on the basis of the appear-
ance of lesions and, if needed, can be confirmed by biopsy.
Solitary lesions on the face can be mistaken for basal cell
carcinomas. Histologic examination reveals a characteristic
large acidophilic cytoplasmic mass or “molluscum body.”
Electron microscopy reveals characteristic poxvirus particles.
The virus has not yet been propagated in culture.

Treatment

Lesions can be removed simply by curettage.305

Cryotherapy can also be used. Caustic agents such as
podophyllin are contraindicated in pregnancy.
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Pregnancy is associated with both mechanical and
biochemical changes that may affect maternal respira-

tory function and gas exchange. Although it is clear
that dyspnea may result from these changes even in
women without prior lung disease, it does not automati-
cally follow that women with preexisting lung disease are
adversely affected by pregnancy or that the fetus necessarily
suffers as a result of maternal lung disease. Consequently,
the goal of this chapter is to analyze the effects of preg-
nancy on respiratory function and disease, as well as the
effects of lung disease on pregnancy and the fetus. In
addition, the potential adverse effects of drugs used to
treat lung disease and of maternal cigarette smoking are
discussed.

PHYSIOLOGIC CHANGES IN PREGNANCY
AFFECTING THE RESPIRATORY SYSTEM

Mechanical and biochemical factors interact in the
pregnant woman to produce the observed changes in
respiratory function and gas exchange that are described
subsequently. The most prominent of these factors appear
to be the mechanical effect of the enlarging abdomen on
diaphragmatic position and the effect of increased levels
of circulating progesterone on ventilation. Other factors
such as alterations in maternal corticosteroid and
prostaglandin levels may also be important, particularly
in women with underlying lung disease, but their role
remains speculative at present.

Mechanical Changes

The enlarging uterus, which produces obvious changes in
abdominal shape and size, also alters the resting position
of the diaphragm and the configuration of the thorax.1
In one early study of the mechanical changes during
pregnancy, the diaphragm at rest rose to a level up to 4 cm
above its usual resting position, and the chest enlarged
in transverse diameter by up to 2.1 cm. Simultaneously, the
subcostal angle progressively increased from an average

of 68.5 degrees in early pregnancy to 103.5 degrees during
the latter part of pregnancy.2 However, the increase in
uterine size could not entirely explain the observed
changes in chest wall configuration, because the
increase in subcostal angle occurred before it could
be satisfactorily accounted for by mechanical pressure
from the enlarging uterus. Abdominal enlargement
and the high resting position of the diaphragm appar-
ently do not impair diaphragmatic motion, which consis-
tently has been increased in several studies quantifying
diaphragmatic excursion with tidal breathing during
pregnancy.3-5,12

Biochemical Changes

Progesterone and Estrogen

It is well established that serum progesterone levels rise
gradually through the course of pregnancy, from approx-
imately 25 ng/mL at 6 weeks to 150 ng/mL at term.6,7

There is also a corresponding increase in urinary excretion
of pregnanediol, the major metabolite of progesterone
found in maternal urine.

The possibility that elevated progesterone levels in
pregnancy influence ventilation was suggested by workers
who first demonstrated that intramuscular administra-
tion of progesterone to normal subjects resulted in
increased minute ventilation.8 The subjects also exhibited
a heightened ventilatory response to hypercapnia, which
suggested that progesterone enhanced the sensitivity of
the respiratory center to carbon dioxide. Pregnant women
tested under the same conditions but without receiving
exogenous progesterone demonstrated a similar increase
in sensitivity to carbon dioxide inhalation, and the inves-
tigators concluded that their increased circulating level of
progesterone was responsible for increased respiratory
center sensitivity to carbon dioxide.

The mechanism of action of progesterone on ventila-
tion is not entirely clear, although it appears that
the effect is not mediated through either an increase in
basal temperature or an increase in metabolic rate.9
Together, several studies suggest that progesterone acts
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in a receptor-mediated manner to directly stimulate the
central respiratory center, rather than by only altering
its sensitivity to existing stimuli, as was previously
believed.10,11

Although a role for progesterone in modulating the
ventilatory changes in pregnancy has been well estab-
lished since the 1940s, the contribution of estrogen to
this response has been documented more recently. Early
studies suggested that estrogen increased the “irritability”
of the respiratory center to stimulation by progesterone,
but the results were not consistently reproducible, and the
mechanism by which this might occur was unclear. More
recent data from studies with cats imply that estrogen acts
through an estrogen receptor–mediated mechanism to
induce increased central expression of progesterone recep-
tors; this effect, when coupled with increased progesterone
levels, results in a significantly increased ventilatory
drive.10,13

Corticosteroids

Pregnancy is associated with a rise in plasma cortisol con-
centration, partly because of the increased corticosteroid-
binding globulin levels observed during pregnancy.
However, there is also an increase in metabolically active
cortisol, as demonstrated by the twofold to threefold
elevation of unbound cortisol levels over those found in
nonpregnant women.14-16 This normal hypercortisolism
of pregnancy is related at least in part to the production
of corticotropin-releasing hormone by the placenta.17

Presumably, the increase in endogenous cortico-
steroids has no clinically observable respiratory effects
in normal women during pregnancy. However, it has
been hypothesized that the alteration in corticosteroid
concentrations may be responsible for the improvement in
steroid-responsive pulmonary disease that is sometimes
associated with pregnancy and for the exacerbations of
autoimmune phenomena that are frequently observed
as cortisol production decreases in the postpartum
period.18

PULMONARY FUNCTION AND GAS
EXCHANGE DURING PREGNANCY

Changes in the respiratory system during pregnancy can
best be described by measurements of pulmonary function
and gas exchange and by quantitation of ventilation.19

Such data are available primarily from women without
underlying lung disease, and the following discussion
refers specifically to women without known respiratory
disease. In situations in which data for specific lung dis-
eases during pregnancy are available, they are discussed
under the individual disease entities.

Lung Volumes

Lung volumes are routinely measured by a combination
of spirometry and either inert gas dilution or body
plethysmography.20 Total lung capacity (TLC) is the total
volume of gas present in the respiratory tract at the end of
a maximal inspiration. When the patient exhales as com-
pletely as possible from TLC, the expired volume is the
vital capacity (VC), and the volume remaining in the lungs
after a maximal expiration is the residual volume (RV). At
the resting position of the thorax (i.e., the position at the
end of a normal expiration), the volume of gas within the
lungs is called the functional residual capacity (FRC). If
the patient then exhales from FRC down to RV, the vol-
ume that has been expired is called the expiratory reserve
volume (ERV). A diagrammatic representation of these
volumes is shown in Figure 18–1.

During pregnancy, the major factors that alter lung
volumes appear to be the changes in diaphragmatic posi-
tion and configuration of the chest wall. As mentioned
previously, although the diaphragm during pregnancy
is elevated in its resting position, diaphragmatic motion
with respiration is unimpaired. In accordance with these
roentgenographic observations, a decreased volume in
the lungs would be expected at their resting position
(FRC), whereas VC should be relatively preserved because
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Figure 18–1. Serial measurements of lung
volume compartments during pregnancy. (From
Prowse CM, Gaensler EA: Respiratory and acid-
base changes during pregnancy. Anesthesiology
1965;26:381.)



of normal movement of the diaphragm and thoracic
musculature.

Measurements of lung volumes in a number of studies
have generally confirmed these predictions, even though
some variation may be found from study to study. In an
extensive evaluation of pulmonary function in 19 normal
women during pregnancy, lung volumes were found to be
unchanged until the latter half of pregnancy, at which time
a decrease in ERV and RV combined to produce an 18% mean
decrease in FRC.21 VC was unchanged, and therefore TLC
(the sum of RV and VC) was slightly diminished at term.

Other studies have found a similar decrease in ERV in
late pregnancy, with a range of values between 8% and 40%
less than in nonpregnant control subjects. RV at term was
also decreased by 7% to 22%, and thus the net effect of
lower RV and ERV was a 9.5% to 25% diminution in FRC.
Although minor changes in both directions have been
observed for TLC and VC, the magnitude of these changes
was sufficiently small to suggest they are probably of no
clinical significance (see Fig. 18–1). In studies in which
pulmonary function was monitored serially during preg-
nancy, the observed changes in RV and ERV were apparent
after the fifth to sixth months of pregnancy and were
progressive throughout the remainder of pregnancy.21,22

The decrease in FRC during pregnancy has the poten-
tial to adversely affect ventilation at the lung bases. As
lung volume decreases during exhalation, small airways
near the lung bases are subject to closure. In the healthy
nonpregnant person, airway closure at the lung bases
normally occurs between RV and FRC and is therefore not
a problem during tidal breathing, when FRC is the small-
est volume reached. However, if FRC decreases and no
longer exceeds the closing capacity (the lung volume at
which airways start to close), airway closure at the lung
bases theoretically occurs during part of each respiratory
cycle (i.e., whenever the volume in the lungs falls below
closing capacity). Under these circumstances, ventilation
to the lung bases decreases, ventilation/perfusion ratios
in affected areas decrease, and arterial hypoxemia results.

Most studies agree that airway closure frequently
occurs above FRC near the end of pregnancy,23,24 which
suggests that airway closure may occur during normal
tidal breathing. Positioning of the subject is an important
additional consideration. Because the diaphragm is
higher when the subject is supine rather than sitting, FRC
is lower, and airway closure is more likely to occur above
FRC in the supine position than in the sitting position.24

In summary, because ERV and thus FRC decrease during
pregnancy, airway closure during late pregnancy occurs
either above FRC or closer to FRC than it does in the non-
pregnant state. Although the significance of such changes
has not been clearly proved, it has been suggested that
airway closure near or above FRC can lower arterial oxygen
tension as the result of a decrease in ventilation at the lung
bases, and hence ventilation/perfusion ratios, in involved
areas of lung. In addition, this tendency toward airway
closure can complicate the clinical measurement of lung
volumes by interfering with the uniform distribution of
helium that gas dilution techniques require; for this
reason, plethysmographic techniques should preferentially
be used when lung volume measurements are indicated
during the third trimester.25

Airway Function and Mechanics

Airway function is most commonly assessed by spirometry,
with the absolute values and the ratio between the volume
exhaled in the first second and the total volume exhaled on
a forced expiratory breath from TLC to RV; this is expressed
as forced expiratory volume in 1 second (FEV1)/FVC. In
numerous studies that have investigated forced expiratory
flow rates during pregnancy, FEV1 and FEV1/FVC have
been unchanged from values in nonpregnant subjects,
which suggests that airway function is preserved during
pregnancy.21,22,26,27 Similarly, another measurement of air-
way function, the peak expiratory flow rate (PEFR), which
is commonly used for monitoring asthmatic patients, does
not change in normal women throughout pregnancy.28

Measurement of airway resistance is another method
for assessing airway function, but the technique requires
a body plethysmograph and is less readily available. The
available studies of respiratory resistance performed
during pregnancy have demonstrated either a decrease in
airway resistance and the expected increase in its reciprocal,
airway conductance,29,30 or no change in airway conduc-
tance.31 In an early study of pulmonary resistance, it was
suggested that relaxation of airway smooth muscle occurs
during pregnancy, possibly as a result of hormonal
changes, but no direct proof is available for this theory.32

Lung compliance, a measurement of the “stiffness” of
the lungs, can be determined by correlating changes in
pleural pressure, measured indirectly by an esophageal
balloon, with the associated changes in lung volume.
In one study of 10 normal women during pregnancy,
postpartum lung compliance was unchanged from that
measured during the last trimester of pregnancy.30

However, because of pressure exerted on the diaphragm by
the enlarging uterus, chest wall compliance does decrease
during pregnancy, leading to a decrease in overall respira-
tory system compliance (which reflects the combination
of the lungs and the chest wall) late in pregnancy.19

Respiratory muscle function during pregnancy but
before labor also appears to be unchanged, according to the
finding that maximal inspiratory and expiratory pressures
are not altered.33 During labor, however, the strong expul-
sive efforts are associated with a subsequent decrease in
maximal inspiratory pressure and an alteration in the elec-
tromyographic power spectrum of the diaphragm, which
is suggestive of the development of transient acute
diaphragmatic fatigue.34 These studies of respiratory
muscle function are potentially confounded by changes
in diaphragmatic position and configuration during
pregnancy and by difficulty obtaining reproducible effort
immediately after delivery.

Diffusing Capacity

The diffusing capacity of the lung for carbon monoxide
(DLCO) is a nonspecific test that measures the ability
of carbon monoxide to diffuse from the alveolus into
pulmonary capillary blood, where it combines with hemo-
globin in the circulating red blood cells. The DLCO may
be partitioned into its two separate determinants—
a membrane component and a pulmonary capillary blood
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volume component—and abnormalities in the DLCO

can generally be attributed to qualitative or quantitative
changes in either the alveolar-capillary interface or pul-
monary capillary blood volume. Some of the major
disease categories in which DLCO is abnormal include
emphysema, interstitial lung disease, and pulmonary
vascular disease.

Early studies investigating DLCO in pregnancy found
no change from values in nonpregnant women, and there
was an appropriate increase in DLCO with exercise (over
resting levels) in pregnant subjects.35,36 When DLCO was
partitioned into membrane and pulmonary capillary
blood volume components, either no change or a slight
decrease was found in the membrane component, whereas
pulmonary capillary blood volume remained unaltered.37

Again, there was no significant net effect on overall DLCO.
In a more extensive study in which serial changes were

evaluated throughout pregnancy, an increase was found
in single-breath DLCO during the first trimester.39 This
was followed by a decrease until approximately the 24th
to 27th weeks, after which it remained constant until
delivery. The postpartum DLCO was slightly but signifi-
cantly greater than the value measured between 36 weeks
and term. There is no apparent explanation for these
minor changes, which appear to be of little clinical sig-
nificance. The changes could not be attributed to any
alterations in hemoglobin concentration, alveolar
volume, or plasma 17β-estradiol levels during pregnancy.

In summary, DLCO during early pregnancy is generally
unchanged or increased over control values in the same
patients. Subsequently, there is a frequent decrease to a
plateau during the latter half of pregnancy that is equiva-
lent to or slightly less than the control value. The relative
roles of alterations in membrane DLCO or pulmonary cap-
illary blood volume in producing these changes are not
entirely clear.

Ventilation, Oxygen Consumption, and
Carbon Dioxide Production

In the early 1900s, several investigators observed that resting
ventilation increases during pregnancy, and this finding
has since been the most consistently demonstrated physi-
ologic change in maternal respiration. Although oxygen
consumption, carbon dioxide production, and basal
metabolic rate are elevated during pregnancy, most studies
indicate that the increment in minute ventilation is out of
proportion to any increment in measures of maternal
metabolism.40 In one specific series, minute ventilation at
term increased by 48% over the control level, whereas oxygen
consumption and basal metabolic rate were augmented
by only 21% and 14%, respectively (Fig. 18–2).9 Subsequent
studies confirmed that minute ventilation increases
approximately 30% to 50% during pregnancy, with a corre-
sponding 50% to 70% increase in alveolar ventilation.19,40-44

The progressive rise in minute ventilation appears to start
as early as 8 weeks of pregnancy.9,19,45 An increase in tidal
volume appears to be the major factor accounting for the
increase in minute ventilation, whereas respiratory rate
remains essentially unchanged throughout the course of
pregnancy.9,21,40,44
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That the increase in minute ventilation usually exceeds
that of oxygen consumption, carbon dioxide production,
or metabolic rate suggests an additional factor must con-
tribute to the genesis of hyperventilation in pregnancy.
The currently accepted theory is based on the well-
described stimulatory effect of progesterone on ventila-
tory drive, discussed in a previous section of this chapter.
According to this theory, the elevated progesterone levels
during pregnancy are responsible for the maternal hyper-
pnea that exceeds the change that can be attributed to
increased metabolic rate.

Several investigators have also accumulated data on
the physiologic response of minute ventilation and
oxygen consumption to exercise during pregnancy,46 and
there is a similar augmentation of the ventilatory response
in comparison with postpartum results.47 During exer-
cise, pregnant subjects increased ventilation and oxygen
consumption by 38% and 15%, respectively, above the
comparable levels with postpartum exercise.42,43 Because
the increment in minute ventilation exceeded the increase
in oxygen consumption, the ventilatory equivalent, which
is the ratio of minute ventilation to oxygen consumption,
was significantly higher with antepartum than postpartum
exercise.41,48

In summary, both at rest and with exercise, minute venti-
lation and, to a lesser extent, oxygen consumption and
carbon dioxide production are increased during pregnancy
over the nonpregnant control values. Although the increase
in oxygen consumption and carbon dioxide production may
account for part of the rise in minute ventilation, the respi-
ratory stimulating effect of progesterone is probably the
major factor explaining the disproportionate increase in
minute ventilation over oxygen consumption observed
during pregnancy.

Arterial Blood Gases and Acid-Base Status

A fall in arterial partial pressure of carbon dioxide (PCO2)
during pregnancy is a well-documented finding and is
a consequence of the progesterone-induced increase in

Figure 18–2. Time course of percentage changes in minute
ventilation, oxygen uptake, and basal metabolism during pregnancy.
(From Prowse CM, Gaensler EA: Respiratory and acid-base changes
during pregnancy. Anesthesiology 1965;26:381.)



alveolar ventilation. Numerous studies have consistently
demonstrated that maternal arterial PCO2 generally
falls to a plateau of 27 to 32 mm Hg,1,49-54 but there is no
general agreement about the time course of this change.
Some investigators have observed a progressive serial
decrease in alveolar and arterial PCO2 starting early in
pregnancy,53-55 whereas others have noted that arterial
PCO2 remains at a low but constant level throughout
pregnancy.49,56 During labor, there is a further transient
fall in arterial PCO2 with each contraction; by the time
that the cervix is fully dilated, the decrease in PCO2 persists,
even between contractions.57

As a consequence of the hyperventilation and respiratory
alkalosis of pregnancy, renal excretion of bicarbonate
secondarily increases, and the overall pH remains rela-
tively intact. The loss of bicarbonate appears to be a com-
pensatory phenomenon, and attempts to document
a primary metabolic acidosis have been unsuccessful.58

In most studies, the pH resulting from the respiratory
alkalosis and metabolic compensation has been approx-
imately 7.40 to 7.45,49,51,56,58 although one series of
37 pregnant women reported a mean pH as high as 7.47.53

Corresponding serum bicarbonate levels have decreased
to 18 to 21 mEq/L, resulting in a base deficit of approxi-
mately 3 to 4 mEq/L.49,52,53,56

In studies in which maternal oxygenation has been
monitored serially throughout pregnancy, mean values
of arterial partial pressure of oxygen (PO2) have gener-
ally been increased, ranging from 106 to 108 mm Hg
in the first trimester to 101 to 104 mm Hg in the third
trimester.49,56 It is important to note that interpretation
of arterial PO2 during pregnancy must include evaluation
of arterial PCO2, because changes in arterial and alveolar
PCO2 are accompanied by changes in alveolar and hence
arterial PO2. During pregnancy, low arterial PCO2 is associ-
ated with a low alveolar PCO2, and the corresponding
increase in alveolar PO2 should thus result in an elevation
of arterial PO2.

In order to evaluate whether maternal oxygenation is
deranged during pregnancy, a more meaningful value
than the arterial PO2 is the alveolar-arterial PO2 gradient.
This gradient takes into account the effect of PCO2
changes on arterial PO2, and any alterations in the gra-
dient therefore truly reflect maternal gas exchange
by the respiratory system. The alveolar-arterial PO2 gradi-
ent has been reported as either unchanged56 or slightly
increased59 during pregnancy. An increase in the gra-
dient might be explained by hypothesizing that a
decrease in FRC in late pregnancy contributes to airway
closure, and thus a decreased PO2, as closing capacity
approaches FRC.

Postural effects also appear to influence measured
arterial PO2 and the alveolar-arterial gradient during
pregnancy. One group demonstrated a 13–mm Hg
decrease in capillary PO2 near term on changing from the
sitting to supine position,60 whereas another group
noted an increase in the alveolar-arterial oxygen gradient
from 14.3 to 20 mm Hg under similar conditions.59

Although augmented effects of diaphragmatic pressure
in the supine position may contribute to airway closure,
it is not clear whether an additional role is played by
caval compression and hemodynamic alterations.

Summary

Alterations in respiratory physiology occur during normal
pregnancy, not only because of the obvious increase in
abdominal girth but also because of the changing hormonal
milieu that accompanies pregnancy. Although there may
be some variability in pulmonary function tests from person
to person, a distinct pattern of changes during pregnancy
has emerged. The most apparent change in lung volumes
is a decrease in FRC, the resting position of the lungs at
the end of a normal expiration, caused primarily by eleva-
tion of the diaphragm by pressure from the enlarging
uterus. This decrease in FRC, which occurs during the
second half of pregnancy, is the net result of a decreased
ERV and a lesser decrease in RV. Despite the alteration in
resting diaphragmatic position, diaphragm excursion is
unaffected, so that VC is preserved. TLC is generally either
unchanged or decreased by a minor amount.

Airway function appears to be normal during pregnancy,
as reflected by normal FEV1 and FEV1/FVC, normal PEFR,
and by normal or even increased specific conductance.
Respiratory muscle function is preserved during pregnancy,
although transient acute diaphragmatic fatigue can follow
the strong expulsive efforts of labor. DLCO is frequently
unchanged; however, an increase early in pregnancy and
a decrease late in pregnancy have been observed in some
patients.

Ventilatory changes are perhaps the most apparent alter-
ations in respiratory physiology during pregnancy; resting
minute ventilation increases by approximately 50% over
postpartum control values. This hyperventilation, which is
in excess of the observed changes in oxygen consumption or
carbon dioxide production, is presumed to be a result of the
respiratory stimulant effect of progesterone and is expressed
primarily as an increased tidal volume with an unchanged
respiratory frequency. As a result of the hyperventilation,
arterial PCO2 decreases during pregnancy, but metabolic
compensation by renal excretion of bicarbonate partially
offsets the expected pH change. Therefore, the net effect
of the respiratory alkalosis and metabolic compensation is
a slightly alkalotic pH in arterial blood.

As a result of the increased ventilation, not only does
arterial (and hence alveolar) PCO2 decrease but also alveo-
lar (and therefore arterial) PO2 increases. However, even
though arterial PO2 is generally elevated, the alveolar-arterial
PO2 gradient may be increased, especially near term, and
may partially offset the increase in arterial PO2 expected
from hyperventilation. There is a further decrease in arte-
rial PO2 and an increase in the alveolar-arterial PO2 gradient
in the supine position, in comparison with the sitting
position, in late pregnancy. Nevertheless, in patients
without underlying pulmonary disease, these changes in
arterial PO2 appear to have little clinical significance.

EFFECTS OF ABNORMAL ARTERIAL
BLOOD GASES ON THE FETUS

Because most pulmonary disorders affecting the pregnant
woman can disturb maternal gas exchange (i.e., oxygenation
and carbon dioxide elimination), it is important to consider
the impact of altered maternal arterial blood gases on
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the fetus. According to theoretical models, an acute
decrease in maternal arterial PO2 to 70 mm Hg has rela-
tively little effect on fetal gas exchange, whereas more
significant maternal hypoxemia (to 50 mm Hg or less)
can have significant effects on fetal PO2.61 In one study
involving very brief (10-minute) maternal exposure to
10% inspired oxygen during the third trimester, there were
no detectable physiologic changes in the fetus, despite
a mean decrease in oxygen saturation to 82%.62

A long-term decrease in maternal PO2 to approximately
70 to 75 mm Hg, as seen at moderate altitude, is not associ-
ated with a significant decrease in fetal umbilical venous
PO2.63 However, a number of studies have indicated that
birth weight is reduced in infants born to mothers at high
altitude, which is suggestive of an effect of low maternal PO2
on fetal growth.64,65 On the basis of the data currently avail-
able, it seems reasonable to aim for a maternal PO2 above
70 mm Hg to maintain a normal fetal umbilical venous PO2.

According to experimental data obtained in animals,
alterations in maternal PCO2 (probably acting by changing
maternal pH) appear to have an effect on fetal oxygena-
tion. Changes in uterine blood flow and a leftward shift
of the maternal oxyhemoglobin dissociation curve are
potential mechanisms by which these changes may be
seen. In pigs, acute elevation of maternal PCO2 decreases
uterine vascular resistance, increases uterine blood flow,
and increases the PO2 of fetal umbilical venous blood.66

Conversely, acute lowering of maternal PCO2 in sheep
is associated with decreased fetal umbilical venous
PO2.67,68 A similar relationship between maternal PCO2 and
fetal umbilical venous PO2 has also been demonstrated
in humans.69 Consequently, acute respiratory disorders
during pregnancy have the potential for adverse effects
on fetal oxygenation not only because of a decrease in
maternal PO2 but also because of a respiratory alkalosis
beyond that normally seen during pregnancy.

DYSPNEA OF PREGNANCY

It is well established that women often have dyspnea at
some time during a normal pregnancy.70 Consequently,
dyspnea may erroneously suggest the development of

lung disease, even when it is merely a result of the normal
physiologic changes of pregnancy.

It has been stated that dyspnea may be expressed at
some time during the course of pregnancy by as many
as 60% to 70% of pregnant women.9 In a 1953 series, the
development of dyspnea was not correlated with changes in
a number of pulmonary function tests, including maximal
breathing capacity, VC, resting ventilation, breathing
reserve, oxygen uptake, and subdivisions of TLC.21

When dyspnea occurs, it commonly commences during
the first or second trimester,71,72 before any significant
increase in abdominal girth. In one study of dyspnea
during normal pregnancy, it was found that the frequency
increased from 15% in the first trimester to approximately
50% by 19 weeks and 75% by 31 weeks (Fig. 18–3).73 By the
last trimester, the severity of dyspnea was generally stable.

Although several mechanisms have been postulated
to explain the dyspnea of pregnancy, the underlying
pathophysiologic mechanism is still not entirely clear.
The frequent onset in the first or second trimester suggests
that mechanical factors do not play a significant role in
its genesis, inasmuch as abdominal girth is often not yet
appreciably increased. It has been postulated that dyspnea
might be caused by a decrease in DLCO, according to
a finding that DLCO differed between women who expe-
rienced dyspnea and those who did not.74 However, the
observed changes were small and are unlikely to serve as
an adequate explanation for the symptom.

The most generally accepted theories to explain dyspnea
of pregnancy are based on an unusual awareness of the
hyperventilation that occurs with pregnancy.70,75 It was
suggested in 1953 that the newness of the sensation of
hyperventilation might result in dyspnea, and a gradual
acclimatization might explain the frequent improvement
of the symptom as pregnancy progresses.21 In a later
study, the presence of dyspnea was correlated with a low
PCO2 during pregnancy, but the women most likely to
experience dyspnea were those who had relatively high
nonpregnant values for PCO2.72 These investigations
therefore suggested that the marked change in PCO2 to
a particularly unfamiliar low level might account for the
observed symptoms. Other studies have shown that patients
who experienced dyspnea appeared to have a greater
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Figure 18–3. Incidence, time course, and
severity of dyspnea during normal pregnancy.
White areas denote dyspnea present on climbing
hills or more than one flight of stairs; dotted areas
denote dyspnea present on climbing one flight
of stairs, walking at an even pace on level ground,
or during routine performance of housework;
black areas denote dyspnea on slightest exertion
or at rest. N.P., not pregnant. (From Milne JA:
The respiratory response to pregnancy. Postgrad
Med J 1979;55:318.)



ventilatory response to inhaled carbon dioxide71,76 and to
hypoxia77 than did those who did not experience dyspnea.
Therefore, a number of studies point to a relationship
between dyspnea of pregnancy and increased ventilation,
decreased PCO2, and increased ventilatory responsiveness,
which perhaps suggests that dyspnea of pregnancy is caused
by increased ventilatory drive and a level of ventilation
that is inappropriately high for the demand.78

Dyspnea of pregnancy is a diagnosis of exclusion.
Dyspnea that is acute and severe, is progressive and
intractable, or leads to curtailment of daily activities is
generally more likely to be secondary to demonstrable
cardiac or pulmonary disease.70

SPECIFIC DISEASES

Asthma

Definition and Cause

Asthma is one of several specific disease entities included
in the general category of obstructive lung disease, which
is characterized by limitation of airflow that is generally
more marked during expiration than inspiration.
In asthma, the obstruction is a reversible process caused
by airway inflammation and increased responsiveness
of the airways to a variety of stimuli. The airway response
to these stimuli includes contraction of bronchial smooth
muscle, mucus hypersecretion, and mucosal edema,
all of which contribute to the pathophysiologic process
of reversible airway obstruction characteristic of this
disease.

Although reversible airway narrowing is the final com-
mon pathway in patients with asthma, it is still not clear
what underlying abnormality distinguishes the asthmatic
patient from his or her normal counterpart. For a number
of years, interest has focused on airway inflammation
as a primary feature in the pathogenesis of asthma.
Inflammation, release of inflammatory mediators, and
disruption of the epithelial barrier on the mucosal surface
of the airway are now thought to be important factors
underlying airway hyperresponsiveness and episodic
smooth muscle constriction. This emphasis on airway
inflammation has important implications for the current
approach to asthma therapy.

The well-recognized and common association of asthma
with a history of atopy and elevated immunoglobulin E
(IgE) levels also suggests a link between asthma and aller-
gic factors. In such cases, particularly when there is
a strong personal or family history of allergies, the patient
has been sensitized to specific allergens and has correspon-
ding antibodies of the IgE class. Exposure to the allergen
then results in an antigen-antibody complex bound pri-
marily to mast cells, inducing airway inflammation and
release of a variety of humoral mediators, including hista-
mine, leukotrienes, eosinophil chemotactic factor of
anaphylaxis, and platelet-activating factor. These and other
humoral mediators have several adverse effects, including
stimulation of irritant receptors, constriction of bronchial
smooth muscle, recruitment of more inflammatory cells,
and an increase in vascular permeability.

Disease in the Nonpregnant State

Asthma is a relatively common disorder that affects
approximately 3% to 5% of the population. Although the
onset is most commonly in childhood, the disease can
occur at any age, and it is therefore a common problem in
women of childbearing age.

The classic symptoms during an exacerbation of asthma
are dyspnea, cough, and wheezing. Although specific
inciting events, such as allergen exposure or a respiratory
tract infection, may be identified for a particular exacer-
bation, it is common for the patient to present with symp-
toms but no clear precipitating factor. It has also been
recognized that cough may be the sole presenting feature
of asthma,79 and the diagnosis may be missed in such
patients if investigation for reversible airway obstruction
is not specifically pursued.

Common physical findings during an exacerbation
include diffuse wheezing and evidence of hyperinflation,
such as increased anteroposterior diameter and hyper-
resonance of the thorax to percussion. The presence of
a pulsus paradoxus and the use of accessory muscles of
respiration indicate severe airflow obstruction, whereas
the amount of wheezing is not correlated with the sever-
ity of an exacerbation. In fact, wheezing may sometimes
diminish with worsening airflow obstruction if airway
diameter is critically reduced and there is insufficient
airflow to generate a wheeze.

Pulmonary function tests during an exacerbation
demonstrate abnormal expiratory flow rates, including
depressed FEV1, FVC, and FEV1/FVC ratio. Arterial blood
gases most frequently reveal hypoxemia (decreased PO2) and
respiratory alkalosis (decreased PCO2 with increased pH).
Normalization or elevation of the PCO2 is an ominous
finding, generally indicative of severe obstruction and
an FEV1 less than 20% of the predicted value. Even when
the patient improves with treatment of an asthmatic exac-
erbation, the disappearance of symptoms and even signs
is not a sensitive indicator of clinical status, because
pulmonary function abnormalities are still frequently
present at this stage.

Asthma in Pregnancy

In view of the frequency of asthma in the general popula-
tion, it is probably the most common form of lung disease
encountered during pregnancy.80-84 Several studies have
investigated the natural history of asthma in pregnancy, and
although there are minor differences in the results, most
data suggest that the course of asthma during pregnancy
is variable. In a review of more than 1000 cases reported in
nine studies, maternal asthma during pregnancy was
found to be unchanged in 49%, improved in 29%, and
worse in 22%.84 In a more recent study of 366 pregnancies
monitored prospectively in 330 asthmatic women,
asthma worsened during pregnancy in 35%, improved in
28%, and was unchanged in 33% of women; 4% of women
were uncertain about a change.85 Further analysis from
this study provided several additional conclusions: (1) In
general, asthma was less frequent and less severe during the
last 4 weeks of pregnancy than during other periods of the
pregnancy; (2) when asthma improved during pregnancy,
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improvement was gradual as the pregnancy progressed;
(3) when asthma worsened during pregnancy, symptoms
increased primarily in the period between the 29th and 36th
weeks; (4) the course of asthma in an individual patient tends
to be similar during successive pregnancies; and (5) labor
and delivery are not associated with worsening of asthma.

In a prospective study of asthmatic women of child-
bearing age who became pregnant, airway responsiveness
to methacholine, which is a measure of airway hyper-
responsiveness, improved during pregnancy.86 Although
the investigators thought that this decrease in airway
smooth muscle contractility might be caused by proges-
terone, they were unable to correlate changes in respon-
siveness with levels of progesterone.

It has been suggested that the severity of asthma is an
important factor predictive of the likelihood of deteriora-
tion during pregnancy,87,88 but other data to refute this
association have also been presented.89 In one study of
210 patients, those with mild asthma were unlikely to
have further problems during pregnancy, whereas 44% of
those with severe asthma experienced worsening of the
disease during pregnancy.88 In another study of 47 patients
during pregnancy, the patients were divided into cate-
gories by severity, although objective measurements were
not made.87 Overall, the condition in 43% of the patients
remained unchanged, whereas in 43% it was worse and in
14% better. In general, patients with severe asthma before
pregnancy were more likely to experience worsening,
whereas those with mild asthma tended to experience no
change. Preliminary data from this study suggested that
patients with increased or unchanged IgE levels during
pregnancy tended to have exacerbations of their disease,
whereas those with a decrease in IgE levels frequently
experienced improvement. In contrast to the aforemen-
tioned studies, Schatz and Hoffman89 found that the
prepregnancy severity of asthma was not reliably predic-
tive of the course of asthma during pregnancy. They also
found no relationship between the course of asthma and
IgE levels during pregnancy.

Several interacting factors have been postulated to
account for changes in the course of asthma during
pregnancy, although the relative importance of any of
these factors is unclear.87,89 An increase in circulating
free cortisol, a decrease in plasma histamine, and a decrease
in bronchomotor tone and airway resistance (possibly
caused by progesterone) could each contribute to improve-
ment in the frequency and severity of asthma exacerba-
tions during pregnancy. Conversely, increased levels of
progesterone and mineralocorticoids, which compete for
glucocorticoid receptors, an increased incidence of viral
respiratory infections or bacterial sinusitis, increased levels
of prostaglandin F2a, increased gastroesophageal reflux, and
hyperventilation could provoke exacerbations or an increase
in symptoms. The unpredictable course of asthma during
pregnancy makes it especially difficult to quantitate the
role of these or other factors in any given patient.

One study found that asthma exacerbations occurring
during pregnancy were not uniformly distributed over time
throughout the duration of pregnancy but rather were
most common between 17 and 24 weeks of pregnancy.90 In
the same study, failure to use inhaled antiinflammatory
therapy during pregnancy was strongly associated with an

increased likelihood of an acute asthmatic exacerbation.
Of asthmatic women receiving inhaled antiinflammatory
therapy from the start of pregnancy, only 4% subsequently
experienced an acute asthma exacerbation, in comparison
with 17% of those women not initially taking inhaled
corticosteroids.

The effect of asthma on the outcome of pregnancy has
also been examined in some of the previously mentioned
studies as well as others. No significant increase in pre-
maturity or spontaneous abortion, in comparison with
control subjects, was documented in a 1961 series91; the
few patients who had severe asthmatic exacerbations dur-
ing pregnancy did not go into premature labor. In a 1970
study, complications and fetal morbidity or mortality in
277 pregnancies were assessed in asthmatic women in
comparison with a control group with more than 30,000
deliveries.92 These investigators found an approximately
twofold (5.9% vs. 3.2%) increase in incidence of perinatal
mortality in infants born to asthmatic mothers in com-
parison with control subjects, although no significantly
increased risk of prematurity was observed. Fetal morbidity
and mortality were problems, especially when maternal
asthma was severe; in this latter group, there was a partic-
ularly high incidence of perinatal mortality or neurologic
abnormality at 1 year of age.

More recently, analysis of large databases from Sweden,
New Jersey, and Canada has suggested that pregnancies
of asthmatic women continue to carry a small but signif-
icantly higher risk of complications such as perinatal
mortality, preeclampsia, preterm birth, low birth weight
outcomes, and congenital anomalies.93-96 These risks
should be discussed frankly with the asthmatic woman
who is planning pregnancy, but it should also be empha-
sized that perinatal outcomes are uncomplicated in most
cases and that good control of asthma during pregnancy
is thought to ameliorate some of the risk.97

Several studies have investigated the relationship
between the outcome of pregnancy and the severity of
asthma. In one study investigating perinatal outcome
in women with asthma, preterm delivery, premature rup-
ture of membranes, and low birth weight were all found
more frequently with pregnancy complicated by asthma
than in a control population.98 When the asthmatic
patients were separated into steroid-dependent and
non–steroid-dependent groups (as a way to distinguish
patients with more severe asthma from those with less
severe asthma, respectively), all these differences were
observed for each subgroup in comparison with a control
group. In addition, the steroid-dependent subgroup had
a higher frequency of preterm delivery and infants with
low birth weight than did the non–steroid-dependent sub-
group, which was suggestive of a possible correlation of
these complications with asthma severity. Another study99

similarly found a small but statistically significant corre-
lation between infant birth weight and maternal FEV1,
which was also suggestive of a relationship between asthma
severity and infant birth weight.

Three other studies that investigated the use of oral
and inhaled corticosteroids found no increase in fetal
or maternal morbidity and mortality associated with rela-
tively severe maternal asthma.80,100,101 In one of these stud-
ies,100 the mean birth weight of infants was approximately
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500 g less when the mothers required hospitalization
for status asthmaticus than when no emergency therapy
for asthma was required during pregnancy. In a total of
171 pregnancies in 146 patients in these three series, no fetal
or maternal deaths attributable to asthma were reported.
It is now generally accepted that adequate therapy and
good control of asthma during pregnancy, including use
of corticosteroids when necessary, are critical for minimizing
complications during pregnancy.

In summary, there is no predictable effect of pregnancy
on asthma, because individual patients may experience
improvement, no change, or worsening. However, as a gen-
eral rule, the course of asthma in a particular individual
tends to be similar with successive pregnancies. In older
studies, the major documented effect of asthma on the
course of pregnancy was an approximately twofold increase
in perinatal mortality, particularly when maternal asthma
was severe. On the basis of the most recent studies, in
which corticosteroid therapy was used for severe asthma,
it is now accepted that adequate control of asthma during
pregnancy reduces the increase in mortality reported in

earlier studies.82,89 Other suggested complications, such
as increased frequencies of prematurity and low birth
weight, may also be reduced by adequate asthma control.

Treatment

The treatment of asthma has been discussed in detail in
several reviews,102,103 and specific drugs are summarized in
Table 18–1. Although bronchodilators were for many
years the primary form of therapy for asthma, emphasis
has shifted to the earlier use of antiinflammatory agents
such as inhaled corticosteroids and cromolyn. For out-
patient treatment of occasional mild asthma exacerbations,
inhaled β agonists are often sufficient and remain the
mainstay of therapy. These agents activate adenylyl cyclase
and therefore increase intracellular cyclic adenosine
monophosphate (cAMP), which has a bronchodilator effect
through action on airway smooth muscle cells and an
inhibitory effect on release of mediators from mast cells.

The inhaled β agonists used most frequently on an
as-needed basis are those that are β2 selective and whose
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Specific Pregnancy 
Category Examples Dosage Class Comments

Bronchodilators
β agonists Preferred form of administration of β-agonists

inhaled
Short-acting Albuterol 2 puffs q4-6h PRN C

(rescue) Metaproterenol 2 puffs q4-6h PRN C
Terbutaline 2 puffs q4-6h PRN B
Pirbuterol 2 puffs q4-6h PRN C

Long-acting Salmeterol 2 puffs b.i.d. (metered-dose C Should not be used PRN
(maintenance) inhaler) or 1 puff b.i.d. (diskus)

Subcutaneous Epinephrine 0.3 mL, 1:1000 SC C Alternative to inhaled administration for 
acute therapy; epinephrine should ideally 
be avoided during pregnancy

Terbutaline 0.25 mL, SC B Same as for epinephrine
Oral Albuterol 2-4 mg PO t.i.d. C Infrequently used because of systemic

side effects
Terbutaline 2.5-5 mg PO t.i.d. B Same as for albuterol

Xanthines Theophylline Variable (200-500 mg b.i.d.) C Dosage adjusted to maintain serum 
(slow-release) level 5-15 μg/mL

Antiinflammatory 
agents
Corticosteroids Variable, dependent on prepara- Rinse and gargle after use to decrease risk

tion (divided b.i.d.-q.i.d.) of oral candidiasis
Inhaled Beclomethasone C

Triamcinolone C
Flunisolide C
Fluticasone C
Budesonide B

Oral Prednisone Variable (taper from initial B
dose of 40-60 mg)

Mast cell stabilizers Cromolyn 2 puffs q.i.d. B
Nedocromil 2 puffs q.i.d. B

Agents affecting 
leukotrienes

LTD4 receptor Zafirlukast 20 mg b.i.d. B Must be taken 1 hr before or 2 hr after meals
blocker

Montelukast 10 mg q.d. B Dose is given in the evening
5-Lipoxygenase Zileuton 600 mg q.i.d. C Can cause abnormal liver function test results

inhibitor

LTD4, leukotriene D4; PO, per os (orally); PRN, pro re nata (as needed); SC, subcutaneously.

TABLE 18–1 Drug Therapy for Asthma



actions last for several hours, such as albuterol. Salmeterol
and formoterol, which have a duration of action of approx-
imately 12 hours, can be used twice a day on a regular
basis or at night for control of nocturnal asthma, but their
slower onset and longer duration of action make them
inappropriate for use on an as-needed basis.

Because adequate delivery of the medication is depend-
ent on proper use of the inhaler, the technique of inhala-
tion should be demonstrated to the patient. For patients
who have difficulty with the proper coordination of inspi-
ration and actuation of the inhaler, use of a spacer (e.g.,
Inspirease, Aerochamber) or a dry powder drug preparation
may be helpful. In the acute setting, subcutaneous epineph-
rine or terbutaline can be given, particularly to patients
unable to use an inhaled form of β agonist effectively.

Patients whose asthma cannot be controlled adequately
with infrequent (several times per week) use of a β agonist
inhaler should generally be started on an inhaled anti-
inflammatory agent (either an inhaled corticosteroid or
a mast cell stabilizer) or a drug affecting leukotriene metab-
olism. These agents do not have bronchodilator activity
and are not useful for treatment of acute exacerbations.
Rather, they are used on a regular basis as preventive
agents and can then be supplemented with inhaled β
agonists on an as-needed basis. Inhaled corticosteroids
such as beclomethasone, triamcinoline, flunisolide,
budesonide, and fluticasone are used to suppress airway
inflammation and have now become first-line therapy for
patients with moderate or severe asthma. Potential side
effects include oropharyngeal candidiasis and hoarseness.
Systemic side effects are absent or minimal except at very
high dosages.

Inhaled cromolyn and nedocromil are also used for
their antiinflammatory effect, which generally has been
ascribed to inhibition of mediator release from mast cells.
Either agent is most useful on a regular basis for patients
whose asthma is triggered by exposure to inhaled aller-
gens, but both are also often effective for prophylactic use
before exercise in patients with exercise-induced asthma.

The newest groups of antiinflammatory agents in
asthma are those targeted toward blocking the synthesis
or action of leukotrienes.104 Currently available agents
include zafirlukast and montelukast (leukotriene D4
antagonists) and zileuton (an inhibitor of the enzyme
5-lipoxygenase). Although these agents are typically used
for mild to moderate asthma, their role in comparison
with that of inhaled corticosteroids is not entirely clear.
Their efficacy is generally less than that of inhaled cortico-
steroids, but this may be outweighed by improved
compliance with therapy in patients who are unable or
unwilling to use inhaled corticosteroids regularly.105

Xanthine bronchodilators such as theophylline have
traditionally been thought to act by inhibition of phos-
phodiesterase leading to increased cAMP, but this mecha-
nism has been questioned. Theophylline is now used less
frequently as a primary agent in asthma; instead, patients
whose asthma is not adequately controlled with infre-
quent inhaled β agonists are preferentially treated with
inhaled corticosteroids. However, the slowest release
preparations of theophylline, when taken in the evening,
are often useful for managing nocturnal asthma. The major
side effects of xanthines are gastrointestinal symptoms

(nausea, vomiting, diarrhea) or nervousness, and toxic
levels may result in cardiac arrhythmias or seizures.

For severe exacerbations or for patients not responding
rapidly to acute bronchodilator therapy, a course of oral
(or parenteral) corticosteroids is indicated. As the dosage
of systemic steroids is tapered, treatment is often converted
to inhaled steroids for maintenance outpatient therapy.
For patients with refractory disease, oral steroids may need
to be maintained at a low to moderate daily or alternate-
day dose, although the toxic effects of the drug make this
an option of last resort.

Management in Pregnancy

Management of the asthmatic patient during pregnancy
has been discussed in several review articles80,97,103,106 and
in the Report of the Working Group on Asthma and
Pregnancy of the National Asthma Education Program.83

Objective measurements of lung function should be mon-
itored during pregnancy as a guide to the need for and
the effectiveness of therapy. Although measurement of
FEV1 by spirometry is useful during office visits, measure-
ment of PEFR with a portable peak flow meter has the
advantage of allowing ongoing home monitoring during
pregnancy. Worsening of PEFR from baseline indicates
that the therapeutic regimen may need to be intensified.

Because of the absence of potentially deleterious side
effects, nonpharmacologic regimens—avoidance of allergic
and nonallergic triggering factors—should be the first form
of therapy for asthma during pregnancy.107 Depending on
a given patient’s triggering factors, measures such as cock-
roach elimination; removal of pets; or the use of barriers,
heat treatment, or regulation of humidity to decrease dust
mite exposure may be indicated.

Fortunately, medications currently used for asthma are
generally well tolerated during pregnancy and appear to
be safe for the fetus; therefore, the management of asthma
in the pregnant woman differs little from management in
the nonpregnant patient.108,109 It is also widely accepted
that the risk to the fetus is higher as a result of poorly
controlled asthma than as a result of any of the drugs that
are necessary to gain optimal control. Nevertheless, it is
important to be aware of available data regarding use of
each of these drugs in the pregnant woman. The overall
approach to chronic asthma therapy during pregnancy,
stratified according to the severity of asthma, is summa-
rized in Figures 18–4 to 18–6, taken from the Report of
the Working Group on Asthma and Pregnancy of the
National Asthma Education Program.83

β Agonist bronchodilators appear to be relatively safe
during pregnancy, although some potential effects on the
uterus and fetus must be considered. Several studies have
examined how systemic administration of sympatho-
mimetic drugs affects uterine blood flow. A radiographic
study in monkeys has shown vasoconstrictive effects of
epinephrine on the uteroplacental circulation,110 but the
intraarterial mode of administration in that study makes
it difficult to attribute any clinical applicability to this
finding. On the other hand, uterine blood flow appears to
be preserved or even enhanced after administration of
terbutaline.111,112 Intravenous infusion of albuterol ini-
tially causes a decrease in uteroplacental blood flow,113

384 C H A P T E R 18 Pulmonary Diseases



C H A P T E R 18 Pulmonary Diseases 385

Fi
gu

re
 1

8–
4.

 F
lo

w
ch

ar
t 

ou
tli

ni
ng

 m
an

ag
em

en
t 

of
 p

at
ie

nt
s 

w
ith

 c
hr

on
ic

 m
ild

 a
st

hm
a 

du
rin

g 
pr

eg
na

nc
y.

 F
EV

1,
 f

or
ce

d 
ex

pi
ra

to
ry

 v
ol

um
e 

in
 1

 s
ec

on
d;

 P
EF

R
, p

ea
k 

ex
pi

ra
to

ry
 f

lo
w

 r
at

e;
p.

r.
n.

, a
cc

or
di

ng
 t

o 
ci

rc
um

st
an

ce
s.

 (
Fr

om
 N

at
io

na
l A

st
hm

a 
Ed

uc
at

io
n 

Pr
og

ra
m

: R
ep

or
t 

of
 t

he
 W

or
ki

ng
 G

ro
up

 o
n 

A
st

hm
a 

an
d 

Pr
eg

na
nc

y.
 M

an
ag

em
en

t 
of

 a
st

hm
a 

du
rin

g 
pr

eg
na

nc
y

[N
IH

 p
ub

lic
at

io
n 

no
. 9

3-
32

79
A

].
 B

et
he

sd
a,

 M
d.

, N
at

io
na

l I
ns

tit
ut

es
 o

f H
ea

lth
, 1

99
3.

)

C
lin

ic
al

C
ha

ra
ct

er
is

ti
cs

In
te

rm
itt

en
t, 

br
ie

f 
(<

1 
ho

ur
)

w
he

ez
e/

co
ug

h/
dy

sp
ne

a 
up

 to
 2

tim
es

 w
ee

kl
y

A
sy

m
pt

om
at

ic
 b

et
w

ee
n

ex
ac

er
ba

tio
ns

A
sy

m
pt

om
at

ic
≥8

0%
 b

as
el

in
e†

Pr
et

re
at

 p
.r

.n
. 1

-2
 p

uf
fs

 β
2-

ag
on

is
t

an
d/

or
 c

ro
m

ol
yn

 f
or

 e
xp

os
ur

e 
to

ex
er

ci
se

, a
lle

rg
en

, o
r 

ot
he

r 
st

im
ul

i

Pr
ev

en
t s

ym
pt

om
s

Sy
m

pt
om

s 
co

nt
ro

lle
d

N
or

m
al

 lu
ng

 f
un

ct
io

n

R
ed

uc
es

 P
E

FR
 v

ar
ia

bi
lit

y

N
or

m
al

 a
ct

iv
ity

 le
ve

l

N
o 

or
 in

co
m

pl
et

e 
re

sp
on

se
:

In
iti

at
e 

co
rt

ic
os

te
ro

id
th

er
ap

y 
an

d 
tr

ea
t f

or
 a

cu
te

ex
ac

er
ba

tio
n 

of
 a

st
hm

a

If
 m

ed
ic

at
io

n 
re

qu
ir

ed
 d

ai
ly

: S
ee

Fi
gu

re
 1

8-
5 

(C
hr

on
ic

 M
od

er
at

e
A

st
hm

a)

B
ir

th
 o

f 
a 

he
al

th
y 

ba
by

In
ha

le
d 

 β
2-

ag
on

is
t (

2 
pu

ff
s,

re
pe

at
ed

 e
ve

ry
 3

-4
 h

ou
rs

 p
.r

.n
. f

or
th

e 
du

ra
tio

n 
of

 th
e 

ep
is

od
e)

Sy
m

pt
om

at
ic

V
ar

ie
s 

20
%

 o
r 

m
or

e

If
 p

oo
r 

gr
ow

th
 o

r
de

cr
ea

se
d 

fe
ta

l a
ct

iv
ity

E
le

ct
ro

ni
c/

so
no

gr
ap

hi
c

fe
ta

l m
on

ito
ri

ng If
 a

bn
or

m
al

A
ll 

th
er

ap
y 

m
us

t i
nc

lu
de

 p
at

ie
nt

 e
du

ca
tio

n 
ab

ou
t p

re
ve

nt
io

n 
(i

nc
lu

di
ng

 e
nv

ir
on

m
en

ta
l c

on
tr

ol
 a

s 
ap

pr
op

ri
at

e)
 a

s 
w

el
l a

s 
co

nt
ro

l o
f 

sy
m

pt
om

s.
PE

FR
 p

er
ce

nt
 b

as
el

in
e 

re
fe

rs
 to

 th
e 

no
rm

 f
or

 th
e 

in
di

vi
du

al
, e

st
ab

lis
he

d 
by

 th
e 

cl
in

ic
ia

n.
 T

hi
s 

m
ay

 b
e 

pe
rc

en
t p

re
di

ct
ed

 b
as

ed
 o

n 
st

an
da

rd
iz

ed
 n

or
m

s 
or

 p
er

ce
nt

 o
f 

pa
tie

nt
’s

 p
er

so
na

l b
es

t.

A
ss

es
sm

en
t 

of
 F

et
us

(S
ec

on
d 

&
 T

hi
rd

 T
ri

m
es

te
r 

bu
t 

B
ef

or
e 

L
ab

or
)

B
ri

ef
 (

<
1/

2 
ho

ur
) 

w
he

ez
e/

co
ug

h/
dy

sp
ne

a 
w

ith
 a

ct
iv

ity

In
fr

eq
ue

nt
 (

<
2 

tim
es

 a
 m

on
th

)
no

ct
ur

na
l c

ou
gh

/w
he

ez
e

A
ss

es
sm

en
t 

of
 M

at
er

na
l L

un
g

F
un

ct
io

n 
(F

E
V

1 
or

 P
E

F
R

)
T

he
ra

py
∗

O
ut

co
m

e

• 
So

no
gr

ap
hy

 1
2-

20
 w

ee
ks

 if
 

cl
in

ic
al

 d
at

in
g 

un
re

lia
bl

e
• 

M
ea

su
re

 f
un

da
l h

ei
gh

t a
t

 
ea

ch
 v

is
it

• 
In

qu
ir

e 
ab

ou
t f

et
al

 a
ct

iv
ity

• 
C

on
si

de
r 

ki
ck

 c
ou

nt
s

• 
R

ev
ie

w
 s

ta
tu

s 
of

 m
ot

he
r’

s 
 a

st
hm

a
• 

U
rg

en
t f

et
al

 e
va

lu
at

io
n

• 
O

bs
te

tr
ic

/p
er

in
at

al
 e

va
lu

at
io

n
   

 u
se

fu
l

* †



386 C H A P T E R 18 Pulmonary Diseases

Fi
gu

re
 1

8–
5.

 F
lo

w
ch

ar
t 

ou
tli

ni
ng

 m
an

ag
em

en
t 

of
 p

at
ie

nt
s 

w
ith

 c
hr

on
ic

 m
od

er
at

e 
as

th
m

a 
du

rin
g 

pr
eg

na
nc

y.
 F

EV
1,

 f
or

ce
d 

ex
pi

ra
to

ry
 v

ol
um

e 
in

 1
 s

ec
on

d;
 P

EF
R

, p
ea

k 
ex

pi
ra

to
ry

fl
ow

 r
at

e;
 p

.r
.n

., 
ac

co
rd

in
g 

to
 c

irc
um

st
an

ce
s.

 (
M

od
if

ie
d 

fr
om

 N
at

io
na

l A
st

hm
a 

Ed
uc

at
io

n 
Pr

og
ra

m
: R

ep
or

t 
of

 t
he

 W
or

ki
ng

 G
ro

up
 o

n 
A

st
hm

a 
an

d 
Pr

eg
na

nc
y.

 M
an

ag
em

en
t 

of
 a

st
hm

a
du

rin
g 

pr
eg

na
nc

y 
[N

IH
 p

ub
lic

at
io

n 
no

. 9
3-

32
79

A
].

 B
et

he
sd

a,
 M

d.
, N

at
io

na
l I

ns
tit

ut
es

 o
f H

ea
lth

, 1
99

3.
)

C
lin

ic
al

C
ha

ra
ct

er
is

ti
cs

A
ss

es
sm

en
ts

 o
f 

M
at

er
na

l
L

un
g 

F
un

ct
io

n
(F

E
V

1 
or

 P
E

F
R

)

T
he

ra
py

*
O

ut
co

m
e

Sy
m

pt
om

s 
>

1-
2 

tim
es

 w
ee

kl
y

60
%

-8
0%

 b
as

el
in

e†  (
m

ay
 b

e
no

rm
al

 w
he

n 
as

ym
pt

om
at

ic
)

If
 p

oo
r 

gr
ow

th
 o

r
de

cr
ea

se
d 

fe
ta

l a
ct

iv
ity

If
 a

bn
or

m
al

* A
ll 

th
er

ap
y 

m
us

t i
nc

lu
de

 p
at

ie
nt

 e
du

ca
tio

n 
ab

ou
t p

re
ve

nt
io

n 
(i

nc
lu

di
ng

 e
nv

ir
on

m
en

ta
l c

on
tr

ol
 a

s 
ap

pr
op

ri
at

e)
 a

s 
w

el
l a

s 
co

nt
ro

l o
f 

sy
m

pt
om

s.
† PE

FR
 p

er
ce

nt
 b

as
el

in
e 

re
fe

rs
 to

 n
or

m
 f

or
 th

e 
in

di
vi

du
al

, e
st

ab
lis

he
d 

by
 th

e 
cl

in
ic

ia
n.

 T
hi

s 
m

ay
 b

e 
pe

rc
en

t p
re

di
ct

ed
 b

as
ed

 o
n 

st
an

da
rd

iz
ed

 n
or

m
s 

or
 p

er
ce

nt
 o

f 
pa

tie
nt

’s
 p

er
so

na
l b

es
t.

‡ If
 e

xc
ee

d 
3-

4 
do

se
s 

a 
da

y,
 c

on
si

de
r 

ad
di

tio
na

l t
he

ra
py

 o
th

er
 th

an
 in

ha
le

d 
β 2

-a
go

ni
st

.
§ A

dd
ed

 b
y 

au
th

or
s 

to
 o

ri
gi

na
l f

lo
w

 c
ha

rt
.

E
le

ct
ro

ni
c/

so
no

gr
ap

hi
c 

fe
ta

l
m

on
ito

ri
ng

V
ar

ie
s 

m
or

e 
th

an
 3

0%
 d

ur
in

g
w

or
st

 e
xa

ce
rb

at
io

ns

In
cr

ea
si

ng
ly

 f
re

qu
en

t s
ym

pt
om

s

Se
e 

Fi
gu

re
 1

8-
6:

 C
hr

on
ic

 S
ev

er
e 

A
st

hm
a

G
et

 a
ss

es
sm

en
t b

y 
sp

ec
ia

lis
t

A
nt

iin
fl

am
m

at
or

y 
ag

en
ts

A
ss

es
sm

en
t 

of
 F

et
us

(S
ec

on
d 

&
 T

hi
rd

 b
ut

 B
ef

or
e 

L
ab

or
)

A
dd

it
io

na
l t

he
ra

py

O
ra

l c
or

ti
co

st
er

oi
ds

C
ro

m
ol

yn
 (

2 
pu

ff
s 

q.
i.d

.)
 o

r
E

xa
ce

rb
at

io
ns

 a
ff

ec
t s

le
ep

 o
r

ac
tiv

ity
 le

ve
l

E
xa

ce
rb

at
io

ns
 m

ay
 la

st
 s

ev
er

al
da

ys

O
cc

as
io

na
l e

m
er

ge
nc

y 
ca

re

V
ar

ie
s 

20
%

-3
0%

 w
he

n
sy

m
pt

om
at

ic

In
ha

le
d 

co
rt

ic
os

te
ri

od
s

(2
-4

 p
uf

fs
 b

.i.
d.

, 1
68

-3
36

 μ
g/

da
y)

  
In

ha
le

d 
β 2

-a
go

ni
st

   
p.

r.
n.

 to
 t.

i.d
./q

.i.
d.

‡

If
 s

ym
pt

om
s 

pe
rs

is
t

an
d

an
d/

or

an
d/

or

an
d/

or

In
cr

ea
se

 in
ha

le
d 

co
rt

ic
os

te
ro

id
s

So
no

gr
ap

hy
 f

or
 d

at
in

g 
an

d
gr

ow
th

 e
va

lu
at

io
n

M
ea

su
re

 f
un

da
l h

ei
gh

t a
t e

ac
h

vi
si

t
D

ai
ly

 k
ic

k 
co

un
ts

C
on

si
de

r 
se

ri
al

 a
nt

ep
ar

tu
m

 f
et

al
as

se
ss

m
en

t b
eg

in
ni

ng
 a

t 3
2 

w
ee

ks

L
on

g-
ac

tin
g 

in
ha

le
d 

β 2
-a

go
ni

st
§  

Su
st

ai
ne

d 
re

le
as

e 
th

eo
ph

yl
lin

e

O
ra

l β
2-

ag
on

is
t

R
ev

ie
w

 s
ta

tu
s 

of
 m

ot
he

r’
s 

as
th

m
a

U
rg

en
t f

et
al

 e
va

lu
at

io
n

O
bs

te
tr

ic
/p

er
in

at
al

 c
on

su
lta

tio
n

us
ef

ul

Sh
or

t c
ou

rs
e 

or
al

 p
re

dn
is

on
e

fo
llo

w
ed

 b
y 

in
ha

le
d 

co
rt

ic
os

te
ro

id
s

N
o 

or
 in

te
rm

itt
en

t r
es

po
ns

e

B
ir

th
 o

f 
a 

he
al

th
y 

ba
by

Sy
m

pt
om

s 
co

nt
ro

lle
d

Pu
lm

on
ar

y 
fu

nc
tio

n 
va

lu
es

op
tim

al
 f

or
 p

at
ie

nt

R
ed

uc
ed

 P
E

FR
 v

ar
ia

bi
lit

y

N
or

m
al

 a
ct

iv
ity

 le
ve

l

R
ar

el
y 

aw
ak

en
ed

 a
t n

ig
ht

In
fr

eq
ue

nt
 e

xa
ce

rb
at

io
ns

R
ed

uc
ed

 f
re

qu
en

cy
 o

f
p.

r.
n.

 in
ha

le
d 

β 2
-a

go
ni

st

Sy
m

pt
om

s 
re

du
ce

d

Pe
ak

 f
lo

w
 v

al
ue

s 
st

ab
ili

ze
d

G
et

 s
pe

ci
al

is
t c

on
su

lta
tio

n



C H A P T E R 18 Pulmonary Diseases 387

Fi
gu

re
 1

8–
6.

 F
lo

w
ch

ar
t 

ou
tli

ni
ng

 m
an

ag
em

en
t 

of
 p

at
ie

nt
s 

w
ith

 c
hr

on
ic

 s
ev

er
e 

as
th

m
a 

du
rin

g 
pr

eg
na

nc
y.

 F
EV

1,
 f

or
ce

d 
ex

pi
ra

to
ry

 v
ol

um
e 

in
 1

 s
ec

on
d;

 M
D

I, 
m

et
er

ed
-d

os
e 

in
ha

le
r;

 P
EF

R
,

pe
ak

 e
xp

ir
at

or
y 

flo
w

 r
at

e;
 p

.r.
n.

, a
cc

or
di

ng
 t

o 
ci

rc
um

st
an

ce
s.

 (
M

od
ifi

ed
 fr

om
 N

at
io

na
l A

st
hm

a 
Ed

uc
at

io
n 

Pr
og

ra
m

: R
ep

or
t 

of
 t

he
 W

or
ki

ng
 G

ro
up

 o
n 

A
st

hm
a 

an
d 

Pr
eg

na
nc

y.
 M

an
ag

em
en

t
of

 a
st

hm
a 

du
rin

g 
pr

eg
na

nc
y 

[N
IH

 p
ub

lic
at

io
n

no
. 9

3-
32

79
A

].
 B

et
he

sd
a,

 M
d.

, N
at

io
na

l I
ns

tit
ut

es
 o

f H
ea

lth
, 1

99
3.

)

C
lin

ic
al

C
ha

ra
ct

er
is

ti
cs

A
ss

es
sm

en
t 

of
 M

at
er

ia
l L

un
g

F
un

ct
io

n 
(F

E
V

1 
or

 P
E

F
R

)
T

he
ra

py
*

O
ut

co
m

e

A
ss

es
sm

en
t 

of
 F

et
us

(S
ec

on
d 

&
 T

hi
rd

 T
ri

m
es

te
r 

bu
t 

B
ef

or
e 

L
ab

or
)

C
on

tin
uo

us
 s

ym
pt

om
s

L
im

ite
d 

ac
tiv

ity
 le

ve
l

Fr
eq

ue
nt

 e
xa

ce
rb

at
io

ns

Fr
eq

ue
nt

 n
oc

tu
rn

al
 s

ym
pt

om
s

O
cc

as
io

na
l h

os
pi

ta
liz

at
io

n 
an

d
em

er
ge

nc
y 

tr
ea

tm
en

t

<
60

%
 b

as
el

in
e†

H
ig

hl
y 

va
ri

ab
le

: 2
0%

-3
0%

 c
ha

ng
es

w
ith

 r
ou

tin
e 

m
ed

ic
in

e

V
ar

ie
s 

m
or

e 
th

an
 5

0%
 d

ur
in

g
w

or
st

 e
xa

ce
rb

at
io

ns

So
no

gr
am

s 
fo

r 
da

tin
g 

an
d 

gr
ow

th
ev

al
ua

tio
n

M
ea

su
re

 f
un

da
l h

ei
gh

t a
t e

ac
h 

vi
si

t

D
ai

ly
 k

ic
k 

co
un

ts

C
on

si
de

r 
se

ri
al

 a
nt

ep
ar

tu
m

 f
et

al
as

se
ss

m
en

t b
eg

in
ni

ng
 a

t 3
2 

w
ee

ks

Pe
ri

na
ta

l c
on

su
lta

tio
n 

us
ef

ul

E
le

ct
ro

ni
c/

so
no

gr
ap

hi
c

fe
ta

l m
on

ito
ri

ng

U
rg

en
t f

et
al

 e
va

lu
at

io
n

Pe
ri

na
ta

l c
on

su
lta

tio
n 

us
ef

ul

N
ot

e:
 I

nd
iv

id
ua

ls
 w

ith
 s

ev
er

e 
as

th
m

a 
sh

ou
ld

 b
e 

ev
au

la
te

d 
by

 a
n 

as
th

m
a 

sp
ec

ia
lis

t.
*A

ll 
th

er
ap

y 
m

us
t i

nc
lu

de
 p

at
ie

nt
 e

du
ca

tio
n 

ab
ou

t p
re

ve
nt

io
n 

(i
nc

lu
di

ng
 e

nv
ir

on
m

en
ta

l c
on

tr
ol

 a
s 

ap
pr

op
ri

at
e)

 a
s 

w
el

l a
s 

co
nt

ro
l o

f 
sy

m
pt

om
s.

† PE
FR

 p
er

ce
nt

 b
as

el
in

e 
re

fe
rs

 to
 th

e 
no

rm
 f

or
 th

e 
in

di
vi

du
al

, e
st

ab
lis

he
d 

by
 th

e 
cl

in
ic

an
. T

hi
s 

m
ay

 b
e 

pe
rc

en
t p

re
di

ct
ed

 b
as

ed
 o

n 
st

an
da

rd
iz

ed
 n

or
m

s 
or

 p
er

ce
nt

 o
f 

pa
tie

nt
’s

 p
er

so
na

l b
es

t.
‡ A

dd
ed

 b
y 

au
th

or
s 

to
 o

ri
gi

na
l  

fl
ow

 c
ha

rt
.

§ If
 e

xc
ee

d 
3-

4 
do

se
s 

a 
da

y,
 c

on
si

de
r 

ad
di

tio
na

l t
he

ra
py

 o
th

er
 th

an
 in

ha
le

d 
β 2-a

go
ni

st
.

A
nt

iin
fl

am
m

at
or

y 
ag

en
ts

−I
nh

al
ed

 c
or

tic
os

te
ro

id
 4

-6
 p

uf
fs

 b
.i.

d.
 o

r 
2-

5 
pu

ff
s 

q.
i.d

.
 (

33
6-

84
0)

 μ
g/

da
y

−C
ro

m
ol

yn
 2

 p
uf

fs
 q

.i.
d.

(e
sp

ec
ia

lly
 f

or
 n

oc
tu

rn
al

 s
ym

pt
om

s)
L

on
g-

ac
tin

g 
in

ha
le

d 
β 2-a

go
ni

st
‡  a

nd
/o

r
O

ra
l s

us
ta

in
ed

-r
el

ea
se

d
th

eo
ph

yl
lin

e,
 a

nd
/o

r
O

ra
l β

2-a
go

ni
st

, a
nd

In
ha

le
d 

β 2-a
go

ni
st

 p
.r

.n
.-

q.
i.d

.§

If
 p

oo
r 

gr
ow

th
 o

r
de

cr
ea

se
d 

fe
ta

l a
ct

iv
ity

If
 a

bn
or

m
al

B
ir

th
 o

f 
a 

he
al

th
y 

ba
by

Im
pr

ov
ed

 p
ul

m
on

ar
y 

fu
nc

tio
n

R
ed

uc
ed

 p
ea

k 
 f

lo
w

 v
ar

ia
bi

lit
y

A
lm

os
t n

or
m

al
 a

ct
iv

ity

In
fr

eq
ue

nt
 a

w
ak

en
in

g 
at

 n
ig

ht

R
ed

uc
ed

 f
re

qu
en

cy
 o

f 
ex

ac
er

ba
tio

ns

R
ed

uc
ed

 f
re

qu
en

cy
 o

f 
p.

r.
n.

 in
ha

le
d

β 2-a
go

ni
st

R
ed

uc
ed

 n
ee

d 
fo

r 
co

rt
ic

os
te

ro
id

bu
rs

t

R
ed

uc
ed

 n
ee

d 
fo

r 
em

er
ge

nc
y

de
pa

rt
m

en
t t

re
at

m
en

t

w
it

h

w
it

h 
or

 w
it

ho
ut

w
it

h 
or

 w
it

ho
ut

E
pi

so
di

c 
ex

tr
a 

β 2-a
go

ni
st

 (
2-

4 
pu

ff
s

M
D

I 
or

 n
eb

ul
iz

ed
 tr

ea
tm

en
t)

 f
or

ex
ac

er
ba

tio
ns

an
d

O
ra

l c
or

ti
co

st
er

oi
ds

B
ur

st
 f

or
 a

ct
iv

e 
sy

m
pt

om
s

(p
re

dn
is

on
e 

40
 m

g 
a 

da
y,

 s
in

gl
e 

or
di

vi
de

d 
do

se
, f

or
 1

 w
ee

k,
 th

en
ta

pe
re

d 
fo

r 
1 

w
ee

k)

D
ai

ly
 o

r 
al

te
rn

at
e-

da
y 

us
e 

(s
in

gl
e

do
se

 a
.m

.)

R
ev

ie
w

 s
ta

tu
s 

of
 m

ot
he

r’
s 

as
th

m
a

C
on

si
de

r



but in a sheep model, the initial reduction is followed by
an increase above the basal value.114 For all of these studies,
any relevance to patients receiving sympathomimetic agents
for management of asthma has not been documented.115

Lack of comparability of dose and route of administration
makes it impossible to extrapolate the findings of these
studies to the clinical setting of the pregnant asthmatic
patient.

No teratogenicity has been documented for ephedrine
in humans or for metaproterenol in animals, but a slightly
increased incidence of malformations over the expected
number was found by the Collaborative Perinatal Project in
infants of women given epinephrine during pregnancy.116,117

In a study of 259 pregnant asthmatic women using inhaled
β agonist bronchodilators (primarily metaproterenol), no
adverse effects on the fetus were noted in comparison with
control subjects.118 Although there are no human studies
specifically concerning other inhaled β agonists such
as albuterol, these agents have been used frequently by
clinicians treating pregnant asthmatic patients, and to
date, no consistent problems with malformations have
been reported.

By virtue of their stimulation of uterine β receptors,
sympathomimetics inhibit uterine contractility at term
and are useful in the management of premature labor.119

This effect has been documented for intravenous adminis-
tration of metaproterenol, terbutaline, and albuterol.120-122

Oral terbutaline has a similar action on uterine contrac-
tility and has therefore also been used for inhibition
of premature labor.123 However, a number of cases of
pulmonary edema have been reported after sympatho-
mimetic therapy used in this setting; no cases have been
reported after the use of sympathomimetics for manage-
ment of the pregnant asthmatic patient.124-126 The problem
of sympathomimetic-induced pulmonary edema is
discussed in more detail in the section “Pulmonary
Edema Associated with Sympathomimetic Therapy” later
in this chapter.

Disodium cromoglycate appears to be safe during
pregnancy. In a French study of 296 pregnant women,
there was no documented increased risk of malforma-
tions,127 and no other adverse effects on the fetus have
been reported.

Xanthine bronchodilators also appear to be safe for
the fetus.84,128 Although there is some evidence of digital
malformations in laboratory animals given large doses of
aminophylline parenterally,129 no teratogenic effect has
been demonstrated in human studies.117 Despite animal
data suggestive of an increased risk of stillbirth with the-
ophylline, its use in human pregnancy is not associated
with an increased risk of stillbirth.130 In nonpregnant
women, aminophylline can inhibit and, in some cases,
abolish uterine motility, presumably by an inhibitory
effect of increased cAMP on uterine smooth muscle.131

Whether aminophylline alters uterine contractility at the
time of labor has not been well studied, but it is reason-
able to expect that an inhibitory effect is possible. When
theophylline is used during pregnancy, serum concentra-
tions should be monitored closely, because clearance
of the drug has been reported to decrease during the third
trimester.132,133 Xanthines are transferred across the pla-
centa, and theophylline concentrations in neonatal and

cord blood are similar to those in maternal blood.134,135

In one study, mean neonatal heart rate and Apgar scores
were apparently unaffected by maternal administration
of theophylline.135 However, transient tachycardia and
myocardial irritability have been reported in some
neonates of mothers receiving xanthine agents, presum-
ably as a direct effect of the drug.

Agents affecting leukotriene synthesis or action are rel-
atively new, and there is little information about their use
in human pregnancy. However, animal data on zafirlukast
and montelukast have shown no teratogenicity at oral
doses more than 150 times the maximum human daily
oral dose on a milligram-per-square-meter basis. According
to a position statement by the American College of
Obstetrics and Gynecology and the American College of
Allergy, Asthma, and Immunology, zafirlukast and mon-
telukast “can be considered for use in pregnant women
who have shown a uniquely favorable response before
pregnancy.”136 In contrast, zileuton has proven terato-
genic in some animal models and generally should not
be used in this setting.

Numerous studies have been reported concerning use
of corticosteroids during pregnancy.137 Any potential risk
appears to be small, and it is generally agreed that cortico-
steroids should not be withheld in this setting if they are
clinically indicated. The main potential problems fall into
the following three categories: (1) congenital malforma-
tions, mainly cleft palate; (2) placental insufficiency, pre-
maturity, and fetal or neonatal death; and (3) neonatal
adrenal insufficiency. Each is discussed in turn.

In animals, it has been demonstrated that maternal
administration of corticosteroids may be associated with
cleft palate in the offspring.138 In human studies, a few
cases of cleft palate have been reported in offspring of
women receiving corticosteroids during pregnancy,139 but
a causal relationship has been difficult to prove. Because
closure of the palatal processes is usually complete by the
12th week, administration of steroids beyond the first
trimester should not be associated with any risk of cleft
palate. On the basis of several studies, any risk for cleft
palate associated with first-trimester administration of
steroids is likely to be relatively small.101,117,140 It is reason-
able to approach steroid use during the first trimester
with caution, but corticosteroids should not be withheld
when their use is clearly indicated.

An increased incidence of placental insufficiency and
resulting low birth weight or stillbirth has been suggested
to be associated with maternal steroid use. One group
noted a high frequency of stillbirth or placental insuffi-
ciency among mothers receiving prednisolone during
pregnancy, and they speculated that prednisolone had
a deleterious effect on placental function.141 Others have
found an apparently high rate of fetal loss and perinatal
mortality,142,143 but because a control population was
not examined in either study, it is difficult to assess
the contribution of steroids in comparison with that of
the underlying disease.144 Another study found that use
of prednisone, 10 mg/day, throughout the duration of
pregnancy was associated with a significantly lower birth
weight in offspring, unassociated with any change in
the length of gestation.145 This finding was confirmed by
a parallel experimental study in mice, in which it was clear
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that reduction in birth weight was attributable to steroid
exposure and not to other maternal disease. The authors
speculated that the effect of steroids could result either
from placental transfer of the hormone and a direct inhi-
bition of fetal growth or from indirect effects on the pla-
centa or other aspects of maternal physiology.

Several studies specifically concerning the use of systemic
steroids for management of asthma during pregnancy
have been performed. In one study, there was no increase
in the risk of abortion, stillbirth, or neonatal death when
mothers received prednisone in an average daily dosage of
8.2 mg.101 A slightly increased frequency of prematurity
was noted (14%, in comparison with 9.3% in a historical
control population), but whether this increase was caused
by steroids, asthma, or other factors is unknown. The
other study reported the outcome of 56 pregnancies in 51
women with severe asthma who required oral or inhaled
steroids.100 Although there were no malformations or
neonatal deaths, the incidence of prematurity and low
birth weight was slightly higher than expected on the
basis of data from a historical control group. However,
these complications appeared to be associated more with
the severity of asthma during pregnancy than with the use
of steroids. Overall, although it is still remotely possible
that steroids contribute to prematurity or to retardation
of intrauterine growth, it is more likely that the severe
underlying disease being treated is the more important
factor for both of these complications.

A potential risk of fetal adrenal suppression after
maternal administration of corticosteroids has been sug-
gested, and cases of fetal adrenal atrophy documented
in pathologic studies have been reported.143,144 However,
clinical evidence of adrenal insufficiency in the newborn
in such circumstances is unusual. In one series, there
was no evidence of neonatal adrenal insufficiency in any
of 71 infants born to mothers receiving an average daily
dosage of 8.2 mg of prednisone for variable periods
of time during pregnancy.101 In another study, adrenal
cortical reserve, as assessed by an adrenocorticotropic hor-
mone stimulation test, was normal in each of six neonates
exposed in utero to prolonged maternal administration
of prednisone.146 Although neonates born to mothers
receiving prolonged steroids during pregnancy should
be observed for signs of adrenal insufficiency, this com-
plication is distinctly unusual. However, of importance is
that the use of steroids during pregnancy does suppress
maternal adrenal function, and supplemental cortico-
steroids for the mother at the time of labor and delivery
may be required.

The inhaled steroid budesonide does not appear to be
associated with an increased risk of congenital malforma-
tions when used early in pregnancy, according to a report
from Sweden of more than 2000 pregnancies.147 As a result,
inhaled budesonide has recently been reclassified by
the U.S. Food and Drug Administration from pregnancy
category C (in which all other inhaled steroids are listed)
to pregnancy category B. To date, the inhaled steroid
preparations beclomethasone and triamcinolone also
appear to be safe during pregnancy, but information is
more limited. In a study of 45 pregnancies in 40 women,
no complications attributable to beclomethasone were
found.148 Cardiac malformations in one infant in this

study were more likely to have resulted from the mother’s
underlying medical problems and complicated pregnancy
rather than from beclomethasone. Preliminary experience
with triamcinolone in 15 pregnant women demonstrated
no statistically significant difference in birth weight in
comparison with infants of pregnant women treated with
inhaled beclomethasone or oral theophylline.149 Use of
these and other asthma and allergy medications during
pregnancy has been reviewed.150

Finally, several cases have been reported in which life-
threatening status asthmaticus during pregnancy could
not be controlled by intensive medical therapy.151 In these
cases, termination of pregnancy by cesarean section was
followed by dramatic improvement in the patient’s other-
wise uncontrolled asthma.

Other Forms of Obstructive Lung Disease

Chronic Obstructive Lung Disease

Because chronic bronchitis and emphysema are unusual
in women of childbearing age, information regarding
interactions between pregnancy and chronic obstructive
lung disease is available only in case report form. Several
pregnancies in women with α1-antitrypsin deficiency,
a genetic disease associated with the early onset of panacinar
emphysema, have been reported.152-156 Uneventful maternal
and fetal courses have been noted in most of these reports,
although elective cesarean section was performed at
37 weeks in one patient because of worsening dyspnea
and deteriorating spirometry (FEV1 = 0.6 L).153 An unre-
solved issue is whether intravenous supplementation of
α1-antitrypsin (Prolastin) should be discontinued during
pregnancy. Animal reproduction studies have not been
undertaken with the drug, and it is not known whether
the drug can cause fetal harm or adversely affect fertility.

Pregnancy in patients with α1-antitrypsin deficiency–
unrelated chronic obstructive pulmonary disease has rarely
been reported. In one such case, the patient developed res-
piratory distress and delivered prematurely at 32 weeks.157

The severity of her disease was demonstrated by chronic
hypercapnia and an FEV1 of approximately 0.7 L (<25% of
predicted value). Although she required intubation and
mechanical ventilation in the postpartum period, the
patient recovered, and her child was entirely normal.

Finally, there was a report of a patient with severe com-
bined obstructive and restrictive lung disease, a relatively
uncomplicated pregnancy, and delivery of a healthy infant
at approximately 36 weeks.158 Her disease, which was
apparently a combination of chronic obstructive lung dis-
ease from previous heavy smoking and interstitial disease
related to fibrosis from a prior episode of acute respira-
tory distress syndrome (ARDS), was associated with an
FEV1 of approximately 1 L (35% of predicted value).

Bronchiectasis

Bronchiectasis, an irreversible dilatation of bronchi often
associated with chronic cough, sputum production, and
recurrent infections, is occasionally found in women of
childbearing age. It is often the result of prior bronchial
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injury caused by various types of infection, particularly
necrotizing viral or bacterial pneumonia in childhood.159

One author reported a total of 44 pregnancies in 21
patients with bronchiectasis160; in only one instance could
difficulty during pregnancy or the postpartum period be
attributed to bronchiectasis. In another study,161 little
change was found in pulmonary function, degree of dysp-
nea, or volume of sputum production in each of three
pregnant women with bronchiectasis, and no evidence of
intrauterine growth retardation was observed. However,
there have been two individual case reports of patients
with bronchiectasis who experienced deterioration during
pregnancy or whose fetuses had complications. In one,
a patient with bronchiectasis and a prior lobectomy
had pregnancies resulting in an infant of low birth weight
and an intrauterine fetal death at 38 weeks.162 In the
other, the patient’s respiratory status deteriorated during
pregnancy, and fetal development was complicated by
intrauterine growth restriction.163

Cystic Fibrosis

Altered epithelial electrolyte transport and abnormal
exocrine gland secretions characterize cystic fibrosis, the
most common lethal genetic disorder in white persons.
Abnormally viscous mucus results in pancreatic disease,
with ductal obstruction and pancreatic insufficiency, and
in lung disease, with airway plugging, inflammation,
bronchiectasis, and recurrent bronchopulmonary infec-
tions. The diagnosis is confirmed by the finding of an ele-
vated sweat chloride concentration obtained by pilocarpine
iontophoresis on two or more occasions, by identification
of mutations known to cause cystic fibrosis in each CFTR
gene, or by in vivo demonstration of characteristic abnor-
malities in ion transport across the nasal epithelium.164

The pulmonary pathologic process that occurs with cystic
fibrosis generally does not produce a pure obstructive
physiologic pattern but rather a mixed picture of obstruc-
tive and restrictive disease.

The initial description of pregnancy in a woman
with cystic fibrosis was published in 1960.165 Since then,
numerous other cases have been reported, particularly
as increasing numbers of children with the disease are
surviving into adulthood.166 In addition, initial diagnoses
are now more commonly made in late adolescence and
early adulthood than they were in the past, and cases
have even been reported in which the diagnosis was first
made during pregnancy.167 Although almost all men with
cystic fibrosis are infertile because of absence of the vas
deferens, many affected women are capable of bearing
children. It is generally believed that fertility is decreased
in women with cystic fibrosis, presumably because of
thick cervical mucus providing a mechanical hindrance to
sperm penetration.168,169 However, there are few published
studies of fertility in women with this disease in compari-
son with a control population.170,171

In a landmark 1980 survey of cystic fibrosis centers in
the United States and Canada, 129 pregnancies were iden-
tified in women with the disease.170 This study found a
high rate of two complications of pregnancy: congestive
heart failure in 13% and low maternal weight gain in 41%
of patients. Although spontaneous abortions were not

increased, there was a higher frequency of prematurity
(27%) and perinatal deaths (11%) than expected on the
basis of data from a control population. Mortality rates
over a 2-year period after delivery were high (18%) but not
increased over those expected for age-matched nonpregnant
women with cystic fibrosis. No congenital anomalies were
found, even though antibiotics were used frequently during
the course of pregnancy.

Most subsequent studies have produced similar
results.172 Overall, 70% to 80% of pregnancies in mothers
with cystic fibrosis result in a delivery of a healthy infant
after an uncomplicated maternal course. Predictors of
maternal and fetal complications include exocrine pan-
creatic insufficiency, poor weight gain, more severely
affected pulmonary function, and the presence of dia-
betes mellitus.111,173-175

The effect of pregnancy on the long-term course of cystic
fibrosis has also been examined.176-180 Overall, no deleterious
effect of pregnancy on the long-term prognosis of maternal
cystic fibrosis has been documented. For example, one study
of more than 300 women with cystic fibrosis who became
pregnant and more than 1000 nulliparous controls with
cystic fibrosis found no significant differences in the rates
of FEV1 decline, pneumothorax, hemoptysis, or infectious
exacerbations during pregnancy or the 2 years after deliv-
ery.178 A history of pregnancy was not an independent risk
factor for death, and survival rates in both groups were
worse among patients with poor pulmonary function,
diabetes mellitus, or poor nutritional status.

Counseling a woman with cystic fibrosis about pregnancy
often poses a difficult problem, and there are no universally
accepted guidelines.181 With severe disease, characterized
by marked airflow obstruction (FEV1 <50% of predicted
value, or rapidly progressing disease), pulmonary hyper-
tension, cor pulmonale, significant hypoxemia, or poor
nutritional status, pregnancy may not be advisable.168,171

In contrast, patients with mild disease generally do well
during pregnancy. In those with disease of intermediate
severity, potential health risks to the mother, shortened
maternal life expectancy, and decreased ability to provide
day-to-day child care because of limited exercise tolerance
must all be weighed in the decision about whether to have
children.166,170,175 Genetic counseling should be offered, and
issues regarding genetic screening should be discussed.182

According to the autosomal recessive nature of the disease
and the known frequency of the gene, the general risk of
bearing a child with cystic fibrosis is up to 2.5%, although
all children are at least carriers of the abnormal gene.

Interstitial Lung Disease

Interstitial inflammation and fibrosis can occur in many
conditions and are characterized by reduced lung volumes
and often an increase in the FEV1/FVC ratio. In many
cases, the onset of physiologically significant disease
occurs after menopause; therefore, it is relatively unusual
to confront a pregnant woman with these disorders. Data
regarding the maternal and fetal outcomes of pregnancy
in the setting of interstitial lung disease are sparse,
although a number of successfully managed cases have
been reported.183,184
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However, two types of interstitial lung disease, sarcoido-
sis and lymphangioleiomyomatosis (LAM), can occur in
younger women. Consequently, there is greater clinical
experience with pregnancy in these conditions; therefore,
more definitive conclusions regarding the advisability
and management of pregnancy can be drawn.

Sarcoidosis

Definition
Sarcoidosis is a multisystem granulomatous disease of

unknown cause that manifests frequently in young
adults.185,186 It most commonly affects the lungs; however,
other organs or systems, including lymph nodes, skin,
eyes, heart, and liver, can be involved. The characteristic
pathologic finding in affected tissues is the noncaseating
granuloma, but no specific etiologic agent initiating the
granuloma formation has yet been identified. Immunologic
abnormalities—namely, impaired delayed hypersensitivity
and excessive immunoglobulin production—are well
described as frequent accompaniments of the disease, and
current theories of pathogenesis rely heavily on immuno-
logic mechanisms.

Disease in the Nonpregnant State
The pulmonary abnormalities that may occur in sar-

coidosis include bilateral hilar adenopathy or interstitial
lung disease. These may or may not be accompanied by
extrathoracic involvement or systemic symptoms. The
most common manifestations of the disease are respiratory
symptoms, especially dyspnea and nonproductive cough,
or an abnormal chest radiograph but no symptoms.

Definitive diagnosis is made in the appropriate clinical
setting by the finding of noncaseating granulomas
in affected tissues, particularly the lungs. Techniques
for obtaining involved tissue within the chest include
transbronchial biopsy via fiberoptic bronchoscopy, medi-
astinoscopy, and thoracoscopic lung biopsy. The first of
these procedures is the most popular method for diag-
nosing sarcoidosis because it is relatively noninvasive and
has a high yield of diagnostic findings, even when the
chest radiograph does not show parenchymal disease.

Although the course of the disease is variable, in
approximately two thirds of patients, the manifestations
of disease improve or clear within 2 to 3 years, leaving minor
or no residual chest radiographic abnormalities and no
active extrathoracic disease. Of the remaining one third of
patients, most have a smoldering course over years.

Disease in Pregnancy
Several series investigating the effects of pregnancy on

sarcoidosis have produced generally consistent results.
One report described 16 pregnancies in 10 patients with
sarcoidosis and found that pregnancy frequently ame-
liorated the patient’s underlying disease.187 In 8 of the
10 patients, improvement in at least some of the manifes-
tations of sarcoidosis occurred during the antenatal
period; the condition of the other 2 patients remained
unchanged. However, the abnormal findings returned
within several months of delivery in approximately half
of the patients, and some had new manifestations of
sarcoidosis not previously noted.

Another author monitored 10 patients with sarcoidosis
through 17 pregnancies, concluded that pregnancy had
no consistent effect on the course of the disease,188 and
subsequently reported two patients who had successful
pregnancies despite severe restrictive lung disease caused
by sarcoidosis.189 Several other studies each suggested
that pregnancy does not adversely affect the course of sar-
coidosis, because almost all patients experience improve-
ment or no change.184,190-194 A few patients seem to get worse
during the antepartum period,190 and maternal death with
severe sarcoidosis has been reported.195

Scadding perhaps best summarized the overall effects
of pregnancy on sarcoidosis and described characteristic
patterns in different categories of patients.196 When a
woman’s chest radiograph showed resolution to normal
or inactive fibrotic residua before pregnancy, it remained
unchanged throughout pregnancy. When the radiograph
showed continuing resolution before pregnancy, the dis-
ease generally continued on the course of resolution
throughout the prenatal period. Finally, patients with
active disease tended to have partial or complete resolution
of their radiographic changes during pregnancy, although
most patients in this group experienced an exacerbation
of their disease within 3 to 6 months after delivery.

Because corticosteroids suppress the manifestations of
sarcoidosis (see the following section on treatment), it has
been suggested that the elevated circulating levels of both
free and total cortisol during pregnancy may explain the
frequent tendency for improvement at this time.
Although this seems to be a reasonable explanation, there
is no definite proof that changes in circulating cortico-
steroid levels are responsible. In fact, because sarcoidosis
improves spontaneously in many patients, it is likely that
improvement in some patients is coincident with but not
caused by their pregnancy.

There is no current evidence for any adverse effect of sar-
coidosis on either fertility or the course of pregnancy.196

Although a few patients have been described with either
miscarriages or congenital abnormalities,187,188 the inci-
dence of such problems with pregnancy or the fetus does
not appear to be increased over that in mothers without
sarcoidosis.193,196 It is also of interest that histologic exam-
ination of placental tissue has shown no evidence of gran-
ulomatous disease.189,197 In the single reported case of
antepartum death in a patient with sarcoidosis,197 the
patient also had preeclampsia, and the contribution of
the patient’s pulmonary disease to her death is therefore
not clear.

Treatment
Corticosteroids are the treatment of choice for patients

with sarcoidosis. However, even though steroids clearly
suppress many of the manifestations of the disease, it has
not been definitely shown that they alter its overall
course. Treatment decisions are further complicated by
the fact that sarcoidosis often follows a course of sponta-
neous improvement and radiographic resolution, even
without any therapy.185

Well-accepted indications for treatment include signifi-
cant disease affecting a vital organ, especially with myocar-
dial, ocular, or central nervous system involvement.
Pulmonary involvement should not be treated on the basis
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of radiographic manifestations alone, because those find-
ings may not be correlated with functional impairment
and may also spontaneously improve. Corticosteroid
treatment for pulmonary sarcoidosis should instead be
based on pulmonary functional impairment and respira-
tory symptoms; if available, information about the course
of a patient’s disease, by observation over at least two
times, may also be useful in deciding whom and when
to treat.

When therapy is begun, the starting dosage is often
prednisone, 40 to 60 mg/day. It is usually continued for at
least a 6-month period but is generally tapered during
this time to a lower maintenance dose, administered on
either a daily or an every-other-day basis.

Treatment in Pregnancy
Use of corticosteroids for treatment of sarcoidosis

during pregnancy generally follows the same guidelines
as treatment in the nonpregnant patient. Because it is
unusual for sarcoidosis to develop or become worse
during pregnancy, indications for treatment rarely develop
de novo during pregnancy. In women who are already
receiving steroids for sarcoidosis, the dose should be kept
constant or decreased because of the frequent ameliora-
tion of the disease during pregnancy.

Potential complications of steroid use during pregnancy
have been discussed in detail in previous sections of this
chapter and are not repeated here.

Lymphangioleiomyomatosis

Pulmonary LAM is a rare lung disease that afflicts young
women of childbearing age and is histopathologically
characterized by the proliferation of atypical pulmonary
interstitial smooth muscle cells.198 The disease generally
manifests both obstructive and restrictive physiology, and
may manifest clinically with dyspnea, pneumothorax,
hemoptysis, or chylothorax and may progress to respira-
tory failure and death. The radiographic appearance of
innumerable small pulmonary cysts is so characteristic of
the disease that tissue confirmation is sometimes not
necessary.199 The course of the disease is variable, although
progression is common.

The pathogenesis of LAM remains incompletely under-
stood, although most data suggest that the loss of a func-
tional tumor suppressor locus may play a role and that
the disease may share important genetic characteristics
with tuberous sclerosis.198 However, LAM is distinct from
other interstitial lung disorders and the phakomatoses in
that estrogen appears to play a role in promoting disease
progression. LAM rarely occurs before menarche or after
menopause, and oophorectomy has resulted in long-term
remissions.200 Both estrogen and progesterone receptors
have been documented in the abnormal smooth muscle
cells that characterize the disease.201

As might be inferred from the preceding discussion,
pregnancy is generally contraindicated in LAM because of
the belief that the hormonal changes that accompany
pregnancy exacerbate the disease. For example, one study
concluded that complications of LAM, such as chylous
effusions or pneumothorax, were 11 times more frequent
during pregnancy than at other times.202 Counseling of

women with LAM should include a discussion of the dan-
gers of pregnancy to maternal health and of the potential
impact of shortened maternal life expectancy on the child.
Unfortunately, no trials have addressed the optimal man-
agement of LAM during pregnancy should it occur.

Tuberculosis

Since 1980, concern about tuberculosis has increased con-
siderably, as has recognition that this disease is again
a major public health problem. Two factors are responsible
for this resurgence of concern: (1) a transient increase in
the incidence of tuberculosis beginning in 1985, related in
large part to human immunodeficiency virus (HIV) infec-
tion, and (2) an increasing frequency of drug-resistant
organisms, including strains resistant to multiple
drugs.203 Tuberculosis is classified as active when symp-
toms and signs of disease are present, such as fever, cough,
hemoptysis, weight loss, or auscultatory or radiographic
abnormalities. When a purified protein derivative skin
test result is positive in an untreated patient without any
evidence of active disease, a state of latent tuberculosis
infection is present.

Active Tuberculosis

The acid-fast bacillus Mycobacterium tuberculosis can cause
either pulmonary or extrapulmonary infection. Although
the lung remains the major site of involvement, 38% of
patients with HIV infection have disseminated disease.204

Atypical manifestations of both pulmonary and extrapul-
monary disease now force the clinician to consider the
diagnosis in many more clinical settings than was the case
before 1990.

When there is reactivation of old infection, frequently
in elderly or debilitated patients, disease often appears on
chest radiograph as upper lobe infiltrates with or without
cavitation. Patients may be asymptomatic or may present
with constitutional symptoms (low-grade fever, weight loss,
malaise, anorexia, night sweats) or respiratory symptoms
(cough, sputum production, hemoptysis).

Primary tuberculosis infection, although formerly con-
sidered mainly a childhood problem, is not uncommon
in the adult population, particularly as the frequency of
previous exposure during childhood has declined consid-
erably. Patients are frequently asymptomatic at the time
of infection and are often recognized only by conversion
of the tuberculin skin test. Primary infection may also result
in (1) nonspecific symptoms of pneumonia (fever and
cough, often nonproductive), with radiographic findings
of parenchymal infiltrates or adenopathy; (2) pleural
effusion, with symptoms of pleuritic chest pain, fever, and
cough; and (3) extrapulmonary or disseminated disease,
especially in patients immunocompromised by HIV infec-
tion. Patients occasionally present with direct progression
to upper lobe disease, similar to the classic “reactivation”
pattern.

Diagnosis in Pregnancy
In the hope of detecting cases of active or inactive tuber-

culosis that might necessitate therapeutic intervention,
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many clinicians in the past advised routine prenatal chest
radiographs.205-207 However, this practice is no longer jus-
tified, because a positive history, positive physical exami-
nation findings, or a positive tuberculin skin test result
generally suggests the need for a radiograph in patients
eventually found to have an abnormality.208,209 Thus, radiog-
raphy should be reserved for patients with a history or
findings suggestive of pulmonary disease or tuberculosis
or for those with a positive tuberculin skin test result.

If a chest radiograph is clinically indicated, pregnancy
should not be considered a contraindication to the study.
The exposure to radiation from a chest radiograph is
approximately 50 mrad to the chest and 2.5 to 5 mrad to
the gonads.208,210,211 In a detailed analysis of prenatal radia-
tion exposure and subsequent occurrence of malformations
or cancer, an overall risk has been estimated of 0 to 1 case
per 1000 patients who received 1 rad in utero during the
first 4 months of pregnancy.212 Because the radiation
exposure from a chest radiograph is much smaller than
the 1-rad dose used to calculate that risk, there appears to
be no measurable risk associated with a chest radiograph
during pregnancy.208,210 When indicated, however, the
radiograph should be performed with abdominal shielding
and preferably after the first trimester to avoid even this
small amount of exposure to rapidly dividing and differ-
entiating fetal tissues.

Definitive diagnostic proof of tuberculosis in both
pregnant and nonpregnant patients is dependent on
demonstration of M. tuberculosis by culture, especially of
sputum. If a spontaneous sputum specimen cannot be
obtained, sputum can frequently be induced by chest
physiotherapy and inhalation of an aerosol effective in
generating a productive cough (e.g., hypertonic saline). If
necessary, specimens can be obtained with washings and
brushings with a fiberoptic bronchoscope. In many cases,
a provisional diagnosis of tuberculosis can be made by
demonstration of acid-fast bacilli on an appropriately
stained smear, but culture should always be performed, in
addition, for definitive identification and for determina-
tion of drug sensitivity.

In patients who present with a tuberculous pleural
effusion, acid-fast organisms are rarely found on a smear
of pleural fluid, and culture of the fluid is positive in only
30% of affected patients. In such cases, a strong clinical
suspicion of tuberculous effusion can be based on an
unexplained exudative effusion with predominantly lym-
phocytes in a patient with a positive tuberculin skin test
result. Diagnostic yield is greatest by combining culture
of pleural fluid with culture and histologic examination
of a pleural biopsy; the combined procedures document
a tuberculous cause in approximately 80% of cases. In
the setting of a strong clinical suspicion of tuberculosis,
however, it is generally advisable to begin therapy while
awaiting culture results.213

Course in Pregnancy
Medical opinion about the interaction between

pregnancy and tuberculosis has changed several times since
antiquity.214-217 From the time of Hippocrates until the
middle of the 19th century, it was thought that pregnancy
had an overall beneficial effect on tuberculosis. A diamet-
rically opposite view was taken from 1850 until the 1940s,

and therapeutic abortion was frequently recommended to
avert the presumed deleterious effect of pregnancy. An
intermediate view was taken in 1953 by Hedvall,218 who
reached the conclusion, on the basis of experience with
a large number of patients, that pregnancy and labor
seldom have a harmful effect on women with tuberculosis.
A comparison of the course of tuberculosis in 22 pregnant
and 40 nonpregnant women of the same age also yielded
no differences between the two groups.219 Three criteria
were used for comparison: rate of stabilization of disease,
conversion of sputum and gastric washings, and cavity
closure. There was no significant difference between the
two groups in any of these three criteria.

Even though pregnancy itself may have little effect on
the natural history of tuberculous infection, several studies
in the prechemotherapeutic era found an increased rate
of deterioration or progressive disease during the first
postpartum year. In one series of 276 women whose
tuberculosis remained stable throughout the course of
pregnancy, 37 (13.4%) showed deterioration during the
first postpartum year.218 In another study of 930 women
with pulmonary tuberculosis, progression of disease
occurred in 90 cases within the first 6 weeks after delivery,
even though the antenatal course was favorable in 70 of
the 90 patients.220 Several theories have been proposed to
explain this phenomenon, including rapid hormonal
changes, postpartum descent of the diaphragm, the nutri-
tional strain of lactation, and insufficient sleep because
of the time-consuming demands of a newborn. However,
it is not universally accepted that an increased risk of
progression exists in the first postpartum year, in com-
parison with the potential for deterioration that exists in
any untreated patient over a 1-year period.206

Any unsettled controversy about the effect of pregnancy
or the postpartum period on tuberculosis became unim-
portant after the advent of effective chemotherapy. With
adequate treatment for active tuberculosis, pregnant
women appear to have the same excellent prognosis as their
nonpregnant counterparts. In one series,206 all 72 pregnant
women with active tuberculosis showed regression and
control of disease with treatment. Women with inactive
latent tuberculosis given prophylactic isoniazid similarly
had a stable course without reactivation during pregnancy
and the postpartum period. Of 444 such patients with
inactive disease, 442 remained stable and had no evidence
of activation; 2 had some progression of disease despite
isoniazid prophylaxis. These latter patients required more
intensive therapy in order to control the disease.

Several more studies confirmed the excellent prognosis
of treated tuberculosis in pregnant women. A 1975 review
of the course of 149 pregnancies in 100 women with
tuberculosis showed no adverse effect of pregnancy, birth,
the postpartum period, or lactation.221 There was no risk
of relapse when the lung disease was adequately treated,
even in patients with active disease or those with persist-
ence of a postchemotherapy cavity. The experience at New
York Lying-In Hospital in 1565 patients monitored
between 1933 and 1972 was also reviewed.222 After 1965,
the incidence of tuberculosis diagnosed during pregnancy
was in the range of 0.6% to 1%. Among patients seen
between 1957 and 1972 and therefore treated with anti-
tuberculosis drugs, progression of disease occurred in
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fewer than 1%. The comparable progression rate from 1933
to 1956 was 3% to 4%.

Most series investigating the effect of tuberculosis on
the course of pregnancy and on the newborn have con-
cluded that pregnancy is not altered by tuberculosis in the
mother. In one large series, 600 of 616 pregnancies
resulted in the birth of 602 normal live infants.206 There
were seven cases of early, spontaneous abortion and nine
cases of antepartum or intrapartum fetal death. The
authors did not note an effect of tuberculosis on the dura-
tion of pregnancy. One group reported no increase in
prematurity and no cases of congenital tuberculosis in
the 1588 infants delivered in their series.222

However, such findings have not been universal.
A carefully controlled series investigating the course and
outcome of pregnancy in women with pulmonary tuber-
culosis was reported from Norway223; in a comparison
of pregnancies in 542 women with pulmonary tuberculo-
sis and 112,530 women without tuberculosis, the authors
found an excessive occurrence of pregnancy complications,
miscarriage, and difficult labor in women with tuberculo-
sis. Among antepartum complications, the study popula-
tion had a statistically significant higher frequency
of toxemia (7.4% vs. 4.7%) and vaginal hemorrhage (4.1%
vs. 2.2%), whereas the incidence of hyperemesis was not
significantly increased. Labor was induced more often in
the study group than in control subjects (14.6% vs. 9.1%)
and was more often complicated (15.1% vs. 9.6%), and
interventions during labor were required more frequently
(12.6% vs. 7.7%). However, the most striking difference
between the two groups was in the risk of miscarriage,
defined in this study as fetal death between 16 and
28 weeks’ gestation. The frequency of miscarriage was
approximately ninefold higher (20.1 per 1000 vs. 2.3 per
1000) in the patients with tuberculosis than in controls.
No differences were found in numbers of multiple births
or congenital malformations. Comparison of live births
revealed no differences in the mean gestation period,
percentage of premature infants, percentage of infants
with low birth weights, or mean birth weight. In inter-
preting this study, however, it is difficult to define which
factors contributed to the greater frequency of miscar-
riage and pregnancy complications. In particular, because
tuberculosis is more common in lower socioeconomic
groups, the potential role of social or economic factors,
rather than tuberculosis, must be considered.

Because of the generally excellent prognosis for treated
tuberculosis in pregnant women, the recommenda-
tion for therapeutic abortion that was commonly given
for these patients has long since been abandoned.
Nevertheless, the development of chemotherapy has
not entirely eradicated the complicated management
problems that can occur in pregnancy. Even in the more
recent literature, there are reports of women who have
been quite ill from meningeal,224,225 miliary,225 and peri-
toneal226 involvement with tuberculosis during preg-
nancy. Similarly, there are still case reports of infants with
congenital tuberculosis, occurring especially as a compli-
cation of maternal miliary tuberculosis with endometrial
involvement.216,227,228 In a study of 27 patients with tuber-
culosis during pregnancy or the postpartum period,
maternal outcome was worse and fetal complications were
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more frequent with drug-resistant disease than with drug-
sensitive disease.229

Treatment
The treatment of active tuberculosis is based on the

principles that (1) more than one drug must be used in
order to prevent selection and growth of resistant organisms
and (2) therapy must be prolonged. Within this framework,
newer regimens have been devised to simplify treatment
and reduce the duration of drug administration, and these
regimens are accepted as routine therapy in many instances.
However, at the same time, increasing concern for drug
resistance has generally prompted the use of additional
initial therapy until the results of drug susceptibility studies
are available. Detailed guidelines for treatment have
been published by the American Thoracic Society and the
Centers for Disease Control and Prevention213 and have
been reviewed.230

Short-course chemotherapy is now considered to be
the preferred therapeutic regimen for management of
tuberculosis.213,230,231 Therapy is started on a daily basis,
but after the initial 1 to 2 months of therapy, an alternative
to daily therapy is twice-weekly therapy (ideally adminis-
tered as directly observed therapy) with adjusted dosages
of the drugs.213 The standard regimen for treatment of
active tuberculosis in the nonpregnant patient is isoniazid
and rifampin given daily for 6 months, supplemented by
pyrazinamide for the first 2 months. In addition, unless the
patient has a very low (<4%) risk of having a drug-resistant
organism, ethambutol should be added until the results
of drug susceptibility studies become available.

Although there had initially been concern about giving
pyrazinamide during pregnancy because of relatively little
information about its use in this setting, subsequent
experience suggests that it can be used without adverse
consequences.232,233 As a result, the initial regimen that
is often preferred for the pregnant woman is isoniazid
(300 mg/day), rifampin (600 mg/day), and pyrazinamide
(25 mg/kg/day); ethambutol (15 to 25 mg/kg/day) is added
initially unless drug resistance is extremely unlikely.
Pyrazinamide is given for the first 2 months, and etham-
butol can be discontinued if the organism is found to be
sensitive to both isoniazid and rifampin. Pyridoxine
should be given with isoniazid to the pregnant woman to
satisfy the increased requirement for this vitamin during
pregnancy.234

Of note, the 1994 recommendation from the American
Thoracic Society does not include the initial use of pyra-
zinamide,213 whereas other international organizations
do recommend its use during pregnancy.231,233 If pyrazina-
mide is not used, then the duration of isoniazid and
rifampin therapy must be extended to 9 months (rather
than 6 months).

Identical initial regimens are used for tuberculosis
regardless of whether HIV co-infection is present.213 Despite
the immunocompromise associated with HIV infection,
patients seem to respond as well to therapy for tuberculosis
as their counterparts without HIV infection.235

The major potential side effects of isoniazid are hepatitis,
hypersensitivity reactions, and peripheral neuropathy.
Transient elevation of serum aspartate aminotransferase
(AST) levels, occurring in 10% to 20% of patients, is not



necessarily an indication for discontinuing therapy; serious
hepatotoxicity resembles viral hepatitis, and its incidence
increases with advancing age. According to data from
a large study,236 serious hepatotoxicity seems to be avoid-
able if AST and symptoms are routinely monitored on
a monthly basis, and isoniazid is discontinued if AST
elevation is more than five times normal levels.

Because of the age of pregnant women, they had been
considered to be at low risk for isoniazid-associated hepato-
toxicity. However, a number of deaths from isoniazid-
associated hepatitis in women of childbearing age (in
some cases, post partum) have suggested that the risk may
be higher than previously expected.237,238 For incompletely
understood reasons, pregnant and postpartum Hispanic
women may be at particularly high risk of isoniazid-
associated hepatitis, but the actual risk needs to be defined
further.239

In patients with symptoms suggestive of toxicity
accompanied by elevation of AST levels, it is uniformly
accepted that isoniazid should be stopped. Peripheral
neuropathy with isoniazid can be prevented by supple-
mental administration of pyridoxine, 25 to 100 mg/day;
although pyridoxine is not necessary in the normal well-
nourished patient, it is generally recommended for the
pregnant woman receiving isoniazid to prevent any
potential neurotoxicity in the mother or the fetus.213,240,241

Hypersensitivity reactions to isoniazid may include fever,
rash, and a lupus-like syndrome, often with a positive
result of a test for antinuclear antibodies.

Although optic neuritis has been well described as
a potential complication of ethambutol therapy, it is quite
rare with a dose of 15 mg/kg/day. Rifampin may cause
hepatitis, hypersensitivity reactions, and occasional
hematologic toxicity. Patients should be forewarned to
expect orange discoloration of urine, sweat, tears, and
saliva. When given intermittently, rifampin has occasion-
ally been described to cause a “flu syndrome,” abdominal
pain, acute renal failure, or thrombocytopenia. Although
these potential reactions were initially a cause of concern
over the use of rifampin in intermittent chemotherapy,
more recent studies have not shown a clinically important
frequency of these effects.

Effect of Treatment on Pregnancy and the Fetus
Indications for chemotherapy of proved or suspected

active tuberculosis and the principles of management are
similar in the pregnant woman and the nonpregnant
patient. A substantial amount of data about use of four
antituberculosis drugs during pregnancy—isoniazid,
ethambutol, rifampin, and streptomycin—has been tabu-
lated.232,242 This experience is most helpful in guiding the
clinician with regard to safety and choice of therapy during
pregnancy.

Extensive experience with isoniazid in pregnancy
has been accumulated,242 and it appears to be the safest
agent for use in this setting.243,244 Even though isoniazid
crosses the placenta, its use is not contraindicated during
pregnancy.

Although the ability of rifampin to inhibit DNA-
dependent RNA polymerase led to some concern about its
use during pregnancy, adverse fetal effects of rifampin
have not been definitively demonstrated. A risk of limb

reduction has been suggested (1 per 150 pregnancies vs.
1 per 435 pregnancies in healthy women), but this difference
was not statistically significant.242 An association between
maternal rifampin use and hemorrhagic disease of the
newborn has been suggested, and prophylactic vitamin K
administration to the newborn is recommended.232

Overall, given rifampin’s efficacy as an antituberculosis
agent and the absence of proven adverse fetal effects, it
remains an important part of antituberculosis therapy
during pregnancy.214,217

Pyrazinamide now has an important place in certain
short-course regimens used in nonpregnant patients.
As mentioned earlier, increasing experience with this
drug in pregnancy has allayed initial concerns about
absence of objective data regarding adverse effects during
pregnancy.232,233

Use of ethambutol during pregnancy has been
reported in several series; the drug does not appear to be
contraindicated during pregnancy.244-246 No relationship
has been established between use of ethambutol during
pregnancy and subsequent fetal abnormalities, and
overall experience has not suggested any other adverse
maternal or fetal effects in this setting.242

Streptomycin used to be given frequently for treatment
of tuberculosis during pregnancy, but an unacceptable
17% risk of fetal ototoxicity has made other first-line drugs
far preferable.247 Although the most frequently observed
effects in offspring of treated mothers are minor vestibu-
lar impairment, auditory impairment, or both,248 cases of
severe and bilateral hearing loss and marked vestibular
abnormalities have been reported.249 Unlike the effect of
most teratogens, streptomycin ototoxicity can occur at
any time during pregnancy, and the hazard is therefore
not limited to critical periods in the first trimester.242

Little is also known about the specific effects in pregnancy
of the second-line, much less commonly used antituber-
culosis drugs. Their usefulness is clearly limited, more by the
potential side effects on the mother than by documented
adverse effects on the fetus. For example, because of the
gastrointestinal effects of para–aminosalicylic acid and
the central nervous system effects of cycloserine, their use
during pregnancy is undesirable. A teratogenic effect has
been attributed to ethionamide, and its use is therefore
relatively contraindicated in pregnancy.250

In patients who are likely to have contracted their disease
in areas where drug-resistant organisms are common, and
in patients who may have secondary drug resistance related
to previous inadequate chemotherapy, treatment must be
altered accordingly. Discussion of the management of
drug-resistant tuberculosis is beyond the scope of this
chapter; further information can be obtained from other
sources.213,251,252

Neonatal Management
Management of the infant born to a mother with

tuberculosis generally involves preventing or treating
early infection contracted in the neonatal period.
Congenital infection, presumably transmitted either by a
hematogenous route or by aspiration of infected amniotic
fluid, is uncommon, and most infection is by postpartum
maternal contact.253-256 As mentioned earlier, when con-
genital tuberculosis does occur, it is often associated with
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endometrial involvement in the mother and the disease
commonly disseminates. Further discussion of the man-
agement of the neonate born to a mother with tuberculo-
sis is beyond the scope of this chapter but can be found in
detail in published articles.214,217,257

Latent Tuberculosis

It must be recognized that a positive skin test result indi-
cates only tuberculous infection and not necessarily active
disease. Furthermore, patients with active tuberculosis do
not necessarily have a positive skin test result, mainly as
a result of anergy caused by immunocompromise. Although
there had been concern in the past that pregnancy might
suppress positive skin test reactions,258 it is now generally
accepted that tuberculin skin test results are unchanged
and valid through the course of pregnancy.240,259-261

The tuberculin skin test is currently an important
screening test for tuberculosis but should not be performed
indiscriminately in all pregnant women.240 A tuberculin
skin test should be placed only on individuals who are
considered to be at high risk for contracting and/or failing
to contain tuberculosis infection. Conditions and circum-
stances that should prompt tuberculin skin testing are
listed in Table 18–2, as are the criteria for a positive result
in a specific group.

If a tuberculin skin test reaction is positive, a search
for active disease should be undertaken with a thorough
history, physical examination, and chest radiograph with
appropriate shielding as discussed previously. If only
latent tuberculosis infection is documented, treatment with
isoniazid should be undertaken for a total of 9 months.
There is less clinical experience with alternative regimens
of either 4 months of rifampin monotherapy or 2 months
of rifampin plus pyrazinamide; episodes of severe liver
injury have been associated with the latter.240,262
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Size of Induration Indicating 
Indication Positive Test Result

HIV seropositivity 5 mm
Recent contact with patients who 5 mm

have active tuberculosis
Fibrotic change on chest 5 mm

radiograph consistent 
with prior tuberculosis

Organ transplantation or 5 mm
other immunosuppression-
related condition necessitating
>15 mg/day of prednisone
or the equivalent

Recent (<5 years) immigration 10 mm
from an area of high 
tuberculosis prevalence

Injection drug users 10 mm
Residents and employees of 10 mm

high-risk congregate settings,
such as prisons, nursing homes,
hospitals, homeless shelters

HIV, human immunodeficiency virus.

TABLE 18–2 Tuberculin Skin Testing: Indications
and Criteria for Positivity

However, although there is near universal agreement
on the advisability of the eventual treatment of latent
tuberculosis infection discovered in the setting of preg-
nancy, there is less agreement on when this therapy
should commence. Because pregnancy is not believed to
increase the risk of reactivation of latent infection263 and
several studies have suggested an increased risk for hepa-
totoxicity when antituberculosis medications are used
during pregnancy or the immediate postpartum period,
a number of experts have suggested that therapy for latent
tuberculosis infection should be postponed until well
after delivery.240 In contrast, others have suggested that
the absence of demonstrated teratogenic effects of isoni-
azid supports the strategy that all patients with latent
tuberculosis should begin treatment at the time of diag-
nosis.240,264 Most practitioners have adopted a middle
ground, delaying the initiation of isoniazid until after
the first trimester, except in cases of HIV infection or recent
close contact with an infectious patient, in which case
the risk of developing active disease that can endanger both
the mother and baby is thought to outweigh risks of the
early institution of therapy.

As stated previously, pyridoxine supplementation
should be administered routinely to all pregnant women
receiving isoniazid. Baseline and monthly measurements
of serum AST and bilirubin are recommended, as are
monthly clinical examinations to evaluate for signs and
symptoms of drug toxicity.240

Other Infectious Diseases of the Lung

Apart from tuberculosis, the major infectious agents that
affect the lung during pregnancy are the same ones that
usually cause community-acquired pneumonia in non-
pregnant adults of childbearing age. These include typical
bacterial pathogens (especially Streptococcus pneumoniae,
Mycoplasma pneumoniae, Chlamydia pneumoniae) and viruses.
Fungal infections are an additional consideration in the
pregnant patient residing in or visiting an endemic area,
and coccidioidomycosis is of particular concern because
of a possible predisposition to dissemination during preg-
nancy, as is discussed in the section on fungal infections.

Community-Acquired Pneumonia

Community-acquired pneumonia must be considered in
the otherwise healthy patient who presents with relatively
acute symptoms of fever and cough (either productive or
nonproductive) and infiltrates on chest radiograph. The
cause of community-acquired pneumonia is never identi-
fied in a high proportion of patients, perhaps as high
as 50%. In one series of 71 cases of pneumonia complicating
pregnancy, a diagnosis was obtained in only 27% of patients,
but in many of these cases, diagnostic specimens were not
collected.265

Community-acquired pneumonia remains a signifi-
cant cause of nonobstetric maternal mortality in the
United States.266 The overall frequency of pneumonia
during pregnancy ranges from approximately 1 per 400
to 1 per 1200.267,268 Significant risk factors for development
of pneumonia during pregnancy include cocaine use,



infection with HIV, underlying medical illness, and smok-
ing.267,269,270 Maternal mortality may be higher when
pneumonia occurs during the third trimester or in
immunocompromised patients.266

Although the relative frequencies of bacterial, mycoplas-
mal, chlamydial, and viral pneumonia during pregnancy
are not well established, it appears that S. pneumoniae is
the most common bacterial cause of pneumonia in this
population. For example, in one series, S. pneumoniae was
responsible for 13 of 21 cases of culture-proven bacterial
pneumonia during pregnancy.271 In patients who are
smokers or those with acquired immunodeficiency
syndrome, Haemophilus influenzae is the other organism
that is relatively common.

Other types of bacterial pneumonia are less common
in this age group, unless the pneumonia is acquired in the
hospital rather than in the community. It is also impor-
tant to note that viral infections, particularly influenza,
may sometimes be complicated by development of a super-
imposed bacterial pneumonia. In these cases, the pneumo-
coccus is still a common pathogen, but additional
considerations include pneumonias caused by other
streptococci, staphylococci, and H. influenzae. Pneumonia
caused by Legionella pneumophila has been reported in
pregnancy272 and should be sought in the particularly
ill patient with an atypical presentation or with nondiag-
nostic sputum examination findings.

A number of publications have addressed the general
diagnostic and therapeutic approach to the patient with
community-acquired pneumonia.273,274 Although it is dif-
ficult to establish with certainty the frequencies of various
causes of community-acquired pneumonia, it is believed
that the presence of a coexisting disease and the severity
of the illness at initial presentation affect the likelihood
of particular etiologic agents. As a result, these factors
should affect the initial choice of antimicrobial therapy.
Although is not known whether pregnancy affects the like-
lihood of different causes of pneumonia or the response
to treatment, it seems reasonable at present to apply the
same guidelines to community-acquired pneumonia in
the pregnant woman, albeit with particular care to select
antibiotics with acceptable safety profiles in this setting.

Although a general guiding principle for managing
infectious disease is to obtain specimens before use of
antimicrobial therapy, guidelines from the American
Thoracic Society propose that outpatients with community-
acquired pneumonia be treated empirically.273 Patients
are categorized into one of four groups, on the basis of
specific risk factors for mortality or a complicated course
of pneumonia. In patients who have no coexisting
cardiopulmonary disease, do not require hospitalization,
and have no risk factors for drug-resistant S. pneumoniae,
the most common pathogens include S. pneumoniae,
M. pneumoniae, respiratory viruses, C. pneumoniae, and
H. influenzae. The preferred therapeutic regimen is
a macrolide antibiotic, particularly azithromycin. In
patients who have coexisting illness but can still be
treated in an outpatient setting, S. pneumoniae (including
drug-resistant strains), M. pneumoniae, H. influenzae, and
aerobic gram-negative bacilli remain important.
Recommended regimens include a second-generation
cephalosporin plus azithromycin.

The third and fourth groups differ from the first two
on the basis of the severity of the pneumonia. The third
group is defined by a need for hospitalization, whereas
the fourth group includes patients who have the most
severe disease and who require admission to an intensive
care unit. Gram-negative bacilli and Legionella organisms
become of significant concern in these groups of patients,
and therapy is adjusted accordingly. A second-generation
cephalosporin plus azithromycin is appropriate for hospi-
talized patients not requiring intensive care, and a fluoro-
quinolone or aminoglycoside may need to be added to
this regimen in critically ill patients with risk factors for
Pseudomonas aeruginosa,273 although both classes of med-
ications have potentially deleterious effects on the fetus.

The course and potential complications of pneumonia
in pregnant women have been examined in a number of
studies since the mid-1960s.267-269,271 In several studies
comprising 161 patients with presumed pneumonia,
there was one maternal death.265,267,268,271 In one of these
studies, however, a number of maternal complications
were observed, including bacteremia, empyema, and the
need for mechanical ventilation.268 Fetal outcome was
generally excellent, except for cases in which the mother
had additional complicating medical problems. In one
study reporting a high frequency of maternal complica-
tions, preterm labor was seen in 44% of cases and perinatal
death occurred in 12% of cases.268 Pregnancy itself does not
appear to affect adversely the response to antibiotic therapy,
but the choice of antibiotics must take into account pos-
sible adverse effects on the fetus (see Chapter 15).

Viral Pneumonia
The viral pathogens that can cause pneumonia in the

pregnant woman are presumably similar to those that
cause pneumonia in the nonpregnant patient, influenza
being particularly common (see Chapter 16). Influenza
virus does not appear to cross the placenta or result in the
production of harmful autoantibodies, but severely
affected patients have a higher rate of pregnancy compli-
cations.275 Influenza vaccination, with the standard inac-
tivated virus preparation, is recommended for all women
who will be in the second or third trimester of pregnancy
during influenza season.276

The safety of the antiviral drugs amantadine, rimanta-
dine, zanamivir, and oseltamivir has not been adequately
established during pregnancy, and these medications
should be employed only if the potential benefit is
thought to outweigh the potential risks to the fetus.
In view of the relatively small clinical benefits that have
been demonstrated with their use, it is difficult to justify
prescription of these drugs in the setting of pregnancy.
Both amantadine and rimantadine have proven terato-
genic at high doses in animals; human case reports have
suggested a link between first trimester amantadine use
and congenital anomalies, although this association
remains unproven.276,277

Another viral infection that has been well described
during pregnancy is that of varicella.278-285 In the older
literature, the maternal mortality rate from varicella
pneumonia was approximately 35% to 45%, in compari-
son with the 15% to 20% mortality rate described among
nonpregnant patients. In addition to the high maternal
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mortality rate, only approximately one of six pregnancies
was free of neonatal complications, including abortion, in
utero death associated with maternal death, prematurity,
or neonatal varicella.281 It is presumed that maternal
hypoxia caused by extensive pneumonia is the primary
factor resulting in maternal and fetal complications when
the infection occurs in later pregnancy.284 Infection in the
first trimester may result in congenital varicella syndrome,
with anomalies such as cutaneous scars, limb hypoplasia,
muscle atrophy, malformed digits, psychomotor retardation,
microcephaly, cortical atrophy, cataracts, chorioretinitis,
and microophthalmia.279

Nonimmune pregnant women with a significant expo-
sure history to varicella-zoster virus should be considered
for prophylactic treatment with varicella-zoster immune
globulin.283 Most authors suggest that if chickenpox
develops in the mother, oral acyclovir should be imple-
mented within 24 hours of the first skin eruptions in an
attempt to ameliorate the severity of maternal infection.
Although clinical experience suggests that acyclovir is safe
in this setting, its true risk to the fetus is not precisely
known, and thorough informed consent must be obtained
from the mother. In the case of varicella pneumonia, hos-
pitalization and treatment with intravenous acyclovir are
generally indicated because of the significant risk posed
to maternal and therefore fetal health.283 On the basis of
a reported mortality rate of 14% in treated cases, acyclovir
appears to reduce the high rate of maternal mortality asso-
ciated with varicella pneumonia during pregnancy.278,285

Fungal Infections

A detailed analysis of the clinical aspects and diagnosis of
the various fungal disorders of the lung is beyond the
scope of this discussion but can be found in a number of
review articles.286-290

Of the various fungal infections encountered during
pregnancy, coccidioidomycosis has generated the most
interest, primarily because of its reported tendency to dis-
seminate during pregnancy.291 Of the 50 cases of cocci-
dioidomycosis either reported or reviewed by Harris,292

22 became disseminated. In patients in whom the onset
of coccidioidomycosis occurred before pregnancy, the risk
of dissemination increased to 20% from the 0.2% risk
expected for dissemination in the nonpregnant patient.
The risk was even higher in patients who contracted the
infection during pregnancy, particularly in the second or
third trimester.292 Reactivation of coccidioidomycosis
during pregnancy has also been reported in a woman
successfully treated 4 to 5 years earlier and disease-free in
the interim.293

Two major theories have been proposed to explain an
increased risk of dissemination during pregnancy. One of
these is based on studies showing an increased rate of
growth of Coccidioides immitis, as well as an increased rate
of release of endospores in the presence of 17β-estradiol
and progesterone.293a In addition, binding proteins for
progesterone and estradiol were identified in the cytosol
of the fungus, whereas little or no binding was found in
a variety of other fungal organisms.294 These studies sug-
gested a mechanism by which nanomolar concentrations
of sex hormones during pregnancy could bind to the

fungus and stimulate growth and release of endospores.
The other theory proposes that decreased cell-mediated
immunity during pregnancy could predispose to dissemi-
nation. Support for this theory was provided by demon-
stration of impaired lymphocyte blast transformation in
response to spherulin antigen during pregnancy.295

Despite the past interest in and acceptance of an
increased risk of coccidioidal dissemination and mortality
during pregnancy, Catanzaro296 suggested that the risk
has been substantially overestimated. On the basis of
a survey of physicians in endemic areas, he thought that
there is much less dissemination and mortality from
maternal coccidioidomycosis than have been reported in
the literature. However, the data on which this statement
is based were obtained from an informal survey subject
to inaccuracies of sampling and recall rather than from
a formal epidemiologic study. In the most recent large
study of coccidioidomycosis during pregnancy, only
10 cases were found among more than 47,000 pregnancies
in an endemic area. All patients with disease diagnosed
during the first or second trimester did well, although
two of three patients in whom coccidioidomycosis was
diagnosed during the first 10 days post partum developed
disseminated disease.297

When coccidioidomycosis remains in its benign, nondis-
seminated form, there appears to be no particular hazard
for either the mother or the fetus. Early literature found
that the maternal mortality rate for untreated dissemi-
nated coccidioidomycosis was almost 100%, in comparison
with a 50% mortality rate among untreated nonpregnant
patients with disseminated disease.292 However, it has
been reported that amphotericin B therapy in pregnant
women with disseminated disease saves a significant
proportion of patients.298

Various other fungi have been reported in pregnant
women, but except for coccidioidomycosis, involvement
appears to occur primarily in women who are immuno-
suppressed.288,299

Amphotericin B, despite its multiple potential maternal
side effects and the fact that it crosses the placenta, is con-
sidered the drug of choice for treating serious fungal infec-
tions in the pregnant patient because of its established
efficacy.300,301 Furthermore, although extensive data
regarding its effect on the fetus are not available, ampho-
tericin appears not to have any common detrimental effects
on the fetal or the neonatal course.302-304 At least one case
of amphotericin use during the first trimester has been
reported, and no adverse effects on the fetus were
observed.302 There is less experience with the newer lipo-
somal forms of amphotericin, but most practitioners con-
sider these forms also to be suitable for use in pregnant
patients.300,301

The azole class of antifungal agents has been used far
less during pregnancy, and therefore, despite their lesser
maternal toxicity and ease of oral administration, they are
best avoided in pregnant women. Although a number of
studies have shown no excess risk of congenital malfor-
mations with low doses of fluconazole,305-307 a number of
infants with multiple skeletal abnormalities have been
delivered to mothers who received 400 to 800 mg of the
drug per day.300,308 There are fewer data regarding the
teratogenic potential of itraconazole and voriconazole,

398 C H A P T E R 18 Pulmonary Diseases



but the use of these drugs in pregnancy should be restricted
to cases of life-threatening fungal infections in which no
other treatment options are available.301,309

Pulmonary Hypertension

The most common pulmonary vascular disease encoun-
tered during and after pregnancy is thromboembolic
disease. The problems of peripheral venous thrombosis,
pulmonary embolism, and anticoagulation are discussed
in detail in Chapter 5. Another pulmonary vascular condi-
tion encountered in women of childbearing age, pulmonary
hypertension, is discussed in this section. Amniotic fluid
embolism, although it involves the pulmonary vasculature,
is discussed in the following section, “Acute Respiratory
Distress Syndrome in Pregnancy.”

Pulmonary hypertension is currently defined as a pul-
monary artery systolic pressure higher than 40 mm Hg.310

This condition can occur as a result of more than 30 dif-
ferent diseases or associations. Pulmonary hypertension
affecting women of childbearing age in industrialized
nations is most commonly caused by primary pulmonary
hypertension, connective tissue disease such as progres-
sive systemic sclerosis (scleroderma), or Eisenmenger’s
syndrome resulting from an uncorrected congenital
cardiac defect.311

Pathologic changes in the walls of small pulmonary
arteries and arterioles lead to narrowing and sometimes
to obliteration of the lumen of these vessels. Pulmonary
resistance and pulmonary arterial pressures increase, and
right ventricular hypertrophy ensues. Symptoms in
patients with pulmonary hypertension include dyspnea,
limited exercise tolerance, chest pain, and syncope; the
hemodynamic stresses of pregnancy may markedly inten-
sify the symptoms in previously well-compensated indi-
viduals.312 The presence of elevated pulmonary arterial
pressures may be suggested by findings on cardiac examina-
tion, electrocardiogram, or chest radiograph, and transtho-
racic echocardiography can be strongly suggestive of the
diagnosis and estimate its severity.

It is well recognized that pregnancy poses a serious and
often life-threatening risk to patients with pulmonary
hypertension. In a review of 23 pregnancies in 16 patients
with primary pulmonary hypertension, 9 patients died
during pregnancy or the postpartum period.313 Although
the time of death was variable, death was often sudden
and most frequently occurred during the last 2 months of
pregnancy or in the postpartum period. Several patients
died during or just after labor from apparent cardiovas-
cular collapse.

Pulmonary hypertension of any cause interferes with
normal cardiac adaptations to pregnancy, and the increase
of 30% to 50% in cardiac output that normally occurs may
not be possible because of a high, fixed pulmonary vascu-
lar resistance. The result is a mortality rate as high as 30%
to 50% among patients with severe pulmonary hyperten-
sion.311,313-316 An additional problem during labor may be
the substantial increase in pulmonary blood volume that
occurs with each contraction.

The high risk of sudden death in the postpartum
period is probably related to elevation of cardiac output

and pulmonary blood volume after evacuation of the
uterus. Once the uterus contracts, an augmentation in
venous return produces the postpartum increase in car-
diac output and pulmonary blood volume.313 In addition,
release of pressure of the gravid uterus on the inferior
vena cava after delivery may further contribute to a sudden
increase in venous return.317 With markedly increased
pulmonary vascular resistance, a volume shift to the lungs
may acutely elevate pulmonary arterial and right-sided
heart pressures, leading to acute right ventricular failure
and cardiovascular collapse.

Because of the high risk of death during pregnancy in
such patients, it is reasonable to consider pulmonary
hypertension a contraindication to pregnancy. When such
a patient does become pregnant and does not desire a ther-
apeutic abortion, management is quite difficult, particu-
larly during labor and the postpartum period. Placement
of a pulmonary artery (Swan-Ganz) catheter in preparation
for labor and delivery may be helpful in assessing the
hemodynamic status of these patients.317 With a pulmonary
artery catheter in place, vasodilators such as inhaled nitric
oxide may also be used if necessary and their effect closely
monitored to judge efficacy. Keeping patients in the lateral
position during labor and delivery may also be helpful, at
least on a theoretical basis. With the patient in the lateral
position, sudden alterations in venous return after delivery
may be minimized when caval flow is released from the
pressure of the uterus.317

Pregnancy has important ramifications for the longer
term medical management of pulmonary hypertension.
Bosentan (Tracleer), an orally active endothelin-1 receptor
antagonist that was approved by the U.S. Food and Drug
Administration in 2001, is contraindicated in pregnancy
because of its high teratogenic activity in animal mod-
els.318 Likewise, warfarin, which may slow the progression
of the pulmonary hypertension, also cannot be safely
employed. Continuous intravenous epoprostenol (Flolan,
prostacyclin) and inhaled nitric oxide have been used both
acutely and chronically in pregnant patients with pul-
monary hypertension without reported adverse fetal
effects, although their precise risk profile is unknown.319-323

Nonetheless, because of the high maternal mortality rate,
their use in this setting must be judicious.311

Acute Respiratory Distress Syndrome
in Pregnancy

ARDS is a syndrome of noncardiogenic pulmonary edema
characterized by diffuse injury to alveolar epithelial and
capillary endothelial cells in the lung. As a result of the
injury, which can be produced in many settings and by
many different etiologic agents, fluid leaks out of pul-
monary capillaries and into the alveolar interstitium and
the alveolar spaces.324-326

Although ARDS can be initiated in many diverse ways,
the clinical syndrome that develops has certain character-
istic features independent of the underlying cause. These
include dyspnea, hypoxemia, “stiff lungs,” and diffuse
infiltrates poorly compliant on chest radiograph. Patients
frequently develop refractory hypoxemia and respiratory
failure, which necessitate use of mechanical ventilation.
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Of the causes of ARDS that are common in nonpregnant
patients, infection (either sepsis or primary pulmonary
infection) is the most common seen during pregnancy.327,328

In addition, amniotic fluid embolism and pulmonary
edema associated with tocolytic therapy are causes of ARDS
that are unique to pregnancy, whereas ARDS caused by
aspiration of gastric contents is an important additional
concern during pregnancy.

Mechanical ventilation, institution of positive end-
expiratory pressure (PEEP), other supportive measures,
and treatment of the underlying cause of the condition
form the cornerstones of management. Hypocapnia
should be avoided because it may compromise uteropla-
cental perfusion,329 and a mechanical ventilation strategy
of tidal volumes of 6 mL/kg and plateau pressures less
than 30 cm H2O should be pursued unless otherwise con-
traindicated.330 Because spontaneous tidal volumes in
pregnancy may exceed 6 mL/kg, a high respiratory rate
may need to be set on the ventilator to maintain adequate
alveolar ventilation if a low tidal volume has been selected;
such patients require close monitoring for the develop-
ment of intrinsic PEEP.331 Many patients develop multi-
system organ failure, which is often responsible for death.
The management of ARDS is further detailed in other
sources.325,326,331

Amniotic Fluid Embolism

Amniotic fluid embolism is one cause of ARDS that is
uniquely associated with pregnancy.332 Although it is not
a common disorder (occurring in 1 per 8000 to 1 per 80,000
pregnancies), its high mortality rate renders it accountable
for up to 15% of maternal deaths.333,334 At present, there is
no way to predict which patients will develop amniotic
fluid embolism, and there is no therapy to prevent it.335

In this disorder, amniotic fluid enters the maternal cir-
culation during or after labor, with resulting embolization
to the pulmonary vasculature. The material that embolizes
includes not only amniotic fluid but also fetal squamae,
lanugo hairs, meconium, fat, mucin, and bile.336,337

This syndrome does not appear to be caused by
embolization of amniotic fluid itself, because intravenous
infusion of fresh, autologous amniotic fluid into pregnant
rabbits or rhesus monkeys is innocuous.338,339 Rather, one
of many contaminants, of either fetal or placental origin, is
presumably responsible for initiating the clinical syndrome.
Although the major precipitating feature of the disorder
is unknown, speculation has centered on several theories:
(1) mechanical occlusion of the pulmonary vasculature by
particulate material in the amniotic fluid, (2) hypersensi-
tivity or an anaphylactoid reaction to fetal antigens
or particulate matter, (3) left ventricular failure,340 and
(4) alveolar-capillary leakage secondary to microvascular
injury from extensive amniotic fluid embolism.332,340,341

The last of these theories is the most popular and puts
amniotic fluid embolism into the broad category of
diffuse alveolar-capillary injury with ARDS.

There have been several postulated sites for entry of
amniotic fluid into the maternal venous circulation,
including (1) endocervical veins, which are lacerated even
during normal labor; (2) the placental site, especially with
placenta previa, uterine rupture, premature separation of

the placenta, or cesarean section with an incision involv-
ing the placental implantation site; and (3) uterine veins,
at sites of uterine trauma.336 Several risk factors have
been postulated to predispose the mother to develop-
ment of amniotic fluid embolism: (1) tumultuous labor,
(2) use of uterine stimulants, (3) meconium in the amniotic
fluid, (4) advanced maternal age, (5) multiparity, and
(6) intrauterine death.120,336,342 It has been suggested that
the association with intrauterine fetal death may be
related to increased permeability and friability of fetal
membranes.343

However, the role of uterine stimulants and exception-
ally strong uterine contractions has been questioned.333

A temporal association in some patients between artificial
rupture of the membranes, placement of an intrauterine
pressure catheter, or cesarean section and development
of the syndrome suggests that high pressure is not related
to entry of amniotic fluid into the maternal circulation.
Rather, under the proper but yet undefined conditions,
simple exposure of the maternal circulation to even small
amounts of amniotic fluid may initiate the syndrome.333

Clark and coworkers suggested that the pathogenesis
of amniotic fluid embolism may be analogous to both
septic shock and anaphylaxis, perhaps with a variety of
mediators being released in response to foreign material
or substances entering the circulation.333 Such mediators
could include leukotrienes, histamine, bradykinin, and
prostaglandins. These authors believed that the syndrome
is therefore not contingent on embolism of amniotic
fluid, and they proposed that the term amniotic fluid
embolism be discarded in favor of the term anaphylactoid
syndrome of pregnancy.

The clinical picture of amniotic fluid embolism con-
sists of respiratory distress, cardiovascular collapse, and
disseminated intravascular coagulation associated with or
occurring after labor and delivery. However, because the
course of the illness is frequently catastrophic, the full
clinical syndrome may not have time to develop. Presenting
features may include dyspnea, cyanosis, profound shock,
seizures, cardiac arrest, or fetal bradycardia.333,341,342,344

In some cases, symptoms may not appear until many hours
after delivery.332 Heavy bleeding is not a sole presenting
feature but rather occurs along with or after other mani-
festations of the disorder. Pulmonary edema, bron-
chospasm, and pulmonary hypertension are frequently
clinically apparent; pathologic examination of the lungs
demonstrates pulmonary edema in addition to amniotic
fluid debris in the pulmonary vasculature.342

A national registry of patients with amniotic fluid
embolism accumulated 46 cases.333 Embolism occurred
during labor in 70%, after vaginal delivery in 11%, and
during cesarean section after delivery of the infant in 19%.
The maternal mortality rate was 61%; only 15% of the
women both survived and were neurologically intact.
Survival among fetuses in utero at the time of the event
was only 39%.

Diagnosis of amniotic fluid embolism has generally
been made clinically, on the basis of the constellation of
findings just discussed. In particular, the dramatic
appearance of dyspnea, hypoxemia, and hypotension in
the early postpartum period is suggestive of the diagno-
sis.345 Pulmonary thromboembolism may manifest with
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similar findings, but the presence of disseminated
intravascular coagulation (see Chapter 4) is suggestive of
amniotic fluid embolism rather than thromboembolic
disease. Diagnosis has been made by cytologic examina-
tion and demonstration of squamous cells and cellular
debris in blood drawn from a wedged pulmonary artery
(Swan-Ganz) catheter.345,346 This technique has been
called pulmonary microvascular cytology.346 However, the
presence of fetal squamous cells in the pulmonary circu-
lation of women who died of other causes suggests that
this finding is not specific.333

The maternal mortality rate exceeds 60% to 80% in
amniotic fluid embolism, with death often occurring
immediately or within the first several hours of onset.333,336

Treatment revolves primarily around circulatory and
respiratory support. During the acute episode, intubation
is commonly necessary for ventilatory support; addition
of PEEP may also be necessary to decrease the intrapul-
monary shunt and assist oxygenation. Decisions about
use of vasopressors, volume expansion, or diuresis are made
on an individual basis and often guided by hemodynamic
measurements made with a pulmonary artery catheter.
One case report has suggested benefit from administration
of cryoprecipitate, given with the rationale of repleting
fibronectin.347 Fibronectin, an opsonic protein, may protect
the integrity of the reticuloendothelial system and allow
it to remove debris and particulate material, such as that
generated by amniotic fluid embolism. Although the
patient in the case report improved after cryoprecipitate
administration, additional cases need to be reported
before this can be considered a valuable form of therapy.
The use of high doses of corticosteroids has also been pro-
posed, but there are no data to support or refute this mode
of therapy.333,348 Extracorporeal membrane oxygenation
in conjunction with aortic balloon counterpulsation also
has been employed, although it unclear whether the inter-
vention was responsible for the successful outcome
reported.349

Pulmonary Edema Associated with
Sympathomimetic Therapy

As mentioned in the section on asthma, a number of cases
of pulmonary edema during or after sympathomimetic
therapy for inhibition of premature labor have been
reported.124-126,350,351 This complication of tocolytic therapy
is rare; one study of 8709 women receiving terbutaline
noted that it occurred in 28 patients (0.32%).352 A variety
of sympathomimetic agents have been implicated (e.g.,
ritodrine, terbutaline, albuterol), generally when adminis-
tered by intravenous infusion. In most cases, a cortico-
steroid preparation was given simultaneously, but
because cases without concomitant steroid use have also
been described, steroids are not crucial to the develop-
ment of pulmonary edema.126,350 Additional proposed risk
factors are twin births351 and the presence of coexistent
maternal infection, perhaps related to infection that con-
tributes to a pulmonary capillary permeability defect.353,354

The mean duration of tocolytic therapy in patients
developing this syndrome is 54 hours. Although most
patients develop pulmonary edema while receiving ther-
apy, approximately 25% developed symptoms after the

sympathomimetic agent was discontinued. In almost all
of the latter cases, symptoms occurred within 12 hours of
a cesarean section performed after tocolytic agents failed
to arrest labor.351

The mechanism of pulmonary edema associated with
tocolytic therapy remains uncertain. Invasive hemodynamic
monitoring in several cases demonstrated normal pul-
monary capillary wedge pressures, which suggests that the
pulmonary edema was not cardiogenic in origin but rather
caused by increased pulmonary capillary permeability (i.e.,
ARDS).124,126 In another case, elevated pulmonary capillary
wedge pressure in the setting of normal left ventricular
function shown by echocardiography suggested that
volume overload may sometimes contribute to or be primar-
ily responsible for pulmonary edema.355 In their review of
58 cases reported through 1988, Pisani and Rosenow351

concluded that hypotonic fluid overload, exacerbated by
increased secretion of antidiuretic hormone and decreased
secretion of serum albumin induced by tocolytic agents, is
responsible for pulmonary edema.

Fortunately, pulmonary edema in most of these patients
has been transient and self-limited, but there have also
been case reports of maternal death from tocolytic-induced
pulmonary edema.356 Therapy involves discontinuation of
the sympathomimetic agent and support of oxygenation,
with supplemental oxygen and sometimes mechanical
ventilation with PEEP.126 Diuretics are generally indicated
and are helpful in reducing interstitial and alveolar
edema. In patients with complications or who are partic-
ularly ill, a pulmonary artery (Swan-Ganz) catheter may
be helpful in guiding fluid management and diuretic
therapy.

Aspiration of Gastric Contents

Aspiration of gastric contents into the lungs is a well-
recognized cause of ARDS in both pregnant and non-
pregnant patients.357 During pregnancy, aspiration is
a problem primarily at the time of labor and delivery. It has
been suggested that pregnant women may be particularly
susceptible to aspiration, and the following mechanisms
have been proposed358,359: (1) elevation of intragastric
pressure as a result of compression of abdominal contents
by the gravid uterus, (2) relaxation of the gastroesophageal
sphincter mechanism by progesterone, (3) delayed gastric
emptying secondary to depressed motilin release, and
(4) use of medications such as narcotics of which emesis is
a common side effect. In addition, it is not uncommon for
the stomach to be full at the time of labor, and any com-
plication of labor necessitating general anesthesia may be
associated with vomiting and aspiration at the time of
induction. Although maternal aspiration appears to be
a relatively uncommon problem, it has been estimated
that approximately 2% of maternal deaths result from
aspiration.360

Two major types of aspiration can be seen at the time
of labor and delivery. In the first, inhalation of liquid gas-
tric contents (with a pH < 2.5) into the lungs can induce
a chemical pneumonitis; in the second, there is airway
obstruction caused by aspiration of particulate material.
These syndromes were originally described in 1946 in a
classic paper by Mendelson.361 Of the 66 obstetric patients
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with aspiration reported in this series, 5 had acute obstruc-
tive reactions from aspiration of food particles, and
61 aspirated liquid gastric contents.

In the syndrome caused by inhalation of acid gastric
contents, aspiration is soon followed by tachypnea,
cyanosis, tachycardia, and hypotension. An inflammatory
pneumonitis ensues, and the clinical picture of ARDS
may result, with leakage of fluid into the alveoli and
dyspnea, hypoxemia, and noncompliant lungs. On chest
radiograph, there are fluffy infiltrates conforming to an
alveolar filling pattern; they may be generalized or may
correspond to the dependent areas at the time of aspira-
tion. Treatment is mainly supportive, with maintenance
of adequate oxygenation by supplemental oxygen and, if
necessary, intubation and positive-pressure ventilation.
Although corticosteroids were commonly used in the
past, there is no clear evidence that they are beneficial. In
fact, one study suggested no difference in mortality but
an increase in gram-negative bacterial superinfection in
patients treated with steroids.362

Aspiration of food particles, the other major aspiration
syndrome seen in obstetric patients, may cause variable
amounts of airway obstruction, depending on the size
and consistency of the particles. If the particulate material
is sufficiently large, the patients may actually asphyxiate.
Supportive measures are again essential, with maintenance
of adequate oxygenation as just described. Suctioning
should be done to remove particles from the larger airways,
and bronchoscopy may be necessary to further localize
and remove aspirated food.

Because definitive treatment of aspiration pneumonitis
is problematic, attempts should be made to lower the risk
of aspiration. The most important measure is limitation
of oral intake during labor; H2 antagonists and dopamine
antagonists are also employed prophylactically before
obstetric surgery in some centers.359

Pleural Effusion

The development of a significant pleural effusion during
pregnancy presents an important diagnostic problem
similar to that in the nonpregnant patient. To our knowl-
edge, no studies have specifically examined the frequency or
causes of pleural effusion developing during pregnancy.
In view of the age of the patients, the most likely causes
are pulmonary embolism, tuberculosis, and pneumonia
with an adjacent (i.e., parapneumonic) effusion. One review
has also summarized some of the rarer causes of pregnancy-
associated effusions.363 Thoracentesis and analysis of the
fluid are often extremely helpful in the diagnostic workup
of these patients. Further discussion of the differential
diagnosis and diagnostic evaluation of pleural effusion is
beyond the scope of this chapter but can be found in
other sources.364,365

According to posteroanterior and lateral chest radi-
ographs, asymptomatic pleural effusions, usually small
and bilateral, are quite common in the first 24 hours after
delivery. In two studies, approximately 25% to 50% of
patients had effusions documented by radiography or
ultrasonography in the absence of any evidence of symp-
toms or cardiopulmonary disease.366,367 However, another

study with ultrasonography found that postpartum effu-
sions were less frequent, occurring in only 1 of 50 patients
examined within 45 hours of delivery.368

Despite the uncertainty about the incidence of post-
partum pleural effusions, potential contributing factors
include increased blood volume and decreased oncotic
pressure, which are normal occurrences during pregnancy,
complicated by repeated Valsalva maneuvers during labor
that impair lymphatic drainage from the pleural space.363

When these effusions do occur, they are clinically unim-
portant and do not necessitate any diagnostic evaluation
or intervention unless they are moderate to large or are
accompanied by clinical signs or symptoms.

Pneumomediastinum and Pneumothorax

Pneumomediastinum, the presence of free air in the medi-
astinal space, is an uncommon complication of pregnancy,
generally occurring at the time of labor. The pathogenesis
is believed to involve rupture of marginally situated alveoli
into perivascular tissue planes, with tracking of air toward
the hilum and into the mediastinum.369 Under most cir-
cumstances, air subsequently dissects through fascial
planes in the neck to result in subcutaneous emphysema.
This escape of air from the mediastinum into the subcu-
taneous tissues prevents buildup of pressure within the
mediastinum, which might otherwise impede venous
return to the intrathoracic veins.

Spontaneous pneumomediastinum often occurs in the
setting of high intraalveolar pressure, especially with
coughing, vomiting, or a Valsalva maneuver. During labor,
the intense Valsalva maneuver associated with “bearing
down” induces transient marked elevations in intraalveolar
pressure, occasionally resulting in alveolar rupture and the
sequence of events outlined previously.370

Although approximately 200 cases of pneumomedi-
astinum or subcutaneous emphysema associated with
pregnancy have been reported to date, very few are in the
most recent medical literature.371-374 Almost all the cases
have occurred during labor, but a few have been reported
at other times during pregnancy.

The main symptom of spontaneous pneumomedi-
astinum is substernal chest pain of abrupt onset, often
accompanied by dyspnea. The pain commonly radiates
to the shoulders and both arms and is generally aggra-
vated by coughing, deep inspiration, and swallowing. On
physical examination, subcutaneous emphysema is found
most commonly in the neck and over the face and chest
wall; however, it may require hours for a large amount
of subcutaneous crepitation to develop. On auscultation,
Hamman’s sign, a crunching or crackling sound synchro-
nous with the heartbeat, may be heard over the precordium,
particularly at the cardiac apex with the patient in the left
lateral position.

Free mediastinal air on posteroanterior chest radio-
graphs appears as a radiolucent stripe outlining the heart
border, most prominently along the left; there may also be
a longitudinal air shadow adjacent to the thoracic aorta.
On the lateral projection, there is frequently retrosternal
air, and the posterior mediastinal structures, particularly
the aorta, may be much more clearly defined than usual.
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In spontaneous pneumomediastinum, there is usually
resorption of air over the course of several days. Resorption
can be accelerated if necessary by the administration of
supplemental oxygen. Although tension pneumomedi-
astinum with death has been reported, it is quite rare, and
the development of subcutaneous emphysema almost
uniformly relieves the buildup of pressure before any
significant hemodynamic sequelae.

Pneumothorax, the presence of free air in the pleural
space, has also been reported during pregnancy; most cases
appear during labor or shortly after delivery363 or, less com-
monly, as a consequence of hyperemesis gravidarum.375,376

Although some patients have had underlying lung dis-
eases known to predispose to pneumothorax, others prob-
ably have rupture of previously unrecognized subpleural
blebs. The frequent association with labor and delivery
suggests that high intrathoracic pressure from repeated
Valsalva maneuvers causes rupture of the blebs and
release of air into the pleural space.

If the pneumothorax is large, poorly tolerated, or associ-
ated with significant hypoxemia, drainage with a pleural
catheter or a chest tube is indicated.377 If a pneumothorax
develops near term but before labor, consideration should
be given to inducing labor while a chest tube is in place
because of the potential for recurrence or worsening during
labor. Thoracoscopy or thoracotomy during pregnancy for
resection of blebs and pleurodesis has also been reported
because of the concern for recurrence and/or problems with
labor.377-379

Pregnancy in the Woman with
Chronic Respiratory Insufficiency

Women with limited respiratory reserve who wish to
become pregnant are not encountered frequently, because
the disorders associated with chronic respiratory insuffi-
ciency generally occur in an older age group. However, occa-
sionally the obstetrician or internist is faced with a patient
with limited reserve as a result of pulmonary fibrosis, cystic
fibrosis, or neuromuscular or chest wall disease. These cases
are particularly challenging, because the paucity of available
data makes it difficult to predict the outcome of pregnancy.
Unfortunately, decisions to recommend abortion are there-
fore more often based on subjective feelings of the physician
rather than on hard data regarding contraindications to
pregnancy. We review the limited data available, but we
stress that no reliable cutoff points regarding pulmonary
function have been established.

The course of pregnancy in patients with pulmonary
insufficiency was first systematically investigated in
a series of seven women with 40% to 75% of VC as a result
of lung resection or operative collapse.380 The patients
all tolerated pregnancy well, without any diminution in
ventilatory capacity; subjective dyspnea was notably infre-
quent in these patients. The ones with more severe impair-
ment met the greater ventilatory requirements of pregnancy
by increasing respiratory rate rather than tidal volume. It
is difficult, however, to extrapolate the course in these
patients with surgically induced limitation of function to
patients with severe obstructive disease or to those with
restriction caused by diffuse parenchymal fibrosis.

Nevertheless, it was suggested that an impaired respiratory
system is better able to cope with the additional respiratory
demands of pregnancy than is the damaged heart with the
increased circulatory demands.

It is difficult to quantitate the actual VC necessary to
sustain a patient during pregnancy. Because normal women
have little change in VC with pregnancy, an unchanged
VC in patients with lung disease might be expected to be
sufficient to sustain them during pregnancy. Unfortunately,
patients with the most severe disease may frequently expe-
rience deterioration of pulmonary function during the
course of pregnancy. Although it has been said that a VC
of 1 L is the minimum functional requirement necessary
to maintain a successful pregnancy,381 there is little objec-
tive support for this particular value, and successful preg-
nancy has been reported with a VC as low as 800 mL.382

Pulmonary artery catheterization has been useful in some
of these patients to allow better monitoring of their car-
diopulmonary status and management during labor and
delivery.383

Theoretically, patients with baseline carbon dioxide
retention or pulmonary hypertension might not be
expected to handle the added ventilatory or circulatory
demands of pregnancy, respectively. Although insufficient
data regarding carbon dioxide retention are available,
there exists some information regarding pulmonary
hypertension, mainly in patients with primary pulmonary
hypertension. As mentioned earlier in this chapter, the
maternal mortality rate in this disorder has been reported
as greater than 50%,313 but the degree of pulmonary hyper-
tension seen as a result of chronic lung disease is generally
much less than in primary pulmonary hypertension.

There is also relatively little information regarding the
effect of abnormal maternal gas exchange on the fetus.
This topic is discussed in the earlier “Effects of Abnormal
Arterial Blood Gases on the Fetus” section of this chapter.
Whether the fetus becomes hypoxic is also dependent on
numerous factors other than maternal PO2, including
uterine and placental compensatory mechanisms.381 Any
possible effect of maternal hypercapnia on the fetus is
unknown. It has been suggested that premature labor is
one potential effect of hypoxemia and hypercapnia, but
this hypothesis is as yet unproved.381

As is evident from this discussion, knowledge about
pregnancy in the woman with borderline respiratory
function and limited reserve is inadequate for the develop-
ment of useful recommendations. Each case must clearly
be considered individually, and all the relevant information,
including the natural history of the patient’s disease during
pregnancy, must be collated and then evaluated. Results of
spirometry, arterial blood gas analysis, and clinical assess-
ment for pulmonary hypertension all form an important
part of the database, but, unfortunately, the relative weight
that should be attached to each factor has not yet been
defined.

SMOKING AND PREGNANCY

Although all physicians are aware of the major role played
by cigarette smoking in the production of cancer, coro-
nary artery disease, and chronic obstructive lung disease,
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the impact of cigarette smoking on the health and viability
of the fetus and the newborn is not as well recognized.
Since the publication of previous editions of this book,
there has been a virtual explosion in research on the effects
of cigarette smoking and pregnancy. The prevalence of
cigarette smoking among married women aged 20 and
over decreased between 1967 and 1980, from 40% to 25% of
white persons and 33% to 23% of black persons.384 Current
estimates are that between 15% and 29% of women smoke
during pregnancy.385 Predictors of smoking cessation during
pregnancy include younger age, marital status, higher
education, smoking less than one pack per day, and
Hispanic race.386 However, the indirect effects of smoking
on the fetus and the rarity of cigarette-induced disease
in young mothers deflect clinical attention from this
extremely important problem. Maternal cigarette smok-
ing has important health consequences in five areas:
(1) fetal and infant mortality, (2) birth defects, (3) birth
weight, (4) lactation and breast-feeding, and (5) child-
hood disease.

Fetal and Infant Mortality

Perinatal mortality rates are higher among offspring of
women who smoke than among offspring of their non-
smoking counterparts.387 However, there exists controversy
about the magnitude of the increase in risk in relation
to other important patient characteristics associated
with fetal loss, such as race, low socioeconomic status,
increased age and parity, and anemia. The most definitive
study on this question is the work of Kleinman and
coworkers.388 These investigators used a large database
(covering all Missouri residents during 1979 through
1983 and including 360,000 births, 2500 fetal deaths, and
3800 infant deaths) to assess the impact of smoking on
fetal and infant mortality. The investigators controlled
for the effects of age, parity, education, marital status,
and race in examining the effects of maternal smoking
on total mortality (infant and fetal deaths). They found
a difference between primiparous and multiparous women
in terms of the effects of cigarette smoking. Primiparous
women who smoked less than one pack per day had a 25%
greater risk of fetal and infant mortality than did non-
smoking primiparous women. Those who smoked one or
more packs per day had a 56% greater risk. Among multip-
arous women, fetal and infant mortality rates were 30%
higher among smokers than among nonsmokers, with no
difference by amount smoked. These authors also noted
that racial differences in fetal and infant mortality could
not be explained by differences in smoking, nor did
adjustment for social class or other covariates greatly
influence the results. They estimated that if all pregnant
women stopped smoking, the number of fetal and infant
deaths would decrease by 10%.

The underlying mechanisms by which cigarette smoke
increases fetal and infant mortality are unknown and
likely to be multifactorial. When causes of fetal death are
studied, no differences have been noted between offspring
of smokers and nonsmokers. Data from the Ontario
Perinatal Mortality Study suggest that maternal problems
specifically related to the placenta are important, because

abruptio placentae, placenta previa, bleeding during
pregnancy, and premature rupture of the membranes
all exhibited a significant dose-response relationship with
levels of cigarette smoking.389 Maternal complications
of toxemia and preeclampsia are not increased among
cigarette smokers, which suggests that these clinical
problems do not play a significant role.

Prematurity is another important aspect of mortality.
Although preterm births account for a small percentage
of total births, they account for a disproportionate number
of deaths. Some studies have noted an increase in preterm
birth among cigarette smokers, and approximately 10% of
such births can be attributed to this risk factor alone.390

The frequency of preterm births rises with increased levels
of cigarette smoking, thus confirming a dose-response
effect. Data from a study in Denmark suggested that the
preterm birth effect is limited to women who are also
heavy users of caffeine (>4 cups of coffee per day).391

Spontaneous abortion is also more common in cigarette
smokers than in nonsmokers.392 Case ascertainment of
this condition is difficult, but in one carefully done study,
an 80% excess of spontaneous abortions was noted in
smokers versus nonsmokers.393

The increase in prematurity, spontaneous abortion,
and placental problems suggests that the effects of ciga-
rette smoking on infant mortality may be indirectly medi-
ated by placental malfunction or malformation or by
changes in uterine and placental oxygenation or blood
flow. Physiologic studies have directly documented such
effects.394 In studies of the acute effect of smoking one
cigarette, it was found that smoking caused a direct
increase in vascular resistance of the placenta from the
fetal side. This increased resistance may impair oxygen
exchange across the placenta and contribute to the
increased perinatal mortality associated with smoking.
A corollary of decreased placental function is depressed
Apgar scores at both 1 minute and 5 minutes in infants
born to smoking mothers.395 Nicotine is known to cross
the placenta of humans, leading to a reflex increase in
blood pressure and respiratory rate in the fetus. However,
the role of nicotine in altering human uterine and placen-
tal blood flow is unknown.

More data on the effects of carbon monoxide are avail-
able.396,397 Carbon monoxide binds avidly to hemoglobin,
thus making less hemoglobin available to carry oxygen.
The net effect is a decrease in the amount of oxygen car-
ried to the fetus and other body tissues, which produces
a functional anemia. Oxygen consumption is increased in
pregnancy, and the high carbon monoxide level can effec-
tively diminish oxygen delivered to the fetus for its meta-
bolic needs. In addition, carbon monoxide shifts the
maternal oxyhemoglobin dissociation curve to the left,
leading to less release of oxygen to the fetus. Carbon
monoxide levels in the fetus are in equilibrium with
maternal levels and after 5 to 6 hours are comparable. A 10%
concentration of carboxyhemoglobin, achieved in women
smoking two packs of cigarettes per day, is equivalent to
a 60% decrease in fetal blood flow. Placentas of smoking
women are also often larger than those of nonsmokers
and are abnormal histologically.398 Whether these changes
are related solely to hypoxia or other effects of cigarette
smoke is unknown.
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It is now firmly established that maternal cigarette
smoking is an important cause of the sudden infant death
syndrome (SIDS).399,400 Mothers of infants who die of
SIDS are more likely to smoke heavily and smoke during
pregnancy than are mothers whose infants do not die of
SIDS. The maternal smoking–SIDS relationship is inde-
pendent of other SIDS risk factors, including low birth
weight, gestational age, and gender. There seems to be
a dose-response effect.401

Although available human studies cannot differentiate
whether prenatal or postnatal exposure is more important,
studies in a rat model show that maternal nicotine adminis-
tration during pregnancy is associated with abnormalities
of the fetal rat brain stem, which is suggestive of an impor-
tant role for prenatal exposure.38 Paradoxically, the risk for
neonatal respiratory distress syndrome is reduced in infants
of mothers who smoke. This is because lung maturity, as
measured by amniotic fluid lecithin-sphingomyelin ratio,
is increased, perhaps as a result of fetal hypoxia or by
increased cortisol production.402

Birth Defects

The effect of maternal cigarette smoking during pregnancy
on birth defects has been controversial. Evidence suggests
that there is an association with at least three common
birth defects: (1) cleft lip/palate, (2) terminal transverse
limb deficiency (absence of the distal structures of a limb),
and (3) urinary tract anomalies.

Czeizel and colleagues examined data from the
Hungarian birth registry: 1,575,904 births between 1975
and 1984. Using a case-control design of 537 case-control
pairs, they found a 48% increase in transverse limb defi-
ciency that they attributed to vascular disruption.403

Wyszynski and associates performed a metaanalysis of
studies on the effect of maternal smoking on nonsyn-
dromic oral cleft lip and palate.404 They examined a total
of 11 studies, and they observed an overall increase in
oral clefts of 30% that was statistically significant. Li and
colleagues performed a case-control study of congenital
urinary tract anomalies and maternal smoking during
pregnancy. A total of 118 cases and 369 control subjects
were studied. There was a 230% increase in urinary tract
anomalies among children of smoking mothers, and an
inverse dose-response relationship (greater effect in light
smokers) was observed.405

It is likely that the birth defects relationship with
maternal smoking is biased by increased fetal death, and
thus the risk is underestimated.

Birth Weight

Cigarette smoking leads to an average reduction in birth
weight of approximately 200 g that is independent of
other factors influencing birth weight. This effect is related
to the number of cigarettes smoked (i.e., the greater the
number of cigarettes smoked, the lower the birth
weight).406 It is also independent of gestational age, which
suggests that there is a growth-retardant effect of cigarette
smoking. Findings have suggested that more than one

mechanism might be operative: one that operates at low lev-
els of exposure and one that is linear and dose dependent.407

Besides a direct effect of smoking on birth weight,
studies suggest that maternal cigarette smoking may be
correlated with a variety of nutritional deficiencies that
exacerbate or enhance this effect on birth weight.
Nonsmokers tend to have higher intakes of almost all
nutrients during pregnancy than do smokers, and their
diets are nutritionally healthier.408 In addition, cigarette
smokers seem to be deficient in zinc, a trace metal posi-
tively related to birth weight. Cadmium from cigarettes
may be responsible in part for this zinc deficiency, because
there is a zinc-cadmium interaction in the maternal-fetal
placental unit of the smoking mother.409 Other dietary
deficiencies, such as carotene and cholesterol, may also
contribute to the smoking–birth weight relationship.410

Finally, there is a smoking-caffeine interaction that may
inhibit fetal growth in utero for women who are heavy
smokers and heavy coffee drinkers. Such women have
significant increases in placental size and decreases in
birth weight.411 Although deficits in birth weight are
reversed by 6 months of age, the long-term effects of these
nutritional deficiencies are unknown but potentially
important in view of hypotheses relating fetal nutrition
to long-term risks for chronic disease.412

More recent data have suggested that the magnitude
of risk for having an infant with low birth weight is also
modified by maternal genotype. For example, one case-
control study of 741 cigarette-smoking mothers found
that certain polymorphisms in maternal aryl hydrocarbon
hydroxylase and glutathione-S-transferase genes were
associated with low infant birth weights, presumably
because they affected the metabolism of toxic substances
in cigarette smoke.413

Lactation and Breast-Feeding

Nicotine is found in breast milk of smoking mothers,
and the concentration of nicotine parallels the number of
cigarettes smoked.414 Although there are case reports of
“nicotine poisoning” in newborns of heavy smokers, in
which individual children have irritability, restlessness,
diarrhea, and tachycardia, clinical illnesses such as these
are relatively uncommon. The major issue is that the
volume of breast milk from cigarette-smoking women is
smaller than the volume of breast milk from nonsmoking
women, and, therefore, breast milk output is insufficient
to support the energy requirements of the fetus.415 In
addition, perhaps because of this problem, smoking
mothers are likely to terminate breast-feeding earlier than
nonsmoking mothers.

Childhood Disease

Perhaps the major area of new information is the growing
recognition that fetal exposure to maternal cigarette
smoke in utero is associated with a wide variety of poten-
tially lethal disorders in later childhood and adult life.
With maternal smoking, it is now clear that fetal nicotine
concentrations are, on average, 90% of maternal values
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throughout gestation.416 Of greatest concern is that fetal
exposure in utero is associated with an increased cancer
risk in offspring. There is approximately a twofold increased
risk of non-Hodgkin’s lymphoma, acute lymphoblastic
leukemia, and Wilms’ tumor in children of smoking
mothers in comparison with those of nonsmoking mothers,
and a dose-response relationship is also evident.417 This
increase in cancer risk is further substantiated by the find-
ing that there are smoking-related DNA adduct changes
that are present in the placentas of smoking mothers.418,419

There is also evidence that maternal cigarette smoking
may be associated with the development of childhood
asthma.420 It is likely that the maternal smoking effect
on asthma is related to in utero exposure.421 Infants born
to smoking mothers have a lower flow at FRC than
do those born to nonsmoking mothers. In addition to
these decreased flow rates, there are also changes in lung
volume, specifically FRC.422

Acute respiratory illnesses such as pneumonia and
bronchitis are also more common in infants exposed to
in utero and environmental tobacco smoke than in non-
exposed infants, particularly during the first year of life.
Harlap and Davies studied 10,072 births in Israel between
1965 and 1968 and found that infants of mothers reporting
smoking during pregnancy experienced approximately
a 25% increase in hospitalization rates for pneumonia
and bronchitis in relation to children of nonsmoking
mothers.423 These findings have been confirmed by Taylor
and Wadsworth, who suggested that the bulk of this
effect is due to in utero exposure.424 In addition, a study
by Tager and associates suggests that the abnormalities
in early infant lung function are associated with the devel-
opment of lower respiratory illness during the first year
of life.425

Epidemiologic studies have also documented that
what was previously thought to be a postnatal effect of
maternal cigarette smoking on long-term growth in lung
function is actually caused by in utero exposure.
Cunningham and coworkers studied 8863 nonsmoking
white children aged 8 to 12 years from 22 North American
cities. Forced expiratory flow between 25% and 75% of VC
and forced expiratory volume in 0.75 second were 4.9%
and 1.7% lower, respectively, in children of women who
smoked during pregnancy than in unexposed children.
No effect of postnatal exposure was seen.426 These investiga-
tors confirmed their findings in an inner-city population
of 493 white and 383 African-American school children
aged 9 to 11 years and found that the effects were stronger
on African-American children than on white children and
stronger for boys than for girls.427

These studies were cross sectional, and exposure assess-
ment was therefore retrospective; however, prospective data
are now available. Tager and coworkers defined a cohort
of 159 infants who were prospectively observed over the
first 2 years of life, with lung function measurements at
2 to 6 weeks of age and then at 4 to 6, 9 to 12, and 15 to
18 months. The maximal flow at FRC was used as the
measure of lung function. At 1 year of age, infant girls
exposed to maternal smoke in utero were predicted to
have a 16% reduction in maximal flow at FRC, whereas
boys had a 5% reduction in comparison with unexposed
infants. Postnatal exposure had no effect.428 This finding

was confirmed in a second, larger birth cohort from
Australia with a different measure of lung function (peak
tidal expiratory flow/total expiratory time).429

In summary, these studies demonstrate long-lasting
deficits in lung function caused by in utero exposure to
cigarette smoke that persist into early adolescence.

In addition to cancer, acute and chronic respiratory
conditions, and reduced lung function, both strabismus
and attention deficit disorder may be linked with maternal
smoking during pregnancy.430,431

Smoking Cessation during Pregnancy

Marks and coworkers completed a cost-benefit/cost-
effectiveness analysis of smoking cessation for pregnant
women.432 Simply on the basis of reduction of neonatal
intensive care unit use and not even considering the long-
term health consequences of in utero exposure, these
investigators found that smoking cessation programs
would save $77 million, or approximately $3 per $1 spent.
A randomized controlled trial of smoking cessation in an
academic clinic documented a statistically significant 20%
quit rate in intervention subjects, which was twice the rate
observed in controls.433 Metaanalyses of multiple con-
trolled trials have documented an approximately 50%
increase in smoking cessation associated with prenatal
smoking cessation interventions.434,435

All physicians should advise pregnant smokers of the
aforementioned risks and provide assistance in smoking
cessation.436 Smoking cessation strategies should focus
on behavioral interventions such as counseling, educa-
tional materials, and frequent reinforcement, because the
safety and efficacy of pharmacologic interventions such
as nicotine replacement, bupropion, and nortriptyline
have not been established during pregnancy.437
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Underlying neurologic conditions can complicate and
be complicated by pregnancy or arise as secondary

complications of pregnancy. The spectrum of disorders
ranges from commonplace backache to life-threatening
seizures with eclamptic encephalopathy; previous effective
drug management of epilepsy may become erratic as preg-
nancy evolves, and the teratogenic threat of necessary med-
ications becomes an appropriate source of anxiety. Because
of the complexity of many of these disorders and their
potential for worsening during pregnancy, a close collabora-
tion between the neurologist and obstetrician is necessary
to ensure optimal fetal and maternal outcomes.

LEG CRAMPS

Painful muscle cramps are experienced to varying degrees
by more than 25% of women during the second half of
pregnancy, usually at night or immediately when movement
is initiated upon awakening. The gastrocnemius muscle
commonly cramps, but the thigh and gluteal muscles may
also be involved. Leg cramps of pregnant women cannot
be distinguished clinically and electromyographically from
a “charley horse,” the cramp of a poorly trained muscle.
However, excellent conditioning does not protect pregnant
women from muscle cramps. The cause of the cramps
remains unknown.

The traditional treatment has been supplementation of
dietary calcium intake, although the evidence for calcium
reduction of muscle cramps is weak.1 The best evidence of
a positive intervention for these troublesome symptoms
is administration of magnesium lactate or citrate. Salt
depletion, dehydration, uremia, hypothyroidism, and hypo-
magnesemia may cause or worsen muscle cramps.

RESTLESS LEGS SYNDROME

The restless legs syndrome, which afflicts about 10% of
pregnant women, is often mistaken for muscle cramps.2
The two are quite distinct, however: Patients with restless
legs syndrome complain that 10 to 20 minutes after getting
into bed, a creeping, wormy, burning ache develops within

their legs. The more the urge to allow the legs to fidget is
resisted, the greater the urge becomes until it can no longer
be withstood. Walking about may help. Sometimes similar
but milder symptoms may develop while the individual is
seated, as in a theater or restaurant.

During pregnancy, restless leg syndrome is idiopathic,
although women with iron deficiency may experience
symptom improvement with correction of this deficiency.
Pregnant women who supplement their diet with folic acid,
0.5 mg orally daily, appear to be less likely to develop rest-
less legs syndrome. This condition can be mimicked by
caffeinism and may be associated with polyneuropathy,
vascular insufficiency, and uremia. Severe symptoms may
warrant low doses of levodopa or pergolide.3

MYOTONIC MUSCULAR DYSTROPHY

Myotonic muscular dystrophy is an inherited systemic
disease characterized by myopathic weakness of the neck,
face, and distal limbs and by myotonia, which is clinically
demonstrated most easily in the thenar muscles and tongue.
Smooth muscle and myometrium may be involved by the
dystrophic process, resulting in delayed gut motility and
prolonged labor, but only skeletal muscle has a T-tubular
system and can generate myotonic discharges. Weakness
may worsen during pregnancy. Myotonia, whether part of
myotonic muscular dystrophy or a feature of myotonia
congenita (Thomsen’s disease), may worsen during the sec-
ond half of pregnancy.4 If the condition is symptomatic,
phenytoin may be warranted.

Ovarian function has been poorly investigated in
myotonic muscular dystrophy, although 80% of men
develop testicular atrophy at some stage of the disease.
In women, spontaneous and habitual abortion and pre-
mature labor are not uncommon.4 Postpartum hemor-
rhage can result from uterine inertia. In contrast, uterine
contractions are strong in myotonia congenita.

Whether hypoventilation and chronic respiratory aci-
dosis are present should be determined before labor.
Pulmonary function should be evaluated before labor
to identify the potential threat of respiratory decompen-
sation during delivery. Regional anesthesia should be
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used whenever possible.5 Depolarizing muscle relaxants
(e.g., succinylcholine chloride) may cause severe spasms and
hyperthermia. Curariform drugs may be used.

Severe fetal and neonatal myotonic muscular dystrophy
may coexist with subclinical and mild, unrecognized disease
in the mother. In utero manifestations include polyhydram-
nios from fetal swallowing dysfunction and arthrogryposis
multiplex congenita from myopathic inactivity. Both may
be detected in the second trimester by ultrasonography.
Infants present as “floppy babies” with facial diplegia.
Myotonia is not present. Almost half have talipes. Neonatal
deaths are caused by respiratory distress and feeding
problems.

The autosomal dominant gene responsible for myotonic
muscular dystrophy is on chromosome 19; a disease-specific
DNA probe is available for diagnosis.6 Reproductive coun-
seling is appropriate for women with myotonic muscular
dystrophy.7

POLYMYOSITIS

Polymyositis is a subacute, symmetric inflammatory
disease affecting primarily proximal limb and trunk
muscles. The presence of dermatomyositis indicates that
the skin is also involved. Among women of reproductive
age, polymyositis is commonly associated with collagen-
vascular diseases. The response to aggressive cortico-
steroid therapy is monitored by serial tests of muscle
strength and measurements of serum creatine phospho-
kinase and erythrocyte sedimentation rate. The use of
azathioprine and cyclophosphamide is reserved for refrac-
tory cases and should be avoided during pregnancy and
among women with reproductive potential. Fetal wastage
is correlated with the presence of an underlying disease and
the activity of the polymyositis; the degree of fetal wastage
reflects the level of maternal disease.8,9 Mothers should be
reassured that no effects of polymyositis/dermatomyositis
have been demonstrated in surviving newborns.

MYASTHENIA GRAVIS

Myasthenia gravis is an autoimmune disease with
immunoglobulin G antibody directed against nicotinic
acetylcholine receptors of striated muscle. It is clinically
characterized by fluctuating fatigability of ocular, facial,
oropharyngeal, and, to a lesser extent, limb muscles.
Smooth muscle and myometrium are spared. Thus,
myasthenia gravis does not prolong labor and uterine
involution. Uterine inertia responds normally to oxytocin.
Hypermagnesemia inhibits the release of acetylcholine.
Thus, if a myasthenic woman is administered magnesium
sulfate for toxemia, she may develop apnea and marked
weakness.10

The effect of pregnancy on myasthenia gravis cannot be
predicted from its effect during a previous pregnancy
or from any feature of the maternal disease, including
severity.11,12 Approximately equal numbers of patients
experience improvement, worsening, and no change during
pregnancy. Infections are a common cause of myasthenia
exacerbations.13 Abortion does not induce a remission if

the disease has been exacerbated. Postpartum deterioration
of myasthenia gravis is common enough that follow-up
visits are recommended every 2 weeks for the first 6 weeks
after childbirth.

Regional anesthesia is preferred.11,14 If the patient is
being treated with pyridostigmine and neostigmine,
which block acetylcholinesterase, large amounts of pro-
caine and congeners should be avoided, because the hydro-
lysis of these drugs by plasma cholinesterase has been
inhibited and convulsions may result. Instead, lidocaine is
recommended. If an inhalation anesthetic is to be used,
ether should be avoided and narcotics administered
judiciously. Curare and scopolamine are contraindicated.

The risk of a pregnancy-associated exacerbation of
myasthenia gravis is lessened by a transsternal thymectomy
early in the course of the disease.15 It is appropriate for
patients to wait approximately 1 year after surgery for the
myasthenia to stabilize before becoming pregnant.
Azathioprine should be avoided, if possible, in young myas-
thenic women with the potential for childbearing, because
of its possible teratogenic effect. Prednisone and courses
of plasmapheresis can be used during pregnancy.16

Pyridostigmine and neostigmine are quaternary ammo-
nium compounds that do not cross the placenta or the
blood-brain barrier. Negligible amounts are secreted in
breast milk.

Of the offspring of mothers with generalized myasthenia
gravis, 12% to 30% develop transient neonatal myasthenia
gravis.17 Manifestations vary from a slack jaw, for which
a finger is needed to support the infant’s jaw to suckle
normally, to a “floppy baby,” in which the infant is unable
to feed and displays a feeble cry and weak Moro reflex.
Ptosis and ophthalmoplegia are not characteristics of
transient neonatal myasthenia gravis but are seen with
congenital myasthenia gravis.

Curiously, few manifestations of fetal myasthenia gravis
occur. Mothers of affected infants report strong in utero
movement, and polyhydramnios has not been reported.
Arthrogryposis has been reported in congenital myasthe-
nia but only rarely in neonatal myasthenia. Clearly, the
immunoglobulin G passes the placenta; titers of antibody to
acetylcholine receptors are approximately equal in maternal
blood and cord blood. α-Fetoprotein may block the anti-
body and protect the fetus.

Neonatal myasthenia gravis abates spontaneously in
2 to 4 weeks. Eighty percent of patients require anti-
cholinesterase therapy; some need assisted respiration.
Exchange transfusion has been successfully used in the
treatment of this condition.17a

GUILLAIN-BARRÉ SYNDROME

Guillain-Barré syndrome is an inflammatory demyelinating
polyneuropathy characterized by areflexia and symmetric
weakness of limb and facial muscles, loss of sensory
perception, and autonomic symptoms. Respiration and
swallowing may be paralyzed. Usually, bladder function
remains intact. Symptoms commonly worsen for 1 to 4 weeks
before spontaneously improving. Plasmapheresis within the
first 10 days after the onset of weakness improves the speed
of recovery. Most young patients regain full function.
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The coexistence of Guillain-Barré syndrome and preg-
nancy is coincidental.18 Campylobacter jejuni infection is
the antecedent event in approximately 30% of cases of
Guillain-Barré syndrome; pregnant women should take
special care in handling and preparing food to prevent such
infection.19 The natural history of the disease is unaltered
by pregnancy except that the gravid uterus may affect
bladder control and diminish respiratory reserve.
Premature labor may occur in severe cases in the third
trimester, but severe disease earlier in pregnancy is not
associated with spontaneous abortion. Uterine contractions
are not affected.

Treatment consists of plasmapheresis or high-dose
intravenous human immune globulin early in the course
of the disease.20 Prevention of complications requires the
consistent, constant care of nurses, physical therapists,
and physicians. Corticosteroid therapy is usually reserved
for patients in whom symptoms have failed to improve by
4 to 6 weeks after the onset of weakness.

There are no fetal or neonatal manifestations of maternal
Guillain-Barré syndrome. Breast-feeding is allowed.

GESTATIONAL POLYNEUROPATHY

Gestational polyneuropathy is a dying-back axonal neu-
ropathy similar to the neuropathy of thiamine deficiency
among alcoholic persons. It may be associated with hyper-
emesis gravidarum and Wernicke’s encephalopathy.21

Treatment consists of an adequate diet supplemented
with vitamins. Thiamine should be administered par-
enterally for at least 1 week if Wernicke’s encephalopathy
is present.

BELL’S PALSY

Bell’s palsy is a sudden, unilateral neuropathy of the
seventh cranial nerve that causes weakness of the fore-
head and lower face and may cause ipsilateral ageusia,
if the lesion is proximal to the branching off of the chorda
tympani. The incidence of Bell’s palsy in pregnant women
is approximately three times higher than in nonpregnant
women of the same age. A clustering of cases in the third
trimester implies a sevenfold increased risk for that period.
Onset of the condition during pregnancy appears associ-
ated with the development of the hypertensive disorders
of pregnancy. Pregnant women who develop Bell’s palsy
should be closely monitored for hypertension or
preeclampsia.22-24 The prognosis is particularly good, for
full recovery, if the onset is within the last 2 weeks of
pregnancy. A short course of high-dose corticosteroids is
indicated for complete unilateral facial weakness occurring
earlier in pregnancy.24a

CARPAL TUNNEL SYNDROME

Twenty to 40 percent of pregnant women experience
nocturnal hand pain.25 Probably fewer than 5% have elec-
tromyographic evidence of a carpal tunnel syndrome.26

The symptoms of median nerve entrapment at the wrist

are easily confused with acroparesthesias caused by
postural kinking of blood vessels at the thoracic outlet.
In both cases, women awaken at night with a tingling
hand. In carpal tunnel syndrome, paresthesias are usually
limited to the index, middle, and ring fingers. A Tinel sign
may be elicited by tapping the median nerve at the wrist,
and the sensation of pinpricks may be blunted in the cuta-
neous distribution of the median nerve. Symptomatic
treatment with nocturnal splinting of the wrist held in
midposition is the recommended treatment, because in
most cases, symptoms abate in the puerperium. If the
abductor pollicis brevis and opponens pollicis are weak,
permanent relief of symptoms by division of the transcarpal
ligaments is indicated.

MERALGIA PARESTHETICA

Meralgia paresthetica is a painful dysesthesia along the
lateral thigh caused by entrapment of the purely sensory
lateral femoral cutaneous nerve as it passes beneath the
inguinal ligament. Obesity and the rapid weight gain of
pregnancy are predisposing factors. This nuisance develops
in the third trimester and slowly, spontaneously resolves in
the puerperium.27 No treatment is indicated.

MATERNAL OBSTETRIC PALSY

The fetal head and forceps may compress segments of the
lumbosacral plexus and individual peripheral nerves against
the pelvic wall.28,29 The typical patient is a short, overweight
primipara whose labor is lengthy because of cephalopelvic
disproportion. Patients may not be aware of their weak-
ness as long as they remain in bed. Sometimes patients
recall a stab of pain into a thigh, knee, or ankle during
labor. Modern obstetric care and greater use of cesarean
section have reduced the frequency of this complication
of childbirth, whereas around 1900, fully 3.2% of 2480
deliveries in three series were complicated by femoral
neuropathy alone.

The most common maternal obstetric palsy is postpar-
tum footdrop. The lumbosacral trunk constituted from
L4 and L5 roots can be compressed by the fetal brow against
the sacral ala. This syndrome is characteristically unilateral
and occurs on the side opposite the presentation of the
vertex (right occiput anterior presentation is equivalent to
left brow posterior presentation). If the site of compression
is lower, nerves derived from the S1 root can be involved,
in addition to L4 and L5 nerves, to produce an intrapelvic
sciatic neuropathy.28 Footdrop may also be caused by
compression of the common peroneal nerve between leg
holders and the fibular head.

In most instances, the prognosis is excellent because
only the myelin sheath is distorted, and marked improve-
ment is expected within 8 weeks. If axons are crushed and
wallerian degeneration occurs, recovery is slow and usually
incomplete. Electromyography helps to distinguish the two
situations.

The risk of permanent weakness with recurrent intra-
partum injury is unknown. Cephalopelvic disproportion
is a predisposing factor to recurrence. Unless the fetus of



a subsequent pregnancy is much smaller, women who have
had axonal degeneration should undergo cesarean section.
Women who recovered promptly and fully from this lesion
may have a trial of labor but should expect a cesarean
section if dystocia develops.

BACKACHE

Postural backache induced by exaggeration of the lumbar
lordotic curve is a universal complaint during pregnancy,
usually beginning in the fifth to eighth months.30 Fifteen
percent of affected women rate their pain as severe, with
peak intensity in the evening and at night. Sometimes a
pattern develops: periods of rest alternating with house-
hold chores. Pain is localized to the low back or to the
sacroiliac region. If pain travels into a leg, it lacks the
radicular quality of discogenic pain and does not go
beyond the knee.

Anything that increases lumbar lordosis, such as wear-
ing high-heeled shoes, or any preexisting condition that
limits adaptability of the back muscles increases backache.
Swimming is highly recommended. Women who experience
distressing back pain during one pregnancy are strongly
advised to start a conditioning program before becoming
pregnant again.

LUMBAR DISK DISEASE

Prolapse of an intervertebral disk is unusual during
pregnancy. Unless impaired sphincter function dictates
a neuroimaging study on an urgent basis, conservative
therapy with strict bed rest for 10 days is recommended.
Magnetic resonance imaging (MRI), if available, is pre-
ferred to computed tomographic (CT) myelography, which
causes significant fetal x-ray exposure. Bulging interverte-
bral disks are common in both pregnant and nonpregnant
women of childbearing age.31 Lumbar laminectomy and
discectomy have been performed without incident during
pregnancy. If a disk is herniated near term, cesarean section
prevents the excruciating radicular pain that results from
bearing down during labor.

SPINAL CORD TRANSECTIONS

Paraplegic and even quadriplegic women can successfully
deliver vaginally. The obstetrician must anticipate and
avoid complications.32,33 Because more urinary inconti-
nence and urinary tract infections can be expected, metic-
ulous catheter care is a requirement, and acidification of
urine with vitamin C, 500 mg four times daily, may be
recommended. A high-bulk diet, stool softeners, and ade-
quate fluid intake may help prevent constipation. Pressure
sores and poor wound healing are always a concern,
especially among anemic patients. Blood transfusions
may be warranted.

Premature labor is an expected hazard. Weekly antenatal
visits should begin in the 28th week of pregnancy and the
patient should be hospitalized by the 32nd week.
Cesarean section is performed only for obstetric indications.

Breast-feeding can be successful. The milk “let-down”
phenomenon is normal.

The level of the spinal cord lesion can affect childbirth.
All patients have sacral anesthesia. Patients with cauda
equina lesions have relaxed perineal muscles, although they
perceive labor pain because uterine sensory nerves enter
the spinal cord at T11 and T12. If the lesion is above T11,
labor is painless, although local somatic reflex arcs may
be activated, resulting in sustained clonus and extensor
and flexor muscle spasms. If the lesion is above T5 to T6
(i.e., above the outflow of the splanchnic autonomic
nerves), labor can trigger release of large amounts of
catecholamines. This autonomic stress syndrome, or auto-
nomic hyperreflexia, is clinically characterized by brief
paroxysms of severe hypertension, throbbing headaches,
sweating, and flushed skin.32 Patients may time their con-
tractions by these symptoms. Intracranial hemorrhage
and cardiac arrhythmias may cause death. Regional anes-
thesia is necessary to control autonomic hyperreflexia.
β-Blocking agents may be helpful.

MYELOPATHY

The development of nontraumatic myelopathy during preg-
nancy is an indication for a neuroimaging study and often
for examination of cerebrospinal fluid (CSF). In order to
limit fetal exposure to radiation, MRI is preferred to CT
myelography, especially with lumbar and thoracic lesions.
However, time may be of the essence, and whatever
technique is readily available should be used.

A common cause of acute transverse myelopathy during
pregnancy is a vascular malformation.34 Exacerbations
during previous pregnancies, and sometimes during
menstruation, may lead to an initial misdiagnosis of mul-
tiple sclerosis, although the CSF is normal and there are
no signs or symptoms of a lesion above the foramen
magnum. Several mechanisms may explain worsening
during pregnancy. The gravid uterus can mechanically
shift venous return from the inferior vena cava to verte-
bral and epidural veins. Also, estrogens directly dilate
these arteriovenous shunts in a manner analogous to the
production of spider “nevi” and palmar erythema during
pregnancy.

Meningiomas, ependymomas, and other tumors of the
spinal cord can cause rapid deterioration in the second
half of pregnancy.35 Spontaneous epidural hematomas
can occur.

CHOREA GRAVIDARUM

Chorea gravidarum is any chorea, or hemichorea,
acquired during pregnancy; the clinical picture is of
extrapyramidal symptoms such as involuntary move-
ments, lack of coordination and slurred speech.36 Before
penicillin curtailed rheumatic heart disease, many cases of
chorea gravidarum were documented. Sixty percent of
affected patients had experienced Sydenham’s chorea.
Some had acute rheumatic fever. The prognosis was poor,
principally because of associated heart disease. Now it
is a rarity just as likely to be linked with systemic lupus
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erythematosus and/or the antiphospholipid antibody
syndrome. Oral contraceptives may also induce chorea,
usually hemichorea.

Chorea gravidarum usually begins in the first half of
pregnancy and persists until the early puerperium.
Almost one third of affected patients become asympto-
matic in the third trimester. The reasons are unclear.
Estrogen can stimulate postsynaptic dopamine receptor
activity. However, that does not help explain why a patient
who has chorea gravidarum with one pregnancy may not
experience it with subsequent pregnancies.

Haloperidol at doses up to 20 mg or more daily may be
required in violent chorea to prevent hyperthermia and
rhabdomyolysis.

WILSON’S DISEASE

Wilson’s disease (hepatolenticular degeneration) is an
inborn error of copper metabolism that usually manifests
in the second decade of life. Until the introduction
of chelation therapy with D-penicillamine, only rarely
did women with Wilson’s disease become pregnant and
reach term. Once treated successfully, women with
Wilson’s disease can become pregnant and deliver normal
infants.

All patients should be maintained on chelation therapy
to prevent rebound of the disease; most affected women
take D-penicillamine, 0.5 to 1 g/day, plus vitamin B6, 50 to
100 mg/day, to counter the antipyridoxine effect of
D-penicillamine.37 Trientine with zinc sulfate is an effec-
tive alternative to penicillamine.38,38a An improvement
in symptoms may be noted, although there is no consis-
tent change, if any, in any parameter of copper metabo-
lism during the pregnancies of women with Wilson’s
disease. If a cesarean section is planned, a reduction of the
D-penicillamine dosage to 0.25 g/day has been recom-
mended because the drug can impair wound healing.
Breast-feeding is permitted. Breast milk contains normal
amounts of copper.

Myasthenia gravis can result from antibodies to acetyl-
choline receptors that have been structurally altered by
chronic D-penicillamine therapy. The son of one woman
with Wilson’s disease and myasthenia gravis induced by
D-penicillamine developed neonatal myasthenia gravis.39

MULTIPLE SCLEROSIS

Multiple sclerosis is a multifocal demyelinating disease of
the central nervous system clinically characterized by
exacerbations and remissions occurring over decades. The
cause is unknown. There is no specific cure. Short-term,
high-dose corticosteroid therapy may be used for relapses
during pregnancy but should be used with caution.

Multiple sclerosis rarely affects fertility, but it does
alter family patterns. Women who develop multiple scle-
rosis choose to have fewer children and have more elective
abortions than do normal women. Age and disability are
often major factors in their decisions. The use of oral con-
traceptives does not alter the course of multiple sclerosis.40

Breast-feeding is also not a determinant. The relapse rate

for the entire pregnancy year approximates that for a non-
pregnant year. This pattern also occurs in other autoim-
mune diseases, perhaps because α-fetoprotein acts as an
immunosuppressive substance.

Uncomplicated multiple sclerosis has almost no effect
on pregnancy.41 The incidence of premature labor, com-
plicated deliveries, toxemia, and stillbirths, and the dura-
tion of labor, are all as expected in the general population.
Spinal anesthesia is usually not recommended for use in
patients with multiple sclerosis; instead, epidural anes-
thesia is used.42,42a Breast-feeding is permitted. It is impor-
tant for the new mother with multiple sclerosis to get
enough rest.

Treatment with interferon-β is not recommended dur-
ing pregnancy but may be resumed post partum, unless
the woman is breast-feeding. Intravenous immunoglobu-
lin in the postpartum period may potentially reduce the
incidence of postpartum relapse.43

BRAIN TUMORS

The incidence of brain tumors in pregnant women is low
and significantly decreased in comparison with nonpreg-
nant women; this has been attributed to the altered hor-
monal milieu of pregnancy. When tumors do develop, the
histologic types are very similar to those in nonpregnant
women. The presenting symptoms of brain tumors may
be masked in pregnancy, inasmuch as nausea and vomit-
ing may be attributed to hyperemesis; headache may occur
in pregnancy, but new-onset, persistent headache with
nausea, vomiting, or neurologic signs mandates neu-
roimaging with CT scanning or MRI.44 Some brain
tumors enlarge during pregnancy and shrink post partum,
at least temporarily.45,46 Presumably, estrogen receptors in
meningiomas, neurofibromas, and other tumors activate
tumor growth.47 Most tumors become symptomatic in
the second half of pregnancy. Approximately one third of
affected patients die during pregnancy, especially those
with malignant gliomas, choroid plexus papillomas, and
most infratentorial tumors except acoustic neuromas.46

Tentorial herniation may occur during labor. Brain tumors
account for almost 10% of maternal deaths. Pituitary
tumors rarely cause maternal death.

Dangerous tumors necessitate intervention and treat-
ment regardless of gestational age during pregnancy.
More benign tumors, most meningiomas, and acoustic
neuromas are tackled several weeks post partum, with
steroids and anticonvulsants administered until fetal via-
bility is achieved.48 Accepted indications for therapeutic
abortion include intracranial hypertension, uncontrolled
seizures, and vision failure. Many women with malignant
gliomas choose to have abortions. For them, another
pregnancy is inadvisable and should be terminated early if
it occurs.

PITUITARY ADENOMAS

Both a normal pituitary gland and prolactin-secreting
adenomas swell during pregnancy. An expanding pitu-
itary lesion, usually manifesting during the third trimester
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or early postpartum period, may be caused by lymphocytic
hypophysitis.49 Whether this enlargement becomes sympto-
matic depends on the initial size of the tumor; only 5% of
microadenomas measuring less than 10 mm in diame-
ter become symptomatic, whereas an estimated 35% of
macroadenomas do. Some clinicians recommend preges-
tational resection of macroadenomas. In affected patients,
headache usually develops in the first half of pregnancy
and precedes vision disturbances by at least 1 month.
Macroadenomas can cause deficits in other pituitary
hormones.

The difference in the natural history of these two cate-
gories of prolactinomas directs the management of these
tumors before and during pregnancy.50 Larger prolactino-
mas are more likely to occur in women who have had
surgery or radiation therapy before ovulation is induced
with bromocriptine51 or cabergoline. Transsphenoidal
hypophysectomy is usually preferred to radiation because
the latter often produces chronic hypopituitarism.
Neither modality is necessarily curative. During pregnancy,
women with microadenomas are observed with bedside
determination of visual fields; women with macroadeno-
mas usually have formal perimetry each month. Repeat
CT scanning or MRI is warranted if the patient becomes
symptomatic.52 Periodic measurements of prolactin levels
are of no benefit.

Early vision disturbances may be monitored carefully
or treated with bromocriptine51 or cabergoline according
to the judgment of the clinician and the circumstances of
each case, such as stage of gestation. If visual acuity
becomes less than 20/50 or if the visual field defects
encroach on nasal sectors, treatment becomes mandatory.
If the fetus is viable, delivery is an option. Patients who
fail to experience improvement with drug treatment are
automatically candidates for surgery, as are patients with
sudden blindness or pituitary apoplexy.

Most women with pituitary adenomas can deliver
vaginally. Although suckling releases prolactin, there is no
objective evidence that either microadenomas or macro-
adenomas enlarge during breast-feeding. Postpartum CT
scanning or MRI should be done to detect enlargement of
the adenoma.

CHORIOCARCINOMA

Choriocarcinoma is a highly invasive trophoblastic tumor
that usually manifests as irregular uterine bleeding
months after a molar pregnancy or miscarriage. About
15% accompany or follow a normal pregnancy.35 Cerebral
metastases may cause the presenting complaints during
pregnancy or as much as 4 years later.53 Metastatic tumor
penetrates vascular walls and proliferates. The artery may
be occluded, producing a large stroke or multiple small
strokes. Alternatively, the weakened artery may rupture,
causing intracerebral hemorrhage, subarachnoid hemor-
rhage, or a subdural hematoma. Large solitary masses
may cause focal seizures and hemiplegia. The tumor may
also invade the spinal column and pelvic structures,
including the lumbosacral plexus. Aggressive chemother-
apy and radiation therapy have successfully treated some
intracranial metastases.54

PSEUDOTUMOR CEREBRI

Pseudotumor cerebri (idiopathic intracranial hypertension)
is the syndrome of increased intracranial pressure in the
absence of an intracranial mass lesion. Headache may be
the only complaint, and the cause may be overlooked
unless a funduscopic examination is performed and
papilledema is observed. Other signs and symptoms
include diminished visual acuity, loss of color vision,
defects in visual fields, and horizontal diplopia caused by
abducens nerve palsy. CT scans rule out a mass lesion. In
the pseudotumor cerebri syndromes of obese young women
and pregnant women, the CSF protein concentration is
commonly less than 20 mg/dL.

Pseudotumor cerebri associated with pregnancy usually
begins in obese women who are 3 to 5 months pregnant
and lasts 1 to 3 months before spontaneously abating.
For some women, abatement does not begin until the
puerperium. Pseudotumor cerebri infrequently recurs with
subsequent pregnancies. Pseudotumor cerebri has occurred
in thin women who are taking oral contraceptives. Obese
women with active pseudotumor cerebri who become
pregnant usually experience worsening of symptoms.
Why some obese women develop pseudotumor cerebri is
unknown, but the extraovarian production of estrogen by
adipocytes may be involved.

The treatment of pseudotumor cerebri during preg-
nancy consists of repeated lumbar punctures, restriction
of gross excesses in caloric intake, and, in more serious
instances, corticosteroid therapy. If all fails and vision is
being lost, fenestration of the optic nerve sheath or lum-
boperitoneal shunting must be considered in order to
prevent blindness.55

HEADACHE

The most common headache during pregnancy is the
muscle contraction/tension variety characterized by
persistent band-like squeezing pain or an exploding
sensation often localized to the vertex. Typically, symp-
toms worsen late in the day and may start immediately
upon eye opening each morning, if not before. Palpation
of hard posterior cervical muscles evokes pain. The
neurologic examination, including funduscopy, yields
normal findings. Most patients have a history of
headache of varying intensity but similar quality dating
back years. Symptoms of depression and anxiety are fre-
quently present. During pregnancy, these headaches are
worsened by postural changes and by new situational
problems.

The basic treatment for occasional muscle contraction
headaches is muscle massage, application of heat or ice
packs to the neck, and simple analgesics. Acetaminophen
is usually preferred to aspirin for frequent use during
pregnancy.56,57 If these headaches become a regular
feature of life, a tricyclic antidepressant, such as
amitriptyline, 50-75 mg at bedtime, is good prophylaxis.
Diazepam is not effective over the long term and should
not be used regularly during pregnancy because sedating
metabolites are trapped in the fetus and slowly eliminated
by newborns.
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Classic Migraine

Classic migraine is a distinct clinical syndrome. Typically, a
20- to 30-minute prodrome of scintillating visual hallucina-
tions and scotomata precedes severe unilateral headache
and nausea. Oral contraceptives worsen these headaches, as
may perimenstrual estrogen withdrawal.58 Pregnancy, on
the other hand, is a protected time for many women, par-
ticularly those with a history of menstrual migraine.59,60

Complicated migraine with hemiplegia and basilar artery
migraine are prone to worsen during pregnancy.61,62 Many
agents are available for prescription for migraines.63

Ergot alkaloids taken early enough in the prodro-
mal phase can ameliorate the headache phase. During
pregnancy, however, ergot is best avoided, because it is
feared, whether true or not for all ergot compounds, that
its oxytocic property could prematurely stimulate uterine
contractions. Instead, analgesics and phenothiazine
antiemetic suppositories give good symptomatic relief for
occasional migraines. Propranolol HCl, 10 to 40 mg orally
4 times daily, is effective prophylactic treatment for fre-
quent classic migraine. Experience has shown this to be
acceptably safe during pregnancy despite earlier concerns
about fetal bradycardia and other effects.64 Newer agents
such as the triptans should be prescribed with caution
during pregnancy.65

CEREBROVASCULAR DISEASE

Cerebrovascular disease in young adults, particularly
pregnant women, is seldom simple. Because a wide variety
of relatively rare types of cerebrovascular disease are col-
lectively commonplace during pregnancy, an aggressive
approach is needed to properly diagnose each case, enabling
sound counsel concerning prognosis, treatment, and
management of pregnancy and childbirth. Angiography is
often needed. High-quality cerebral angiography may still
be needed if magnetic resonance angiography does not
define the situation. An underlying systemic disease
should always be suspected.

Cerebral Ischemia

Ancient literature ascribed most strokes during pregnancy
to thrombosis of cerebral veins, but cerebral angiography
has documented arterial occlusion as the most likely cause
during pregnancy and the first postpartum week.66,67 Old
literature that indicated the incidence of cerebral infarc-
tion and transient ischemic attacks increased fivefold to
tenfold during pregnancy has been disputed, although an
increased incidence post partum has been confirmed.66,68

Approximately 30% of ischemic strokes occur in each of
the second and third trimesters. Twenty-five percent occur
in the first postpartum week alone. Death is uncommon
unless caused by other manifestations of a primary
condition of which the stroke was symptomatic.

In pregnant women, the site of occlusion is more likely to
be the middle cerebral artery (35%) than the carotid artery
(20%); the opposite ranking occurs in nonpregnant women
with strokes.66 No occlusion is found in 25% of patients.

Vertebrobasilar stroke is rare in young adults and during
pregnancy; however, an unusually high proportion (25% to
40%) of strokes associated with oral contraceptives are
vertebrobasilar. Middle cerebral artery occlusions, even
bilateral occlusions, have also occurred with use of oral
contraceptives. The prevalence of middle cerebral artery
occlusions in pregnancy and with use of oral contraceptives
raises suspicion of emboli from or through the heart as
a major cause of stroke in these circumstances.66

Atherosclerosis

Atherosclerosis is the principal cause of stroke in older
patients, but few strokes during pregnancy can be attrib-
uted to premature atherosclerosis.67 Most affected patients
can be identified by the presence of diabetes mellitus,
chronic hypertension, and hyperhomocystinemia. A history
of cigarette smoking is commonplace.

Mitral Valve Prolapse

The prevalence of mitral valve prolapse among women
with pregnancy-associated cerebral ischemia is unknown.
Use of new diagnostic criteria (three-dimensional analysis
of the shape of the valve) reduces markedly the frequency of
the occurrence of mitral valve prolapse.69 The click-murmur
of mitral valve prolapse, however, usually becomes inaudible
as cardiac output increases during pregnancy. Prophylactic
anticoagulation is not indicated. Intrapartum antibiotics
lessen the risk of bacterial endocarditis.

Atrial Fibrillation

Atrial fibrillation may be associated with oral terbutaline
therapy during pregnancy; discontinuation of this agent
should be considered when the complication occurs.70

Atrial fibrillation can be a dangerous condition during
pregnancy. The risk of embolism is estimated at 10% to
23%, with a 2% to 10% risk of cerebral embolism. In addi-
tion, pregnancy aggravates underlying heart disease.
Anticoagulation with a heparinoid is recommended
throughout pregnancy for chronic fibrillation.

Paradoxical Embolism

The risk of phlebitis in the legs and pelvis increases dur-
ing pregnancy and is greatest after uterine manipulation
and cesarean section. Pulmonary emboli from this source
may increase right atrial pressure enough to open an
anatomically patent but previously physiologically closed
foramen ovale. Thereafter, clots may cross to the left side
of the heart and be pumped to cerebral, renal, and periph-
eral arteries. Sometimes bits of a clot trapped in the fora-
men ovale break off one at a time to cause recurrent embolic
episodes. Until the advent of transesophageal echocardiog-
raphy with a microbubble test, the diagnosis was usually
made by a pathologist.

Subacute Bacterial Endocarditis

Approximately 20% of patients with subacute bacterial endo-
carditis present with stroke and subarachnoid hemorrhage.
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Streptococcus viridans is the most common bacterial agent
during pregnancy, especially among patients with rheu-
matic heart disease. Enterococcal endocarditis is often asso-
ciated with abortion, uterine curettage, and insertion of
an intrauterine device. Acute staphylococcal endocarditis
occurs among drug addicts.

Peripartum Cardiomyopathy

In peripartum cardiomyopathy, all chambers of the heart
are enlarged. Mural thrombi are expected. The combina-
tion of stroke and congestive heart failure is often fatal.
Anticoagulation is recommended, especially if mural
thrombus can be demonstrated by ultrasonography.

Hypotension

Pregnant women with hypotension can suffer infarction
of the anterior pituitary gland (Sheehan’s syndrome),71

the optic chiasm, and border zones between major cere-
bral arterial distributions. Usually hypotension results
from acute intrapartum blood loss, amniotic fluid
embolism, and spinal anesthesia. Also at risk are patients
with rheumatic heart disease and peripartum cardiomy-
opathy who have no cardiac output in reserve. Patients
with chronic hypertension are at greater risk because of an
increased lower limit of the autoregulation of cerebral
perfusion by blood pressure.

Arteritis

Systemic lupus erythematosus is associated with
encephalopathy and seizures, to a lesser degree with
ischemic stroke, and rarely with subarachnoid hemorrhage.
Women with neurologic symptoms caused by active sys-
temic lupus erythematosus usually have decreasing levels
of C3 complement and increasing titers of anti-DNA
antibody. High-dose corticosteroid therapy is recom-
mended during pregnancy and for at least 2 months post
partum to prevent puerperal exacerbations.

Takayasu’s Disease

Takayasu’s disease is a progressive obliterative arteritis of
the aorta and its major branches that occurs predomi-
nantly in women of childbearing age. Stroke is often a late
manifestation that is uncommon during pregnancy.
Headache, syncope, and jaw claudication are more com-
mon symptoms. The course during pregnancy is variable.
Regional anesthesia should be used with caution because
of the risk of hypotension.

Thrombotic Thrombocytopenic Purpura

Thrombotic thrombocytopenic purpura (TTP) shares many
features with eclampsia, which creates challenging diagnos-
tic and therapeutic dilemmas. Both disorders are charac-
terized by traumatic hemolysis, thrombocytopenia, renal
dysfunction, and neurologic abnormalities that may include
seizures, stupor, and coma. The molecular pathophysio-
logic processes of acquired TTP—an antibody-induced
deficiency of a metalloproteinase, ADAMTS—enables

a serologic diagnosis of TTP. In the absence of such infor-
mation, the recommendation is to manage the constella-
tion as eclampsia with delivery of the infant if a viable stage
of maturity has been reached. In the absence of this option,
specific treatment for TTP with plasmapheresis and plasma
infusions is indicated.72 The neurologic manifestations of
TTP may precede the florid onset of the full syndrome by
several months. A low platelet count may point to the
diagnosis. Weakness and aphasia may be transient or
persistent. Headache, confusion, and seizures are common.
TTP does not cause subarachnoid hemorrhage.

Anticoagulation Therapy

Prophylaxis with low-dose aspirin (65 mg/day), which the
Collaborative Low-dose Aspirin Study in Pregnancy
(CLASP) proved to be safe during the second and third
trimesters,73 is reasonable for any pregnant woman who
has had a cerebral ischemic event.

The indications for anticoagulation during pregnancy
include deep venous thrombosis, atrial fibrillation, peripar-
tum cardiomyopathy, and hypercoagulable states. Heparin
is used during pregnancy because it is a large molecule
that does not cross the placenta. Low-molecular-weight
heparin does not cause maternal calcium wasting and is
easy to administer.74,75 Warfarin, which does cross the
placenta, is a teratogen and can cause fetal hemorrhage,
especially during birth.

Cerebral Phlebothrombosis

Aseptic cerebral phlebothrombosis can be caused by poly-
cythemia, hyperviscosity syndromes, sickle cell disease,
homocystinuria, paroxysmal nocturnal hemoglobinuria,
hereditary coagulopathies, antiphospholipid antibody,
and leukemia. Among healthy young women, the principal
associations are with the puerperium, the use of oral
contraceptives, and the factor V Leiden deletion.67,76-78

The majority of cases occur 3 days to 4 weeks post
partum; 80% of cases begin in the second and third weeks
after childbirth. Age and parity are indeterminate factors.
Labor and delivery are usually normal. The incidence is
estimated at 1 case per 10,000 deliveries in Europe and
North America. In India the incidence is 40 to 50 times
higher, and most cases occur soon after delivery.79

Dehydration is probably a major factor in these cases.
The disease begins with a progressively intense

headache. A seizure, either focal or generalized, heralds
weakness and other cortical symptoms. Papilledema may
be caused by the mass effect of an intracerebral hematoma
or by obstruction of the superior sagittal sinus by clot.
Progressive weakness, recurrent seizures, and deepening
stupor imply propagation of the clot and are thus poor
prognostic signs. Rapid progression of thrombosis
increases the likelihood of hemorrhagic venous cerebral
infarction because it allows less time for anastomotic
veins to enlarge and provide an alternative drainage route.
Coexistent phlebitis in the legs and pelvis is another poor
prognostic sign.

The diagnosis of cerebral venous thrombosis can be
established by both angiography and MRI. Both techniques
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have pitfalls and limitations; thus, both may be needed in
some cases. CT scanning is less likely to establish the diag-
nosis but is the best way to detect acute intracerebral
bleeding.

Treatment with heparin can stop thrombus formation
and improves the prognosis for most patients.76,77,80 The
risk is intracerebral bleeding, especially if hemorrhagic
infarction already exists. Direct thrombolysis has also
achieved a good outcome in early pregnancy.81-83

The traditional mortality rate of approximately 25%
has been significantly diminished to 10% or less by the
aggressive use of anticoagulation.80 Patients who survive
usually do very well. Recurrences have been reported but
are unlikely.84 Prophylactic anticoagulation during a sub-
sequent pregnancy is not indicated, because this is almost
exclusively a condition occurring in the puerperium.

Subarachnoid Hemorrhage

Spontaneous subarachnoid hemorrhage occurs once or
twice per 10,000 deliveries and accounts for 10% of mater-
nal deaths, a percentage that increases as the maternal
death rate from other causes decrease. The most common
cause of spontaneous subarachnoid hemorrhage for women
younger than 25 years is an arteriovenous malformation;
most of these women are primiparas. For women 25 years
and older, congenital berry aneurysms are the most com-
mon cause; most of these women are multiparas.34,85,86

Arteriovenous malformations commonly bleed for the
first time during the second trimester and during labor.87

Aneurysms initially bleed in the third trimester, with the
rate increasing as term is approached. Cocaine abuse can
cause previously asymptomatic lesions to bleed, in addition
to intracerebral bleeding de novo.88

Approximately one third of all spontaneous subarach-
noid hemorrhages at any age are caused by bleeding
disorders; sickle cell disease; bacterial endocarditis;
metastatic tumor, including choriocarcinoma; and a long
list of increasingly rare conditions, including ectopic
endometriosis and moyamoya disease.89 Usually, a circum-
spect documentation of history, a physical examination,
and simple blood tests rule out the “other causes.”
Hereditary hemorrhagic telangiectasia may involve the
brain; a family history and peripheral telangiectasias may
suggest this disorder.

The presumptive clinical diagnosis must be confirmed
by the demonstration of subarachnoid blood by CT scan-
ning or by examination of CSF. The CT scan also shows
intracerebral bleeding and secondary hydrocephalus and,
in the case of multiple aneurysms, may suggest which one
bled; a noncontrast CT scan identifies a subarachnoid
hemorrhage in 95% of cases. Four-vessel cerebral angiog-
raphy is needed to fully define an arteriovenous malfor-
mation and to detect multiple berry aneurysms.

The recommendation that patients be evaluated and
surgically treated as if they were not pregnant, unless they
are in active labor, is based on the natural history of this
potentially lethal condition during pregnancy.
Intrapartum rebleeding induced by Valsalva’s maneuver,
which almost irresistibly accompanies hard labor pain,
should be avoided. If possible, the responsible aneurysm

should be obliterated or the arteriovenous malformation
excised before childbirth, which can then be accom-
plished vaginally without special fears. Hypothermia and
controlled hypotension during intracranial surgery can be
used safely during pregnancy with monitoring of fetal
heart rate.90 Nimodipine has been safely used during preg-
nancy for vasospasm.34 Experienced, practiced surgeons
are recommended for this type of management.91

If curative surgery cannot be accomplished, many
obstetricians plan to deliver these women by elective
cesarean section at 38 weeks.27,85,91a Some allow labor for
a multiparous woman with an aneurysm that bled in the
first trimester if bearing down can be controlled by pant-
ing and regional anesthesia. In some cases, a cesarean
section is immediately followed by aneurysm surgery.92

Women with large arteriovenous malformations should
deliver by cesarean section, although women with an ade-
quate pelvis may be considered for vaginal delivery with
regional anesthesia.87

If multiple aneurysms exist, only the one that bled
need be tackled during pregnancy. The exception is prob-
ably an aneurysm measuring more than 10 mm in diame-
ter, which is more likely to bleed at any time. The rate of
death from subarachnoid hemorrhage in pregnancy is
30% to 35%.

ECLAMPTIC HYPERTENSIVE
ENCEPHALOPATHY

The occurrence of convulsions distinguishes eclampsia
from less severe forms of toxemia. The eclamptic convul-
sions may be described as focal, multifocal, generalized, or
generalized with focal features. The accepted definition
does not include cortical blindness as a differential point,
although the pathologic process and neuroradiologic
findings are identical to those of cortical blindness.93-95

The gross neuropathologic findings of eclamptic brains
include patches of petechial hemorrhages in the cortical
ribbon of gray matter, which are sometimes found
compacted into a subcortical “hematoma”; streak hemor-
rhages in the corona radiata; and single or multiple
hemorrhages in the deep gray matter, the caudate
nucleus, and the pons.46 The cortical petechiae are
common in the occipital lobes and in watersheds between
the territories of major cerebral arteries. The classic
microscopic lesion is a ring hemorrhage around a capil-
lary or precapillary occluded by fibrinoid material. In 40%
of cases, large, deep cerebral hematomas coexist with a
hepatic hematoma of approximately the same age.
Overall, cerebral lesions account for 40% of eclamptic
deaths. Nevertheless, survivors infrequently develop
epilepsy and other neurologic sequelae.96

Neurologic studies are not usually the first step for the
obstetrician facing this emergency. A grossly bloody CSF
probably indicates a poor prognosis, although CSF with a
red blood cell count less than 3000/mm3 does not. CSF
protein may be normal or increased to 150 mg/dL. The
electroencephalogram may show variation from posterior
slow waves with occasional epileptiform discharges to
electrical status epilepticus. Posterior slowing may persist
for 6 to 12 months.
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The active management of eclamptic women with
either generalized cerebral edema or major hematomas is
best performed after delivery in an intensive care unit
accustomed to neurologic cases.86,97,98 Maintaining blood
pressure within the zone of autoregulation is critical and is
made more complicated by increased intracranial pressure.
The ventilation of obtunded patients is especially impor-
tant because the upper limit of autoregulation is inversely
proportional to partial pressure of carbon dioxide. Thus,
hyperventilation may both decrease cerebral edema and
increase the upper limit of autoregulation. Diffuse cere-
bral edema in eclampsia is caused by generalized disrup-
tion of the blood-brain barrier. Thus, an osmotic agent
such as mannitol could be predicted to be ineffective,
if not dangerous, by increasing cerebral water content and
by inducing pulmonary edema. High-dose corticosteroid
therapy may be effective, as it is in vasogenic cerebral
edema with metastatic tumors.

Neuroradiologic investigations of eclampsia are identical
to those of hypertensive encephalopathy of different ori-
gins.99 MRI is a more sensitive technique than CT scanning
in the detection of small cortical lesions and edema.93,99,100

CT scanning has the advantages of being quicker and
detecting acute larger hemorrhages better. Both techniques
may show an almost unique pattern of arcuate zones of
edema in the internal and external capsules. In contrast to
hypodense wedge of cytotoxic edema that appears on CT
scans about 2 days after a standard ischemic stroke, CT and
MRI evidence of cerebral edema in toxemia is apparent soon
after the eclamptic crisis and disappears in a few days. This
is compatible with vasogenic cerebral edema. Furthermore,
MRI signal changes after gadolinium demonstrate the
porosity of the blood-brain barrier in areas adjacent to pre-
viously demonstrated lesions.99 Single photon emission
computed tomography can be used with increased blood
flow in affected areas.99

Arteriography shows angiospasm, such as that which
can occur 3 days after rupture of a berry aneurysm and
sometimes with sympathomimetic stimulation.101

Arteriography is rarely done in standard cases of eclamp-
sia but is often needed in late postpartum eclampsia, which
has a broader differential diagnosis, including cerebral
venous thrombosis.

The conventional wisdom holds that the cerebral
manifestations of eclampsia are caused by severe vaso-
constriction.85 This may explain microinfarctions that
can be intermixed in the patches of petechial hemorrhage,
but it does not explain the hemorrhages. These can be
explained as the failure of the constriction to limit perfu-
sion and pressure through thinly walled cerebral capillaries,
which rupture because of that force, thereby causing vaso-
genic cerebral edema and ring hemorrhages. In physiologic
terms, the upper limit of the autoregulation of cerebral
perfusion of blood pressure, which is proportional to
mean arterial blood pressure, has been exceeded. Cerebral
eclampsia is hypertensive encephalopathy in previously
normotensive women.102

This scheme explains why a teenager who customarily
has a blood pressure of 90/50 can be eclamptic at 140/90,
a blood pressure that will not cause eclamptic convulsions
in a woman who customarily has a blood pressure of 110/70.

The highest systolic blood pressure in a series of 52 patho-
logically proven cases of eclampsia was less than 160 in
25%, between 160 and 195 in 50%, and over 200 in 25%.95

The standard blood pressure criteria for eclampsia are
thus too rigid.

The best prophylaxis for eclamptic convulsions is
antihypertensive therapy.103 The agent chosen should
decrease systemic vascular resistance but not directly affect
cerebral arteries. Hydralazine, nitroprusside, nifedipine,
nimodipine, and diazoxide are effective choices. An active
convulsion can be stopped with diazepam, 5 to 10 mg
intravenously, without affecting fetal partial pressure of
oxygen, partial pressure of carbon dioxide, or pH.104

Magnesium sulfate is a mainstay of the treatment of
eclampsia in North America, although it is neither an
effective antihypertensive agent nor an effective anticon-
vulsant drug. Its “therapeutic” blood level has been a mat-
ter of debate since it was originally introduced.105,106 Most
regimens also include an antihypertensive drug such as
hydralazine.

Two studies, which ostensibly support the use of
magnesium sulfate for the prevention of both convulsions
in women with severe preeclampsia and recurrent eclamptic
convulsions, unfortunately did not evaluate the blood
pressure at the time of any subsequent convulsions.107,108

Critically elevated blood pressure could well have continued
to cause fresh cerebral lesions of hypertensive encephalopa-
thy and more eclamptic seizures. Prophylactic anticonvul-
sant therapy may not be indicated.103

EPILEPSY

The objective is to keep the pregnant patient with epilepsy
seizure free while minimizing adverse effects on the preg-
nancy and fetus, including possible teratogenic effects.
This is not a simple task. More information has become
available to help physicians understand the complex inter-
actions of maternal epilepsy, anticonvulsant metabolism,
teratogenicity, and genetics, in addition to the fetal effects
and neonatal metabolism of anticonvulsants.109

The effect of pregnancy on epilepsy can be predicted
best from the prepregnancy seizure frequency.109a Women
who suffer convulsions at least monthly in spite of an opti-
mal anticonvulsant regimen can almost uniformly expect
more seizures during pregnancy.110 Women who have
been seizure free for the 9 months before pregnancy have
a 25% chance of experiencing worsening. Longer periods
of control imply an even better prognosis.111

Hormones directly affect seizure threshold. Estrogens
activate seizure foci; progestins dampen activity.
Presumably this explains true gestational epilepsy: that is,
the occurrence of convulsions, often focal seizures, only
during pregnancy. Hormonal fluctuations also explain
the perimenstrual exacerbations experienced by up to 70%
of women with severe epilepsy. However, a history of men-
strual epilepsy is not a clue to the course of epilepsy during
pregnancy. Oral contraceptives do not worsen epilepsy for
most women. Anticonvulsants increase hepatic estrogen
metabolism and thus cause a higher rate of both break-
through bleeding and contraceptive failure.112
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Other factors affecting the course of epilepsy during
pregnancy include noncompliance with the prescribed drug
regimen, insomnia, salt and water retention, mild com-
pensated respiratory alkalosis, and the random variation
of seizure frequency.110,111,113,114 The most important factor
is the increased apparent plasma clearance of anticonvul-
sants during pregnancy. Of women who maintain blood
levels determined to be therapeutic before pregnancy,
only 10% experience worsening during pregnancy.

The course of pregnancy is affected more by maternal
age and parity, socioeconomic status, the degree of pre-
natal care, and other maternal diseases than by epilepsy.
Among the complications of pregnancy, bleeding is the
only consistent association with maternal epilepsy.115 The
rate of spontaneous abortion is not increased. Stillbirths,
however, are more likely. The offspring of epileptic women
have a fourfold higher incidence of developing epilepsy and
febrile convulsions. Anecdotal evidence indicates the risk to
be still higher if both parents are epileptic.

Although fetal bradycardia occurs during and for
20 minutes after a maternal grand mal episode, a fetus
appears to be resilient in the event of an isolated maternal
convulsion. Only rarely have fetal death and intraventric-
ular hemorrhages been attributed to a maternal convulsion.
On the other hand, status epilepticus is an immediate
threat to both mother and fetus; the risk of maternal
death doubles, and the chance of fetal death is 50%. There
may be a long-term effect of maternal convulsions on
intellectual performance in childhood.116

Anticonvulsant metabolism is altered during pregnancy
in a different manner for each drug.117,118 The volume of
distribution increases for all drugs. Each drug crosses the
placenta. At term, maternal blood and cord blood levels are
approximately equal. The gastrointestinal absorption of
phenytoin can be markedly reduced. The hepatic metabo-
lism of primidone, carbamazepine, and phenytoin increases.
The renal excretion of phenobarbital increases. The sum
effect is that the apparent plasma clearance (i.e., total daily
dose divided by blood level) decreases. Most of this change
is reversed in the first 6 weeks post partum.

To maintain blood levels previously established to be
therapeutic, blood levels should be measured monthly,
or more frequently if seizures occur, and then the dosage
should be adjusted accordingly.119 Free, protein-unbound
anticonvulsant levels are preferred if available.118 Some
physicians recommend adjustment only if convulsions
occur. If the dosage has been increased during pregnancy,
blood levels rise during the puerperium and can reach toxic
levels unless blood levels are monitored and appropriate
changes made in the treatment regimen.

The literature concerning the teratogenicity of anti-
convulsants is full of contradictions. Statistical methods
are often queried. If the malformation in question is com-
mon and has been associated with other factors, a large
investigational series is necessary to prove that a small
increase in risk is statistically significant. A basic problem
is separating the risk attributable to anticonvulsants from
the risk attributable to the presence of maternal epilepsy
of varying severity. But whatever the contributions of
either maternal epilepsy and/or anticonvulsant ingestion
to the problem, the infants of epileptic mothers do have a

higher incidence of birth defects.120 Prospective and retro-
spective studies differ on the relative risk. In the largest
controlled series, a Norwegian study with 3879 infants in
each group, the absolute risk increased from 3.5% to 4.4%
if the mothers were epileptic.

Some drugs are clearly teratogenic. Trimethadione is
considered to be a teratogen for humans because a cluster
of malformations, including heart defects, was high.
Cardiac malformations are not usually associated with
other anticonvulsants, although lithium has been impli-
cated in cases of Ebstein’s anomaly.121 In utero exposure
to valproic acid is associated with a 1% to 2% risk of a neu-
ral tube defect.122 A smaller risk has been associated with
carbamazepine. Serious neural tube defects can usually be
detected with high-resolution ultrasonography and deter-
mination of α-fetoprotein levels early enough to consider
abortion. In addition, treatment with the combination of
valproic acid, carbamazepine, and phenobarbital may be
particularly risky.123

Orofacial clefting is the most common major malfor-
mation that has been attributed to anticonvulsants,
particularly phenytoin in rodents.124 Many factors con-
tribute to this common malformation. There may be a
genetic link between epilepsy and orofacial clefts, because
epileptic patients have twice the expected incidence of
orofacial clefts, and the incidence of epilepsy is more com-
mon than expected in the extended families of patients
with orofacial clefts.

The cluster of malformations known as the fetal
hydantoin syndrome is not specific for any anticonvul-
sant or any combination of anticonvulsants, although dis-
tal digital hypoplasia and hypertelorism are most strongly
linked to phenytoin. Once again, genetics plays a major
role. Many of the dysmorphic features ascribed to the
fetal anticonvulsant syndrome (e.g., epicanthus), in addi-
tion to stature and head circumference, are more strongly
linked to parental characteristics than to maternal
epilepsy.125 The role of genetics is well illustrated by a case
of heteroparental dizygotic twins. Both had been exposed
to hydantoin, but only one had the fetal anticonvulsant
syndrome.126

One mechanism by which genetics could affect the
infants of epileptic women is epoxide hydrolase deficiency,
which could shift anticonvulsant metabolism to poten-
tially teratogenic pathways. Monotherapy is preferred;
drug-drug interactions produce metabolites that could
also inhibit this enzyme.123 A second potential mecha-
nism for the teratogenicity of anticonvulsants is the
malabsorption of folic acid.120 This is a feature of all
commonly used anticonvulsants; phenytoin and pheno-
barbital cause the greatest effect. Supplementation of
dietary folate is advisable, with checking erythrocyte
folate levels, before conception occurs. The optimal dose
of folic acid has not been determined and probably varies.
A dosage of 0.4 to 1 mg/day is reasonable for most women
with a dose of 5 mg reserved for women with a family
history of spina bifida.

A coagulopathy resulting from a deficiency of
vitamin K–dependent clotting factors is present at birth in
half of neonates whose mothers took phenytoin, phenobar-
bital, primidone, or carbamazepine during pregnancy.127
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Far fewer are symptomatic; in rare cases, death has been
reported. This complication has not been reported with
carbamazepine monotherapy. Maternal blood levels of
clotting factors are normal. An injection of phytonadione,
1 mg, should be given to the neonate after birth. If evidence
of bleeding exists, fresh-frozen plasma is required until
the vitamin K works. Maternal ingestion of vitamin K1,
20 mg orally each day for 2 weeks before delivery, resulted
in normal cord blood clotting function.127

Infants whose mothers took phenobarbital and primi-
done during pregnancy may have transiently retarded
growth and develop a phenobarbital withdrawal syn-
drome characterized by hyperactivity and feeding prob-
lems just after being taken home.128 Insecure mothers
often mistake this syndrome for their own inability to
care for their new babies.

Breast-feeding is usually successful.113 The concentra-
tion of anticonvulsants in human breast milk is much
lower than that in blood for phenytoin, carbamazepine,
and phenobarbital and slightly lower for primidone and
ethosuximide. Thus, neonatal blood levels are low unless
the infant’s metabolism is very slow and milk levels are
relatively high. Phenobarbital and primidone may sedate
some infants and result in poor suckling, but this is not
commonplace. A blood level measurement resolves the
issue if there is a question.

DIAGNOSTIC PROCEDURES

The most cost-effective diagnostic procedure is a
thoughtful consultation with a neurologist. Depending
on the clinical situation, pregnancy is not an absolute
contraindication to any neurodiagnostic procedure.
Electroencephalography and electromyography can be
performed without risk. Abdominal lead shields reduce
fetal radiation exposure to right-angle scatter except
during filming of lumbar spines and myelography, which
should be avoided if possible, particularly during the first
trimester.129 Transfemoral cerebral angiography is favored
over brachial and direct carotid studies because the
images are of high quality and the complication rate is
lower, although the fetus does receive brief exposure dur-
ing abdominal fluoroscopy.114 CT scanning of the head
and neck exposes the fetus to approximately the same
minimal dose of radiation as do plain radiographs of the
skull and cervical spine. The fetal dose of radiation from
CT scanning of the lumbar spine is approximately half
that from lumbar myelography. No fetal effect has been
found after MRI of the gravid human uterus. MRI is the
preferred method of imaging the thoracic and lumbar
regions during pregnancy.
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In dealing with any disease in pregnancy, physicians
must consider the effect of the pregnancy on the disease

and the effect of the disease on the pregnancy. The multi-
systemic nature of rheumatic diseases creates some very
difficult problems for general internists, rheumatology
specialists, and obstetricians. In some cases, the underlying
disease is a nuisance, whereas in other situations, the
disease is life-threatening for both mother and fetus.
An added complication is the effect of antirheumatic
drugs on pregnancy. Although many of these agents can
be used during pregnancy, some must be avoided for up to
3 months before conception and throughout the pregnancy.
The ideal scenario is to assess and advise the patient
before a pregnancy so that the pregnancy can be begun
electively and safely. Unfortunately, many patients arrive
at their physicians’ office already pregnant, at which point
the assessment is directed toward keeping both mother
and fetus alive and well until delivery.

Although there are many rheumatic diseases, this
chapter focuses on the entities more commonly encoun-
tered by the practitioner.

IMMUNOREGULATION IN CONNECTIVE
TISSUE DISEASES AND PREGNANCY

The pathogenesis of most rheumatic diseases is immuno-
logic. In addition, the majority of these diseases predomi-
nantly affect women. It therefore follows that the
hormonal changes occurring in pregnancy often have a
significant effect on the manifestations of the underlying
disease. In some cases, pregnancy adversely affects the dis-
ease, whereas in other circumstances, the disease manifes-
tations are ameliorated during pregnancy.

The hallmark of a number of connective tissue diseases
is the presence in the serum of circulating autoantibodies.
The mechanism whereby tissue injury is induced in con-
nective tissue diseases can, in some cases, be correlated
with the presence of these autoantibodies.

Autoantibodies may induce immune injury in connec-
tive tissue disease in two ways. First, they may react with
antigens directly; for example, the Coombs antibody
reacts with antigens on the surface of red blood cells,
which results in cell damage (cytotoxic mechanism).
Alternatively, the autoantibodies can combine with the
antigen to form immune complexes. When these com-
plexes are fixed in tissues, they trigger an inflammatory
response (immune complex mechanism).

The cause of excessive autoantibody production—the
basis of both mechanisms of tissue injury—is still not
clear. However, current research tends to implicate abnormal
regulating mechanisms of the immune response. Antibody
production is modulated in part by the cell-mediated
immune system through helper and suppressor T lympho-
cytes. A deficiency of T lymphocyte suppressor cells in
patients who have a connective tissue disease is believed
to result in unchecked autoantibody production and
eventually in immune injury.

Inflammation is the end result of the immune response
in most cases of immunologically mediated tissue damage.
The clinical manifestations vary according to the site of
inflammatory involvement, and the specific organs
involved tend to vary from one disease to another (e.g., the
joints in rheumatoid arthritis [RA] and many extraarticu-
lar sites in systemic lupus erythematosus [SLE]).

Normally during pregnancy, a number of alterations
occur in lymphocyte function, humoral immunity, and
the inflammatory response, which must be appreciated in
an investigation of a suspected connective tissue disease.
Human pregnancy appears to be associated with an
altered immune response mediated both by cellular mech-
anisms (increased suppressor T cell function and
decreased B cell function), and by a humoral mechanism,
which in turn is mediated by pregnancy zone proteins.1 In
contrast to the immunoregulatory changes seen in nor-
mal pregnancy, in many autoimmune diseases there is an
impairment of suppressor T cell activity, which leads to
polyclonal B cell activation and the subsequent production
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of autoantibodies. The superimposition of pregnancy on
the “immune background” of a connective tissue disease
may therefore “correct” the immunologic abnormalities
seen in that connective tissue disorder.

MANAGEMENT OF REPRODUCTION IN
THE RHEUMATIC DISEASES

Pregnancies in women with rheumatic diseases should be
planned in order to avoid disease complications to both
mother and fetus and to prevent birth defects from medica-
tion. During a prepregnancy consultation, the internist
must categorize the patient on the basis of the current
condition and the past history of the disease in order to
follow the patient’s progress throughout the pregnancy
and postpartum. The internist is thus in a position to
counsel the patient about a future pregnancy and is pre-
pared to manage the pregnancy medically. A pragmatic
approach to this consultation involves determining
(1) the clinical profile, (2) the laboratory profile, (3) the
timing and pattern of the most recent disease flare, and
(4) the medications being used.

Clinical Profile

This profile is derived from the current history and physical
examination findings. In addition, the physician must
obtain the previous history to appreciate how the disease
manifested and what usually characterizes a flare.

Laboratory Profile

Current laboratory tests are used to document the routine
and serologic laboratory parameters of the disease. The
test results that best reflect the patient’s disease state are
used as indicators of disease activity during pregnancy.

Most Recent Disease Flare

Determining when the most recent exacerbation of the
disease occurred provides information with which to
counsel the patient appropriately about the timing of
pregnancy. It is the internist’s responsibility to advise the
patient when it is safest to attempt a pregnancy. This
information becomes part of the clinical profile.

Medications

Although a number of medications are used in the treatment
of various rheumatic diseases, many of the diseases are
treated with the same medications, which thereby simplifies
the necessary knowledge base of the consultant. Before a
pregnancy, the safety of the patient’s medications in preg-
nancy should be determined. It is important to bear in mind
that many of the drugs used in the treatment of rheumatic
diseases are long-acting. In these cases, unsafe medication
must be discontinued months before conception.

RHEUMATOID ARTHRITIS

RA is a chronic systemic inflammatory disease of unknown
origin, manifested primarily in the joints. The disease
occurs worldwide and has no racial predilection. It is com-
mon, occurring in 1% to 2% of the population, and affects
two to three times more women than men. RA occurs at
any age, but in most patients, the onset occurs between
the ages of 20 and 60. Various infective agents, includ-
ing bacteria, mycoplasma, and a number of viruses, have
been implicated as the source of persistent antigenic stim-
ulation, which is thought to initiate the inflammatory
manifestations.2

The clinical picture of RA is one of a symmetric,
inflammatory polyarthritis predominantly affecting
small and medium-sized joints, accompanied by morning
stiffness and constitutional symptoms of fatigue and
malaise. The disease course is characterized by exacerbations
and remissions of synovitis.3 Extraarticular manifestations
underscore the systemic nature of RA.

Laboratory findings in RA include normochromic, nor-
mocytic anemia; elevations in platelet count and erythrocyte
sedimentation rate (ESR); and hypergammaglobulinemia.
Leukopenia is seen in patients with RA and hyper-
splenism (Felty’s syndrome). Rheumatoid factor is an
antiimmunoglobulin and is detected in the serum of 75%
to 80% of patients with RA, usually by means of the latex
fixation test. Other antibodies, such as antinuclear factor,
occur in 20% of patients and even more often in those
with Felty’s syndrome. Synovial fluid analysis reveals an
inflammatory exudate with polymorphonuclear cells and
lymphocytes. Radiographs may reveal soft tissue swelling;
osteoporosis, often in a juxtaarticular distribution; mar-
ginal erosions; joint space narrowing; and, in severe cases,
subluxation or ankylosis. The cervical spine may be
involved, showing atlantoaxial subluxation, which in turn
can lead to cord compression. Pathologic findings in the
joints reveal synovial lining cell hyperplasia and a
mononuclear cell infiltrate. In more advanced disease, the
synovial membrane has villous projections with lymphoid
nodules and pannus formation.3

The diagnosis of RA is based on the clinical and labo-
ratory features outlined previously. The American College
of Rheumatology has revised the classification criteria for
RA.2,3 Objective evidence for synovitis for a minimum of
6 weeks must be demonstrated, and other conditions
must be ruled out.

Effect of Pregnancy on Rheumatoid
Arthritis

Few diseases other than RA can be so dramatically
affected by pregnancy. Almost 80% of women with RA
experience remission, the majority in the first few weeks
of pregnancy.4 Hench first noted the marked improvement
in rheumatoid disease in 33 of 34 pregnancies occurring in
20 patients with RA.5 The tendency of RA to improve during
pregnancy has been noted in several retrospective reports.6
Persellin reported his own experience, reviewed the literature,
and concluded that 203 (74%) of 274 pregnancies in patients
with RA were associated with some degree of improvement.7
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In most patients, improvement occurred in the first
trimester, and an additional smaller group experienced
improvement in the second and third trimesters. Often,
medication taken before pregnancy can be discontinued
because of the significant clinical improvement. In addition,
remission in one pregnancy often indicates that a similar
remission may be expected in subsequent pregnancies.
Indeed, a protective effect of pregnancy against the develop-
ment of RA has been shown.8,9

It is important to note that although most patients
experience improvement during pregnancy, many experi-
ence a relapse between 6 weeks and 6 months post partum.10

Spector and Da Silva reviewed studies of pregnancy and
RA and confirmed this finding.11 They also observed that
although RA rarely develops during pregnancy, there is an
increased risk of developing RA during the postpartum
period. Some studies have suggested that both a postpar-
tum flare and onset of RA may be associated with breast-
feeding. Barrett and colleagues found that women
breast-feeding for the first time had increased disease
activity 6 months post partum.12 A high level of the proin-
flammatory hormone prolactin is thought to underlie
both the increased incidence of postpartum flares and
onset of the disease.

In a prospective study, Barrett and colleagues found
that greater than 25% of women still had significant dis-
ability during pregnancy.13 Although other measures of
disease activity showed a trend toward improvement, only
16% of this large prospective study of 140 women with RA
were in complete remission during pregnancy.

Despite a number of attempts, there has been little suc-
cess in predicting with any certainly which women with
RA will experience remission during pregnancy. It is
known that disease duration, functional class, and
rheumatoid factor positivity have no predictive value with
regard to remission. This improvement should occur by
the end of the first trimester. However, a smaller but still
significant percentage of women show no improvement,
and they may require continued intervention to control
the disease manifestations. Studies suggest that the
effects of pregnancy on the clinical disease may be more
variable than has been generally accepted.

Amelioration of Rheumatoid Arthritis
during Pregnancy

The mechanism for the remission-inducing effect of
pregnancy on RA is still unknown. It was initially thought
to be mediated by the increase in blood cortisone levels
during pregnancy.5,14 However, several studies have shown
that steroids alone could not fully explain the improvement
during pregnancy.10 There has been no correlation between
the change in RA disease activity and plasma concentrations
of corticosteroids. Plasma cortisol levels return to normal
within 5 days of delivery, but the RA does not flare for 4 to
6 weeks post partum. More recent studies have questioned
the effect of oral contraceptives in RA, suggesting that at
best they may be weak modulators of the disease.15

The effect of plasma focuses attention on the role of
nonhormonal plasma constituents in pregnancy. As out-
lined earlier, pregnancy zone protein has a suppressive

effect on the inflammatory activity of polymorphonu-
clear cells. The timing of improvement in RA parallels the
rise in concentration of pregnancy zone protein during
pregnancy. The lack of improvement noted in approxi-
mately 25% of patients may be related to these women’s
inability to synthesize sufficient amounts of pregnancy
zone protein.7,16 In addition, increased suppressor cell
function and decreased B cell response in pregnancy may
counteract the depressed T suppressor cell function noted
in RA. This is supported by the lower incidence of rheuma-
toid factor in pregnant women with RA in comparison with
nonpregnant controls with RA.6 Furthermore, cytokine
production is dramatically altered during pregnancy.
The immune response shifts from predominantly T helper 1
to T helper 2 lymphocytes, illustrated by a change in balance
of cytokine production of the respective T helper cell
subsets.4,17-20 Supporting evidence indicates that a shift to
T helper 2 cytokines during pregnancy may underlie the
amelioration of RA, whereas the shift back to T helper 1
cytokine predominance is responsible for the postpartum
flare.4,17-20

It has been suggested that fetal-maternal disparity in
class II human leukocyte antigen (HLA) may be related to
remission or improvement of RA during pregnancy.21

Further studies in this area are needed, because the con-
cept remains controversial.10,21-24

Effect of Rheumatoid Arthritis on
Pregnancy

This aspect of the relationship between RA and pregnancy
has not been thoroughly investigated. Kaplan and
Diamond suggested that RA has no significant effect on
the patient’s ability to have a normal pregnancy, delivery,
and infant.25 Nelson and associates found no evidence of
infertility in patients with RA, but there was diminished
fecundity (the probability of achieving a pregnancy within
one menstrual cycle).26 The same group reported a prospec-
tive case-control study that showed no adverse pregnancy
outcome in women who later developed RA.27

Studies suggest that oral contraceptives may protect
against RA and perhaps against more severe disease,
although the mechanism for this phenomenon is not
clear.15 Although this finding remains controversial, evi-
dence from a report about a prospective inception cohort
of 132 women with recent onset of RA indicates that oral
contraceptive use and pregnancy do not influence long-
term disease outcome.28 Multiparous patients with a history
of long-term oral contraceptive use showed a trend toward
having less radiographic joint damage and a better func-
tional level, but these data were not statistically signifi-
cant. Regardless of these reported findings, there still is
no evidence to promote the use of estrogenic agents in the
prevention or treatment of RA in women.29

Management of Rheumatoid Arthritis
during Pregnancy

Because the cause of RA remains unknown, a cure is not
currently possible. It is, however, possible to control
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inflammation and thus relieve pain, restore function,
and prevent deformities and damage resulting from per-
sistent inflammation through a combination of drug ther-
apy, patient education, physiotherapy, and occupational
therapy.

Ideally, the patient becomes pregnant electively after
a prepregnancy assessment and with an effective treat-
ment regimen that includes only drugs known to be
safe and efficacious during pregnancy. Although most
antiinflammatory agents can be continued before con-
ception, the regimen should be reevaluated once the
woman is pregnant. Naproxen and ibuprofen are non-
steroidal antiinflammatory drugs (NSAIDs) with a good
safety profile in pregnancy. With only minor safety issues
to be considered, corticosteroids such as prednisone
can be continued throughout the pregnancy. Antimalarial
agents such as hydroxychloroquine are somewhat con-
troversial, but several cohort studies have supported
their safety in pregnancy.30-35 Sulfasalazine in most
cases can be continued with little risk to mother and
fetus.31,36,37 Immunosuppressive agents are more of an
issue. Azathioprine (AZA) can be continued throughout
pregnancy, but methotrexate (MTX) should be discontin-
ued about 3 months before conception.31 Interestingly,
it is also advisable for men to discontinue MTX at least
3 months before attempting to conceive.37 A woman might
conceive while taking an anti–tumor necrosis factor α
(TNF-α) inhibitor (infliximab and etanercept), but there
are too few data regarding their safety during pregnancy
to make any recommendations.

Because most women with RA experience an improve-
ment during pregnancy, many of their medications can be
discontinued for the duration of the pregnancy. In con-
trast, for those with disease that either remains active or
flares during pregnancy, treatment should be directed at
controlling the inflammatory process. The physician
must balance the risk of a medication to the fetus with the
benefits to the health of the mother. Often the physician
and patient must resort to prednisone to control a mod-
erate to severe flare of disease.

The postpartum flare is equally challenging to treat.
One of the problems encountered is the reluctance of the
breast-feeding mother to take any medication whatsoever.
Under these circumstances, the usual drugs of choice are
naproxen, ibuprofen, and prednisone. All of these agents
are considered safe for breast-feeding in the dosages usually
used to treat active RA.37,38

Nonpharmacologic therapy such as appropriate
bed rest, physiotherapy, occupational therapy, and nutri-
tion remain as important mainstays of therapy for
active RA.

Labor and Delivery in Rheumatoid Arthritis

There have been no published reports of particular obstet-
ric problems in pregnant women with RA, although these
may occur if there is significant hip involvement. Disease
involving the cervical spine with atlantoaxial subluxation
may be a potential problem because of excessive flexion of
the neck during anesthesia.
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1. Butterfly rash
2. Discoid lupus
3. Photosensitivity
4. Oral ulcers
5. Arthritis
6. Serositis

a. Pleuritis
b. Pericarditis

7. Renal disorder
a. Persistent proteinuria (>0.5 g/day)
b. Cellular casts

8. Neurologic disorder
a. Seizures
b. Psychosis

9. Hematologic disorder
a. Hemolytic anemia with reticulocytosis
b. Leukopenia (<4000/mm3)
c. Lymphopenia (<1500/mm3) or thrombocytopenia

(<100,000/mm3)
10. Immunologic disorder

a. Positive lupus erythematosus cell preparation
b. Anti–dsDNA antibody
c. Anti–Sm antigen
d. False-positive result of test for syphilis

11. Antinuclear antibody

TABLE 20–1 American College of Rheumatology 1982
Revised Criteria for Classification of Systemic Lupus
Erythematosus

Family Planning

There is no evidence that RA adversely affects conception,
and therapeutic abortion is not indicated. Pregnancy is
not harmful to the mother with RA or to the baby, but
consideration should be given, before a pregnancy is con-
templated, to the emotional stress involved and the addi-
tional work required in caring for the newborn.

SYSTEMIC LUPUS ERYTHEMATOSUS

SLE is a chronic systemic disease with diverse clinical and
laboratory manifestations and a course characterized by
variability. The clinical manifestations result from
inflammation of multiple organ systems, especially the
joints, skin, kidneys, nervous system, and serous membranes.
The disease tends to affect young women in the second,
third, and fourth decades of life but may occur in any age
group. The prevalence of SLE is 100 per 100,000, which is
about 10% as common as RA.39 The clinical and labora-
tory heterogeneity of this disease frequently makes the
diagnosis and management difficult. In 1982, the
American College of Rheumatology proposed classification
criteria whereby the presence of any four render a high
probability of a diagnosis of SLE (Table 20–1).40

Current concepts of the pathogenesis of SLE are that it
is an autoimmune disease in which autoantibodies cause
specific cytotoxic damage in some cases (e.g., hemolytic
anemia, thrombocytopenia) and immune complexes lead
to inflammation in other cases (e.g., nephritis, dermatitis,
central nervous system [CNS] involvement).



The mechanism of excess autoantibody production
and immune complex formation is not well understood,
although current investigation is focused on abnormal
regulator functions and the possibility of a slow-acting
viral infection.41 In addition, certain genetic factors may
be important, as indicated by a number of family and twin
studies for SLE and the finding of an increased frequency
of HLA-DRB1*02 and HLA-DRB1*03 and null alleles of the
fourth component of complement in patients with SLE.42

In addition to the common findings of arthritis and
rash, clinical evidence of glomerulonephritis is found in
more than 50% of cases. Histologically, six classes of SLE-
associated glomerulonephritis have been recognized by
the World Health Organization.43 The prognosis seems to
be somewhat better with mesangial and membranous
glomerulonephritis and somewhat graver in the prolifera-
tive forms.43 CNS inflammation in SLE may manifest with
neurologic or psychiatric manifestations, or a combination.

Laboratory Findings

Patients with SLE have hypergammaglobulinemia, a wide
array of autoantibodies, and circulating immune com-
plexes in their serum. Perhaps the most important
autoantibody that manifests in this disease, from a patho-
genetic point of view, is anti–dsDNA antibody, which is
frequently correlated with disease activity and, specifi-
cally, with SLE-associated nephritis.

A depressed complement level tends to be correlated
with disease activity, especially SLE-associated nephritis.
In most patients, the presence of anti–dsDNA antibody
and a low complement level may be predictive of either
the presence of disease activity or an impending flare.44

Systemic Lupus Erythematosus and Fertility

Although SLE may influence pregnancy outcome, studies
indicate that it does not affect the chances of conception.
One large study from Mexico reported that the fertility rate
in patients with SLE was the same as that in the general
population.45 Although the evidence to date indicates that
fertility rates are normal in patients with SLE, these find-
ings must be interpreted with some degree of caution. In
women with SLE in whom disease is under good control,
the fertility rates are probably normal. However, as with any
active inflammatory disease, patients with active SLE may
be expected to have ovulatory abnormalities, including
anovulation. In addition, the role of medications must
be considered. In patients with a history of major organ
disease, such as diffuse proliferative glomerulonephritis, the
use of cyclophosphamide at some point in the disease
course would have adverse effects on ovarian function. In
this situation, fertility would definitely be affected.

Prepregnancy Assessment

Few diseases mandate as accurate an assessment before preg-
nancy as SLE. The clinician should adhere to characterizing

the patient with regard to clinical profile, laboratory profile,
date of most recent disease flare, and medications currently
used. The heterogeneity of this disease, with its associated
myriad of clinical manifestations, is responsible for some
of the most challenging clinical problems for an internist.
The superimposition of pregnancy with its dynamically
changing physiology only increases the challenge. Using a
methodical approach allows the physician to grasp the more
subtle nuances of the patient’s disease and therefore be bet-
ter able to distinguish between disease activity and physio-
logic or pathophysiologic changes caused by pregnancy.

Effect of Pregnancy on Systemic Lupus
Erythematosus

The predictable physiologic and immunologic changes
seen in all pregnancies also affect women with SLE, but
not in predictable ways. Although there may be some con-
sistency in the disease response to pregnancy among many
women with SLE, there are still a significant number in
whom the disease simply does not behave as expected. In
contrast to RA, disease exacerbation appears to be more
common than amelioration during pregnancy in SLE.
Indeed, the exacerbation of SLE during pregnancy was
reported as long ago as 1952.46 In 1962, Garenstein and
associates reported the increased incidence of flares in
SLE during the first 20 weeks of pregnancy and again in the
first 8 weeks post partum.47 This could not be confirmed
by Mund and coworkers in 1963.48 However, in 1975, Zurier
concluded that patients with SLE frequently had exacer-
bations of disease activity either during pregnancy or
in the early postpartum period.49 In 1977, Grigor and col-
leagues reported an increased incidence of exacerbations,
mainly in the puerperium.50 However, in more recent
reports on patients both with mild disease and with dis-
ease under control before and during pregnancy, the inci-
dence of flares during and after the pregnancy has been
significantly lower. Thus, in the series reported by
Tozman and associates51 and by Zulman and colleagues,52

postpartum flares were not frequently seen. In a case-control
prospective study comparing pregnant and nonpregnant
patients with SLE with similar disease manifestations,
Lockshin and coworkers found no increased frequency of
flares in patients with SLE during pregnancy.53,54 On the
other hand, Petri concluded that pregnancy does induce
flares in patients with SLE.55 Petri’s pregnant patients had
a frequency of 1.63 flares per person years, in comparison
with a rate of 0.64 to 0.65 flares in the pregnant population
after delivery or in nonpregnant control subjects. Ruiz-
Irastorza and colleagues who used similar methods to
monitor their patients during pregnancy, also found
that 65% of their pregnant patients had flares during the
pregnancy, in comparison with 42% of the control
group.56 In a study of 60 patients with 103 pregnancies,
Cortes-Hernandez and coworkers discovered that 33% of
patients experienced flares during the pregnancy; 26% of
those experienced flares in the second trimester and 51%
in the postpartum period.57 These authors showed that
significant predictors of a flare included discontinuation
of antimalarial treatment, a history of more than three
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flares before pregnancy, and a score of 5 during these
flares. This score indicates active disease on the SLE Disease
Activity Index, a validated measure of disease activity
in SLE.

It might be argued that patients who had flares of dis-
ease during the pregnancy would have been treated and
would therefore be less likely to have flares after delivery.
The discrepancy between the studies might be explained
by a number of reasons, including dissimilar entry criteria,
different definitions of a flare, distinct patient populations,
and different controls.55,56 In a study of 61 pregnancies
in 46 patients with SLE, Urowitz and coworkers used the
SLE Disease Activity Index to assess flares.58 In comparison
with both control groups, there was no increased frequency
of SLE flares during pregnancy. Indeed, there was a reduced
chance of flare during pregnancy in a patient with inactive
disease.

In a large retrospective analysis, 555 women with a diag-
nosis of SLE were found to have a significant increase in
adverse pregnancy outcomes in comparison with a control
population of 600,000.59 These adverse pregnancy out-
comes were not limited to manifestations of underlying
SLE; they included hypertension, renal disease, preterm
delivery, nonelective cesarean section, postpartum hemor-
rhage, and delivery-related deep venous thrombosis.

In the experience of many clinicians, pregnancy some-
times leads to recrudescence of severe nephritis in patients
with SLE who are not sufficiently treated with steroids.56

However, Tozman and associates51 noted that renal dis-
ease did not recur during pregnancy in 11 of 18 patients
who had had some evidence of SLE-associated nephritis
during the course of their illness. The prognosis was best
in patients who had a remission of the disease at the onset
of pregnancy. Similarly, Jungers and colleagues60 found
that a recurrence of SLE-associated nephritis was unusual
if pregnancy occurred after a complete, sustained remis-
sion of at least several months. Huong and associates
obtained similar results, in which maternal and fetal out-
comes were good in women with a history of SLE-associated
nephritis who had normal renal function or mild renal
impairment at the onset of pregnancy.61 These investiga-
tors rarely observed deterioration of renal function as
a result of the pregnancy, but they did find a higher risk
of preeclampsia and premature birth. Moroni and coau-
thors noted the initial development of nephritis in 23% of
13 patients with SLE during a pregnancy.62 They also
reported 27% occurrence of a renal flare in 51 patients
with SLE and known renal involvement. These authors
conclude that the only predictor of a favorable maternal
outcome in a pregnancy is quiescence of renal disease.

CNS involvement in SLE can be as difficult to diagnose
as it is to treat. Unfortunately, there is little reported
in the literature regarding pregnancy and CNS involve-
ment in SLE. Of the few studies reported, this manifesta-
tion is associated with significant maternal and fetal
risks. El-Sayed and associates reported that in three of
five pregnancies, there was a flare of CNS involvement
in SLE in women with a history of this manifestation.63

Severe adverse fetal outcomes occurred in two of the
pregnancies. Suffice to say that moderate to severe active
SLE represents a high-risk situation for both mother
and fetus.

Toxemia of Pregnancy versus Flare
of Systemic Lupus Erythematosus

One of the more common clinical dilemmas facing the
internist and obstetrician in the management of pregnancy
in women with SLE is to distinguish preeclampsia from
a flare of the underlying disease. The onset of edema and
hypertension in pregnancy in such patients is characteristic
of both preeclampsia and active SLE-associated nephritis.
Treatment of these two conditions is very different, which
emphasizes the importance of an accurate diagnosis. In
the absence of other signs of SLE or any serologic abnor-
malities, the occurrence of edema and hypertension and
a recent increase in serum uric acid levels favor a diagnosis
of preeclampsia. However, the presence of serologic abnor-
malities, such as a decrease in serum complement and
elevation of anti–dsDNA antibody titers or the presence
of other systemic features of SLE, suggests the onset of an
SLE flare. Knowledge of the specific clinical and labora-
tory manifestations of previous flares in the individual
patient assists in differentiating these two conditions. This
important clinical differentiation was discussed by Zulman
and colleagues.52

Therapeutic Abortion

In the presteroid era, it was common practice to terminate
pregnancy in patients with active SLE. However, with
successful treatment of active disease with corticosteroids,
this practice has become less frequent. Patients are more
likely to have inactive SLE at the onset of pregnancy because
of earlier diagnosis and more effective prepregnancy
therapy, as well as appropriate prepregnancy counseling.
In addition, careful monitoring and early treatment of
active disease during pregnancy have allowed the success-
ful completion of pregnancy without significant detriment
to the mother or child in many cases. Another indication
for therapeutic abortion in the past was a history of serious
renal disease. However, as discussed previously, more
recent studies have shown that a history of serious renal
disease need not be a contraindication to continuation of
a pregnancy.

Several older reports indicated a high incidence of dis-
ease exacerbation after a therapeutic abortion, occasion-
ally leading to a fatal outcome.64 However, a study by
Zulman and colleagues revealed no detrimental short- or
long-term physical effects of therapeutic abortions in 10
pregnant women with SLE.52

Effect of Systemic Lupus Erythematosus on
Pregnancy

Adverse pregnancy outcome is more common in SLE than
in any other rheumatic disease. Appropriate prepregnancy
counseling is essential for maximizing the probability of a
successful result for both the mother and neonate.
Maintaining the viability of the pregnancy and the health
of the mother requires close collaboration between the
obstetrician/perinatologist and internist/rheumatologist.
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Spontaneous Abortion, Prematurity,
and Stillbirth

Whereas a patient with SLE may conceive normally, her
chances of maintaining the pregnancy are reduced. In the
past, the incidence of adverse outcomes in SLE pregnan-
cies, including prematurity, spontaneous abortion, and
intrauterine death, approached 50%.47,50,55,56,59,65-67 A review
of the literature determined that the rate of spontaneous
abortion in SLE has steadily declined from 50% to less
than 20% since 1960 (r2 = 0.711) (Fig. 20–1).68 The preg-
nancy outcomes in my own clinic from the period 2000 to
2003 were compared to those reported in the literature
since the early 1960s. Predicting an adverse outcome in
the pregnant woman with SLE remains a difficult task.
Several risk factors, including antiphospholipid antibod-
ies, hypocomplementemia, and hypertension during preg-
nancy, have been proposed.57 Although some authorities
have found the birth weight of infants born to mothers
with SLE is lower than normal, others have shown that
birth weight was not reduced, despite the fact that placen-
tal size was reduced in comparison with that in controls.69

Several factors have been proposed to explain the
increased frequency of fetal loss in SLE: (1) active SLE
resulting in decidual vasculitis, compromising placental
blood supply and consequent deprivation of the fetus;
(2) trophoblast-reactive lymphocytotoxic antibodies;
(3) anti-Ro/SSA and anti-La/SSB antibodies associated
with destruction of the fetal cardiac conduction system
leading to intrauterine death; and (4) the lupus antico-
agulant (LAC) and antiphospholipid antibodies, with
resulting ischemic pregnancy loss often associated with
placental insufficiency caused by thrombosis.
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Although decidual vasculopathy has been documented
in the placentas of some patients with SLE, this has not
been uniformly seen.69,70 Hanly and associates concluded
that the observed reduction in placental size in patients
with SLE may impair the capacity of the placenta to tolerate
additional insults.69 Studies suggest that uterine-umbilical
artery Doppler velocimetry in pregnant patients with SLE
may identify the fetus at risk for adverse perinatal out-
come.71 Patients with normal flow in both arteries had
normal outcomes; patients with reduced velocity in one
uterine artery delivered newborns with reduced birth
weight; and reduced flow velocity in both arteries was
associated with perinatal losses.

The relationship between active SLE in the mother
and fetal outcome has been controversial, primarily
because of a lack of uniform assessment of disease
activity.55,72,73 In two studies, investigators using vali-
dated measures of disease activity found no correla-
tion between disease activity at onset of pregnancy and
fetal outcome.57,73 However, more recently, active renal
disease, proteinuria, the presence of LAC, or anticardio-
lipin antibody in the mother were found to be predic-
tive for fetal loss (including spontaneous abortion
and stillbirth) in patients with SLE. Hypertension and
active SLE were found to be correlated with poor fetal
outcome, defined as prematurity or intrauterine growth
restriction.66,72-75

The presence of trophoblast-reactive lymphocytotoxic
antibodies has been proposed as the reason for loss of
pregnancy in patients with SLE, because their incidence in
pregnancies in the case of patients with SLE ending in live
births was lower than in those resulting in spontaneous
abortions.76 Similarly, the presence of antilymphocyte
antibodies was found to correlate with pregnancy losses
in patients with recurrent fetal loss but without clinical
evidence of SLE.77

Anti-Ro/SSA and anti-La/SSB antibodies are thought
to be involved in the pathogenesis of congenital heart
block in the neonatal SLE syndrome (see “The Newborn”
section). These antibodies have been shown to bind to
neonatal rabbit heart tissue and to inhibit membrane
repolarization.78,79 These changes may lead to the destruc-
tion of the fetal cardiac conductive system and may lead
to intrauterine death.

Lupus Anticoagulant, Antiphospholipid
Antibodies, and Pregnancy

LAC is an acquired inhibitor of coagulation in vitro present
in 5% to 18% of patients with SLE.80,81 The inhibitor is an
immunoglobulin G or M antibody to specific phospho-
lipids that interfere with the conversion of prothrombin
to thrombin by the prothrombin-converting complex of
factor Va, factor Xa, and calcium that assembles on the
surface of a phospholipid micelle during the in vitro acti-
vated partial thromboplastin time (aPTT) assay. Plasma
samples found to have a prolonged aPTT, indicating
anticoagulant activity, are then tested with a 50/50 mix
with platelet-poor and normal plasma. Repeated prolon-
gation of the aPTT confirms the presence of a global
inhibitor to coagulation, the LAC. The phospholipid

Figure 20–1. Change in fetal loss rates in pregnancies among
women with systemic lupus erythematosus (SLE), 1960 to 2003.
The rate of fetal loss in SLE pregnancies since the early 1960s has
decreased from a mean of 43% in the period 1960 to 1965 to 17%
in the period 2000 to 2003. (From Clark CA, Spitzer KA, Laskin
CA: Decrease in pregnancy loss rates in SLE over a 40-year period
[abstract]. Arthritis Rheum 2003;48 Suppl:S180.)
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dependence of the LAC can be further confirmed by
reversing the prolongation of the aPTT through the
addition of excess phospholipid. Several tests assess
the LAC; no one test has greater significance.82 Indeed,
it has been proposed that a panel of at least four
tests for the LAC be undertaken to definitely detect its
presence.83-86

“Lupus anticoagulant” is a misnomer in that patients
who have the abnormality do not have a bleeding tendency
but rather tend to be hypercoagulable with a risk of venous
and/or arterial thrombosis. The term anticoagulant is merely
a reflection of the in vitro artifact of the prolonged
aPTT.87,88 In addition, an association among the presence
of LAC, recurrent pregnancy loss, preeclampsia, and
placental abruption has been noted.81,89-91 Anticardiolipin
antibody is one of a family of antibodies directed against
specific phospholipids and has been thought to cross react
with LAC. Although the terms anticardiolipin antibody and
lupus anticoagulant have been used interchangeably
to indicate antiphospholipid antibodies among patients
with SLE, it has been shown that the correlation between
the two antibodies was not as strong as expected. Lockshin
and coworkers showed that although LAC or anticardio-
lipin antibody was associated with fetal loss, a high level of
anticardiolipin antibody may be a better predictor of fetal
distress or fetal death among pregnant patients with SLE.89

Two studies suggest that the presence of the anticardiolipin
antibody or features of the antiphospholipid syndrome are
associated with increased risk for fetal loss among patients
with SLE.67,73 However, this has not been universally found,
and the correlation remains controversial.69,72 Among the
issues in contention are the association of antiphospho-
lipid antibodies with early or only late pregnancy losses, the
significance of immunoglobulins M and A isotypes of anti-
cardiolipin antibodies, and the predictive value of the pres-
ence of LAC or anticardiolipin antibody and the need for
intervention in women with no thromboembolic or adverse
obstetric history.92,93 All these findings have renewed inter-
est in the possible association of LAC activity and recurrent
pregnancy loss, both in patients with SLE and in those
without features of SLE.87,88,90,94,95 Some authors have
attempted to treat women with the laboratory abnormality
with moderately high doses of corticosteroids to suppress
the anticoagulant and have claimed that this has resulted in
live births.96 However, one study of the use of prednisone
and aspirin in patients with autoantibodies and recurrent
fetal loss showed no benefit over placebo.97 Some studies
have provided evidence supporting the use of heparin and
aspirin in the treatment of recurrent pregnancy loss
in women with antiphospholipid antibodies.98-100 Other
studies, however, have challenged these findings and
reported a high success rate with the use of aspirin alone in
such patients.101 Further randomized, controlled trials of
therapy of this condition are clearly necessary.102,103

Successful pregnancy outcomes with low-molecular-weight
heparin and aspirin in patients with recurrent fetal loss
who have autoantibodies, including antiphospholipid anti-
bodies, have been reported,104 but results from additional
randomized controlled studies with this form of therapy
that are currently under way are needed to confirm earlier
findings.
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The Newborn

In general, but with notable exceptions, the neonate born
at term to a woman with SLE is at no greater risk for con-
genital abnormalities than are those of the general popu-
lation. A number of children of mothers with SLE have
been found to have transient serologic abnormalities, skin
lesions, and congenital heart block.78,79,105,106 These abnor-
malities are usually associated with a very specific autoim-
mune disorder, which in turn results from the presence
of specific autoantibodies, anti-Ro/SSA and anti-La/SSB,
in the serum of the mother. The association of these anti-
bodies with the neonatal syndrome, especially congenital
heart block, is so striking that it is wise to evaluate
all children born to mothers with SLE for congenital car-
diac rhythm anomalies and, conversely, to investigate
mothers of babies born with complete heart block for
signs of SLE.

The neonatal SLE syndrome is characterized by
SLE-associated dermatitis, a variety of systemic and
hematologic abnormalities, and isolated congenital
heart block.79 This syndrome is thought to result from
placental transfer of a maternal immunoglobulin G anti-
body. The syndrome usually resolves spontaneously by
8 to 9 months of age. It has been suggested that the anti-
Ro/SSA antibody may be a marker for the development
of neonatal SLE syndrome.79 Anti-Ro/SSA and anti-
La/SSB antibodies are antibodies to nonhistone nuclear
antigens detected by immunodiffusion. They have been
found in the sera of 70% of patients with Sjögren’s syn-
drome and in 25% to 30% of patients with SLE. Initially,
seven of eight mothers of infants with neonatal SLE
syndrome were found to have the anti-Ro/SSA anti-
body.107 It now appears that antibodies to Ro/SSA or
La/SSB, or both, are almost universally found in the
sera of parturient mothers and newborns with SLE.79

Moreover, a very high correlation was found between
isolated congenital heart block and anti-Ro/SSA antibody
in maternal serum, regardless of whether the mother
had a connective tissue disease or not.108 The presence
of these antibodies in the mother is associated with a 3%
to 5% risk of giving birth to a baby with neonatal SLE
syndrome. After one pregnancy results in neonatal SLE
syndrome, the risk doubles in a subsequent pregnancy.
Brucato and colleagues failed to find any case of congeni-
tal heart block among the offspring of 53 women with
SLE and anti-Ro/SSA antibodies and noted the occur-
rence of congenital heart block in 2% of pregnancies
from mothers with other connective tissue diseases
and anti-Ro/SSA antibodies.109 It appears, however, that
anti-Ro/SSA antibodies do not affect other pregnancy
outcomes.110

The finding of immunoglobulin deposits in the car-
diac tissue of an infant who died of congenital heart block
has been proposed as evidence to support the hypothesis
that the antibody is transmitted transplacentally and may
act on cardiac tissue to produce the heart block.79 The
presence of Ro/SSA antigen in fetal tissues as well as in
adult skin, areas where tissue injury occurs with anti-
Ro/SSA–associated disease, lends further credibility to
this hypothesis.111



Management of Systemic Lupus
Erythematosus and Pregnancy

Prepregnancy Assessment

Ideally, both an internist-rheumatologist and an obste-
trician should manage a patient with SLE about to
embark on a pregnancy. As previously stated, documen-
tation of the clinical and laboratory profiles of the
patient are most helpful for ensuring appropriate medical
management of the pregnancy. The patient should
be counseled before the pregnancy about the impact of
pregnancy on SLE and of SLE on both pregnancy and
the infant.

Ideally, SLE should be inactive at the time that
pregnancy is contemplated. Inactive or well-controlled
disease necessitates fewer drugs; this in turn has less
risk of an adverse impact on the pregnancy. Should the
disease flare during the pregnancy, treatment must be
implemented as quickly as possible. The physician must
determine the manifestations and extent of disease
exacerbation and then select the safest, most effective
therapy. The mother’s health must be deemed the first
priority and treatment directed accordingly. Because
prednisone has few adverse effects on the fetus, it should
be used without hesitation as is necessary. NSAIDs, anti-
malarial agents, and AZA have good safety profiles
in pregnancy and can be used in most circumstances.
A detailed discussion of medication use in pregnancy
appears later in this chapter.

Monitoring During Pregnancy

The internist and obstetrician should assess the pregnant
patient with SLE with almost equal frequency. At these
visits, signs and symptoms of an impending flare should
be sought on history and physical examination, and
blood samples should be drawn for serologic evaluation.
A rise in anti–dsDNA antibody titer and a decrease in
complement may be predictive of an exacerbation of SLE.
It must be remembered that serum complement is an
acute-phase reactant that rises somewhat in a normal
pregnancy. Therefore, in a patient with SLE, a decrease in
complement may still be within normal range but has the
same significance as a low complement in a nonpregnant
patient. This change in complement value must be moni-
tored, and therapy should be adjusted accordingly. There
are now a number of validated measures of disease activity,
and these may be used to identify a flare both in the clin-
ical setting and for research purposes.112

Delivery

The decision with regard to the type of delivery should
be obstetric. Most patients with SLE can successfully
deliver vaginally. Corticosteroid supplementation should
be given to cover the labor or cesarean delivery in patients
currently receiving steroids or those recently treated with
these drugs. There is currently no rationale for automati-
cally increasing steroids in the postpartum period as
prophylaxis against a postpartum flare.

Breast-Feeding

The potential problems raised by breast-feeding involve
its possible effect on the disease process and the possi-
ble transmission of medications through the breast milk
to the infant. There is suggestive but conflicting evidence
linking hyperprolactinemia seen in the nursing mother
with disease exacerbation.113-116 Breast-feeding also
demands time and energy of the mother, and this might
lead to undue fatigue in some patients. In general, if
the physician is considering only the effect on disease
activity, the decision regarding breast-feeding should
be left up to the mother, encouragement given for the
decision made. If significant amounts of corticosteroids
(>40 mg of prednisone) or cytotoxic or other disease-
suppressive medications are necessary to control disease
activity, it would probably be wise not to breast-feed.

Contraception

There is still significant controversy regarding the
role of oral contraceptives in inducing SLE. The contro-
versy was sparked in 1968, when Schleicher reported
the development of a positive LE preparation in addi-
tion to some vague symptoms compatible with a systemic
disease in 19 healthy women taking oral contraceptives.117

After discontinuation of the oral contraceptives, the
test results became negative. In the same year, a study
of 3014 women taking oral contraceptives revealed
the incidence of rheumatic disease to be no higher than
that found in the general population.118 Also in the
same year, Dubois and coworkers could not find these
autoantibodies in 39 patients taking the contraceptive
medication.119

In 1971, Chapel and Burns reported the development
of mild SLE in two patients taking oral contraceptives.
Their symptoms improved after the drug was discontin-
ued.120 In a prospective cohort study of 121,645 women,
Sanchez-Guerrero and associates found that past use of
oral contraceptives was associated with a slightly
increased risk of developing SLE (relative ratio, 1.9 for
past users vs. those who never used them).121

There is evidence of increased incidence of thrombo-
sis, vasculitis, and hypertension in women using estrogen-
containing oral contraceptives, especially in those with
antiphospholipid antibodies.122 In women with SLE,
appropriate counseling should be undertaken before
they start taking oral contraceptives, to ensure that
the potential risks of these agents are understood.
However, in women with antiphospholipid antibodies,
it would be prudent to avoid estrogen-containing oral
contraceptives and encourage them to use other methods
of contraception.

Some patients using the intrauterine device (IUD)
complain of dysmenorrhea and recurrent infections, espe-
cially if taking prednisone and cytotoxic drugs. In those
cases, patients should discontinue this method of contra-
ception and consider other types of birth control, such as
the diaphragm, condom, and spermicidal preparation,
preferably in combination.
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Ovulation Induction

Although, as a group, patients with SLE do not have an
increased risk of infertility, there are women with SLE
who may require ovulation induction therapy for fertility
problems. The administration of high doses of exogenous
follicle-stimulating hormone with its consequent hyper-
estrogenicity raises concerns regarding this form of therapy.
Five cases that suggest that such therapy may be deleterious
for these patients have been reported. In four women,
there was exacerbation of disease activity, and one woman
died.123 In 19 women who underwent 68 cycles of ovula-
tion induction therapy, an acceptable pregnancy rate
occurred, although the rates of both fetal and maternal
complications were high.124 Although ovulation induc-
tion therapy is not contraindicated in patients with SLE,
physicians who plan to advise the use of this therapy in
these patients should do so with caution.

Genetic Counseling

Although it was initially believed that the incidence of
SLE in families is no higher than in the general popula-
tion, this is no longer thought to be true. The frequency
of SLE among first- or second-degree relatives is estimated
to be between 5% and 12%.125 However, this estimate not
only is based on clinical evidence of disease but also
includes family members with positive serologic profiles
but no clinical disease. Therefore, although the risk is
present, it is probably less than 5%, which is not sufficient
to advise against pregnancy.

SERONEGATIVE
SPONDYLOARTHROPATHIES

The diseases included in the group of seronegative spondy-
loarthropathies have been distinguished from RA by the
absence of the rheumatoid factor; hence the term seronegative.
The group includes ankylosing spondylitis (AS) as the pro-
totype, as well as reactive arthritis, psoriatic arthritis,
and the arthritis of ulcerative colitis and Crohn’s disease
(enterocolitic arthropathies).126 Since 1980, it has become
clear that these diseases are distinct clinical entities with
closely linked clinical manifestations. As a group, these
diseases share several articular and nonarticular manifesta-
tions, although the distinction of a particular disease is
possible in most cases. The common articular features
of the seronegative arthropathies include sacroiliitis,
spondylitis, seronegative polyarthritis, and dactylitis.

Sacroiliitis manifests as low back pain of inflammatory
character. Inflammatory back pain is aggravated by rest
and improves with activity and is accompanied by signifi-
cant stiffness and, often, pain early in the morning.
Radiographs show evidence of sacroiliitis in the form of
erosions, sclerosis, and in advanced cases, total ankylosis
with loss of joint contour. The involvement tends to be
symmetric in classic AS and often unilateral in reactive
and psoriatic arthritides.

Spondylitis, which is inflammation of the apophyseal
joints of the spine, is common in this group of diseases.

It is most severe in AS, manifesting with inflammatory
low back pain and progressing to marked muscle spasm
and often deformities with ankylosis later in the course of
the disease. In AS, the whole spine is affected, starting
at the thoracolumbar junction and spreading up into
the neck and down throughout the lumbar spine. In reac-
tive arthritis, psoriatic arthritis, and the enterocolitic
arthropathies, the spondylitis is not widespread, and skip
lesions are common. Radiographs show the classic syn-
desmophytes arising from the vertebral margins in AS
with nonmarginal syndesmophytes in other entities.

Seronegative polyarthritis is classically an asymmetric
form of inflammatory arthritis, often involving large
joints as well as the distal interphalangeal joints, which
are commonly spared in RA. There is often a periosteal
reaction, and ankylosis may occur.

Dactylitis is inflammation extending from the joint to
involve part or all of the digits and is a common feature
among the diseases of this group.

The following extraarticular features of seronegative
spondyloarthropathies may appear; a psoriasiform rash
and nail changes are seen more frequently in patients with
psoriatic arthritis and reactive arthritis than in those with
classic AS. Ocular inflammation is one of the most common
manifestations in all seronegative diseases. The inflam-
mation usually involves the uveal tract. Genitourinary
inflammation is seen, particularly in reactive arthritis
and AS. Buccal and genitourinary ulcerations are common
in all entities of this group. Aortic insufficiency is seen
most frequently in classic AS.

Another feature of this group of diseases is strong
familial aggregation, which occurs not only within each
entity but also among the entities of the group. Further
evidence that these clinical entities are an interrelated group
of disorders comes from the strong association between
HLA antigen B27 and several of these diseases. The discov-
ery of the association with HLA-B27 may be relevant to the
study of the origin of these conditions.127,128

The diagnosis of seronegative arthropathy is based
on the clinical features, both articular and extraarticular,
and the radiologic evidence of sacroiliitis and spondylitis.
Laboratory investigations are not particularly helpful
except for a negative rheumatoid factor. The ESR is usually
normal, although it may be quite high in the presence
of severe disease. HLA typing may sometimes be useful in
a case difficult to diagnose.

With the exception of psoriatic arthritis, seronegative
diseases are traditionally thought to be much more com-
mon in men than in women. The diagnosis of AS in women
is often missed, perhaps because it is usually milder in
women than in men.129

Seronegative Disease in Pregnancy

There are very few reports on the association of seronegative
diseases and pregnancy. Hart reported on 14 pregnancies
in patients with AS.130 He concluded that there was no
apparent change in the progress of the disease and that
childbirth had little effect on its course. Ostensen and
Husby reviewed the literature on AS and pregnancy and
reported that although pregnancy does not improve the
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course of the spondylitis, there appears to be no adverse
effects on the pregnancy.131

Although McHugh and Laurent reported improvement
in the arthritis in only 4 of 12 pregnancies,132 a prospec-
tive study of 20 pregnancies in 15 patients with psoriatic
arthritis revealed improvement in 16 cases in both skin and
joint disease.133 As with RA, remission during pregnancy
is common in psoriatic arthritis, and there is frequently
a flare of the disease post partum.

In general, the course of AS is independent of the preg-
nancy. A flare of AS is not uncommon during pregnancy,
but this may be because of the natural history of the
disease or the mechanical strain on the back and weight-
bearing joints in pregnancy.

Treatment of Seronegative Disease

The treatment of early seronegative disease is similar to
that of RA: namely, control of inflammation. NSAIDs,
usually in high doses, represent the treatment of choice.
This may present a particular concern in pregnancy, in
which the use of such agents after the 28th week may
be problematic. In severe inflammatory disease, cortico-
steroids in moderately high doses may be necessary. These
agents do not raise the same concerns as NSAIDs in late
pregnancy. Psoriatic arthritis has been shown to be a
more severe disease134 and may necessitate more aggres-
sive therapy, including the use of gold, antimalarial agents,
penicillamine, or sulfasalazine therapy. MTX has been
used in the treatment of psoriatic arthritis, with encour-
aging results, particularly when severe skin involvement
occurs simultaneously.

An important aspect of treatment in seronegative dis-
eases, particularly sacroiliitis and spondylitis, is physical
therapy with the appropriate exercise program. Postural
and breathing exercises are especially important for the
pregnant woman with this condition.

PROGRESSIVE SYSTEMIC SCLEROSIS
(SCLERODERMA)

Progressive systemic sclerosis (PSS) is an uncommon
connective tissue disease of unknown cause, manifested
by fibrosis and degenerative vascular changes in the
skin, joints, and many internal organs.135 The disease
has a global distribution, with a reported incidence of 2 to
12 cases per million people per year, and affects three to
four times as many women as men. PSS may occur at any
age, but in most patients, the onset occurs between the
ages of 30 and 50 years.

Early lesions of PSS often show a mononuclear cell
infiltrate. Serologic abnormalities are common in this dis-
ease, and there is occasionally an association with other
autoimmune diseases. The main pathologic lesion found
in established PSS is vascular, consisting of concentric
proliferation of the intima and fibrosis of the adventitia
of small arteries and arterioles.136 This had led to the
hypothesis that an unknown agent initiates the mononu-
clear inflammatory response around small arteries, leading
to marked fibroblastic proliferation, which in turn results

in the severe sclerosis of the small arteries and interstitium.
This process leads to tissue induration and vascular insuf-
ficiency, which underlie the clinical features of this disease.

The most common feature of PSS is Raynaud’s phe-
nomenon, which often precedes the other clinical features
by many years. Skin involvement often manifests with
edema, followed by induration. The skin later becomes
tight and bound down (sclerodactyly), with resultant
contractures. This may be associated with hyperpig-
mentation and ulcerations, particularly over bone promi-
nences. Telangiectasia (dilated blood vessels) commonly
occurs on fingertips, lips, tongue, and face. Calcification
in the soft tissues (calcinosis) may develop in patients
with long-standing disease. Many patients present with
polyarthralgia, and small effusions are occasionally
detected. Muscle involvement, ranging from noninflam-
matory myopathy to a frank myositis, may develop.
Dysphagia is a frequent manifestation of the esophageal
dysmotility that occurs in a large number of patients with
PSS. Esophageal involvement may lead to esophagitis that
may result in strictures. Intestinal motility disorders asso-
ciated with diarrhea and malabsorption may occur.
Myocardial fibrosis may lead to significant myocardial
insufficiency, arrhythmias, cardiomyopathy, and sudden
death. The pericardium may also be involved. Dyspnea often
signifies pulmonary fibrosis or the onset of pulmonary
hypertension.

Renal involvement is a major cause of death in PSS. It is
typically manifested by the abrupt onset of malignant
hypertension, leading to rapidly progressive renal insuffi-
ciency. Renal disease and pulmonary hypertension in PSS
are the most ominous prognostic signs of this disease.137

Laboratory manifestations of PSS include anemia,
which is usually normochromic and normocytic, but in
cases of rapidly progressive renal failure, a microangio-
pathic hemolytic anemia occurs with a high frequency.
Many patients have an elevated ESR, and hypergamma-
globulinemia is common. Antinuclear antibodies occur in
30% to 90% of patients with PSS. These commonly give a
speckled pattern on human laryngeal tumor cell sub-
strates. Elevated peripheral renin activity levels have been
found in patients with PSS, even without clinically apparent
renal disease.

The course of the disease is quite variable. Patients with
the CREST (calcinosis, Raynaud’s phenomenon, esophageal
involvement, sclerodactyly, and telangiectasia) variant are
thought to have a more benign disease with a better prog-
nosis. Pulmonary hypertension and renal disease are indica-
tors of more severe disease and carry a grave prognosis.137

The diagnosis of PSS is based on the clinical manifestations.
The American College of Rheumatology has devised prelim-
inary criteria for the diagnosis of systemic sclerosis, deter-
mining proximal scleroderma as a major criterion and
sclerodactyly, digital pitting scars, and bibasilar pulmonary
fibrosis as minor criteria; one major or two minor criteria
are necessary for the diagnosis.138

Effect of Scleroderma on Pregnancy

The association of PSS and pregnancy is unusual, first
because PSS is a rare disease, and second because it often
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begins in the fourth or fifth decade, after the major child-
bearing years. Although some studies have found an
increase in the prevalence of infertility in women with
PSS,139-141 Steen and Medsger showed that there was no
significant difference in infertility rates in comparison
with a group with RA and neighborhood controls after
adjusting for other contributing factors.142 Similarly,
Sampaio-Barros and associates found that 79% of 150
women with PSS had a total of 406 pregnancies, an average
of 3.4 per patient.143 However, it is important to note that
364 of these pregnancies occurred before the onset of dis-
ease and, therefore, only 42 occurred after the diagnosis.

An increased incidence of spontaneous abortions in
women with systemic sclerosis was found in a case-
controlled study including healthy controls.144 These results
were supported by a study from Great Britain, which showed
both an increased rate of infertility and an increased inci-
dence of spontaneous abortions in women destined to
develop PSS.139,140 Other investigators have found fetal
deaths occurring in 14% of pregnancies, the majority in
the first trimester and before the onset of disease.143

Patients with PSS had higher rates of pregnancies ending
with perinatal deaths and more infants with low birth
weights than did the control populations. In a case-
controlled study, Steen and colleagues found no differ-
ences in the frequencies of miscarriage or perinatal death
between the patients with PSS and either those with RA or
a neighborhood control group.142 They did note, however,
a slightly increased rate of preterm births and small full-
term infants among their patients with PSS. In their
prospective study of pregnancy in PSS, Steen and col-
leagues documented miscarriages in 18% and prematurity
in 26% of all patients.141 Of note, more adverse outcomes
occurred in patients with diffuse PSS. However, Steen
suggested that “these risks of miscarriage or prematurity
should not discourage women from becoming pregnant.”145

Two reports highlighted the fact that even patients
with severe PSS may have successful pregnancies if their
complications are adequately treated.146,147

Effect of Pregnancy on Scleroderma

The early literature on PSS and pregnancy included
case reports describing patients with diffuse disease and
unfavorable outcomes, with worsening of disease during
pregnancy and maternal deaths.145,148 A review of case
series totaling 103 patients revealed that the disease began
during pregnancy in 9 patients, worsened during pregnancy
in 32 patients, was stable in 35 patients, and remitted in
11 patients.149 The one case-controlled study that addressed
the question of maternal morbidity was conducted by
questionnaire.144 Overall, maternal complications reported
on the questionnaires were neither more frequent nor
more severe in the patients with PSS than in the patients
with RA or in the neighborhood control group. A prospec-
tive study of pregnancy in PSS was reported in 1996.141

In this study of 67 pregnancies in 50 women with PSS,
symptoms remained stable in 61% of the pregnancies;
20% experienced improvement, usually in Raynaud’s symp-
toms; and the remainder noted worsening. Two women
had an end-stage renal crisis. In a more recent study,

58 (14%) of 406 pregnancies in a group of women with
PSS resulted in fetal death.143 Of interest, the majority
(50) of the 58 fetal deaths occurred before disease onset,
whereas only 8 occurred after diagnosis. Of course, this
may be a direct result of the lower number of pregnancies
in this population after disease onset.

Most authors agree that if PSS progresses rapidly,
with cardiac or renal disease, the effect of pregnancy
may be serious and may lead to sudden worsening of
renal function and death.150-152 In addition, esophagitis
is often aggravated by pregnancy, and therapy, includ-
ing elevation of the head of the bed and ingestion of
antacids or use of H2 blockers, is indicated. Raynaud’s
phenomenon usually improves during pregnancy, proba-
bly because of the peripheral vasodilatation characteristic
of pregnancy.153

It is clear from the case-control studies that pregnancy in
PSS is not as rare as was initially thought. Many patients
do well during pregnancy, whereas in some, disease exac-
erbation may be precipitated by the pregnancy. Therefore,
patients with PSS should be monitored closely, both by
the internist/rheumatologist and by the obstetrician, and
blood pressure and renal function should be evaluated
frequently.

Treatment

There is no effective treatment for PSS. Current modes of
therapy are aimed at suppression of the microvascular
abnormalities and inhibition of the processes that give
rise to overgrowth of collagen.135 Supportive measures
include patient education, avoidance of exposure to cold,
and use of physical therapy designed to preserve hand
function and minimize contractures.

Various pharmacologic agents are used in the treat-
ment of PSS. Antihypertensive agents, such as reserpine
and methyldopa, and a variety of vasodilators, especially
the calcium channel antagonists, have been used to con-
trol Raynaud’s phenomenon. Corticosteroids have only
a transient effect on the skin but may be useful in the
treatment of the myositis. Treatment of acid reflux with
antacids, H2 blockers, proton pump inhibitors, and meto-
clopramide for esophageal dysmotility is recommended
and may be continued during pregnancy. Patients with
severe renal disease may require dialysis.

Most of the pharmacologic agents used for PSS have
not been tried in pregnancy and should be avoided. In the
presence of rapidly progressive cardiac or renal disease,
immediate termination of pregnancy is recommended.

An anesthesia consultation before delivery may be
very beneficial because the pregnant patient with PSS
represents a particularly difficult challenge during
delivery. Physical limitations caused by contractures of
the skin, hips, and extremities can complicate the delivery.
The delivery room should be kept warm, as should
the intravenous fluids; in addition, thermal socks and
warm compresses should be used to minimize problems
caused by Raynaud’s phenomenon, which can occur
during labor and delivery.153 Post partum, the patient’s
blood pressure should be carefully monitored to alert
the physician to the onset of a renal crisis.
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In general, PSS has no impact on maternal and fetal
outcomes. The adverse outcomes described in earlier liter-
ature do not seem to be as frequent as once thought.
However, these patients should be attended by a perina-
tologist because of the higher risk of prematurity and
smallness for gestational age in infants. Appropriate
prepregnancy planning, coupled with close monitoring
and aggressive therapeutic intervention by both the obste-
trician and internist/rheumatologist, carries a higher
probability of a successful pregnancy outcome for both
mother and neonate.

POLYMYOSITIS/DERMATOMYOSITIS

Polymyositis (PM) is a diffuse inflammatory disease of
striated muscle with an estimated incidence of 1 per
280,000. It affects twice as many women as men, with a
peak incidence in the fifth and sixth decades. The origin
of polymyositis/dermatomyositis (PM/DM) remains
unknown, but there is evidence to support the role of
immunologic factors in pathogenesis.150

Clinically, PM/DM manifests with symmetric proximal
muscle weakness of variable intensity of either acute or
gradual onset, with or without the typical dermatomyosi-
tis rash. The latter is a dusky erythematous eruption on
the face, neck, and arms in association with a violaceous
rash over the eyelids. Other skin manifestations include
mucous membrane lesions, scaly lesions over the knuck-
les, bullous lesions, and exfoliative dermatitis. Raynaud’s
phenomenon is common. A mild arthritis occurs in about
one third of cases. Transient pneumonitis and pulmonary
fibrosis may occur. Cardiac manifestations include
rhythm and conduction disturbances. Myocardial inflam-
mation has also been described. Dysphagia, abdominal
pain, and, in rare cases, gastrointestinal hemorrhage
may occur. Renal involvement, however, is uncommon
in PM/DM.

Laboratory manifestations include an elevated ESR,
leukocytosis, and elevated muscle enzyme levels (creatine
phosphokinase, serum glutamic-oxaloacetic transami-
nase, and aldolase). Urinary creatine concentration is also
elevated. Serologic abnormalities include positive
rheumatoid factor and antinuclear factor in some
patients. Antibodies to Toxoplasma organisms have been
detected in patients with PM. An antinuclear antibody
specific for Jo-1 has been described in PM. Both elec-
tromyographic studies and muscle pathologic specimens
show characteristic features.

The diagnosis of PM is based on the clinical features of
muscle weakness with or without the rash, the enzyme
elevation, and the typical electromyographic and biopsy
findings.

Pregnancy in Polymyositis/Dermatomyositis

The rarity of PM/DM explains the paucity of literature on
the disease in pregnancy. The few reports that exist deal
mainly with a description of the clinical scenario and the
outcome. There are now 22 case reports of 32 pregnancies
associated with PM/DM.154-160 In one group of 17 cases,

the disease developed during pregnancy or in the immediate
postpartum period. In 12 of these cases, the mother’s disease
was active throughout pregnancy, and in the remainder,
the disease went into remission. There was one maternal
death. There were 10 healthy newborns, 1 premature birth,
2 spontaneous abortions, 2 neonatal deaths and 2 still-
births. In another group of 15 cases, the disease antedated
the pregnancy. Only one patient developed a minor flare
during the pregnancy. There were 12 healthy newborns,
1 neonatal death, 1 stillborn, and 1 spontaneous abortion.
There are no prospective studies of PM/DM during
pregnancy. Overall, of the 32 pregnancies reported, there
were 9 pregnancy losses (28%), which is similar to the rates
reported in SLE and PSS. Thus, despite the limited expe-
rience managing the disease in pregnancy, it appears that
the disease may have an adverse affect on the pregnancy.

Treatment of Polymyositis/Dermatomyositis

In addition to supportive measures, including rest, phys-
iotherapy, and analgesics, corticosteroids remain the
drug of choice in this disease. The dosage required is
often high, up to 1 mg/kg/day of prednisone. This therapy
results in improvement in both the clinical and the bio-
chemical changes in this disease, but the response tends
to be slow. The use of MTX and AZA has been reported
and is usually reserved for refractory cases.161 Both AZA
and corticosteroids have been used successfully during
pregnancy.

VASCULITIC SYNDROMES

The group of vasculitic syndromes comprises a broad
spectrum of uncommon diseases resulting from inflam-
mation and necrosis of blood vessels. This process may
involve vessels of different types, sizes, and locations,
characterized by various clinical manifestations with or
without identifiable precipitating factors. Recognition
and understanding of specific entities in this group have
been difficult because of the confusion surrounding
the classification of these disorders. The prevailing classi-
fication is complex but necessary not only for academic
reasons but also to provide a rational basis for therapy.
These diseases are so rare that most internists/rheumatol-
ogists and obstetricians never encounter a patient with
one of these conditions during a pregnancy. Only polyarteri-
tis nodosa (PAN) and Wegener’s granulomatosus are
discussed in detail, because there have been no reports of
pregnancy occurring in combination with any of the other
disorders.162

Polyarteritis Nodosa

The characteristic clinical manifestations of PAN are
those of systemic disease with multiple organ involve-
ment, resulting from necrotizing angiitis of small and
medium-sized muscular arteries, often in a segmental
manner. Patients present with fever, malaise, fatigue,
myalgias, and arthralgias. Hypertension is common.
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Abdominal pain (resulting from intestinal infarction),
mononeuritis multiplex, and evidence of coronary arteri-
tis may be present. Hematuria and casts, signifying renal
involvement with either vasculitis or glomerulitis, are
frequent. Skin manifestations include subcutaneous
nodules and purpuric rashes. Hepatitis may occur as a result
of liver involvement with vasculitis or may be related to
hepatitis B antigenemia. Other manifestations include
epididymitis or involvement of the ovaries or other parts
of the genitourinary tract.

Pathologically, the lesions consist of leukocytic infil-
trate, initially with polymorphonuclear cells and later
with mononuclear cells, in the vessel wall. Intimal prolif-
eration is followed by evidence of degeneration and necro-
sis of the vessel wall. Thrombosis, ischemia, and
infarction give rise to the various clinical manifestations.
Lesions at all stages of development are found simultane-
ously, and aneurysmal dilatation is common. Anemia,
eosinophilia, an elevated ESR, and hypergammaglobu-
linemia are commonly found, as are rheumatoid factor,
antinuclear factor, and hepatitis B antigen and antibody.
Immune complexes are thought to play a role in the
pathogenesis of PAN. One complex currently under inves-
tigation is the hepatitis B antigen-antibody complex.
Hepatitis C has also been associated with PAN.

The association of PAN with pregnancy is rare; only
13 cases of PAN and pregnancy have been reported.163-168

Seven of the cases resulted in maternal death, each in the
postpartum period. In all these patients, the onset of dis-
ease occurred during pregnancy or the early puerperium.
Another patient, in whom Churg-Strauss vasculitis was
diagnosed during her first pregnancy, had two subse-
quent spontaneous abortions and presented during her
fourth pregnancy with an exacerbation of the disease,
which proved fatal.167 The five patients who survived had
received diagnoses and were treated before pregnancy.
The fetal outcomes were good, and 10 infants survived.
However, vasculitis in an infant of a woman who had a
long history of cutaneous polyarteritis nodosa was
reported.169 The development of PAN in pregnancy may
be confused with toxemia, but a fulminating diastolic
hypertension in the presence of multisystem involvement
should alert the clinician to the possibility of PAN.

The treatment of choice for PAN is high-dosage pred-
nisone therapy. There are reports suggesting that cytotoxic
medications may be helpful, particularly in aggressive
renal disease and hypertension.170,171 In the rare cases of
the association of pregnancy with PAN, prompt diagnosis
and treatment with control of the underlying disease is
important. Therapeutic termination of pregnancy is indi-
cated only for prevention of teratogenic side effects from
cytotoxic drugs, but it does not appear to be necessary to
ameliorate disease activity.163

Wegener’s Granulomatosis

This entity has a distinctive clinicopathologic complex of
necrotizing granulomatous vasculitis of the upper and
lower respiratory tracts, necrotizing glomerulonephritis,
and a variable disseminated small-vessel vasculitis. The
clinical features include severe paranasal sinusitis,

nasopharyngeal ulceration with nasal septal perforations
and saddlenose deformity, and pulmonary infiltrates,
occasionally with cavitation. Proteinuria, hematuria,
and red blood cell casts with ensuing renal failure are
the hallmark of generalized Wegener’s granulomato-
sis. Skin involvement, with papules and ulcerations, is
common. Coronary vasculitis and pancarditis, various
ocular manifestations, and both cranial and peripheral
nerve involvement occur in a large number of patients.
Anemia, leukocytosis, hypergammaglobulinemia, and
elevated ESR are characteristic laboratory features of
Wegener’s granulomatosis.172 The presence of the anti-
neutrophil cytoplasmic antibody directed against pro-
teinase 3 is both sensitive and specific for Wegener’s
granulomatosis.172,173

Eighteen cases of Wegener’s granulomatosis have been
reported in relation to pregnancy.174,175 In five patients,
Wegener’s granulomatosis was diagnosed before preg-
nancy, and all had healthy babies; only one pregnancy
was complicated by preeclampsia. In five other patients,
the diagnosis was made during pregnancy. Of these, one
resulted in a therapeutic abortion at 13 weeks, and
one neonate died at 1 month. One mother died 1 month
after delivery, one required hemodialysis, and the other
mothers experienced improvement. All were treated with
oral corticosteroids, four also had oral cyclophosphamide,
and one was given AZA therapy. Three patients in whom the
disease was diagnosed after delivery did well. It appears
that, as in PAN, if the underlying disease is under control
at the time of conception, pregnancy has no deleterious
effect on the disease and the disease has no adverse effect
on the mother or infant.

The treatment of Wegener’s granulomatosis is cur-
rently based on a combination of adequate steroid dose
and oral cyclophosphamide.172,176 Because of the paucity
of cases, it is impossible to develop guidelines for treatment
during pregnancy. However, because the disease may other-
wise be fatal, the use of cytotoxic medications even during
pregnancy may be indicated.

ANTIRHEUMATIC DRUG THERAPY AND
REPRODUCTION

Any assessment of the patient with rheumatic disease
who is contemplating a pregnancy requires careful con-
sideration of past medication exposure and current
pharmacologic therapy. Most drugs can be used while
the patient is attempting to conceive, but some must be
discontinued months before conception, and yet others
merely require discontinuation once conception is con-
firmed. The use of specific agents varies, depending on
the disease and its manifestations. This section reviews
current medications used in treating most rheumatic
disorders with some reference to their use in specific dis-
eases. The safety profile of the various drugs is indicated
with reference to the U.S. Food and Drug Administration
safety ratings of drugs in pregnancy (Table 20–2). In addi-
tion, in certain instances, the internist must be aware of
the implications of administering these medications to
a patient trying to conceive. Specific reference is made to
these issues as necessary.
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Nonsteroidal Antiinflammatory Drugs

The drugs most commonly used in the treatment of most
rheumatic diseases are NSAIDs, which inhibit cyclooxygen-
ase, thereby blunting the inflammatory response. They
are the mainstay in the day-to-day treatment of RA and
are used frequently for any disease characterized by arthritis.
With the over-the-counter availability of some of these
agents, it is especially important that both the internist
and obstetrician be aware of all medications that the
patient might be taking, prescribed or self-administered.

Many NSAIDs can actually contribute to difficulties
conceiving, by inhibiting the prostaglandin-dependent
event of follicular rupture and thereby preventing the
release of the oocyte from the follicle.177 In these cases,
luteinization and oocyte maturation remain unaffected.
Prostaglandins are also important in the motility of the
fallopian tubes. Theoretically, NSAIDs could alter this
function by inhibiting motility and the passage of the
oocyte down the fallopian tube.178,179 These effects might
occur in a woman with RA who is dependent on the use of
a nonsteroidal agent. Although any NSAID is capable of
inhibition of the ovulatory event, indomethacin has been
the agent most often studied.177

The use of aspirin in pregnancy, particularly the low-
dose formulation of 80 mg, has become fairly common.
The 80-mg dose has been used to prevent pregnancy loss,
preeclampsia, and other adverse pregnancy out-
comes.103,180 Evidence supporting such use is still far from
conclusive, but there appears to be little risk in using this
dose during pregnancy. A metaanalysis found an increase
in the incidence of gastroschisis (from 1 per 100,000 to
1 per 1000) in neonates exposed to aspirin during the first
trimester.184 This side effect, however, is nonetheless very
uncommon, which further attests to the safety profile of
aspirin at this dosage. Aspirin is capable of prolonging
labor and can complicate delivery with an increase in
antepartum and postpartum bleeding. For this reason,
aspirin has a Food and Drug Administration rating of
C/D when used in the third trimester. These problems can
be avoided by discontinuing the aspirin at least 4 weeks
before the expected delivery date.

Approximately 0.1% to 21% of the dose of aspirin
reaches the infant through breast milk. This appears to be
of concern only in high doses. The American Academy of
Pediatrics (AAP) recommends both that aspirin be used
cautiously and that breast-feeding mothers avoid high
dosages.185

Most other NSAIDs have been used infrequently in
pregnancy; therefore, there is little in the literature regard-
ing their safety. Among those most studied are naproxen,
ibuprofen, and indomethacin. Naproxen and ibuprofen
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A Controlled studies show no risk
B No evidence of risk in humans
C Risk cannot be ruled out
D Positive evidence of risk
X Contraindicated in pregnancy

TABLE 20–2 U.S. Food and Drug Administration
Classification of Drugs in Pregnancy

appear to have the best safety record. The fetal risk is clas-
sified as category B, but when these drugs are used in high
doses, the risk is classified as category C. During parturi-
tion, these drugs are classified as category D because of
increased risks to the baby, such as intracranial hemorrhage
at delivery, premature closure of the ductus arteriosus,
and impaired renal function, as evidenced by a decrease in
amniotic fluid volume. It is recommended that NSAIDs
be discontinued 6 to 8 weeks before the expected delivery.
It is best to plan with the patient to start to decrease
the dose of the drug at approximately the 25th week
and to discontinue these agents between the 28th and
32nd weeks.

The AAP considers naproxen and ibuprofen to be com-
patible with breast-feeding. Again, the lowest effective
dose should be used.

The side effects regarding reproduction and pregnancy
of the traditional NSAIDs, naproxen and ibuprofen, are
shared by the newer cyclooxygenase 2 specific inhibitors,
celecoxib and rofecoxib. These include potential
inhibitory effects on ovulation, fallopian tube motility,
and inhibition of blastocyst implantation during the time
of conception.186-189 With regard to pregnancy, the
cyclooxygenase 2 inhibitors share the tocolytic effects of
naproxen, ibuprofen, and indomethacin, as well as the
adverse effects on renal blood flow.190 The latter occurring
in the fetus therefore affect amniotic fluid volume, as do
the less specific cyclooxygenase inhibitors. These findings,
however, have all been demonstrated in animal studies,
inasmuch as there is little experience in humans.
Although there appears to be little risk should concep-
tion occur while the patient is taking cyclooxygenase 2
inhibitors, too little experience exists to support the use
of these agents in pregnancy.

Antimalarial Agents

The antimalarial class of drugs is used extensively in both
RA and SLE. In RA, they are considered convenient and
safe second-line agents. In SLE, they are used for the man-
ifestations of arthritis and dermatitis. The major side
effect is retinal toxicity, necessitating 6- to 12-month
assessments by an ophthalmologist. Although chloro-
quine has been used extensively in the treatment of either
condition, the more common agent is hydroxychloro-
quine, which presumably has less retinal toxicity. The
antimalarial agents are long-acting drugs requiring about
6 to 12 weeks before any effect can be clinically detected.

The literature supports the use of antimalarial agents
during pregnancy in patients with RA or SLE.30

Khamashta and coauthors described a case-control study
of 36 pregnancies in patients with SLE who took hydroxy-
chloroquine.191 Of the 36 pregnancies exposed to hydroxy-
chloroquine, 31 resulted in live births, a frequency similar
to that of the control group. Both Parke and Levy
and associates described their experience and that of
others supporting the use of hydroxychloroquine in
pregnancy.33,35 In a survey study of 78 SLE experts in
North America and the United Kingdom, Al-Herz and
associates found that 69% of respondents continue
antimalarial therapy during pregnancy.30 None of these



physicians ever noted any fetal toxicity, nor was a pregnancy
ever terminated unless requested by the patient. Of the
respondents, 63% advised continuation of the drugs post
partum in breast-feeding mothers. In a follow-up study
of 21 children born to mothers who had taken an anti-
malarial drug during pregnancy, Klinger and colleagues
found no evidence of ocular toxicity.192 These authors
concluded that antimalarial drugs taken during pregnancy
do not appear to pose a significant risk of ocular toxicity
to the offspring. With regard to breast-feeding, hydroxy-
chloroquine has been deemed compatible by the AAP. In
conclusion, antimalarial drugs can be used in pregnancy
because the risk of disease exacerbation on withdrawal of
the drugs exceeds any risk of fetal toxicity by continuing
treatment.

Corticosteroids

Corticosteroids, most notably prednisone, are commonly
used in the treatment of many rheumatic diseases. In
many cases, their use is essential for gaining rapid control
of a life-threatening disease process. Patients with RA
respond to low dosages of prednisone, because the syn-
ovitis of this disease is very sensitive in most cases to cor-
ticosteroids; it is unusual to require more than 20 mg of
prednisone daily to control the arthritis. Dosages in the
range of 5 to 10 mg per day are typical.

In SLE, the prednisone dose tends to be higher, because
disease manifestations are less sensitive. In patients with
minor organ disease such as arthritis, dermatitis, or serosi-
tis, dosages in the range of 20 to 40 mg of prednisone per
day usually suffice. Major organ disease, including renal
and CNS involvement, are more commonly treated with
40 to 80 mg of prednisone per day. There is no indication
to increase the dosage of prednisone routinely post partum
in women with SLE unless there is a flare of the underlying
disease. The appropriate dosage of prednisone for the
patient is the minimally effective dosage.

The use of prednisone in pregnancy is associated with
few side effects on the fetus. The drug must be used if the
maternal clinical condition warrants its use regardless of
the pregnant state. Maternal side effects of prednisone are
usually proportional to the dosage used. In pregnancy,
hypertension and diabetes mellitus are the more common
side effects. In a double-blind, randomized, controlled
trial, Laskin and coauthors found the incidence of hyper-
tension to be 13% and that of diabetes mellitus to be 15% in
the prednisone-treated group, in comparison with 5% for
both of these disorders in the placebo-treated group.97 The
other side effects of corticosteroid use, including cushing-
oid features and loss of bone mass, occur in pregnancy, as
they would in the nonpregnant woman.

Fetal side effects are few and are not of major concern.
Case-control studies have shown a small but significant
increase in orofacial clefting in the children of mothers
treated with corticosteroids in the first trimester.193,194

A metaanalysis showed the prevalence of orofacial cleft at
1 per 400, in comparison with the 1 per 800 expected in
any pregnancy.195 The risk of this congenital anomaly
is still very low, but when prednisone is prescribed to the
mother, she must be informed of this risk. Counseling such

a patient must also include an explanation of the risk
involved in not taking corticosteroids. In addition to the
small risk of orofacial clefting, there was an increase in
premature births in mothers treated with steroids.195

Laskin and coauthors found premature births, at 37 weeks
and earlier, in 62% of the prednisone-treated group, in
comparison with 11% of the placebo-treated group.97 All
the neonates, however, were appropriate size for gesta-
tional age. Although prednisone is class D when used in
the first trimester, the physician must weigh the risks to
the mother of avoiding the drug against the low risk of
fetal toxicity.

The AAP classifies prednisone as compatible with breast-
feeding. There is minimal neonatal exposure with maternal
dosages up to 40 mg of prednisone daily.

Sulfasalazine

Sulfasalazine is the only drug originally developed for the
treatment of RA.196 Although initial studies were not suc-
cessful, it has been used effectively since the early 1980s in
the treatment of RA. Its use in pregnancy is reported most
extensively in patients with inflammatory bowel disease,
for whom it appears to be safe.197-199 There are no reported
problems with fertility in women treated with sulfasalazine.
In contrast, men treated with sulfasalazine often are
found to have low sperm counts with low motility. At
least 2 months are necessary to correct this condition
after drug withdrawal.200-201

In spite of levels in breast milk of 40% to 60% of the
maternal concentration, most neonates exhibit no adverse
effects breast-feeding from mothers treated with sul-
fasalazine.202 There is a report of bloody diarrhea in one
infant exposed to sulfasalazine in breast milk.203 Because
of this latter report, the AAP classifies sulfasalazine as a
drug to be administered to breast-feeding mothers with
caution.

Azathioprine

AZA is an immunosuppressive agent often used in the treat-
ment of more severe manifestations of certain rheumatic
disorders. It is used extensively for its corticosteroid-sparing
properties, which allow lower doses of corticosteroids to be
used in a patient treated with AZA. Of all of the immuno-
suppressive agents, AZA appears to be the safest one to be
used in pregnancy. Although AZA almost freely crosses
the placental barrier, the fetal liver lacks the enzyme
to convert AZA to 6-mercaptopurine, the active metabo-
lite of the drugs204; therefore, the fetus is not exposed to
6-mercaptopurine, and this is to be protective for the fetus.
There have been no reports of congenital anomalies in the
offspring of women with SLE treated throughout their
pregnancies with AZA.205 Although some sporadic anom-
alies have been reported, including spontaneous abortions,
intrauterine growth restriction, and prematurity, the abnor-
malities might just as easily be attributed to concurrent
medication or the underlying disease in the mother.197,204,206

The benefit of AZA in improving pregnancy outcome
in women with SLE supports the use of this agent in
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pregnancy when coupled with the low probability of con-
genital anomalies.38

There are few data regarding the safety of breast-feeding
in women treated with AZA. It is known that AZA is
secreted in breast milk, but because of the lack of data,
the AAP recommends that mothers not breast-feed when
taking AZA.

Methotrexate

MTX is a folic acid antagonist that has been used with
great success in treating RA. It has been used to a lesser
extent in the treatment of SLE. MTX use in pregnancy has
been implicated in causing spontaneous abortions as
a result of its embryotoxicity. Indeed, MTX is used almost
routinely as an abortifacient, particularly in the treatment
of an ectopic pregnancy. The drug is well known to cause
numerous fetal anomalies and has been associated with
intrauterine growth restriction.38,204 For these reasons,
MTX is not to be used in pregnancy. Many authorities
recommend that, if a woman taking MTX becomes
pregnant, the pregnancy be electively terminated.

Because MTX binds to maternal tissues, it is recom-
mended that it be discontinued 3 months before the
woman conceives. A similar recommendation is given to
men taking MTX who are planning a pregnancy. Although
there are currently no reports of adverse pregnancy out-
comes despite paternal exposure to MTX before concep-
tion, until better evidence exists, both men and women
should avoid MTX for three months before attempting to
conceive.207

Although MTX is excreted in breast milk to only a small
degree, there is concern that it may bind to neonatal tissues
with subsequent accumulation and toxicity.208 Because
of this potential toxicity, the AAP regards MTX as con-
traindicated in breast-feeding mothers.

Cyclophosphamide

Cyclophosphamide is a cytotoxic, alkylating agent used
in the treatment of severe major organ disease in SLE
and vasculitis. It is known to be embryotoxic and is asso-
ciated with many fetal anomalies after exposure in the
first trimester. It is teratogenic in early pregnancy but
does not appear to be associated with anomalies if used
in the second or third trimester. The drug should be
avoided during pregnancy unless it is necessary for a life-
threatening problem in the second or third trimester.
Even under those circumstances, the mother must be
counseled about the potential risks to both herself and
her unborn child. Similarly, cyclophosphamide is con-
traindicated during breast-feeding because of the risk of
neutropenia, immunosuppression, growth disturbances,
and potential carcinogenesis in the newborn.38,208

Leflunomide

Leflunomide is a pyrimidine synthesis inhibitor used in
the treatment of active RA. The active metabolite has

a half-life of 2 weeks. The drug is in class X and is con-
traindicated in pregnancy because of dose-related terato-
genicity and embryotoxicity when administered to
animals in equivalent human dosages.38 The drug should
not be given to a woman until pregnancy has been ruled
out. Furthermore, she should be taking an effective con-
traceptive. Leflunomide is of sufficiently low molecular
weight that it is probably crosses the placental barrier,
but this has not been confirmed, and the consequences of
the drug in the fetal circulation are unknown at this time.
The concern about this drug in both men and women
contemplating a pregnancy is sufficient that the manu-
facturer has devised an elimination protocol in the case of
inadvertent pregnancy or if pregnancy is contemplated,
because it may take up to 2 years to eliminate the drug
and for levels to become undetectable. Unfortunately,
the elimination protocol probably is clinically ineffec-
tive if the woman is already pregnant; most physicians
therefore advocate termination of the pregnancy in this
circumstance.

There is no information regarding breast-feeding during
leflunomide therapy. However, in view of the great concern
regarding possible side effects, breast-feeding should
probably not be undertaken. There is no recommendation
from the AAP regarding leflunomide at this time.

Etanercept

Etanercept is a TNF-α inhibitor used in the treatment
of RA. There are very few data on use of the drug in
pregnancy other than a few case reports in the product
insert and some animal studies.209 In the animal studies,
in which 60 to 100 times the dosage in humans was used,
no fetal anomalies resulted. The human case reports also
indicate that the agent does not appear to be teratogenic.
Until further experience is reported, etanercept should
be avoided during pregnancy. Similarly, there is insuffi-
cient information available to recommend the use of this
drug in the breast-feeding mother.

Infliximab

Infliximab is another TNF-α inhibitor used in the treat-
ment of active RA. Only a few abstracts have been pub-
lished; they indicated that no anomalies occurred in women
who became pregnant while taking infliximab.209,210 Animal
studies using up to 10 times the human dosage failed to
show any adverse fetal effects. However, because so few
data are available, this drug should not be used during
pregnancy at this time. It therefore follows that that there
are also few data available about the use of infliximab in
breast-feeding. Hence, women taking infliximab should
not breast-feed.
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The importance of the immune system is evident from
acquired immunodeficiency syndrome, the disease

that destroys it. If an organism’s immune system cannot
distinguish nonself from self, and, thus, reject nonself
that is dangerous (e.g., pathogens), the organism dies.
However, the reproduction of mammals requires a certain
degree of “tolerance” for nonself. The gametes of the male
are foreign to the female, and conceptus resulting from
sperm fertilizing the oocyte is 50% foreign DNA. The sur-
vival of the embryo during gestation has been viewed as
a paradoxically successful allograft (because the male is
foreign by virtue of individual specific alloantigens
expressed on the surface of male cells),1 as a successful
tumor,2 and as a typical symbiotic host-parasite relationship
in which the fetus is the parasite that can be terminated
if the life of the mother is threatened.3

The success of reproduction is currently believed to
depend on (1) special properties of fetal trophoblast cells
that are “foreign” to, but are species compatible with, the
mother3,4 and (2) a degree of compromise of the mother’s
defense mechanisms, minimizing the chance of rejection
of the intrauterine fetoplacental unit as an “innocent
bystander.”5,6 Alterations in the defense system occur as local
phenomena in the uterus and as systemic changes that may
be beneficial (e.g., rheumatoid arthritis remits) or harmful
(e.g., certain severe infections, including those that lead to
infertility, miscarriage, or premature parturition, occur).3,6-13

Conversely, lack of local or systemic compromise can lead to
problems such as infertility, clinical miscarriages, pregnancy
gestosis (preeclampsia), and premature labor in the absence
of a specifically identified agonist.3,7-12

The objective of this chapter is to describe the current
understanding of local and systemic alterations linked to
the success of pregnancy and what may go wrong to cause
disease.

BRIEF SUMMARY OF
THE IMMUNE SYSTEM

Host defense mechanisms that preserve the integrity of
the organism consist of sets of cells and molecules with
special functions. Preserving the organism’s integrity

requires an ability to recognize a threat (i.e., danger).14

Such threats usually come from outside the organism and
manifest at a cutaneous or mucosal surface. Not surpris-
ingly, the skin is a particularly effective site for inducing
an immune response to a foreign protein (i.e., antigen),
and lymphomyeloid cells that mediate host defenses are
present in significant numbers at the interface between
inside and outside.15 This is particularly evident in mucosal
tissues, in which some of the lymphocytes and precursors
of antigen-presenting cells (APCs) may reside within the
epithelium (intraepithelial lymphocytes).16-19 At mucosal
sites, such as the intestine, a particularly high concentration
of “antigen” in the form of food, yeast, and bacteria exists.
If the host’s immune system were to respond to such anti-
gens, the host would quickly turn into a large ball composed
mainly of immune system cells. Thus, a distinction must
be made so that responses develop against only what is
dangerous, and there must be control mechanisms to
allow the host to tolerate the presence of innocuous but
foreign material.14

The term immune system usually refers to antigen-specific
thymus-derived (T) lymphocytes responsible for cell-
mediated immunity and bone marrow–derived (B) lym-
phocytes that make antibodies.19 The function of these
cells depends on antigen processing and presentation.
Various cell types can present antigen, but macrophages
and, in particular, a subset of phagocytic cells that mature
into dendritic cells are particularly important. It is now
clear that the antigen-specific immune system is merely
a more specific targeting system developed by vertebrates,
and its function is controlled and regulated to a major
extent by lymphomyeloid cells, which constitute the
innate or natural immune system.19 When inflammation
ensues, the vascular and blood coagulation systems are also
involved. A schematic diagram illustrating this division of
labor is shown in Figure 21–1.

The most primitive defensive cells are phagocytic and
participate in the inflammatory response; they include
macrophages and polymorphonuclear leukocytes. Related
molecules include those of the coagulation system and
complement series of enzymes that attract inflamma-
tory cells and that provide binders, such as C3b, which
attach to invaders and secure them to C3b receptors on
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phagocytic cells.19 At a slightly more advanced level of evo-
lution of innate defenses, natural killer (NK) cells provide
a rapid initial response to infection and have surface recep-
tors, known as killer inhibitory receptors, for major histo-
compatibility complex (MHC) self molecules, which inhibit
killing of the organism’s own cells.20 The vertebrate classical
immune system adds T lymphocytes that have the addi-
tional property of “memory,” resulting in a more rapid
response on second exposure to the same foreign antigen
and a distinct change in circulation pattern after education
by antigen.

Of the T cells, some have classical αβ receptors that
recognize eight– or nine–amino acid peptides presented
in the groove of MHC self molecules. Triggering requires
coreceptor interactions between CD8 and class I MHC
and between CD4 and class II MHC; several other types of
adhesion receptor–ligand interaction may also act to
strengthen the binding so that a sufficient T cell receptor
occupancy is achieved to activate the cell.19 A second signal
is then required, or the T cell dies; the second signal can
be provided by two pathways. A subset of macrophage-
like phagocytic cells processes antigen at the initial site of
encounter and then migrates via blood or lymphatic ves-
sels to the spleen and lymph nodes, where they mature
into very powerful APCs, called dendritic cells.21 These cells
express antigen on the surface of their dendrite-like
processes, which is an efficient way to optimize delivery of
the first signal. Dendritic cells (see APC in Fig. 21–1) also
express surface molecules, such as B7, which interacts
with CD28 on the T cell, and CD40 ligand, which inter-
acts with CD40, and a variety of other adhesion ligand-
receptor pairs; these interactions deliver the second signal.

Once the second signal is received, T cell growth and dif-
ferentiation into effector cells can occur in response to
small peptides in the milieu called cytokines. There are
second signals that either turn off the system, as in B7
interaction with CTLA4 (present on certain T cells)22 or
deliver signals that lead to “tolerance.” An example of this
latter signaling is provided by the OX-2, now designated
as CD200, a molecule that is expressed on subpopulations
of “dendritic” APCs, as well as on fetal trophoblast cells and
on as yet-unidentified cells in uterine decidua23,24. CD200 +
antigen stimulates certain types of T cells to act as “sup-
pressor T cells” by release of the cytokines interleukin
(IL)–10 and transforming growth factor (TGF)–β.23,24

CD200 can also bind to small activated antigen-presenting
macrophages and stimulates production of indole amine
2,3-dioxygenase (IDO) which degrades the essential
amino acid tryptophan25; αβ T cells reacting to antigen on
such macrophages are thought to die.

A second type of T cell has γδ receptors, and cells of this
type are rendered immunosuppressive by CD200 + anti-
gen.22,24,25 A significant portion of such cells develop in
the absence of a thymus gland, need not express CD4 or
CD8, have receptor specificity dictated by germline genes
(and thus are said to be canonical), and clearly belong to
the innate resistance system because they respond rapidly
to antigen, show little evidence of “memory,” and devel-
oped before the evolution of vertebrates26,27. Most γδ
T cells reside at mucosal and epithelial surfaces and do
not recirculate. Some γδ T cells recognize antigen in the
absence of an APC and can bind to complex carbohydrate
antigens as well as low-molecular-weight phosphoanti-
gens and heat shock proteins; heat shock proteins are
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Figure 21–1. Potential responders to external
“danger” presenting at an epithelial surface, such as
the female genital tract. Other mucosal surfaces,
such as gut and lung, have phagocytic macrophage
cells within the epithelium to sample luminal contents.
APC, antigen-presenting cell; B cell, bone marrow–
derived immunocompetent lymphocyte; LC, lympho-
cyte; NK, natural killer; T cell, thymus-derived
lymphocyte in the classical sense, but term is cur-
rently used for any cell expressing T cell receptor
(TCR) for antigen on its surface, including NK/T,
TCR αβ, and TCR γδ (a proportion of which develop
without the need for a thymus).



expressed by damaged cells. This type of recognition is
similar to but more specific than that exhibited by NK
cells and macrophages. γδ T cells can also recognize non-
polymorphic MHC antigens, such as human leukocyte
antigen (HLA)-G and HLA-E and CD1 in the mouse.26,27

Although peptides associated with the antigen-binding
groove on MHC molecules can modify recognition by γδ
T cells, the γδ receptor does not directly recognize or bind
to peptides in the groove. The recognition repertoire of γδ
T cells differs among various subsets defined by which of
the nine γ chains is used; importantly, the γ1 chain defines
a unique T cell subset that can recognize and react to
trophoblast cells.28

Activated T cells of the αβ and γδ type may exhibit
antigen-specific killing, may produce cytokines that
enhance or suppress inflammation, and may “help” B cells
become mature plasma cells that secrete the B cell receptor
in the form of antibody molecules.19 Antibody molecules
increase the probability of an interaction with antigen,
can be secreted at mucosal surfaces to prevent passage of
antigen across and into the organism (e.g., immunoglob-
ulin A [IgA]), and can interact with receptors of phago-
cytic cells and with complement components. Antibody
usually does not bind the small peptides seen by αβ T cell
receptors but instead reacts with large proteins, peptides,
and carbohydrates. The γδ T cell receptor for antigen is
similar in many respects to antibody.26 However, antigen
recognition by γδ T cells may be restricted by CD1, as
mentioned earlier. γδ T cells at mucosal surfaces commonly
express NK cell markers, which has led to the suggestion
that γδ T cells may represent an intermediary step in
development between NK cells and αβ T cells (which are
present only in vertebrates).26,27

The αβ T cell system is destroyed by human immuno-
deficiency virus infection, and the consequences underline
the importance of αβ T cells, particularly type 1 helper T
(Th1) cells for inflammation/cell-mediated immunity
and type 2 helper T (Th2) cells for antibody responses
(Table 21–1).19 However, resistance during the initial
stages of infection is mediated by the innate resistance
system, which includes macrophages, NK cells, and natu-
ral T cells. Natural T cells may be αβ or γδ, bear activation
receptors of NK cells, and act immediately, without the
need for a preliminary proliferation step, as part of the
normal immune response.27,29-32 Recognition of these cell
types is preprogrammed and may include production of
proinflammatory cytokines of the Th1 variety (e.g., IL-1,
IL-12, interferon-γ [INF-γ], tumor necrosis factor [TNF])
in response to particular archetypal motifs on pathogens
or Th2 reactions (e.g., IL-4, IL-10) in response to other
patterns and motifs.30

As explained earlier, activation of conventional αβ
T cells involves recognition of antigen (short eight– to
nine–amino acid peptides) bound to a groove of the
organism’s own MHC antigens, but the nature and vigor
of the response seem to be determined by the innate sys-
tem. Activated αβ helper T cells exposed to IFN-γ and
IL-12 develop into Th1-type cells, and those exposed to IL-4
develop into Th2-type cells.19,32 The role proposed for the
innate system is to recognize and respond immediately to
what is “dangerous” and to direct the subsequent response
to the αβ T cells of the adaptive immune system.30
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Effector Distinctive Common/Shared 
Classification Cytokines Cytokines

Th0 Any Th1 + any Th2 + —
shared cytokines

Th1 IL-2, IFN-γ, TNF-β, IL-3, IL-6, GM-CSF,
IL-12, IL-15, TNF-α
IL-17, IL-18

Th2 IL-4, IL-5, IL-6, IL-9, IL-3, GM-CSF, 
IL-10, IL-13 ± TNF-α

Th3 TGF-βs Unknown

Data from Janeway CA Jr, Travers P: Immunobiology, 3rd ed. New York, Garland
Publishing, 1997, and from Mosmann TR, Sad S: The expanding universe of
T-cell subsets: Th1, Th2, and more. Immunol Today 1996;17:138-146, and
updated from the literature to 2003.
GM-CSF, granulocyte-macrophage colony–stimulating factor; IFN, interferon;
IL, interleukin; TGF, transforming growth factor; Th1, Th2, and Th3, helper
T cell types 1, 2, and 3; TNF, tumor necrosis factor.

TABLE 21–1 Th1, Th2, and Th3 Cytokines

The requirement for such direction may explain, in part,
why the organism may have circulating αβ T cells to its
own self antigens and yet not mount a self-destructive
immune response.14 A good example of “danger” is bacterial
lipopolysaccharide (LPS) (or endotoxin). Chronic injection
of strains of mice that do not ordinarily develop autoanti-
bodies can lead to production of these strains in sufficient
quantities to be pathogenic.33 Antibody responses are
usually linked to production of Th2 cytokines. LPS also
stimulates production of proinflammatory Th1-type
cytokines, such as TNF-α, and IFN-γ, and increases
expression of B7 on APCs. The lipid A of LPS associates
with a plasma LPS-binding protein, binds to the CD14
molecule on APCs, and is then “presented” to Toll-like
receptor.34 Toll-like receptor then delivers the activating
signal to the APC. At least nine Toll-like receptor recep-
tors have been identified, and each has a different speci-
ficity that determines its ability to react with particular
pathogen-associated molecular patterns. Lipid A binds in
mice to Toll-like receptor 4, bacterial flagellin to Toll-like
receptor 5, double-stranded RNA to Toll-like receptor 3,
and bacterial DNA to Toll-like receptor 9. It is not known
whether all Toll-like receptor ligands are presented via
CD14. Expression of CD14 depends on coexpression on
the cell of the MD-1 molecule, and inhibiting MD-1
expression diminishes both αβ T cell responses to antigen
and responses to LPS.35 Although production of
cytokines such as TNF-α result from this signaling,36 it
appears that the ability of cytokines such as TNF-α to act
optimally on a target cell bearing a TNF-α receptor
requires the presence of a Toll-like receptor signal; TNF-α
cannot produce shock without LPS, and blocking CD14
via inhibition of MD-1 prevents responses to TNF-α.35,37

The importance of these interactions in pregnancy are
explained later.

Danger signals, when present, do not invariably lead to
harmful responses. This has two explanations: (1) The
individual may not have αβ T cells specific for epitopes on
self antigens to which effector cells (cytotoxic T lympho-
cyte or helper T cell) must be generated to inflict actual
damage on an organ, or (2) there may be mechanisms that
promote “tolerance” via active suppression through IL-4
and IL-10. Some Toll-like receptor ligands stimulate Th2



rather than Th1 cytokine production.38 Mucosa-associated
T cells may also produce TGF-βs, which are potent
immunosuppressants; these T cells have been called Th339

and may be responsible for nonreactivity in the intestine
(i.e., oral tolerance) to the many antigens that are normally
associated with intestinal contents (i.e., food antigens).
CD200 may also exert a direct inhibitory effect on the
response of cells to Toll-like receptor ligands.

One of the best experiments demonstrating the physi-
ologic importance of suppression by T cells in preventing
autoimmune disease promotion by normal levels of
endogenous danger signals were those involving neonatal
thymectomy in mice.40 Thymectomy on day 1 of life (but
not later) leads to autoimmune oophoritis by removing
the suppressor T cells specific for autoantigen in this tissue
before they emigrate from the thymus to the periphery.
Antibody to antigen can also inhibit T cell responses,19

but because antibody does not normally bind to the peptide
in the groove of the MHC on the APC, a direct competition
for the same epitope that is seen (i.e., recognized) by
T cells is unlikely to occur. Anti-MHC antibody may steri-
cally interfere with T cell recognition (i.e., blocking
antibody) but usually only in the artificial setting of
transplantation of allogeneic tissue.

There are several pathways by which a pathogen can take
advantage of the phenomenon of tolerance. A foreigner can
be invisible (i.e., express no recognizable antigens or signal
1 or fail to induce, through Toll-like receptor, the upregu-
lation of signal 2 molecules on APCs), can be invulnerable
(i.e., resist mechanisms that normally kill foreigners; such
resistance is similar to evasion mechanisms exhibited by
successful bacterial pathogens), or can inhibit (i.e., actively
suppress of any attack).41 Both antibody and T cells can

“turn off” (i.e., suppress) inflammation and antigen-specific
rejection responses, and this provides an opportunity for
a parasite to inhibit rejection indirectly. The mammalian
embryo is a type of parasite that appears to peacefully
coexist with the immunocompetent mother, notwith-
standing direct contact with maternal uterine tissues, and
it is this type of parasitic relationship that is the focus for
the remainder of this chapter.

STAGES IN THE PARASITE’S LIFE CYCLE

Figure 21–2 illustrates early events in mammalian repro-
duction. Gametes bear antigens to which the female can
respond.42 In a female with autoimmunity to the zona pel-
lucida that envelopes the oocytes, infertility may develop
as a result of autoimmune oophoritis.43 This can lead to
premature menopause. Removal of the thymus of mice on
day 1 of life (but not on day 2) can lead to spontaneous
oophoritis, and grafting day 1 thymocytes to thymec-
tomized neonates restores protection of the oocytes.40

This suggests that suppressor T cells specific for ovarian
autoantigens mature and leave the thymus between days
1 and 2 after birth, and thymectomy therefore prevents
them from doing so; these are probably αβ T cells. A sim-
ilar autoimmune infertility can be created by thymec-
tomizing male mice.39 Gamete antigens are also thought
to be sequestered; that is, they are not normally presented
by an APC to the T and B cells of the host. Trauma can
achieve exposure, however, and in vasectomized males,
antisperm antibodies can be induced and may block
restoration of fertility by vasectomy reversal surgery.44

The antibodies of primary importance are those within
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the genital tract, usually IgA or immunoglobulin G (IgG),
which impair sperm function. Production of the latter can
occur by agglutination, immobilization in cervical mucus,
and masking of surface molecules on sperm required for
binding to the zona pellucida. Although the female genital
tract is immunocompetent to deal with infectious organ-
isms, and although the female genital mucosa may be
repeatedly assaulted by millions of spermatozoa, seldom
does the female make antisperm antibodies. The lack of
a response may result from low levels of surface antigen
and the presence of immunosuppressive substances in
semen. The major immunosuppressive factors include
prostaglandin E and TGF-β.45 Immunosuppression does
not always prevent an immune response in the female.
Some women make antisperm antibodies; the most
important antisperm antibodies from the standpoint
of fertility are those that are present in the genital tract,
primarily IgA and IgG. A woman can also be sensitized to
antigen in seminal plasma, and this has been responsible
for the clinical phenomenon of postintercourse anaphy-
laxis. Fortunately, desensitization is possible.46,47

Certain nonspecific factors in human seminal plasma
may promote implantation of blastocysts48; the possible
mechanism of this effect is discussed later. It is also sug-
gested that an active immune response to certain antigens
specific for the male may elicit an immune response that
reduces the chance of pregnancy-induced hypertension by
enabling the fetal trophoblast to better invade the walls
of maternal spiral arteries and convert them into low-
resistance conduits through which large volumes of blood
may be pumped to provide the nutrition required by the
parasite during its final growth phase (the third trimester
in humans).9 Otherwise, the parasite needs to activate
mechanisms to boost maternal blood pressure to obtain
the necessary flow. The regulation of trophoblast growth
and invasion is thought to depend on expression of partic-
ular adhesion receptors (integrins) on the trophoblast49,50;
a differential sensitivity to inhibition by TGF-β1 and TGF-β3
(but not TGF-β2) that is caused by binding of the former
to the TGF-β1 and TGF-β3 receptor, endoglin51; and effects
of other cytokines on growth, motility, and differentiation,
as are discussed later. Finally, when the parasite is mature,
it sends signals to the mother that restore contractile vigor
to uterine musculature; thus, labor ensues and the parasite
is expelled into the outside world to become an independent
being.52 Cytokines similar to those that cause abortion
(IL-1, TNF-α, INF-γ) have been implicated in triggering
parturition and may be produced by fetal membranes or
by lymphomyeloid cells responding to infection.13

IMMUNOLOGIC ASPECTS OF
PREGNANCY

It is clear from Figures 21–1 and 21–2 that the interaction
between an intrauterine parasite at the mucosal surface of
the uterus and the maternal defense system can be conve-
niently considered in several ways:

1. Local effects of pregnancy on the uterus
2. Effects of the local uterine immune system on the

pregnancy (i.e., parasite)

3. Systemic effects of pregnancy on maternal immunity
a. Effects due to the hormonal alterations of pregnancy
b. Nonhormonal mechanisms used by the parasite

4. Effects of maternal systemic immunity on the pregnancy
(i.e., parasite)

Local Effects of Pregnancy on
the Uterus

The epithelium and stroma that line the mammalian
uterus undergo cyclic growth, differentiation, and regres-
sion in response to estradiol and progesterone secreted by
the ovary. In primates, actual necrosis, sloughing, and
external expulsion of blood and tissue (menstruation)
occur. However, in other species, such as rodents, the cells
appear to die by apoptosis and are reabsorbed. In associa-
tion with the cycle, there are distinct patterns of accumu-
lation of different lymphomyeloid cell subsets in the
uterine lining.53 In humans, granulated NK-like cells
accumulate in the luteal phase. These cells carry the CD56
surface marker but (unlike classical NK cells in blood)
lack CD16, the receptor for the crystallized fragment end of
IgG. With necrosis, polymorphonuclear leukocytes appear.
Initial necrosis is caused by spasm of spiral arteries when
progesterone levels fall. There is then relaxation and
bleeding that facilitate sloughing of the outer two thirds
of the uterine lining. Then bleeding stops and the epithe-
lium regenerates from remnants of glands in the remain-
ing stroma, and lymphocytes reenter the epithelium to
repopulate the intraepithelial lymphocyte compartment.
Hemostasis at the time of menstruation is a complex
process in which cytokines play an important role.53

Excessive bleeding at the time of menses is associated with
certain types of intrauterine devices that attract maternal
macrophages and stimulate Th1 cytokine production;
excessive bleeding as also seen with progestogen-only con-
traceptive agents that lead to endometrial atrophy.
Interestingly, the tendency to bleed in this situation has
been linked to increased numbers of T cells, macrophages,
and decreased numbers of granulated NK-lineage
(CD56+ type) cells in the endometrium54 (Table 21–2).
Interestingly, some women untroubled by unscheduled
bleeding (see Table 21–2) can have an acellular/atrophic
endometrium.55

When conception occurs in a normal cycle in the
human, there is a 6-day period of development to the blas-
tocyst stage, and as the time of implantation approaches,
the frequency of the uterine intraepithelial lymphocyte
decreases and the cytotoxic activity of the intraepithelial
lymphocyte diminishes.18,56 The blastocysts adhere to the
epithelium; trophoblast cells penetrate it and establish an
invasive front of syncytiotrophoblast.57 Lacunar spaces
develop and fill with maternal blood from the ends of
digested vessels, but, to keep the pressure low, there is
a significant degree of occlusion by trophoblasts in the
form of a plug (endovascular trophoblasts). Human chori-
onic gonadotropin produced by syncytiotrophoblasts
appears in the bloodstream at the time of implantation
and is thought to maintain hormone secretion by the corpus
luteum. Estradiol and progesterone lead to transformation
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of stromal cells into decidual cells. Within the early decidua,
there is an infiltrate of lymphomyeloid cells.57 Because
early human implantation site material is difficult to
obtain for study through modern cell identification tech-
nology, knowledge about the infiltrate is limited. It is
known from pregnancy termination tissue, however, that
by 6 to 8 weeks of human gestation, the maternal lym-
phomyeloid cells dominant in the decidua are the CD56+

CD16− NK-related cells (decidual granulated lymphocytes
[dGLs]).57-60 There are also macrophages, which are T lym-
phocytes of predominantly the CD8+ phenotype. T cells
include those with αβ and γδ T cell receptor for antigen;
some of the latter also express CD56 (i.e., they are NK
T cells).53,58-60 Extravillous cytotrophoblasts from columns
anchoring the developing placenta to the uterine wall
invade the decidua and maternal spiral arteries, and, in close
association, dGLs and macrophages are present.58 After the
first trimester, the frequency of dGL cells diminishes.58

Rodent pregnancy has provided important models for
understanding cellular and molecular events important
in humans, but, in addition to similarities, there are some
differences that should be noted. In the mouse, for example,
the male ejaculate passes directly into the uterus without
any filtering via the cervical mucus that is present in
humans.61 Bacteria are present in the mouse uterus, and
there is a proinflammatory response with an exudate of
polymorphonuclear leukocytes and production of Th1-type
cytokines, notably TNF-α and IL-1.62 Shortly thereafter,
the inflammation ceases, and large nonspecific CD8+ cells
with immunosuppressive activity appear.63 These are hor-
monally recruited and correspond to large nonspecific
suppressor cells found in the endometrium during the
human luteal phase.53,64 It is unknown whether CD8 is
present on these human cells. In the circulating blood in
early pregnancy, there are CD8+ γδ T cells of the γ1 subtype,
and these cells bear progesterone receptors; in response to
the gestational hormone progesterone, these cells release
IL-10 and a progesterone-induced blocking factor.65 In
rodent pregnancy, as exemplified by the mouse, the blas-
tocyst lodges in a narrow crypt, dissolves the epithelium
on both sides, and induces a primary decidual reaction at
the embryonic end, opposite the end from which the tro-
phoblast grows to cross the uterine lumen and establish
a placenta.66 There is a primary decidual transformation
at the nonplacental end, and lymphomyeloid cells are

excluded from this zone. In decidua that develop at the
site of attachment of α placenta-forming trophoblast, in
contrast, an infiltrate of NK-like cells and macrophages
may be seen.67

Mouse blastocyst implantation occurs approximately
4.5 days after mating (as in humans, implantation tends to
occur at night), and a distinct placenta and fetus develop
8.5 to 9.5 days after mating, corresponding to 5 to 6 weeks
of human gestation (or 21 days after fertilization).68

In mice and rats, implantation requires formation of
prostaglandins that alter vascular permeability.69 At the
time of formation of a placenta, the large immunosup-
pressor cells disappear in both the mouse and human
decidua, and small lymphocytic suppressor cells appear.64,70

In the human, these cells are CD56+ CD16− and appear to
release a suppressor factor related to TGF-β2.71 In the
mouse, the cells are predominantly γδ T cells, a propor-
tion of which also express NK surface markers.72,73

Interestingly, it is only a proportion of the CD56+ cells in
the human that make TGF-β2, and a similar proportion of
CD56+ cells express T cell receptor γδ.60,71,74 The genera-
tion or activation of these cells, both in the mouse and
human, seems to represent a response to trophoblasts,
probably a γδ T cell response.65,70,75,76 Both in humans and
in mice, there is downregulation of T cell receptor expres-
sion by a trophoblast-derived factor that is yet to be fully
characterized.77,78 Therefore, it is evident that changes in
uterine cell populations during pregnancy may be induced
by hormones or products of the parasite itself, which is its
fetal trophoblast. This process is similar to events that
occur with other types of parasite-host interactions.79

There are some differences between pregnancy in
rodents and humans in addition to those already men-
tioned. In the mouse, a subset of NK-lineage cells enlarges
to 20 μm or more in diameter and contains large numbers
of PAS+ granules.80 These cells accumulate in decidua,
muscle, and the mesentery that contains the uterus. This
area has become known as the metrial gland (MG), and
the large granulated cells are known as MG cells.80 MG
cells produce a variety of cytokines, as do human CD56+

CD16− dGLs.80,81 The possible role of these cytokines on
the embryo qua parasite is described in the next section.
However, in the mouse, nitric oxide produced by MG cells
causes arterial relaxation, and lack of MG cells leads to
retention of thick-walled vessels, hypoperfusion (or the
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No. Cells per Square 
Group Number Unevaluable* Evaluable Millimeter (mean ± 1 SEM)†

No 12 6 6 391 ± 93
bleeding P < .025

Bleeding 19 0 19 160 ± 23

P < .01

Data represent combined result of study reported in Human Reproduction,54 confirmed and updated for endometrial granulated cells stained by phloxine tartrazine.
*Unevaluable means endometrial biopsy tissue was fibrotic and acellular; these were found in women who did not suffer from unscheduled bleeding while taking
levonorgestrel contraceptive, which is in agreement with the findings of Hadisaputra et al.55

†Cell counts were done only on samples with identifiable endometrium.
SEM, standard error of the mean.

TABLE 21–2 Endometrial Granulated Lymphocytes in Women Receiving Levonorgestrel (Norplant)
Progestogen Contraception � {



parasite with attendant growth restriction), and fetal
deaths (abortions). These problems can be prevented with
IFN-γ in the absence of MG cells, which indicates that this
cytokine, rather than nitric oxide, is of pivotal importance
in maternal vascular remodeling during placentation, and
the role of MG cells is to produce IFN-γ.82,83 MG cells are
not particularly effective in lysing NK cell–susceptible target
cells but may kill trophoblasts83; however, in humans,
dGL (CD56+ CD16−) cells do not kill freshly isolated tro-
phoblasts that have not been cultured in vitro but do have
NK cell activity.84

During pregnancy in humans or rodents, there is also
a suppression of contractility of the uterine musculature.
This sedative state disappears at the time of parturition.
Progesterone has been proposed as the major sedative
agent, and TNF-α and IL-1 (probably of placental tro-
phoblast origin), as well as prostaglandin F2α, have been
proposed as major stimulants of contractility.13 When
there are multiple implanted embryos (typical of rodents
and occasionally occurring in humans), the demise of one
of the embryos usually (but not always) leads to resorp-
tion without external expulsion of uterine contents,
because expulsion would terminate the remaining viable
intrauterine embryo or embryos.68 Resorption is achieved
by a dissociation of the processes that lead to the demise
of the embryo from those that result in uterine muscle
contraction. Indeed, even in humans, in whom typically
there is a single fetus and placenta, embryonic demise may
be accompanied by nonexpulsion if muscle sedation is
maintained; this is clinically called a “missed” abortion.

Local Effects of the Uterine Immune System
on the Pregnancy

The effect of antisperm antibodies on male gametes has
been mentioned earlier. Reduced fertility and, in rare cases,
abortions may occur in which antisperm IgG antibody
binds two sperm together, resulting in dispermic fertiliza-
tion. Once fertilization occurs (and pregnancy begins),
however, there are no further effects. The dividing cells
within the zona pellucida are shielded from cytotoxic
effects of antibody and cytolytic cells, such as cytotoxic
T cells that would otherwise recognize paternal MHC on
the dividing zygote and kill it.85 In contrast, cytokines
may have significant effects. Cytokines arise in the mouse
by bacterial stimulation of lymphomyeloid cells in the
uterine wall, and bacterial endotoxins (LPSs) entering
with the ejaculate, via bowel absorption or via injection
systemically by an investigator, boost Th1/proinflamma-
tory mediators.13,61,62,69,86,87

In humans, it appears that retrograde menstruation in
some women elicits an inflammatory response in the
pelvic peritoneum; the endometrium implants and grows
and can be identified as endometriosis.88,89 In other
women, there is no visible pathologic process. The high
levels of cytokines (IL-1, TNF-α, IFN-γ) in pelvic fluid can
increase cytokine levels in the fallopian tube fluid, where
there can be inhibition of fertilization and inhibition of
cell division within the zona pellucida.89,90

When the blastocyst hatches from the zona, expression
of cell surface MHC antigens is shut off, at least in the

mouse, where such determinations are possible. It is not
entirely clear what happens with expression of minor his-
tocompatibility antigens, because immunity to minor
antigens can cause rejection of blastocysts transplanted to
a nonuterine site but not if the blastocysts are placed in
the uterus of the preimmunized female.91 Minor histocom-
patibility antigens are now thought to be self peptides
bound to the organism’s own MHC; thus, both major and
minor antigens would be expected to disappear together.
It seems most likely that this shutting off may be incom-
plete at the time of hatching (and transference to a non-
uterine site) but may be complete at the time when contact
occurs with the uterine epithelium to begin implantation.
Production of IDO by the trophoblast, or induction of
IDO production in macrophage-type cells that infiltrate
the implantation site appears to be important at the time
of implantation, and this suggests that complete shutting
off of production of paternal antigens does not occur.
Soluble class I MHC and minor paternal transplantation
antigens may be taken up by maternal APCs and pre-
sented to maternal T cells; this is the process of indirect
antigen presentation, in contrast to recognition of anti-
gen attached to cells of the donor blactocyst. IDO+ APCs
inactivate T cells that recognize antigens presented indi-
rectly. The ability of the trophoblast to attach to, invade,
and grow out into uterine tissues is inhibited by Th1
cytokines.89 Therefore, implantation may be arrested.
Such a mechanism may also account for so-called chemi-
cal pregnancies that occur in women in whom the initial
stages of implantation are successful; losses of chemical
pregnancies appear to be twice as common as the loss of
a clinically evident pregnancy (i.e., a spontaneous miscar-
riage/abortion).92 Similar “occult” losses can be produced
in mice by inhibiting IDO in vivo, and this allows maternal
T cells to recognize paternal minor antigens and precipitate
deposition of the C3 component of complement so as to
cause pregnancy failure.91,93

Deleterious cytokines in women with unexplained
infertility who have an increased number of lymphocytes
and macrophages in their pelvic peritoneal fluid89 may
explain, in part, why transfer of in vitro fertilized (IVF)
embryos at the blastocyst stage may have a higher success
rate than transfer at the four- to eight-cell stage.94 The
latter may be growth inhibited and may never reach the
blastocyst stage.

Certain cytokines may enhance implantation. In the
mouse, macrophage colony–stimulating factor (M-CSF/
CSF-1), produced largely by uterine glandular epithelium in
response to gestational hormones, is important95;
mice deficient in this cytokine (genotype op/op) suffer from
implantation failure, which appears to relate to the loss of
macrophages rather than to M-CSF/CSF-1 itself.95 Affected
males are also hypospermic.96 The defect in spermato-
genesis and implantation can, to some extent, be
corrected by G-CSF treatment, and restoration of tissue
macrophage levels may be responsible.95,97 Macrophages
produce various cytokines that can benefit trophoblast
growth. Granulocyte-macrophage colony–stimulating fac-
tor (GM-CSF), which is produced by activated T cells, was
once thought to be such a mediator but is produced by non-
T cells such as epithelium, and its growth-stimulating
effects on trophoblasts may be due to a “contaminant.”98,99

C H A P T E R 21 Immunology of Pregnancy 457



However, TGF-β in seminal plasma may act to stimulate
epithelial production of GM-CSF, which may enhance
implantation.99 Furthermore, GM-CSF can suppress the
cytotoxic activity of natural effector cells against tro-
phoblasts, if CD8+ T cells are present,100 and CD8+ cells play
an important role in the peri-implantation phase, illustrated
in Figure 21–2. A more detailed summary of key stages in
the human implantation process is provided in Figure 21–3.
An attachment and initial trophoblast invasion through
uterine epithelium (A) is distinguished from the peri-
implantation phase (B).101 One analysis strongly suggested
that a large proportion of “occult” chemical pregnancies
(which fail) represent otherwise normal embryos, particularly
in infertile couples.102 In humans, CD56+ CD16− dGL cells
appear to produce GM-CSF in significant quantities,81,103

and, as in the mouse, CD8+ T cells are present in the decidua.
An abnormality in uterine lymphocytic cells compatible
with a shift toward Th1-type cells and a decrease in Th2-type
cells has been associated with infertility, and similar changes
in peripheral blood cells have been linked to failure of trans-
fers of in vitro–fertilized embryos.104,105 In any analysis of
“implantation failure,” it is important to distinguish failure
at the attachment phase from failure during the peri-
implantation phase. The latter can represent a maternal
T cell–mediated “rejection” of the embryo as an allograft (the
concept of the “fetal allograft” is discussed later). Occult
failures do occur in mice, in which it is possible to analyze
mechanisms.87,91

Once implantation has been completed and a distinct
fetus and placenta form (see Fig. 21–2), a different set of
positive and negative influences on the parasite are
described.70,81 Failure at this point occurs as spontaneous
abortion or resorption, which occurs after the time of
occult losses described previously. A variety of pathogenic

mechanisms have been suggested as causes of such fail-
ures. In humans, loss is often a solitary reproductive event
(sporadic miscarriage) occurring with an incidence of 5%
to 15%, but in a subset of couples (2% to 4%), this loss may be
recurrent.106-111 In humans, most explanations for recurrent
loss do not appear to be supported by good evidence.106-108

In sporadic abortion, chromosomal abnormalities may
account for 60% to 70% of the losses and have been thought
of as random accidents.109 Of the people with recurrent
abortions, 55% of those with three abortions or more and
no live births have a trophoblast karyotype abnormality,
as do 35% of those with multiple abortions and one live
birth.111 Finding an explanation for loss of chromosomally
normal embryos has been the focus of intense interest of
immunologists, and a variety of mechanisms and treat-
ments have been advocated.

Four main paradigms have been explored as a basis for
abortions (Table 21–3). The fetal allograft model enunciated
by Medawar in 19531 suggested that embryos were
rejected like organ allografts (e.g., kidney, heart, skin)
because embryos inherited and should express paternal
MHC antigens that are foreign to the mother (unless the
mother and father have identical HLA). Mediators of allo-
graft rejection are primarily cytotoxic T lymphocytes, Th1
cytokine–producing T cells, and antibodies that facili-
tate killing by phagocytic cells and NK cells (antibody-
dependent cell-mediated cytotoxicity).19 Th1 cytokine
production by T cells and macrophage activation are con-
sidered relevant to certain aspects of rejection, because in
normal pregnancy, there is a Th1-to-Th2 shift, and a Th1
response may cause abortions (at least in mice).5,6,81,112

Blood transfusion should inhibit rejection (and abortion)
through allogeneic leukocytes that cause transfusion-
related immunomodulation (a Th1-to-Th2 shift in cytokine
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pattern)113, and this appears to depend on the presence of
adequate amounts of CD200+ alloantigenic dendritic cells
in the blood.114 Experiments with inbred strains of rats
and mice have enabled investigators to show that the
mother could react against and reject tissues of the fetus
during pregnancy, but only if the fetus was removed from
its cocoon of trophoblast cells.3,4,81,115 Trophoblasts
proved resistant to all forms of antigen-specific trans-
plantation immunity, even when MHC alloantigens were
expressed.4,116,117 The only exception was anti-MHC anti-
body plus a xenogeneic source of complement that could
kill mouse trophoblasts in vitro and abort mice in vivo.118

Trophoblast cells (in humans) express complement
inhibitor proteins, but abortions are not associated with
any deficiency of such inhibitors such as CD46.119 In
humans and possibly rats, truncated MHC lacking
alloantigenic determinants was identified on a subset of
trophoblasts (HLA-G and HLA-E in humans; Qa, TL, and
CD1 in mice),120 and this observation bolstered the pre-
vailing prejudice that trophoblasts were nonantigenic
except in the example of occult pregnancy failure.
Transplantation immunology mediated by αβ T cells did
not seem to be relevant to trophoblasts. How then might
the Th1/Th2 effect be explained in the later occurring
clinical miscarriages?

The next paradigm was based on the observation that
trophoblasts formed a barrier to lymphocyte traffic into
the fetus by interposing themselves between the fetal and
maternal circulations so as to effect a complete separa-
tion.1,121 Trophoblasts were resistant to classical forms of
allograft rejection, and trophoblasts were stimulated to
grow by T cell–derived cytokines.122 The immunotrophism
model, as advocated by Wegmann,122 suggested that T cells
recognized antigens on trophoblasts and produced
cytokines that stimulated trophoblast growth and differ-
entiation, thus leading to a better barrier so that maternal
lymphocytes could not enter into the fetus and destroy
the real fetal allograft. Indeed, trophoblasts may express
molecules that discriminate against passage of sensitized
maternal lymphocytes into the fetus,123 but substantial
numbers of putatively maternal immunocompetent cells
appear to pass without causing harm,124-126 just as there is
traffic of fetal cells into the mother that does not cause
graft-versus-host disease.126 Furthermore, alloimmuniza-
tion against paternal MHC appeared to prevent abortions
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Model Basis for Concepts

1. Fetal allograft Transplantation immunology: rejection/
tolerance

2. Immunotrophism Trophic role postulated for immune system
plus evidence that lymphokines can act as
growth factors

3. Tumor Tumor immunology
4. Th1/Th2 Empirical correlation of T helper cytokine

phenotypes with outcome of pregnancy
and effects on maternal infections

5. Parasite Immunoparasitology

Th1 and Th2, helper T cell types 1 and 2.

TABLE 21–3 Paradigms of the Fetomaternal
Relationship

and to promote fetal and placental growth in certain mouse
mating combinations,127,128 even where no FAS/FAS ligand
interaction was possible129; similar effects were seen in
humans with primary recurrent miscarriages,106,107,110,130,131

but evidence that conventional T cells (i.e., bearing T cell
receptor αβ) could recognize antigens on trophoblasts
could not be demonstrated.132 However, trophoblast
recognition by γδ T cells (isolated from the uterine decidua
of pregnant mice by fusing the decidual lymphocytes with
a tumor cell to generate immortal hybridoma cell lines in
tissue culture) was shown by Heyborne and colleagues,
but only IL-2, a Th1 cytokine that stimulates abortions, was
reported.28 The demonstration that most of the cytokines
affecting trophoblast growth came from non-T cells in the
uterus provided a further blow to the model, as did demon-
stration of successful pregnancies in mice with severe com-
bined immunodeficiency disease.133 Furthermore, αβ T cell
depletion in vivo did not prevent abortions in mice.134

Finally, Kinsky and colleagues135 showed that an injection
of activated NK cells caused abortion in mice, and Baines
and associates prevented spontaneous abortions in the
CBA × DBA/2 mouse model by anti–NK cell antibodies
and antimacrophage antibodies.136,137 Thus, pregnancy
failure did not result from lack of immunotrophism.

NK cells could not kill trophoblasts, but when the NK
cells were activated by culturing with IL-2, the NK cells
transformed into lymphokine-activated killer cells
(LAKs), which were able to kill a variety of nonantigenic
tumor cells resistant to cytotoxic T lymphocyte and NK.
LAKs could also kill NK-resistant trophoblast cells that
had been cultured in vitro, both in the mouse system and
in humans.138-140 Conventional NK cells (found in blood)
that accumulate at implantation sites destined to abort in
mice136 also accumulate as CD56+-CD16+ cells in the
endometrium of women who have recurrent miscarriages,
and higher levels than normal have been found in periph-
eral blood.141-144 These findings led to the embryo as a tumor
model, in which the natural effector system was paramount
in causing rejection by a direct cell contact killing mecha-
nism.2,145 However, it was not possible to demonstrate LAKs
or trophoblast killing in situ in abortion sites; freshly
isolated human trophoblast cells that had not been cultured
in vitro overnight were not sensitive to killing by LAKs.84

Furthermore, macrophages seemed just as important, at
least in the CBA × DBA/2 mouse mating combination, the
most widely used laboratory system for the study of abor-
tion mechanisms.68,70,80,127,128,136,137 Macrophages, acti-
vated by IFN-γ from NK cells of Th1 cells, were proposed to
secrete toxic levels of nitric oxide, which mediates immunity
to bacteria, viruses, parasites, and prostaglandins.79,137,145,146

Study of Leishmania infection in mouse pregnancy showed
the Th1-to-Th2 shift systemically prevented effective rejec-
tion of the infection; however, in animals that mounted
the necessary Th1 response, the intrauterine embryos
were aborted.147 Th1 responses were also seen in the CBA ×
DBA/2 abortion model and in women with recurrent
abortions.81,112,148,149 These data supported the idea of
Th1/Th2 balance as a determinant of pregnancy outcome;
hence the Th1/Th2 paradigm.6

The technology used by Heyborne and colleagues to
clone γδ T cells from the mouse uterine lining by fusion to
an “immortal hybridoma cell line” appeared to have biased



cytokine response toward Th128, the default pattern dic-
tated by the hybridoma cell line. We have reported that
freshly isolated decidual γδ T cells express Th2/Th3
cytokines without the need for an artificial activation
stimulus in vitro.72,150,151 In abortion-prone CBA × DBA/2
matings, there was an abnormal increase in Th1-type
γδ cells immediately after implantation, which predisposed
to abortion if there was a second signal, and these appear
now to be primarily NK γδ T cells able to produce the Th1
cytokines TNF-α and IFN-γ.32,150,151 Potential second sig-
nals included production of Th1 cytokines by circulating
systemic T cells, bacterial endotoxin (which triggers TNF-α
production by macrophages), and psychic stress which,
through release of the neuropeptide substance P, activates
macrophages to produce TNF-α (and probably IL-12),
and mast cells to produce TNF-α and IFN-γ.69,152,153 The
potential cellular interactions generating TNF-α + IFN-γ
are illustrated in Figure 21–4. Because mast cells play an
important role in antiparasite immunity, and because the
fetus is, de facto, a parasite that depends on the mother
during gestation but whose development can be termi-
nated when the mother’s life or health is threatened (so as
to best preserve those already born who will continue the
species), my colleagues and I propose a new paradigm, the
embryo as a parasite model,81 and this analogy has been
used as a basis for the previous discussion.

The parasite model did not resolve the question as to
how the embryo was rejected, but the NK-macrophage
interaction illustrated in Figure 21–4 did provide a
testable framework. In vivo elimination of either NK cells
or macrophages in the CBA × DBA/2 system prevented
abortions, and the ability of either an injection of TNF-α
or an injection of IFN-γ to boost the abortion rate was
eliminated.154 If both cytokines were injected in these
animals, however, more than 80% of embryos were
aborted.154 Suppression of ovarian hormone secretion was
ruled out as a cause of abortions, and that left vascular
endothelial cells as the next most likely cause. In response to
these cytokines, endothelial cells increase expression of the
procoagulant fibrinogen-like peptide 2 (FGL2) prothrombin-
ase molecule that directly converts prothrombin to throm-
bin. Antibody to FGL2 effectively blocked abortions.154

When prothrombin is converted to thrombin, in addition
to generation of fibrin clot that chokes off blood supply
to the placenta, endothelial cells are stimulated to release
IL-8 (human) or macrophage inflammatory protein 2
(mouse), which attracts polymorphonuclear leukocytes.
Polymorphonuclear leukocytes are cytotoxic to cytokine-
activated endothelial cells.155 Antigranulocyte antibody
also dramatically reduced abortions but not as effectively
as did anti-FGL2.155 Anticoagulation with heparin (which
activates antithrombin III) or with hirudin (a direct
antithrombin) also reduced the abortion rate.156 Together
with findings of microthrombi, hemorrhage at the
trophoblast-decidual junction, and polymorphonuclear
leukocyte infiltration in mouse resorption sites, these data
have indicated that abortions in CBA × DBA/2 mice are
caused by a vascular autoamputation mechanism triggered
by the Th1 cytokines produced by NK cells, macrophages,
T cells, and mast cells.114,154,155

Cytokines such as IL-10 and TGF-β2 that derive from
trophoblast-activated γδ Th2/Th3-type cells antagonize
these processes.147,150,151,157 IL-4 and IL-3 may act similarly.
In the mouse, this process is dependent on expression of
CD200, as mentioned previously.24,81 Indeed, injections of
TNF-α plus IFN-γ only slightly increase FGL2 expression
but dramatically reduce expression of CD200.24 Soluble
CD200 can act as a rescue molecule and blocks abortion
of implantation sites expressing high levels of FGL2.24

In mice and in humans, subnormal levels of TGF-β2
+ cells

in decidua have been associated with recurrent abor-
tions.70,158-160 Inhibition of expression of CD200 appears
to be as important as upregulation of FGL2 as a basis
for abortion.

There is evidence for vascular events as a basis for
human abortions,161 as summarized in Table 21–4, and
my colleagues and I have found increased expression of
FGL2 messenger RNA associated with miscarriage of
chromosomally normal embryos, as distinct from loss of
abnormal embryos, in which FGL2 levels were usually
normal.24,50 CD200 is expressed on the trophoblast cells of
successful human pregnancies.162 The similarities between
the mouse and human are striking. A vascular mechanism
leading to abortion is also seen in other situations leading
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to recurrent human abortions. Antiphospholipid anti-
bodies that have been associated with recurrent abortions,
particularly antiphosphatidyl serine and antiphos-
phatidyl ethanolamine, bind to annexin V on endothelial
cells163; annexin V is an antithrombotic molecule on
endothelium, and its neutralization leads to the same
procoagulant state as does upregulation of FGL2.

It is possible that similar events underlie development
of preeclampsia, intrauterine fetal distress, and premature
labor. Preeclampsia in humans has been related to inade-
quate extravillous trophoblast growth into decidual arte-
rial walls, perhaps caused by cytokines antagonistic to
this process, although increased expression of FGL2 pro-
thrombinase has been implicated.50 As already men-
tioned, Th1-type cytokines may precipitate emptying of
the uterus. Nitric oxide is a potent sedative for uterine
muscle and a vasodilator that has been used to treat
preeclampsia and premature labor clinically.164 Some dis-
sociation might be predicted between embryo rejection
through macrophages and NK cells (which should
upregulate nitric oxide production) and levels of nitric
oxide that promote successful pregnancy in humans and
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Normal Abnormal
Histologic Karyotype Karyotype 
Finding (N = 51)* (%)† (N = 133)* (%)

Decidual vasculitis 43 32
Decidual thrombi 37 28
Chronic intervillositis 14 7
Villous infarcts 16 5

*By logistic regression, if a fetus was viable (as indicated by presence of nucleated
red cells), positive predictive value for a normal karyotype was 97%.
†P < 0.05.
Data from Salafia C, Maier D, Vogel C, et al: Placental and decidual histology in
spontaneous abortion: Detailed description and correlations with chromosome
number. Obstet Gynecol 1993;82:295-303. Adapted from Clark D, Arck PC,
Chaouat G: Why did your mother reject you? Immunogenetic determinants of
the response to environmental selective pressure expressed at the uterine level.
Am J Reprod Immunol 1999;41:5-22.

TABLE 21–4 Association of Abortion of Embryos of
Normal Karyotype with Vascular Events

in mice.82,83,137 Stress and infection have also been strongly
linked to prematurity in humans.8,52,165-167 Little is known
about the underlying mechanisms. There is a mouse model
of endotoxin-triggered prematurity7 and a similar model
in rabbits168; indeed, in endotoxin-treated pregnant rab-
bits, an intravenous injection of TGF-β2 prevented prema-
turity.168 Thus, Th2/Th3 cytokines that prevent abortions
may also prevent other complications in pregnancy. These
data suggest that CD200 + antigen will prove to be an
important mechanism preventing such pathologic
processes. At present, the only technique for administer-
ing CD200 to women is by transfusion of freshly isolated
allogeneic blood mononuclear leukocytes.110,114,133,169

Perhaps that is the mechanism accounting for the associ-
ation of prior blood transfusion with a lowered risk of
preeclampsia.9

Figure 21–4 illustrates some mechanisms for generating
sufficient TNF-α plus IFN-γ to trigger abortion/resorption,
but it has also been mentioned that for these cytokines
to act, a Toll-like receptor signal must also be present.114

This provides a fail-safe situation in which a pregnancy
will be terminated (to save the health or life of the
mother) only if there is real danger. In mice with low lev-
els of spontaneous loss attributable to housing in clean
cage conditions, it is difficult to abort with cytokines or
stress, and anti–MD-1 antibody, which reduces levels of
CD14 that present Toll-like receptor ligands to Toll-like
receptors, abrogates abortions after injection of TNF-α
plus IFN-γ.25,114 This finding has led to the insight that an
important effect of the cytokines may be to increase
absorption of LPS and related Toll-like receptor ligands
through mucosal surfaces such as the intestine.114 This
concept is illustrated in Figure 21–5, for which supportive
data are given elsewhere.114,170

Systemic Effects of Pregnancy on Maternal
Immunity

The systemic shift from Th1 to Th2 (cell-mediated immu-
nity to antibody production/humoral immunity), associ-
ated with successful pregnancy, has been implicated in
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Figure 21–5. Danger signals and
cytokine-triggered abortions. Effect of
cytokines generated in Figure 20–3 as
well as direct SP-mediated effects of
stress are illustrated. OX-2 is now
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PRR, pattern recognition receptors; SP,
substance P; TNF-α, tumor necrosis
factor α. (Adapted from Clark DA,
Chaouat G, Gorczynski RM: Thinking
outside the box: Mechanisms of
environmental selective pressures on
the outcome of the materno-fetal
relationship. Am J Reprod Immunol
2002;47:275.)



causing a slight but sometimes significant increase in sus-
ceptibility to certain infectious diseases.5,6,147 The gesta-
tional hormone progesterone can promote a Th1-to-Th2
shift in vitro, as may expression of nonclassical MHC such
as HLA-G,171 but whether either mechanism explains what
occurs in vivo is uncertain. Alloactivated T cells express
progesterone receptors, and progesterone has been reported
to stimulate a CD8 γ1 subset to release a 34-kD molecule
that suppresses NK cell activity and IL-12 release.65,172

NK cell cytolytic activity is usually normal during the first
trimester and is decreased in the late second and in the
third trimesters.173 Progesterone-stimulated CD8+ “sup-
pressor T cells” might act to reduce abnormally elevated
levels of blood NK activity that have been linked with
subsequent abortion,174 as well as to suppress Th1 cytokine
production and promote Th2.112,172

Pregnancy can also induce remission in certain
autoimmune/inflammatory diseases, most notably
rheumatoid arthritis, in which the evidence is quite
solid.175 Remission occurs in 75% of affected women, is
more likely to occur if there is an HLA-D–incompatible
fetus, and usually begins in the first trimester.175 A few
weeks after parturition, the arthritis relapses. Indeed,
autoimmune disease may be precipitated by parturition,
and thyroid autoimmunity is probably the most common
example of this in humans.176 Remission of arthritis in preg-
nancy led to the discovery of cortisone, but it is not cortisol
or gestational hormones that cause remission.177 The asso-
ciation with an HLA-D–incompatible fetus suggests that
transplacental passage of fetal leukocytes (which can begin
in the first trimester) is producing a transfusion-related
immunomodulation; transfusions promote a Th1-to-Th2
shift, and injection of paternal leukocytes has been reported
to improve rheumatoid arthritis in some patients.113,178

Important clues to the mechanism of arthritis remis-
sion have been obtained by studying collagen-induced
arthritis in DBA/1 mice. Pregnancy resulting from a mating
with a histocompatible DBA/1 male induces remission,
which corresponds in timing with the development of
TGF-β2/IL-10–producing, trophoblast-dependent γδ T cells
in decidua.179,180 There is some evidence that these types
of cells may be present in bone marrow and in inflamed
synovia.180 If histoincompatible DBA/2 males are used to
generate pregnancy, the arthritis remits 2 days earlier and
before the development of TGF-β2 γδ cells,180 as illus-
trated in Figure 21–6. At this time, CD8+ suppressor cells
with progesterone receptors that produce IL-10 and a
progesterone-induced blocking factor that inhibits NK-type
cells are present. TGF-β2–related suppression is much
weaker in human decidua than in the mouse, so a CD8+

T cell–mediated component might be more important.71

CD8+ αβ T cells recognize class I MHC antigens (HLA-A,
HLA-B, HLA-C, and possibly HLA-G) but usually not class
II MHC antigens (HLA-D). The CD8+ T cells that produce
progesterone-induced blocking factor are γδ T cells and
are γ1, which renders them able to recognize trophoblast
cells (as well as certain heat shock proteins on stressed
cells).24,65 The induction of these CD8+ γ1 cells in vivo can
be triggered by paternal alloantigen if CD200 is also pres-
ent.114 Soluble CD200 can arrest development of collagen-
induced arthritis, as can soluble CTLA4 that binds B7, but
these cause arthritis only to stabilize, not to improve.181,182
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Further work is necessary to determine the exact mecha-
nism by which pregnancy causes remission of rheumatoid
arthritis in mice and humans.

On occasion, local immune responses to antigens on
the conceptus have systemic effects. One example is herpes
gestationis, a rash that is related to an immune infiltrate
in the placenta and increased expression of class II HLA-D
antigens in the placenta.183 Parturition is curative, but
a high rate of spontaneous abortion may end the problem
much earlier in pregnancy.

Systemic Immune Effects on the Pregnancy

In general, systemic immune responses have little effect
on an intrauterine pregnancy unless they are autoim-
mune responses. It is notoriously difficult to immunize
against allogeneic pregnancy,115 and patients who have
allografted kidneys usually reject neither the graft nor the
intrauterine parasite. Injection/infusion of allogeneic
blood mononuclear leukocytes may promote fetal and

Figure 21–6. Effect of pregnancy on severity of collagen-induced
arthritis in DBA/1 mice. The mice were immunized against collagen
and then became pregnant; a high rate of severe arthritis developed
after parturition. The maximum joint score for severity was 4 × 4
paws, or 16. The effect of a second pregnancy is shown for syngeneic
(DBA/1) matings176 and allogeneic (DBA/2) matings.177 Data
points represent mean +/− SEM. * represents P < 0.05 compared
to control, **P < 0.025, and ***P < 0.0125.



placental growth, sometimes to a striking degree, if given
10 to 14 days after the missed menses.130 There has been
considerable controversy surrounding the therapeutic use
of leukocytes to prevent recurrent miscarriages in
humans; this controversy is largely attributable to lack of
understanding of the mechanism and to defects in the
design, execution, and analysis of clinical trials. A review
with updated metaanalysis of clinical trials provides con-
vincing evidence of efficacy of freshly isolated paternal
blood mononuclear leukocytes given to patients who do
not have autoimmunity.131 In contrast, cells stored
overnight before injection lose efficacy in mice and
humans, and in both species, this is linked to loss of cell
surface CD200.131 Stored cells are still sufficiently
alloantigenic to induce anti-HLA antibodies in some
women, but such antibodies are not protective. Originally
described as “blocking antibodies” because of one of the
in vitro methods used to detect them, their action in vivo
has nothing to do with blocking recognition of antigens
on trophoblasts by hypothesized aggressive maternal
T cells, because trophoblasts lacks the HLA determinants
against which these antibodies are directed. The most
likely target for the antibodies generated by infusing
freshly isolated allogeneic mononuclear leukocytes is
the leukocytes themselves. In the absence of antibody,
protection against abortion wanes after 80 to 90 days (but
can be restored by injecting a small number of freshly
isolated paternal cells as a booster immunization), whereas
with antibody, protection is prolonged for more than
5 months.115,131 The most likely mechanism is immunologic
enhancement of survival of CD200+ paternal dendritic
cells. The immunotherapeutic effect that prevents abortion
does not seem to be caused by inducing an immune
response in the woman; instead, it is the consequences of
providing a sufficient number of CD200+ cells bearing
paternal antigen(s) similar to epitopes that are present at
the fetal-maternal interface. A large dose of soluble CD200
would be as effective, as has been shown in a mouse model
of cytokine-triggered recurrent abortions.24

Autoantibodies can cross placental trophoblast tissues
and affect the fetus; antibody-mediated immunity to
infectious agents may also do so. Antigen or primed mem-
ory cells may also cross the placenta and induce a state of
priming.184 The most successful approach to immuniza-
tion against pregnancy in humans has involved a human
chorionic gonadotropin vaccine.185 Antisperm antigen
vaccines have also been developed in animal systems as an
alternative,186,187 but this immunity has, in some cases,
been linked to an increased loss through abortions.68 As
illustrated by Leishmania infection, a more dramatic
demonstration of the effects of systemic immunity has
been obtained in mice than in humans.127 It is nonethe-
less important to recall the lesson taught by Charles
Darwin: Species may differ in special ways, and this makes
each unique, but there are important significant homolo-
gies and commonalities. Without animal studies, we
would not have known what to look for in humans.
Animal studies are important in their own right, because
domestic animal production may be affected by reduced
fertility and early pregnancy loss, thus reducing the supply
of food and driving up its cost. The causes of such wastage
are known in some10-12 but not all situations, as in humans.

Physicians, however, gain clues from animal studies that
allow them to understand mechanisms of human disease
and, from this understanding, to treat them more effec-
tively. Immunology is playing an increasing practical role
in this quest.
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In this chapter, the physiologic changes that occur in the
skin during pregnancy are reviewed, along with the spe-

cific dermatoses of pregnancy and intrahepatic cholestasis
of pregnancy (ICP).

PIGMENTATION

An early sign of pregnancy is an increase in pigmentation
of the skin, affecting primarily the areolae, the genitalia,
and the abdominal midline. The pigmentation may con-
tinue to increase throughout pregnancy and may not com-
pletely regress post partum. Although increased levels of
estrogen, progesterone,1 and proopiomelanocortin-
derived peptides, such as adrenocorticotropic hormone
(ACTH), α-melanocyte-stimulating hormone (MSH), 
β-MSH, and β-endorphin,2,3 may be involved, this has not
been established. The darkening of the skin along the ver-
tical midline of the abdominal wall is termed linea nigra.
There is a tendency for new scars to be more pigmented
than usual. Vertical demarcation lines between areas of
different normal degrees of pigmentation, notably on the
lower extremities, have been described.4 Linear melano-
nychia, which are pigmented vertical lines on one or more
nails, may be present during pregnancy.5

MELASMA

Melasma is a common disorder of facial hyperpigmenta-
tion (Fig. 22–1). It was previously termed chloasma or the
mask of pregnancy. Macular areas of uniform brown pig-
mentation develop, mainly on the malar eminences, the
forehead, the angles of the jaw, and the perioral area.
Melasma occurs in 50% to 70% of pregnant women6 and is
more common in women with darker skin. Melasma usu-
ally diminishes after delivery, but it may persist. Sunlight
exposure is involved in the origin of melasma in both
pregnant and nonpregnant women. There are two types of
melasma, epidermal and dermal, according to the loca-
tion of the increased melanin in the skin.7 Wood’s lamp,
which emits narrow-band ultraviolet A radiation, can be
used to determine the site of melanin deposition.

Epidermal hyperpigmentation appears enhanced by the
light of the lamp, whereas increased melanin in the dermis
is not enhanced.

Melasma can be treated with topical preparations con-
taining varying concentrations of tretinoin, hydroquinone
(a tyrosinase inhibitor), and a corticosteroid.8 One possible
mixture is 4% hydroquinone powder in equal parts of
tretinoin 0.025% cream and desonide cream, to be applied
nightly. Protection from sunlight, including the use of a
broad-spectrum sunscreen and a hat with a wide brim, is an
important aspect of treatment of melasma. In a randomized
double-blind study, a combination of 5% glycolic acid and
2% kojic acid (another tyrosinase inhibitor) appeared to
be as effective as a combination of 5% glycolic acid and
2% hydroquinone.9 In that study, 39 women treated half the
face with each cream. None of the women had complete
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Figure 22–1. Melasma. Hypermelanosis on both cheeks, above
eyebrows, on midforehead, above upper lip, and on chin.
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resolution of the pigmentation, but all were judged to have
improvement, between 10% to 90%. The average reduction
in pigmentation was 58%.

Other treatments include tretinoin cream, 15% to 20%
azalaic acid cream, and chemical peels using a number of
agents including trichloroacetic acid.10,11 The topical treat-
ments for melasma may cause irritation with daily use. If
this develops, the products can be used every other day.
Treatments are thought to be more successful in women
with epidermal melasma. The benefit of laser treatment for
melasma has not been established.10 Chemical peels and
laser treatment should be used with caution in women 
of color.

HAIR

Telogen Effluvium

The normal human hair cycle consists of three phases:
anagen, the growing phase; catagen, the brief transitional
phase; and telogen, the resting phase. Telogen hairs remain
in place until pushed out by new anagen hairs. It is normal
to lose 100 to 150 hairs a day. During pregnancy, the ana-
gen phase is prolonged until the postpartum period, when
synchronous conversion to telogen occurs.12 This results
in telogen effluvium, a marked increase in telogen hair loss
in the postpartum period. In a cohort of 98 postpartum
women, 90% began to lose hair between 8 and 16 weeks
post partum; in two thirds of these women, hair volume
returned to normal in 4 to 6 months.13 Hair loss was dif-
fuse in 20%, frontal in 11%, and more noticeable over the
anterior third of the scalp in 60%.

There is no active treatment for telogen effluvium.
Women can be reassured that most of the shed hair will
grow back. Cosmetically significant hair loss may not occur
in subsequent pregnancies.

Androgenic Alopecia

Women may first become aware of diffuse or frontal thin-
ning after a pregnancy. This is more likely to happen if the
pregnancy occurs in the middle 20s to early 30s, the same
age when early signs of androgenic alopecia begin to appear
in nonpregnant women.

Hirsutism

Mild degrees of hirsutism may appear around the 20th week
of pregnancy but almost always completely disappear after
delivery. This phenomenon remains unexplained.

The most common cause of hirsutism in pregnancy is
polycystic ovary disease.14 Hirsutism developing for the first
time or increasing rapidly during pregnancy should prompt
an examination for signs of virilization. If these signs are
present, further evaluation is required.

If the increase in hair growth does not resolve after
delivery, and if investigation does not uncover an
endocrine abnormality that necessitates systemic 
therapy, the unwanted hair can be removed by several

methods, including shaving, plucking, waxing, electrolysis,
and laser treatment.

BLOOD VESSELS

The mother’s vascular system undergoes profound changes
to accommodate the growing fetus. There is a substantial
increase in blood volume, vascular distention, capillary
permeability, and angiogenesis.15 Placental angiogenesis fac-
tor and vascular endothelial growth factor are involved in
the proper development of the placenta.16,17

Spider Telangiectasia and Palmar Erythema

There is an increased incidence of spider telangiectasia and
palmar erythema during pregnancy. The telangiectasia are
much more common in white women. According to a
review of several papers, 67% of white women and 11% of
black women developed spider telangiectasia between the
second and fifth months of pregnancy.18 Palmar erythema
is seen almost as frequently as spider telangiectasia in white
women but is three times more common than vascular 
spiders in black women.18 Palmar erythema and telangiec-
tasia resolve in the postpartum period in the majority of
women.

Angiomatous Growths

Cherry angiomas are benign, erythematous, nonblanch-
ing papules, ranging in size from pinpoint to several 
millimeters. They usually occur on the trunk and may first
appear during pregnancy. Although some may regress post
partum, larger angiomas are likely to persist.

Unilateral nevoid telangiectatic syndrome is a collec-
tion of vascular “spiders” in a dermatomal distribution.
One woman developed this syndrome while taking oral
contraceptives. The telangiectasia increased in number and
size during pregnancy and faded dramatically 2 weeks post
partum.19,20 Involved skin showed markedly increased
numbers of estrogen and progesterone receptors, which
were absent to negligible in uninvolved skin; these findings
are suggestive of an etiologic role for estrogen.

Because telangiectasia and angiomas often resolve
spontaneously, treatment of these lesions, if desired, should
be postponed until the postpartum period. Low-voltage,
fine-needle electrodesiccation and pulsed dye laser therapy
can be used.

Varicosities

Varicose veins are common in pregnancy. They often appear
for the first time during pregnancy. Existing varicosities
may worsen. Varicose veins occur most commonly on the
legs, the vulva, and the perianal area. Familial predisposition
and parity are factors in the development of varicosities.
During pregnancy, the gravid uterus is thought to com-
press the pelvic plexus. Blood vessel walls are thought to
be more distensible as a result of the softening of connective
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tissue that accompanies pregnancy. Women may experience
discomfort or pain from the varicosities in the legs and
vulva. Hemorrhoids may be problematic. Deep venous
thrombosis is a rare complication. Varicosities usually do
not resolve completely after delivery.

Conservative treatment includes leg elevation, sleeping
in a Trendelenburg or lateral decubitus position, and avoid-
ance of prolonged standing. It is important to provide
support for the varicose veins of the legs. Support stockings
can be very helpful in easing discomfort.

Persistent large varicosities may ultimately necessitate
surgery. If the patient is interested in cosmetic improve-
ment, smaller varicosities may be amenable to treatment
with sclerotherapy, in which hypertonic saline or other
sclerosing agents are injected into the vessels. Persistent
hemorrhoids necessitate evaluation for possible surgical
treatment.

EDEMA

Nonpitting edema of the face, hands, ankles, and feet
occurs in 50% to 70% of women in the last trimester of
pregnancy.21 Edema normally subsides soon after delivery.

Treatment is similar to conservative management of
leg varicosities. Women can be advised to remove rings
from their fingers when they first notice the edema
appearing.

CUTIS MARMORATA

A transitory, erythematous reticulate mottling of the 
skin can occur in pregnant women when exposed to cold
temperatures.21 The erythematous skin blanches on 
pressure, and the condition is thought to be caused by
vascular instability. Cutis marmorata is a benign phenom-
enon and is frequently seen in children. However, when a
reticulate pattern is persistent and does not blanche, livedo
reticularis enters the differential diagnosis. Livedo reticu-
laris may also be a benign idiopathic disorder, but collagen
vascular diseases must be ruled out by the appropriate
investigations.

CONNECTIVE TISSUE

Skin Tags

Skin tags are also called acrochordons. Large lesions are
known as fibroepithelial polyps. In the past, skin tags were
called molluscum fibrosum gravidarum. They are small, skin-
colored to hyperpigmented, polypoid lesions with a
predilection for certain areas: the neck, axillae, groin, and
inframammary folds. Clinically and histologically, there
is no difference between lesions that develop during preg-
nancy and those developing at other times (Fig. 22–2).
Skin tags tend to appear during the second half of 
pregnancy and increase in size and number. They are
benign. Small skin tags may resolve during the postpartum
period. If they persist, they can be removed for cosmetic
reasons by cryotherapy, or they can be snipped off with 

a pair of scissors, either with or without local anesthesia.
Larger lesions may removed by scissors or electrodesicca-
tion, after local anesthesia.

Striae Gravidarum

Stretch marks (striae gravidarum or striae distensae) begin
as pink to violaceous linear bands showing dermal and
epidermal atrophy. Striae usually occur on the abdomen,
breasts, buttocks, and thighs. They are said to occur in 90%
of pregnant white women and are less common in Asian
and black women.21 Continuous stretching of the skin over
the abdomen and the increased levels of glucocorticoids
associated with pregnancy are thought to lead to the
development of striae.22 In in vitro models, glucocorticoids
led to a decrease in the number of fibroblasts in the dermis
and a decrease in collagen synthesis.23

Dermal glycosaminoglycan content is increased in
striae.24 The amount of vertical fibrillin fibers beneath 
the dermal-epidermal junction and elastin fibers in the
papillary dermis was found to be significantly reduced in
striae in comparison with normal skin of pregnant women.
The elastin and fibrillin fibers in the deep dermis were
realigned, with fibers oriented parallel to the dermal epider-
mal junction. No alterations were observed in the other
extracellular matrix components.24

Many topical preparations have been tried to prevent
the formation of striae. A Cochrane Collaboration review
found one preparation to be helpful.25 In a placebo-
controlled trial, a cream containing Centella asiatica
extract, α-tocopherol, and collagen-elastin hydrolysates
was associated with development of striae in fewer women
(odds ratio, 0.41; 95% confidence interval, 0.17 to 0.99).
However, this was found only in women who had developed
striae during an earlier pregnancy.

There is no uniformly successful treatment for striae.
Topical tretinoin has been used with varying success.26-28

The pulsed dye laser has been used to treat striae, hav-
ing a greater effect on erythema.29 With time, the viola-
ceous or erythematous color fades, and the striae become
less obvious.

Figure 22–2. Skin tags (acrochordons). Seen on the neck and in
areas with creases, such as eyelids, axillae, and inframammary folds;
smaller skin tags may involute after delivery.



Gingivitis of Pregnancy

Edema and hyperemia of the gingivae are very common
during pregnancy. Gingivitis develops in 35% to 50% of
pregnant women.21 Gingivitis may begin in the first
trimester and is progressive. The papillae become congested
and edematous, may bleed easily, and may be painful. Women
should be encouraged to seek care from a dentist.

Pyogenic Granuloma

A pyogenic granuloma is a benign vascular growth, a lob-
ular capillary hemangioma. This lesion is not unique to
pregnancy, but it may occur in 5% of pregnant women.21

It may appear on the oral mucosa or on the skin. When
these lesions occur on the mucosa, they have also been
termed granuloma gravidarum or epulis. The lesions are typi-
cally erythematous moist papules with a collarette of skin
at the base. The surface may be crusted. The lesions bleed
easily. They grow rapidly initially and then remain stable
and may resolve completely after delivery. Histologic exam-
ination shows a proliferation of new blood vessels and
endothelial cells within a loose granulation tissue.30

Surgical removal or treatment with a pulsed dye laser may
be required because the lesions often persist, and their
tendency to bleed makes them a nuisance.

DERMATOSES OF PREGNANCY

Over the years, many pruritic eruptions have been described
in pregnant women. This led to a confusing situation in
which there seemed to be more names for diseases than
there were actual disorders. There seems to be a reluctance
to abandon the historical names for conditions. To clarify
the situation, Holmes and Black proposed a simplified
classification for the specific dermatoses of pregnancy.31,32

This classification includes pemphigoid gestationis, pru-
ritic urticarial papules and plaques of pregnancy (PUPPP)
(known as polymorphic eruption of pregnancy in the United
Kingdom), prurigo of pregnancy, and pruritic folliculitis
of pregnancy. To this classification another category must
be added: intrahepatic cholestasis of pregnancy (ICP). 
It is not considered a specific dermatosis, inasmuch as
there are no primary skin lesions; however, it is specific to
pregnancy.

Pemphigoid gestationis and ICP are associated with 
an increased risk to the fetus, whereas PUPPP, prurigo of
pregnancy, and pruritic folliculitis are not.33

It is important to remember that pregnant women may
also develop itchy skin eruptions that are not specific to
pregnancy. Flares of eczema may be particularly common.34

Impetigo herpetiformis, a rare generalized pustular erup-
tion, is now generally considered to be pustular psoriasis
occurring during pregnancy.35,36

Intrahepatic Cholestasis of Pregnancy

Women with ICP note the onset of generalized pruritus,
generally after the 30th week of gestation. ICP results from

an abnormality of biliary transport from the liver to 
the small intestine.37 There are no primary skin lesions,
but secondary skin changes, often excoriations, are seen.
When jaundice is not present but the biochemical abnor-
malities to be discussed are detected, the term pruritus gravi-
darum is sometimes used.35 ICP resolves in the postpartum
period.

The incidence of ICP varies considerably around the
world. In Scandinavia, Bolivia, and Chile, prevalence rates
of 3%, 9%, and 16% have been reported. In Europe (0.1% to
1.5%), Canada (0.5%), and Australia and the United States
(0.07% to 0.6%), the incidence is lower.35

Estrogens and progestins have been implicated in caus-
ing ICP. Estrogen interferes with bile acid secretion across
the hepatocyte membrane.38 Progestins inhibit hepatic glu-
curonyl transferase, which reduces the hepatic clearance
of estrogens, allowing their effect on bile secretion to be
enhanced. The use of micronized progesterone to prevent
premature labor was seen to trigger ICP.39 The serum con-
centrations of various progesterone metabolites are
altered in the blood of women with ICP, in comparison with
unaffected pregnant women. Monosulfated and disulfated
progesterone metabolites are increased,38 and the ratio of
3α-hydroxylated steroids to 3β-hydroxylated steroids is
increased. It is unclear whether these alterations are primary
or secondary. Mutations in genes encoding bile transport
proteins are being identified.37

A positive family history is found in approximately
50% of women with ICP.40 There is a high recurrence rate
(40% to 50%) with subsequent pregnancies.

Laboratory Findings

Serum bile acid levels are elevated in women with ICP; the
degree of elevation is correlated with severity of pruritus.38

They may be elevated 10 to 100 times the normal value. 
Liver function test values, including those of alkaline
phosphatase, transaminases (alanine and aspartate
aminotransferase), 5′-nucleotidase, cholesterol, and
triglycerides, are mildly elevated. Jaundiced patients have
a mild to moderate increase in bilirubin. Malabsorption of
fat may occur and can result in vitamin K deficiency.38

Cholestatic changes are noted on liver biopsy. Dilated
biliary canaliculi, staining of hepatocytes with bile pigment,
and minimal inflammation are seen.38 Because there are no
primary skin lesions, skin biopsies are not helpful.

The role of hepatitis C in ICP has been investigated. 
Of pregnant women with hepatitis C, 20% developed ICP,
in contrast to only 0.78% of women who were hepatitis C
seronegative.41

Differential Diagnosis

Other causes of jaundice, such as viral or drug-induced
hepatitis and biliary tract obstruction, must be ruled out
by laboratory tests.

Fetal Prognosis

With ICP, there is an increased incidence of fetal distress,
stillbirths, and premature births. Meconium staining of
the amniotic fluid has been noted.42 However, babies born
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to women who have had ICP do not have evidence of
abnormal development.42 Close fetal surveillance with
induction of labor at the first sign of fetal distress is 
recommended.43 At 38 weeks’ gestation, induction of
labor is suggested.43 Delivery by 38 weeks has reduced the
perinatal mortality rate to 2.0% to 3.5%.37

Treatment

Delivery of the baby leads to resolution of the pruritus.
Mild pruritus may be treated with soothing lotions and cool
compresses. Antihistamines are usually not helpful.

Cholestyramine, an anion exchange resin that binds bile
acids, has been used to treat the pruritus of ICP.44 In an
uncontrolled trial, 80 pregnant women with ICP were
treated with cholestyramine; 70% improved. However, most
of the women in this study may have had mild pruritus
that was more easily controlled. The cholestatic biochemical
abnormalities are not improved by taking cholestyramine.
Guar gum can increase the fecal elimination of bile acids
and has been suggested as an adjunct to ursodeoxycholic
acid (UDCA) therapy.45

UDCA is a naturally occurring hydrophilic bile acid. 
It stimulates the excretion of hydrophobic bile acids and
sulfated progesterone metabolites. Theoretically, UDCA
should decrease total bile acids in the mother and in the
fetus. Interventions for treating ICP have been analyzed in
a review in which the authors found insufficient evidence
to support the use of any treatment for ICP.46 In a second
review, the investigators stated that although further
study with larger randomized controlled trials are needed,
the available data support a role for UDCA, with improve-
ment in maternal and fetal morbidity.43 A regimen of 
1 g/day in divided doses was recommended in that review.43

UDCA is safe for the pregnant woman and the fetus.

Pemphigoid (Herpes) Gestationis

Definition

Clinical and immunopathologic similarities to bullous
pemphigoid (BP) have led to an attempt to replace the term
herpes gestationis with pemphigoid gestationis.31,47 Adoption of
this terminology prevents confusion of this disease with an
eruption caused by a herpesvirus.

Clinical Features

Pemphigoid gestationis is an intensely itchy eruption that
usually begins around the second or third trimester of
pregnancy. This condition is rare, occurring in 1 per 50,000
pregnancies in North America and in 1 per 40,000 preg-
nancies in the United Kingdom.35,48 In 50% to 85% of cases,
the eruption first appears as urticarial erythematous
papules and plaques in or around the umbilicus (Fig. 22–3).
The lesions enlarge to become polycyclic, annular, or
targetoid urticarial plaques with tense vesicles or bullae
(Fig. 22–4).49 Lesions spread to the arms and legs; the face,
mucosal surfaces, palms, and soles are spared. Ultimately,
the eruption is a generalized vesicobullous disease. In rare
cases, no vesicles or bullae develop. This nonbullous form
can be diagnosed by immunohistologic techniques.47

Pemphigoid gestationis persists after delivery, with an
average postpartum duration of 12 to 60 weeks.35 It is very
common to have a postpartum flare. Pemphigoid gesta-
tionis often recurs in subsequent pregnancies, but recur-
rences may be less severe.47 Recurrences may occur after the
use of oral contraceptives.

Histopathology

The histologic examination of a typical bulla of pem-
phigoid gestationis reveals a subepidermal vesicle with a
mixed, perivascular infiltrate consisting of lymphocytes,
histiocytes, and eosinophils. Eosinophilic spongiosis, 
in which numerous eosinophils are visible within the 
epidermis of the urticarial plaques, is seen.50
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Figure 22–3. Pemphigoid gestationis. Erythematous plaque 
surmounted by tense vesicles spreading from within the umbilicus
to surrounding abdominal skin.

Figure 22–4. Pemphigoid gestationis. Tense vesicles, bullae, and
erosions along an urticarial border in an annular and polycyclic
pattern on the anterior chest.



Immunopathology

To confirm the diagnosis of pemphigoid gestationis, a
perilesional skin biopsy specimen should be obtained for
direct immunofluorescence examination. Pemphigoid
gestationis is defined by the presence of linear deposits 
of the third component of complement (C3) along the
dermal-epidermal junction. Thus, 100% of positive biopsy
specimens in pemphigoid gestationis show the C3 deposits.
Deposition of immunoglobulin G (IgG) is seen in 30% of
cases. Immunoelectron microscopy demonstrates that IgG
and C3 are deposited in the lamina lucida of the dermal-
epidermal junction. The antibody belongs to the IgG1 major
subclass and recognizes a 180-kD protein, the BP antigen 2
(BP180 or BPAg2). BPAg2 is a transmembrane glycopro-
tein found in hemidesmosomes, the cellular structures
that bind the basal keratinocytes to the dermal-epidermal
junction.51 BPAg2 is type XVII collagen. The antibody
binds to epitopes within the extracellular noncollagenous
domain of BPAg2 called NC16A.52 Linear C3 and IgG
deposits are found in the skin of babies of affected mothers;
the infants rarely demonstrate clinical disease.36

A genetic predisposition to pemphigoid gestationis is
strongly suggested by an increased frequency of the
human leukocyte antigen class II antigens DR3 and DR4.53

These haplotypes are also observed in patients with other
autoimmune diseases.

Differential Diagnosis

The differential diagnoses include other bullous diseases
such as BP, pemphigus vulgaris, erythema multiforme, and
PUPPP. Despite some overlap in the morphologic appear-
ance of lesions and in immunohistologic features, pem-
phigoid gestationis differs from BP in that the latter is
more common in people older than 60 years. According to
histologic examination, destruction of basal keratinocytes
is not a feature of BP, but can be seen in pemphigoid 
gestationis.

The vesicles in pemphigus vulgaris are usually flaccid
and rupture easily, whereas those of pemphigoid gesta-
tionis and BP are tense. Pemphigus vulgaris often manifests
with mucous membrane involvement. Histologic exami-
nation reveals an intraepidermal bulla with acantholysis of
epidermal cells. Direct immunofluorescence examination
reveals intercellular deposition of IgG between kera-
tinocytes, and the sera of patients with pemphigus have
IgG antibodies that react with a protein called desmoglein 1.

Although both pemphigoid gestationis and erythema
multiforme can present with targetoid lesions that histo-
logically show vacuolar destruction of basal keratinocytes,
immune deposits at the basement membrane zone and
circulating IgG antibody are not features of erythema
multiforme.

Early and nonbullous stages of pemphigoid gestationis
can be differentiated from PUPPP by the absence of
immune deposits and circulating antibodies in PUPPP.

Treatment

The goal of treatment is to prevent the formation of new
lesions and to control pruritus. Mild cases may respond to

topical steroids and antihistamines. However, most
patients need systemic therapy. The mainstay of treatment
is systemic steroids in the form of prednisone, usually in
the range of 40 to 80 mg/day initially.49 The maintenance
steroid dosage may need to be adjusted upward for post-
partum flares and for exacerbations associated with
menses.47 Minocycline and nicotinamide were used to treat
one woman with severe recurrent pemphigoid gestationis.54

For persistent postpartum flares, immunosuppressive
therapy has been used in one patient.55

Fetal Risk

The outcomes of 254 pregnancies in 74 women with
immunofluorescence-confirmed pemphigoid gestationis
were studied.56 No evidence for an increased rate of spon-
taneous abortion or significant fetal mortality was found.
The study did confirm an increased incidence of prema-
turity and a slight increase in the number of infants small
for gestational age. Treatment with systemic corticosteroids
did not increase or decrease these risks. According to 
a review of articles published between 1966 and 1999,
pregnancies affected by pemphigoid gestationis should be
considered high risk until more definitive information
becomes available.33

Only 5% to 10% of babies born to mothers with pem-
phigoid gestationis develop skin lesions. The lesions resolve
spontaneously.

Pruritic Urticarial Papules and Plaques of
Pregnancy

Clinical Features

PUPPP is a pruritic eruption that appears during the 
last few weeks of pregnancy. It is the most common der-
matosis of pregnancy. The typical lesions are erythematous
papules that coalesce into large urticarial plaques.57,58 The
papules first appear on the abdomen (Fig. 22–5), particu-
larly within striae, and spread to the thighs (Fig. 22–6).
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Figure 22–5. Pruritic urticarial papules and plaques of pregnancy
(PUPPP). Also known as polymorphic eruption of pregnancy.
Erythematous, urticarial papules first appear on the abdomen; note
pigmented line running vertically along the midabdomen (linea nigra).



Papules are very edematous and may become vesicular.
The lesions can involve the extremities, chest, and back,
but the face is spared. Despite the pruritus, excoriations are
rare. There is an increased incidence of PUPPP in twin and
other higher order pregnancies.59

The pruritus and the eruption persist until delivery.
Resolution may occur in the early postpartum period, 
but the eruption may persist for 3 to 4 weeks post partum.
Recurrence is rare, as is onset in the postpartum period.
No related maternal deaths have been reported, and there is
no increase in fetal morbidity or mortality.

Diagnosis

The histologic features of PUPPP are nonspecific. There is
a perivascular lymphohistiocytic infiltrate in the superfi-
cial to middle dermis. Occasional eosinophils are noted.
Edema of the epidermis (spongiosis) and papillary dermis
may be seen. No antibodies to any component of the skin
are found in PUPPP. Direct immunofluorescence examina-
tion of both lesional and perilesional skin yields negative
findings.

The major differential diagnosis is pemphigoid gestatio-
nis (Table 22–1), particularly in the early urticarial phase.47

PUPPP and pemphigoid gestationis differ in the usual
time of onset during pregnancy, and the immunofluores-
cent findings are negative in PUPPP and diagnostically
positive in pemphigoid gestationis. Idiopathic urticaria and
drug eruptions should be considered in the differential
diagnosis.

Treatment

Treatment is aimed at relieving pruritus. Potent topical
steroids can be beneficial. Antihistamines and colloidal oat-
meal baths and lubrication may offer symptomatic relief.

Prurigo of Pregnancy

Prurigo of pregnancy remains poorly defined. The clinical
features include grouped excoriated or crusted papules over
the abdomen and extensor surfaces of the arms and legs.34,59

The appearance has been described as eczematous.
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Pruritic Urticarial Papules and 
Characteristics Cholestasis of Pregnancy Pemphigoid Gestationis* Plaques of Pregnancy†

Prevalence <1% of pregnancies (United States) 1:50,000 pregnancies 1:160 pregnancies
Onset Third trimester Second trimester or earlier Last few weeks of pregnancy
Course Clears within a few days of Persists after delivery for as long as Generally clears after delivery but 

delivery 12-60 weeks may persist for 3-4 weeks
Recurrence with Yes Yes No

subsequent pregnancies
Skin lesions Excoriations; rarely, jaundice Erythematous papules, plaques, Papules, plaques, polycyclic 

polycyclic and annular wheals; wheals, microvesicles
vesicles and large, tense bullae 
are typical

Location of eruption Areas accessible to scratching Starts and is most prominent Starts within striae on the 
around the umbilicus abdomen and may spare the 

periumbilical area
Direct immunofluorescence Negative Linear deposits of C3 in DEJ of Negative

findings uninvolved skin
Indirect Negative IgG antibody that binds Negative

immunofluorescence complement to epidermal aspect 
findings of saline split normal skin

Treatment Soothing antipruritic lotions, Systemic steroids: >40-80 mg Topical steroids, antihistamines; 
antihistamines, cholestyramine, prednisone per day initially rarely, systemic steroids
ursodeoxycholic acid

Fetal risk Increased incidence of fetal Increased incidence of prematurity None
distress and prematurity and small for gestational age babies

*Also known as herpes gestationis.
†Also known polymorphic eruption of pregnancy.
DEJ, dermal epidermal junction; IgG, immunoglobulin G.

TABLE 22–1 Pruritic Eruptions Unique to Pregnancy

Figure 22–6. Pruritic urticarial papules and plaques of pregnancy
(PUPPP). Erythematous papules have spread to sides of abdomen
and thighs, particularly within striae distensae (stretch marks).



Histologic features are nonspecific, with a perivascular
lymphocytic infiltrate in the dermis. Immunofluorescence
test results are negative.

There is no risk to the mother or the fetus.
Treatment is directed toward controlling the pruritus.36

Pruritic Folliculitis of Pregnancy

The first report of pruritic folliculitis described six preg-
nant women who developed a generalized, pruritic, 
papular eruption that was clinically and histologically con-
sistent with noninfectious folliculitis.60 All lesions were
excoriated. The eruption occurred between the fourth and
ninth months of pregnancy and cleared spontaneously
after delivery; the infants were normal. Direct immunofluo-
rescence was negative for immune deposits. Investigations
of more patients have been documented in other studies.34,61

There is no evidence of any maternal or fetal risk. It is not
clear whether pruritic folliculitis is a distinct entity.

Impetigo Herpetiformis

Impetigo herpetiformis has come to be regarded as the
occurrence of pustular psoriasis during pregnancy. It usu-
ally begins in the third trimester. There may not be a 
personal or family history of psoriasis. Recurrence in 
subsequent pregnancies is often seen.

Clinical Features

Pustules develop on erythematous patches that enlarge
centrifugally, resulting in annular to polycyclic lesions
(Figs. 22–7 and 22–8). New pustules arise in waves, often at
the edges of the patches. The extremities, primarily flexures,
and the trunk and the oral mucosa may be involved.
Systemic symptoms, fever, malaise, diarrhea, and vomiting
may occur.36
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Figure 22–7. Impetigo herpetiformis. Erythematous papules and
plaques surmounted by superficial pustules on buttocks and thighs.

Figure 22–8. Impetigo herpetiformis. Note the tendency of the
pustules to form arcs and circles.

Diagnosis

As in pustular psoriasis, the histologic appearance is 
characterized by collections of neutrophils beneath the
stratum corneum of the epidermis (subcorneal pustules)
and within the epidermis (spongiform pustules). Affected
women may have leukocytosis and hypocalcemia.

Treatment

The mainstay of therapy is systemic corticosteroids.35

The eruption usually clears in the postpartum period, but
there are reports of prolonged persistence. Impetigo her-
petiformis is associated with an increased risk of placental
insufficiency, stillbirth, and neonatal death.36
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NEOPLASTIC DISEASES
B a r b a r a  B u r t n e s s

Cancer has a bimodal age distribution. It is a hereditary
disease, in which case it may manifest in childhood,

and it is a disease of acquired genetic abnormalities, in
which case it most often manifests in middle and old age.
Cancer manifests much less frequently in the childbearing
years. The incidence of cancer in pregnant women is
similar to that of other women of childbearing age; cancer
complicates 1 per 1000 pregnancies and accounts for
only 5% of maternal deaths.1 Because more women today
choose to delay childbearing, the co-occurrence of
pregnancy and cancer may increase.

REPRODUCTIVE RISK FACTORS
AND CANCER

Reproductive characteristics are important risk factors
for many cancers, which is suggestive of a role for endog-
enous hormones in cancer suppression or promotion
in different malignancies. Age at menarche has an effect
on the incidence of several solid tumors. Menarche at
14 years of age or older is associated with a lower risk of
colorectal cancer.2 An older age at menarche is also
protective against breast cancer in the United States.3
Among pairs of twins with the concordant develop-
ment of breast cancer, earlier puberty is associated with
an earlier age at breast cancer diagnosis, whereas other
reproductive characteristics such as parity have no such
association.4

The use of oral contraceptives for 96 months or longer
reduces the risk of colorectal cancer by 40%.2 Use of oral
contraceptives for a longer duration probably increases
the relative risk of breast cancer modestly. This effect is
greatest for the contraceptive agents that deliver the high-
est dose of estrogen and it is higher in younger women.5
The use of infertility treatments, with the exception of the
use of human menopausal gonadotropin for longer than
6 months, does not increase the risk of breast cancer in

relation to women who have been evaluated for infertility
but have not undergone medical therapy for infertility.6

Whether use of oral contraceptives for longer than
5 years increases the incidence of superficial spreading
melanoma, as suggested by the small study of Holly and
coworkers, is controversial.7 The association was not con-
firmed by a case-control study of 276 women with
melanoma, which found no effect of any reproductive
characteristic on the risk of any subtype of melanoma.8
Prospective studies of women with familial dysplastic
nevus syndrome—a hereditary disorder in which patients
have variable numbers of dysplastic nevi and are at
increased risk for malignant melanoma—have docu-
mented a doubling of the rate of change of nevi during
pregnancy.9

Unopposed estrogen replacement therapy leads to an
increase in the risk of endometrial cancer. However, small
case-control and prospective studies suggest that this
increase in risk is abolished by the use of estrogen/
progestin combinations.10,11 The Women’s Health Initiative
randomly assigned 16,608 women either to combination
hormone replacement therapy with conjugated equine
estrogen and progestin or to placebo treatment. The study
was halted after 5.2 years of follow-up because the estimated
hazard ratio for invasive breast cancer in the hormone
replacement recipients was 1.26. The risks of several other
chronic diseases were increased as well; all-cause mortality
is not yet affected.12 These randomized prospective data
confirmed the findings of a metaanalysis reported by the
Collaborative Group on Hormonal Risk Factors in Breast
Cancer involving 52,705 women with breast cancer and
108,411 control subjects, in which the relative risk of
breast cancer increased by 1.023 for each year of exposure to
hormone replacement therapy; the relative risk after 5 years
of exposure was 1.35.13 According to the New Mexico
Women’s Health Study, a case-control study, this effect
was greater for Hispanic women than for non-Hispanic
white women.14



Initial reports that induced abortion predisposes to
breast cancer have not been confirmed by large case-
control studies.15 Because most subjects in such studies
underwent one or few abortions, the question of an
increased risk of breast cancer is not answered for women
who have had 10 or more abortions. Late age at first preg-
nancy is a powerful risk factor for breast cancer in the
United States. First delivery of a full-term newborn after
35 years of age confers a risk of breast cancer triple that of
first delivery by age 18.16 There is an increase in the inci-
dence of breast cancer in the years after a first delivery,
which is most marked among women who first gave birth
after age 30.17 A protective effect of pregnancy is manifest
by 15 years after delivery. A prospective study monitoring
more than 800,000 parous Norwegian women for a
median of 16 years showed an increase in risk of breast
cancer for an interval of 4 years after delivery; this was fol-
lowed by a decades-long decrease in risk.18 Increased par-
ity is also thought to be protective, although this variable
has been difficult to separate from age at first birth and
the transient increase in risk in the postpartum period.

Increasing parity up to three births reduces the risk
of ovarian cancer, with association weakening with
increasing age at last birth.19 Parity is also protective
against endometrial cancer, which appears to be a cancer
strongly linked to total lifetime exposure to unopposed
estrogen.20

Use of diethylstilbestrol in pregnancy conferred a rela-
tive risk of breast cancer of 1.34 (i.e., the risk of breast
cancer was 34% higher if the woman had taken diethyl-
stilbestrol) in a prospective study of more than 500,000
gravid women; this finding withstood multivariate analy-
sis.21 Changes in breast cancer incidence have been
reported in patients with infertility and those who have
undergone follicular stimulation, but the relative impor-
tance of the cause of infertility remains unclear.22,23

Increased rates of spontaneous abortion result from cyto-
genetic translocations, some of which may coincidentally
also result in the loss of tumor suppressor gene function,
and thus raise the risk of breast or other cancer.

Prolonged lactation was studied in a case-control study
of 136 women with endometrial cancer and 933 control
subjects, which included patients from developing coun-
tries. An apparent protective effect of increasing duration
of lactation and months of lactation per pregnancy was
noted, but this declined with time elapsed since the cessa-
tion of breast-feeding, and there was no protective effect
among women older than 55.24 A history of prolonged
lactation and younger age at lactation, after adjustment
for parity, age at first delivery, family history, and age at
menopause, have also been shown to have a protective
effect on the risk of premenopausal breast cancer.25

Last, age at menopause influences the likelihood that
breast cancer will develop. A late menopause raises the
risk, and surgical menopause reduces the risk. The effect
of surgical menopause is greatest if it occurs before
35 years of age.26

Birth weight is a risk factor for breast cancer.
According to a nested case-control study within cohorts
of the Nurses’ Health Studies, in which self-administered
questionnaires were given to mothers of 582 nurses,
higher birth weight carried a higher risk of breast cancer.27

Maternal age of 45 or older confers a relative risk of 1.3 for
breast cancer in the daughters.28

The implications of these reproductive risks for subse-
quent pregnancies in the cancer survivor are discussed
later in this chapter, but it is clear from these data that a
large number of risk factors that reflect very dramatic
changes in the hormonal milieu are associated with rela-
tive risks that are, on the whole, not dramatic, usually less
than twofold. These risk factors have been strongest for
breast, ovarian, and endometrial cancer but have been
little studied for other cancers.

Women who carry mutations in the breast cancer sus-
ceptibility genes BRCA1 (located at chromosome 17q21)
or BRCA2 (chromosome 13q12-13) have lifetime breast
cancer risks ranging from 65% to 90%. BRCA1 is a tumor
suppressor gene; both the gene and its promoter have
estrogen-binding elements, and BRCA1 expression is
increased during puberty and pregnancy.29 BRCA1
messenger RNA levels remain higher in postlactational
animals than in age-matched virgins.30 Small reports
suggest an increased rate of pregnancy-associated and
oral contraceptive–induced breast cancers among BRCA1
and BRCA2 carriers.31 Until larger studies are available,
BRCA1 and BRCA2 carriers should not be counseled
that increased parity is protective against breast cancer;
they should consider reducing exposure to exogenous
hormones, with the possible exception of hormone
replacement therapy in the setting of prophylactic
oophorectomy.

PROBLEMS IN STAGING CANCER
IN THE PREGNANT PATIENT

The appropriate procedures for determining the stage of
a cancer are determined by the cancer and its site. In most
cancers, imaging studies are used to establish both the
local extent of the tumor and to search for secondary
deposits of cancer. Imaging with plain radiographs, mam-
mograms, computed tomographic (CT) scans, and
nuclear medicine studies expose the fetus and mother
to variable amounts of radiation, the risks of which are
discussed later. Positron emission tomography is an impor-
tant adjunct to CT scanning in the staging of many cancers
but should not be used in pregnancy. Ultrasonography
and magnetic resonance (MR) studies are preferred in
most situations of cancer in pregnancy, to avoid radiation
exposure. The safety of MR imaging in the first trimester
is not established, and there are no data on the safety of
MR contrast agents. Breast-feeding should be interrupted
for 36 to 48 hours after the administration of MR con-
trast agents. Liver function tests have poor sensitivity for
predicting the presence of liver metastases in nonpreg-
nant patients; in pregnancy, this is compounded by low
specificity because of physiologic elevation of the alkaline
phosphatase level.

Assessment of early-stage Hodgkin’s disease may
necessitate a laparotomy to exclude tumor outside the
planned radiation field, and staging of ovarian cancer
necessitates laparotomy and a defined series of node sam-
ples. The risks of abdominal surgery in pregnancy are
reviewed later.
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TUMOR MARKERS IN PREGNANCY

Many of the antigens that can be measured in the serum
in cancer patients to follow the burden of cancer are
oncofetal proteins, expressed normally in the developing
fetus and abnormally in the presence of cancer. An exam-
ple is α-fetoprotein, which is useful in monitoring a
pregnancy to detect fetal neural tube defects but which,
when its levels are elevated in the nonpregnant adult, is
strongly associated with the presence of a germ cell
tumor, hepatocellular cancer, or, more rarely, adenocarci-
noma. If such tumor markers are to be used to monitor a
pregnant patient with cancer, it is necessary to distinguish
between the fetal and malignant expression of the anti-
gen. Immunoblotting characteristics of some of these
markers are distinct for the forms measured during
normal pregnancy and in the presence of malignancy.32

For α-fetoprotein, although there are several possible
immunoreactive species, the pattern seen with pregnancy
resembles that seen with hepatocellular carcinoma.33

The β subunit of human chorionic gonadotropin (β-hCG)
is measured to detect pregnancy. β-hCG is also used to
monitor most forms of trophoblastic disease. When the
β-hCG level is elevated, the distinction between recurrent
disease and a new conceptus must be made on other
grounds. Thyroglobulin is used in the follow-up of well-
differentiated thyroid cancer. This marker is not elevated
among healthy pregnant women in iodine-replete areas,
but it may be altered in the setting of iodine deficiency or
benign thyroid disease of pregnancy.34,35 A newer genera-
tion of serum markers, the tyrosine kinase growth factor
receptors, does not yet have defined roles, but these
markers may also be elevated in pregnancy.36

THERAPEUTIC INTERVENTIONS
DURING PREGNANCY

Anticancer therapies may be teratogenic and mutagenic,
and in the management of cancer in the pregnant patient,
the effects of therapy on the developing fetus are an
important consideration. Interactions between environ-
mental exposures and hereditary mutations are impor-
tant in cancer causation in all age groups. The increase
in the incidence of childhood cancers to the current level
of approximately 12 per 100,000 may relate to maternal
and in utero exposures to carcinogens. Cancer incidence
trends, which show steady increases over time in the
occurrence of cancer even in children younger than 1 year,
suggest that the effects of such exposures can be trans-
mitted from one generation to the next.37 Some child-
hood cancers are likely to be caused by in utero exposures;
for example, chromosomal analyses of infant leukemia
occurring in twins demonstrate that the genetic abnor-
mality of infant leukemia is acquired in utero.38

The prognosis, the risks of the cancer and the therapy
to the mother, and the risks of pregnancy must also be
taken into account in helping the patient to make a
decision about continuing the pregnancy and in manag-
ing both the pregnancy and the malignancy should she
choose to continue the pregnancy.

Surgical Intervention

Anesthetic considerations are of prime importance in
deciding on surgery during pregnancy. General anesthesia
is a more complex issue in pregnancy because blood
volume and cardiac output increase. The anesthetic drugs
themselves are relatively safe for the fetus. Neither nitrous
oxide nor halothane has been demonstrated to be terato-
genic or to cause fetal death. Both agents may relax the
uterus and thus diminish the risk of premature labor.
Of 5405 operations, predominantly laparoscopies and
laparotomies, performed for nonobstetric reasons in a
population of 720,000 pregnant women, surgery
increased rates of pregnancy complications, including
prematurity, intrauterine growth retardation, and neona-
tal death. The incidence of congenital anomalies when
surgery had been performed during gestation was slightly
higher than expected. The relative contributions of sur-
gery and anesthesia in comparison with the underlying
conditions that mandated surgery during pregnancy are
not known.39 Premature labor and fetal loss after surgery
during pregnancy are most tightly related to the surgical
procedure itself; rates are highest for abdominal and
pelvic surgery. Percutaneous drainage of adnexal cysts
for symptoms of impending torsion has been performed
during pregnancy without complication.40

Extraabdominal surgery is less likely to be complicated
by abortion, and reports of successful surgical manage-
ment of malignancy in gravid women include resection
of a supraglottic larynx cancer,41 resection of vulvar
cancer with bilateral groin lymph node dissection,42 and
mastectomies and local excisions of breast cancers.

Radiotherapy

The potential adverse consequences of fetal radiation
exposure include fetal loss, fetal anomalies, low birth
weight, cancer in later life, and, at least theoretically,
transmission of genetic abnormalities to future genera-
tions.43 Pregnant survivors of the atom bomb explosions
had children among whom rates of microcephaly and
mental retardation were increased. The incidence of men-
tal retardation was linked to radiation dose, ranging from
2.4% when the exposure was 10 to 50 rad to 18-40% when
the exposure was 50 to 100 rad. No forebrain injury
occurred with exposure during the first 8 weeks after
conception. The risk of injury was greatest for fetuses
between 8 and 15 weeks of gestational age. In addition
to mental retardation, growth delay and stunting were
seen.44

New DNA fragments are sevenfold more common
among children of workers who participated in cleanup of
the Chernobyl reactor accident than among siblings con-
ceived before the accident.45 Swedish health registries
have been monitored for evidence that excess fetal anom-
alies and childhood cancers may have been seen in the
regions of Sweden where radioactive fallout in the wake of
the Chernobyl disaster was highest.46 As of 1994, three
Swedish children who were in utero at the time of the
accident have developed leukemia. Because of the small
numbers, it is possible that this increase was attributable
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to random variation; however, the association between
low-level radiation in utero and childhood cancer has
been described frequently.47 This effect is enhanced in the
presence of maternal smoking. There is no threshold dose
of radiation to which the fetus may be exposed, especially
in the third trimester, without raising the risk of child-
hood cancer. Childhood cancer can result from exposure
even to single plain radiographs. The case-control and
population studies and the experimental evidence from
animal models have been reviewed.48

In addition to concerns about the effects of radiation
on the fetus, there is a question of whether the risks of
radiation to the pregnant woman herself may be increased
in relation to the risks in a nonpregnant adult. Increased
susceptibility to chromosomal damage after radiation has
been demonstrated toward the end of gestation in preg-
nant mice. Ricoul and associates established short-term
cultures with the lymphocytes and serum of pregnant
women, radiated the cultures, and compared them with
similarly cultured and radiated lymphocytes from non-
pregnant women; they demonstrated increased chromo-
somal breakage in metaphases in the lymphocytes of
pregnant women. This increased radiosensitivity reverted
immediately after delivery.49

Pregnant women are exposed to radiation during the
course of diagnostic procedures, such as mammography,
CT scanning, and plain radiography, and in the workplace
and environment. A single plain radiographic study
involves an exposure of less than 10 rad and can be under-
taken if necessary; however, ultrasonography or MR imag-
ing are preferred, because both appear to be without
harmful effects for the fetus, and should be substituted if
possible.50 Fluoroscopic procedures result in much higher
doses of radiation and should be avoided. Diagnostic
studies that utilize radionuclides are contraindicated.

Women may also be exposed therapeutically, as when
radiotherapy is used to treat early-stage Hodgkin’s
disease. About 4000 women per year receive radiotherapy,
predominantly to the neck and thorax, during pregnancy.
With appropriate shielding, the dose to the fetus can be
reduced by approximately 50%.51 Radiation to the breast
or chest wall in the treatment of breast cancer results in
an absorbed fetal dose of 0.05 Gy early in pregnancy. Once
the fetus is close to the diaphragm late in pregnancy, the
dose is higher than 1 Gy. According to the assumptions of
Stovall and coworkers,51 0.05 Gy is the threshold for risk
of malformation, and at 1 Gy, this risk is 40%. Although
systemic radioiodine therapy is strictly contraindicated in
pregnancy, a case has been reported in which radioiodine
was administered for the treatment of thyroid cancer to
a woman believed not to be pregnant, but in whom a
24-week-old fetus was discovered after 3700 MBq had been
administered in the 2nd and 22nd weeks of pregnancy.
The pregnancy was terminated because of concerns about
fetal damage, and the fetus was examined. Significant
radiation effect was noted in the thyroid, but there were
no other malformations and karyotypic analysis showed
no gross chromosomal aberrations.52

Among British medical radiographers, a study per-
formed by mailed questionnaire revealed no significant
increase in major congenital anomalies, but slight
increases in chromosomal anomalies and childhood

cancer were seen.53 The International Commission on
Radiological Protection recommends a dose limit of
0.2 mSv per month to the abdominal surface of a preg-
nant health care worker who works with patients who
have received technetium 99m or iodine 133. With a
distributed source of these radioisotopes to radiate an
anthropomorphic phantom, the fetal dose when a nurse
or radiology technologist cares for an adult treated with
technetium 99m is estimated to be up to 86 μSv. The fetal
dose to a radiology technologist after iodine 133 adminis-
tration is up to 9 μSv. Thus, current recommendations are
that a pregnant imaging technologist not perform more
than six technetium scans or one iodine scan per day.54

Chemotherapy

The U.S. Food and Drug Administration assigns drugs
into specific pregnancy risk categories. Category C refers
to drugs for which animal data demonstrate adverse fetal
effects; category D drugs are those for which human evi-
dence of adverse effects exists; and category X drugs are
those for which evidence of an adverse effect exists and
the risk is seen as clearly outweighing the possible bene-
fits. Although chemotherapeutics are rarely assigned to
category X because of the life-threatening nature of many
cancers, detailed information about the risks to mother
and fetus allows optimization of the systemic therapy
and influences decisions about continuation and man-
agement of the pregnancy. A comprehensive review of this
subject has been published.55 Long-term follow-up of
84 children whose mothers received chemotherapy for
hematologic malignancies during pregnancy revealed no
cancers, leukemias, or developmental abnormalities.56

Conventional Cytotoxic Chemotherapy

Pregnant patients are almost always specifically excluded
from initial safety trials of new drugs, and large prospec-
tive series of the use of chemotherapy during pregnancy
have not been performed. Physicians treating cancer
during pregnancy are left to rely on animal models of
teratogenesis, retrospective studies, and case reports in
choosing chemotherapy. A registry of pregnancy out-
comes after use of chemotherapy during gestation is kept
at the University of Oklahoma. The registry currently con-
tains more than 280 cases. It can be contacted by phone
during business hours, 9:00 AM to 5:00 PM Central
Standard Time, at 405-271-8685 or through electronic
mail at john-mulvihill@ouhsc.edu. Practitioners are
urged to report all use of chemotherapy during pregnancy
to the registry and also to receive current information
from the registry on any chemotherapy agent or regimen
intended for use in a pregnant patient, before therapy is
begun.

Certain predictions can be made on the basis of the
known physiology of pregnancy. Renal clearance is
increased in pregnancy; the volume of third-space fluid is
increased; and the plasma volume is increased. Thus,
renally excreted drugs clear more rapidly in pregnancy, with
the exception of methotrexate, which accumulates in the
third space; the delay in its elimination increases toxicity.
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Almost all cytotoxic agents cross the placenta, and most
are teratogenic during the first trimester. The use of
chemotherapy in the first trimester increases the rate of
fetal loss. Among fetuses that survive to term, the inci-
dence of malformations is increased up to 20%.57 Use of
certain chemotherapy agents in the second and third
trimesters, when organogenesis is complete, does not
detectably increase the rate of fetal malformations. Use of
chemotherapy at any time in pregnancy results in lower
birth weight.58,59 The long-term consequences of in utero
exposure to chemotherapy are not known. They poten-
tially include delayed growth and learning delays; delayed
carcinogenesis in the child or subsequent generations;
and delayed cardiotoxicity from anthracycline exposure.

Alkylating agents act by binding covalently to DNA.
This results in tumor cell death by apoptosis or by failure
of the damaged DNA to serve as an effective template at
the time of cell replication. This group includes the com-
monly used agents cyclophosphamide, ifosfamide, busul-
fan, melphalan, and chlorambucil, as well as the
organoplatinum agents. Use of chlorambucil in the first
trimester has resulted in a syndrome of renal aplasia, cleft
palate, and skeletal anomalies, echoing abnormalities
seen in the rat model.60 Animal models of teratogenesis
after exposure to cyclophosphamide have demonstrated
that the percentage of cells undergoing apoptosis is radi-
cally increased after cyclophosphamide damage to DNA.61

Ectrodactylia has been seen in humans after in utero
exposure to cyclophosphamide.

The organoplatinum agent cisplatin causes renal and
ototoxicity. In the mouse model, cisplatin crosses the
placenta in substantial amounts only after day 13. Fetal
levels are higher than maternal levels after day 17, which
is evidence of active transport of cisplatin across the
placenta.62 The mother’s renal function should be moni-
tored carefully, and she should undergo serial audio-
graphic evaluations. Fetal ototoxicity can be detected by
monitoring changes in fetal heart rate in response to
stimulation by an artificial larynx held 10 inches from the
maternal abdomen.63 The sensitivity and specificity of
this test for cisplatin-induced fetal ototoxicity are unknown.
Gestational diabetes and preeclampsia have been reported
in a pregnant woman receiving carboplatin chemotherapy,
but no causative relationship was established.

The alkylating agents are metabolized predominantly
in the liver. The fetus and newborn may lack hepatic
enzymes involved in alkylating agent metabolism. The
placenta allows excretion of these drugs into the maternal
circulation, which results in metabolism by the maternal
liver, but if substantial levels remain in the neonatal circula-
tion after delivery, when the placental route is no longer
available, the neonate may require support through a period
of cytopenia.

The antifolate agents such as methotrexate are aborti-
facients. Of 36 pregnant patients who received a folate
antagonist in the first trimester, 26 had spontaneous
abortions within weeks. The majority of fetuses in six
pregnancies subsequently aborted, and four delivered at
term had multiple malformations. Two aborted fetuses
appeared normal, and two infants born with multiple
anomalies survived. Methotrexate should be strictly
avoided in any circumstance in which the mother is

considering continuing the pregnancy.64 Multiple anom-
alies have been reported in a child who was conceived at a
time when the mother was receiving cytosine arabinoside,
and a trisomy was reported in a fetus aborted 4 weeks
after exposure to the same agent early in the second
trimester.65

The anthracyclines and anthracenediones act as topo-
isomerase II inhibitors. The most commonly used mem-
ber of this class in the United States is doxorubicin. This
agent has been used extensively in the second and third
trimesters of pregnancy in the adjuvant therapy of breast
cancer and in the treatment of advanced breast cancer,
lymphomas, and Hodgkin’s disease. It is not known to
increase the incidence of fetal anomalies, but it is associ-
ated with treatment-related leukemias.66 Whether its use
during pregnancy increases the likelihood of childhood
leukemia is not known. Epirubicin has a similar spectrum
of activity as doxorubicin, and a case has been reported
of a healthy infant delivered after four cycles of epirubicin-
containing chemotherapy given in the second and third
trimesters of pregnancy.67 Idarubicin is preferred to doxo-
rubicin for the induction of remission in acute myeloid
leukemia. Its use during the second trimester of pregnancy
has been associated with fetal death.68

Little is known about the safety in late pregnancy of
the taxanes, a novel class of antineoplastic agents that act
by promoting microtubule assembly. Animal models have
demonstrated fetal death and ossification delay when
taxanes are given during the period of organogenesis.
Docetaxel at higher cumulative doses can be complicated
by a syndrome of fluid retention, which may be difficult
to manage in pregnancy. Both docetaxel and paclitaxel are
important in the management of a broad spectrum of
solid tumors. No reports of malformations occurring
after the use of vincristine alone in any trimester are known.
Vincristine is useful in the management of lymphoma
and lymphoblastic leukemias.

Chemotherapeutic agents are commonly excreted
in breast milk. Those that have been found in breast
milk include hydroxyurea, cyclophosphamide, cisplatin,
doxorubicin, and methotrexate.69 Breast-feeding is con-
traindicated when there is a possibility that chemothera-
peutic agents would be fed to the infant.

Cytotoxic Therapy in Human Immunodeficiency
Virus Infection

Women who are pregnant and infected with human
immunodeficiency virus (HIV) receive a recommendation
to take antiretroviral therapy to reduce the transmission
of HIV to the child, as well as for its benefits in improving
quality of life and prolonging survival in the mother.70,71

HIV infection is a recognized risk factor for cervical can-
cer and lymphoma, which are among the cancers most
commonly diagnosed during pregnancy. The best method
of combining chemotherapy with therapy directed
against HIV infection is determined by the patient’s stage
of HIV infection and history of antiretroviral therapy. An
important goal in treating HIV infection is to avoid the
induction of resistance to antiretroviral agents. Because
such resistance may be fostered by starting and stopping
therapy, continuation of the regimen the patient has been
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following, if at all feasible, is preferred. When overlapping
toxic effects of chemotherapy and antiretroviral therapy
develop, dose reductions should in most cases be made in
the chemotherapeutic agents rather than the antiretrovi-
ral agents. It is difficult to combine zidovudine with
myelosuppressive chemotherapy because zidovudine is
myelosuppressive in its own right. It is not advisable to
administer didanosine (ddL, Videx) and zalcitabine (ddC,
Hivid) simultaneously with neurotoxic chemotherapy
such as the vinca alkaloids or paclitaxel, because they
cause neuropathy. Neither the nonnucleoside reverse tran-
scriptase inhibitors nevirapine and delavirdine nor the
protease inhibitors saquinavir mesylate, ritonavir, indin-
avir sulfate, and nelfinavir mesylate have been tested for
safety or efficacy in pregnancy. Because of their contribu-
tions to the well-being of the mother and because reduced
viral load in the mother is likely to further decrease the
risk of viral transmission to the fetus, protease inhibitors
are increasingly prescribed during pregnancy. To date,
evidence of fetal harm has not been reported.

Enfuvirtide is an HIV fusion inhibitor that is active in
drug-resistant HIV infection. Animal data contain no evi-
dence for harmful effects in pregnancy, but human data
are not available. As with all antiretroviral use in preg-
nancy, practitioners are urged to report their cases to the
Antiretroviral Pregnancy Registry at 800-258-4263 or
www.apregistry.com.

Biologic and Targeted Therapies

The differentiating agent all-trans-retinoic acid (ATRA) is
used in the treatment of acute promyelocytic leukemia.
This agent, in common with all retinoids, has known
teratogenicity.72 If its use is indicated in the first trimester,
termination of pregnancy should be recommended.
ATRA may induce the retinoic acid syndrome, which
can develop as early as the second day after initiation of
therapy.73 This syndrome is characterized by fever, weight
gain, respiratory distress, interstitial pulmonary infil-
trates, and pleural and pericardial effusions and is often
associated with leukocytosis. The consequences of this
syndrome for fetal viability are unknown. When the
retinoic acid syndrome develops, retinoic acid is withheld;
dexamethasone is administered, and the retinoic acid can
be reintroduced at a lower dosage once the symptoms
have resolved.

The interferons are a group of naturally occurring
proteins with immunomodulating, antiproliferative, and
differentiating activity. Interferon-alfa is used in the ther-
apy of chronic myelogenous leukemia and myeloma and
in the adjuvant therapy of melanoma. Its teratogenetic
potential is unknown, but a case has been reported of
interferon use in the therapy of myeloma in the first
7 weeks of pregnancy, without apparent adverse effect.74

Corticosteroids are important lympholytic agents and are
utilized in many antiemetic regimens. Animal models and
retrospective reviews of use of steroids in pregnant
women demonstrate a high incidence of cleft palate
after in utero exposure to steroids. Other adverse effects
include stillbirth, prematurity, masculinization of infant
girls, and hypoadrenalism necessitating corticosteroid
supplementation. Corticosteroids may also worsen

maternal glucose intolerance and the attendant risks of
hyperglycemia to the mother and fetus.

Imatinib, a highly active inhibitor of the bcr-abl fusion
protein, as well as of c-kit and the platelet-derived growth
factor receptor, is teratogenic in rats at dosages equivalent
to the maximal human dosage and increases postimplan-
tation embryonic loss. It appears in rat milk. At present,
it is contraindicated during pregnancy and lactation.
Common side effects anticipated in the mother are myelo-
suppression, nausea, edema, fatigue, headaches, myalgias,
arthralgias, diarrhea, and rash.

Trastuzumab, a humanized antibody that targets the
growth factor receptor Her-2/neu, has not been studied in
pregnant humans. No fetal harm has been demonstrated
in a monkey model, but placental transfer to the fetal
monkey has been demonstrated.

Gefitinib is an anilinoquinazolone that inhibits the
kinase activity of the epidermal growth factor receptor
(EGFR) in vitro in nanomolar concentrations. It is associ-
ated with a modest rate of objective responses in non–small
cell lung cancer and squamous cell cancer of the head
and neck. It was approved by the U.S. Food and Drug
Administration for use in advanced non–small cell lung
cancer in 2003; its use in other settings remains under
study. Animal studies yielded no evidence for genotoxicity
or teratogenicity, but at maternally toxic dosages, fetal
weight was reduced and neonatal mortality increased in
rabbit and rat models. EGFR is expected to be important
in fetal development, and gefitinib should not be used
during pregnancy until further data become available.

Thalidomide has now returned to the therapeutic
armamentarium as an inhibitor of vascular neogenesis for
the treatment of cancers dependent on a tumor-specific
microvasculature, exploiting the very activity that caused
so much suffering during the years thalidomide was pre-
scribed for use by pregnant women. Thalidomide causes
severe birth defects in 20% to 30% of exposed fetuses.75

The effects of thalidomide are most apparent after expo-
sure at days 27 through 40 of gestation and may arise
after even a single dose of thalidomide. The commonly
seen abnormalities include phocomelia, short stature,
and osseous defects. Facial hemangiomata and atresia of
the esophagus and duodenum are also seen. The use of
thalidomide in pregnancy is absolutely contraindi-
cated; patients receiving thalidomide are extensively
counseled about the teratogenicity of the agent and about
contraception.

The mixed estrogen-antiestrogen agent tamoxifen is
the most commonly used hormonal agent in the treat-
ment of primary and advanced breast cancer. The drug
was designed initially for use as an oral contraceptive, for
which purpose it was completely inefficacious, actually
enhancing fertility.76 Tamoxifen has caused reversible
developmental changes in fetal rats and monkeys exposed
during all stages of gestation.

Supportive Care in the Pregnant
Cancer Patient

The symptoms of cancer and the morbid nature of
many anticancer therapies can cause fatigue, appetite
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disturbance, and emotional distress; the most debilitating
symptom is pain, which may be severe. Opioids are widely
used for the palliation of cancer pain in patients with
curable and incurable disease, although adjuvant phar-
macologic agents, neurosurgical approaches, and therapy
for the underlying malignancy are also important. Long-
term exposure to opioids in utero may lead to opioid
dependence in the fetus, with resultant drug withdrawal
syndrome and growth retardation after delivery. Systemic
levels of opioid can be minimized by intrathecal delivery
of morphine if appropriate.77

Chemotherapy for cancer is commonly emetogenic.
Premedication with an antiemetic is used for all emetogenic
chemotherapy agents, and patients are also supplied with
some combination of the oral antiemetics prochlorper-
azine, lorazepam, dexamethasone, or 5-hydroxytryptamine
type 3 antagonists for outpatient management of delayed
emesis. Consistent data about the use of any of these
agents in pregnancy are not available. Administration of
the 5-hydroxytryptamine type 3 antagonist ondansetron
is not associated with teratogenic effects in animals at any
stage of gestation. Despite early reports of an association
with oral clefts, large retrospective studies of benzodi-
azepine use in pregnancy have not supported this asso-
ciation.78 Retrospective series document that normal
infants have been delivered after use of phenothiazines,
such as prochlorperazine, during pregnancy. Use of anti-
nausea drugs during pregnancy was associated with a non-
significant increase in incidence of childhood leukemia in
a small series.79 Potential fetal complications of steroid
use have been discussed previously.

The oxazaphosphorine alkylating agents cyclophos-
phamide and ifosfamide undergo hepatic metabolism;
this results in the generation of an active metabolite,
acrolein, which is renally excreted and causes hemor-
rhagic cystitis. For this reason, when used in a high dose,
these agents are given with hyperhydration or the
acrolein-binding agent mesna (sodium 2-mercaptoethane
sulfonate), greatly reducing but not eliminating the risk
of hemorrhagic cystitis. BK viruria is associated with a
higher incidence of hemorrhagic cystitis after oxazaphos-
phorine chemotherapy.80 Hemorrhagic cystitis should
be managed with further doses of mesna if it manifests
during the first several half-lives after drug administra-
tion. Continuous bladder irrigation with normal saline,
antispasmodic agents, and pain medication are indicated.
Refractory bleeding should be evaluated with cystoscopy
to exclude tumor, polyp, trauma, and other causes of
persistent hematuria. Severe hemorrhagic cystitis during
pregnancy can result in preterm labor.81

Total parenteral nutrition is indicated for cancer
patients with some frequency. It may be required because
of (1) mechanical interference of a tumor with the alimen-
tary tract, (2) postsurgical complications, (3) chemotherapy-
induced mucositis or emesis, or (4) cachexia induced
by the cancer itself. There is also increasing use of total
parenteral nutrition in pregnancy for other causes of
malnutrition. Parenteral lipid emulsion can lead to fat
deposits in the chorionic villi, and this has been reported
in association with fetal death at 22 weeks’ gestation.82

Malignant hypercalcemia resulting from paraneoplas-
tic secretion of parathyroid hormone–related protein or

from widespread bone metastases may be seen in the
advanced stages of breast and lung cancer and with some
lymphomas. Intravenous bisphosphonate therapy, usually
with pamidronate, is the therapy of choice for malignant
hypercalcemia.83 Bisphosphonates foster recalcification
of bone metastases and reduce skeletal complications of
breast cancer.84 Limited data support the use of bisphos-
phonates in pregnancy; they should be used only if the
indication for therapy is compelling, as with symptomatic
hypercalcemia.85

Tobacco Cessation

Approximately 30% of women in the United States who
conceive are smokers. The physician’s role in personaliz-
ing the risks of continued tobacco use is central to the
decision to quit for many smokers. In the case of cancer
during pregnancy, the risks of continued tobacco expo-
sure to the fetus and the mother should be emphasized.
Patients may be unaware that radiation is more effective
if tobacco is discontinued and that this may be the case
for chemotherapy as well. Survivors of many tobacco-
induced cancers remain at high risk for second cancers.
Chemoprevention with retinoids should not be given
during pregnancy; these agents are highly teratogenic.

FERTILITY AND PREGNANCY IN
CANCER SURVIVORS

No difference in survival after radical or conservative
surgery for unilateral ovarian cancer was demonstrated
among 72 Mexican women. Resumption of menses
occurred within 6 months in 89% of those who underwent
conservative surgery, and there was a cumulative preg-
nancy rate of 59% in the 22 women who remained
premenopausal.86 Conservative treatment of endometrial
cancer by curettage and progestin therapy without hysterec-
tomy can preserve fertility with the subsequent use of
gamete intrafallopian transfer. Such a patient was success-
fully delivered of a triplet pregnancy by cesarean section
at 30 weeks and underwent hysterectomy as definitive
therapy for cancer after delivery.87

Among 405 former childhood cancer patients surveyed
by questionnaire, 148 reported 280 pregnancies. These
resulted in 230 live full-term births and 17 live premature
births. Records of 81% of the liveborn infants were
reviewed. Of these, 3.3% had congenital anomalies; this
incidence is similar to that in the general population.88

The risk of cancer among children of survivors of child-
hood cancer has been measured in 5847 children of more
than 14,000 survivors of cancer diagnosed in childhood
or adolescence in the Nordic countries during the 1940s
and 1950s. The follow-up period totaled 86,780 person-
years. Excess retinoblastomas and nervous system tumors
were observed, but there was no evidence for an excess of
nonhereditary cancer.89

Chemotherapy, such as that used for the therapy of
advanced stages of Hodgkin’s disease or for the adjuvant
therapy of breast cancer, can cause menopause, and the
risk of temporary or permanent cessation of menses is
related to the age at treatment, the drugs used, and the
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cumulative dose. Recurrence of ovarian function is usu-
ally heralded by resumption of menses and, in rare cases,
by pregnancy. When patients are treated with high-dose
chemotherapy necessitating marrow support for the
treatment of hematologic, breast, or ovarian malignan-
cies, cessation of menses is highly likely whether the
patient receives total-body irradiation or chemotherapy.
Of 708 postpubertal women treated with high-dose
cyclophosphamide, with or without high-dose busulfan
and total-body irradiation, 110 recovered normal gonadal
function, and 32 of those women became pregnant.90 The
chance of recovering gonadal function for patients who
received such therapy as adults varied with the therapy. Of
73 patients who received conditioning with high-dose
busulfan and cyclophosphamide, only 1 retained gonadal
function, whereas of 103 who received high-dose
cyclophosphamide alone, 56 did so. Among patients who
underwent total-body irradiation as part of the treatment,
preservation of fertility was related to the total radiation
dose. Of those who received conditioning when prepuber-
tal, 28% retained fertility, and 9 of 196 ultimately became
pregnant. Pregnancies were more likely to result in babies
with low or very low birth weight and were more likely to
be complicated by preterm labor; also, among patients
who received total-body irradiation, the risk of sponta-
neous abortion appeared increased. All pregnancies in
survivors of high-dose chemotherapy should be managed
as high-risk pregnancies.90 Among women who are older
than 18 years of age when they undergo high-dose
chemotherapy or total-body irradiation with allogeneic
bone marrow transplantation, preservation of fertility is
unlikely.91 A few cases have been reported of such patients
who have successfully become pregnant after implanta-
tion of in vitro fertilized ova. In three cases the ova were
donated, and in three cases the ova were harvested from
the patient before the administration of high-dose
chemotherapy.92

Pregnancy after treatment for breast cancer has not
been demonstrated to raise the risk of breast cancer recur-
rence, and multiple pregnancies may in fact be protec-
tive.93 In one series from Finland, breast cancer survivors
who became pregnant and delivered were found to have a
fivefold or 80% lower risk of breast cancer recurrence than
stage- and age-matched breast cancer survivors who acted
as control subjects. The authors argued that this repre-
sented a “healthy mother effect”: namely, that breast
cancer survivors who became pregnant received mild
enough adjuvant therapy that they retained fertility and
were asymptomatic at the time of conception, although
no differences in management of survivors who became
pregnant and those who did not were actually identified.94

Women who deliver after treatment for breast cancer
may choose to breast-feed their children. If the involved
breast was conserved by use of limited surgery followed by
radiotherapy to the breast, lactation from that breast is
rarely possible. Higgins and Haffty reviewed 11 patients
who became pregnant after breast conservation. Three
patients chose to suppress lactation with bromocriptine.
Of the remaining seven, four had some evidence of milk
production, but lactation was normal in only one.95

Women who have received iodine 133 therapy for
thyroid cancer do not appear to have an increased risk of

complications of pregnancy or of having fetuses with
anomalies if they receive adequate thyroid replacement
and if pregnancy is deferred until the radionuclide is
completely eliminated.96

CANCER SITES

Cervical Cancer in Pregnancy

Cervical cancer is the most commonly diagnosed malig-
nancy during pregnancy and the postpartum period. The
incidence of cervical intraepithelial neoplasia is 1.3 per
1000 pregnancies, and the incidence of invasive disease is
1 per 2200 pregnancies.97 Worldwide, it is the most com-
monly diagnosed cancer in women, and in many parts
of the world, it is still the leading cause of cancer death
among women. Pregnancy has been reported to be associ-
ated with an increased prevalence of human papillo-
mavirus (HPV), the causative agent of cervical cancer.
Clinical progression of HPV infection may be seen in
pregnancy; this has been attributed to the integration of
the HPV genome 3′ downstream to the glucocorticoid
response element. The 70 types of HPV are divided into
low- and high-risk types. The highest cancer risk is associ-
ated with types 16, 18, 31, and 45.98 The prevalence of
high-risk HPV is reported to be increased during preg-
nancy.99 A HPV-16 L1 virus-like particle vaccine reduced
the incidence of HPV-16 infection and of HPV-16-related
cervical intraepithelial neoplasia in a randomized trial.100

Diagnosis

Speculum examination and Papanicolaou (Pap) smear
should be performed in all pregnant women at the first
antenatal visit. The Pap smear should be reported in the
terminology of the Bethesda System of reporting,101

which includes an assessment of the adequacy of the spec-
imen for interpretation. If the specimen is not adequate
for interpretation, the Pap smear should be repeated,
because half of false-negative Pap smears result from
inadequate sampling. The appropriate further manage-
ment for a Pap smear finding of atypical squamous cells
of undetermined significance (accounting for up to 9% of
all Pap smear results) or low-grade squamous intraepithe-
lial lesion is not agreed upon. A clinical trial is currently
ongoing to determine whether testing for HPV can dis-
cern cases of early abnormality in which more invasive
testing is indicated. Gross lesions must always be sampled
for biopsy, because hemorrhage or necrosis may obscure
Pap results.

In cases in which there is evidence of higher grade dys-
plasia, colposcopy with cytologic examination and
directed biopsy is the procedure of choice for establishing
whether invasive disease is present. The transformation
zone is physiologically everted in pregnancy, rendering
colposcopic assessment easier. Bleeding from biopsy sites
is increased because of hyperemia. If multiple biopsies
are required, several colposcopies may be performed, or
minimal conization with a free-hand–guided laser may be
used. Miniconization is also indicated if the initial biopsies
disclosed microinvasion. In a series of miniconizations
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that included 85 pregnant women, no significant compli-
cations were observed.102 Full conization, even with exclu-
sion of the cervical canal to avoid rupture of the
membranes, leads to more blood loss in the pregnant
patient and raises the risks of abortion and preterm deliv-
ery. These risks are highest in the first trimester, which is
when early series have reported the risk of abortion to be
as high as 33%. Fetal death may follow chorioamnio-
nitis.103-105 Excess blood loss may be noted if conization
is performed in the third trimester.103 Endocervical curet-
tage should be avoided because of the risk of hemorrhage
or of rupture of the membranes. When cervical intra-
epithelial neoplasia or microinvasive disease less than 3 mm
in depth is diagnosed, the patient may be observed and
conization performed after delivery. Fewer than 10% of
patients with cervical intraepithelial neoplasia in a small
series had progression to microinvasive disease during
this planned delay.106

Staging of invasive cervical cancer typically involves a
CT scan of the pelvis, but MR studies are preferred in
pregnancy to avoid exposing the fetus to ionizing radia-
tion. Lymphangiography and intravenous pyelography
are contraindicated if the pregnancy is to be continued.
MR and physical examination can be used to determine
lymph node involvement. Laparoscopic lymph node stag-
ing is considered experimental. Advanced-stage cervical
cancer often invades bladder or ureters, and this should
be assessed with ultrasonography and cystoscopy. Stage Ia
cervical cancer can be stratified into Ia1 and Ia2 on the
basis of the depth of invasion. The depth of invasion of a
Ia1 cancer is no more than 3 mm, and that of a Ia2 cancer
is no more than 5 mm. In addition to depth of invasion,
the presence or absence of lymphovascular invasion
should be considered.

Management

All patients with stage Ia cancers can consider continuing
the pregnancy. For stage Ia1 cancers without invasion of
the lymphovascular space, the pregnancy can be contin-
ued to term, and the definitive cancer procedure is then
chosen according to the patient’s wishes with regard to
further childbearing. If the patient desires more children,
therapeutic conization to negative margins can be used
as definitive therapy. In a series of 93 nonpregnant
patients with minimally invasive disease managed by
this approach, 1 patient suffered a fatal recurrence, and
92 patients had no evidence of recurrence.104 If a patient
with stage Ia1 disease does not intend further childbear-
ing, a vaginal hysterectomy can be performed 6 weeks post
partum. Among patients with stage Ia2 disease or lym-
phatic or vascular invasion, there is at least a 5% risk of
metastases to regional nodes.107 In such patients, the
delay in definitive therapy should be minimized by a
cesarean section once fetal maturity has been attained.
Definitive therapy of the cervical cancer, consisting of
an immediate modified radical hysterectomy with pelvic
lymph node dissection, can then be undertaken.

Patients with stage Ib or IIa cervical cancer also require
hysterectomy with pelvic lymphadenectomy. In the pregnant
patient, this results in a delay in definitive therapy until
delivery. Sood and coworkers reported on 11 patients who

underwent hysterectomy after a mean treatment delay of
16 weeks (range, 3 to 40 weeks) because of pregnancy. All
had early-stage disease, and this subgroup of 11 patients
was selected from a population of 85 patients in whom
cervical cancer was diagnosed during pregnancy. None of
these 11 patients suffered a recurrence at a median follow-
up time of 33 months.108 Other series have reported on
median treatment delays of 109 and 144 days.109,110 A
small cohort study did not demonstrate any alteration in
the outcome of early-stage cervical cancer in the setting of
pregnancy in comparison with control subjects who were
not pregnant.111 Thus, in early-stage cervical cancer, the
previous practice of hysterectomy with the fetus in utero
for cancers diagnosed in the first two trimesters may not
be necessary; however, data on which to base a decision to
delay definitive therapy are scarce. Cesarean section at the
earliest time of fetal maturity with immediate modified
radical hysterectomy and pelvic lymph node dissection is
also appropriate for stage Ib and IIa cervical cancers.

For locally advanced cancers, radiotherapy is the
treatment of choice. If the cancer is discovered during the
first trimester and external beam radiation is given, spon-
taneous abortion often results. If spontaneous abortion
does not occur, curettage should be performed. If cancer
is discovered during the second trimester, abortion fol-
lowed by radiotherapy is recommended; however, cervical
cancer is generally slowly progressive, and the exact con-
sequences of delay in this setting are not known. If cancer
is discovered during the third trimester, it is common to
delay therapy until maturation of the fetal lungs.

The use of neoadjuvant (primary or preoperative)
chemotherapy in cervical cancer is being studied.
Response rates of up to 100% have been reported for
cisplatin-based polychemotherapy in previously untreated
patients.112 A small randomized study of neoadjuvant
chemotherapy showed an advantage for neoadjuvant
therapy over surgery at interim analysis. In subset analy-
sis, the benefit of the neoadjuvant approach appeared to
be confined to bulky tumors. The question of whether
controlling disease progression of a locally advanced cer-
vical cancer with chemotherapy can allow continuation of
a pregnancy has not been studied.113 Chemotherapy also
has activity in cervical cancer metastatic to distant organs,
but such stage IVb cancers are not curable. Chemotherapy
may be given to a pregnant patient, but her decision
whether to continue the pregnancy should be informed
by this evidence about her prognosis.

If the antepartum diagnosis of cervical cancer is not
made and the patient delivers vaginally, seeding of the
episiotomy site with cancer cells may occur and manifest
as an episiotomy site recurrence within 12 weeks to 2 years
after delivery. If cervical cancer is diagnosed at or after
vaginal delivery, consideration should be given to regular
colposcopy of the episiotomy site, with or without
random biopsies, for the first 2 years after delivery.114

Trophoblastic Diseases

Trophoblastic disease complicates fewer than 2 per 1000
pregnancies in the United States but as many as 1 per 120
in some areas of Asia and South America. These diseases
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manifest across a spectrum from molar pregnancies to
metastatic choriocarcinoma. The rarest manifestations
are invasive mole, also known as choriocarcinoma destru-
ens, and the placental-site trophoblastic tumors. Invasive
trophoblastic disease is most common after a molar preg-
nancy but may also develop in the wake of a normal preg-
nancy or abortion. The most powerful predisposing
factor is higher maternal age. Maternal age over 50
increases the risk over 400-fold. There is also a modest
increase in risk for maternal age younger than 15 years.
A previous history of hydatidiform mole is also a risk
factor. The risk of a second mole is 1 per 76, but the risk
of a third mole is 1 per 6.5.115 There is a great geographic
variation in the incidence and some evidence for an effect
of low-dose background radiation in increasing risk.116

Molar Pregnancies

Hydatidiform moles may manifest with first-trimester
bleeding, passage of clots or grape-like villi, an abnormally
enlarging uterus, absence of fetal development in a
patient with an elevated β-hCG level, hyperemesis, early
onset of toxemia, or, in cases of invasive trophoblastic
disease, uterine rupture. A normal fetus develops synchro-
nously with fewer than 1% of molar pregnancies. If the
diagnosis of coexisting normal pregnancy and hydatidi-
form mole is made late in the pregnancy, it is possible to
attempt to allow the pregnancy to continue and treat the
trophoblastic disease definitively after delivery, although
the risk of metastasis from treatment delay is not known.
Preeclampsia and maternal bleeding usually preclude car-
rying the pregnancy to term and, indeed, only in their
absence should the diagnosis be delayed until near
term.117 Ultrasonography with color-flow Doppler imag-
ing is the mainstay of diagnosis; this modality usually
visualizes the mass, which is highly vascular and some-
times has a necrotic center, and can determine whether a
normal fetus is present. MR imaging can also show focal
tumor masses, pathologic vasculature, and loss of uterine
zonal anatomy.118 Partial moles are biparental and usually
triploid, whereas complete moles are derived from diploid
paternal genetic material and maternal cytoplasmic
material and are usually diploid.119 Flow cytometry can
distinguish between diploid and triploid moles; however,
the prognostic distinction between partial moles and
complete moles is based on histologic criteria. None of
43 triploid or tetraploid moles described by Sunde and
coworkers were complicated by persistent trophoblastic
disease. The confidence intervals for risk of persistent dis-
ease after a triploid mole were 0% to 2.7% in that series.120

Complete moles are more likely to be complicated by
persistent trophoblastic disease; nonmetastatic tro-
phoblastic disease develops after 15% of complete molar
pregnancies, in comparison with 5.5% after partial molar
pregnancies.121

Molar pregnancies are treated by evacuation. Passage
of clots may represent spontaneous abortion of the mole
but do not lead to complete evacuation. The β-hCG level
should become undetectable within 10 weeks; delayed
decline or persistent detectable β-hCG levels are indicative
of residual local or metastatic disease. For this reason,
β-hCG determinations are performed weekly until the

level is 0 mIU/mL and are continued monthly for the next
6 months. Patients should be counseled to avoid preg-
nancy during this period of follow-up because the normal
rise in β-hCG during pregnancy will confound follow-up.
The impact of immediate pregnancy on the risk of recur-
rence is not understood, and the patient’s prognosis is
much more certain once the β-hCG level has normalized.
Oral hormonal contraception can be recommended with-
out concern that it will increase the risk of recurrence.122

If there is a concern that a rise in β-hCG level is caused
by conception, the distinction between a persistent mole
and a normal pregnancy is aided by ultrasonography with
color-flow Doppler imaging. Serum progesterone levels
are useful in making this distinction when the β-hCG
level is below 1000 mIU/mL, when ultrasonography
is least likely to be helpful. A progesterone level below
2.5 ng/mL is predictive of trophoblastic disease with
a sensitivity of 83% and a specificity of 95%; a level higher
than 10 ng/mL is correlated with the presence of a viable
pregnancy.123 Management of subsequent pregnancies
in the patient with a history of molar pregnancy should
include ultrasonography in the first trimester to confirm
the presence of a normal pregnancy, careful histopatho-
logic review of the products of conception or the placenta,
and measurement of the β-hCG level 6 weeks after
delivery.121

Follow-up should also include regular examinations
and chest radiographs to search for lung metastases
(Table 23–1). Risk factors for persistent disease include a
β-hCG level higher than 100,000 mIU/mL, an abnormally
enlarged uterus, and a theca lutein cyst larger than 6 cm.
Weekly color-flow Doppler imaging is under investigation
as a means of monitoring regression of disease in the
postevacuation period.124 Persistent gestational tro-
phoblastic disease may be classified in the World Health
Organization or Charing Cross scoring systems as low or
high risk.125 Among patients with low-risk disease treated
with adjuvant low-dosage methotrexate and folinic acid
or single-agent dactinomycin, the relapse rate at 5 years is
3%.126 The advisability of adjuvant chemotherapy for women
at highest risk has not been established. Methotrexate/
actinomycin D combination chemotherapy is likely to be
successful in 80% of patients with persistent disease.127

If the β-hCG level rises after an initial fall that follows
evacuation of the hydatidiform mole, or if there is a
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After evacuation β-hCG measurements weekly until values =
0 mIU/mL, then monthly for 6 months

Counseling of patient to avoid pregnancy
during this initial follow-up period

Regular pelvic examination and chest
radiographs

Subsequent pregnancy Ultrasonography with Doppler imaging to
confirm normal pregnancy

Serum progesterone if β-hCG 
value <1000 mIU/mL

Careful histopathologic review of the
products of conception

β-hCG measurement 6 weeks after delivery

β-hCG, β–human chorionic gonadotropin.

TABLE 23–1 Follow-up of Molar Pregnancy



plateau in the β-hCG level, additional evaluation with
pelvic examination and transvaginal ultrasonography and
color Doppler imaging are indicated for identifying
persistent disease and, if necessary, ruling out normal
pregnancy. A search for evidence of metastatic disease
should also be made with CT scanning of the chest,
abdomen, and pelvis and with MR imaging of the brain.
Once the absence of metastases has been established,
chemotherapy can be initiated without dilatation and
curettage or other attempt at biopsy. These latter proce-
dures place the patient at risk for uterine perforation
without aiding in management. The β-hCG level should
be measured immediately before the first dose of
chemotherapy, to provide a baseline against which to
assess the response.128 The β-hCG level should fall by at
least one log in the first 18 days. This marker is followed
closely until it normalizes, and then tumor marker meas-
urements and chest radiographs are performed every
month for 1 year. If methotrexate therapy fails, dactino-
mycin or other salvage chemotherapy is attempted.
Hysterectomy is reserved for chemotherapy-refractory
localized disease; chemotherapy is preferable to hysterec-
tomy, not only because it preserves fertility but also
because the cure rate in the prechemotherapy era was only
60% for locally confined disease.

Chorioadenoma destruens is a form of molar preg-
nancy that is locally invasive. It manifests in the first
6 months after treatment of a molar pregnancy with uter-
ine enlargement caused by myometrial invasion without
endometrial invasion. Transvaginal ultrasonograms show
a well-defined spheric and echogenic mass in the
myometrium.129 Pelvic masses and peritoneal extension
may also be present. Pulmonary emboli with infarction
can occur as a result of embolization of chorionic villi.
The clinical presentation and the findings on ventilation
perfusion scans and pulmonary angiography are indistin-
guishable from those of thromboemboli to the lungs.130

The disease is staged with CT scanning of the chest,
abdomen, pelvis, and brain to distinguish this syndrome
from metastatic choriocarcinoma. Radioimmunoscintig-
raphy with antibodies to β-hCG can identify metastases
in some cases, but its role in the management of invasive
trophoblastic disease has not yet been established.131

Placental-site trophoblastic disease is the rarest of the
trophoblastic conditions. It manifests most commonly
with vaginal bleeding but may also be detected because of
preeclampsia, virilization, amenorrhea, or the nephrotic
syndrome. Uterine nodules are palpable. Ultrasonography
or MR studies may disclose the presence of vascular lakes
or sinusoids.132 Placental-site trophoblastic disease is
usually cured with wide excision, consisting of complete
hysterectomy, with or without salpingo-oophorectomy.133

In patients with no extrapelvic disease and an antecedent
pregnancy interval of less than 4 years, the disease is
entirely curable with surgery and combination chemother-
apy; lung metastases and longer interval of antecedent
pregnancy are grave prognostic indicators.134

Choriocarcinoma

Choriocarcinoma, the malignant and usually metastatic
form of trophoblastic disease, is a rapidly growing tumor

with the potential for brain metastases and hemorrhage.
It has rarely been known to manifest first through the
symptoms of brain metastases.135 Choriocarcinoma is
preceded by a molar pregnancy in many cases and may
also develop in the period after delivery of a normal fetus
or after spontaneous or therapeutic abortion. The ultra-
sound appearance of malignant choriocarcinoma may be
similar to that seen with chorioadenoma destruens,
except with the rare occurrence of cervical choriocarci-
noma.136 The disease is staged with CT scans of the chest,
abdomen, and pelvis and with MR imaging of the brain.

Treatment with chemotherapy, to which choriocarci-
noma is highly sensitive, should be initiated promptly.
Hysterectomy is deferred because the uterus is highly
vascular before treatment, bleeding complications can
be minimized by a response to primary chemotherapy,
and control of systemic disease is the most important
goal of therapy. Treatment is chosen by the patient’s score
in the combined International Federation of Gynecology
and Obstetrics/World Health Organization system.125

Patients with low-risk disease are treated with methotrex-
ate, with or without actinomycin D. Patients with high-
risk disease receive combination chemotherapy consisting
of cycles of etoposide, dactinomycin, high-dose methotrex-
ate, and leucovorin rescue alternating with cycles of
vincristine and cyclophosphamide.115,137 Those with brain
metastases should also receive steroids and whole brain
radiotherapy. Brain metastases do not preclude the possi-
bility of a cure, especially if they are not associated with
neurologic symptoms, if they did not develop while the
patient was receiving chemotherapy, and if the largest
metastasis is less than 3 cm.138,139 Choriocarcinoma is, as
mentioned, highly sensitive to radiotherapy, and patients
with this cancer were excluded from the landmark
randomized trial that established the curative potential
of resection of a solitary brain metastasis, on the basis
of the expectation that their disease could be cured by
radiotherapy alone.140 Fewer than 20% of patients do
not achieve cure. The presence of hepatic metastases
and the coexistence of hepatic and cerebral metastases
are risk factors for treatment-refractory disease.141 Among
patients with resistant or recurrent disease, a minority
responds nonetheless to second-line chemotherapy
with platinum-based chemotherapy or paclitaxel.142 Case
and single-arm studies have shown a role in treatment-
refractory disease for high-dose chemotherapy with stem
cell or autologous marrow rescue.143,144 There may be
a limited role for salvage surgery to resect metastatic
disease that is chemotherapy refractory, if the number
of metastatic sites is small.145 Several cases are reported
to have been cured by chemoembolization of hepatic
metastases.146

Endometrial Cancer

The mean age at diagnosis of endometrial cancer is
60 years; the disease is rare during pregnancy. Women with
a history of prolonged exposure to unopposed estrogen
are at higher risk of developing endometrial cancer, and
pregnancy is protective. Tamoxifen, an agent that binds to
the estrogen receptor variously as an agonist or antagonist,
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increases the risk of endometrial cancer by twofold to
sixfold.147 This drug is increasingly prescribed for the
adjuvant therapy of breast cancer or as a breast cancer
chemopreventive agent in premenopausal women.

Ovarian Cancer in Pregnancy

Diagnosis

Ovarian carcinoma is not the most likely cause of a pelvic
mass diagnosed during pregnancy. The majority of
adnexal masses that manifest during pregnancy are
benign and resolve during the first trimester. As with
endometrial cancer, ovarian cancer is rare in women of
childbearing age, although among women who carry cer-
tain mutations of the BRCA1 gene, the risk of ovarian
cancer development before menopause is increased.148

Ueda and Ueki reported on 106 cases in which ovarian
masses were resected from pregnant women. Of these,
29% were caused by physiologic enlargement; 66% were
benign neoplasms; and 5% contained ovarian cancer. The
incidence of benign tumors was 1 per 112 deliveries,
and that of malignant tumors was 1 per 1684 deliveries.149

The possibility of ovarian cancer is strong enough that
histologic evaluation of all adnexal masses that persist
after 16 weeks of pregnancy must be considered.

Color-flow Doppler imaging may be helpful in detect-
ing hypervascularity, and ultrasonography is useful for
distinguishing simple from complex cysts. Laparotomy
for diagnostic purposes and to resect the mass may be
complicated by postoperative spontaneous abortion.
Surgical diagnosis and management are safer during the
second trimester, and masses persisting into the second
trimester should be surgically evaluated if they are not
simple cysts.150 A case has been reported of successful
outcome of a 9-week pregnancy despite bilateral salpingo-
oophorectomy for ovarian cancer.151

A retrospective series of 10 serous neoplasms of
low malignant potential of ovarian or peritoneal origin
manifesting during pregnancy was reported from the
pathology department of the M. D. Anderson Cancer
Center. Multiple areas of microinvasion were seen in most
cases, all cases had marked epithelial proliferation, and
two had abdominal or distant metastases. Histologic or
clinical downgrading of the tumors was noted after deliv-
ery or termination of the pregnancy in some cases.
Despite the poor clinical and histologic features, all
patients were alive without evidence of disease at the time
of the report, after follow-up periods of 2 months to
20 years.152

Ovarian masses may contain teratoma. Simultaneous
teratoma in the mother and fetus has been described.
Histologic features suggested a clonal origin for the
intracranial mass of the fetus and the ovarian mass in the
mother, but polymorphisms of DNA microsatellites in
the two tumors were more consistent with independent
origins for the two tumors.153

Management

Low-grade ovarian cancer that is confined to the ovaries,
without ascites or tumor on the external ovarian surfaces,

has an excellent 5-year prognosis, and resection with
appropriate surgical staging is adequate management. If
the patient wishes to preserve fertility and only one ovary
is grossly involved, the contralateral ovary can yield a
biopsy sample but can be preserved.154 Patients with early-
stage tumors who have a worse prognosis on the basis of
high-grade histologic findings, ascites, or pelvic tumor
extension are offered adjuvant chemotherapy, usually
with the combination of cisplatin and paclitaxel,
although the optimal adjuvant therapy for these patients
is not yet established. Patients with advanced disease
undergo debulking surgery, followed by combination
chemotherapy. Trials are ongoing to determine whether
intraperitoneal therapy offers an advantage over cisplatin/
paclitaxel combination therapy for patients with minimal
residual intraabdominal disease.155,156

Breast Cancer

Breast cancer, in industrialized societies, is predominantly
a disease of aging and is not common during pregnancy.
In the United States, fewer than 4% of breast cancers
manifest during pregnancy or the first postpartum year,
but among patients who are younger than 35 years of age
at the time of breast cancer diagnosis, more than 25%
are pregnant or in the first postpartum year.157 In Zaria,
Nigeria, where most breast cancers develop before
menopause, 26% of all cases seen in women younger than
50 years of age develop while the patient is pregnant or
lactating.158

For women with a first pregnancy at the age of 30 years
or older, pregnancy increases the risk of breast cancer over
the first 3 to 4 postpartum years but decreases the lifetime
risk of breast cancer.18 Because the latency period before
manifestation of such pregnancy-associated breast can-
cers is short, it seems likely that the hormonal changes
of pregnancy act to promote growth or transformation of
abnormal clones that are already present at the time of
conception. Murine models demonstrate accelerated
growth of mammary cancers in pregnancy on the basis
of 130-fold higher levels of messenger RNA for the
mitogenic growth factor insulin-like growth factor II.159

Diagnosis

Early detection is crucial if breast cancer is to be cured
(Table 23–2), and mammography has been demonstrated
to help reduce cause-specific and overall mortality among
women older than 50 years.160,161 Mammography is not
routinely recommended for women younger than 50 years
of age, but it also helps reduce cause-specific mortality
rates among women aged 40 to 49.162 Mammography is
not routinely recommended during pregnancy, because
its sensitivity is reduced during pregnancy; the general
population of pregnant women is not at high risk for the
disease; and radiation exposure to the fetus should always
be minimized. Women who are at increased risk for early-
onset breast cancer because of mantle radiotherapy,
an identified genetic mutation, family history, late age
during first-term pregnancy, use of alcohol, prolonged
use of hormonal contraception, prior personal history of
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breast cancer, or abnormal histologic findings on breast
biopsy, and who are planning pregnancy, especially a first
pregnancy after age 35, may consider screening mammog-
raphy before becoming pregnant.4

Referral centers report the unfortunate fact that the
diagnosis of breast cancer during and after pregnancy is
frequently delayed. Women with postpartum breast can-
cer (within 5 years of delivery) had slightly larger tumors
than a control group of women with breast cancer that
developed before the age of 50.157 It has been hypothe-
sized that the more advanced stage of breast cancers
diagnosed during pregnancy or during the postpartum
period is attributable to faster growth and more invasive
properties of breast cancer in the hormonal milieu of
pregnancy.163 Although this is probable, it is not the only
factor: at Memorial Sloan-Kettering Cancer Center, more
than 50% of patients who are seen for a postpartum breast
cancer have a palpable mass that developed and was
detected during pregnancy but that was monitored clini-
cally without imaging or biopsy. The mean size of these
cancers was a relatively large 3.5 cm, in comparison with
2 cm for cancers diagnosed before delivery.164 As expected,
larger tumor size is correlated with a higher likelihood
of the prognostically adverse finding of metastases to the
axillary lymph nodes. Nugent and O’Connell found
axillary lymph node involvement in 74% of pregnancy-
associated breast cancers, in comparison with 37% of non-
pregnant premenopausal women.165 Clinicians may be
uncertain about a new mass in the breast because the
physiologic changes of pregnancy include increased
density and hypertrophy of the breast. These changes are
least marked early in pregnancy, and a thorough breast
examination should be performed at the first antenatal
visit. It is common for a pregnant patient to have each
antenatal visit with a different provider in an obstetric
group practice, so that she is familiar with everyone who
might be present at her delivery. This makes evaluation of
changes in the breast more difficult. Thus, for patients at
highest risk for breast cancer during pregnancy—those
with a personal history of breast cancer, a strong family
history, a known genetic predisposition to breast cancer,
or a history of thoracic radiotherapy—consideration
should be given to having a single provider monitor the

breast examination or to having the patient monitored by
her breast surgeon during the pregnancy.

Inflammatory breast cancer is a syndrome of erythema,
warmth, and induration of the breast, with or without
peau d’orange; it typically evolves over a period of 3 months
or less (Fig. 23–1). The abnormalities may be diffuse in the
breast; on occasion, they extend beyond the breast onto
the chest wall. The appearance of inflammation is sec-
ondary to emboli of breast cancer to the dermal lymphatic
vessels, which obstruct lymphatic drainage in the breast.
Without prompt therapy, the prognosis of this uncom-
mon syndrome (which represents fewer than 3% of all
newly diagnosed breast cancers in the United States) is for
rapid progression and death, and even with prompt and
aggressive therapy, the risk of recurrence remains high.166

The diagnosis of inflammatory breast cancer in associa-
tion with pregnancy is also commonly delayed. This
distinction is somewhat more difficult on clinical
grounds in lactating women, because lactation is one of
the few clinical settings in which mastitis occurs with any
frequency. Lack of a response to antibiotics and lack of an
abscess cavity suggest the possibility of inflammatory
breast cancer. The sensitivity of mammography during
lactation may be improved if the patient breast-feeds
or expresses milk immediately before mammography is
performed.

New breast masses should not be attributed to the
changes of pregnancy without investigation. Breast ultra-
sonography is the modality of choice, but mammography
can be considered because the fetal dose from a single
mammogram is low. In a retrospective series of 85 women
who received a diagnosis of breast cancer while pregnant
or during the first postpartum year, 21 underwent mam-
mography before biopsy. In these women, 23 cancers were
diagnosed, and 18 of these cancers were visualized mam-
mographically. Breast sonography demonstrated a focal
solid mass in all six cases in which it was performed. This
retrospective study is limited because it is not known why
mammography was performed in those 21 women or how
many pregnant women were evaluated by mammography
and ultimately found to have only benign disease. Also,
findings were not correlated to the timing of mammogra-
phy in relation to delivery. Nonetheless, this experience
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First antenatal visit Family history of cancer
Personal risk factors for cancer
Pap smear; repeat if results are inadequate
Hemoccult test of stool
Examination of nevi
Breast examination

Subsequent visits Follow-up examination of all nevi; biopsy
of lesions that change in size, color,
variegation, or outline

Ultrasonography and biopsy of suspect
or enlarging breast lesions or
inflammatory changes of the breast

Doppler flow study of all adnexal masses
persisting into the second trimester; 
laparoscopic biopsy of hypervascular or
complex masses

TABLE 23–2 Early Detection of Cancer during
Pregnancy

Figure 23–1. The erythema and swelling of the left breast are
characteristic of inflammatory breast cancer. (From Skarin AT [ed]:
Slide Atlas of Diagnostic Oncology, Breast Cancer, vol 6, 2nd ed.
New York, Gower Medical Publishers, 1992.)



demonstrates that the breast of a pregnant woman can be
evaluated by mammography.167 A normal mammogram
never rules out breast cancer in a palpable mass, and this is
the case during pregnancy as well. Multiple core biopsies
or local excision should be performed to rule out cancer in
any dominant mass, except a simple cyst. If inflammatory
changes are present, the biopsy should always include
overlying skin so that the dermal lymphatic vessels may be
assessed.

Prognostic Features

The most important prognostic feature of a primary
breast cancer is whether it has metastasized to the axillary
lymph nodes (Fig. 23–2). When four axillary nodes are
involved, the risk of recurrence by 10 years in the absence
of adjuvant chemotherapy is 75%. Involvement of 10 nodes
or more carries a 100% risk of recurrence by 10 years.
Adjuvant chemotherapy delays the median time to recur-
rence in this group but is not curative.168 Cancers that
have not spread to an axillary node have an approximately
30% risk of recurrence at 10 years.169 Among node-
negative tumors, recognizing those with a substantial risk
of recurrence is more difficult. Size is helpful, especially
if the tumor size is 1 cm or smaller.170 Overexpression of
hormone receptors is predictive of a longer time to recur-
rence, but with long follow-up, the ultimate risks of recur-
rence are similar in untreated hormone receptor–negative
and –positive cases.171 Markers of growth rate have been
reproducibly prognostic in large series with long follow-
up.172,173 Detection of micrometastases in the bone mar-
row is an adverse prognostic indicator in node-positive or
node-negative breast cancer.174

Gene amplification of the ligandless growth factor
receptor Her-2/neu is associated with a more aggressive
phenotype, relatively resistant to some forms of chemother-
apy, and often with absence of nuclear hormone recep-
tors.175,176 Trastuzumab is a humanized antibody to the
Her-2/neu protein that is active in Her-2/neu amplified

advanced breast cancers and under study in stage II and
III breast cancer.177

The prognosis, if the most recent birth was less than
2 years before the diagnosis of breast cancers, is worse
than that if the most recent birth was more than 5 years
before diagnosis; the hazard ratio for death is 2.7.178

Management

The sequence of local excision of tumor to tumor-free
margins followed by radiation to the remainder of the
breast is established as a good alternative to mastectomy
in women who are not pregnant if the tumor is less than
4 cm in size, unifocal, and without inflammatory fea-
tures.179,180 Among nonpregnant women, the risks of local
recurrence, distant metastases, and death are the same
after mastectomy or lumpectomy and after radiation. The
same has not been demonstrated for breast conservation
in pregnancy. Pregnant patients are explicitly excluded
from randomized trials of breast conservation. Because
of the increased density of the breast on a mammogram
during pregnancy, the sensitivity of mammography for
multifocal cancer may be reduced. Last, therapeutic radi-
ation must not be given to the breast during pregnancy
because of unacceptable radiation exposure to the fetus. If
breast conservation is chosen, radiation would be delayed
until after delivery. A randomized study has demonstrated
that radiation after lumpectomy can be safely delayed for
the duration of adjuvant chemotherapy, but this study
excluded pregnant women.181 The hormonal milieu of
pregnancy might lead to a greater risk of progression
during this delay. Anecdotal reports of breast conserva-
tion during pregnancy exist; however, no prospective
series have defined the local and distant recurrence rates
after breast conservation in pregnancy. In the absence of
such data, a pregnant woman in whom breast cancer is
diagnosed during the first or second trimester and who
intends to continue the pregnancy should receive a strong
recommendation for mastectomy. The mastectomy
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Figure 23–2. Disease-free survival (DFS) by
number of positive axillary lymph nodes.
Data from the San Antonio Data Base;
median length of follow-up, 51 months.
(From Clark G: Prognostic and predictive
factors. In Harris JR, Lippman ME, Morrow M,
Hellman S [eds]: Diseases of the Breast.
Philadelphia, Lippincott-Raven, 2000, p 491.)



should include dissection of the ipsilateral axilla. The pro-
cedure of sentinel node biopsy should be substituted for a
conventional lymph node biopsy only at centers that have
established the sensitivity and specificity of this approach
in their own series. If it is to be performed in a pregnant
woman, it should be done with a dye rather than a
radioactive tracer, but this may reduce the utility of the
procedure. A positive sentinel node is an indication for
completion of the axillary node dissection to ascertain the
extent of axillary node involvement, whereas a negative
sentinel node is only rarely found if other axillary nodes
are involved.182

Recommendations about adjuvant therapy depend on
the size of the tumor, its biologic characteristics, and the
extent of axillary lymph node involvement. If the breast
cancer is diagnosed during the third trimester, adjuvant
therapy can usually be delayed until after delivery. For a
tumor with a poor prognosis, delivery by cesarean section
at the time of fetal maturity should be undertaken to
minimize the delay in beginning adjuvant therapy. The
adjuvant therapy can then be chosen without regard to its
risks to the fetus, although the infant cannot be breast-
fed. If the cancer is diagnosed early in the pregnancy and
the pregnancy is to be continued, adjuvant therapy can-
not be initiated until the second trimester. The commonly
used regimen of cyclophosphamide, methotrexate, and
5-fluorouracil is not an option for the pregnant patient,
because the toxic effects of methotrexate in the mother
may be unacceptably increased and because methotrexate,
as reviewed earlier, is an abortifacient and causes fetal
malformations with a high frequency.

The alternative regimen of doxorubicin and cyclophos-
phamide has been demonstrated to have similar adjuvant
efficacy and is preferred in this setting.183 Adjuvant regi-
mens in which dose intensity is increased and a taxane
is added are preferred for patients with node-positive
disease.184,185 The use of myeloablative doses necessitating
stem cell support remains experimental at present.186 The
toxic effects of such approaches to the pregnant patient
and the fetus are not known, but because toxicity in non-
pregnant patients is high, and because infectious and
bleeding complications are common, it seems likely that
these approaches will not be well tolerated during preg-
nancy. Use of such therapies should be delayed until after
delivery. Because these regimens are most often consid-
ered in women with the highest risk of dying of breast
cancer and the shortest expected survival times, termina-
tion of the pregnancy followed by experimental adjuvant
therapy merits consideration. Tamoxifen is indicated as a
component of adjuvant therapy in premenopausal women
with hormone-receptor positive cancers. The risk reduction
from use of tamoxifen in these patients is greater than
that from chemotherapy.

The sequence of mastectomy followed by adjuvant
chemotherapy is no longer the preferred approach for
patients with locally advanced or inflammatory breast
cancers. The risk of local recurrence is high when locally
advanced or inflammatory cancers are treated with initial
mastectomy. Hormonal therapy of receptor-positive
tumors can lead to excellent responses, but these
responses may take months and in premenopausal
women are most likely if tamoxifen is given together with

ovarian ablation.187 Response rates to initial chemother-
apy are 60% to 90%, and complete responses are con-
firmed by pathologic findings in about 20% of patients.188

The tumor can be monitored well clinically while it is
large, but imaging studies are helpful in response assess-
ment. Mammograms may show increased calcifications
with response; MR imaging is used increasingly in preg-
nant and nonpregnant patients to monitor the size of a
primary breast tumor while the patient is receiving
chemotherapy.189 The finding of involved axillary nodes
at the time of resection after a response to primary
chemotherapy is an adverse prognostic indicator.190

All patients who have been treated for locally advanced
disease should receive further adjuvant chemotherapy
after resection, and if the prognosis is known to be poor
on the basis of the extent of axillary involvement, consid-
eration should be given to dose-intensive therapy, possi-
bly with hematopoietic support. All patients with locally
advanced disease require chest wall radiotherapy after
completion of all systemic therapy, to reduce the risk of
local recurrence.

The median length of survival of patients with
metastatic breast cancer that responds to hormones is less
than 3 years; that of those with disease that is refractory
to hormone treatment is less than 2 years. The conven-
tional approach is to give palliative therapy with hor-
monal treatment, followed by combination chemotherapy
with agents to which the patient has not previously been
exposed. In the setting of pregnancy, it was traditional to
encourage the patient to make decisions with the well-
being of the fetus foremost in her mind, because her
expectation of survival was low. However, optimal hor-
monal therapy of metastatic breast cancer in a pre-
menopausal woman requires ovarian ablation, which
would preclude continuance of the pregnancy. In addi-
tion, experimental approaches that intensify therapy and
that are neither tested in pregnancy nor likely to be safe in
pregnancy may offer a hope of cure to some women with
metastatic disease that responds to chemotherapy and is
confined to a few metastases.

Continuation of pregnancy by any subset of pregnant
women with breast cancer is not absolutely contraindi-
cated by current information. As discussed earlier, there is
some evidence that pregnancy may foster growth or trans-
formation of breast cancers, but the small series that have
compared breast cancer outcomes after therapeutic abor-
tion or with continuation of pregnancy have failed to
demonstrate a difference.165,191 In the discussion about
therapeutic abortion with a pregnant patient who has
breast cancer, the clinician should review these data but
should also emphasize that these small, retrospective
studies, although likely to be the only information that
will ever be available, are not definitive. They are subject to
bias if therapeutic abortion is chosen more often by
patients with the most advanced disease, thus reducing
the ability to detect an advantage for termination of
pregnancy. The discussion of therapeutic abortion should
also cover the patient’s individual risk for recurrence
and death, which is based on tumor size, the extent of
nodal involvement, the histologic characteristics and
growth fraction of the cancer, the presence or absence
of hormone receptors, and whether there is evidence for
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distant metastasis. Recommendations of therapies
should be placed in the context of trimester of pregnancy,
how much of a delay in therapy will be caused by contin-
uation of the pregnancy, and the probable risks of this
delay. The decision to continue or terminate the preg-
nancy should take into account not only the impact of the
pregnancy on the breast cancer and the impact of therapy
on the fetus but also long-term issues, such as who will
take responsibility for the child if the mother is disabled
by or dies of metastatic breast cancer. This question is
especially complicated if the child has long-term sequelae
of in utero exposure to chemotherapy. In summary, many
patients have undergone mastectomy and received
adjuvant chemotherapy during the latter trimesters of
pregnancy without complication, but the risks of this
approach are not fully known.

Stage for stage, pregnant women with breast cancer
have the same recurrence-free and overall survival expec-
tations as age-matched patients who had breast cancers
that were not associated with pregnancy.165,192 The risk
that a subsequent pregnancy might stimulate growth of
micrometastatic disease and lead to a relapse of the breast
cancer has long been debated. No series has demonstrated
an adverse effect of subsequent pregnancy on the course
of breast cancer, and multiple pregnancies after therapy
for breast cancer may be somewhat protective against
recurrence.93,191,193 Most of these series are subject to
the bias that only healthy women choose to or are able
to become pregnant.194 An age- and stage-matched case-
control study of women who became pregnant within
6 months of mastectomy, diminishing the opportunity
for bias by difference in breast cancer outcome, found a
survival advantage with subsequent pregnancy.192

An often-quoted recommendation is that women delay
further childbearing by 2 years after the diagnosis of
breast cancer. This recommendation is derived from a
report published in 1977 and is based on 21 years of
experience (thus reflecting practice patterns beginning
in 1956), which demonstrated that the peak time of
breast cancer recurrence is at 2 years.165 The author of that
study argued that women who had not had a relapse by
2 years were less likely to have a relapse or to have aggres-
sive disease when they did so, and thus they could most
safely consider becoming pregnant. The risk of recurrence
of breast cancer is lower today than it was in 1956 or
1977. Mammography and enhanced awareness of the
advantages of prompt treatment of breast cancer have
led to detection at lower stages and smaller tumor sizes
in the earliest stage, and the use of adjuvant chemother-
apy decreases the overall risk of recurrence and delays
recurrence for patients destined to have relapses. The
median length of time until recurrence for nonpregnant
patients treated with adjuvant chemotherapy with the
popular regimen of cyclophosphamide, methotrexate,
and 5-fluorouracil is 83 months.168 A large metaanalysis
of various forms of polychemotherapy without subse-
quent hormonal manipulation demonstrated a median
length of time until relapse of more than 5 years for node-
positive patients. The median survival of the node-
negative patients, with 10 years of follow-up, had not yet
been reached.195 Thus, although a short time from diagnosis
to development of metastatic disease remains an adverse

prognostic indicator, the 2-year mark should not be
considered a watershed for any group of breast cancer
survivors.

The decision by a survivor of breast cancer to become
pregnant is a personal one. The physician can assist the
patient by providing individual information about the
risk of recurrence and by informing her that the possibil-
ity that the pregnancy will accelerate a relapse of the can-
cer is not high. The single case-control study reported in
1968 cannot be taken as definitive proof that pregnancy
will actually be beneficial, because of the concern about
selection bias.190

Thyroid Cancer in Pregnancy

Differentiated thyroid cancer is an indolent disease in non-
pregnant adults, but in pregnant women, this cancer may
take a more aggressive clinical course. Thyroid nodules
that develop during pregnancy should be evaluated with
ultrasonography and cytologic sampling obtained by fine-
needle aspiration, if indicated. Further evaluation is clearly
needed for rapidly enlarging nodules, those enlarging
despite suppressive therapy, solid lesions larger than
2 cm, cystic nodules larger than 4 cm, and those associated
with cervical nodes.196 Of 40 cases of thyroid nodules in
pregnant patients, 25 (62.5%) were found to be benign on
cytologic examination.197 If the biopsy sample contains any
evidence of a papillary carcinoma, even if the histologic
appearance is mixed, if the size is small and the patient is
younger than 40 years, the disease is likely to be indolent,
and the long-term prognosis is among the best reported
for any cancer. In such patients, definitive therapy may
be deferred until after delivery. If the patient is older than
40 years, if the tumor is large, if there is concern that the
histologic findings may be of a higher grade, or if the patient
cannot tolerate a treatment delay for psychologic reasons,
resection can be performed after the first trimester.

The current surgical recommendation is for near-total
thyroidectomy. This allows preservation of the recurrent
laryngeal nerve in almost all cases, so that quality of life
is better than with total thyroidectomy, and the amount
of residual thyroid tissue is small enough to permit
good radioablation. The most effective modality in the
management of well-differentiated thyroid cancer is sup-
pression with exogenous thyroid hormone. This should
be initiated in the postoperative period in the pregnant
patient as anticancer therapy, as well as for prevention
of congenital hypothyroidism in the fetus. There is no
indication to hasten delivery in such cases.

Hormone replacement can be stopped after delivery,
and the patient can be monitored until she is profoundly
hypothyroid. At this point, uptake of radioactive iodine
is maximized, and thyroid scanning is most sensitive.
If there is evidence of uptake of radioactive iodine,
demonstrating residual or metastatic thyroid tissue, the
patient should undergo radioablation. This should then
be followed by reinstitution of thyroid hormone supple-
mentation with the goal to suppress thyroid-stimulating
hormone levels. The patient should never breast-feed
her child after either a thyroid scan or therapeutic iodine
ablation. It is conventional to withdraw thyroid hormone
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supplementation temporarily after 1 year and again after
3 years to permit follow-up radioiodine scanning. This
practice has no demonstrated impact on survival, and
many patients become severely symptomatic during
the period when they are not taking thyroid supplemen-
tation. Among the patients at the lowest risk, this practice
may not be necessary. Conception after radioiodine
ablation is associated with a slightly higher risk of
miscarriage, which is most pronounced in the first year
after therapy with iodine 133.198

Melanoma

Cutaneous melanoma among white persons is increasing
in incidence more rapidly than any other malignancy.
Although increased awareness has led to earlier detection,
the fatality rate is also increasing. Thickness is the princi-
pal determinant of the risk of recurrence and death after
diagnosis of melanoma; thus, failure to promptly recog-
nize a melanoma can have a significant and negative
impact on the patient’s chances for a cure.

Pregnancy can be associated with generalized hyper-
pigmentation. This has led to an expectation that hyper-
pigmented lesions will darken and change during
pregnancy, so that physicians have not been disposed to
recommend biopsy of nevi that change in size or configu-
ration during pregnancy. However, a melanoma should be
suspected in any case of a change in a pigmented lesion
(Fig. 23–3). Attention should be paid to changes in color,
outline, size, symmetry, and the degree of variegation of
pigmentation. Lesions larger than 6 mm in diameter
are worrisome, and bleeding and ulceration are late and
ominous findings. Because of the importance of early
diagnosis, people with many nevi are best monitored by
a dermatologist with experience in managing pigmented
lesions; however, examination of the skin with attention
to pigmented lesions should be part of routine health
care, and nevi should be assessed at antenatal visits
(see Table 23–2). Consultation of an atlas of pigmented
lesions may be helpful in assessing nevi that appear
atypical.199 In the United States, the overwhelming major-
ity of melanomas occur in white persons, but it is impor-
tant to remember that, worldwide, 40% of melanomas
arise in nonwhite persons.

Although pregnancy has not been found to influence
whether a melanoma will develop, the diagnosis of
melanoma in pregnancy, like the diagnosis of breast
cancer, appears to be delayed. The mean thickness of a
melanoma diagnosed during pregnancy is larger than
that of lesions diagnosed in nonpregnant women.200

A case-control study of 100 pregnant women with diag-
noses of melanoma was published at a median follow-up
of over 6 years; it revealed an increased incidence of lymph
node metastases and of recurrent and metastatic disease
among the patients who had been pregnant at the time of
diagnosis. At this length of follow-up, in a series this size,
the difference in survival was not statistically significant;
however, multivariate analysis showed that pregnancy
had a significant association with the development of
metastases, which suggests that longer follow-up may
show a survival difference.201

Prognosis

Melanomas are categorized by growth pattern. About 70%
of melanomas are of the superficial spreading type. These
are generally flat lesions with irregular areas of deep pig-
mentation, arising from preexisting nevi. Nodular
melanomas are the next most common type. These are
larger, more rapidly growing lesions that are most likely
to arise in previously uninvolved areas of skin. Lentigo
maligna melanomas are indolent lesions with a low
metastatic potential. They occur most often in post-
menopausal women and are rare in women of childbear-
ing age. Acral lentiginous melanomas are also rare in
women of childbearing age, and most are seen in patients
of African, Asian, or Native American ancestry.

Prognosis in melanoma is determined by microstaging.
The Breslow system determines the height of the lesion
from the granular layer to the deepest point of penetra-
tion.202 Tumor depth appears to be a continuous variable,
but depth of 0.76 mm or greater is the criterion for
categorizing a node-negative cancer as stage II, which
worsens the prognosis for 15-year survival rates from 85%
to 50%. Involvement of regional nodes is the criterion for
categorizing a tumor as stage III, which is associated with

C H A P T E R 23 Neoplastic Diseases 495

Figure 23–3. Dysplastic nevus (A) in a nonpregnant woman. The
same nevus (B) during a subsequent pregnancy. It has increased in
size and darkened. These changes indicate the need for biopsy.
(From Ellis DL: Pregnancy and sex steroid hormone effects on nevi
of patients with the dysplastic nevus syndrome. J Am Acad
Dermatol 1991;25:467.)



a 10-year survival rate of 25%, and the number of involved
nodes has greater predictive power than the size of the
nodal mass.203 The median length of survival of patients
with limited nodal metastases is less than 3 years. Median
length of survival in the presence of distant metastases is
7 months if the metastases are in skin and less if viscera
are involved.

Management

The initial diagnostic procedure for a lesion smaller than
1.5 cm is an excisional biopsy to the depth of the subcu-
taneous fat and with a 2-mm margin. This narrow margin
avoids unnecessarily disfiguring scars for lesions found
to be benign, but reexcision is mandated if the lesion is
found to be malignant. For large lesions, or in areas of the
body where scarring will be most noticeable, an incisional
biopsy should be performed. Reexcision is necessary if
malignant melanoma is diagnosed. The margins at reexci-
sion are determined by the thickness of the lesion on
microstaging.204 No difference in survival was demon-
strated among patients randomly assigned to resection
margins of 1 or 3 cm.205

Sentinel lymph node biopsy allows the surgeon to limit
the morbidity of a full lymph node dissection to patients
with demonstrable lymph node metastases.206,207 If this
approach is to be taken during pregnancy, it should
be performed as originally described, with a vital blue
dye rather than with the more sensitive technetium tech-
nique, because the safety of this procedure in pregnancy is
not established.208

Five-year disease-free and overall survival rates can be
improved by the use of adjuvant systemic interferon in
patients at high risk for recurrence on the basis of a depth
greater than 4 mm or the presence of limited lymph node
metastases. This was demonstrated initially with an inten-
sive interferon-alfa regimen consisting of 1 month of
20 million U/m2/day intravenously for 5 days of every
week, followed by 11 months of thrice-weekly subcuta-
neous therapy with 10 million U/m2.209 Subsequent and
ongoing studies that have assessed the role of lower
dosage interferon regimens, which cause fewer constitu-
tional symptoms and less hematologic and hepatic toxic-
ity, have not yet defined another active regimen. The
safety of interferon in pregnancy is not well known, nor is
there information about the use of this adjuvant therapy
during pregnancy. There exists an isolated case report of
interferon use during the first trimester.74 The role of
radiotherapy to a therapeutically dissected regional
lymph node basin is still to be determined. A single pilot
study suggests an effect on the risk of local recurrence.210

A randomized trial is currently testing this approach.
The goal of therapy for metastatic melanoma is purely

palliative. This may involve resection or radiation of indi-
vidual metastases to relieve local symptoms or systemic
therapy. Combination chemotherapy regimens, with or
without biologic or hormonal therapy, have not yet been
demonstrated to be superior to single-agent chemother-
apy in overall survival. The palliative intent of such
therapy should be borne in mind, and an attempt should
be made to minimize the symptoms of therapy. Some
patients, especially those who are asymptomatic, may

elect not to receive systemic therapy of uncertain benefit.
If metastatic melanoma arises during pregnancy, thera-
peutic abortion may be considered in the first or second
trimester because of the exceedingly short expected dura-
tion of survival. Chemotherapy with dacarbazine or other
alkylating agents may be given after the first trimester in
cases in which the pregnancy is continued. Although cases
of melanoma metastatic to the placenta or the fetus have
been reported, these are rare outcomes and should not
influence the decision about therapy or continuation of
the pregnancy.

Colorectal Cancer

Colorectal cancer is rare during pregnancy, because it
manifests uncommonly during the childbearing years,
except in patients with ulcerative colitis or an inherited
predisposition. When it is diagnosed in the unscreened
population, it usually manifests with bleeding but may
manifest with obstruction, and this has been described in
pregnancy.211 The curability of colon cancer is greatest for
the earliest lesions, and screening has a dramatic impact
on cause-specific survival in the middle-aged population.
In families with a known hereditary predisposition to
colon cancer because of a mutation in the FAP/APC or
hMSH2 genes, regular full colonoscopy for screening
should be initiated when the family members are approx-
imately 10 years younger than the youngest age at which
a family member was afflicted or at age 30, whichever is
younger.212 Colon cancer deaths in the early 30s are not
uncommon in such families. If a family history of young-
onset colorectal cancer is obtained, and the patient’s
age justifies screening, this should be arranged during
the early postpartum period while the patient is still in
regular contact with the health care system. If on routine
antenatal evaluation the patient is found to have occult
blood in the stool, colonoscopy should not be delayed.

Advances in the management of metastatic disease led
to an improvement in median survival from 9 to 20 months
during the 1990s. Studies are currently under way to
determine the role of irinotecan, oxaliplatin, EGFR-
directed therapies, and angiogenesis inhibitors in stages II
and III disease.

Hepatocellular Cancer in Pregnancy

Hormonal promotion of hepatocellular carcinoma has
long been recognized. In geographic areas endemic for
hepatitis B, neonatal infection with hepatitis B is associ-
ated in boys with a peak in incidence of hepatocellular
cancer at the time of puberty. Oral contraceptives are
known to cause hepatic adenomas and hepatocellular car-
cinoma at a low frequency. Peripartum manifestation of
hepatocellular carcinoma is also recognized in chronic
hepatitis B carriers, although hepatocellular carcinoma in
pregnancy is rare; this may be partially explained by
reduced fertility of women with advanced cirrhosis.213 The
only curative approach to hepatocellular carcinoma is
removal of the tumor. This can be accomplished by
hepatic lobectomy for a small cancer if the function of the
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remaining liver permits or by orthotopic liver trans-
plantation if cirrhosis precludes hepatic resection. For
patients with inoperable tumors, palliative local therapies
such as cryotherapy, chemoembolization, or ethanol
ablation are promising.

Gastric Cancer

Gastric cancer is rare in pregnancy, even in parts of the
world where gastric cancer is still a leading form of cancer.
There were only 14 pregnancy-associated cases of gastric
cancer in a series of 2325 consecutive cases reported from
Japan. The pregnancy-associated cases tended to be of
higher grade, but the rate of survival after curative surgery
was similar to that found in nonpregnant patients.214

Metastatic gastric cancer may manifest with ovarian
metastases. These ovarian metastases are known as
Krukenberg’s tumor (Fig. 23–4).

HEMATOLOGIC MALIGNANCIES
IN PREGNANCY

Acute Leukemia

The incidence of leukemia in pregnant women is not
known to differ from that in nonpregnant women, and
the manifestation of leukemia is usually the same in the
pregnant patient. Acute leukemias are generally accompa-
nied by problems caused by a paucity of normal cells: ane-
mia and its symptom of easy fatigability, infection, or
bleeding. A routine complete blood cell count determina-
tion at an antenatal visit may also lead to the diagnosis.
The complete blood cell count demonstrates a variable

degree of anemia and thrombocytopenia and usually
shows a leukocytosis with the presence of blasts,
although, in rare cases, the white blood cell count may be
depressed. Acute leukemias may also present because of
symptoms of leukostasis, which arises in the setting of
leukocytosis. This most commonly manifests with ocular
or central nervous system symptoms but may manifest
with fetal loss, which in rare cases has been the presenting
symptom of acute leukemia in the pregnant woman.

The diagnosis of leukemia is confirmed by an exami-
nation of the bone marrow with histochemical stains
and by cytogenetics. Leukemias are described by the
French-American-British (FAB) classification on the basis
of histologic features, but in some cases, immunopheno-
typing, specific cytogenetic abnormalities, or molecular
probes for recognized DNA sequence abnormalities give
more specific prognostic information and are better
guides to therapy than the FAB class. In addition, the
distinction between myeloid and lymphoid leukemias in
the most undifferentiated leukemias may be made on the
basis of immunophenotyping.

If left untreated, all acute leukemias have a rapidly fatal
course; however, with appropriate chemotherapy, com-
plete remissions are expected in more than 70% of
patients. Pregnancy does not decrease the likelihood of a
complete remission. Placental involvement by acute
leukemia has been reported several times. In a case of
acute monocytic leukemia diagnosed at 29 weeks of preg-
nancy and managed conservatively until fetal maturity at
33 weeks, a leukemic infiltrate was detected in the basal
plate of the placenta. The infant was normal.215

The clinical consequences of cytopenia can be exagger-
ated in pregnancy because of preexisting anemia and
because of the risks of bleeding and infection associated
with pregnancy and labor. Rapid reduction in white blood
cell count can be achieved with cytotoxic agents, such as
hydroxyurea, at the risk of a tumor lysis syndrome in
which rapid release of intracellular contents can lead to
hyperkalemia, hyperphosphatemia, ectopic apatite crystal
formation with resultant hypocalcemia and renal tubular
dysfunction, hyperuricemia, and urate nephropathy. It is
preferable to use leukapheresis to remove white blood
cells from the circulation, allowing a reduction in white
blood cell count and blood viscosity at less risk. This
approach is practical during pregnancy. The therapy for
acute leukemias results in prolonged periods of marrow
suppression, and all patients undergoing induction
chemotherapy for acute leukemia require extensive sup-
portive care, including transfusions and treatment of
infection. Pregnancies complicated by leukemia must be
managed as high-risk pregnancies. The incidences of
spontaneous abortion, stillbirth, growth retardation, and
prematurity are all increased in the presence of maternal
leukemia.59,216 The risks of delivery in the mother if she is
thrombocytopenic or neutropenic are increased. Thus, to
maximize the chance for complete remission and cure and
to decrease the risks of delivery, induction therapy should
be initiated promptly. If the pregnancy is in the first
trimester, the risk of congenital anomalies is high, and
termination of the pregnancy should be considered. If
fetal maturity has been attained at the time of diagnosis,
elective delivery by cesarean section can be accomplished
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Figure 23–4. Krukenberg’s tumor, seen on computed tomographic
image.



before induction therapy. For pregnancies in the second
and third trimesters, a good pregnancy outcome is likely,
and there is no contraindication to continuation of the
pregnancy and initiation of induction therapy. Intensive
postremission therapy is safest for the mother and fetus
after delivery or for the mother after termination of the
pregnancy.

Acute Myeloid Leukemia

Initial therapy of acute myeloid leukemia consists of
continuous infusion cytarabine and an anthracycline
(either idarubicin or doxorubicin) to induce complete
remission. Complete remissions can be expected in 70% of
adult patients, and inclusion of additional agents in the
induction regimen has not been proved to enhance the
complete remission rate. Postremission therapy is impor-
tant for achieving disease-free survival of long duration.
Among younger patients, the use of intensive postremis-
sion therapy with high-dose cytarabine or, if an allogeneic
bone marrow donor is available, with allogeneic bone
marrow transplantation improves the 3-year survival rate
and should be considered. With intensive postremission
therapy, approximately one third of patients of childbear-
ing age achieve prolonged disease-free survival.

Acute promyelocytic leukemia, M3 in the FAB classi-
fication, is caused by a balanced translocation between
chromosomes 15 and 17, in which portions of the promye-
locytic leukemia gene are juxtaposed with the retinoic
acid receptor α gene, which results in a fusion pro-
tein.217,218 This disease is distinct from the other subtypes
of acute myeloid leukemia. It can be complicated by
bleeding caused by disseminated intravascular coagula-
tion, fibrinolysis, and proteolysis, either at the time of
presentation or during induction chemotherapy, and
induction therapy carries a higher mortality rate than in
the other subtypes. Nevertheless, the complete response
rate and long-term survival rate are favorable. The mor-
bidity from this syndrome is reduced if complete remis-
sion is induced with the differentiating agent ATRA,
which binds to the abnormal retinoic acid receptor.
Remissions induced by ATRA are not durable, and patients
are given both conventional induction chemotherapy
after complete remission is achieved and maintenance
therapy with ATRA for 1 year. Induction with sequential
differentiating and cytotoxic therapy and maintenance
differentiation therapy confers a significant survival
advantage over cytotoxic chemotherapy alone.219 There is
almost no experience with the use of this approach in
pregnancy. Twenty-three cases of acute promyelocytic
leukemia in pregnancy have been reviewed. Of these, 19
resulted in live births, including 8 in which chemotherapy
had been administered late in pregnancy and 3 in which
ATRA had been administered late in pregnancy. Complete
remission was induced in 72%. In cases complicated by
disseminated intravascular coagulation at presentation,
fetal loss did not result.220

Acute Lymphoblastic Leukemia

The initial treatment for acute lymphoblastic leukemia is
combination therapy with vincristine and prednisone.

The inclusion of an anthracycline, cyclophosphamide,
and asparaginase increases the complete response rate
and extends the time to relapse. Intensive postremission
therapy has been accepted as integral to the achievement
of long-term survival rates of about 33%. In some high-
dosage consolidation regimens, chemotherapy penetrates
the central nervous system, perhaps obviating the need
for central nervous system prophylaxis with radiotherapy
or intrathecal chemotherapy. Patients who are at high risk
for relapse by virtue of an initial white blood cell count
exceeding 35 × 106/mL, older age, adverse karyotype, or
slow remission are considered for allogeneic bone marrow
transplantation in first remission.

Chronic Leukemias

Chronic Myelogenous Leukemia

The cause of almost all chronic myelogenous leukemia
(CML) is the formation of a novel protein tyrosine kinase
by a translocation that results in juxtaposition of the BCR
and ABL genes.221 After a chronic phase of generally 1 to
5 years, acceleration and transformation to acute leukemia
are expected. The International Randomized Study of
Interferon and STI571 established imatinib, a novel, oral,
small molecular inhibitor of the bcr-abl fusion kinase,
as the standard initial therapy in newly diagnosed CML
on the basis of hematologic and cytogenetic response rate,
rapidity of response, tolerability, and proportion of
patients who are progression free at 1 year.222 Imatinib is
also active in previously treated CML, in the accelerated
phase, and in blast crisis. Allogeneic stem cell transplan-
tation during the chronic phase is potentially curative in
the minority of patients who are suitable candidates for
this therapy, but the rate of mortality from this approach
is high.223 The optimal integration of allogeneic trans-
plantation in the management of CML in the imatinib era
remains to be defined.

For CML in the chronic phase, conservative management
during pregnancy may be appropriate. Complications
from an exceedingly high white blood cell count causing
altered blood viscosity may lead to retinal vein occlusion,
cerebrovascular accidents, and placental dysfunction.
Leukapheresis can be used to control the white blood cell
count during the first trimester. Once organogenesis
is complete and the use of alkylating agents is safer,
hydroxyurea therapy can be instituted for control of the
white blood cell count.224 Imatinib and high-dosage
chemotherapy should not be given during pregnancy but,
rather, should be delayed.

Chronic Lymphocytic Leukemia

This disease, most common in elderly persons, has been
reported in a pregnant woman only once. The patient was
managed conservatively during the pregnancy and
required antibiotic and transfusion support. A normal
infant was delivered.225 Because the course of this disease
is often indolent and the timing of therapy is not known
to affect outcome, a conservative approach to manage-
ment during pregnancy is appropriate.
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Lymphoma

Non-Hodgkin’s Lymphomas

The average age at presentation for non-Hodgkin’s
lymphomas is 42; thus, many patients present with these
diseases during the childbearing years.226 The incidence of
lymphoma is rapidly increasing, predominantly among
HIV-infected people.227 This may lead to an increase in the
coincidence of lymphoma with pregnancy. A case was
reported in which histologic evidence of B cell lymphoma
in the placenta, discovered on routine examination,
preceded by 9 months the diagnosis of immunoblastic
lymphoma in the HIV-infected mother.228 The non-
Hodgkin’s lymphomas are categorized by the World Health
Organization/Revised European-American Lymphoma
classification as indolent, aggressive, highly aggressive,
and localized indolent.229 They are further divided histo-
logically, and by cell of origin. Indolent lymphomas are
uncommon during pregnancy, and in most cases, because
of their slow growth, management can be deferred until
after delivery at the time of fetal maturity. The localized
indolent lymphomas—extranodal marginal zone B cell
lymphoma of the mucosa-associated lymphoid tissue
type and primary cutaneous anaplastic large cell
lymphoma—generally remain localized. Regressions may
be seen after treatment for Helicobacter pylori or Borrelia,
respectively.

Chemotherapy is curative for a proportion of patients
who have aggressive lymphomas, and the likelihood of
cure is predicted by the patient’s performance status,
β2-microglobulin level, lactate dehydrogenase level, and
the extent of the disease, including whether there is extra-
nodal involvement, adjusted for age.230 The cytogenetic
profile of the cancer and biologic markers of growth rate
also have prognostic significance. The standard combina-
tion of cyclophosphamide, doxorubicin, vincristine, and
prednisone can feasibly be given after the first trimester,
and pregnancy does not adversely affect the prognosis.231

Combination chemotherapy given at standard dosages
achieves cure in approximately 40% of patients with inter-
mediate or high-grade advanced-stage non-Hodgkin’s
lymphoma. Rituximab is a therapeutic monoclonal anti-
body directed against the CD20 moiety with activity in
B cell lymphomas; there are no data on the use of rituximab
in pregnancy. Patients who suffer relapse after cyclophos-
phamide, doxorubicin, vincristine, and prednisone com-
bination chemotherapy can be expected to respond to
salvage chemotherapy, but salvage chemotherapy is not
likely to be curative. A multicenter trial conducted in
Europe compared salvage chemotherapy with a shorter
course of the same salvage chemotherapy followed by
high-dosage chemotherapy with autologous bone marrow
transplantation. This study demonstrated an improve-
ment in overall survival at 5 years from 32% to 51% among
patients who received consolidation with high-dosage
chemotherapy.232 This approach is also offered to patients
with an extremely poor prognosis, on the basis of a
retrospective subset analysis of a randomized study of
standard therapy followed by conventional-dosage main-
tenance therapy versus high-dosage therapy, which
showed an advantage to high-dosage chemotherapy

among patients with high-risk disease according to the
age-adjusted index.233 Therapy should be initiated at con-
ventional dosages for patients in whom poor-prognosis
lymphoma is diagnosed, according to the age-adjusted
index, or for those who develop recurrent lymphoma
during pregnancy. High-dosage chemotherapy is most
appropriate for the patient with a poor prognosis who
responds to conventional dosages of chemotherapy and
thus does not need to initiate treatment during the preg-
nancy. On the other hand, chemotherapy for lymphoma is
myelosuppressive, and the long-term prognosis for
patients with poor risk and relapsed disease is not excel-
lent. Under these circumstances, some patients prefer
to terminate the pregnancy. Non-Hodgkin’s lymphoma
arising during pregnancy can metastasize to the placenta;
this can lead to neonatal death.234 Histopathologic sam-
ples of the products of conception or placenta should be
studied carefully for evidence of lymphoma at every birth
or abortion in a mother with lymphoma.

Bilateral primary breast lymphoma is an unusual man-
ifestation of lymphoma, is most common with high-grade
lymphomas and lymphoblastic leukemia, and has an
association with pregnancy.235 In a small series from
Nigeria, two thirds of patients with bilateral breast masses
were found to have bilateral Burkitt’s lymphoma of the
breast, which invariably manifested during pregnancy or
lactation. The mean age at manifestation of Burkitt’s lym-
phoma was 22 years, in comparison with 37 years for
bilateral mammary carcinoma.236 The reason for breast
involvement when these cancers are found in pregnancy is
not clear. The breast mass resulting from lymphoma
characteristically is more rounded, smoother, and less
hard than the mass of mammary adenocarcinoma. Breast
lymphoma may also manifest as enlargement of one or
both breasts. This has been confused with the physiologic
changes of pregnancy.237 Breast lymphoma does not have
pathognomonic mammographic characteristics. The
mammogram may show multiple bilateral masses, and
the masses are unlikely to contain calcifications, but these
findings do not exclude mammary carcinoma, and, as
with mammary carcinoma, the mammogram may be
normal.238 When mammary carcinoma is present in both
breasts, it may be present as synchronous primary tumors
or as metastasis to the contralateral breast, by which
time other manifestations of metastatic disease would
commonly be present. Whatever the clinical findings, the
diagnosis of lymphoma requires a sufficient sample
of tissue for assessment of tissue architecture and for spe-
cial staining tests to be performed. A large-core biopsy
or open biopsy is preferable to fine-needle aspiration
for the diagnosis of lymphoma, as for the diagnosis of
adenocarcinoma.

Hodgkin’s Disease

Hodgkin’s disease usually arises in lymph nodes and
occurs most commonly in the neck. Because of the promi-
nence of the inflammatory response in Hodgkin’s disease,
it is important for accurate diagnosis to obtain a generous
specimen for histologic evaluation. This is obtained
generally through an excisional lymph node biopsy.
Nodular sclerosis is the most common subtype of
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Hodgkin’s disease. This subtype is most common in ado-
lescents and young adults and frequently affects women.

The standard management of early-stage Hodgkin’s
disease has been local radiotherapy, without any systemic
treatment. This approach demands a high degree of cer-
tainty that there is no undetected disease outside the radi-
ation field, and it has been traditional for staging to
include lymphangiography and exploratory laparotomy
with splenectomy. Long-term results with chemotherapy
followed by limited-field radiotherapy appear to be simi-
lar, with a lower risk of second malignancies, and can be
considered for patients who do not undergo laparotomy.
This approach has the advantages for the pregnant
patient of avoiding abdominal surgery during pregnancy
and of delaying radiotherapy. Thoracic irradiation for
Hodgkin’s disease can be accomplished during pregnancy
with the use of abdominal shielding, but some radiation
exposure of the fetus is inevitable.

Advanced-stage Hodgkin’s disease is treated with com-
bination chemotherapy. The first-line regimen consists of
doxorubicin, bleomycin, vinblastine, and dacarbazine.239

This regimen is preferable to the first reported curative
chemotherapy in this disease—nitrogen mustard, vin-
cristine, procarbazine, and prednisone—because of its lesser
effect on fertility and because it is less leukemogenic.240

Patients who have a relapse after radiotherapy may
achieve cure by chemotherapy with a first-line regimen.
Reintroduction of the same chemotherapy is often effec-
tive if the relapse after chemotherapy occurs after a long
disease-free interval, but patients with short disease-free
periods have a lower likelihood of cure with a second trial
of chemotherapy. Dose-intensive approaches with autolo-
gous hematopoietic support have also been used in such
patients.
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OVERVIEW

Psychiatric complications during pregnancy can represent
an exacerbation of an ongoing psychiatric disorder, a
resurgence of previously remitted symptoms, or the onset
of a new illness. Millions of women suffer from mental
illness during their childbearing years, and more than 50%
of pregnancies are unplanned; these facts highlight the
importance of prenatal counseling with regard to the nat-
ural history of various psychiatric disorders during preg-
nancy, as well as the potential risks associated with fetal
exposure to psychotropic agents and/or maternal mental
illness.

The most common psychiatric disorders, such as
mood and anxiety disorders, are underreported by
patients and underdiagnosed by primary care physicians.
However, the majority of treatment for such disorders
occurs in the primary care setting, not the psychiatrist’s
office. Thus, the overarching goal of this chapter is to
summarize the clinical course and treatment of psychi-
atric disorders during pregnancy and the early puer-
perium, with a specific focus on disorders frequently
encountered in the primary care setting. Methods of
enhancing detection of ongoing or new mental illness in
the pregnant patient, as well as basics of the consultation,
are discussed. Finally, a brief overview of the natural his-
tory of mood, anxiety, psychotic, and eating disorders
during pregnancy are included with specific recommen-
dations for treatment.

Detection as the First Intervention

Although the myth of the “protective effects of preg-
nancy” has been dispelled in the medical field, the general
lay population continues to perceive pregnancy as a
time of relative well-being. Along with this myth, the ever-
present stigma regarding mental disorders, which alter
mood, cognition, and behavior, and the expectation that
women with mental illness are compromised as mothers
hinder women from revealing their psychiatric histories
or their current symptoms to their obstetric providers.

Thus, the onus is on the clinician to create an overtly wel-
coming environment for disclosure. Pamphlets and
posters educating women regarding mood and behavior
changes during pregnancy and the postnatal period sug-
gest to the client that the provider values her psychologic
well-being. Personal and family psychiatric histories
should be reviewed verbally with each new obstetric
patient. An assessment of the client’s current psychologic
status can be facilitated by the use of self-rated ques-
tionnaires such as the 10-item Edinburgh Postnatal
Depression Scale.1 This user-friendly questionnaire is
written for the layperson and can be scored by a clinician
or clinic staff within several minutes. Studies from multi-
ple countries with varied cultures and medical financing
systems show that a score of 12.5 or higher indicates a
case of clinical depression.2 Because managed care does
not yet cover psychologic assessments in the obstetric
practice, it is important to use these techniques to create
an environment that enhances the rapid detection of
ongoing or new mental illness in the pregnant patient.
Once a woman is found to require psychiatric inter-
vention, valuable staff time can be saved by having
previously developed a local referral network or collabora-
tion with a specific mental health care provider who
will readily evaluate new patients with varying means of
payment.

Enhancing Detection: Summary

1. Place psychoeducational materials in office and in
waiting rooms, examination rooms, and restrooms.

2. Medical history forms, including family and personal
psychiatric history, should be reviewed at the first
prenatal appointment.

3. Administer the Edinburgh Postnatal Depression Scale
(or a similar measure). Review answers with the
patient. Probe for other psychiatric symptoms and for
use of psychotropic medications.

4. Review recent psychosocial stressors.
5. Assess patient’s access to social and familial supports.
6. Develop a mental health provider referral list.
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Consulting with the Pregnant Psychiatric
Patient: The Basics

Consultations with pregnant women who suffer from a
psychiatric disorder, regardless of the diagnosis, include
discussion of the following facts: (1) Psychoactive medica-
tions readily cross the placenta; (2) there are potential risks
associated with untreated maternal psychiatric illness as
well as fetal exposure to psychotropic medications; and
(3) many women experience relapse or worsening of symp-
toms if pharmacologic treatment is not continued or
instituted when necessary.

The first issue is self-explanatory: The fetus is exposed to
psychoactive substances ingested by the mother. However,
it is not clear to what degree fetal exposure is influ-
enced by factors such as maternal drug metabolism and
medication pharmacokinetics. Moreover, the genetic
make-up of the fetus could theoretically modulate the
expression of in utero psychotropic exposure.

The second aspect of the consultation, assessment of
risks of maternal illness versus psychotropic exposure on
fetal well-being, poses several clinical conundrums. There is
a relative dearth of data regarding the impact of in utero
psychotropic exposure on long-term neurodevelopment
(Table 24–1). Frequently, the patient’s clinical course with
regard to her symptoms and treatment is not completely
clear. In contrast to the limited data regarding long-term
sequelae of in utero exposure to psychotropic agents, it is
well known that relapse of maternal mental illness is
detrimental to the short- and long-term health of both
the mother and her child or children. Symptoms affecting
the unborn child can be as overt as deliberate maternal
self-harm and can result in injury to or death of the fetus.
Alternatively, they can be more insidious, revealing them-
selves in the form of poor attention to prenatal care or
participation in unsafe behaviors such as cigarette smok-
ing, heavy alcohol consumption, and/or use of other illicit
substances.

Maternal anxiety and stress have been shown to have
adverse effects on pregnancy outcome, infant/child neuro-
development, and maternal postnatal mental health.3-7

Anxiety and depression may be risk factors for preeclamp-
sia,4 preterm deliveries, and lower birth weights,8-10 as well
as for childhood behavioral and emotional disturbances.5,11

Mediating mechanisms may include abnormal uterine
blood flow12 and increased cortisol transfer from mother
to fetus.13

Together, these facts highlight the importance for
clinicians working with pregnant women who are taking
psychotropic medication to obtain a history with regard
to the severity and chronicity of the patient’s psychiatric
illness. Only in collaboration with the prescribing phy-
sician should the obstetrician make recommendations
about discontinuation of a psychotropic medication in a
pregnant woman.

Discussing the Risks of Psychotropic
Exposure

Discussion of the risks associated with specific medica-
tions should include review of their potential for (1) fetal

teratogenicity, (2) neonatal withdrawal syndrome, and
(3) behavioral teratogenicity. Medications are considered
teratogenic when exposure to the drug during organo-
genesis (the first 12 weeks of gestation) results in an
increased incidence of major birth defects in comparison
with the baseline risk (2% to 4%) in the general popula-
tion. Neonatal withdrawal syndrome refers to difficulties in
physical and behavioral adjustment shortly after delivery;
behavioral teratogenicity refers to long-term neurobehav-
ioral disturbances related to antenatal drug exposure.
The U.S. Food and Drug Administration classified med-
ication into five categories (A, B, C, D, and X) to reflect the
degree of risk to the fetus according to available animal
and human data; however, this classification is outdated
and unable to adequately elucidate the risks between cate-
gories or describe the risks associated with new medications
as they become available.14 In addition, data regarding the
pregnancy safety profile of a particular medication cannot
be generalized to its generic equivalent.

In summary, the task of the medical care provider for
women of reproductive potential is clear. An environment
welcoming full disclosure of psychiatric history and/or
current symptoms is crucial. Moreover, a clinician caring
for a woman with mental illness who wishes to become or
who is already pregnant must be prepared to help her ade-
quately weigh (1) the risk of relapse or deterioration of
symptoms during pregnancy and its attendant risks of
poor obstetric and perinatal outcome against (2) the risks
associated with specific pharmacologic interventions.

PSYCHIATRIC DISORDERS DURING
PREGNANCY AND THE PUERPERIUM

Affective Disorders

The Natural History

After puberty, girls and women are twice as likely as boys
and men to experience a major depressive episode in the
course of their lives.15 The fact that peak onset is during
the childbearing years could suggest that such reproduc-
tive events place a woman at increased risk of depression.
Regardless of whether this association between depression
and childbearing is causal or coincidental, this finding
highlights the importance of symptom surveillance in this
clinical population.

Although events in the media have drawn attention to
postpartum depression, few realize that depression during
pregnancy is common (10% to 13%).16 Women at risk for
antepartum and/or postpartum depression are those with
a personal or family history of affective disorders (unipolar
and bipolar), few social supports, marital conflict, or
significant stressful life events.2

The risk of relapse of major depression during preg-
nancy is high in women with a history of major depres-
sion and in those who discontinue medication at the time
of conception. Women must be cautioned about abrupt
discontinuation of antidepressants, particularly of parox-
etine (Paxil) and venlafaxine (Effexor), which can result in
an unpleasant discontinuation syndrome. In addition,
cessation of antidepressant treatment after achieving
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a partial clinical response, or before an adequate period of
remission, has been demonstrated to increase the risk of
relapse in nonpregnant women, and this finding may be
applicable to pregnant women as well. Finally, antepar-
tum depression is the strongest predictor of postpartum
depression, and aggressive treatment should therefore be
instituted before delivery.

The course of bipolar affective disorder (BPAD) is
particularly unpredictable during pregnancy and the
puerperium. Although there have been no prospective
studies examining the relapse rate in women who discon-
tinue treatment with mood stabilizers such as carba-
mazepine (Tegretol) and valproic acid (Depakote), Viguera
and colleagues reported a heightened risk in women who

Drug Organ Teratogen Neonatal Adaptation Long-Term Neurodevelopment (LTD)

Antidepressants
Fluoxetine (Prozac) No increased risk of major A few reports of NWS in Measures of cognitive function, temperament,
Sertraline (Zoloft) birth defects reported infants exposed to fluoxetine attention all WNL in preschool age children
Paroxetine (Paxil) Newer agents studied in or paroxetine at term25,26 exposed in utero to fluoxetine or a TCA28

Citalopram (Celexa) small samples18 Bayley scale scores WNL  in four sertraline-
Bupropion (Wellbutrin) exposed children at 24 months35

Venlafaxine (Effexor)
Nefazodone (Serzone)

Mood Stabilizers/Antiepileptic Drugs (AEDs)
Lithium (Eskalith, Lithobid) Ebstein’s anomaly: 0.1%36 Old reports of “floppy baby” No adequate data regarding neurodevelopment

have not been confirmed with lithium exposure
in recent literature

Carbamazepine (Tegretol) Data from infants of No systematic reports Evidence of EEG abnormalities, minor
Valproic acid (Depakote) women with epilepsy,38,39,40 neurologic dysfunction in offspring exposed

increased risk of neural to AEDs, particularly true for those exposed
tube defects to multiple AEDs.43 No difference between

offspring exposed to carbamazepine and
controls on neurobehavioral development.45

Gabapentin (Neurontin) No increased risk of major Not reported No long-term studies
Lamotrigine (Lamictal) birth defects reported in
Topiramate (Topamax) the Gabapentin Pregnancy
Ziprasidone (Geodon) Registry (N = 51)79 or the

Lamotrigine Registry
(N = 168 monotherapy;
N = 166 polytherapy).46

Animal studies suggest 
topiramate may be more
teratogenic than
gabapentin or lamotrigine.
Very little human data
available80 for it or
ziprasidone

Anxiolytics/Sedatives
Lorazepam (Ativan) Metaanalysis of risk of Doses commonly used in No adequate studies addressing LTD with
Clonazepam (Klonopin) oral cleft indicates little clinical practice not in utero exposure to benzodiazepines
Alprazolam (Xanax) to no risk58 commonly associated or barbiturates
Diazepam (Valium) with NWS
Secobarbital (Seconal 

Sodium, Novo-Secobarb)

Antipsychotics (Typical)
Haloperidol (Haldol) No increased risk with Rarely reported motoric No adequate studies addressing LTD with
Perphenazine (Trilafon) high-potency symptoms; last case  in utero exposure to antipsychotic agents

antipsychotic agents report for haloperidal 
in 2002 suggests risk for
hypothermia81

Antipsychotics (Atypical)
Clozapine (Clozaril) Sample sizes reported None reported but not No studies to date
Risperidone (Risperdal) are inadequate to rule systematically studied
Olanzapine (Zyprexa) out risks
Quetiapine (Seroquel)

NWS, neonatal withdrawal syndrome; TCA, tricyclic antidepressant; WNL, within normal limits.

TABLE 24–1 Profile of Psychotropic Medications during Pregnancy: At a Glance



508 C H A P T E R 24 Psychiatric Complications

rapidly discontinued their lithium treatment, in comparison
with those who underwent a slow, controlled taper over
4 weeks.17 Regardless of how rapidly lithium doses were
tapered, the risk of relapse of bipolar illness in these women
was 52% during pregnancy and 70% during the puerperium.

Treatment and Recommendations

Selective Serotonin Reuptake Inhibitors
Selective serotonin reuptake inhibitors (SSRIs) are con-

sidered first-line treatment for unipolar, nonpsychotic
major depression. The safety profile with regard to the use
of SSRIs (fluoxetine, sertraline, paroxetine, citalopram,
fluvoxamine) during pregnancy is encouraging, because
they have not been found to result in major fetal anom-
alies with first trimester use (see Table 24–1).18,19 However,
the drugs in this class have individual differences, which
may render one more or less desirable in a given case.
For example, the long half-life and active metabolite of
fluoxetine (Prozac) may be less appropriate for a woman
with antepartum depression whose past or current symp-
toms are consistent with hypomania and/or who have a
first-degree relative with BPAD; these factors increase
her chance of having SSRI-induced mania. Alternatively, a
woman who desires to breast-feed may prefer to begin
treatment with sertraline (Zoloft) or paroxetine (Paxil),
both of which have been thoroughly investigated and
found in nondetectable or very low quantities in plasma
of infants exposed through maternal breast milk.20

The choice of which medication to institute in a preg-
nant woman with recurrent depression is typically dic-
tated by her history of response to a particular agent.
Women should be treated with dosages that result in
remission of symptoms. Two reports suggested that, as with
the tricyclic antidepressants (TCAs), pregnancy-related
induction of the hepatic enzyme 2D6 may result in
decreased maternal plasma SSRI levels. However, clinical
stability may21 or may not22 be compromised.

With regard to neonatal adjustment, some concern has
been raised, albeit inconsistently with peripartum use of
fluoxetine19,23,24 and paroxetine.25,26 A comprehensive
prospective investigation of neurodevelopment revealed no
differences in measures of global intelligence quotient (IQ),
temperament, mood, arousability, activity level, distracti-
bility, or language or behavioral development in a group
of toddlers and elementary school–aged children who
had been exposed to fluoxetine during some part27 or all28

of the pregnancy.
Other investigators have found comparable results with

regard to pregnancy and perinatal outcome with the SSRIs
sertraline, paroxetine, and fluvoxamine; however, the chil-
dren were exposed primarily in the first trimester, sample
sizes have been smaller, and long-term neurodevelopment
has not been adequately addressed.29 Data demonstrating
preferential safety of one SSRI over another are insuffi-
cient to warrant risking clinical stability by having a
woman in remission switch from one SSRI to another
during pregnancy.

Tricyclic Antidepressants
Although SSRIs are considered first-line treatment for

major depression, TCAs, utilized primarily to augment SSRI

treatment response, may also be used as a monotherapy.
A review of 13 studies assessing the risk of congenital mal-
formations after first trimester exposure to TCAs revealed
no increased risk of congenital defects.30 In rare instances,
infants exposed to TCAs through delivery have developed
a neonatal withdrawal syndrome, which included seizures
in one case and gastrointestinal stasis in another. No dif-
ferences were found in global IQ, language development,
or behavioral development among a group of preschool-
aged children exposed to TCAs in utero.27

Other Antidepressants
In a study of 125 infants, in utero exposure to venlafax-

ine (Effexor) was not associated with birth defects or peri-
natal complications.31 Data about the effects of trazodone,
nefazodone, or mirtazapine are scant. Limited animal data
do not suggest teratogenicity; however, few or no human
data are available.32 Because of the limited and relatively
worrisome data about monoamine oxidase inhibitor use
during pregnancy, and because of the risk of hypertensive
crises if the necessary dietary restrictions are not observed,
monoamine oxidase inhibitors are relatively poor options
for treatment of depression in pregnant women.

Nonpharmacologic Treatments
The lack of conclusive data regarding the safety of

pharmacotherapy during pregnancy and women’s hesi-
tance to take medications while pregnant has led investi-
gators to examine nonpharmacologic treatments for
antepartum mood and anxiety disorders. Spinelli and col-
leagues recently reported efficacy of interpersonal psy-
chotherapy in the treatment of depressed pregnant
women.33 This particular type of therapy is well suited for
the pregnant population, inasmuch as most of these
women are experiencing significant issues in their inter-
personal relationships during this time. Morning bright
light treatment is another form of somatic therapy that
has been examined in antepartum depression with some
success.34,35 Light therapy has the advantages of being safe
for the mother and fetus and of being less expensive and
less subject to stigmatization than are medications.

Lithium
The treatment of BPAD can be complicated and often

includes medications from several drug classes, including
mood-stabilizing agents such as antiepileptic drugs (AEDs)
and lithium. Lithium is effective in protecting women with
BPAD from depressive or manic relapse and is used fre-
quently as an augmentation strategy for women with recur-
rent unipolar depression who have had partial response to
treatment with an SSRI.

Reevaluation of the relationship between lithium and
congenital heart defects such as Ebstein’s anomaly has
greatly reduced the concern regarding the use of this med-
ication during the first trimester.30,36 Additional findings
have suggested that women with BPAD should never be
weaned rapidly from lithium and that most require contin-
ued treatment throughout pregnancy to maintain clinical
stability. Relapse of BPAD or psychotic unipolar depression
can be particularly grave, because the woman’s judgment is
impaired and she is likely to require multiple medications
at higher dosages to regain stability. In the severest cases,
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electroconvulsive therapy (ECT) is a safe and relatively
underutilized option.37 Cases of self-limiting neonatal
complications with second and third trimester lithium use
were reported in the 1970s; however, more recent reports are
lacking, and there have been no adequate evaluations of the
neurodevelopment of infants exposed to lithium in utero.

Monthly monitoring of lithium levels is recommended
during pregnancy until the last month, when weekly moni-
toring is preferable. Pregnancy-induced changes in body
fluid and volume of distribution frequently result in
reductions in lithium levels. However, increases in dosage
should be based on resurgence of symptoms, not reduc-
tions in blood level. If the lithium dosage was increased
during pregnancy, it should be reduced to the prepreg-
nancy level after delivery, and the blood level should be
monitored closely during the early puerperium. Rapid
fluid shifts occurring within the first 48 hours after delivery
can contribute to the emergence of lithium toxicity.

Antiepileptic Drugs
AEDs are also commonly used in the treatment of

BPAD; however, data about the teratogenic effects of in
utero exposure to AEDs have been obtained primarily
from children born to women with epilepsy. Women with
seizure disorders have children with an incidence of birth
defects that is at least two to three times the population
average of about 2%.38 Prospective studies suggest that
excess teratogenicity is attributable to AEDs rather than
to epilepsy39,40 and thus should be considered when AEDs
are used to treat women with BPAD or other psychiatric
disorders. Animal research has demonstrated that most
anticonvulsant agents produce teratogenic effects.30

Both valproic acid and carbamazepine exposure (as
monotherapy) in utero are associated with a higher inci-
dence (approximately 1% to 5.4% and 0.5% to 1%, respec-
tively) of neural tube defects than in the general population
(0.038% to 0.096%).40-42 A prospective study suggests a
dosage-response relationship between valproic acid and
neural tube defects, with an average daily dose being
higher in exposed infants who develop neural tube defects
(1640 ± 136 mg/day) compared to exposed infants with-
out neural tube defects (941 ± 48 mg/day).41 Another
study found that offspring of women taking valproic acid
≥1000 mg/day were almost 4 times more likely to have a
neural tube defect than offspring of women taking val-
proic acid ≤600 mg/day.41a Other major congenital
defects suspected with valproic acid exposure are orofacial
clefts, urogenital abnormalities, cardiac defects, and skele-
tal anomalies, although the exact risks are unclear.32 A
syndrome of facial dimorphism, nail dysplasia, digital
hypoplasia, cleft lip and palate, cardiac defects, and cog-
nitive abnormalities, initially identified as fetal hydantoin
syndrome, is now recognized with other anticonvulsants,
including carbamazepine and valproic acid. In addition to
major congenital defects, infants exposed to AEDs in
utero tend to have more minor malformations42 that can
occur independently or with syndromes associated with
carbamazepine or valproic acid exposure.

Although the data are conflicting and the studies were
conducted in nonpsychiatric populations, several reports
have suggested that children of mothers with epilepsy
and antenatal exposure to AEDs have developmental
delays, lower intelligence, and neurologic dysfunction in

comparison with controls.43,44 A prospective, controlled
study found no differences in global IQ in 36 infants
exposed to carbamazepine monotherapy.45 Thus, women
with BPAD who require treatment with an AED should
consider carbamazepine or one of the newer AEDs, such
as lamotrigine, over valproic acid. Pregnant women who are
treated with carbamazepine or valproic acid should also
take high-dosage folic acid (4 mg/day) to decrease the risk
of neural tube defects.

Newer Antiepileptic Drugs
Lamotrigine (Lamictal), gabapentin (Neurontin), and

topiramate (Topamax) have been used in the treatment of
neuropsychiatric disorders, particularly BPAD and schizo-
affective disorder. A relatively large European database
with lamotrigine suggests that it is not teratogenic with
first trimester use.46 Fewer but similar data are available
for gabapentin and topiramate. There have been no con-
trolled studies of the effect of these agents on neonatal
adjustment or long-term neurodevelopment.

Antipsychotic Drugs
A metaanalysis evaluating the effect of antenatal expo-

sure to the older high-potency antipsychotic drugs (APDs)
such as haloperidol (Haldol), perphenazine (Trilafon),
trifluoperazine (Stelazine), and fluphenazine (Prolixin)
found no increased risk of fetal anomalies.30 The relatively
new atypical APDs are frequently included in the phar-
macologic regimen of women with moderate to severe
affective disorders, specifically both unipolar and bipo-
lar disorders. Risperidone47 (Risperdal), as well as other
atypical APDs that block the neuronal postsynaptic
5-hydroxytryptamine (serotonin) 2A receptor,48 have shown
promise as an augmentation of SSRIs in the treatment of
depression even when no psychotic features are present.
Although there are few or no case reports of risperidone,
clozapine (Clozaril), quetiapine (Seroquel), or ziprasidone
(Geodon) use during pregnancy, olanzapine (Zyprexa),
which is effective in the treatment of acute mania, has been
prospectively assessed in a group of 37 pregnancies that
resulted in 14 therapeutic abortions and 23 live births.
There was no increase in overall birth defects or clustering
of any particular defect in the infants born to the women
taking olanzapine, 5 to 25 mg/day.49 Olanzapine doses of
1.25 to 5 mg/day may be adequate when used as augmen-
tation of SSRI treatment in major depression without
psychotic features. Higher dosages are typically required
for treatment of acute mania and/or psychotic depres-
sion. There have been no adequate investigations of the
impact of typical or atypical APDs on neurodevelopment
or neonatal adjustment. Case reports suggest that infants
may experience transient anticholinergic effects, such as
urine or bowel retention, if exposed to typical APDs late in
gestation.32

Electroconvulsive Therapy
ECT remains one of the most effective treatments for

severe major depression or mania. Because there have been
no prospective, controlled trials of ECT administration
during pregnancy, experience with this treatment modality
is derived from more than 300 case reports and case series.
Miller and colleagues found 28 reports of ECT-associated



pregnancy complications—including transient, benign fetal
arrhythmias, mild vaginal bleeding; abdominal pain; and
self-limited uterine contractions—in a case series of 300
women who were treated with ECT during pregnancy.37

There was no association between ECT and major congen-
ital malformations. Guidelines for ECT use during preg-
nancy are available and should include a pre-ECT evaluation
with pelvic examination, discontinuation of nonessential
anticholinergic medication, uterine tocodynamometry, and
intravenous hydration. During ECT, elevation of the right
hip, intubation, reduction of excessive hyperventilation,
and external fetal cardiac monitoring are recommended.

Anxiety Disorders

Natural History

Anxiety disorders such as panic disorder, generalized anx-
iety disorder (GAD), obsessive-compulsive disorder (OCD),
and post-traumatic stress disorder (PTSD) are common
during the childbearing years. Childbearing has been
associated with the onset or worsening of panic disorder50

and of OCD.51,52 There are conflicting reports of whether
subgroups of women with panic disorder have a newfound
success in being able to wean themselves from their antianx-
iety medications during pregnancy.53,54 One suggestion is
that these women have fewer panic attacks during preg-
nancy as a result of progesterone-induced hyperventilation
and relatively lower partial pressure of carbon dioxide.55

However, many women cannot be successfully weaned
from their antipanic medications.54 Devastating seque-
lae of panic attacks, such as placental abruption56 and
preeclampsia,4 as well as nonfatal consequences of height-
ened anxiety during pregnancy, such as earlier births,
lower birth weight, neonatal irritability, and childhood
behavioral problems, have all been reported.5,9

Partial or full PTSD occurs in up to 21% of pregnant
women who have had a previous third trimester still-
birth,57 and pregnant women experience some degree of
PTSD symptoms, depression, and anxiety after other
types of fetal loss. These women often complain of a lack
of attachment to the fetus and a fear that they will not
bond with the baby when and if the baby is successfully
delivered. Women who suffer from PTSD secondary to rape
or childhood sexual abuse may find the sexuality inherent
in pregnancy and childbirth destabilizing and may need
additional psychotherapeutic supports during this time
of heightened reminders of their trauma. Women with
OCD may neglect aspects of good prenatal care if their
obsessions and/or compulsions interfere with rational
ways of eating, sleeping, grooming, and/or cleaning.
Women with OCD may also develop worrisome obsessions
about the fetus, which increase their sense of shame and
limit their ability to enjoy the pregnancy.

Treatment

Combination Pharmacotherapy and Cognitive-Behavioral
Therapy
As with mood disorders, the treatment of anxiety disor-

ders during pregnancy depends on the severity of current

symptoms and on the likelihood of relapse if medications
are discontinued. As mentioned previously, the sequelae of
untreated maternal anxiety can have dire consequences
and should be minimized through the use of appropriate
psychopharmacology and/or psychotherapy. Cognitive-
behavioral therapy, yoga, and relaxation training may limit
the degree to which the patient relies on medications to
resolve her symptoms. However, access to these interven-
tions may be limited by time constraints, location, and/or
financial resources and often require a significant degree
of motivation in the patient, who may be very ill and may
have few social supports.

Antidepressants, particularly the SSRIs and/or cognitive-
behavioral therapy are the mainstay of treatment for panic
disorder, as well as for GAD and OCD. TCAs are as effective
as SSRIs in the treatment of panic disorder but are less
effective for GAD and ineffective for OCD. Dosages of
SSRIs necessary for the treatment of panic disorder and
GAD are similar to those used in patients with depression.
In women with OCD, SSRI dosages at the upper prescrib-
ing limit are usually necessary to obtain clinical efficacy.
Individuals with OCD who have a partial response to treat-
ment with SSRIs may benefit from addition of a low-dosage
atypical neuroleptic such as risperidone or olanzapine to
their ongoing SSRI regimen.

Benzodiazepines
Benzodiazepines are commonly prescribed in the psy-

chiatric practice to treat anxiety, insomnia, and unpleasant
side effects associated with other psychotropic agents.
Although early case-control studies found that maternal
benzodiazepine exposure increased the risk of cleft lip and
cleft palate in infants, a more recent metaanalysis,58 exam-
ining pooled data from cohort and case-control studies
published between 1966 and 1998, found little association
between antenatal benzodiazepine exposure and oral cleft
or other major malformations.

There have been no reports linking lorazepam, clonaz-
epam, or alprazolam to congenital defects in humans.
Lorazepam is protein bound to a greater degree, lacks the
multiple metabolites of clonazepam, and may therefore
result in relatively less transfer of drug from the maternal to
fetal circulation. Neonatal adjustment difficulties, includ-
ing hypotonia and poor respiratory effort at birth, or
symptoms of neonatal withdrawal within the first few days
of delivery have been reported with heavy and prolonged
use of benzodiazepines during pregnancy or high dosages
given during parturition.18 However, no such phenomena
have been reported with dosages of benzodiazepines com-
monly prescribed today. It is not clear whether in utero
exposure to benzodiazepines at any dosage and/or for any
duration has adverse effects on neurodevelopment.59

Psychotic Disorders

Natural History

The mean age at onset of schizophrenia in women is during
the late 20s, a time when many women contemplate
becoming pregnant. In comparison with men, women have
later disease onset, require lower dosages of APDs, and
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have a better overall prognosis.60 However, the symptoms of
schizophrenia are not ameliorated by pregnancy, and most
affected women require continued pharmacotherapy, fre-
quently from multiple drug classes. Whenever possible,
efforts should be made to simplify the patient’s medication
regimen and thereby reduce polypharmacy that can increase
the potential risks for the fetus. With their preferable side
effect profile, the newer atypical APDs have become the
mainstay of treatment for psychotic disorders, particularly
schizophrenia. However, as with most newer medications,
little is known about their safety for use during pregnancy.
Women with schizophrenia are more likely to participate in
behaviors known to increase the risk of intrauterine growth
retardation, preterm birth, and perinatal death.61 Smoking
cigarettes, abusing cocaine or alcohol, and having low
socioeconomic status place women with schizophrenia at
particular risk of a poor pregnancy outcome. Notably,
women with schizophrenia have a significant reduction in
fertility in comparison with controls.62 Women who have
major depression with psychotic features should be treated
for stability during pregnancy with a special focus on allevi-
ating psychotic symptoms, because such symptoms in the
postnatal period increase the risk of infanticide.

Treatment

Antipsychotic Drugs
As mentioned previously, studies evaluating the effect

of antenatal exposure to high-potency APDs, primarily
haloperidol, have often been conducted in nonpsychotic
women treated for hyperemesis gravidarum and have not
been associated with an increase in fetal birth defects. In
addition, a small prospective study of the newer atypical
APD olanzapine suggests that it is not associated with an
increased risk for fetal anomalies.49 Likewise, animal stud-
ies have also failed to demonstrate a teratogenic effect
associated with olanzapine treatment.63

Clozapine, the first atypical APD to become available,
has been invaluable to many individuals with schiz-
ophrenia who could either not tolerate the side effects of
typical APDs or were unresponsive to these older agents.
Approximately 30 cases of clozapine use during pregnancy
have been documented. No major congenital anomalies
were noted in 21 of the children.18,32 Nine cases of adverse
outcomes with clozapine use in pregnancy were reported
to the U.S. Food and Drug Administration. Because infor-
mation about all known exposures was lacking, it is possible
that these abnormalities could have been caused by chance.
These outcomes do not suggest that antenatal clozapine
exposure increases fetal risk.32 Although there are several
case reports in the literature suggesting that peripartum
use of typical APDs can result in neonatal complications,
no difference in IQ was found between APD-exposed and
nonexposed children tested at 4 years of age.64

When the older APDs are used at the dosages necessary
to treat schizophrenia, coadministration of agents to con-
trol extrapyramidal symptoms is often required. Two stud-
ies suggested a possible association between benztropine
exposure and major malformations, one linked first
trimester trihexyphenidyl exposure to minor malforma-
tions, and conflicting reports exist about the teratogenic
risk of diphenhydramine (Benadryl).32

As with mood and anxiety disorders, the goal of treat-
ment should be remission of symptoms, and women with
psychotic disorders are thus likely to require medications
from several classes and at substantial dosages to attain
and/or maintain clinical stability throughout pregnancy.
Although it may be prudent to choose a typical APD such
as haloperidol if a woman presents with new-onset psy-
chosis during pregnancy, many women with schizophrenia
have tried these agents and have already switched to one of
the atypical APDs before conception. Emerging data indi-
cate that these drugs, particularly olanzapine and clozapine,
may not result in adverse fetal effects.

Eating Disorders

Natural History

The eating disorders anorexia nervosa and bulimia ner-
vosa are distinguished by extreme eating patterns that may
compromise maternal nutrition and fetal growth and
development. A typical pattern of eating behavior of a per-
son suffering from anorexia nervosa is an insistence on
maintaining a below-normal body weight, whereas a per-
son suffering from bulimia nervosa has periods of binge
eating accompanied by self-induced vomiting; misuse of
laxatives, diuretics, or other medications; fasting; or exces-
sive exercise. More than 90% of all cases of eating disorders
occur in girls and women who are of childbearing age.65

Eating disorders are most common in individuals who were
sexually abused as children or have a first-degree relative
with a history of a psychiatric illness.65,66

Eating disorders in pregnant women have both phys-
iologic and psychologic effects on the outcome of the
pregnancy67,68 and on subsequent infant development.69

Specifically, women with anorexia nervosa have infants
with higher rates of perinatal mortality,70 obstetric com-
plications,67 and congenital abnormalities.71 Bulimia ner-
vosa sufferers experience extreme weight gain and specific
pregnancy complications such as preeclampsia and hyper-
tension.72 In general, however, eating disorders in pregnancy
have been associated with miscarriage, low birth weight,
obstetric complications, and postpartum depression.73

These outcomes necessitate the need for fastidious identi-
fication and evaluation of women with eating disorders
who are contemplating pregnancy or who have already
conceived.65,73 Although studies from before 1990 sug-
gested that eating disorders decrease during pregnancy,
the disorders do not entirely disappear, and they reemerge
after delivery.

Treatment and Recommendations

Nonpharmacologic Interventions
By proactively dealing with an eating disorder early

in the pregnancy, the practitioner reduces the chances
of pregnancy complications and establishes an open-
method of communication with the patient. The patient’s
nutrition during pregnancy should also be an important
part of the dialogue between the patient and physician,
and the patient’s daily caloric intake should be moni-
tored. Referring the patient to a dietitian with experience in
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dealing with eating disorders may be helpful in promot-
ing caloric intake. If a patient continues to restrict her diet
severely during pregnancy, her physical state may deterio-
rate to the point of necessitating hospital admission for
nutritional supplements.

Combination Therapy
The most practical approach to treating eating disor-

ders during pregnancy would be the multidisciplinary
approach. Cognitive-behavioral therapy and psychotherapy
along with SSRIs and collaboration between all health care
providers and supportive family members would be the
ideal treatment strategy.74 Studies have demonstrated that
behavioral therapy is an essential component to the suc-
cessful treatment of anorexia nervosa or bulimia nervosa.
Although fewer studies have found successful results by
using SSRIs solely to treat anorexia nervosa, data on bulimia
nervosa are more promising and show fluoxetine specifi-
cally to be more effective than placebo but not as effective as
cognitive-behavioral therapy alone.75,76 More recent stud-
ies have examined the use of haloperidol and olanzapine
in the treatment of anorexia nervosa.77,78

SUMMARY

Millions of childbearing women face the decision of
whether to institute or continue taking psychotropic
medication during pregnancy. Before recommending con-
tinuation, alteration, or induction of medications in
preparation for or during pregnancy, the health care
provider must determine the severity of illness, consider
the mother’s previous response to treatment and reper-
cussions of untreated psychiatric illness, and review the
potential adverse effects of the medication on the devel-
oping fetus. The provider and the patient must make a
collaborative decision regarding treatment, and this deci-
sion must include a discussion and documentation of
associated risks and benefits to both the mother and the
unborn child.

Because the mother’s decisions regarding the manage-
ment of her illness may influence the course of her preg-
nancy and potentially the infant’s outcome, input from the
other medical professionals involved in the woman’s preg-
nancy and the infant’s care should be included whenever
possible. A multidisciplinary approach to treatment of
many of the most common psychiatric disorders is often
preferable. A treatment plan that incorporates pharma-
cotherapy, psychotherapy, relaxation training, and case
management and, if necessary, social service is likely to
yield the best outcome for both the mother and her
unborn child.
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Drug and alcohol use during pregnancy is a common
phenomenon and a significant public health issue.

Since 1970, the lay public and the medical and the scientific
communities have become increasingly aware that women’s
lifestyles and behaviors can adversely affect pregnancy
outcomes, fetal growth, and long-term child development.
The fetal alcohol syndrome (FAS) was first described in the
1970s, at a time when consumption of alcohol by women
of reproductive age had became a social norm and was
increasing in amount and frequency. A decade later, an
epidemic of crack cocaine use during the 1980s, followed
by a surge of inhaled opiate use in the 1990s, expanded the
population of chemically dependent women and perinatally
exposed children.

Studies of substance abuse during pregnancy document
a high incidence of adverse and, sometimes, catastrophic
perinatal outcomes associated with intrauterine drug and
alcohol exposure. Adverse outcomes associated with peri-
natal substance exposures have an effect on many social
systems, including the health care system, the criminal
justice system, and the educational system, and on child
protective agencies. Although exact data are not available,
estimates of costs associated with treated perinatally
exposed children are daunting. A single drug-exposed child
with serious impairments may need up to $750,000 of
health and special education services by age 18.1 Bloss and
colleagues estimated that it cost $1.9 billion dollars in 1992
to provide care for infants, children, and surviving adults
in whom FAS and its sequelae were diagnosed.2

In the years after the peak of the crack cocaine epidemic,
enormous national resources were mobilized to study the
problem of perinatal alcohol and drug exposure through
laboratory, epidemiologic, and clinical research. Expanded
national research funding, together with greater allocation
of philanthropic and local resources, has supported a
“second wave” of increasingly rigorous investigation into
the field of perinatal substance use. Results from many
completed studies are now available, as are recent meta-
analyses and reviews of the literature. This chapter is a 
discussion of the current state of knowledge regarding the
effect of licit and illicit substances on maternal health,
obstetric outcomes, fetal growth and development, 
and long-term child health status. The epidemiology of

drug, alcohol, and tobacco use during pregnancy is
reviewed, as are gender-specific issues of addiction in
women. Approaches to screening pregnant women for
substance use, management protocols for substance-
exposed pregnancies, and recommendations for referral
to substance abuse treatment are presented.

PREVALENCE AND DEMOGRAPHIC
CORRELATES OF SUBSTANCE USE
IN PREGNANCY

Substance use in pregnancy is a global phenomenon that
affects all races, is present in all social classes, and is found
in most regions. Accurate data on prevalence are difficult to
obtain. Maternal self-report of drug or alcohol use in preg-
nancy generally provides underestimate of prevalence.3-6

Denial, shame, and fears of sanction or even of criminal
prosecution prevent women from providing true infor-
mation when questioned during pregnancy. Studies of
perinatal drug use done in single hospitals often report
very high numbers of perinatally exposed infants, partic-
ularly when toxicology screening is selectively obtained on
indigent minority women. Prevalence investigations that
rely on single maternal urine toxicology tests to establish
perinatal drug or alcohol use underestimate fetal exposure
because they can detect only drugs used a few days before
testing. Despite limitations, useful information about peri-
natal substance exposure is now available from around
the world.

International reports from Europe, Asia, and Africa have
documented increasing rates of perinatal drug and alcohol
use, although screening methods in different countries vary
considerably and the populations studied often do not rep-
resent the general population. Pregnancy-specific data are
not available for the majority of countries; however, in 1999
the World Health Organization Global Illicit Drug Trends
reported that 3% to 4% of the global population abuses one
or more illicit drugs and that exposure, particularly intra-
venous drug use among women, has been increasing, espe-
cially in developing countries.7,8 Increased use of alcohol,
opiates, and amphetamines during pregnancy is reported
worldwide in developed and developing countries.9-12
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Of particular concern are reports that the prevalence of
FAS is increasing in areas affected by political and economic
challenges, such as South Africa.13

In the United States, estimates of alcohol and drug use
by pregnant women have fluctuated somewhat since 1990
by region and in accordance with secular drug use trends.
Reliable, generalizable data has been generated by statewide
prevalence studies and well-designed national surveys.
Between 1989 and 1992, four states—Rhode Island,14

Ohio,15 California,16 and Utah17—carried out large-scale
studies of perinatal substance use rates by performing
anonymous tests on maternal or neonatal urine for
metabolites of illicit drugs and for alcohol. From 1990 to
1991, South Carolina performed a statewide assessment
of perinatal drug use that screened both maternal urine
and neonatal meconium.18 The California study revealed
that 11.2% of pregnant women presenting to a hospital for
delivery had used alcohol, cocaine, marijuana, benzodi-
azepines, amphetamines, barbiturates, opiates, methadone,
or phencyclidine (PCP). Urine screens in Rhode Island
yielded positive results for illicit drugs in 7.5% of pregnant
women presenting for delivery. In South Carolina, screens
yielded positive results for alcohol or at least one licit or
illicit substance in 25.8% of pregnant women. The higher
numbers of positive tests found in the South Carolina
study may be attributed to the inclusion of neonatal meco-
nium testing, inasmuch as this substance is a reservoir
for drug metabolites and reflects fetal drug exposures
occurring throughout the second and third trimesters.

A broader view of drug use during pregnancy is available
from national survey data. From 1992 to 1993, the National
Institute of Drug Abuse (NIDA) conducted a unique survey
of perinatal drug use in pregnancy.19 The survey gathered
data from a large national sample of women who deliv-
ered in 52 urban and rural hospitals. Information on drug
use was obtained by questionnaire as well as anonymous
maternal urine toxicology testing. According to these
data, 5.5% of the women who gave birth in 1992 used illicit
drugs while they were pregnant. Marijuana and cocaine
were the most frequently used illicit drugs; 2.9% of the
women used marijuana, and 1.1% of the women used
cocaine at some time during their pregnancy. The survey
found a high incidence of cigarette and alcohol use among
pregnant women. At some point during pregnancy,
20.4% of the women smoked cigarettes and 18.8% drank
alcohol.

Recent information about maternal substance use is
available from the 2001 and the 1999/2000 National
Household Surveys on Drug Abuse (NHSDA).20,21 These
telephone surveys are designed to capture data on illicit
drug use and nonmedical use of prescription drugs such
as analgesics, tranquilizers, and stimulants in the general
population of the United States. Women participating in
these surveys are asked specifically whether they are preg-
nant and whether they have used illicit drugs in the month
before the interview. Overall, in 2001, 3.7% of pregnant
women questioned said that they had used drugs in the
month before the survey. In the 1999/2000 survey, 3.0%
said that they had used an illicit drug in the month before
interview, and 12% said that they had drunk alcohol dur-
ing that time period. Pregnant adolescents between the
ages of 15 and 17 reported a higher use rate (15.1% in the

2001 survey) than did other women. Although rates of
substance use by pregnant women in the general surveys 
may appear lower than those reported in the earlier, 
pregnancy-specific survey, it is important to remember
that population-wide telephone surveys provide conserva-
tive estimates of alcohol and illicit drug use because they
reflect use only in 1 month and not during the entire
pregnancy. In addition, these surveys do not include
corroborative measures such as urine toxicology testing,
which yields additional positive results.

Specific findings from the NHSDA surveys reveal
encouraging trends, as well as new areas of deep concern.
Perhaps as a result of extensive public education campaigns
directed toward prevention of birth defects, pregnant
women contacted in the 1999/2000 survey reported sig-
nificant decreases in alcohol use over the three trimesters
and a trend toward decreasing drug use after the first
trimester. Although exposure rates remain highest during
the period of gestation in which the fetus is most vulner-
able, when organogenesis is occurring, decreased use
later may prevent adverse effects on fetal growth and the
development of the central nervous system.

It is disturbing that the NHSDA survey reports rates of
binge drinking by 8.8% of women during the first trimester
and by 2.3% during the second trimester. Binge drinking,
which is defined as drinking five or more drinks on the
same occasion or at least once in 30 days, is associated
with a high incidence of FAS.22-24 Other disquieting infor-
mation from the 2001 NHSDA survey, as well as from the
Community Epidemiology Work Group (CEWG)25 (the
latter is a national working group that assesses drug abuse
patterns and trends yearly by city and state), indicate that
an increasing percentage of the United States population
is using illicit drugs. These surveys report increases in the
use of marijuana, cocaine, and hallucinogens, particularly
the “club drug” 3,4-methylenedioxymethamphetamine
(MDMA),26 often referred to as “ecstasy.”

Although popular opinion and the media tend to
view perinatal substance use as essentially a problem of
ethnic poor women, data from county, state, and national
surveys refute this myth. The NIDA National Pregnancy
and Health Survey found that 11.3% of African American
women, 4.4% of non-Hispanic white women, and 4.5% of
Hispanic women used illicit drugs during pregnancy.
National prevalence date showed that white women had
the highest rate of alcohol use of any group. In Utah,
anonymous testing of prenatal patients’ urine was
performed in 10 clinics across the state. The patient
population, which was 85% white and largely middle class,
had a 5.5% rate of illicit drug use and a 5.2% rate of alco-
hol use. These rates were consistent with national data.
A landmark study was done by Chasnoff and associates in
Pinellas County, Florida, in 1989.27 The investigators
performed anonymous screens on all pregnant women
registering for antenatal care in 5 public and 12 private
clinics. Fifteen percent of the women had positive test
results for alcohol, opiates, cocaine, or cannabinoids.
Positive urine screens were not related to race or socioeco-
nomic status as determined by insurance type. In this
population, white women tended to have higher rates of
cannabinoid use, whereas black women had higher rates
of cocaine use.
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Although race is not predictive of substance use per se
during pregnancy, other factors appear to be strongly
correlated. The 1992 NIDA Pregnancy and Health Survey
found a strong link between cigarette smoking and the
use of alcohol or illicit drugs. Socioeconomic status and
age were correlated with specific drug use. Marijuana use
was more common among younger women, and cocaine
and alcohol, among older women. Rates of cocaine and
marijuana use were higher in unmarried women, unem-
ployed women, and women with less than 4 years of college.
Of note, in the NIDA study, predictors for alcohol use dur-
ing pregnancy were surprising. Women who drank during
pregnancy tended to be college educated, to be working,
and to have private health insurance.

PSYCHOSOCIAL CORRELATES OF
SUBSTANCE ABUSING WOMEN

Pregnancy does not occur in a vacuum but is an event that
is superimposed on the context and circumstances of
women’s lives. Substance-abusing women have a high
incidence of social and psychologic comorbid conditions
that affect their health status, their ability to engage in
prenatal care, and their ability to succeed in drug abuse
treatment. Comorbid conditions become more important
considerations when the biologic and psychologic stress
of pregnancy is added to an already fragile system.

Studies of women enrolled in substance abuse treat-
ment programs indicate a high rate of coexisting psychi-
atric disorders, particularly affective and anxiety disorders.
Depression is common in women who use opiates,
cocaine, and alcohol.28,29 The incidence of depression in
substance-using pregnant women may be as high as
74%.30,31 In a study of alcoholic women, one investigator
found that suicide attempts were five times more frequent
among the subjects than in a control population.32

Substance-abusing women also have an unusually high
incidence of post-traumatic stress disorder, ranging from
25% to 59%, as documented in multiple studies of either
current or lifetime symptoms.33-35

In addition to grappling with the debilitating effects of
mental illness, substance-using women are frequently
affected by difficult issues stemming from childhood
experiences. In studies of women seeking treatment for
alcoholism or opiate dependency, investigators reported
that up to 60% of enrollees had a parent or a close relative
with a history of alcoholism or substance abuse.36,37

Although intergenerational patterns of substance abuse
are thought to have a genetic component, as demon-
strated by twin and adoption studies,38,39 environmental
factors such as poor or neglectful parenting are impli-
cated in adoption studies as well.40,41 Tragically, a large
number of alcoholic and drug-using women suffered abuse
as children, particularly sexual abuse. Numerous studies,
including large epidemiologic studies, have shown that
the experience of abuse in childhood is a potent risk factor
for drug abuse by women.42,43 A study of adult twins by
Kendler and colleagues44 found that women who experi-
enced any type of sexual abuse in childhood were approx-
imately three times more likely than nonabused girls to
become drug dependent as adults.

The difficult pasts of substance-abusing women are
frequently followed by problematic, dangerous relation-
ships in adult life. Substance-using women are often vic-
tims of domestic violence, which may increase in frequency
and severity during pregnancy.45 The combination of drug
abuse and physical violence has been shown to result
in adverse pregnancy outcomes, including abortions,
miscarriages, and preterm labor.46,47

Studies of women in substance abuse treatment show
that approximately two thirds have experienced violence
from adult partners.48,49 The abusive partner is often a
substance user himself who has initiated his partner into
drug abuse and who provides drugs and alcohol to the
woman.

ADDICTION: BIOLOGY
AND VOCABULARY

Psychoactive substance use began millennia before written
records. During many epochs and in many societies, regular
use of mood- and perception-altering drugs has been
considered acceptable, normal behavior. The tradition of
women using substances as part of their roles as shamans
or curanderas is an ancient one.50 In a very real sense,
“drug abuse” is a culturally defined term. Most people in
our society use at least one psychoactive substance, be it
caffeine, nicotine, or alcohol, and many have experienced
a transient or serious health consequence from such use.
However, most substance users do not have a diagnosable
disorder.

Because heroin, cocaine, and lysergic acid diethylamide
(LSD) are illegal, society calls a single use of these sub-
stances “drug abuse.” However, for the purposes of under-
standing the effects of regular alcohol or drug use on
a pregnancy, it is important to distinguish between
chronic or binge use of substances and a single or several
exposures. Predictable biologic, psychologic, and physio-
logic consequences result from regular drug use. It is
unclear whether a single or several uses of an illicit sub-
stance or prescription drug taken for recreational purposes
during pregnancy (with the exception of binge alcohol use)
can be unequivocally tied to a specific adverse pregnancy
outcome. This observation is not to condone casual illicit
drug use or to excuse the use of illicit drugs at any time
during pregnancy. Rather, it is to establish the fact that
substance abuse per se (i.e., excessive self-administration of
chemicals that change the user’s perceptions, mood, or
consciousness) produces an intricate set of emotional,
physical, and behavioral abnormalities that adversely
affect maternal and fetal health.

Alcohol and all drugs of abuse act on the deep,central,
and anterior regions of the brain: that is, the mesolimbic
system, which flows from the locus ceruleus through the
ventral tectum and nucleus accumbens to the amygdala
and prefrontal cortex. These structures are associated with
the sensation of pleasure and with development of reward-
ing, reinforcing behaviors. All substances of abuse affect
mesolimbic dopaminergic pathways through a variety of
mechanisms, facilitating dopamine release and preventing
dopamine reuptake. Over time, repeated dopaminergic
surges “rewire” neuronal circuitry. Other neurotransmitter



systems and neuroreceptors are altered as well; ultimately,
tolerance, as well as physical and psychologic dependence,
is created. When a state of dependence is in effect, experi-
ence of withdrawal symptoms is inevitable when drug
effects wear off.

Alcohol and all illicit drugs cross the placenta freely,
entering the fetal circulation and the fetus’s central nerv-
ous system, as they do in the adult. Substances of abuse
taken during pregnancy therefore affect fetal neurotrans-
mitter levels and fetal neuron development. It is hypothe-
sized that perinatal exposure to substances of abuse has
the potential to permanently change brain structure and
function. Drug-seeking behaviors and withdrawal have been
seen in perinatally exposed animal offspring. It remains
unclear however, to what extent animal studies are pre-
dictive of human outcomes. This is especially true because
human behaviors are shaped tremendously by the effects
of postnatal environment and experiences.

The Vocabulary of Addiction

The official definition of substance dependence, according
to the 4th edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-IV),51 is a maladaptive pattern of
substance use that leads to significant impairment or
distress as manifested by three or more of the following
occurring in a 12-month period:

1. tolerance, as defined by need for increasing amounts of
the substance to achieve intoxication, or markedly
diminished effect with continued use of the same
amount of the substance

2. withdrawal, as manifested by withdrawal symptoms
or prophylactic substance use to avoid withdrawal
symptoms

3. increasing substance use over time
4. unsuccessful attempts to cut down or control substance

use
5. inordinate time spent obtaining substances
6. abandonment of important social and occupational

activities
7. continued substance use despite knowledge of a physical

or psychologic problem that can be caused or worsened
by use

The DSM-IV definition of substance abuse stipulates
that one or more of the following occur in a 12-month
period:

1. Substance use results in failure to fulfill major role
obligations in work and personal life.

2. Substance use occurs in situations in which it is physi-
cally hazardous.

3. Substance use is associated with recurrent legal
problems.

4. Substance use continues despite persistence of social
or interpersonal problems.

From these definitions, it is clear that regular or binge
use of substances during pregnancy nearly always meets
criteria for abuse or dependence, because use at this time
always has the potential to affect fetal development and
pregnancy outcome.
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Alcohol
Cocaine/amphetamines*
Opiates†

Marijuana
Sedatives/hypnotics‡

Hallucinogens
Phencyclidine
Volatile substances§

Nicotine

*Includes “designer drugs” such as 3,4-methylenedioxymethamphetamine 
(MDMA), methylenedioxyamphetamine (MDA), and methylphenidate (Ritalin).
†Includes synthetic opioids such as fentanyl and oxycodone (OxyContin).
‡Includes flunitrazepam (Rohypnol) and γ-hydroxybutyrate (GBH).
§Includes toluene, glue, aerosol propellants, gasoline, lighter fluid, correction
fluid, etc.

TABLE 25–1 Drugs of Abuse

DRUGS OF ABUSE: EFFECTS ON
PREGNANCY AND OFFSPRING

Overview

Almost any substance taken by a pregnant woman has the
potential to affect maternal health or fetal development.
Most drugs of abuse (Tables 25–1 and 25–2) have been
shown to have some deleterious effects during intrauterine
life or on postnatal development. The clinician caring for
pregnant women needs to distinguish between “casual”
substance use, unassociated with dependence and addic-
tion, and repeated or frequent use. The latter is much more
clearly associated with specific drug effects and predictably
results in disorganization of maternal life, poor hygiene,
and poor nutritional status. The chaotic lifestyle associated
with drug use during pregnancy increases the incidence of
acute and chronic maternal infections, preterm labor, and
premature birth and low birth weight.52-54

Numerous preclinical studies with animal models have
tried to identify specific effects of specific drugs on fetal
growth and development. Animal studies have unequivo-
cally shown that fetal exposure to commonly abused drugs
produces gross and microscopic structural abnormalities
in offspring, particularly in the central nervous system.
Intrauterine drug administration to pregnant animals
results in developmental changes in brains of the exposed
offspring, including alterations in neuronal numbers and
density, in neuronal migration and differentiation, and in
measurement of absolute amounts and ratios of neuro-
transmitters, such as dopamine and serotonin. What
remains unclear is whether similar changes occur in exposed
human brains and whether structural and functional
alterations of the human central nervous system, if they
occur, cause predictable, permanent impairments in global
functions such as learning and behavior in children and
adults. Current ongoing studies include structural and
functional neuroimaging as part of the longitudinal
evaluation of perinatally substance-exposed children.55

The difficulty of determining drug-specific effects of peri-
natal drug exposure arises in part from the immense prob-
lem of multiple confounding factors in human studies that
measure child outcomes. Most studies of drug-exposed
children have been done on urban populations of socially
disadvantaged women and children who suffer from high



rates of poverty, violence, unemployment, poor nutrition,
inadequate medical care, inadequate housing, and unstable
family situations.56 It is extremely difficult to control for
the effects of these variables, particularly in smaller samples,
when infant and child growth and development are
evaluated longitudinally.

Apart from the issue of confounding variables, under-
standing the effects of drug and alcohol use in human
pregnancy is hampered by difficulties in accurately ascer-
taining the quantity of drug exposure, the gestational
timing of exposure, and the duration of exposure. In a
study of outcomes in cocaine-using women in relation to
frequency of use, “light” users were found to have obstet-
ric outcomes that were the same as those in nonusers.57

Additional uncertainty in outcomes is introduced by
the incompletely characterized genetic heterogeneity of
human drug metabolism and genetic variations in fetal
susceptibility to drug induced harm.

Polysubstance use introduces additional complexity
into the analysis of drug effects on pregnancy. It is well
established that the majority of women who use drugs reg-
ularly during pregnancy use many substances concurrently.
Combining drugs such as cocaine and alcohol can result
in the formation of toxic intermediate compounds, such
as cocaethylene, that may be more toxic than either drug
alone.58,59 Of more importance is that most drug-abusing
women use alcohol and tobacco. Both of these are well
known to cause fetal harm by themselves. Analyses of preg-
nancy outcomes in drug-using women are frequently
uncorrected for the effects of these substances. In a data-
base of 101 studies of effects of perinatal cocaine, 23% did
not control for alcohol use, and 25% did not control for
nicotine exposure.60 Failure to control for nicotine exposure
when drug effects on pregnancy are studied is particularly

problematic, because many adverse perinatal outcomes
associated with drug and alcohol use are highly correlated
with isolated nicotine exposure.61-63 Tobacco by itself causes
more low birth weight and infant mortality than any other
substance.64

The literature on perinatal substance use continues to
be affected by a bias against the publication of negative
studies. The data available to clinicians are therefore not
as robust as they might be. Koren and colleagues reviewed
the rejection rate for manuscripts on cocaine use in preg-
nancy submitted for publication and found a higher rate
of rejection of studies reporting negative effects than for
studies reporting positive effects, even when the negative
studies were more methodologically rigorous.65 Reasons
for this bias are not clear but may be related to mainte-
nance of research funding and the editorial policies of
journals, as well as the fact that research on illicit drugs has
a moral dimension that is lacking in other areas of clinical
investigation.

Because so much of what is currently known about the
effects of illicit drugs on child health and development is
drawn from studies that are methodologically flawed, it is
encouraging that a multicenter, prospective cohort study
of the effects of cocaine and opiate exposure during preg-
nancy that is more rigorous than previous studies is
currently under way in the United States. The Maternal
Lifestyles Study (MLS), which is being sponsored by the
National Institute of Child Health and Human
Development, is the largest clinical study that has ever been
undertaken to date, to investigate the short- and long-term
consequences of illicit drug exposure. The MLS, which
consists of four peer review–selected research centers, has
screened and enrolled 11,800 mother-infant dyads from
1993 to 1995. Drug exposure in this study was determined
by a combination of maternal history, together with gas
chromatography and mass spectroscopic analysis of cocaine
or opiate metabolites in infant meconium. The study
consists of three phases. Phase I addresses all outcomes
up to hospital discharge of mother and infant. Phase II is
a follow-up of a subsample of exposed infants and a
matched comparison group assessed at 1 to 3 months of
age, corrected for gestational age. Phase III of the MLS
study extends follow-up into school age, through the
seventh year of life.

The findings from phase I of the MLS up to and
including the time of delivery have been published.66

Important baseline characteristics of the study group
include a 93% rate of alcohol/tobacco and marijuana use
among the cocaine-/opiate-using women, in comparison
with a 42% use rate among the control women. The inves-
tigators report a relatively low frequency of adverse acute
obstetric effects in the cohort of drug-using women in
comparison with previous studies. Common medical
complications of pregnancy such as urinary tract infections
and preeclampsia were low and equal in prevalence in
both drug-using and control women. The authors did,
however, note significantly elevated odds ratios for infec-
tious complications such as syphilis, gonorrhea, hepatitis,
and human immunodeficiency virus (HIV) infection in the
substance-using mothers. Chlamydia and gonorrhea were
commoner among cocaine-using women; hepatitis and HIV
infection were commoner in the opiate-exposed cohort.
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Mother Fetus Neonate

Withdrawal Withdrawal syndrome Withdrawal syndrome
syndrome

Tolerance Tolerance Tolerance
Overdose Intrauterine growth Congenital anomalies

restriction
Biochemical Teratogenesis Developmental 

disarray disorders
Death Intrauterine fetal Sudden infant death

death syndrome
Coma Congenital Congenital infection

abnormalities
Abruptio placentae Premature labor Child abuse/neglect
Addiction Congenital infection Trauma
Premature labor Intrauterine infection
Malnutrition Premature delivery
Infections
Inadequate prenatal 

and medical care
Physical and sexual

abuse
Chronic and acute

illness
Trauma
Chaos, loss of social

supports

TABLE 25–2 Effects of Substance Abuse on Pregnancy
and Progeny



Hospitalization rates for both drug-using and control
groups did not differ, although there was a 19-fold increase
in hospitalization specifically related to violence among
the substance-using mothers. Conditions that have tradi-
tionally been associated with cocaine use, such as antepar-
tum hemorrhage (from placental abruption and placenta
previa) were more prevalent in the exposed group but
occurred overall in less than 3% of the substance-using
mothers. Greater than expected use of prenatal care
services by the substance-using group of women may
explain, in part, the lower than expected incidence of
medical and obstetric complications. Future publications
from the MLS will focus on infant and child development
measures, as well as measures of parenting and mother-
child bonding.

Effects of Specific Substances of Abuse

Alcohol

Despite a decade-long public education campaign warning
women about the dangers of drinking alcohol during
pregnancy, alcohol use in pregnancy remains common
and is a major cause of adverse pregnancy outcomes.
Estimates of the prevalence of drinking during pregnancy
vary. Approximately half of American women drink
alcohol. Self-report data from the Behavioral Risk Factor
Surveillance System,67 a state-based survey sponsored by
the Centers for Disease Control and Prevention, indicate
that about 12% to 15% of women in the reproductive years
drink frequently (defined as seven or more drinks per
week or five or more drinks on any one occasion during
the past month). Overall, the prevalence of heavy drinking
in women 21 to 34 years of age increased from the 1960s
through the early 1990s.68 With the exception of increased
heavy drinking among college-aged women, alcohol con-
sumption in women has remained stable since the early
1990s. Drinking alcohol during pregnancy is correlated
with maternal age of more than 35 years and with lack of
prenatal care.69

Medical/Obstetric Complications of Alcohol Use
Well-established complications of chronic alcohol

abuse and heavy alcohol use, such as hypertension, pancre-
atitis, alcoholic hepatitis, and alcohol withdrawal, occur in
pregnant women as frequently as they do in nonpregnant
women. Women who drink more than 2.0 to 2.9 drinks
per day appear to have greater health risks than do men,
including a higher relative risk for death from all causes.70

Women also develop alcoholic liver disease sooner than
men, after consuming lower levels of alcohol.71 In a study
of asymptomatic women undergoing outpatient treatment
for alcoholism whose mean age was 39 ± 9.7 years, the risk
of alcoholic cardiomyopathy and myopathy was higher
among these women than in men.72 It is thus disquieting
that Witlin and colleagues noted an association between
alcohol abuse and peripartum cardiomyopathy.73 It is
possible that as the age of first drinking decreases and
heavier alcohol consumption by women of reproductive
age becomes a social norm, the incidence of this serious
pregnancy complication may rise.

Alcohol can affect reproductive function in a number
of ways. Chronic heavy alcohol intake, defined as more than
10 drinks per week, is associated with significant decreases
in fertility.74 Advanced chronic liver disease has been asso-
ciated with anovulatory cycles.75 An increased risk of
spontaneous abortion is reported among women who drink
during pregnancy. It is unclear whether this is a direct
affect of alcohol toxicity on the early conceptus or related
to alcohol-induced maternal disorders. Pregnancy losses
in general are commoner in women who drink heavily.76,77

Oddly, although alcohol was once widely used as a tocolytic
agent, drinking during the third trimester is associated
with increased odds of preterm delivery.78

Alcohol abuse is associated with vitamin and mineral
deficiencies that can lead to anemia or thrombocytopenia.
Pregnant alcohol abusers have inadequate intake of essen-
tial nutrients at a time when nutritional requirements are
increased. Alcohol-mediated malabsorption of food can
result in deficiencies of thiamine, folic acid, pyridoxine,
iron, zinc, and other micronutrients. Animal studies
suggest that some nutritional deficiencies potentiate the
teratogenicity of alcohol.79-81 Additional studies suggest
that enhanced nutrition during pregnancy can ameliorate
alcohol’s toxicity.82,83 Differences in nutritional status
may explain why FAS occurs disproportionately among
the children of low-income women in comparison with
those of women of higher socioeconomic status.84

Effects of Alcohol on the Fetus
Alcohol has been called the leading teratogen in the west-

ern world because a vast literature linking it with a wide
spectrum of birth defects and fetal growth abnormalities
has accumulated. It is, in fact, the only really predictable
teratogen among the substances of abuse. Alcohol use
during pregnancy is the commonest cause of mental
retardation in the United States and is estimated to
account for up to 5% of all congenital anomalies.85,86 The
teratogenicity of alcohol appears to be, in part, genetically
determined, inasmuch as certain populations, such as the
Apache and Ute tribes in the southwestern United States
and aboriginal Canadians, have a much higher incidence
of alcohol-related birth defects than does the general
population.87

Fetal physiology is directly disrupted, throughout
gestation, by the direct effects of alcohol and its primary
metabolite acetaldehyde. Acetaldehyde is both cytotoxic
and teratogenic. Very intriguing studies indicate that
polymorphisms in the alleles of the alcohol dehydrogenase
(ADH) 2 gene may result in differential ADH enzymatic
activity in pregnant individuals, thereby producing higher
acetaldehyde levels in some women than in others drinking
equivalent amounts of alcohol. Low levels of acetaldehyde
in women who metabolize acetaldehyde rapidly may
explain the lower incidence and lack of alcohol-related birth
defects seen in the children of some heavy drinkers and
some members of high-risk populations.88-90

Although fetal toxicity is attributed to alcohol and its
metabolites, there is a spectrum of mechanisms by which
alcohol ingested during pregnancy interferes with normal
maternal and fetal physiology. These metabolic abnor-
malities have been extensively studied and are still under
investigation.91-93 Administration of alcohol to pregnant
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animals results in decreased placental blood flow and
alterations in critical placental functions such as amino
acid transport. Alcohol-induced changes in maternal car-
bohydrate metabolism can cause maternal hypoglycemia.
Alcohol has been shown to decrease fetal protein and
DNA synthesis, inhibit cell migration, and increase the
formation of free radicals. Abnormalities in insulin-like
growth factors have also been demonstrated in alcohol-
exposed fetuses, possibly accounting for some of the
growth impairment frequently associated with fetal alcohol
exposure.94 Elevated erythropoietin levels found in the cord
blood of human alcohol abusers are believed to be indirect
evidence of chronic fetal hypoxemia.95

Fetal Alcohol Syndrome: Background and Definition
Warnings against drinking during pregnancy have

been found in the writings of ancient Greek philosophers
and in the Old Testament.96 A publication in the late 19th
century reported doubled infant mortality and stillborn
rates among the children of drinking mothers in compar-
ison with nondrinking mothers.97 Remarkably, research on
alcohol in multiple pregnant animal models done between
1900 and 1920 reported that alcoholic progeny produced
smaller litters but “superior” offspring.98 After a gap of
50 years, scientific observations regarding the deleterious
effects of alcohol on human offspring appeared in 1968,
when Lemoine and associates described a common pat-
tern of birth defects born to alcoholic French mothers.99

A landmark paper by Jones and colleagues that appeared
5 years later in the English literature described a constel-
lation of malformations and growth abnormalities
(FAS).100 Since the early 1970s, the specific teratogenic
effects of alcohol have been confirmed by a large body of
animal research, as well as clinical and epidemiologic
studies in humans.

The effects of alcohol on fetal development are par-
tially dose dependent and partially genetically determined.
Estimates of the prevalence of FAS in the United States
range from 6.7 per 10,000 to 2 per 1000 live births.101,102

Data from the Fetal Alcohol Syndrome Surveillance
Network, which is sponsored by the Centers for Disease
Control and Prevention, found rates of FAS ranging from
0.3 to 1.5 per 1000 live births.103 There was considerable
state-to-state variation. The highest prevalence was found
in Alaska, a state with a large population of Native
Americans and Alaska Natives. Quoted numbers vary,
according to whether birth certificate data or aggregated
data sources are used. Fetal alcohol effects are seen in
approximately 30% to 40% of neonates whose mothers
consumed two or more ounces of absolute alcohol daily
throughout the first trimester.104 Isolated alcohol-related
birth defects and neurobehavioral abnormalities have been
seen in children whose mothers consumed three to four
drinks per week, or up to 0.3 ounces of absolute alcohol
per day, while pregnant.105,106 Lack of a clear safe lower
threshold for consumption of alcohol in pregnancy has led
to a recommendation of complete abstinence for women
attempting pregnancy or who are known to be pregnant.
However, two metaanalyses by Bishai and colleagues failed
to show an increased risk for major malformations and
perinatal complications in the fetuses of “social drinkers”
(i.e., women consuming less than one drink per day).107

For women in whom pregnancy is newly diagnosed and
whom alcohol consumption has been low, reassurance is
reasonable.

The Fetal Alcohol Study Group of the Research Society
on Alcoholism has developed specific diagnostic criteria
for FAS (Table 25–3).108 At least one characteristic from
each of three categories must be present to make a diag-
nosis of FAS:

1. Growth restriction is present before or after birth, with
a body length less than the 10th percentile for gesta-
tional or actual age. Unlike most other kinds of
intrauterine malnutrition, the growth abnormalities of
FAS do not respond to postnatal feeding. Affected
individuals remain small and thin throughout life.

2. Facial dysmorphology is found and includes at least
two of the following: microphthalmia; small palpebral
fissures; absent or underdeveloped philtrum; shortened,
upturned nose; thin upper lip; and hypoplastic,
elongated, flattened midface. Facial abnormalities
become less pronounced with time and may be
undetectable by adolescence or young adulthood.

3. Central nervous system dysfunction is always present.
In infancy, this may manifest as poor suckling, tremu-
lousness, irritability, and abnormal motor development.
In later life, varying degrees of mental retardation are
noted, with significant intelligence quotient (IQ) deficits.
The average IQ of a person with FAS is in the range of
mild mental retardation (i.e., 60 to 75). Microcephaly is
commonly observed. In addition to intellectual deficits,
neurobehavioral abnormalities such as hyperactivity or
attention deficit disorder are present.

The central nervous system is vulnerable to the toxic
effects of alcohol throughout gestational life. Alcohol
affects endogenous opiates and attenuates neurotrans-
mitter levels in the brain, including γ-aminobutyric acid,
glutamate, and dopamine.

Autopsy studies of individuals with FAS and of animals
exposed to alcohol in utero show structural abnormalities
in the hippocampus, as well as disruption of cortical
cytoarchitecture.109-111

More recently, neuroimaging of FAS affected children
with magnetic resonance imaging and computed tomog-
raphy has demonstrated increased incidence of agenesis
of the corpus callosum, abnormalities in the cerebellum,
and decreased size of the basal ganglia.112

C H A P T E R 25 Substance Abuse 521

Category Description

Growth restriction (prenatal Weight
or postnatal) Length

Central nervous system involvement Developmental delay
Intellectual impairment
Neurologic/behavioral 

abnormalities
Facial dysmorphology Microcephaly

Microphthalmia
Short palpebral fissures
Poorly developed philtrum
Thin upper lip
Flat maxillary area

TABLE 25–3 Fetal Alcohol Syndrome



Behavioral problems, delayed language acquisition,
and learning disabilities are commonly seen with FAS.
Some of these problems can be attributed to primary
central nervous system damage; however, abnormalities in
the auditory system produced by facial maldevelopment
also play a significant role. Delayed maturation of the
auditory system, recurrent serous otitis media, and central
hearing loss are common in affected children.113 Early
screening for hearing problems is essential for children
with FAS.

Fetal Alcohol Effects
Perinatally exposed infants who do not meet all the cri-

teria for FAS have been referred to as having fetal alcohol
effects, alcohol-related birth defects, and alcohol-related
neurodevelopmental disorder. Alcohol-related birth
defects can occur in any structure, but cardiac or geni-
tourinary structures are most commonly affected.104 Oral
clefts and ocular defects are frequently seen.114,115 Alcohol-
related behavioral anomalies occur in the absence of
growth deficits and facial dysmorphology. Attention
deficit disorder, poor memory and learning, poor impulse
control, and impaired executive and social functioning
have been described in early reports and more recent
reviews.116

As children with FAS and fetal alcohol effects grow up,
they face many challenges even when given special care
and educational assistance from an early age. A dispro-
portionate number of youths and adults with FAS come
into conflict with the legal system. In a Canadian study,
23.3% of youths evaluated by the juvenile justice system
were found to have a diagnosis of FAS or fetal alcohol
effects.117 A prospective study of a German cohort of chil-
dren with FAS and fetal alcohol effects monitored to
adulthood found that only 11.5% were able to live inde-
pendently as adults.118 An additional complication of FAS
may be an increased susceptibility to alcoholism and
substance abuse in later life.119

Cocaine

Epidemiology of Use
Despite the fact that indicators of cocaine/crack use

have been stabilizing and decreasing for some time,
cocaine continues to be a dominant drug of abuse in the
United States. A national survey of illicit drug use in the
United States, published in 2001, reports that 1.7 million
Americans (0.7%) older than 12 years are current cocaine
users and 406,000 (0.2%) are current crack users.26 Data
from the 2001 Community Epidemiology Work Group25

show that crack use decreased as powder cocaine became
more available in some parts of the country. Cocaine is
the commonest drug mentioned in association with drug-
related emergency department visits, as monitored by the
Drug Abuse Warning Network. High percentages of
arrested men and women continue to produce positive test
results for cocaine and its metabolites, as documented by
the Arrestee Drug Abuse Monitoring program of the
National Institute of Justice.

Estimates of use by pregnant women vary widely.
The NIDA National Pregnancy and Health Survey done

in 1992 to 1993 found that 4.5% of African American
women, 0.7% of Hispanic women, and 0.4% of white women
used some form of cocaine. In a more recent case-control
study in North Carolina involving a cohort of women
enrolled in prenatal care,5 the investigators ascertained
cocaine use by three modalities. They identified cocaine
use during pregnancy in 2% of the group on the basis
of self-report, 5% to 6% on the basis of urine assays, and
13% to 15% on the basis of hair assays. In this study,
African American ethnicity, low educational status, and low
socioeconomic status were strongly predictive of positive
hair assays.

General Effects
Cocaine is an ester of benzoic acid that is extracted from

the leaves of the coca plant, Erythroxylum coca. Combining
hydrochloric acid with raw coca paste produces cocaine
hydrochloride, which can be snorted or injected. Further
treatment of the hydrochloride salt with a base yields
alkaloidal cocaine, also known as crack. Crack is heat sta-
ble and therefore suitable for inhalational use. All forms
of cocaine produce rapid psychoactive effects characterized
by a feeling of intense euphoria, increased energy, and
alertness. Long-term use leads to tolerance, a blunted
euphoric response, exhaustion, and depression.

Cocaine is a short-acting drug. Peak plasma levels are
seen in 15 to 60 minutes, after which the drug is metabo-
lized by hepatic and plasma cholinesterases to water-
soluble metabolites such as norcaine, an active metabolite,
and benzoylecgonine and ergonine, which are inactive
metabolites. Plasma cholinesterase activity may be
decreased in pregnant women, fetuses, and neonates;
therefore, serum levels of the drug may be sustained in
these groups.120

Cocaine is a powerful stimulant and vasoconstrictor.
The drug works by inhibiting the reuptake and metabolism
of norepinephrine and epinephrine at neural junctions,
which results in activation of the central and peripheral
autonomic nervous systems. In the brain, cocaine also
impairs reuptake of dopamine. Increased concentrations
of this neurotransmitter in the mesolimbic system and the
mesocortex produce cocaine-induced euphoria.

Because of its low molecular weight, low ionization at
physiologic pH, and high water and lipid solubility,
cocaine crosses the placenta freely. Studies of isolated
human placental cotyledons demonstrate rapid transfer
of the drug and its metabolites.121 Significant amounts
of maternal cocaine are retained by the placenta, later
leaching into the maternal and fetal circulations and
presumably prolonging the toxicity of each bolus dose.
Placental microsomal preparations have the ability to
hydrolyze cocaine into inactive metabolites via placental
cholinesterases.122 In a study of primates who were given
cocaine throughout pregnancy, total maternal dose was
poorly correlated with neonatal exposure, as determined
by quantitative analysis of the cocaine metabolite ben-
zoylecgonine in neonatal hair.123 These findings suggest a
differential ability of individual placentas to degrade
cocaine before it reaches the fetal compartment. A study
of cocaine-exposed human dizygotic twins also showed
large disparities in meconium cocaine concentrations of
the twin dyads.124 In animal models, fetal cocaine levels
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reach 14% to 17% of maternal levels five minutes after
intravenous administration. Fetal drug levels remain con-
sistently lower than maternal ones, in part because of
cocaine-induced uterine artery vasoconstriction.

Maternal Effects of Cocaine
Cardiovascular Effects
Cocaine profoundly affects maternal hemodynamics.

At moderate to high doses, it causes marked elevations in
heart rate and blood pressure through stimulation of the
adrenal glands and activation of the peripheral autonomic
nervous system. In the pregnant woman, cocaine-mediated
vasoconstriction decreases blood flow to the heart, brain,
and uterus. Reduction in uterine blood flow has deleteri-
ous effects on the fetus and results in fetal tachycardia,
hypertension, and hypoxemia.125 The hormonal milieu of
pregnancy appears to accentuate the cardiovascular
effects of cocaine. When equal doses of cocaine are given
to pregnant and nonpregnant sheep, a twofold greater
hypertensive response is seen in the pregnant animals.126

Cocaine administration was associated with exaggerated
falls in cardiac output in pregnant rats, in comparison
with nonpregnant rodents.127

The exaggerated cardiovascular responses to cocaine in
pregnancy may be progesterone mediated,128 and there is
some evidence that they may be more pronounced in the
third trimester.129

Uteroplacental Effects
Isolated strips of perfused uterine myometrium respond

to cocaine with a dose-dependent increase in frequency,
duration, and force of contractions.130 Cocaine augments
myometrial contractility through adrenergic and nonad-
renergic mechanisms. Reports of the effect of cocaine on
placental structures have been conflicting. Mooney and
colleagues found evidence of chorionic villus hemorrhage
and villus edema in placentas of cocaine users, in contrast
to those of drug-free controls.131 However, a subsequent
study by Cejtin and associates, who controlled for use of
other drugs by the parturients whose placentas were
examined, revealed no increase in placental pathologic
processes in comparison with controls.132

Medical Complications of Cocaine
Numerous adverse consequences of cocaine use have

been described anecdotally and in retrospective case
series with pregnant and nonpregnant populations.
Complications of cocaine use result primarily from the
sympathomimetic actions of the drug. Virtually every
organ system can be affected. Cardiovascular complica-
tions of cocaine occurring in otherwise healthy subjects
are reported. Arrhythmias, myocardial infarction, aortic
dissection, and cardiomyopathy have been seen in preg-
nant women.133-137 Hypertensive crisis caused by cocaine
use during pregnancy can be mistaken for preeclampsia. If
preexistent liver disease is also present, the patient’s clini-
cal picture mimics the HELLP (hemolysis, elevated liver
enzymes, and low platelets) syndrome. In light of this, it
is useful to know that a case-control study of pregnant
chronic cocaine users did not find an increased prevalence
of thrombocytopenia in comparison with nonusers.138

Catastrophic central nervous system complications asso-
ciated with acute cocaine use in pregnant and postpartum
women include cerebrovascular accidents and subarachnoid
hemorrhage caused by aneurysmal rupture.139,140

Seizures may result from cocaine use, either as primary
events141 or in association with cardiac dysrhythmias.
The hyperpyrexia produced by cocaine may lower seizure
thresholds. Pulmonary complications of cocaine are
associated mostly with smoking alkaloidal crack.
Persistent cough and wheezing are common complaints.142

Less frequently, pulmonary edema and bronchiolitis
obliterans have been reported. “Crack lung” is the name
for the triad of chest pain, hemoptysis, and diffuse alveolar
infiltrates.143

The most common medical complication associated
with cocaine use by pregnant women may be the increased
incidence of infectious diseases. Numerous studies of
cocaine-using women document a high prevalence of
syphilis, hepatitis B and C, and HIV infections.144,145

Although in vitro studies of cocaine showed that the drug
is able to alter the function and numbers of CD4+ T cells
and natural killer monocytes,146 deficiencies of humeral
and cellular immunity are probably not the major cause of
excessive infection rates in cocaine-using pregnant women.
Rather, the chaotic lifestyle associated with regular use of
this drug is the primary culprit. Cocaine-using women
enter prenatal care late or sometimes not at all. They
exchange sex for drugs and, because of the disinhibiting
effects of the drug on behavior and sexuality, engage
in unsafe sexual practices. Studies of cocaine-using
women engaged in prenatal care show marked decreases
in infectious complications.56

Obstetric Complications of Cocaine
Epidemiologic studies consistently link cocaine use in

pregnancy to a number of adverse obstetric outcomes.
Associations between cocaine use and preterm labor
and delivery, preterm rupture of membranes, placental
abruption, and placenta previa are all well documented
in studies that control for important confounders such
as tobacco or other drug use.147-149 Because cocaine pre-
dictably elevates systemic blood pressure, circulating
catecholamine levels, and uterine contraction intensity,
while decreasing uterine artery blood flow, these out-
comes are biologically plausible. Premature infants born
to cocaine-using mothers appear to fare better postnatally
than unexposed infants of comparable weight150 and have
lower rates of sepsis and pneumonia. Intrauterine fetal
stress with attendant chronic catecholamine excess has been
shown to accelerate fetal lung maturity.151

Fetal, Neonatal, and Behavioral Effects of Cocaine
Episodic decreases in uterine blood flow and placental

perfusion are probably responsible for the increased inci-
dence of low birth weight and smallness for gestational
age in infants born to cocaine-using women.152,153 In vitro,
cocaine has also been shown to decrease amino acid trans-
port across the placental cotyledon.154 Unlike the growth
restriction associated with antenatal alcohol exposure,
cocaine-mediated growth restriction may respond better
to postnatal nutrition: Longitudinal follow-up of such
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children to 7 years of age has demonstrated better catch-
up for children exposed to cocaine than for those exposed
to alcohol.155,156

Although maternal cocaine use has been reported to
cause congenital anomalies in many offspring, neither
single cohort studies nor large epidemiologic studies,
controlling for use of other substances, have confirmed
that cocaine is a predictable teratogen.157-160 The existence
of a specific neonatal abstinence syndrome associated with
perinatal cocaine exposure is also poorly substantiated by
current literature161-163 although neurobehavioral abnor-
malities such as tremulousness and increased startle
responses have been detected with the Brazelton Neonatal
Assessment Scale.164

Abundant evidence from animal studies has shown that
cocaine affects the brain structurally and histochemically.
In addition, cranial ultrasonograms of cocaine-exposed
newborns demonstrate abnormalities such as subependy-
mal hemorrhages and cysts.165 The significance of these
findings in terms of infant/child development and lan-
guage acquisition is unclear. In a metaanalysis, Frank and
colleagues reviewed the published literature on cocaine and
child development.166 Studies were included in the meta-
analysis if they included a comparison group, recruited
samples prospectively in the perinatal period, used anony-
mous assessors, and did not include a large proportion of
subjects who were also exposed to multiple drugs or to HIV
infection. Using these selection criteria, the reviewers
found no convincing evidence that prenatal cocaine expo-
sure is associated with specific “toxic” developmental
effects different than those attributable to other factors,
such as multiple drug exposure, impoverished environment,
and poor parenting.

The analysis by Frank and colleagues does not
imply that cocaine is without negative effects, nor does it
minimize the risks of its use during pregnancy. Rather,
it supports the theory that the effects of cocaine are much
more subtle than initially reported. Better studies, such
as the multicenter MLS referred to earlier in this chapter,
are needed to help clinicians truly understand the spe-
cific actions of this substance in pregnancy and after
birth.

In particular, while waiting for more definitive infor-
mation, it is critical to avoid negative stereotyping of
children known to be cocaine exposed. The findings from
this metaanalysis also underscore the need to separate the
broader social and legal ramifications of using cocaine
from the study of its impact on perinatal health.

Amphetamines

Amphetamines have been popular drugs of abuse since
the 1960s. Although the street availability of commer-
cial amphetamines has declined significantly, clandestine
laboratories produce a steady supply of the drugs.
Methamphetamine is commonly referred to as “ice,”
“crank,” “crystal,” or “speed.” Methamphetamine con-
sumption remains high in the western and midwestern
United States and in rural areas.167 It can be inhaled,
injected, or ingested orally. So-called designer ampheta-
mine use, particularly MDMA, has virtually exploded
since the early 1990s. By 2001, 8.1 million Americans had

tried MDMA at least once, and 786,000 people (0.3% of the
population) are classified as current users.26

Like cocaine, amphetamines are powerful sympatho-
mimetic stimulants. Both substances act by blocking the
reuptake of catecholamines through inhibition of
monoamine transporters.168 Unlike cocaine, high doses of
amphetamines also release serotonin from central serotonin
receptors or act directly on these receptors. Interaction
with serotonin receptors causes the hallucinogenic effects
of amphetamines commonly reported by users. The half-
life of amphetamines is much longer than that of cocaine;
thus, the effects of a single dose can last for up to 12 hours.
Toxic effects of amphetamines, which may be dose depen-
dent, include cardiac arrhythmias, retinal hemorrhage,
seizures, strokes, and sudden death.169

Despite increasing use of methamphetamine, little
information is available about its effects on pregnancy.
As with cocaine, complications associated with ampheta-
mine use arise primarily from vasospasm. Hence, maternal
hypertension, premature labor, and placental hemorrhage
have been reported.170 Exposed infants have an increased
incidence of low birth weight and neonatal seizures.
Neonatal behavioral abnormalities similar to those asso-
ciated with cocaine exposure have been described.171

Isolated birth anomalies, particularly cardiac defects and
oral clefts,172 have been reported after antenatal ampheta-
mine use. These studies are not controlled for other envi-
ronmental effects and maternal health status; therefore,
direct drug toxicity cannot be assumed.

MDMA is a relatively new drug; thus, information
about it is very limited. The drug is frequently used at
“rave” clubs and parties to provide increased energy for
dancing and for mood enhancement. The drug is remark-
able for masking thirst sensation. Users have developed
cardiac and renal failure. Death, particularly from acute
dehydration,173 is not uncommon. Public teratology serv-
ices in Canada and the Netherlands have collected data
about MDMA exposures during pregnancy. They report
that the drug is usually used in combination with alcohol
binging, cigarettes, and other drugs.174,175 In a single
prospective study of 136 MDMA-exposed infants, 74 of
whom were antenatally exposed to MDMA and not to
other drugs, there was a 15.4% rate of anomalies.176

Cardiac and musculoskeletal anomalies were frequent in
this group.

Narcotics

Narcotic use continues to be common in the United States.
Since the early 1990s, heroin usage has risen to a level not
matched since the 1970s. In 2000 the number of new
heroin users was 146,000, which was double the number
seen 10 years earlier.26 Rising heroin use has been attrib-
uted to increases in the purity of the drug and stable, low
prices. Increasing heroin purity has led to a shift from
parenteral use to nasal use. Currently, most heroin is
snorted or sniffed, although pockets of intravenous use
remain in certain regions. An important trend in narcotic
use is the dramatic increase in recreational use of oxy-
codone (OxyContin). In 2001, approximately 957,000
persons older than 12 years had used this prescription
medication nonmedically. Rising heroin use has been
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accompanied by a secondary rise in the use of methadone,
primarily to treat heroin addiction. Enrollment in
methadone treatment programs has increased steadily
since 1994.177

Regardless of whether opiates are used illicitly or for the
treatment of addiction or pain, physiologic dependence
as a consequence of use is possible. When used regularly
during pregnancy, opiate dependence and withdrawal
occur in both the mother and the fetus. Additional mater-
nal and obstetric complications of opiate use have been
reported in the medical literature, but the majority of this
information was collected when parenteral drug use
among opiate-dependent pregnant women was the norm.
Therefore, many of the frequently cited medical compli-
cations associated with heroin use, particularly infections
such as HIV or bacterial endocarditis, are a consequence
of unsterile injection of particulate matter and not direct
effects of the drugs themselves.

Obstetric, Fetal, and Neonatal Complications of
Narcotic Use
Diagnosis of pregnancy in heroin-addicted women

may be delayed. Menstrual abnormalities are seen in 60% to
90% of heroin-dependent women.178 Chronic heroin use
reduces the release of luteinizing hormone from the hypo-
thalamus and is therefore associated with anovulatory
cycles.179 Early symptoms of pregnancy such as nausea
and fatigue and abdominal cramps may feel like with-
drawal to the opiate-dependent woman, prompting her to
increase drug use and delay medical evaluation.

Heroin is a short-acting drug with a half-life of minutes.
Withdrawal begins approximately 6 to 8 hours after the last
dose is taken. Because of these pharmacokinetics, alter-
nating cycles of intoxication and withdrawal are the norm
in heroin users. Narcotic withdrawal is uncomfortable
but not injurious to the opiate-using mother. However,
withdrawal at any stage of pregnancy potentially jeopard-
izes the conceptus. In early pregnancy, uterine contractions
may result in spontaneous abortion. Later in pregnancy,
withdrawal can initiate preterm labor. Fetal withdrawal
can result in meconium passage and fetal distress.180

Whether a woman uses narcotics regularly or sporadi-
cally, the risk of unintended narcotic overdose exists. This
is especially true when the heroin content of purchased
bags varies or when a bag is adulterated with a more potent
narcotic such as fentanyl or its congeners. The diagnosis
of opiate overdose must be considered in pregnant women
who present with coma, miotic pupils, and depressed
respiration. Resuscitation with naloxone (Narcan), a nar-
cotic antagonist, should be prompt. The dose, which is
0.1 mg/kg intramuscularly or intravenously, can be repeated
within 10 to 30 minutes.

Use of narcotics in pregnancy is associated with late
booking of prenatal care, preterm labor and delivery, low
birth weight in infants of these women, anemia, poor
nutrition, and a high prevalence of untreated disease.181,182

Many of these complications undoubtedly result from the
lifestyle associated with drug use and do not represent
direct effects of narcotics on pregnancy. High rates of
chronic infections, including HIV and hepatitis B and C,
are seen in heroin-using women, although it is not known
how high rates are for the noninjecting users.

Chronic narcotic use of any kind during pregnancy,
whether for recreation or opiate addiction treatment, results
in a neonatal abstinence syndrome in exposed infants.
Abstinence symptoms are seen in 42% to 68% of heroin-
exposed infants and in 63% to 85% of methadone-exposed
infants.183,184 Symptoms appear within 24 to 48 hours if
the mother was using heroin. Infants born to methadone-
maintained women experience withdrawal later, because
the half-life of methadone is much longer than heroin.
A methadone-exposed infant may be become ill as late as
2 weeks after birth. Neonatal withdrawal from methadone
is often more severe and prolonged than heroin withdrawal.
The neonatal abstinence syndrome resembles adult with-
drawal in some ways and is characterized by sweating,
excessive yawning, sneezing, fever, and gastrointestinal
symptoms. In contrast to adult narcotic withdrawal,
seizures are common in neonates experiencing severe
withdrawal and may necessitate pharmacotherapy.

Long-term developmental and behavioral effects of
perinatal heroin or methadone exposure are not well
understood. No opiate has been found to be teratogenic.
An increased rate of sudden infant death syndrome was
reported in opiate-exposed infants; however, more recent
studies have not found this to be true.185 Newer data need
to be collected, because current pediatric recommendations
about supine infant positioning to prevent sudden infant
death syndrome may have decreased this tragic outcome
in opiate-exposed infants.

Marijuana

Although marijuana is unquestionably the most com-
monly used illicit drug among women of childbearing age,
very little is known about its effects on human pregnancy.
National survey data from 2001 indicate that 5.3% of
the population currently use marijuana and that approxi-
mately 20 million persons are classified as frequent
users.186 Age at first use of marijuana has decreased steadily
since the early 1990s. Use rates among high school students
and young adults are climbing rapidly. The National
Health and Pregnancy Survey of 1992 to 1993 found that
2.9% of women self-reported marijuana use during
pregnancy. Regional studies report higher use rates in
some populations. In a prospective multicenter study
involving seven university-based prenatal clinics in the
United States, Shiono and associates observed that 11% of
13,913 women entered into the study had either a positive
history or a positive urine toxicology finding for marijuana
use.187 Self-report and urine toxicology results correlated
poorly in this study, which may mean that use during preg-
nancy on a national basis may be seriously underestimated.

Marijuana is prepared from the plant Cannabis sativa.
The principal active ingredient is Δ-9-tetrahydrocannabinol
(THC). Inhalation of marijuana rapidly produces psychoac-
tive effects that last for about 2 to 3 hours. Marijuana use
results in physiologic changes: Blood pressure falls and
pulse increases soon after inhaling. Few adverse health
effects have been reported from marijuana use, although
regular use causes many of the health problems asso-
ciated with tobacco smoking. Habitual marijuana use is
associated with chronic bronchitis and elevated blood
carboxyhemoglobin levels.188
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Effects in Pregnancy
Marijuana has been used by pregnant women for

centuries.189 Considering its long history, as well as its
current popularity, it is astounding how little information
is available about its effects on pregnancy outcomes, fetal
growth, and long-term child development. In the first
trimester, marijuana has been used as an antiemetic to
reduce the nausea and vomiting of early pregnancy.190

THC use has been shown to delay recognition of early preg-
nancy symptoms in women attempting conception.191

Investigators have demonstrated two types of cannabi-
noid receptors in the human placenta.192 These receptors
affect serotonin transport across the placenta. In addition,
they may regulate transfer of THC across the placenta,
inasmuch as fetal THC levels have been shown to be lower
than maternal ones.

Studies of the effects of marijuana when used after the
first trimester are conflicting. Some studies have noted an
association between marijuana exposure and shortened
gestation, meconium staining, and lower birth weights.
Two large, prospective studies, however, did not find any
increases in preterm delivery and or decrements in birth
weight when the data were controlled for parity and for
alcohol and tobacco use.187,193

Marijuana has not been shown to be a teratogen in
humans. Drug interactions are a critical factor, however,
because substances such as marijuana may potentiate the
effects of other drugs. In a study by Hingson and colleagues,
there was a fivefold increase in the likelihood of finding
characteristic fetal alcohol facies in infants born to women
who used both marijuana and alcohol during pregnancy.194

Fried and Makin prospectively recruited a cohort of preg-
nant regular marijuana users. Their neonates had increased
tremors and startle responses.195 Testing at 1 year of
age did not show neurobehavioral abnormalities. Other
investigators196,197 have reported sleep abnormalities in
marijuana-exposed infants that persist until age 3 years,
although similar findings were absent in the cohort studied
by Fried and Makin.

Two longitudinal cohort studies have been in progress
since the early 1980s, monitoring cohorts of children who
were perinatally exposed to marijuana. The first, headed by
Fried and Makin, as mentioned, is the Ottawa Prenatal
Prospective Study. This is a cohort of primarily white,
predominantly middle class families with few risk factors.
The other study is the Maternal Health Practices and
Child Development Study (MHPCPD) in Pittsburgh,
Pennsylvania. This cohort is an urban group of low
socioeconomic status that is 50% African American. Serial
developmental evaluation of exposed children in the
Canadian cohort up to age 10 years has yielded essentially
normal results. The Canadian group reported their find-
ings on 9- to 12-year-olds and 13- to 16-year-olds from the
cohort.198 They did not find any physical abnormalities in
comparison with control children; rather, they found subtle
deficits in what they term “executive functions” in the
exposed children: poorer self-regulatory abilities, mild
attention deficits, and decreased ability to act on accumu-
lated knowledge. Global intelligence (IQ) was unaffected
by marijuana, as were language skills.

In contrast to the Canadian children, the MHPCPD
group in Pittsburgh was significantly more impaired.

At age 6, these children had deficits in height.199 At age 10,
the marijuana-exposed children were significantly hyper-
active, inattentive, and delinquent.200

It is noteworthy that both the Canadian and the
American cohorts display deficits consistent with perinatal
damage to frontal lobe processes, albeit subtle ones.
It underscores the fact that intrauterine drug exposure
may cause complex abnormalities that can be determined
only by specialized testing over a long time. These two
studies also demonstrate that children growing up in dis-
advantaged circumstances appear to be far more affected
by perinatal substance exposure than are children who have
better environments. The ability of a good environment
to modify the effects of exposures to drugs during
intrauterine life underscores the enormous plasticity and
resilience of the human brain, as well as the need for
special evaluation and services for exposed children.

Miscellaneous Drugs of Abuse

Sedatives and Tranquilizers
Use of sedative agents remains a persistent problem

in pregnancy. Many of these drugs, such as the benzo-
diazepines, are commonly prescribed by physicians.
Others, such as γ-hydroxybutyrate and flunitrazepam
(Rohypnol), are often manufactured illegally or smuggled
into the United States. Self-medication with sedatives is
common in women who use stimulants or alcohol in
order to induce sleep and to treat symptoms of with-
drawal and overstimulation. All sedatives and tranquilizers
have the potential to induce tolerance and withdrawal
symptoms in regular pregnant users and their offspring.
The teratogenic potential of most of these agents remains
unclear.

Maternal benzodiazepine use is problematic for the
fetus. Early in pregnancy, these drugs may be associated
with oral clefting and isolated anomalies.201 In the third
trimester, diazepam and related compounds diffuse
readily across the placenta and accumulate in the fetal
compartment.202 Chronic use in pregnancy is associated
with the “floppy baby” syndrome: that is, neonatal depres-
sion at the time of birth and, later, neonatal withdrawal
symptoms.203

Short- and medium-acting barbiturates, once common
drugs of abuse, are not frequently encountered now,
because they are rarely prescribed and their distribution is
tightly controlled. Nonetheless, it is wise to remember that
these drugs have high addiction potential and that with-
drawal from them is potentially fatal for adults and
neonates. Long-acting barbiturates are often used to treat
seizure disorders in pregnant women. Phenobarbital use
during pregnancy can result in neonatal withdrawal
symptoms,204 which are usually managed expectantly by
pediatricians.

Clinicians should be aware that depressant drugs are
very commonly used as part of “rave” parties and the club
culture that is a part of the lives of many young adults
from all social strata. Rohypnol—also known, among other
names, as “Rophy” or “roofies”—has gained notoriety as a
“date rape drug.” When mixed with alcohol, it produces
somnolence, amnesia, and potential airway compromise.
γ-Hydroxybutyrate, once available in health food stores, was
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withdrawn from the market after a series of fatalities in
the 1990s. It is now a Schedule I drug that is manufac-
tured by clandestine laboratories and distributed in powder
or tablet form. Chronic use is associated with intense
physical dependence and severe withdrawal symptoms.
Information on the effects of these drugs in pregnancy is
scant but expected to accumulate because of their frequency
of use by young women.

Hallucinogens
Phencyclidine
PCP, also known as “angel dust,” was originally devel-

oped as a dissociative anesthetic. It remains a common
drug of abuse, although its popularity may be waning in
some areas. Use and mortality in certain regions, however,
remain high. Los Angeles reported 51 PCP-related deaths
in 2000, down from 66 in 1997.205 The drug is inexpensive
to produce and may be taken in a variety of ways, such as
swallowing, inhalation, and injection. Violent agitation and
mood swings are common with this drug, making it
particularly problematic for use by pregnant women.
Intoxication is associated with combative behaviors that
can result in maternal injuries and, potentially, fetal com-
promise. Fetal loss and fetal anomalies have been reported
when PCP is used during pregnancy.206 A case-control
study of PCP use in pregnancy found an increase in mater-
nal complications such as diabetes mellitus and syphilis
infections among women who used PCP and significantly
lower birth weights in their infants, in comparison with
controls.207

Lysergic Acid Diethylamide
LSD remains popular in some areas of the United States.
Ingestion can result in an acute psychotic panic reaction,

characterized by severe paranoia, confusion, and depres-
sion.208 The drug has entered the club scene, where it is
mixed with MDMA, a practice called “candy flipping.”
Contrary to popular belief, LSD does not produce chro-
mosomal damage when used during pregnancy. It is diffi-
cult to evaluate the effects of this drug in pregnancy,
because it is used intermittently and often with other
substances.

Inhalants
Inhalation of volatile substances continues to be com-

mon in teenage patients and in rural areas. Approximately
17% of adolescents in the United States have used inhalants
at least once.209 Data from the National Pregnancy and
Health survey indicate that approximately 12,000 pregnant
women abuse inhalants each year.19 A host of legally pur-
chased substances can be abused, including aerosols,
gasoline, paint thinner, correction fluid, and organic
nitrites. Toluene use appears to be particularly problematic
during pregnancy. Maternal complications include renal
tubular acidosis, dysrhythmias, rhabdomyolysis, and
preterm labor.210 A significant percentage of toluene-
exposed infants exhibit a pattern of embryopathy similar
to that of FAS, including abnormal facies, central nerv-
ous system dysfunction, and growth deficiency.211,212

The long-term effects of perinatal toluene exposure on
development are not known.

Tobacco
The adverse effects of cigarette smoking on fetal growth

and development are well documented. Tobacco is the
most abused drug in pregnancy. Because its use is so com-
mon, it is the single largest preventable cause of low birth
weight and infant mortality. Cigarette smoking rates are
very high among substance-using women. Tobacco is a
cofactor in generating the multiple morbid conditions
associated with the use of drugs and alcohol in pregnancy.

IDENTIFYING AND MANAGING THE
PREGNANT SUBSTANCE ABUSER

Most non-drug-using patients are motivated to seek med-
ical care when they are ill, uncomfortable, or pregnant.
Women who abuse drugs and alcohol, however, are engaged
in activities that are considered shameful, dangerous, and,
often, illegal. A substance-using pregnant woman may not
consider herself as having a problem and may not want to
stop using drugs. Unless she experiences an acute problem,
she may not seek medical care or enroll in prenatal care.
Even when enrolled in prenatal care, substance-using
women may go to great lengths to conceal their habits.

Because drug, alcohol, and tobacco use is ubiquitous in
prenatal populations, it is essential that clinicians screen
all patients systematically and effectively. Substance abuse
disorders are significantly underdiagnosed in women.
Studies show that as many as 90% of cases are missed, par-
ticularly in women of upper socioeconomic status.213,214

Despite good intentions, prenatal providers fail to screen
for many reasons. Time constraints and poor reimburse-
ment are some of the reasons why providers do not screen.
Many physicians believe that substance abuse does not
occur in their practices; the “not in my clinic/office” atti-
tude is frequently encountered. Embarrassment, conflicted
attitudes about their own use of substances, and unfamil-
iarity with documentation of substance use all contribute
to missed opportunities for intervention and improved care
in substance drug-exposed pregnancies.

Routine questioning about drug and alcohol use should
be done at the first prenatal visit. Questions about sub-
stance use should be asked at the same time that other
lifestyle information is being obtained, such as informa-
tion about exercise, nutrition, caffeine intake, cigarette
smoking, and use of nonprescription items such as supple-
ments and “complementary” therapies. The questions
should be asked in a direct, specific, and nonjudgmental
way. Patients need to be assured of the confidentiality of
the interview and to understand that their responses will
not affect their ability to get medical care. Providers often
unintentionally communicate to patients that positive
responses to questions about drugs and alcohol use in
pregnancy are unwelcome and unacceptable. Great care
should be taken to ensure that a prenatal patient feels com-
fortable giving true answers to these sensitive questions.
Patients need to understand why they are being ques-
tioned about their personal habits. The focus should be
on the effect of alcohol and drug use on personal health and
on pregnancy. Any patient who does give a history of drug
use or alcohol use should be further questioned about fre-
quency and quantity of use, routes of administration, and
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the social context of use. Patients who admit to isolated
incidents of use or very occasional use should be questioned
about use at follow-up visits.

Self-administered paper-and-pencil or computer ques-
tionnaires about drug and alcohol use have practical
advantages but have not been found to be as effective as
face-to-face interviews.215 Many practitioners routinely use
short, validated oral screening instruments such as the
alcohol or drug CAGE questionnaire216,217 when interview-
ing new patients. The American College of Obstetrics and
Gynecology recommends use of the T-ACE questionnaire218

(Table 25–4) for alcohol screening in pregnancy,219

because it contains a question about alcohol tolerance,
which is helpful in distinguishing the frequent drinker.
Probably the shortest and highest yield approach for
detecting high-risk drinking is to ask the two questions
proposed by Cyr and Wartman220: “Have you ever had
a drinking problem?” and “When was your last drink?”
(A positive response to the second question is “within the
past 24 hours.”) This test has a specificity of 90% for persons
meeting criteria for alcohol use or dependence.

Medical, Obstetric, and Social Clues to
Substance Abuse

There are a number of items in a patient’s medical, obstetric,
or social history that should prompt a physician to take
greater pains to obtain a thorough substance abuse history
(Table 25–5). A family history of alcoholism has been found
to be correlated very highly with the development of drug
or alcohol dependency in female patients.221 Social history
and patient behavior are particularly important. A woman
who has had multiple traumatic injuries, motor vehicle
accidents, fights, assaults, recurrent financial or legal
problems, or difficulty maintaining employment may be
grappling with the disorganizing effects of an addiction.
Failure to keep scheduled medical appointments, requests
for mood-altering medications, and poor grooming
together with poor weight gain may alert a clinician to the
fact that a patient should be more carefully assessed or
reassessed for chemical dependency.

Toxicology testing does not have a well-defined role in
routine drug and alcohol screening during pregnancy.
Illicit drug use can be detected in a myriad of biologic
samples, including urine, saliva, and hair and nail clippings.
However, unless medical necessity can be documented,
testing for drugs without obtaining specific informed

consent from the patient is considered a violation of a
woman’s rights under the Fourth Amendment’s protection
against illegal search and seizure.222,223 In cases of medical
emergency, however, when maternal or fetal well-being is
at stake, signature of a general consent to treatment is
sufficient to justify ordering urine toxicology, as long as it
is done in a nondiscriminatory manner consistent with
institutional practices and policies.

Evaluation and Management of the
Pregnant Substance User

If a woman is known to be abusing alcohol or drugs,
meticulous maternal and fetal evaluation is essential
(Table 25–6). Infections, including dental infections,
should be assiduously sought and, if found, aggressively
treated. Regardless of whether there is a history of par-
enteral drug use, HIV counseling and testing should be
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“How many drinks can you hold?” (Tolerance: refers to number of 
drinks before passing out or falling asleep, with more than 
five being positive)

“Have close friends or relatives annoyed you by criticizing your 
drinking?”

“Have you ever felt you ought to cut down on your drinking?”
“Have you ever taken a drink first thing in the morning (eye opener)

to steady your nerves or get rid of a hangover?”

From Sokol RJ, Martier SS, Ager JW: The T-ACE questions: Practical prenatal
detection of risk-drinking. Am J Obstet Gynecol 1989;160:863.

TABLE 25–4 Alcohol Screening Questionnaire: T-ACE

Medical Clues
Infections: human immunodeficiency virus (HIV), viral hepatitis B 

or C, endocarditis, skin infections, multiple sexually transmitted 
diseases, unusual infection sites

History of multiple traumatic injuries
Pancreatitis, abnormal liver functions, recurrent gastritis, or 

diarrhea
Chronic pain syndromes; repeated requests for analgesics, 

tranquilizers, and sedatives
Insomnia
Poor dental hygiene
Blackout spells
Loss of libido, sexual dysfunction
Depression, anxiety, suicide attempts
Tobacco use

Obstetric Clues

Past History
Multiple pregnancy loss
Premature labor
Preterm premature rupture of membranes
Placental abruption
Intrauterine growth restriction (IUGR)
Intrauterine fetal demise
Neonatal abstinence syndrome

Current History
Poor nutrition or weight loss
Unexplained fetal tachycardia
IUGR
Premature labor
Preterm premature rupture of membranes
Labile maternal blood pressure

Social/Behavioral Clues
Noncompliance, multiple missed/rescheduled appointments
History of substance abuse by spouse or family
Multiple emergency room visits
Abnormal affect: lethargy, agitation
Poor employment history
Criminal behavior/legal system involvement
Chaotic family situation, unstable housing, loss of custody 

of children
History of domestic, sexual, or childhood abuse
Relationship difficulties: family, social

TABLE 25–5 Clues to Substance Abuse



offered at the first visit and repeated at 6-month intervals.
Refusal to be tested should be documented by the clinician,
and the HIV screen should be offered again at each sub-
sequent prenatal visit. Immunization status should be
investigated. If appropriate, tetanus toxoid and hepatitis B
vaccine should be administered.

Particular attention should be paid to maternal nutri-
tional status. Chemical dependency is highly correlated
with poor nutrition. The anorectic effects of drugs of
abuse, in combination with a drug- or alcohol-using
lifestyle, mitigate against intake of adequate calories and
micronutrients. In a prospective study of substance-abusing
women in an urban area, serial blood samples were
obtained during each trimester of pregnancy and analyzed
for drugs of abuse, as well as for levels of folate, vitamin B12,
ferritin, and ascorbic acid. The investigators found an
inverse relationship between illicit drug levels and
micronutrients.224

Aggressive vitamin and mineral supplementation, as
well as nutritional counseling, may help improve maternal
status and pregnancy outcome.

Serial ultrasonography is very useful in managing a
substance-exposed pregnancy. Early sonograms establish
pregnancy dating. Morphologic survey in the second
trimester detects anomalies. In the third trimester, sono-
grams document appropriate fetal growth.

In the latter part of pregnancy, beginning at 32 to
34 weeks, semiweekly nonstress tests or biophysical profiles
should be ordered. This is especially important for the
woman who continues to use drugs during pregnancy or
who has delayed seeking prenatal care. Antepartum testing
detects preterm contractions and evaluates fetal well-being.
Clinicians should be aware that substances such as
cocaine or methadone may diminish the reactivity of the
nonstress test or reduce fetal activity in the biophysical
profile.225-227

Substance-using women should be seen in prenatal
care at intervals of no longer than 2 weeks. If the woman
is unable to achieve abstinence or does not enter a drug

rehabilitation program, it may be advisable to ask her to
come to the office or clinic on a weekly basis. Many obstet-
ric providers find caring for substance-using patients try-
ing and frustrating. It is therefore important to remember
that prenatal care itself has a tremendously positive effect
on outcomes, even when women continue to use drugs.
Numerous studies have demonstrated an independent
effect of prenatal care in improving birth weight228-230 and
reducing perinatal mortality231 in nonabstinent women.

In the postpartum period, substance-using women
require a great deal of support and attention. If they are in
early drug recovery, the potential for relapse is very high.
If they are still using drugs, their ability to bond with and
parent an infant is inadequate. Follow-up by social service
agencies should be arranged before discharge, because
postpartum substance abuse is associated with high rates
of child abuse and neglect. A contraceptive method should
be chosen. Follow-up visits with the prenatal provider
should continue at 2-week intervals for the first 2 months,
unless the patient is in residential or intensive outpatient
drug rehabilitation treatment. Breast-feeding should
certainly be discussed with the patient. It is important for
women who use drugs and or abuse alcohol to know that
these substances pass into breast milk and are dangerous
to the breast-feeding infant. The American Academy of
Pediatrics considers methadone compatible with breast-
feeding, although caution and close observation of
infants is necessary in such cases.232 Breast-feeding while
on methadone maintenance may ameliorate neonatal
abstinence symptoms.233

Special Management Issues in Substance-
Using Women

Pain

Physicians need to be skilled in the management of pain in
patients with a history of alcohol or drug abuse. Addiction
is not a reason to withhold analgesia. Brief courses of
short-acting opiates are appropriate for acute problems,
such as severe musculoskeletal derangement or trauma. It
is important to make it absolutely clear to patients at the
outset that the amount of medication prescribed in the
outpatient setting will be limited in terms of number of
pills, that return for prescription medication on a frequent
basis may be necessary, and that any medication diversion
will interfere with provision of further analgesic treatment.

Management of pain in labor should be proactive and
nondiscriminatory. A common misconception is that
chemically dependent women have a low pain threshold.
The truth is that drug tolerance may necessitate the use
of higher-than-usual doses of short-acting parenteral
narcotics.234 In the case of the opiate-dependent woman,
the use of combined narcotic agonist-antagonists
(e.g., nalbuphine [Nubain], butorphanol [Stadol]) must
be avoided, because these agents may precipitate withdrawal
in mother and fetus. If the patient is receiving methadone
treatment, clinicians should be aware that maintenance
doses of methadone do not provide analgesia in labor.
Regional analgesia may be the best way to provide pain
relief for a woman with a history of substance abuse.
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Physical Examination
General: nutritional status, height, weight
Dermatologic: infections, abscesses, bruises and scars from old

injuries, icterus, needle tracks, palmar erythema
Dental: pyorrhea, abscessed caries
Ear/nose/throat: nasal mucosal erythema, atrophy, or damage
Pulmonary: rales, wheezes, evidence of chronic interstitial 

lung disease
Cardiovascular: murmurs (consistent with valvular heart disease, 

endocarditis, increased pulmonary artery pressure), dysrhythmias
Gastrointestinal: hepatomegaly, evidence of portal hypertension
Genitourinary: vaginal and rectal infections, stool guaiac
Lymphatic: lymphadenopathy in any location
Neurologic: mental status, tremor, hyperreflexia

Prenatal Panel
Hepatitis B and C antibody status
Baseline liver function tests
Purified protein derivative of tuberculin
Human immunodeficiency virus screens at baseline and 6 months later
Cervical cytologic assessments at baseline and 6 months later

TABLE 25–6 Evaluation of the Pregnant Substance
Abuser



The intoxicated gravida who presents in labor poses
special problems. Stimulant intoxication, especially when
accompanied by elevated blood pressure or seizures,
may resemble preeclampsia. Treatment of hypertension
with β blockers in the setting of recent cocaine ingestion
may result in a paradoxical rise in blood pressure.235

Combination α-β blockers are preferable.236 Consultation
with the anesthesiologist when there is evidence of recent
drug use in a laboring woman is vital. Cocaine-intoxicated
women requiring operative delivery have a higher risk
of anesthetic complications, such as exaggerated hypoten-
sion from epidural anesthesia, diastolic hyperten-
sion after intubation, and higher rates of perioperative
wheezing.136,237

Management of Alcohol Withdrawal/Detoxification

When a patient gives a history of chronic, heavy alcohol
consumption, it is unwise to advise her to discontinue use
“cold turkey.” Abrupt cessation of alcohol use can result
in physiologic withdrawal symptoms that may compromise
maternal and fetal well-being. Isolated seizures, status
epilepticus, or premature labor may occur during alcohol
withdrawal. Delirium tremens can be fatal to the mother
and the fetus. Alcohol-dependent pregnant women who
are at high risk for withdrawal should undergo detoxifi-
cation in a hospital setting, where mother and fetus can
be closely monitored and medicated as needed.

Pregnant women who consume more than 8 oz (90 g) of
absolute alcohol daily (eight 12-ounce beers, six 6-ounce
glasses of wine, eight 1.2-ounce glasses of 80-proof liquor)
are likely to have developed alcohol dependence. Inpatient
withdrawal is necessary for these women, as well as for
women who report lower alcohol consumption but who
display signs of alcohol withdrawal in a social-setting
detoxification unit or who give a history of withdrawal in
the past.

Symptoms of withdrawal begin within 24 to 48 hours
after cessation of drinking. The hallmark of alcohol with-
drawal is pronounced autonomic hyperactivity. Sweating,
tachycardia, and tremor are common. The presence of
nausea; vomiting; transient tactile, visual, or auditory
hallucinations; agitation; and grand mal seizures consti-
tute full-blown alcohol withdrawal, also known as delirium
tremens. The best validated tool for evaluating symptom
severity and determining the level of intervention needed
is the Clinical Institute Withdrawal Assessment Scale for
Alcohol, revised (CIWA-Ar).238 The CIWA-Ar score should
be calculated frequently, hourly if necessary, when
patients are symptomatic, to help guide medication dosing
decisions. To avoid maternal or fetal compromise, it is
recommended that pregnant patients with relatively
low CIWA-Ar scores (i.e., 8-14; maximum score is 67) be
considered candidates for pharmacotherapy.239

There are no controlled data to guide pharmacother-
apy of alcohol withdrawal in pregnancy. In general, benzo-
diazepines are the drugs of choice for management of
alcohol withdrawal (Table 25–7). However, avoidance of
high-dose benzodiazepine therapy may be preferable in the
first trimester and in the last weeks of pregnancy. Per con-
sensus recommendations, phenobarbital is an accept-
able alternative for management of alcohol withdrawal

in pregnancy.240,241 After stabilization in the hospital, an
alcohol-detoxified gravida should be transferred to a
treatment program for long-term care.

Naltrexone (ReVia), an opiate antagonist that reduces
alcohol craving, may be started after detoxification.
Information about the safety of this medication when
used in pregnant women, however, is limited (FDA
category C).

Management of Opiate Addiction: Methadone

Opiate-dependent pregnant women are candidates for
methadone maintenance therapy. The rationale for sub-
stituting one narcotic for another during pregnancy is
twofold. First, because of its long half-life, methadone
maintenance prevents the alternating cycles of fetal narcotic
depression and intrauterine withdrawal that are charac-
teristic of heroin use. Second, methadone promotes better
maternal rehabilitation, as measured by increased partici-
pation in prenatal care and in substance abuse treatment.
If the patient is a parenteral drug user, methadone reduces
needle use and thus reduces exposure to needleborne infec-
tions such as HIV.242 Methadone maintenance in pregnancy
should be used as part of a comprehensive drug rehabilita-
tion treatment. It is not a stand-alone modality of care.

Despite its benefits, methadone maintenance treatment
during pregnancy is not without drawbacks. Methadone
causes a neonatal abstinence syndrome that is more severe
and prolonged than the withdrawal seen in infants born to
users of illicit narcotics such as heroin.243,244 In addition,
methadone-maintained gravidas often increase or con-
tinue their use of other illicit drugs, such as cocaine and
marijuana.245,246 Most authorities believe, however, that the
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Admission to antepartum unit
Routine medications: thiamine, folic acid, prenatal vitamins
Monitoring for severity of withdrawal: agitation, anxiety, nausea 

and vomiting, headache, sweats, tremor, visual disturbances, 
tactile disturbances, auditory disturbances

Measurement of electrolytes and magnesium levels at baseline; 
repeat magnesium measurement if indicated by symptoms

Fetal assessments at regular intervals: fetal heart monitoring, 
nonstress tests as appropriate for gestational age

Nonpharmacologic interventions: reduction of stimuli, maintenance of 
hydration and body temperature, nutritional support, reality 
orientation, reassurance and support

Pharmacologic interventions (FDA pregnancy classification)
Parenteral magnesium for patients developing signs and symptoms 

of hypomagnesemia
Chlordiazepoxide (D), 25 to 50 mg q.i.d. for first 2 days, decreasing 

gradually to 10 mg four times a day for 8 to 10 days
Phenobarbital (D), 15 to 60 mg q4-6h as needed for the first 2 days, 

gradually decreasing to 15 mg by the 4th day
Diazepam (D), 10 mg q.i.d.: 10 mg every 2 hours as needed for 

withdrawal symptoms to a maximum of 100 mg/24 hours, 
decreasing gradually at a rate of 20% to 25% over approximately 
5 days

From Mitchell JL (consensus panel chair): Treatment Improvement Protocol
Series (TIPS): Pregnant Substance Abusing Women. Rockville, Md, U.S.
Department of Health and Human Services, 1993.
FDA, U.S. Food and Drug Administration.

TABLE 25–7 Management of Alcohol Withdrawal in
Pregnancy



benefits associated with methadone therapy, which
include increased birth weight and reduced criminal activity
and risk-taking behaviors, outweigh the risks of neonatal
exposures and withdrawal, particularly because the
neonate can be managed expectantly to reduce the severity
of the abstinence syndrome.

Pregnancy alters the pharmacokinetics of methadone.
For any given dose, plasma levels of the drug are lower in
pregnant women. Increased intracellular fluid space and
tissue reservoirs for storing methadone, as well as increased
drug metabolism by the liver, placenta, and fetus,247

account for this decline. As pregnancy progresses, the
methadone dose may need to be increased or the dosing
interval shortened from daily to twice daily, to maintain
the same plasma level.248

Opiate-dependent women who conceive while taking
methadone should continue to receive their prepregnancy
dose initially. Opiate-dependent women who begin
methadone maintenance during pregnancy may need to be
hospitalized to determine an appropriate dose. Federal con-
sensus guidelines advise individualizing methadone doses,
with the goal of extinction of all subjective (cravings) and
objective signs and symptoms of opiate withdrawal.240

A reasonable approach to starting methadone therapy is
to give 10 to 20 mg as an initial dose. Subsequent doses
may be given in 5- to 10-mg increments every 4 to 6 hours
over 24 hours, until all withdrawal symptoms are gone.
On the second day, the total dose of the previous day can
be given as a single dose (Table 25–8). A new idea for pre-
scribing methadone is to use drug levels as a guide. In a
prospective observational study, Drozdick and colleagues
followed a cohort of methadone maintained pregnant
women.249 They found that methadone serum trough levels
between 0.24 and 0.3 mg/L were needed to keep the women
from experiencing symptoms of opiate withdrawal.
The mean dose of methadone that was needed to render
these women asymptomatic, however, was 100.0 ± 38.2 mg
(range, 35 to 215 mg). At such doses, the incidence of
severe neonatal withdrawal is greater than 90%.250

The practice of maintaining all opiate-dependent
pregnant women on methadone has been called into
question.251 Legitimate alternatives to methadone main-
tenance, although not considered standard care, do exist.
Opiate-dependent pregnant women can be safely detoxified

from methadone.252 This should be done in an inpatient
setting, slowly reducing the methadone dosage if the
patient is already taking methadone . If the patient is not
taking methadone, clonidine can be used to treat mild
withdrawal symptoms and intermittent methadone doses
to treat more severe ones. Detoxification from methadone
requires the patient to be highly motivated, in a stable social
situation, and willing to commit to close follow-up. It is
safest to detoxify pregnant women between 14 and 32 weeks
of pregnancy.253 After detoxification, opiate-using pregnant
women may be prescribed naltrexone, an opiate antagonist
that blocks μ-opioid receptors,254 and transferred to
outpatient treatment.

As newer agents become available for treating opiate
addiction, their safety and efficacy in pregnancy are being
explored. l-Acetyl-α-methadol (LAAM), a long-acting
methadone derivative, has been used successfully by preg-
nant women.255 The advantage of LAAM over methadone
is its prolonged duration of action, with suppression of
symptoms for up to 72 hours. Usual doses are 30 to 100 mg
every 2 to 3 days. The incidence of neonatal abstinence
syndrome with LAAM is the same as with methadone.

In October of 2002, the Food and Drug Administration
approved the use of buprenorphine for treatment of opiate
dependence. Like methadone and LAAM, buprenorphine
interacts with μ-opioid receptors. The dose is 8 to 12 mg
sublingually every day. Buprenorphine has advantages
over other receptor blockers: It has a higher safety margin,
is less physically addicting, and has less potential for illicit
diversion. Most important, buprenorphine can be dis-
pensed from any physician’s office without the cumber-
some regulations that pertain to methadone or LAAM.
A number of reports256-259 have already appeared in the
literature documenting use in pregnancy. Many of them
suggest that there is less neonatal abstinence syndrome
associated with maternal buprenorphine than with
methadone. Buprenorphine may prove to be better than
methadone for treating opiate dependency in pregnancy,
but further studies of the drug are needed.

Substance Abuse Treatment

More pregnant women are referred into substance abuse
treatment by the criminal justice system than by the
health care community. Physicians are often unsure of how
to access alcohol and drug rehabilitative services. They are
frequently unfamiliar with the variety of treatment pro-
grams available to their patients and unable to help them
select the type of care best suited for them. One of the
most fundamental barriers to getting pregnant women
who need treatment into care is their physicians’ lack of
belief that treatment works.

Not every pregnant woman who is using drugs or alco-
hol will accept a treatment referral. Denial, guilt, opposi-
tion from family and friends, and inadequate financial
resources are all barriers to entering treatment. But preg-
nancy has been shown260,261 to be a powerful motivation
for many women to change, to discontinue substance use,
to learn a new way of life, or to regain a lost one. When
pregnant patients screen positively for at-risk alcohol use or
illicit drug use, it is important for physicians to intervene
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Evaluate for signs and symptoms of opiate withdrawal, if present
Obtain urine toxicologic profile, document nonmethadone opiate 

metabolites
Initiate methadone: give 10-20 mg PO
Evaluate patient every 4-6 hours
Repeat methadone dose, 5-10 mg PO every 4-6 hours, PRN for 

withdrawal symptoms
24 to 48 hours after admission, add total amount methadone given

in 24 hours and give as a single oral dose; evaluate for 
overmedication (e.g., sedation)

Periodically reevaluate adequacy of methadone dose as pregnancy 
progresses

PO, per os (orally); PRN, pro re nata (as needed).

TABLE 25–8 Methadone Maintenance for the Opiate-
Dependent Gravida



in a way that has been proved to increase patient motiva-
tion and willingness to make needed changes. A report
from the Institute of Medicine recommended that obstet-
ric providers conduct a specific and brief motivational
interview with a woman at risk for an alcohol affected
pregnancy,262 using the FRAMES (Table 25–9) approach
of Miller and Rollnick.263 The same interview is appropriate
for a pregnant woman who is using drugs. The physician
begins by offering education about the effects of sub-
stance use on the pregnancy and on the fetus. Next, the
physician makes recommendations for behavior change
and lists options to achieve that change. The patient is
invited to give feedback about the information and advice
she has received. At all times during this process, the
physician must remain sympathetic and supportive of the
patient’s self-efficacy. Avoidance of labels and confronta-
tion in order to develop patient trust is crucial for ultimate
success.

Patients who are in a state of “precontemplation”—that
is, are not able to accept or understand that they have a
problem—can benefit from repetition of the FRAMES
intervention at future appointments. Even when this
script is repeated, the physician should never lead the
patient to believe that ongoing medical care is contingent
on accepting the physician’s beliefs about the patient’s
addiction.

Pregnant women who accept referral to substance abuse
treatment should be evaluated by a specialist in addiction
medicine. This may be a local psychiatrist, a specially
trained social worker, or a licensed addiction counselor.
Addiction medicine specialists establish severity of disease
by using standardized criteria, screen for coexisting mental
disorders such as depression, and determine the appropri-
ate level of care needed for an individual patient. Although
no single type of treatment is effective for everyone,
pregnant women are usually best served by abstinence-
based programs, which emphasize self-efficacy, family
involvement, case management, and integration with pri-
mary care.264 Studies have shown that residential treat-
ment is often essential when pregnant women are homeless
or trapped in chaotic, violent environments that include
abusive people and other drug users.265,266 Treatment
programs that contain elements important for pregnant
women, such as onsite child care, social services, and
parenting classes, have superior client retention and lead
to improved obstetric outcomes.267-269

Ultimately, it is essential to understand that substance
use is a social problem as well as a biologic disease. As with
other chronic diseases, such as hypertension, diabetes, or
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From Miller WR, Rollnick S: Motivational Interviewing. New York, Guilford
Press, 1991.

TABLE 25–9 FRAMES: Motivational Interviewing for
Substance-Abusing Pregnant Women

asthma, definitive cure is not a reasonable expectation.
Stabilization during pregnancy and the postpartum
period is an achievable goal. Treatment of the pregnant,
substance-using woman engenders concern for two
patients: the woman and the unborn child. The complex
task of promoting the welfare of both is a balancing act
that may be unequaled in clinical medicine.
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A
Abdomen

blunt trauma to, 239
physiologic changes of pregnancy and, 375

ABO incompatibility, 76
Abortion

induced
based on genetic testing, 211–212
with acute leukemia, 78
with brain tumors, 419
with breast cancer, 480
with lymphoma, 77–78
with systemic lupus erythematosus, 434

“missed,” 457
moral standing of fetus and, 226
septic, renal failure due to, 252
spontaneous

cytokines and, 456–457, 461, 461f
due to antifolate agents, 483
embryo as parasite model of, 460, 460f
embryo as tumor model of, 459, 459t
fetal allograft model of, 458–459, 459t
immunotrophism model of, 459, 459t
lupus anticoagulant associated with, 96
paradigms for, 458–461
recurrent, 458, 463
smoking and, 404
sporadic, 458
Th1/Th2 paradigm of, 459–460, 459t, 460f
vascular events as basis for, 460–461, 461t
with alcohol abuse, 6
with amniocentesis, 210
with appendicitis, 273
with breast cancer, 480
with chorionic villus sampling (CVS), 210
with chromosome abnormalities, 458
with diabetes mellitus, 26–27, 27f
with hypothyroidism, 152
with inflammatory bowel disease, 271
with polymyositis, 416
with scleroderma, 440
with systemic lupus erythematosus,

435, 435f
with tuberculosis, 394

Abruptio placentae
disseminated intravascular coagulation

associated with, 82
due to blunt trauma, 239
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Abruptio placentae (Continued)
in chronic hypertension, 57
renal cortical necrosis due to, 252

Absorption of poisons, prevention of,
242–243

Absorptive hypercalciuria, in preeclampsia, 52
Abuse, substance abuse related to, 3
Acarbose, for diabetes, 20
Acetaldehyde, toxicity of, 6
Acetaminophen

for headache, 420
poisoning due to, 243

L-Acetyl-α-methadol (LAAM), for narcotic
addiction, 17

N-Acetyl-L-cysteine (NAC), for acetaminophen
poisoning, 243

Achondroplasia, 204, 205t
Acid-base status, and arterial blood gases,

378–379
ACIS. See Adrenocortical insufficiency (ACIS).
ACOG. See American College of Obstetricians

and Gynecologists (ACOG).
Acral lentiginous melanoma, 495
Acrochordons (skin tags), 471, 471f
Acrolein-binding agent (mesna), 485
Acromegaly, 168
ACTH (adrenocorticotropic hormone), 164,

171, 171t
Actinomycin D, with methotrexate

for choriocarcinoma, 489
for molar pregnancies, 488

Activated charcoal, for poisoning, 243
Acyclovir

for herpes simplex infection, 353, 354
for varicella-zoster infection, 361, 398

Addison’s disease, 173–175
acute (Addisonian crisis), 174
diagnosis of, 173–174

in pregnancy, 174, 174t
fetal/neonatal outcome in, 174
management of, 174, 174t

Adenoma
adrenal, 58, 59

androgen-producing, 173
parathyroid, 186
pituitary, 166–169, 167f, 419–420

Adenosine
for supraventricular tachycardia, 109, 238
in pregnancy and lactation, 122

S-Adenosyl-L-methionine, for intrahepatic
cholestasis, 283

Adrenal adenoma
androgen-producing, 173
hypertension due to, 58, 59

Adrenal cortex disorders, 170–178
Addison’s disease as, 173–175
androgen-producing adrenal adenomas

as, 173
congenital adrenal hyperplasia as, 175–178,

175f
Cushing’s syndrome as, 170–172, 172t
primary hyperaldosteronism as, 172–173

Adrenal cortex, in pregnancy
anatomic and physiologic changes in, 170
control of, 170–171, 171t

Adrenal hyperplasia, congenital, 175–178,
175f

fertility in, 176
11β-hydroxylase deficiency in, 176, 178
21-hydroxylase deficiency in, 175, 176–177,

177f
3β-hydroxysteroid deficiency in, 178
pathophysiology of, 175–176
prenatal ultrasonography in, 177–178
virilization prevention in, 176–177, 177f

Adrenal insufficiency. See Adrenocortical 
insufficiency (ACIS).

Adrenalectomy
for 11β-hydroxylase deficiency, 178
for primary aldosteronism, 173

α-Adrenergic agonists, in pregnancy and
lactation, 121

β-Adrenergic agonists
inhaled

fetal effects of, 388
for asthma, 383–384, 383t, 385f–387f

uterine contractility and, 388
α−Adrenergic blockers

for chronic hypertension, 61, 61t
for pheochromocytoma, 59
in pregnancy and lactation, 121

α−β-Adrenergic blockers, combined, in
pregnancy and lactation, 122

β-Adrenergic blockers
fetal effects of, 142t, 144–145
for chronic hypertension, 61, 61t
for long QT syndrome, 109
for renovascular hypertension, 58
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β-Adrenergic blockers (Continued)
for thyrotoxicosis, 142t, 144–145
for ventricular tachycardia, 109
in breast milk, 62
in pregnancy, 122, 251

Adrenocortical insufficiency (ACIS), 173–175
acute (Addisonian crisis), 175
diagnosis of, 173–174, 174t
due to corticosteroid therapy, 389
fetal and neonatal effects of, 174
management of, 174

Adrenocorticotropic hormone (ACTH), 164,
171, 171t

Adrenocorticotropic hormone–secreting
pituitary tumors, 168, 172, 172t

Adult T-cell leukemia/lymphoma, 365
Advanced cardiopulmonary life support,

235–237
Affective disorders, 506–510

natural history of, 506–508
treatment of, 508–510

AFLP. See Fatty liver of pregnancy, acute
(AFLP).

Age
as risk factor

for cancer, 479, 480, 490
for maternal morbidity and mortality, 103

paternal, trisomy 21 associated with, 196
Agranulocytosis, due to thionamide therapy,

143
Air bag, in pregnancy, 241
Airway

closure of, at lung bases, 377
establishment of

for drug overdose or poisoning, 242
in cardiopulmonary resuscitation, 237

function and mechanics of, 377
resistance of, 377

Alanine aminotransferase (ALT), 280,
281t, 282

Albumin gene(s), mutation of, 133–134
Albumin, serum, in pregnancy, 279, 281t
Albuterol

fetal effects of, 389
for asthma, 383t, 384
uterine contractility and, 388

Alcohol use and abuse, 6–8
binge drinking in, 2
epidemiology of, 2–3
fetal alcohol effects (FAE) due to, 8
fetal alcohol syndrome (FAS) due to,

7–8, 7t
fetal effects of, 6–7
liver disease due to, 295
medical/obstetric complications of, 6
substance abuse combined with, 5
T-ACE screening questionnaire for, 14, 14t
teratogenicity of, 3t, 6
tobacco use combined with, 3, 5
withdrawal from, management of, 16, 16t

Aldomet. See Methyldopa.
Aldosterone, in pregnancy, 171, 171t, 247
Aldosteronism, primary, 58–59, 172–173, 208
Alimentary system. See Gastrointestinal

system.
Alkaline phosphatase, in pregnancy, 280, 281t
Alkylating agents, 483
Allergy, asthma and, 381, 384
All-trans-retinoic acid (ATRA), 484, 498
Alopecia, androgenic, 470
Alpha-adrenergic agonists. See Adrenergic

agonists.
Alpha-adrenergic blockers. See Adrenergic

blockers.
Alpha1-antitrypsin deficiency, in pregnancy,

389

Alpha-fetoprotein (AFP)
as tumor marker, 481
immunologic effects of, 305
in diabetes, 34
in Down syndrome screening, 5–6
in genetic disorder screening, 209–210

Alprazolam (Xanax), 507t, 510
ALT (alanine aminotransferase), 280,

281t, 282
Alveolar-arterial PO2 gradient, 379
Amantadine, for viral pneumonia, 397
American Academy of Pediatrics

on screening for group B streptococcal
infections, 323

Textbook of Neonatal Resuscitation, 229, 231
American College of Medical Genetics

(ACMG), 214
American College of Obstetricians and

Gynecologists (ACOG)
carrier screening guidelines of, 214
Code of Professional Ethics of

equal treatment of patients in, 225
veracity in, 225

Committee on Terminology of, 44, 45t
ethical guidelines of

on court-ordered interventions, 228
on withholding support from preterm

infants, 231
“Patient Choice and the Maternal-Fetal

Relationship” as, 228
screening recommendations of

for alcohol use/abuse, 14, 14t
for group B streptococcal infection, 323

American College of Rheumatology criteria
for rheumatoid arthritis, 430
for scleroderma, 439
for systemic lupus erythematosus,

432, 432t
American Diabetes Association (ADA)

screening recommendation for gestational
diabetes, 36

target goals for glycemic control, 21, 21t
American Thoracic Society, 394, 397
Amino acid metabolic disorders, 215t
Aminoglycosides

for intraamniotic infection, 315
for listeriosis, 325
for pneumonia, 397

5-Aminosalicylic acid, for inflammatory bowel
disease, 268, 269t

para-Aminosalicylic acid, for tuberculosis, 395
Amiodarone

for wide-complex tachycardias, 238
in lactation and pregnancy, 122
neonatal hypothyroidism due to, 154

Ammonia disposal, X-linked disorder of, 207
Amniocentesis

for Rh immunization, 75
in antepartum screening, 6, 8
in genetic screening, 210, 211t
triple analyte screening vs., 210

Amniotic cavity, bacterial infections of,
314–315, 314f

Amniotic fluid
meconium-stained, 314
thyroid hormone in, 137, 138
thyroxine injection into, for fetal

hypothyroidism, 155
Amniotic fluid embolism

acute respiratory distress syndrome due to,
400–401

disseminated intravascular coagulation
associated with, 82

in cardiopulmonary arrest, 237t
risk factors for, 400

Amoebiasis, 334

Amoxicillin
cost of, 309t
for bacteriuria, 312
for chlamydial infection, 322
for Lyme disease, 326
with probenecid, for gonorrhea, 320

Amoxicillin-clavulanate (Augmentin)
for acute cystitis, 312
for bacteriuria, 312

Amphetamines, 10
Amphotericin B

for candidal infections, 329
for coccidioidomycosis, 330, 398

Ampicillin
bacterial sensitivity to, 306
for bacterial pneumonia, 313
for intraamniotic infection, 315
for listeriosis, 325

Anabolic steroids, 280–281
Anaphylactoid syndrome of pregnancy, 400
Anaphylaxis, in cardiopulmonary arrest, 237t
Androgen(s), congenital anomalies due to, 3t
Androgen-producing adrenal adenomas, 173
Androgenic alopecia, 470
Anemia, 69–73

aplastic, 76
fetal and maternal effects of, 71
folic acid deficiency, 72–73
general approach to, 70–71
hypochromic microcytic, 71
iron deficiency, 71–72, 71t, 76
nutritional, 71
“physiologic,” 70
true vs. “physiologic,” 70, 70t
with reticulocytosis, in sickle cell

disease, 73
Anencephaly, 214t
Anesthesia

cardiac output affected by, 105
for substance abusers, 15–16
regional, in myasthenia gravis, 416
with cardiovascular disease

in preterm delivery, 12
methods of anesthesia in, 124

with myotonic muscular dystrophy,
415–416

Aneuploidy, 195
“Angel dust” (phencyclidine, PCP), 13
Angiography, transfemoral cerebral, 426
Angiomatous growths, 470
Angiotensin-converting enzyme (ACE)

inhibitors
adverse effects of, 121
congenital anomalies due to, 3t, 20
for chronic hypertension, 61, 61t
for diabetic nephropathy, 20
preconception use of, 32

Angiotensin II, 50, 171, 171t
Angiotensin II receptor antagonists

adverse effects of, 121
for chronic hypertension, 61, 61t

Ankylosing spondylitis (AS), 438–439
Annexin V, 461
Anopheles mosquito, 332
Anorexia nervosa, 511–512
Antacids, 263, 263t, 266
Antepartum. See Prenatal entries.
Anthracenediones, 483
Anthracyclines, 483, 498
Anthraquinones (cascara, senna), 264, 264t
Antiarrhythmic agents

for supraventricular tachycardia, 109
in pregnancy and lactation, 121–122

Antibiotic prophylaxis
after Cesarean section, 317
in mitral stenosis, 114
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Antibiotic therapy, 305–310. See also specific
agents.

azalides in, 308–310, 309t
carbapenems in, 308
cephalosporins in, 306–308, 307t
costs of common agents in, 309t
FDA classification of, 306, 306t
for acute cystitis, 312
for acute pyelonephritis, 313
for appendicitis, 314
for bacterial pneumonia, 313
for bacterial vaginosis, 315
for bacteriuria, 312
for chlamydial infection, 321–322
for endometritis, 316–317
for gonorrhea, 320
for group B streptococcal infections, 323, 326t
for inflammatory bowel disease, 268, 269t
for intraamniotic infection, 315
for listeriosis, 325
for Lyme disease, 326
for pneumonia, 313, 397
for septic pelvic thrombophlebitis, 97
for syphilis, 318–319, 319t
for tuberculosis, 394–396
lincosamides in, 308–310, 309t
macrolides in, 308–310, 309t
monobactams in, 308
penicillins in, 306
pregnancy effects on, 306
quinolones in, 310

Antibody, 453
Anticardiolipin antibody, 95, 95t, 435, 436
Anticoagulants

for acute myocardial infarction, 120
for cerebral ischemia, 422
for lupus anticoagulant defect, 96
for mitral stenosis, 114
for prosthetic valves, 93, 117–118
for venous thromboembolism, 91–93, 91t, 92t

prophylactic, 93–95, 94t
for venous thrombophlebitis, 120

Anticonvulsants
congenital anomalies associated with, 4,

205, 425
fetal and neonatal effects of, 507t, 509
for preeclampsia, 56
metabolism of, during pregnancy, 425
newer types of, 509

Antidepressants
discontinuation of, 506
fetal and neonatal effects of, 507t, 508
for anxiety disorders, 510
for headache, 420
poisoning from, 243–244
tricyclic, for affective disorders, 508

Antiemetics, 262, 262t, 485
Antiepileptic agents. See Anticonvulsants.
Antifolate agents, 483
Antifungal agents

for candidal infections, 328–329
for coccidioidomycosis, 330
for pulmonary infections, 398–399

Antigen
immune response to, 451
recognition of, by γδ T cells, 453

Antigen-presenting cells (APCs), 451, 452, 452f
Antigen-specific immune system, 451
Antihypertensive agents

adrenergic agonists as. See Adrenergic
agonists.

adrenergic blockers as. See Adrenergic
blockers.

angiotensin-converting enzyme inhibitors
as. See Angiotensin-converting enzyme
(ACE) inhibitors.

Antihypertensive agents (Continued)
calcium channel blockers as. See Calcium

channel blockers.
during lactation, 62
fetal risk from, 58
for eclamptic hypertensive encephalopathy,

424
for preeclampsia, 55–56, 55t, 60–62, 61t
for Raynaud’s phenomenon, 440
in pregnancy, safety of, 250–251

Antiinflammatory agents. See
Corticosteroid(s); Nonsteroidal
anti-inflammatory drugs (NSAIDs).

Anti-La/SSB antibody, 435, 436
Antilymphocyte antibodies, 435
Antimalarial agents, 333–334

for rheumatoid arthritis, during
pregnancy, 432

in pregnancy and lactation, 443–444
prophylaxis with, 334

Anti-MHC antibody, 454
Antimicrobial therapy. See Antibiotic therapy.
Antioxidants, for preeclampsia, 54
Antiphospholipid antibodies, 435, 436, 461
Antiphospholipid syndrome, 94t, 95–96, 95t
Antiplatelet agents, 117–118. See also Aspirin.
Antipsychotic agents

atypical, 507t, 509, 511
typical, 507t, 509

Antiretroviral Pregnancy Registry, 484
Antiretroviral therapy

cancer chemotherapy combined with,
483–484

FDA risk categories for, 348t
for transmission prevention, 355–356
highly-active (HAART), 355
in nonpregnant patients, 354–355
monitoring of, 356

Anti-Ro/SSA antibody, 435, 436
Antisperm antibodies, 454–455, 457
Antisperm antigen vaccine, 463
Antithrombin III deficiency, 94, 94t, 95
Antithyroid agents. See Thionamides, for

hyperthyroidism.
Anti-tumor necrosis factor-α inhibitors,

432, 445
Antiviral agents. See also Antiretroviral

therapy; specific agents.
for influenza, 364
for viral pneumonia, 397
risk categories for, 347, 348t

Anxiety disorders, 510
Anxiolytic agents, fetal and neonatal effects

of, 507t
Aorta, coarctation of, 111
Aortic regurgitation, 115
Aortic root dilation, in Marfan’s syndrome,

112, 206
Aortic stenosis, 114–115
APCs (antigen-presenting cells), 451,

452, 452f
Aplasia, pure red blood cell, 76, 357, 358
Aplastic anemia, 76
Appendicitis, 273, 313–314
Aquaporins, 166
ARDS (acute respiratory distress syndrome),

399–402
Arrhythmias

emergency management of, 238–239
maternal, 108–109

Arterial blood gases
abnormal, fetal effects of, 379–380
and acid-base status, 378–379
in asthma, 381

Arteriography, in eclamptic hypertensive
encephalopathy, 424

Arteriovenous malformations, 423
Arteritis

cerebral ischemia due to, 422
polyarteritis nodosa as, 441–442
Takayasu’s, 120, 120f, 422

Arthritis. See Rheumatic diseases; Rheumatoid
arthritis.

Arthrogryposis, 416
Asparaginase, 498
Aspartate aminotransferase (AST), 280,

281t, 282
Aspiration of gastric contents, 401–402
Aspirin

for essential thrombocythemia, 77
for lupus anticoagulant defect, 96
for systemic lupus erythematosus, 436
in breast milk, 443
labor and delivery affected by, 443
low-dose

for cerebral ischemia, 422
for preeclampsia, 53–54, 250–251
for prosthetic valves, 117–118

AST (aspartate aminotransferase), 280,
281t, 282

Asthma, 381–389
causes of, 381
definition of, 381
fetal smoke exposure and, 406
in nonpregnant persons, 381
in pregnancy, 381–383

management of, 384, 385f–387f, 388–389
treatment of, 383–384, 383t

Asystole, 238
Atenolol

for thyrotoxicosis, 142t, 145
in breast milk, 62
in pregnancy and lactation, 122

Atherosclerosis
cerebral ischemia due to, 421
in coronary artery disease, 119
in diabetes mellitus, 21
risk factors for, 119

Atherosis, acute, in preeclampsia, 48
Ativan (lorazepam), 507t, 510
ATRA (all-trans-retinoic acid), 484, 498
Atrial fibrillation, 109, 421
Atrial flutter, 109
Atrial septal defect, 109
Atropine, 238
Auscultation of heart, 104–105
Autoantibodies, 429, 432–433, 436
Autonomic nervous system, 44
Autonomic neuropathy, 21
Autonomic stress syndrome/autonomic

hyperreflexia, 418
Autonomy

guidelines of professional organizations on,
228–229

in maternal-fetal conflict, 226–227
respect for, 224

Autosomal inheritance, 200–201
dominant, 200–201, 201f
recessive, 200–201, 202f

Axillary lymph nodes, in prognosis of breast
cancer, 492, 492f, 493

AZA. See Azathioprine (AZA).
Azalides, 308–310, 309t
Azathioprine (AZA)

breast-feeding and, 272
contraindications to, in myasthenia

gravis, 416
for cirrhosis, 297
for inflammatory bowel disease, 269–270, 269t
for polymyositis/dermatomyositis, 416, 441
for rheumatoid arthritis, 432
in pregnancy and lactation, 444–445
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Azithromycin
cost of, 309t
for chlamydial infection, 321–322
for pneumonia, 397
for toxoplasmosis, 332
pharmacology of, 309–310

AZT (zidovudine), 355–356, 484
Aztreonam, 308

B
B lymphocytes, 305, 451, 452f
Backache, 418
“Backwash ileitis,” 267
Bacterial infections, 310–328

antibiotic therapy for. See Antibiotic
therapy.

appendicitis as, 273, 313–314
chlamydial, 320–322
endometritis as, 315–317, 316t
gonorrhea as, 319–320, 320f
group B streptococcal, 322–324, 323f, 324f
Guillain-Barré syndrome due to, 416–417
intraamniotic, 314–315, 314f
listeriosis as, 324–326
Lyme disease as, 326
mycobacterial. See Tuberculosis.
pneumonia as, 313, 396–398
postpartum, 315–317
sexually transmitted, 317–322
syphilis as, 317–319, 317f, 319t
urinary, 310–313

Bacteriuria, 311–312
Balsalazide, 269t
Barbiturates, 4
Barium enema, 267
Basal metabolic rate, 133, 378, 378f
Basic cardiopulmonary life support, 235–237
Beckwith-Wiedemann syndrome, 154
Beclomethasone

fetal effects of, 389
for asthma, 383t, 384

Bed rest, for preeclampsia, 54
Behavioral effects

of amphetamines, 10
of cocaine, 9–10

Behavioral teratogenicity, 506
Bell’s palsy, 417
Benadryl (diphenhydramine)

for nausea and vomiting, 262, 262t
teratogenic risk of, 511

Bendectin (doxylamine succinate plus
pyridoxine HCl), 262

Beneficence
in ethics, 224
in maternal-fetal conflict, 226

Benzodiazepines
abuse of, 12
during pregnancy, 485, 507t, 510
for alcohol withdrawal, 16, 16t

Benztropine, 511
Bernard-Soulier syndrome, 81
Berry aneurysms, congenital, 423
Beta-adrenergic blockers. See Adrenergic 

blockers.
β-Lactam/β-lactamase inhibitors

for chorioamnionitis, 315
for endometritis, 316
for penicillin resistance, 306

β-subunit of human chorionic gonadotropin,
481, 488, 488t

Betamethasone
for fetal lung maturation, in diabetes

mellitus, 34
for inflammatory bowel disease, 268

Bicarbonate of soda, in cardiopulmonary
resuscitation, 238

Bicarbonate, renal excretion of, 379
Biguanides, for diabetes, 20, 20t
Bile acid level

in intrahepatic cholestasis, 281, 282, 472
in pregnancy, 280, 281t

Bile acid sequestrants, in pregnancy and
lactation, 123

Bilirubin, 280, 281t, 282
Bioethics. See Ethical issues.
Biologic therapy, for cancer, 484
Biometry, fetal, 209
Biophysical profile (BPP), 8–9, 9t, 15, 34
Bipolar affective disorder (BPAD), 507–509
Birth asphyxia, with diabetes, 28
Birth defects. See Congenital anomalies;

Teratogens.
Birth injuries, with diabetes, 28
Birth weight

as breast cancer risk factor, 480
low

due to malaria, 333
due to smoking, 5, 405
with prednisone use, 388–389

Bisacodyl, for constipation, 264, 264t
Bismuth subsalicylate (Peptobismol), for

diarrhea, 264t
Bisphosphonate therapy, for malignant

hypercalcemia, 485
Blastocyst(s), 456, 457
Bleeding. See also Hemorrhage.

due to blunt trauma, diagnosis of, 240
excessive, during menstruation, 455
variceal, 296–297

Bleomycin, for Hodgkin’s disease, 500
Blindness, due to toxoplasmosis, 331
Blood flow

decreased, in cocaine abuse, 9
fetal

amniocentesis in assessment of, 8
Doppler velocimetry of, 9, 10f

renal, in pregnancy, 248
stasis of, thrombosis due to, 87

Blood gases, arterial
abnormal, fetal effects of, 379–380
acid-base status and, 378–379
in asthma, 381

Blood pressure. See also Hypertension.
in physiologic changes of pregnancy, 43,

104, 105
in preeclampsia, 49–50
level of

for initiation of antihypertensive therapy,
55, 60

in postpartum hypertension, 56
regulation of, in pregnancy, 43–44

Blood transfusions. See also specific
component.

embryo rejection prevented by,
458–459

for paroxysmal nocturnal hemoglobinuria,
76–77

for sickle cell disease, 74
intrauterine, for hydrops fetalis, 358
intravascular of fetus, in Rh

isoimmunization, 75
Blood vessels

changes to, in pregnancy, 470–471
damage to, thrombosis due to, 87

Blood volume
in preeclampsia, 52
in pregnancy, 105–106, 105f

Blunt trauma, 239–241
Body fluids

in pregnancy, 105–106, 105f, 248

Body fluids (Continued)
shift of

at delivery and postpartum period, 106
in mitral stenosis, 113–114, 114f

Bone age, delayed, in neonatal
hypothyroidism, 154

Bone density and bone metabolism
during lactation, 184–185
during pregnancy, 183–184

Bone marrow transplantation
for acute myeloid leukemia, 498
for chronic myelogenous leukemia, 77
with chemotherapy and radiation, fertility

after, 486
Bone marrow-derived (B) lymphocytes, 451, 452f
Borrelia burgdorferi, 326
Bosentan (Tracleer), 399
BPAD (bipolar affective disorder), 507–509
BPAg2 (bullous pemphigoid antigen), 474
BPP (biophysical profile), 8–9, 9t, 15, 34
Bradyarrhythmias, 108, 238–239
Brain. See also Central nervous system;

Cerebral entries; Neurodevelopment.
cocaine effects in, 8, 10
edema of, in eclampsia, 53, 424
metastatic choriocarcinoma of, 420, 489
substance abuse effects in, 3–4
tumors of, 419

BRCA1 and BRCA2 susceptibility genes, 480
Breast

Burkitt’s lymphoma of, 499
lymphoma of, 499

Breast cancer, 490–494
BRCA1 and BRCA2 susceptibility genes for,

480
breast conservation in, 492
diagnosis of, 490–492, 491f, 491t
inflammatory, 491, 491f
management of, 492–494
pregnancy after, 486

delayed, 494
pregnancy continuation in, 493–494
prognosis in, 492, 492f
risk factors for, 479–480, 490

Breast-feeding
α-adrenergic agonists in, 121
α-adrenergic blockers in, 121
β-adrenergic blockers in, 122
after breast cancer therapy, 486
angiotensin-converting enzyme inhibitors

and receptor blockers in, 121
antiarrhythmic agents in, 121–122
anticonvulsant therapy in, 426
antihypertensive therapy in, 62, 121, 122
antimalarial agents in, 443–444
aspirin in, 443
azathioprine in, 445
bone metabolism in, 184–185
by substance abusers, 15
calcium channel blockers in, 122
calcium homeostasis during, 182–183, 183t
cardiovascular medications in, 120–123
chemotherapy in, 483
corticosteroids in, 444
cyclophosphamide in, 445
cytomegalovirus transmission via, 350
DDAVP in, 165
diuretics in, 122–123
etanercept in, 445
hydroxychloroquine in, 444
in diabetes mellitus, 35
in HIV infection

avoidance of, 356
vertical transmission via, 355

in HTLV-1 infection, avoidance of, 365
in rheumatoid arthritis, 431

542 Index



Breast-feeding (Continued)
in systemic lupus erythematosus, 437
in tuberculosis, 328
inflammatory bowel disease medications

in, 272
infliximab in, 445
inotropic and pressor agents in, 123
leflunomide in, 445
methotrexate in, 445
nitrates and vasodilators in, 123
nonsteroidal anti-inflammatory drugs

in, 443
osteoporosis during, 184–185
prednisone in, 444
prolonged, cancer-protective effect of, 480
selective serotonin reuptake inhibitors

(SSRIs) in, 508
smoking effects on, 405
statins and lipid-modifying drugs in, 123
sulfasalazine in, 444
thionamide therapy in, 144
with prolactin-secreting pituitary tumors, 167

Bright light therapy, for affective disorders,
508

Bromocriptine
contraindications to, in postpartum

preeclampsia-eclampsia, 56
fetal effects of, 167
for acromegaly, 168
for ovulation, in prolactin-secreting

microadenomas, 166, 167
for prolactin-secreting macroadenomas,

167–168
for vision disturbances, in prolactinoma,

420
Bronchiectasis, 389–390
Bronchodilators, 383–384, 383t
Budd-Chiari syndrome, 298
Budesonide

fetal effects of, 389
for asthma, 383t, 384
for inflammatory bowel disease, 268, 269t

Bulimia nervosa, 511–512
Bulk forming agents

for constipation, 264, 264t
for diarrhea, 264t

Bullous pemphigoid antigen (BPAg2), 474
Buprenorphine, for narcotic addiction, 17
Bupropion (Wellbutrin), fetal and neonatal

effects of, 507t
Burkitt’s lymphoma, of breast, 499
Burns, 241
Busulfan, 486
Butorphanol (Stadol), narcotics withdrawal

related to, 15

C
Caffeine, prematurity related to, 404
CAGE questionnaire, 14
Calcinosis, in scleroderma, 439
Calcitonin, in calcium metabolism, 182, 183
Calcitropic hormones, 181–182, 183t
Calcium. See also Calcium metabolism.

in breast milk, 62
renal handling of, in preeclampsia, 52
total serum, in pregnancy, 181
urinary, 52, 186–187

Calcium channel blockers
for chronic hypertension, 61, 61t
for preeclampsia, 55t, 56
for primary aldosteronism, 59, 173
for supraventricular tachycardia, 109
in lactation, 122
in pregnancy, 122, 251

Calcium metabolism, 181–188
bone physiology related to, 183–185
disorders of, 185–188. See also

Hypercalcemia; Hypocalcemia.
familial hypercalciuric hypocalcemia as,

186–187
hypoparathyroidism as, 187, 187t
magnesium sulfate therapy and, 188
primary hyperparathyroidism as,

185–186, 185t, 186f
pseudohypoparathyroidism as, 187–188

fetal-placental physiology and, 183
in lactation, 182–183, 183t
in pregnancy, 181–182, 183t

Calcium supplements
chronic hypertension and, 60
for preeclampsia, 54

Campylobacter jejuni infection, 417
Cancer, 479–500

breast, 490–494
cervical, 366, 486–487
chemotherapy for, 77–78, 482–484
childhood cancers, 481–482, 485
colorectal, 496
endometrial, 479, 480, 485, 489–490
fertility and pregnancy in survivors of,

485–486
gastric, 497, 497f
hematologic malignancies as, 77–78,

497–500
hepatocellular, 496–497
melanoma as, 495–496, 495f
ovarian, 480, 485, 490, 497, 497f
pituitary. See Pituitary adenomas.
radiotherapy for, 481–482
reproductive risk factors for, 479–480
smoking as risk factor for, 406
smoking cessation and treatment of, 485
staging of, 480
supportive care for, 484–485
surgical intervention for, 481
thyroid, 156, 494–495
trophoblastic, 487–489
tumor markers for, 481

Candida albicans, 328
Candidal infections, 328–329
Cannabis sativa, 11
Captopril, in breast milk, 62, 121
Carbamazepine (Tegretol)

congenital anomalies due to, 4, 205, 425
fetal and neonatal effects of, 507t
for bipolar affective disorder, 507
neural tube defects due to, 507t, 509

Carbapenems, 308
Carbohydrate metabolism, 15–17

disorders of, 215t
in pregnancy, 16–17, 17f
phases of, 15–16

Carbon dioxide
partial pressure of (PCO2), 378–379,

380, 381
retention of, 403
smoking and, 404

Carbon monoxide, diffusing capacity of lung
for (DLCO), 377–378

Carbon monoxide poisoning, 244
Cardiac arrest. See Cardiopulmonary

arrest.
Cardiac catheterization, 107
Cardiac output

in labor and delivery, 105
in multipara, 106
in preeclampsia, 51–52
macrovascular disease and, 31
normal changes of pregnancy and, 105,

105f, 106, 106t

Cardiac rhythm disorders. See Arrhythmias.
Cardiac tamponade, 116, 116f, 237t
Cardiomyopathy

dilated, 107
hypertrophic, 107–108
peripartum, 6, 107–108, 422

Cardiopulmonary arrest, 235–239
airway and ventilation management for, 237
arrhythmias in, 238–239
basic and advanced life support for, 235–237
cardiopulmonary resuscitation for, 236
defibrillation for, 236–237
medications for, 237, 238
perimortem cesarean section in, 237
preplanned approach to emergency care of,

235
reversible causes of, treatment of, 237, 237t

Cardiopulmonary bypass, fetal effects of, 118
Cardiopulmonary resuscitation (CPR)

basic and advanced life support in, 235–237
early, 236
for drug overdose or poisoning, 242
in blunt trauma, 239–240
in preterm delivery, 12
of neonate, ethical issues in, 229–231
physiologic changes of pregnancy and, 235,

235t
Cardiotocographic monitoring, after blunt

trauma, 240
Cardiovascular disease, 103–124

anesthesia and, 124
atherosclerosis as, 21, 119, 421
cardiomyopathy as, 107–108
congenital heart disease as, 109–112
coronary artery disease as, 119–120
diagnosis of, 107, 107t
exercise and, 106–107
future directions in, 124
incidence of, in pregnancy, 103
labor and delivery in, 124
medications for, in pregnancy and lactation,

120–123
myocardial infarction as, 119–120
obstetric drugs and, 123
pericardial, 116, 116f
perioperative and peripartum management

in, 124
peripheral vascular diseases as, 120
preeclampsia and risk of, 46
preterm delivery and, 12
rheumatic fever and, 112
rhythm disorders as, 108–109
risk factors for maternal mortality in,

103–104, 104f, 104t
surgical and transcatheter procedures for,

118, 124
valvular diseases as, 112–115

prosthetic valves for, 116–118
Cardiovascular medications, in pregnancy and

lactation, 120–123
Cardiovascular system

cocaine effects on, 9
hemodynamic changes of pregnancy in,

104–106, 105f, 106t
obstetric drug effects in, 123
physiologic changes of pregnancy in, 2t,

43–44
Cardioversion, for supraventricular

tachycardia, 238
Cardioverter-defibrillator, implantable, 109, 118
Carpal tunnel syndrome, 417
Cascara, for constipation, 264t
Castor oil, for constipation, 264t
Catheterization, cardiac, 107
Cauda equina lesions, 418
CD 8+ lymphocytes, 456, 458, 458f, 462
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CD 56+ CD16 − cells, 456, 457, 458, 459
CD200

abortion-blocking effect of, 460, 461, 463
rheumatoid arthritis and, 462
stimulation of suppressor T cells by, 452
toll-like receptors and, 453

Cefaclor, 307t
Cefadroxil, 307t
Cefamandole, 307t
Cefazolin, 307t
Cefepime, 307, 307t, 308
Cefixime, 320
Cefonicid, 307t
Cefoperazone, 307, 307t
Cefotaxime, 307, 307t
Cefotetan, 307t
Cefoxitin, 307t
Cefpodoxime, 307, 307t
Cefprozil, 307t
Ceftazidime, 307, 307t
Ceftizoxime, 307, 307t
Ceftriaxone

for gonorrhea, 320
for Lyme disease, 326
pharmacology of, 307, 307t

Cefuroxime, 307t
Celecoxib, 443
Celexa (citalopram), 507t
Central nervous system. See also Brain;

Cerebral entries; Neurodevelopment.
cocaine effects in, 9
eclampsia complications and, 53
in fetal alcohol syndrome, 7, 7t
kernicterus of, in Rh isoimmunization, 76
substance abuse effects on, 4
systemic lupus erythematosus effects

on, 434
Cephalexin, 307t, 309t
Cephalopelvic disproportion, 417–418
Cephalosporins, 306–308

for acute cystitis, 312
for acute pyelonephritis, 313
for bacterial pneumonia, 313
for bacteriuria, 312
for endometritis, 316
for gonorrhea, 320
for inflammatory bowel disease, 268, 269t
for intraamniotic infection, 315
for pneumonia, 397
generations of, 306, 307t

Cephradine, 307t
Cerebral edema, in eclampsia, 53, 424
Cerebral hemorrhage, 53, 420
Cerebral malaria, 333
Cerebrovascular disease, 421–423

cerebral ischemia in, 421–422
cerebral phlebothrombosis in, 422–423
cerebral venous thrombosis in, 97
subarachnoid hemorrhage in, 423

Ceruloplasmin, 280, 281t
Cervical cancer, 486–487

diagnosis of, 486–487
management of, 487
papillomavirus and, 366, 487
staging of, 487

Cervix, ultrasonography of, 10–11, 11f
Cesarean section

after blunt trauma, 240
perimortem, in cardiopulmonary arrest, 237
with arteriovenous malformations, 423
with cardiovascular disease, 124
with cervical cancer, 487
with diabetes mellitus, 30, 34–35
with gestational diabetes, 38
with herpes simplex infection, 353
with HIV infection, 356

Cesarean section (Continued)
with Marfan’s syndrome, 112
with peripheral vascular disease, 120
with postpartum pelvic infection, 316

Chancre, 317
Charcoal, activated, for poisoning, 243
Chemical pregnancies, 457, 458
Chemotherapy, 482–484

biologic and targeted therapies in, 484
cytotoxic

in HIV infection, 483–484
in pregnancy, 482–483

fertility and pregnancy after, 485–486
for acute lymphoblastic leukemia, 498
for breast cancer, 493
for cervical cancer, 487
for choriocarcinoma, 489
for chronic myelogenous leukemia, 77
for hematologic malignancies, 77–78
for Hodgkin’s disease, 78, 500
for leukemia, 78
for lymphoma, 77–78
for melanoma, 496
for molar pregnancies, 488–489
for non-Hodgkin’s lymphoma, 499
for ovarian cancer, 490
high-dose, pregnancy after, 486
registry for pregnancy outcomes with, 482

Chenodeoxycholic acid, 282
Chest, physiologic changes of pregnancy and,

375
Chest radiography

for cardiovascular disease, in pregnancy,
107

for lung metastases, after molar pregnancy,
488

for pulmonary embolism, 89
for tuberculosis, in pregnancy, 393

Chest syndrome, acute, in sickle cell disease, 73
Chickenpox (varicella), 360–362
Childhood cancers

due to radiation exposure, 481–482
incidence of, 481
survivors of

fertility and pregnancy in, 485
risk of cancer in, 485

Chlamydia pneumoniae, 313, 397
Chlamydia trachomatis

endometritis due to, 316
intraamniotic infection due to, 314
serovars of, 320, 321
sexually transmitted infection due to,

320–322
Chloasma, 469
Chlorambucil, teratogenicity of, 483
Chloraquine, for malaria, 333, 334
Chlordiazepoxide, for alcohol withdrawal, 16t
Chlorpropamide, for nephrogenic diabetes

insipidus, 166
Cholecystectomy, 273
Cholelithiasis, 272, 296
Cholestasis

definition of, 281
sex hormones and, 281

Cholestasis of pregnancy, intrahepatic (ICP),
281–283, 472–473

biochemical changes in, 282, 282t
clinical description of, 281–282, 472
diagnosis of, 282
differential diagnosis of, 472, 475t
fetal and maternal effects of, 283
fetal prognosis in, 472–473
laboratory findings in, 472
mechanism of, 282–283
treatment of, 283, 473

Cholesterol, serum, 280, 281t

Cholesterol-lowering agents, 119
Cholestyramine, for intrahepatic cholestasis,

283, 473
Cholic acid, 282
Chorea gravidarum, 112, 418–419
Chorioadenoma destruens, 489
Chorioamnionitis

after cervical cerclage, 314
endometritis due to, 316
treatment of, 315

Choriocarcinoma, 420, 489
Chorionic gonadotropin, human (hCG)

β subunit of
as tumor marker, 481
level of, in molar pregnancies, 488, 488t

in genetic screening, 210
in hyperemesis gravidarum, 140–141
in vaccine, 463
thyroid function and, 131–132, 132f, 164

Chorionic villus sampling (CVS)
in antepartum screening, 6
in genetic screening, 210–211, 211t

Chorioretinitis, 331
Choroid plexus cysts, fetal, 209
Chromosome abnormalities, 194–199. See also

Genetic disorders.
contiguous gene syndromes as, 196, 198t
identification of, 194–195
in spontaneous abortion, 458
mosaicism as, 211
pregnancy outcome related to, 198, 198t
translocation as, 195–196, 197f, 213
trisomy as, 195, 196, 196t, 198
uniparental disomy as, 196, 198

Chronic obstructive lung disease, 389
Cidofovir, for cytomegalovirus infection, 350
Cigarette smoking. See Smoking.
Cilastatin (Primaxin), 308
Cimetidine, for gastroesophageal reflux

disease, 263, 263t
Ciprofloxacin

breast-feeding and, 272
for inflammatory bowel disease, 268
pharmacology of, 309t, 310

Cirrhosis, 296–297, 296t
Cisapride, for gastroesophageal reflux disease,

263, 263t
Cisplatin

adverse effects of, 483
for ovarian cancer, 490

Citalopram (Celexa), fetal and neonatal effects
of, 507t

CIWA-Ar (Clinical Institute Withdrawal
Assessment Scale for Alcohol,
revised), 16

Clarithromycin, 309, 309t
Cleft lip/palate

due to anticonvulsants, 425
due to corticosteroids, 388, 444
due to smoking, 405
frequency of, 214t

Clindamycin
cost of, 309t
for bacterial vaginosis, 315
for endometritis, 316
for malaria, 333
pharmacology of, 310
with pyrimethamine, for toxoplasmosis, 332

Clinical Institute Withdrawal Assessment Scale
for Alcohol, revised (CIWA-Ar), 16

Clonazepam (Klonopin), 507t, 510
Clonidine

for narcotic withdrawal, 17
in pregnancy and lactation, 121

Clostridial sepsis, 82
Clostridium perfringens, 316
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Clotting factors, 87, 88f, 89t
Clozapine (Clozaril)

during pregnancy, 507t, 509
for psychotic disorders, 511

Coagulopathies, 81–83. See also von Willebrand
disease.

acquired inhibitors of coagulation as, 82–83
congenital, 81–82
disseminated intravascular coagulation

as, 82
hypercoagulable states as, 87, 88f
in preeclampsia, 52–53
neonatal, due to anticonvulsants, 425–426

Coarctation of aorta, 111
Cocaine abuse, 8–10

congenital anomalies due to, 3t
epidemiology of, 8
fetal, neonatal, and behavioral effects of, 9–10
maternal effects of, 9
medical/obstetric complications of, 9, 16

Coccidioides immitis, 329, 398
Coccidioidomycosis, 329–330, 329f, 398
Cognitive-behavioral therapy, 510, 512
Colace, for constipation, 264, 264t
Colitis

infectious, 267
ulcerative. See Ulcerative colitis.

Colonoscopy, 260
Colorectal cancer, 496
Colposcopy, 486
Communication, in ethics, 232

veracity and, 225
Compassion, in ethics, 225, 232
Competence

in maternal-fetal conflict, 227–228
of children, 224
presumption of, 224
surrogate decision maker and, 224

Complement (C3), in pemphigoid gestationis,
474

Computed tomography (CT)
for blunt trauma, 240
for cancer staging, 480
for pulmonary embolism, 91
in acute fatty liver of pregnancy, 288
in eclamptic hypertensive encephalopathy,

424
of pituitary gland, 165
radiation exposure from, 259, 426

Condyloma acuminata, 366
Congenital adrenal hyperplasia, 175–178, 175f
Congenital anomalies. See also Genetic

disorders; Teratogens.
α-fetoprotein screening for, 209–210
cardiovascular, 109–112, 214t
chronic diseases associated with, 4
delivery of infant with, 212
due to chorionic villus sampling, 211
due to infectious agents, 1, 4, 4t
in parvovirus B19 infection, 358
in pregestational diabetes, 24, 25–26,

25f, 25t
in primary neonatal hypothyroidism, 153
ultrasonography of, 209, 210t, 211t
with epilepsy, 4, 509

Congenital infection(s)
with cytomegalovirus, 350
with herpes simplex virus (HSV), 353
with influenza virus, 364
with malaria, 333
with measles, 367
with rubella, 359
with syphilis, 318–319, 319t
with toxoplasmosis, 331–332
with tuberculosis, 327
with varicella-zoster, 361, 398

Conization, for cervical cancer, 486–487
Conjunctivitis

neonatal inclusion, chlamydial, 321
ocular trachoma as, 320, 321
ophthalmia neonatorum as, 320

Connective tissue diseases. See Rheumatic
diseases.

Conn’s syndrome, hypertension due to, 58
Consanguinity, 213
Constipation, 264, 264t
Consultation, on ethical issues, 224, 231–232
Contiguous gene syndromes, 196, 198t
Contraception, in pregestational diabetes,

22–23
Contraceptives, oral

as cancer risk factor, 479
in intrahepatic cholestasis, 282–283
in systemic lupus erythematosus, 437
liver function effects of, 280–281
progesterone-only, bleeding related to,

455, 456t
prolactinoma related to, 166
rheumatoid arthritis and, 431

Contractions. See Uterine contractions.
Cordocentesis, 211
Coronary artery disease, 119–120

diagnosis and treatment of, 119–120
in diabetes mellitus, 21
in pregnancy, 31

Corticosteroid(s)
antenatal, in preterm labor, 11
endogenous, in pregnancy, 376
exogenous, maternal and fetal distribution

of, 171, 171t
fetal effects of, 382, 388–389, 444, 484
for Addison’s disease, 174
for arteritis, 422
for asthma

inhaled, 383t, 384, 386f–387f
oral or parenteral, 383t, 384, 386f–387f

for Bell’s palsy, 417
for cancer, 484
for cirrhosis, 297
for 11β-hydroxylase deficiency, 178
for 21-hydroxylase deficiency, 176, 177,

177f
for hypopituitarism, 169–170, 169t
for idiopathic thrombocytopenic

purpura, 79
for inflammatory bowel disease, 268–269,

269t
for lymphocytic hypophysitis, 169
for melasma, 469
for pemphigoid gestationis, 474
for polyarteritis nodosa, 442
for polymyositis/dermatomyositis, 416, 441
for rheumatoid arthritis, during pregnancy,

432
for sarcoidosis, 391–392
for spondyloarthropathies, 439
for systemic lupus erythematosus, 436
for Wegener’s granulomatosis, 442
in pregnancy, 444

Corticotropin-releasing hormone (CRH)
in pituitary function testing, 165
levels of, in pregnancy, 164, 170
placental, 170–171

Cortisol
in Addison’s disease, 174
in Cushing’s syndrome, 172
in pregnancy

levels of, 171, 171t
respiratory effects of, 376
sarcoidosis and, 391

Cortisol hemisuccinate, for acute adrenocortical
insufficiency, 175

Cortisol therapy
for Addison’s disease, 174
for Cushing’s syndrome, 172

Cortisone, for Addison’s disease, 174
Cotrimoxazole, 356
Counseling. See Genetic counseling;

Preconception counseling; Prenatal
counseling.

Courage, in ethics, 225
Court-ordered interventions

in maternal-fetal conflict, 227
potential pitfalls in, 228

Coxsackie B virus, 362, 363
CPR. See Cardiopulmonary resuscitation (CPR).
Crack cocaine, 8
Cramps

of legs, 415
restless leg syndrome vs., 415

Craniopharyngioma, 169
CREST (calcinosis, Raynaud’s phenomenon,

esophageal involvement, sclerodactyly,
and telangiectasis), 439

Cretinism
athyreotic, 153
Beckwith-Wiedemann syndrome vs., 154
Down’s syndrome vs., 154
goitrous, 154

CRH. See Corticotropin-releasing hormone
(CRH).

Crohn’s disease, 267–268
examination and diagnosis of, 268
fertility and, 271
pregnancy effects on, 271–272
treatment of, 268–270, 269t

Cromolyn
fetal effects of, 388
for asthma, 383t, 384, 385f–387f

Cryoprecipitate infusion
for amniotic fluid embolism, 401
for HELLP syndrome, 80

Cushing’s syndrome, 59, 171–172, 172t
Cutis marmorata, 471
Cyclooxygenase 2 inhibitors, 443
Cyclophosphamide

congenital anomalies due to, 3t, 445, 483
fertility and pregnancy after, 486
for acute lymphoblastic leukemia, 498
for breast cancer, 493
for non-Hodgkin’s lymphoma, 499
for polymyositis, 416
for Wegener’s granulomatosis, 442
hemorrhagic cystitis due to, 485
in pregnancy and lactation, 445

Cycloserine, 395
Cyclosporine

breast-feeding and, 272
for inflammatory bowel disease, 269t, 270

Cystathionine β-synthase deficiency, 96
Cystic fibrosis

carrier screening for, 214
in pregnancy, 206–207, 390
molecular testing for, 200t
risk of, ethnicity and, 5

Cystic hygroma, 209
Cystitis

acute, 310, 312
hemorrhagic, 485

Cysts, fetal choroid plexus, 209
Cytarabine, for acute myeloid leukemia, 498
Cytochrome P450 enzymes, 175–176
Cytogenetic disorders, 194–199, 194f, 195f,

197f, 198t, 199t
Cytokines

embryo as parasite and, 456
implantation and, 457
in immune response, 452
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Cytokines (Continued)
in spontaneous abortion, 460, 460f, 461, 461f
parturition triggered by, 455
T helper 1 and T helper 2. See Th1/Th2 cells.

Cytomegalovirus (CMV), 347, 349–351
congenital, 350
diagnosis of, 350–351
fetal effects of, 4t, 347, 348t, 350
hepatitis due to, 290
maternal, in pregnancy, 350
perinatal or acquired, 350
transmission of, 349–350
treatment and prevention of, 351

Cytotec (misoprostol)
for gastroesophageal reflux disease, 263,

263t
for peptic ulcer disease, 265, 266

Cytotrophoblast(s), extravillous, 456
Cytotrophoblast pseudovasculogenesis, 48, 49f

D
Dacarbazine

for Hodgkin’s disease, 500
for melanoma, 496

Dactinomycin
for choriocarcinoma, 489
for molar pregnancies, 488, 489

Dactylitis, 438
Daycare centers, CMV transmission in, 350
DDAVP (1-deamino-8-D-arginine-vasopressin)

for central diabetes insipidus, 165
for inherited thrombocytopenia, 81
for transient vasopressin-resistant diabetes

insipidus, 166
for von Willebrand disease, 81
in breast milk, 165

Decidual granulated lymphocytes (dGLs), 456,
457, 458

Decidual vasculopathy, 435
Deep venous thrombosis (DVT). See also

Thromboembolism, venous (VTE).
frequency of, 88, 90t
manifestation and diagnosis of, 88–89
treatment of, 91–93, 91t, 92t

Deferoxamine, for iron poisoning, 244
Defibrillation, early, in cardiopulmonary

resuscitation, 236–237
Defibrillator, implantable, 109, 118
Deiodinase enzymes, 134–135, 134f, 137, 138
Deletions, chromosomal, 195

contiguous gene syndromes related to, 196,
198t

Delirium tremens, 16
Delivery. See also Cesarean section; Preterm

delivery.
anesthesia for. See Anesthesia.
cardiac output in, 105
congenital anomalies and, 212
in acute fatty liver of pregnancy, 289
in cardiovascular disease, 124
in chronic hepatitis, 295
in diabetes mellitus, 34–35
in gestational diabetes, 39
in HELLP syndrome, 47, 284–285
in intraamniotic infection, 315
in leukemia, 497
in macrosomia, 38
in preeclampsia-eclampsia, 55
in pregestational diabetes, 27
in rheumatoid arthritis, 432
in scleroderma, 440
in systemic lupus erythematosus, 437
insulin therapy during, 35
of thrombocytopenic fetus, 79

Dendritic cells, as antigen-presenting cells
(APCs), 452, 452f

Depakote. See Valproic acid (Depakote).
Depression. See also Antidepressants.

in substance abusers, 3
major, 506–510

natural history of, 506–508
treatment of, 508–510

postpartum, after thyroiditis, 148
Dermatomyositis, 441
Dermatoses of pregnancy, 472–476. See also

Skin disorders.
Desmopressin. See DDAVP (1-deamino-8-

D-arginine-vasopressin).
Dexamethasone

for Addison’s disease, 174
for 21-hydroxylase deficiency, 177, 177f
for 3β-hydroxysteroid deficiency, 178
for inflammatory bowel disease, 268
for thyroid storm, 145

Dexamethasone test, for Cushing’s syndrome,
172

Dextrose, for drug overdose or poisoning, 242
dGLs (decidual granulated lymphocytes), 456,

457, 458
Diabetes insipidus

central, 165–166, 165t
in acute fatty liver of pregnancy, 289
nephrogenic, 165t, 166
transient vasopressin-resistant, 165t, 166

Diabetes mellitus, 15–40
birth asphyxia and injury due to, 28
carbohydrate metabolism and, 15–17
cesarean section in, 30, 34–35
classification of, 18–19, 18t

in pregnancy, 22, 22t, 23t
complications of, 20–21

glycemic control and, 21
in gestational diabetes, 38
in pregnancy, 30–31

congenital anomalies associated with, 4
in pregestational diabetes, 24, 25–26,

25f, 25t
diagnosis of, 18
due to prednisone, 444
fetal effects of, 24–27, 24f

congenital anomalies as, 25–26, 25f, 25t
early fetal loss as, 26–27, 27f
from maternal metabolic environment,

16–17, 17f
in nephropathy, 253, 253t
late fetal loss as, 27
macrosomia as, 27
maternal-fetal interactions in, 17–18
types of, 24, 24f

gestational, 35–40
complications of, 38
definition of, 19, 22, 35
diagnosis of, 36–38, 37t
management of, 38–40
pathogenesis of, 36
risk factors for, 35–36, 35t
type 2 diabetes vs., 19, 36

glycemic control in
diabetic complications related to, 21
early pregnancy loss associated with,

26–27, 27f
fetal and maternal risks related to, 22
goals for, 21, 21t, 32, 32t
in gestational diabetes, 38
in insulin therapy, 32, 32t
in pregestational diabetes, 29
macrosomia and, 27
management of, 31
preconception, 32
retinopathy related to, 30–31

Diabetes mellitus, (Continued)
risk of congenital anomaly and, 25–26,

25f, 25t
hyperbilirubinemia due to, neonatal, 28
hypertensive disorders due to

in gestational diabetes, 38
risk of, 29–30, 38

hypocalcemia due to, neonatal, 28
hypoglycemia due to

neonatal, 28
susceptibility to, 29

in pregnancy, 21–40
insulin therapy for. See Insulin therapy.
macrosomia due to, 27
macrovascular disease due to

in pregnancy, 31
types of, 20

management of, 19–20, 19t, 20t
during pregnancy, 31–35
in gestational diabetes, 38–40
insulin therapy in. See Insulin therapy.
obstetric, 33–35
oral hypoglycemic agents in, 19–20, 20t

maternal considerations in, 29–30
microvascular disease due to, 20
neonatal morbidity associated with, 27–29
nephropathy due to, 20, 31, 252–253, 253t
neurodevelopmental consequences of, 28–29
neuropathy due to, 21, 31
obstetric complications of, 29–30
obstetric management of, 33–35, 39–40

antepartum fetal surveillance in, 34
fetal lung maturation induction in, 34
in first trimester, 33
in gestational diabetes, 39–40
in labor and delivery, 35, 39
in second and third trimesters, 33–34
postpartum care in, 35, 39
timing and route of delivery in, 34–35, 39

overview of, 18–19
polycythemia due to, neonatal, 28
polyhydramnios due to, 30
preconception counseling for, 32–33, 32t
pregestational, 22–24

congenital anomalies associated with, 24,
25–26, 25f, 25t

definition of, 22
epidemiology of, 23–24, 23f
fertility and contraceptive options in,

22–23
preterm labor due to, 30
pyelonephritis due to, 30
respiratory distress syndrome due to, 28
retinopathy due to, 20, 30–31, 30f
risk of

after gestational diabetes, 36, 40
in children of diabetic mothers, 29, 208

type 1
pathophysiology of, 18
risk of, 208

type 2
gestational diabetes vs., 19, 36
in young persons, 19
pathophysiology of, 18–19, 18
risk of, 208

Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV), 4

Dialysis, during pregnancy, 255
Diaphragm, 375
Diarrhea, 264, 264t
Diazepam (Valium)

abuse of, 12
fetal and neonatal effects of, 507t
for alcohol withdrawal, 16t
for convulsions, 424
for gastrointestinal endoscopy, 261t
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Diazoxide, for preeclampsia, 55t, 56
Didanosine

avoidance of, in pregnancy, 356
cancer chemotherapy with, 484

Diet, phenylalanine-restricted, 203–204
Diet therapy

for diabetes mellitus, in pregnancy, 33
for gestational diabetes, 38–39

Diethylstilbestrol
as cancer risk factor, 480
congenital anomalies due to, 3t

Diffusing capacity of lung for carbon monox-
ide (DLCO), 377–378, 380

Digitalis, for supraventricular tachycardia, 109
Digoxin

for mitral stenosis, 114
in pregnancy and lactation, 123

1,25-Dihydroxyvitamin D [1,25(OH)2-vitamin D]
in hypoparathyroidism, 187
in pregnancy, 181–182
placental transfer of, 183
PTH-independent production of, 187
supplementation of

in hypoparathyroidism, 187
in pseudohypoparathyroidism, 188

Dilated cardiomyopathy, 107
Diltiazem, in pregnancy and lactation, 122
Dimethyl-isopropyl thyronine (DIMIT), 138
Diphenhydramine (Benadryl)

for nausea and vomiting, 262, 262t
teratogenic risk of, 511

Diphenoxylate/atropine (Lomotil), for diar-
rhea, 264t

Diphenylhydantoin. See Phenytoin.
Disodium cromoglycate. See Cromolyn.
Disomy, uniparental (UPD), 196, 198, 202, 211
Disopyramide, in pregnancy and lactation, 121
Disseminated intravascular coagulation

(DIC), 82
Distributive justice, 225
Diuretics

for chronic hypertension, 61, 61t
for nephrogenic diabetes insipidus, 166
for nephrotic syndrome, 250
in breast milk, 62
in pregnancy and lactation, 122–123

DLCO (diffusing capacity of lung for carbon
monoxide), 377–378, 380

Docetaxel, 483
Docusate stool softeners, 264, 264t
Domestic violence, and substance abuse, 3
Dopamine agonists, for ovulation, in hyper-

prolactinemia, 167
Doppler velocimetry, of fetal blow flow, 9, 10f
Down’s syndrome (trisomy 21)

antepartum screening for, 5–6
cretinism vs., 154
fetal biometry in diagnosis of, 209

α-fetoprotein screening for, 210
karyotype of, 195, 195f
maternal and paternal age associated

with, 196
risk of recurrence of, 198
thyroid autoantibodies associated with, 151
translocations in, 199

Doxorubicin
for acute myeloid leukemia, 498
for breast cancer, 493
for Hodgkin’s disease, 500
for non-Hodgkin’s lymphoma, 499
in pregnancy, 483

Doxycycline, for chlamydial infection, 321
Doxylamine succinate plus pyridoxine HCl

(Bendectin), 262
Droperidol, 262, 262t
Drug abuse. See Substance abuse.

Drug overdoses, 242–244
Drug reactions, hepatic manifestation of, 295
DSM-IV (Diagnostic and Statistical Manual of

Mental Disorders), 4
Duchenne’s muscular dystrophy, 200t
Ductus arteriosus, patent, 110
Duplications, chromosomal, 196, 198t
Dysfibrinogenemia, 82, 95
Dysphagia, in scleroderma, 439
Dysplasia(s)

fibromuscular, 120
skeletal, 204, 205t, 206

Dysplastic nevus syndrome, 479
Dyspnea, of pregnancy, 380–381, 380f

E
Eating disorders, 511–512
Ebstein’s anomaly, 112
Echocardiography

in pregnancy, 107
transesophageal, for valvuloplasty, 118, 118f

Eclampsia. See also Preeclampsia.
central nervous system manifestations of, 53
classification of, 44, 45t
genetics of, 208
hematologic lesions in, 80
hyponatremia vs., 249
in diabetes mellitus, 29–30

gestational, 38
incidence of, 46
magnesium sulfate for, 56
postpartum, 56
progression of preeclampsia to, 47
thrombotic thrombocytopenic purpura vs.,

80–81
Eclamptic hypertensive encephalopathy,

423–424
“Ecstasy” (MDMA), 2, 10
Edema

cerebral, in eclampsia, 53, 424
cutaneous, 471
in nephrotic syndrome, 249, 250
in preeclampsia, 46
pulmonary

due to sympathomimetic agents, 401
due to tocolytic agents, 123

Efavirenz, avoidance of, in pregnancy, 355
Effexor (venlafaxine), 506, 507t, 508
Ehlers-Danlos syndrome, 206
Eisenmenger’s syndrome, 110–111
Electrical injury, 241–242
Electrocardiography, 104, 107, 108
Electroconvulsive therapy, 509–510
Electroencephalography, 426
Electromyography, 426
Embolism

paradoxical, cerebral ischemia due to, 421
pulmonary. See Pulmonary embolism.
venous. See Thromboembolism, venous

(VTE).
Embryo

as parasite. See Fetus, as parasite.
“rejection” of, T cell–mediated, 458
resorption of, 457

Embryo as tumor model, of abortion, 459,
459t

Emergency management, 235–244
basic and advanced life support in, 235–237
of cardiac rhythm disturbances, 238–239
of cardiopulmonary arrest, 235–239
of poisonings and overdose, 242–244
of trauma, 239–242
resuscitation in. See Cardiopulmonary 

resuscitation (CPR).

Emphysema, subcutaneous, 402
Empty sella syndrome, 166
Encephalitis, due to herpes simplex virus

infection, 352–353
Encephalopathy, eclamptic hypertensive,

423–424
Endocarditis

and valvular disorders, 115
due to ventricular septal defect, 110
subacute, cerebral ischemia due to, 421–422
with patent ductus arteriosus, 110

Endocrine changes, in pregnancy, 44
Endometrial cancer

fertility after treatment of, 485
risk factors for, 479, 480, 489–490

Endometriosis, 457
Endometritis, 315–317, 316t, 322
Endoscopic retrograde cholangiopancreatogra-

phy (ERCP), 260, 272
Endoscopy, gastrointestinal, 260, 261t

sedatives for, 260, 260t, 261t
Endothelial cell function, in preeclampsia,

50–51, 51f
Endothelins, in preeclampsia, 51
Enfuvirtide, 484
Enoxacin, 310
Enoxaparin, 93, 94
Entamoeba histolytica, 334
Enterovirus infections, 349t, 362–363
Ephedrine

in lactation, 123
in pregnancy, 123, 388

Epidural anesthesia, cardiovascular disease
and, 124

Epilepsy, 424–426. See also Anticonvulsants.
congenital anomalies associated with,

4, 509
fetal and maternal health in, 205
pregnancy effects on, 424–425

Epinephrine
for asthma, 383t, 384
in cardiopulmonary resuscitation, 237

Epiphyseal dysgenesis, 154
Epirubicin, 483
Episiotomy site, seeding of, with cervical

cancer, 487
Epoprostenol (Flolan, prostacyclin), for

pulmonary hypertension, 399
Epoxide hydrolase deficiency, 425
Epstein-Barr virus, 364–365
Epulis (pyogenic granuloma), 472
Equality

in ethics, 225
in maternal-fetal conflict, 228

ERCP (endoscopic retrograde cholangiopan-
creatography), 260, 272

Ergot alkaloids, for migraine, 421
ERV (expiratory reserve volume), 376, 376f,

377
Erythema infectiosum (fifth disease), 357, 358
Erythema multiforme, 474
Erythema nodosum, with coccidioidomycosis,

329
Erythromycin

cost of, 309t
for bacterial pneumonia, 313
for chlamydial infection, 321
for inflammatory bowel disease, 268, 269t
pharmacology of, 309, 310

Erythropoietin, 69–70
Erythroxylum coca, 8
Escherichia coli, 311
Eskalith. See Lithium.
Esmolol, for thyrotoxicosis, 145
Esomeprazole, for gastroesophageal reflux

disease, 263, 263t
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Esophageal varices, 296–297
Esophagus, scleroderma and, 439
Estrogen(s)

alkaline phosphatase levels and, 280
bone loss during lactation and, 184
immunologic effects of, 305
in blood pressure regulation, 44
intrahepatic cholestasis of pregnancy related

to, 472
liver function effects of, 280–281, 283
serum lipids and, 280, 281t
unconjugated, in genetic screening, 210
urinary tract infections related to, 311
ventilation effects of, 376

Estrogen replacement therapy, risk of endo-
metrial cancer with, 479

Etanercept
for rheumatoid arthritis, during pregnancy,

432
in pregnancy and lactation, 445

Ethambutol, for tuberculosis, 328, 394, 395
Ethical issues, 223–232

autonomy in, 224
beneficence in, 224
conflict resolution in, 231–232
delivery and infant viability as, 229–231
fundamental principles of, 224–225
justice in, 225
legal vs. ethical analysis of, 223
maternal-fetal conflict as, 226–228
moral standing of fetus and, 226
nonmaleficence in, 225
physician-patient relationship in, 225–226
practical guidelines for, 231–232
religion and, 223
veracity in, 225
virtues in, 225
withholding of interventions and, 229

Ethics
applied, 223
normative, 223

Ethionamide, 395
Ethnicity

risk of genetic diseases related to, 5, 212,
212t, 214

substance abuse and, 2–3
thalassemia and, 5, 75

Exercise
during pregnancy, 106–107
in chronic hypertension, 60
in diabetes mellitus, 33
in gestational diabetes, 39

Exons, 199
Expiratory reserve volume (ERV), 376,

376f, 377
Eye(s)

herpes simplex infection of, 353
inflammatory bowel disease effects on,

266, 267t
Ezetimibe, contraindications to, 123

F
Facial dysmorphology, in fetal alcohol

syndrome, 7, 7t
Factor V Leiden, 94, 94t, 95
Factor VII deficiency, 82
Factor VIII

changes of, in pregnancy, 87, 89t
circulating inhibitors of, 82–83
deficiency of, 82

Factor VIII concentrates
for circulating inhibitors of factor VIII,

82–83
for von Willebrand disease, 81

Factor IX deficiency, 82
Factor XI deficiency, 81
Fallot’s tetralogy, 110
Familial hypercalciuric hypocalcemia,

186–187
Family history, genetic risk related to, 213,

214t
Famotidine, for gastroesophageal reflux dis-

ease, 263, 263t
Fanconi’s anemia, 76
Fasting phase, of carbohydrate metabolism,

15–16
Fasting plasma glucose (FPG), 16
Fatty liver of pregnancy, acute (AFLP),

286–289
cause and pathogenesis of, 289
clinical characteristics of, 287, 287t, 298f
course and management of, 287–289
fulminant viral hepatitis vs., 294, 294t
genetics of, 208
HELPP syndrome vs., 285
in preeclampsia, 53

FBN1 (fibrillin) gene, 206
FDA (Food and Drug Administration) classifi-

cation of drugs in pregnancy, 306, 306t,
347, 348t, 442, 443t

Feminization of male fetus, due to
spironolactone, 59, 122–123, 173

Fentanyl, 261t
Ferritin, as gauge of iron stores, 71–72
Fertility

in cancer survivors, 485–486
in congenital adrenal hyperplasia, 176
in cystic fibrosis, 390
in inflammatory bowel disease, 271
in pregestational diabetes, 22
in scleroderma, 440
in systemic lupus erythematosus, 433
renal transplantation affecting, 256

Fetal alcohol effects (FAE), 8
Fetal alcohol syndrome (FAS), 7–8, 7t
Fetal allograft model, of abortion, 458–459,

459t
Fetal blood sampling, percutaneous, 211
Fetal growth restriction. See Intrauterine

growth restriction (IUGR).
Fetal hydantoin syndrome, 3t, 4, 224,

425, 509
Fetal mortality. See also Abortion; Perinatal

mortality.
with abruptio placentae, 239
with asthma, 382
with blunt trauma, 239, 241
with cardiopulmonary bypass, 118
with cirrhosis, 296, 296t
with coccidioidomycosis, 329
with diabetic nephropathy, 253, 253t
with Eisenmenger’s syndrome, 110
with electrical injury, 241–242
with intrahepatic cholestasis, 283
with ketoacidosis, 33
with parvovirus B19 infection, 357–358
with preeclampsia, 48
with pregestational diabetes, 27
with primary hyperparathyroidism, 185
with scleroderma, 440
with smoking, 404
with tetralogy of Fallot, 110
with total parenteral nutrition, 485
with tuberculosis, 394
with variceal hemorrhage, 296
with ventricular septal defect, 110

Fetomaternal transfusion, after blunt
trauma, 241

α-fetoprotein (AFP). See Alpha-fetoprotein
(AFP).

Fetus
acute fatty liver of pregnancy and, 287
adrenal corticosteroid suppression therapy

in, 177
adrenocortical insufficiency and, 174
alcohol effects in, 3t, 6–8, 7t
arterial blood gas abnormalities and,

379–380
as parasite

immune tolerance and, 454
life cycle stages in, 454–455, 454f
spontaneous abortion of, 458–461

asthma and, 382, 384
biometry of, for trisomy 21, 209
blunt trauma of, 239
cardiopulmonary bypass effects in, 118
choroid plexus cysts of, 209
cystic fibrosis and, 390
cytomegalovirus infection of, 4t, 347, 348t,

350
diabetes mellitus and. See Diabetes mellitus,

fetal effects of.
drug effects in

of β-adrenergic blockers, 142t, 144–145
of amphetamines, 10
of angiotensin-converting enzyme (ACE)

inhibitors, 3t, 20
of anticonvulsants, 3t, 4, 224, 425, 509
of antihypertensive agents, 58, 60–61
of antimalarial agents, 443–444
of antiviral agents, 397
of asthma medications, 388–389
of azathioprine, 444–445
of azole antifungal agents, 398
of bromocriptine, 167
of cardiovascular medications, 120–123
of chemotherapy, 483–484
of chlorambucil, 483
of cocaine, 9–10
of corticosteroids, 382, 388–389, 444
of cyclophosphamide, 3t, 445, 483
of diphenhydramine, 511
of etanercept, 445
of indomethacin, 3t, 12
of infliximab, 445
of leflunomide, 445
of lithium, 3t, 425, 508
of marijuana, 12
of methotrexate, 3t, 270, 445
of narcotics, 11
of nonsteroidal anti-inflammatory

drugs, 443
of psychotropic agents, 506, 507t
of retinoids, 205, 484
of substance abuse, 4–6, 5t
of sulfasalazine, 444
of thalidomide, 3t, 484
of thionamides, 143–144
of trimethadione, 3t, 4, 425
of warfarin, 3t, 117

enterovirus infection of, 349t, 363
ethical status of, 226. See also Maternal-fetal

conflict.
gas exchange in, 379–380
herpes simplex infection of, 4t, 348t, 352
HIV infection of, 348t, 355
HLA-D incompatible, 462
HTLV-1 infection of, 349t
hyperemesis gravidarum and, 262
hyperparathyroidism in

complications of, 185
secondary, in maternal hypoparathy-

roidism, 187
hypothyroidism of, 138
in utero therapy for, 212
inflammatory bowel disease and, 271
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Fetus (Continued)
influenza of, 349t, 364
intraamniotic infection and, 314–315
intrahepatic cholestasis effects on, 283,

472–473
listeriosis of, 325
malaria effects in, 333
maternal conflict with. See Maternal-fetal

conflict.
measles and, 367
moral standing of, 226
mortality of. See Fetal mortality.
myasthenia gravis of, 416
myotonic muscular dystrophy of, 416
neurodevelopment of. See

Neurodevelopment.
parvovirus B19 infection of, 4t, 348t,

357–358
pemphigoid gestationis effects in, 474
phenylketonuria effects in, 203–204
radiation or radiotherapy effects in,

259–260, 426, 481–482
radioactive iodine effects in, 146
renal disease and, 250, 251–252, 251t
resorption of, 457
rubella infection of, 4t, 348t, 358–359
smoking/tobacco effects in, 5, 13, 404–406
survival of

in renal disease, 250, 251, 251t, 252
in systemic lupus erythematosus, 254

syphilis of, 4t, 318–319, 319t
systemic lupus erythematosus and, 435,

435f
thrombocytopenia of, 79
thyroid function of, 136–139, 136t, 137f
thyrotoxicosis of, 150, 150f
toxoplasmosis of, 4t, 331
tuberculosis and, 393–394

during therapy, 394–395
tuberculosis of, 327
varicella-zoster infection of, 4t, 349t, 361,

398
viral infection and outcome of, 347, 347t
virilization of, in 21-hydroxylase deficiency,

176–177, 177f
FEV1/FEV (forced expiratory volume in

1 second/forced vital capacity), 377,
381, 384, 385f–387f, 406

FGL2 (fibrinogen-like peptide 2), 460
Fiber preparations, for constipation,

264, 264t
Fibrates, in pregnancy and lactation, 123
Fibrillation

atrial, in pregnancy, 109
ventricular, 109

Fibrillin gene (FBN1), 206
Fibrinogen

abnormalities of (dysfibrinogenemia), 95
in pregnancy, 87, 89t, 279–280, 281t

Fibrinogen-like peptide 2 (FGL2), 460
Fibrinolytic agents, for pulmonary embolism,

93
Fibrinolytic factors, in pregnancy, 87, 88f, 89t
Fibroepithelial polyps, 471
Fibromuscular dysplasia, 120
Fibronectin

fetal, for preterm labor detection, 10
for amniotic fluid embolism, 401

Fifth disease (erythema infectiosum), 357,
358

Fine-needle aspiration biopsy, of thyroid
nodule, 155, 155f

FISH (fluorescent in situ hybridization),
194–195

Fitz-Hugh–Curtis syndrome, 319
Flecainide, in pregnancy and lactation, 121

Flolan (epoprostenol), for pulmonary
hypertension, 399

“Floppy baby syndrome”
due to diazepam, 12
in myasthenia gravis, 416
in myotonic muscular dystrophy, 416

Fluconazole
for candidal infections, 328–329
for coccidioidomycosis, 330
teratogenicity of, 398

Fludrocortisone, for Addison’s disease, 174
Fluid volume. See Blood volume;

Body Fluids.
Flunisolide, for asthma, 383t, 384
Flunitrazepam (Rohypnol), 12
Fluorescent in situ hybridization (FISH),

194–195
Fluoroquinolone, for pneumonia, 397
Fluoxetine (Prozac), 507t, 508, 512
Fluphenazine (Prolixin), 509
Fluticasone, for asthma, 383t, 384
Fluvoxamine, 508
FMR1 gene, in fragile X syndrome,

201, 202
Folic acid deficiency, 72–73

diagnosis and treatment of, 72–73
fetal and maternal effects of, 73
in hyperhomocystinemia, 96
with anticonvulsant therapy, 425

Folic acid (folate) supplements
for folic acid deficiency, 73
for hyperhomocystinemia, 97
for neural tube defect prevention, 204
for sickle cell disease, 74
with anticonvulsant therapy, 4,

425, 509
Folinic acid

for molar pregnancies, 488
with pyrimethamine and sulfadoxine, 333

Follicle-stimulating hormone (FSH), 164
Folliculitis, pruritic, 476
Fontan repair, 111
Food and Drug Administration (FDA) classifi-

cation of drugs in pregnancy, 306, 306t,
347, 348t, 442, 443t

Food contamination, with Listeria monocyto-
genes, 324

Food particles, aspiration of, 402
Footdrop, postpartum, 417
Forced expiratory volume in 1 second/forced

vital capacity (FEV1/FEV), 377, 381,
384, 385f–387f, 406

Forced vital capacity (FVC), 381
Formoterol, for asthma, 384
Foscarnet, for cytomegalovirus infection, 350
Fragile X syndrome, 201–202

screening for, 214–215
FRAMES interview, for substance abuse

treatment, 18, 18t
FRC (functional residual capacity), 376, 376f,

377
FSH (follicle-stimulating hormone), 164
Functional residual capacity (FRC), 376, 376f,

377
Fungal infections, 328–330

candidal, 328–329
coccidioidomycosis as, 329–330, 329f
pulmonary, 398–399

FVC (forced vital capacity), 381

G
Gabapentin (Neurontin), 507t, 509
Gallstones, 272, 296
Gamete antigens, 454

Ganciclovir, for cytomegalovirus infection, 350
Gas exchange

during pregnancy, 376–379
fetal, 379–380

Gastric cancer, 497, 497f
Gastric contents, aspiration of, 401–402
Gastroesophageal reflux disease (GERD),

262–263, 263t
Gastrointestinal complications, 259–273

acute pancreatitis as, 272–273
appendicitis as, 273
constipation as, 264, 264t
diarrhea as, 264, 264t
endoscopy for, 260, 260t, 261t
gastroesophageal reflux disease as, 262–263,

263t
inflammatory bowel disease as, 266–272,

267t
treatment of, 268–270, 269t

nausea and vomiting as, 260–262, 262t.
See also Hyperemesis gravidarum.

peptic ulcer disease as, 265–266
radiographic studies for, 259–260

Gastrointestinal system
decontamination of, for poisoning, 243
physiologic changes of pregnancy in, 2t

Gatifloxacin, 309t, 310
Gefitinib, 484
Gene therapy, 200
Generalized anxiety disorder (GAD), 510
Genetic counseling, 213–215

consanguinity and, 213
ethnic background and, 212, 212t
fetal risk and family history in, 213, 214t
for tetralogy of Fallot, 110
heterozygosity screening for, 212t, 213–214
in systemic lupus erythematosus, 438

Genetic disorders, 193–200. See also Congenital
anomalies; Genetics.

consanguinity and, 213
cystic fibrosis as, 206–207
cytogenetic (chromosomal), 194–199, 194f,

195f, 197f, 198t, 199t
Ehlers-Danlos syndrome as, 206
epilepsy and, 205
ethnicity and, 5, 212, 212t
folate deficiency and, 204
hematologic, 206
homocystinuria as, 207
inborn errors of metabolism as, 203–204
incidence and prevalence of, 214t
Internet resources on, 215
interventions for, 211–212
lysinuric protein intolerance as, 207
Marfan’s syndrome as, 206
maternal

risk to maternal health in, 206–208
risks to fetus of, 203–206

morbidity and mortality due to, 214t
myotonic dystrophy as, 205–206, 207
neonatal screening for, 215
neurofibromatosis as, 207
neurologic, 207
of connective tissue and skeleton, 206
of intermediary metabolism, 207–208
ornithine transcarbamylase deficiency as, 207
parental, 200–208

risk to fetus and, 213, 214t
paternal, risk to fetus of, 206
phenylketonuria as, 203–204
porphyria as, 207–208
preeclampsia and, 48–49
pregnancy-related, 208
pseudoxanthoma elasticum as, 206
pulmonary, 206–207
skeletal dysplasias as, 204, 205t, 206
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Genetic disorders (Continued)
testing for, 208–215

amniocentesis in, 210, 211t
carrier screening in, 213–214
chorionic villus sampling in, 210–211,

211t
fetal cell analysis in, 211

α-fetoprotein in, 209–210
for fetal risk, 208–212, 210t, 211t
for maternal risk, 212
for specific disorders, 200t, 214–215, 215t
percutaneous fetal blood sampling

in, 211
serum triple analyte screening in, 210,

211t
ultrasonography in, 209, 210t, 211t

vitamin A toxicity in, 205
Wilson’s disease as, 205

Genetics
mechanisms of, pregnancy management

and, 193–194
molecular, 199–200, 200t
of acute fatty liver of pregnancy and HELLP

syndrome, 208
of common complex disorders, 208
of hypertension of pregnancy, 208
of preeclampsia/eclampsia, 208

Genital herpes, 352
Gentamicin

for intraamniotic infection, 315
for listeriosis, 325

Geodon (ziprasidone), 507t, 509
GERD (gastroesophageal reflux disease),

262–263, 263t
Gestational age determination

dating criteria for, 8, 8t
survival of preterm infant based on,

229–230, 231
ultrasonography in, 8

Gestational diabetes. See Diabetes mellitus,
gestational.

Gestational hypertension
chronic hypertension vs., 57
classification of, 44, 45t

Gestational polyneuropathy, 417
Gestational thrombocytopenia, 79, 286
GGTP (γ-glutamyl-transpeptidase), 280, 281t,

282
Giardia lamblia, 334, 334t
Gingivitis of pregnancy, 472
Globulins

immune. See Immune globulin(s).
serum, in pregnancy, 279, 281t

Glomerular endotheliosis, in preeclampsia, 52
Glomerular filtration rate

estimation of, 249
in pregnancy, 31, 248, 248f

Glomerulonephritis, 250, 250t, 433
Glucocorticoids. See also Corticosteroid(s).

for Addison’s disease, 174
for 11β-hydroxylase deficiency, 178
for 21-hydroxylase deficiency, 176, 177, 177f
for systemic lupus erythematosus, 255

Gluconeogenesis, 15, 16
Glucose, fasting plasma (FPG), 16
Glucose tolerance test, oral (OGTT), 18, 36–38,

37t
α-Glucosidase inhibitors, for diabetes, 20, 20t
γ-Glutamyl-transpeptidase (GGTP), 280,

281t, 282
Glycemic control. See Diabetes mellitus,

glycemic control in.
Glycerol, in gluconeogenesis, 16
Glycogenolysis, 15
Glycosylated hemoglobin A1c test. See

Hemoglobin A1c (HbA1c) test.

GM-CSF (granulocyte-macrophage colony-
stimulating factor), 457–458, 458f

Goiter(s)
fetal, detection of, 138
maternal, in iodine-deficient areas, 132–133
neonatal, drug-induced, 154

Goitrous cretinism, 154
Gonadotropin-releasing hormone

(GnRH), 165
Gonadotropin-secreting pituitary tumors, 168
Gonococcal infection, disseminated, 319
Gonorrhea, 319–320, 320f
Granulocyte-macrophage colony-stimulating

factor (GM-CSF), 457–458, 458f
Granuloma, pyogenic, 472
Graves’ disease

differential diagnosis of, 139, 140t
inheritance of, 149
maternal, 140

Group B streptococcal infections, 322–324
early-onset, 322
endometritis due to, 316, 322
late-onset, 322–323
prevention of, 323-324, 323f, 324f, 325t, 326t

Growth hormone
maternal, 164
pituitary, 168
placental, 16, 164, 168

Growth restriction, intrauterine. See
Intrauterine growth restriction (IUGR).

Guar gum, for intrahepatic cholestasis, 473
Guillain-Barré syndrome, 416–417

H
H2 receptor antagonists

for gastroesophageal reflux disease, 263, 263t
for peptic ulcer disease, 265, 266

Haemophilus influenzae, 313, 397
Hair disorders, in pregnancy, 470
Hallucinogens, 10, 13
Haloperidol (Haldol)

fetal and neonatal effects of, 507t, 509, 511
for anorexia nervosa, 512
for chorea gravidarum, 419

Haptoglobin, in pregnancy, 280
Hashimoto’s disease, 150
HbA1c test. See Hemoglobin A1c (HbA1c) test.
HBeAg (hepatitis B early antigen), 292
Headache, 420–421
Hearing loss

due to cisplatin, 483
due to streptomycin, 395

Heart block, complete, associated with sys-
temic lupus erythematosus, 255, 436

Heart disease. See Cardiac entries;
Cardiovascular disease.

Heart murmurs, 104–105
Heart transplantation

for peripartum cardiomyopathy, 108
pregnancy after, 118

Heart valves. See Prosthetic valves; Valvular 
disorders.

Helicobacter pylori infection
peptic ulcers due to, 265
vomiting associated with, 262

HELLP syndrome
acute fatty liver of pregnancy vs., 289
clinical characteristics of, 284, 284t
cocaine effects vs., 9
diagnosis of, 284–285
differential diagnosis of, 285–286
genetics of, 208
hemolytic-uremic syndrome vs., 47
hepatic effects of, 284–286, 285f

HELLP syndrome (Continued)
management of, 80
preeclampsia vs., 47
recurrence of preeclampsia related to, 45
renal failure due to, 252
thrombotic thrombocytopenic purpura vs.,

47, 285–286
Helminthic infections, 334, 334t
Hematocrit, decrement of, in pregnancy, 70
Hematologic disorders, 69–83

anemia as, 69–73
aplastic anemia as, 76
coagulopathies as, 81–83
hemoglobinopathies as, 73–75
hemolytic disease of newborn as, 75–76
malignancies as, 77–78, 497–500
maternal health risks of, 206
myeloproliferative disorders as, 77
paroxysmal nocturnal hemoglobinuria as,

76–77
platelet disorders as, 78–81
pure red blood cell aplasia as, 76

Hematologic system, physiologic changes of
pregnancy in, 2t

Hematoma, hepatic, 286
Hemodialysis, during pregnancy, 255
Hemodilution, 70
Hemodynamic changes of pregnancy, 43–44,

104–106, 105f, 106t
Hemodynamic monitoring, for preeclampsia-

eclampsia, 56
Hemoglobin

as indicator of iron deficiency, 106
fetal, 71
in diagnosis of anemia, 70

Hemoglobin A1c (HbA1c) test
fructosamine concentrations vs., 33
gestational diabetes and, 38
preconception goal for, 32
pregnancy loss rate and, 26, 27f
risk of congenital anomaly associated with,

25, 25f
specificity and sensitivity of, 18

Hemoglobinopathies, 73–75
sickle cell, 73–74
thalassemia as, 74–75

Hemoglobinuria, paroxysmal nocturnal, 76–77
Hemolysis, elevated liver enzymes, low platelet

count syndrome. See HELLP syndrome.
Hemolytic disease of newborn, 75–76
Hemolytic-uremic syndrome, HELLP syn-

drome vs., 47
Hemorrhage. See also Bleeding.

cerebral
in eclampsia, 53
in metastatic choriocarcinoma, 420

petechial, in eclampsia, 423
subarachnoid, 423
variceal, 296

Hemorrhagic cystitis, 485
Hemostatic system, 87, 88f, 89t
Heparin

for cerebral ischemia, 422
for cerebral phlebothrombosis, 423
for lupus anticoagulant defect, 96
for systemic lupus erythematosus, 436
for venous thromboembolism, 91–92, 91t, 94
for venous thrombophlebitis, 120
low molecular weight

for cerebral ischemia, 422
for lupus anticoagulant defect, 96
for prosthetic valves, 117
for systemic lupus erythematosus, 436
for venous thromboembolism, 91, 91t,

92t, 93, 94
unfractionated, for prosthetic valves, 117
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Heparin assays, 93
Heparin-induced thrombocytopenia

(HIT), 93
with thrombosis (HITT), 93

Hepatic vein occlusion (Budd-Chiari
syndrome), 298

Hepatitis, 290–295
atypical forms of, 294–295, 294t
chronic, 295
due to isoniazid, 394–395
due to thionamide therapy, 143
forms of, 290, 290t
fulminant viral, 294–295, 294t
HELPP syndrome vs., 285

Hepatitis A, 290–291, 290t, 292t
Hepatitis B, 291–293

characteristics of, 290t
serologic markers of, 291, 291t
transmission of, from mother to infant,

292, 292t
prevention of, 292–293

Hepatitis B antigen-antibody complex, in
polyarteritis nodosa, 442

Hepatitis B early antigen (HBeAg), 292
Hepatitis B hyperimmune globulin (HBIG),

292–293, 292t
Hepatitis B (HBV) vaccine, 292–293, 292t
Hepatitis C, 290t, 292t, 293
Hepatitis D, 293–294
Hepatitis E, 294
Hepatobiliary system, and inflammatory bowel

disease, 267, 267t
Hepatocellular cancer, 496–497
Hepatolenticular degeneration (Wilson’s

disease), 297, 419
Hermansky-Pudlak syndrome, 81
Heroin abuse, 10–11

complications of, 11
labor pain management in, 15

Herpes gestationis. See Pemphigoid (herpes)
gestationis.

Herpes simplex virus (HSV) infection, 351–354
congenital, 352
diagnosis and treatment of, 353
epidemiology of, 351
fetal effects of, 4t, 348t
genital, 352
hepatitis due to, 290
neonatal, 348t, 352–353
postnatal, 353
prevention of, 353–354
transmission and pathogenesis of, 352

Heterodisomy, 196, 198
Heterozygosity, screening for, 212t, 213–214
High-risk patients

cancer survivors as, 486
definition of, 1
leukemia of, 497
obstetric management of, 1–12

antepartum care in, 4–9, 5t, 6f, 7f, 8t,
9t, 10f

laboratory tests in, 5, 5t
preconception counseling in, 1, 3t, 4, 4t
preterm labor in, 10–12, 11f

physiologic changes in, 1, 2t–3t
preeclampsia in, aspirin therapy for, 54

Hirsutism, 470
Hispanics, isoniazid-induced hepatitis in, 395
Histamine H2 receptor antagonists, 263, 263t,

265, 266
HIV infection. See Human immunodeficiency

virus (HIV) infection.
HLA-B27 (human leukocyte antigen B-27), 438
HLA-D incompatible fetus, 462
HLA-G (human leukocyte antigen G), placental,

in preeclampsia, 49

HMG-CoA reductase inhibitors, 119, 123
Hodgkin’s disease

diagnosis and treatment of, 77, 78,
499–500

staging of, 480
Homocystinemia, 96–97
Homocystinuria, 96–97, 207
Hospital ethics committee, 231–232
Hospitalization, for preeclampsia, 54, 55
HTLV-1 (human T cell lymphotropic virus

type 1), 349t, 365
HTLV-associated myelopathy (HAM), 365
Human chorionic gonadotropin (hCG). See

Chorionic gonadotropin, human
(hCG).

Human immunodeficiency virus (HIV)
infection, 354–357

antiretroviral therapy for
cancer chemotherapy combined with,

483–484
FDA risk categories for, 348t
for transmission prevention, 355–356
in nonpregnant patients, 354–355
monitoring of, 356

breast-feeding avoidance in, 356
cancer chemotherapy in, 483–484
cesarean section in, 356
clinical manifestations of, 348t
counseling and testing for, in substance

abusers, 14–15
diagnosis of, 356–357
in pregnancy, 355
non-Hodgkin’s lymphoma in, 499
type 1 (HIV-1), 354
type 2 (HIV-2), 354
vertical transmission of, 355

prevention of, 355–356
Human leukocyte antigen B-27 (HLA-B27), 438
Human leukocyte antigen D–incompatible

fetus, 462
Human leukocyte antigen G (HLA-G),

placental, in preeclampsia, 49
Human T cell lymphotropic virus type 1

(HTLV-1), 349t, 365
Humoral hypercalcemia of malignancy, 182
Hydantoin. See Phenytoin.
Hydatidiform moles, 48, 488–489, 488t
Hydralazine

in pregnancy and lactation, 123
intravenous, for preeclampsia, 55–56, 55t

Hydrocortistone sodium succinate
(Solu-Cortef), for inflammatory bowel
disease, 269t

Hydrops fetalis
in parvovirus B19 infection, 358
in Rh isoimmunization, 75
in thalassemia, 74

Hydroquinone, for melasma, 469
3-Hydroxy-3-methylglutaryl coenzyme A

(HMG-CoA) reductase inhibitors,
119, 123

γ-Hydroxybutyrate, 12–13
Hydroxychloroquine

for rheumatoid arthritis, during pregnancy,
432

in pregnancy and lactation, 443–444
11β-Hydroxylase deficiency, 176, 178
21-Hydroxylase deficiency, 175, 176–177, 177f
3β-Hydroxysteroid deficiency, 178
Hydroxyurea

avoidance of, in pregnancy, 355
for sickle cell disease, 73

Hyperaldosteronism, primary
hypertension due to, 58–59
in pregnancy, 172–173

Hyperammonemia, 207

Hyperbaric oxygen, for carbon monoxide
poisoning, 244

Hyperbilirubinemia, neonatal, in diabetes, 28
Hypercalcemia, 185–187

differential diagnosis of, 185, 185t
due to primary hyperparathyroidism,

185–186, 186f
familial hypocalciuric, 186–187
fetal, physiologic, 183
malignant, due to paraneoplastic secretion

of PTHrP, 485
Hypercalcemia of malignancy, humoral, 182
Hypercalciuria, absorptive, in preeclampsia, 52
Hypercoagulable states. See also

Thromboembolism, venous (VTE).
causes of, in pregnancy, 87, 88f, 95, 96
definition of, 94
testing for, 94, 94t

Hyperemesis gravidarum, 261–262
acute pancreatitis vs., 272
causes of, 262
gestational polyneuropathy associated with,

417
in primary hyperparathyroidism, 185
liver disease related to, 295–296
thyroid disorders and, 140–141, 140t
treatment of, 262, 262t

Hyperhomocystinemia, 96–97
Hyperlipidemia

gestational, genetically based, 119
in pregnancy, 119

Hyperosmotic agents, for constipation, 264, 264t
Hyperparathyroidism, primary

familial hypocalciuric hypercalcemia vs., 186
hypercalcemia due to, 185–186, 186f

Hyperplasia
congenital adrenal, 175–178, 175f
nodular, 58

Hyperprolactinemia, in systemic lupus
erythematosus, 437

Hyperreflexia, autonomic, 418
Hypertension, 43–62. See also Antihypertensive

agents; Blood pressure; Eclampsia;
Preeclampsia.

Bell’s palsy and, 417
chronic (pre-existing), 57–62

classification of, 44, 45t
clinical impact of, 57
diagnosis of, 57
fetal outcome and, 57–58
incidence of, 57
management of, 59–62
nonpharmacologic management of, 60
pharmacologic management of, 60–62, 61t
preconception counseling for, 59–60
secondary, 58–59
superimposed preeclampsia in, 57

classification of, 44–45, 45t
cocaine-induced, 9, 16
due to Cushing’s syndrome, 59
due to pheochromocytoma, 59
due to prednisone, 444
due to primary aldosteronism, 58–59, 173
due to renal disease

management of, 58
maternal effects of, 251
neonatal outcomes related to, 250
pregnancy outcome related to, 252

gestational
chronic hypertension vs., 57
classification of, 44, 45t
genetics of, 208

idiopathic intracranial, 420
in diabetes mellitus, 29–30

gestational, 38
portal, 297
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Hypertension (Continued)
postpartum, 56
pregnancy-induced, 284. See also

Preeclampsia.
pulmonary, 399, 403
renovascular, 58
secondary, 58–59
with bulimia nervosa, 511–512

Hypertensive encephalopathy, eclamptic,
423–424

Hyperthermia, congenital anomalies due
to, 3t

Hyperthyroidism. See Thyrotoxicosis.
Hyperthyroxinemia, familial dysalbuminemic,

133
Hypertriglyceridemia, in pregnancy, 119
Hypertrophic cardiomyopathy, 107–108
Hyperventilation, dyspnea related to, 380
Hypocalcemia, 187–188

causes of, 187, 187t
in hypoparathyroidism, 187, 187t
in pseudohypoparathyroidism, 187–188
neonatal, in diabetes, 28
with magnesium sulfate therapy, 188

Hypocalciuria
familial hypercalcemic, 186–187
in preeclampsia, 52

Hypoglycemia
fasting, in pregnancy, 16–17
neonatal, in diabetes, 28
nocturnal, 29
severity of, in type 1 diabetes, 29

Hypoglycemic agents, oral, 19–20, 20t, 39
Hypokalemia, in primary aldosteronism, 59
Hypomagnesemia, in hypoparathyroidism,

187
Hyponatremia, in nephrotic syndrome,

249
Hypoparathyroidism, 187, 187t
Hypophysitis, lymphocytic, 169, 420
Hypopituitarism, 169–170, 169t
Hypotension

cerebral ischemia due to, 422
in supine position, emergency care and, 236,

239
Hypothalamic-pituitary-thyroid axis,

135–136
Hypothermia, for thyroid storm, 145–146
Hypothyroidism

congenital
causes of, 153, 153t
management of, 154–155

fetal
in thionamide therapy, 143, 144
in utero therapy for, 154–155

maternal, 150–152
after thyroiditis, 148
causes of, 150, 151t
continuous thyroid hormone replacement

therapy in, 152
course of pregnancy in, 151
diagnosis of, 150–151
fetal effects of, 138
fetal loss in, 152
fetal outcome of, 151
management of, 152

neonatal, 152–155
causes of, 153–154, 153t
diagnosis of, 154
drug-induced, 154
intrauterine treatment of, 155
management of, 154–155

Hypovolemia
in blunt trauma, 239
in cardiopulmonary arrest, 237t

Hysterectomy, for cervical cancer, 487

I
Ibuprofen, in pregnancy and lactation, 443
Ibutilide, in pregnancy and lactation, 122
Idarubicin, 483, 498
Idiopathic hypertrophic subaortic stenosis,

111–112
Idiopathic thrombocytopenic purpura, 78–80

HELLP syndrome vs., 285–286
IDO (indole amine 2,3-dioxygenase), 452, 457
Idoxes ticks, 326
Ifosfamide, 485
IgA (immunoglobulin A), 455
IgG (immunoglobulin G), 331, 331t, 455, 474
IgM (immunoglobulin M), antibody to, 291,

331, 331t
Ileal pouch-anal anastomosis (IPAA), 271
Imatinib

contraindications to, 484
for chronic myelogenous leukemia, 498

Imidazoles, for candidal infections, 328
Imipenem, 308
Immune complexes, in polyarteritis nodosa,

442
Immune globulin(s)

for Guillain-Barré syndrome, 417
for measles, 367
for multiple sclerosis, 419
intravenous, for idiopathic thrombo-

cytopenic purpura, 79
thyroid-stimulating, placental transfer

of, 149
Immune mechanisms

in preeclampsia, 48–49
in rheumatic diseases, 429–430

Immune response
alteration of, in pregnancy, 305, 429
inflammatory bowel disease and, 266

Immune system
components of, 451–454, 452f, 453t
definition of, 451
in pregnancy, 451–463

fetus as allograft (parasite) in, 454–455,
454f, 460, 460f

local effects on uterus in, 455–457, 456t
systemic effects in, 461–463, 462f
uterine immune system effects in,

457–461, 458f, 459t, 460f, 461f, 461t
innate or natural, 451

Immune tolerance, 453–454
Immunization, against pregnancy, 463
Immunoglobulin A (IgA), 455
Immunoglobulin G (IgG)

antibody to, in toxoplasmosis, 331, 331t
in genital tract, 455
in pemphigoid gestationis, 474

Immunoglobulin M (IgM), antibody to
in hepatitis A, 291
in toxoplasmosis, 331, 331t

Immunosuppressive agents
for cirrhosis, 297
for inflammatory bowel disease, 269t, 270
for liver transplantation, 297
for rheumatoid arthritis, during pregnancy,

432
for systemic lupus erythematosus, 255

Immunotrophism model, of abortion, 459,
459t

Imodium (loperamine), for diarrhea, 264, 264t
Impetigo herpetiformis, 476, 476f
Implantation, 455–458, 458f

failure of, 458
Inborn errors of metabolism, 203–204
Incompetence, in maternal-fetal conflict,

227–228
Indole amine 2,3-dioxygenase (IDO), 452, 457

Indomethacin
congenital anomalies due to, 3t, 12
for preterm labor, 12
ovulation inhibition by, 443

Infant mortality. See Perinatal mortality.
Infection(s), 305–334

bacterial. See Bacterial infections.
congenital. See Congenital infection(s).
fungal, 328–330
in substance abusers, 5
parasitic, 330–334
pregnancy and susceptibility to, 305
viral. See Hepatitis; Viral infections.
with cocaine abuse, 9

Infectious agents, congenital anomalies due to,
1, 4, 4t

Infertility
cancer risk and, 479, 480
from autoimmune oophoritis, 454
in scleroderma, 440

Inflammation
immune mechanisms in, 429
uterine contraction related to, 11

Inflammatory bowel disease, 266–272, 267t
Crohn’s disease as, 267–268
extraintestinal manifestation of, 266–267,

267t
fertility and, 271
pathophysiology of, 266
pregnancy and, 271–272
treatment of, 268–270, 269t
ulcerative colitis as, 266–267, 267t

Infliximab (Remicade)
for inflammatory bowel disease, 269t, 270
for rheumatoid arthritis, during

pregnancy, 432
in pregnancy and lactation, 445

Influenza virus, 363–364
clinical manifestations of, 349t
congenital, 364
diagnosis of, 364
maternal, 363–364
neonatal, 364
pneumonia due to, 397
treatment and prevention of, 364

Informed consent, 224
Inhalant abuse, 13
Inhaler, technique for using, 384
Inheritance

mendelian, 200–202, 201f–203f, 213
mitochondrial, 203, 213
nonmendelian, 202–203, 213

Inherited disorders. See Genetic disorders.
Inhibin

in Down syndrome screening, 6
in genetic screening, 210

Inotropic agents, 123
Insulin. See also Insulin therapy.

in carbohydrate metabolism, 15–16
resistance to, in normal pregnancy, 16
sensitivity to, in pregnancy, 16

Insulin resistance syndrome, 19
Insulin therapy

betamethasone therapy and, 34
dawn phenomenon and, 32
during pregnancy, 32–33
glycemic control goals for, 32, 32t, 33
in gestational diabetes, 39
in labor and delivery, 35
insulin pump in, 32
postpartum, 35
types of insulin in, 19, 19t

Insulin-dependent diabetes mellitus
(type 1), 18

Integrity, in ethics, 225
Integumentary system. See Skin.

552 Index



Intellectual development. See
Neurodevelopment.

Intelligence quotient (IQ) deficits, in fetal
alcohol syndrome, 7

Interferon
for chronic myelogenous leukemia, 77
for essential thrombocythemia, 77
for melanoma, 496

Interferon-α
contraindications to, 297
for cancer, 484
for melanoma, 496
for polycythemia vera, 77

Interferon-β, for multiple sclerosis, 419
Interferon-γ, spontaneous abortion and, 457,

460, 460f, 461, 461f
International Federation of Gynecology and

Obstetrics, 228
International Workshop Conferences on

Gestational Diabetes Mellitus, 36
Interpersonal psychotherapy, 508
Interstitial lung disease, 390–392
Intraamniotic infection (IAI), 314–315,

314f
Intracranial hypertension, idiopathic, 420
Intrahepatic cholestasis of pregnancy (ICP). 

See Cholestasis of pregnancy,
intrahepatic (ICP).

Intrauterine devices (IUDs)
bleeding related to, 455
in systemic lupus erythematosus, 437

Intrauterine growth restriction (IUGR)
biophysical profile scoring of, 8–9, 9t
brain-sparing or asymmetric, 8
due to antihypertensive agents, 58
with chronic hypertension, 58
with fetal alcohol syndrome, 7, 7t
with glycemic control, in gestational

diabetes, 38
with preeclampsia, 48

Introns, 199
Intubation

for drug overdose or poisoning, 242
in cardiopulmonary resuscitation, 237

Iodide(s)
inorganic, congenital anomalies due

to, 3t
maternal ingestion of, neonatal hypo-

thyroidism due to, 154
sodium, for thyroid storm, 145

Iodide peroxidase (deiodinase), 134–135, 134f,
137, 138

Iodine
excretion of, during pregnancy, 132–133
Lugol’s solution as, for neonatal

thyrotoxicosis, 150
radioactive

fetal effects of, 146
for thyrotoxicosis, 147
inadvertent administration of, 146–147
maternal effects of, 146
thyroid uptake of, 135

Iodine deficiency, congenital anomalies
due to, 3t

Iodothyronine, in amniotic fluid, 138
Iron

poisoning from, 244
storage pool of, 71, 71t
supply to fetus, 71

Iron deficiency anemia, 71–72
diagnosis of, 71–72, 106
due to paroxysmal nocturnal

hemoglobinuria, 76
fetal and maternal effects of, 72
recycling of stored iron and, 71, 71t
treatment of, 72

Iron supplementation, in pregnancy, 71, 72
Ischemia, cerebral, 421–422
Isodisomy, 196
Isoniazid

for active tuberculosis, 328
toxicity of, 394–395

for latent tuberculosis, 328, 396
Isotretinoin, congenital anomalies due to, 3t
Itraconazole

for candidal infections, 328
for coccidioidomycosis, 330
teratogenic potential of, 398

IUDs (intrauterine devices)
bleeding related to, 455
in systemic lupus erythematosus, 437

IUGR. See Intrauterine growth restriction
(IUGR).

J
Jamaican vomiting sickness, 289
Jaundice of pregnancy, recurrent. See

Cholestasis of pregnancy, intrahepatic
(ICP).

Joints, inflammatory bowel disease and, 266,
267t

Justice
in ethics, 225
in maternal-fetal conflict, 227, 228

Juvenile-onset diabetes mellitus (type 1), 18

K
Kaolin with pectin (Kaopectate), for diarrhea,

264t
Karyotype(s), 194, 194f, 195f
Kernicterus, in Rh isoimmunization, 76
Ketoacidosis, in pregnancy, 29, 33
Ketoconazole

for coccidioidomycosis, 330
for Cushing’s disease, 172

Kidney(s). See Renal entries.
Kleihauer-Betke test, of fetomaternal

transfusion, 241
Klonopin (clonazepam), 507t, 510
Krukenberg’s tumor, 497, 497f

L
LAAM (l-Acetyl-α-methadol), for narcotic

addiction, 17
Labetalol

for chronic hypertension, 61, 61t
for pheochromocytoma, 59
for preeclampsia, 55t, 56
in pregnancy and lactation, 122

Labor
cardiac output in, 105
insulin therapy during, 35
pain management in. See also Anesthesia.

for substance abusers, 15–16
preterm. See Preterm labor.
with gestational diabetes, 39
with mitral stenosis, 113–114, 114f
with rheumatoid arthritis, 432
with scleroderma, 440

LAC. See Lupus anticoagulant (LAC).
L-acetyl-α-methadol (LAAM), for narcotic

addiction, 17
β-Lactam/β-lactamase inhibitors

for chorioamnionitis, 315
for endometritis, 316
for penicillin resistance, 306

Lactate dehydrogenase, in pregnancy, 280,
281t

Lactation. See Breast-feeding.
Lactotrophic cell, prolactin secretion by, 163,

164f
Lactulose, for constipation, 264, 264t
LAK (lymphokine-activated killer) cells,

459
Lamotrigine (Lamictal), 507t, 509
Lansoprazole, for gastroesophageal reflux

disease, 263, 263t
Laparotomy

emergency, for blunt trauma, 240
for appendicitis, 273

Laryngeal papillomas, 366
Lavage, peritoneal, for blunt trauma, 240
Laxatives, for constipation, 264, 264t
LCHAD (long-chain 3-hydroxyacyl-CoA

dehydrogenase) deficiency, 208, 289
Lead, congenital anomalies due to, 3t
Leflunomide, teratogenicity of, 445
Left ventricular end-diastolic volume, 106
Left-to-right shunts, 109–110
Leg(s)

cramps of, 415
restless leg syndrome of, 415

Legal analysis, ethical analysis vs., 223
Legal (court-ordered) interventions

in maternal-fetal conflict, 227
potential pitfalls in, 228

Legionella pneumophila, 313, 397
Lentigo maligna melanoma, 495
Leukapheresis

for acute leukemia, 497
for chronic myelogenous leukemia, 77

Leukemia
acute, 497–498

abortion for, 78
diagnosis and treatment of, 497–498
lymphoblastic, 498
myeloid, 498

acute promyelocytic, 78
adult T-cell, 365
chronic

lymphocytic, 498
myelogenous, 77, 498

Leukocytes, mononuclear, and abortion
prevention, 462–463

Leukotriene receptor antagonists
fetal effects of, 388
for asthma, 383t, 384

Lidocaine
in lactation, 121
in pregnancy, 121, 238

Light therapy, for affective disorders, 508
Limb deficiency, terminal transverse, 405

due to chorionic villus sampling, 211
Lincosamides, 308–310, 309t
Linea nigra, 469, 474f
Lipid(s)

metabolic disorders of, 215t
serum, in pregnancy, 280, 281t

Lipid-modifying agents, in pregnancy and
lactation, 119, 123

Lipopolysaccharide (LPS), 453
Lipoprotein apheresis, for acute pancreatitis,

272
Listeria monocytogenes, 314, 324
Listeriosis, 324–326
Lithium

congenital anomalies due to, 3t, 425
reevaluation of, 508

discontinuation of, 508
fetal and neonatal effects of, 507t

Lithobid. See Lithium.
Livedo reticularis, 471
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Liver. See also Liver diseases.
acute fatty, of pregnancy (AFLP), 286–289

cause and pathogenesis of, 289
clinical characteristics of, 287, 287t, 298f
course and management of, 287–289
fulminant viral hepatitis vs., 294, 294t
genetics of, 208
HELPP syndrome vs., 285
in preeclampsia, 53

biopsy of
in acute fatty liver of pregnancy, 288–289
in HELLP syndrome, 284, 285f

drug and alcohol reactions in, 295
function of. See also Liver function tests.

female sex hormones and, 280–281
in pregnancy, 279–280, 281t

glucose production in, 15
hematoma of, 286
infarction of, 286
infection of, in preeclampsia, 286
inflammatory bowel disease effects on, 267,

267t
pregnancy disorders affecting

cholelithiasis as, 296
hyperemesis gravidarum as, 295–296
pyelonephritis as, 296

pregnancy effects on, 279–281, 281t
rupture of, 286
transplantation of, 297

Liver diseases
acute fatty liver as. See Liver, acute fatty, of

pregnancy (AFLP).
alcoholic, 295
approach to diagnosis of, 298–299
Budd-Chiari syndrome as, 298
causes of, in pregnancy, 299, 299t
cirrhosis as, 296–297, 296t
clinical course of, 299
evaluation of, 299, 299t
HELLP syndrome as, 284–286, 284t, 285f
hepatitis as. See Hepatitis.
hepatocellular carcinoma as, 496–497
intrahepatic cholestasis of pregnancy as,

281–283
laboratory studies for, 298
physical examination for, 298
portal hypertension as, 297
preeclamptic, 53, 283–286
sickle cell disease and, 298
stage of pregnancy and, 299, 299t
symptoms of, 298
Wilson’s disease as, 297

Liver function tests
in acute fatty liver of pregnancy (AFLP), 287
in hepatitis A, 291
in hyperemesis gravidarum, 295
in intrahepatic cholestasis of pregnancy,

282, 472
in liver disease, 298
in thionamide therapy, 143
staging of liver metastases by, 480
types of, 280, 281t

Lomefloxacin, 309t, 310
Lomotil (diphenoxylate/atropine), for

diarrhea, 264t
Long QT syndrome, 109
Long-chain 3-hydroxyacyl-CoA dehydrogenase

(LCHAD) deficiency, 208, 289
Loperamine (Imodium), for diarrhea, 264, 264t
Lorazepam (Ativan), 507t, 510
Low-molecular-weight heparin. See Heparin,

low molecular weight.
LSD (lysergic acid diethylamide), 13
Lubricants, for constipation, 264t
Lugol’s solution, for neonatal thyrotoxicosis,

150

Lumbar disk disease, 418
Lumbar lordosis, 418
Lung compliance, 377
Lung diseases. See Pulmonary diseases.
Lung function. See Pulmonary function.
Lung maturity, fetal

amniocentesis for determination of, 6, 8
induction of, in diabetes mellitus, 34

Lung volumes, 376–377, 376f
Lupus anticoagulant (LAC)

detection of, 435–436
fetal loss associated with, 435
in antiphospholipid syndrome, 95, 95t, 96

Lupus erythematosus, systemic. See Systemic
lupus erythematosus (SLE).

Luteinizing hormone (LH), 164
Lyme disease, 326
Lymph nodes

axillary, in prognosis of breast cancer, 492,
492f, 493

sentinel node biopsy of
in breast cancer, 493
in melanoma, 496

Lymphadenopathy, chlamydial, 321
Lymphangioleiomyomatosis, 392
Lymphoblastic leukemia, acute, 498
Lymphocytes. See also B lymphocytes;

T lymphocyte(s).
decidual granulated (dGLs), 456
decrease of, during pregnancy, 305

Lymphocytic hypophysitis, 169, 420
Lymphocytic leukemia, chronic, 498
Lymphogranuloma venereum (LGV), 320
Lymphokine-activated killer (LAK) cells, 459
Lymphoma(s)

adult T-cell, 365
Hodgkin’s disease as, 499–500
indolent, 499
management of, 77–78
non-Hodgkin’s, 499
of breast, 499

Lymphomyeloid cells, 451, 455, 456
Lysergic acid diethylamide (LSD), 13
Lysinuric protein intolerance, 207

M
Macroadenomas, prolactin-secreting, 166t,

167–168, 167f, 420
Macrolides

for bacterial pneumonia, 313
pharmacology of, 308–310, 309t

Macrophage colony-stimulating factor
(M-CSF/CSF-1), 457

Macrophages, in immune system, 451, 452f
Macrosomia

in gestational diabetes, 38
pathogenesis of, 27
risk of, glucose tolerance test and, 37

Macrovascular complications of diabetes
in pregnancy, 31
types of, 20

Magnesium
parenteral, for alcohol withdrawal, 16t
supplementation of, in hypoparathyroidism,

187
Magnesium citrate

for constipation, 264t
for leg cramps, 415

Magnesium lactate, for leg cramps, 415
Magnesium sulfate

calcium homeostasis and, 188
for preeclampsia-eclampsia, 56, 424
for preterm labor, 11–12
toxicity of, 12

Magnetic resonance imaging (MRI)
for cancer staging, 480
for eclamptic hypertensive encephalopathy,

424
for neurologic disorders, 426
in pregnancy, contraindications to, 260
of pituitary gland, 165

Major histocompatibility complex (MHC)
NK receptors for, 452
paternal, 457

alloimmunization against, 459
Major histocompatibility complex (MHC) anti-

gens, 453
Malaria, 332–334

cerebral, 333
congenital, 333
treatment of, 333–334

Mammary souffle, 105
Mammography, 490–491
Manic-depressive psychosis. See Bipolar

affective disorder (BPAD).
Marfan’s syndrome, 112, 124, 206
Marijuana, 11–12
Mask of pregnancy, 469
Mast cell stabilizers, for asthma, 383t, 384
Mastectomy, 492–493
Maternal-fetal conflict, 226–228

court cases related to, 227, 228
definition of, 226
guidelines for

from professional organizations, 228–229
practical, 231–232

historical background of, 227
patient incompetence and, 227–228
principles in, 226–227
resolution of, 231–232

Maternal (mitochondrial) inheritance, 203,
204f, 213

Maternal mortality
cardiovascular risk factors for, 103–104,

104f, 104t
perinatal, in chronic hypertension, 57
with amniotic fluid embolism, 401
with aortic stenosis, 114
with appendicitis, 273
with brain tumors, 419
with cerebral phlebothrombosis, 423
with coccidioidomycosis, 329
with Eisenmenger’s syndrome, 110
with hypertensive disorders, 43
with myocardial infarction, 119
with peripartum cardiomyopathy, 107–108
with polyarteritis nodosa, 442
with pulmonary embolism, 87, 88, 90t
with pulmonary hypertension, 399
with scleroderma, 440
with tetralogy of Fallot, 110
with thyroid storm, 145
with thyrotoxicosis, 141
with variceal hemorrhage, 296

Maternal obstetric palsy, 417–418
Maturity-onset diabetes of the young, 19
M-CSF/CSF-1 (macrophage colony-stimulating

factor), 457
MDMA (3,4-methylenedioxymethamphetamine),

2, 10
MDR3 (multidrug resistance gene 3), 282
Mean corpuscular volume (MCV), in diagnosis

of anemia, 70
Measles, 290, 349t, 367
Measles-mumps-rubella (MMR) vaccine, 367,

368
Mechanical ventilation, for acute respiratory

distress syndrome, 400
due to amniotic fluid embolism, 401

Meclizine, for nausea and vomiting, 262, 262t
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Medical ethics. See Ethical issues.
Medium-chain acyl-CoA dehydrogenase

deficiency, 289
Mefloquine, for malaria, 333–334
Meglitinides, for diabetes, 20, 20t
Melanoma, 495–496

acral lentiginous, 495
diagnosis of, 495, 495f
lentigo maligna, 495
management of, 495
metastatic, 496
nodular, 495
prognosis in, 495–496

Melanonychia, linear, 469
Melasma, 469–470, 469f
Membranes, rupture of

endometritis related to, 316
herpes simplex infection and, 353, 354, 356
intraamniotic infection associated with, 314

Menarche, age at, as cancer risk factor, 479
Mendelian inheritance, 200–202, 201f–203f,

213
Menopause, due to chemotherapy, 485–486
Menstruation

cessation of, due to chemotherapy, 485–486
excessive bleeding during, 455
retrograde, 457

Mental retardation
due to alcohol, 6
due to radiation exposure, 481
in fetal alcohol syndrome, 7, 7t
in fragile X syndrome, 201–202, 214

Meperidine, 261t
Meralgia paresthetica, 417
Mercaptoethane sulfonate (mesna), 485
6-Mercaptopurine

breast-feeding and, 272
for inflammatory bowel disease, 269–270,

269t
Meropenem (Merrem), 308
Mesalamine

breast-feeding and, 272
for inflammatory bowel disease, 269t

mesna (mercaptoethane sulfonate), 485
Metabolic disturbances, in preeclampsia, 51
Metabolic rate, basal, 133, 378, 378f
Metabolic syndrome, 19
Metabolism, during pregnancy

changes in, 16–17
maternal-fetal interactions in, 17–18

Metaproterenol
for asthma, 383t
uterine contractility and, 388

Metformin, for diabetes, 19, 20, 20t, 39
Methadone

breast-feeding and, 15
for narcotic addiction, 16–17, 17t
labor pain management and, 15
neonatal effects of, 11

Methicillin-resistant bacteria, 306
Methimazole (MMI). See also Thionamides, for

hyperthyroidism.
congenital anomalies due to, 3t
dosage of, 142t
for fetal thyrotoxicosis, 150, 150f
propylthiouracil vs., 142

Methotrexate (MTX)
abortion due to, 483
breast-feeding and, 272
congenital anomalies due to, 3t, 270, 445
for breast cancer, 493
for choriocarcinoma, 489
for inflammatory bowel disease, 269t, 270
for molar pregnancies, 488
for psoriatic arthritis, 439
for rheumatoid arthritis, 432

Methyldopa
for chronic hypertension, 58, 60, 61, 61t

in hyperaldosteronism, 173
for renovascular hypertension, 58
in breast milk, 62
in lactation, 121
in pregnancy, 121, 251

Methylene tetrahydrofolate reductase defi-
ciency, 96

3,4-Methylenedioxymethamphetamine
(MDMA), 2, 10

Methylmercury, congenital anomalies due to, 3t
Methylprednisolone sodium succinate

(Solu-Medrol), for inflammatory bowel
disease, 269t

Metoclopramide (Reglan)
for gastroesophageal reflux disease, 263, 263t
for nausea and vomiting, 262, 262t

Metoprolol
in breast milk, 62
in pregnancy and lactation, 122

Metrial gland (MG) cells, 456–457
Metronidazole

breast-feeding and, 272
for bacterial vaginosis, 315
for inflammatory bowel disease, 268, 269t

Metyrapone, 172
Mexiletine, in pregnancy and lactation, 121
MHC. See Major histocompatibility complex

(MHC).
Mibefradil, adverse effects of, 122
Microadenomas, prolactin-secreting, 166–167,

166t, 420
Microvascular complications of pregnancy, 20
Midazolam, for gastrointestinal endoscopy,

261t
Migraine, 421
Milk of Magnesia, for constipation, 264, 264t
Mineral deficiencies, with alcohol/drug abuse,

6, 15
Mineral oil, for constipation, 264t
Miniconization, for cervical cancer diagnosis,

486–487
Minor histocompatibility antigens, 457
Minoxidil, 123
Minute ventilation, 378, 378f
Miralax (polyethylene glycol), for constipation,

264, 264t
Mirtazapine, 508
Miscarriage. See Abortion, spontaneous.
Misoprostol (Cytotec)

for gastroesophageal reflux disease, 263,
263t

for peptic ulcer disease, 265, 266
Mitochondrial inheritance, 203, 204f, 213
Mitochondrial trifunctional protein (TFP)

deficiency, 208
Mitral regurgitation, 114
Mitral stenosis, 112–114, 113f, 114f
Mitral valve prolapse, 114

cerebral ischemia due to, 421
MMI. See Methimazole (MMI).
Molar pregnancies, 48, 488–489, 488t
Molecular genetics, 199–200, 200t
Molluscum contagiosum, 368
Molluscum fibrosum gravidarum, 471
Monoamine oxidase inhibitors (MAOIs), 508
Monobactams, 308
Mononuclear leukocytes, and abortion

prevention, 462–463
Monosomy, 195, 199
Montelukast

fetal effects of, 388
for asthma, 383t, 384

Mood stabilizers, fetal and neonatal effects
of, 507t

Moral standing of fetus, 226
“Morning sickness,” 141, 261
Mortality. See Fetal mortality; Maternal

mortality; Perinatal mortality.
Mosaicism, 211
Motilin, constipation and, 264
Mouth

herpes simplex infection of, 353
inflammatory bowel disease effects on, 266,

267t
MTX. See Methotrexate (MTX).
Mucopolysaccharide metabolic disorders, 215t
Multidrug resistance gene 3 (MDR3), 282
Multiple sclerosis, 419
Mumps, 349t, 367–368
Murmurs, in pregnancy, 104–105
Muscular dystrophy

Duchenne’s, 200t
myotonic, 200t, 205, 207, 415–416

Mutations, 199, 200t
Myasthenia gravis, 416
Mycobacterial infections. See Tuberculosis.
Mycobacterium tuberculosis, 392
Mycoplasma hominis, 316, 328
Mycoplasma pneumoniae, 313, 392
Myelogenous leukemia, chronic, 77, 498
Myeloid leukemia, acute, 498
Myelopathy, 418
Myeloproliferative disorders, types of, 77
Myocardial diseases. See Cardiomyopathy.
Myocardial infarction

in pregnancy, treatment of, 120
maternal mortality in, 119

Myotonic muscular dystrophy, 200t, 205–206,
207, 415–416

N
N-acetyl-L-cysteine (NAC), for acetaminophen

poisoning, 243
Nalbuphine (Nubain), for anesthesia

in cardiovascular disease, 124
narcotics withdrawal related to, 15

Naloxone (Narcan), for drug overdose or
poisoning, 11, 242

Naltrexone (ReVia), 16, 17
Naphthalene, congenital anomalies due

to, 3t
Naproxen

for rheumatoid arthritis, during pregnancy,
432

in pregnancy and lactation, 443
Narcan (naloxone), for drug overdose or

poisoning, 11, 242
Narcotic abuse, 10–11

complications of, 11
labor pain management in, 15
methadone therapy for, 16–17, 17t

National Asthma Education Program, 384,
385f–387f

National Diabetes Data Group (NDDG),
36, 37t

National High Blood Pressure Education
Program Working Group Report

definition of superimposed preeclampsia, 57
diuretic use recommendations of, 61

National Household Surveys on Drug Abuse
(NHSDA), 2

National Institute of Drug Abuse (NIDA)
surveys, 2, 3, 8

Natural killer (NK) cells
abortion related to, 459
activity of, during pregnancy, 305, 462
in innate immune system, 452, 452f
interaction with macrophages, 460, 460f
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Nausea, 260–262, 262t, 295
Nedocromil, for asthma, 383t, 384
Nefazodone (Serzone), 507t, 508
Neisseria gonorrhoeae, 319
Nelson’s syndrome, in pituitary tumors, 169
Neonatal abstinence (withdrawal) syndrome

due to cocaine, 10
due to methadone, 16, 17
due to narcotics, 11
due to psychotropic drugs, 506
neonatal thyrotoxicosis vs., 150

Neonate(s)
adrenocortical insufficiency effects on, 174
amphetamine effects on, 10
anticonvulsant effects on, 425–426
asthma effects on, 382
birth asphyxia and injury of, 28
chlamydial infections of, 320–321
coagulopathy of, due to anticonvulsants,

425–426
cocaine effects on, 9–10
cytomegalovirus infection of, 348t, 350
diabetic conditions affecting, 27–29
enterovirus infection of, 349t, 362–363
genetic screening of, 215
gonorrhea infection of, 320
group B streptococcal infection of, 322–324
herpes simplex infection of, 348t, 352, 353
HIV infection of, 348t, 355–356
HTLV-1 infection of, 349t
hyperbilirubinemia of, 28
hypocalcemia of, 28, 185
hypoglycemia of, 28
hypothyroidism of, 152–155
influenza virus infection of, 349t, 364
listeriosis of, 325
measles of, 349t
methadone effects on, 11
mortality of. See Perinatal mortality.
mumps of, 349t
myasthenia gravis of, 416
myotonic muscular dystrophy of, 416
narcotic effects on, 11
neurodevelopmental effects of diabetes in,

28–29
ophthalmia neonatorum of, 320
outcome of, in mitral stenosis, 113, 113f
papillomavirus infection of, 349t
parvovirus B19 infection of, 348t
polycythemia of, 28
psychoactive agent effects on, 506, 507t
respiratory distress syndrome of, 28
rubella infection of, 348t
sickle cell disease effects on, 206
substance abuse effects on, 4–6, 5t
survival of, in systemic lupus

erythematosus, 254
syphilis of, 318–319
systemic lupus erythematosus effects on, 436
thyroid function of, 139, 139f
thyrotoxicosis of, 149–150, 149t
toxoplasmosis of, 331–332
tuberculosis of, 327, 394

management of, 395–396
varicella-zoster infection of, 349t, 361
viral infection and outcome of, 347, 347t

Neoplastic diseases. See Cancer.
Neostigmine, for myasthenia gravis, 416
Nephrogenic diabetes insipidus, 165t, 166
Nephrolithiasis, in primary hyperparathy-

roidism, 185
Nephropathy, diabetic, 252–253

characteristics of, 20
fetal outcome in, 253, 253t
historical background of, 252–253
in pregnancy, 31

Nephrotic syndrome, 249–250
Neural tube defects

due to anticonvulsants, 205, 507t, 509
α-fetoprotein screening for, 209

folate therapy for prevention of, 204
ultrasonography in screening for, 6, 7f

Neurodevelopment
alcohol effects on, 6–8, 7t

fetal alcohol effects (FAE) as, 7, 7t
fetal alcohol syndrome (FAS) as, 7, 7t

anticonvulsant agents and, 507t, 509
in diabetes, 28–29
in hypothyroidism

in untreated children, 151, 153
maternal hypothyroxinemia and, 152
thionamide effects in, 144

psychotropic agent effects on, 507t
radiation effects on, 481
substance abuse effects on, 4

Neurofibromatosis, 207
Neurologic complications, 415–426

backache as, 418
Bell’s palsy as, 417
brain tumors as, 419
carpal tunnel syndrome as, 417
cerebrovascular disease as, 421–423
chorea gravidarum as, 418–419
choriocarcinoma as, 420, 489
diagnostic procedures for, 426
eclamptic hypertensive encephalopathy as,

423–424
epilepsy as, 205, 424–426
gestational polyneuropathy as, 417
Guillain-Barré syndrome as, 416–417
headache as, 420–421
leg cramps as, 415
lumbar disk disease as, 418
maternal obstetric palsy as, 417–418
meralgia paresthetica as, 417
multiple sclerosis as, 419
myasthenia gravis as, 416
myelopathy as, 418
myotonic muscular dystrophy as, 200t, 205,

207, 415–416
neurofibromatosis as, 207
pituitary adenomas as, 166–169, 419–420
polymyositis as, 416, 441
pseudotumor cerebri as, 420
restless leg syndrome as, 415
spinal cord transections as, 418
Wilson’s disease as, 205, 297, 419

Neurontin (gabapentin), 507t, 509
Neuropathy

diabetic, 21, 31
peripheral, 21

isoniazid-induced, 395
Neurophysins, 165
Nevoid telangiectatic syndrome, 470
Niacin (nicotinic acid), in pregnancy and

lactation, 123
Nicotine. See also Smoking.

childhood diseases related to, 405–406
congenital anomalies due to, 3t
in breast milk, 405
vascular resistance and, 404

Nifedipine
in pregnancy and lactation, 122
ritrodine vs., 12

Nimodipine, in breast milk, 122
Nitrates, in pregnancy and lactation, 123
Nitric oxide

in hemodynamic changes of pregnancy,
43, 44

inhaled, for pulmonary hypertension, 399
Nitric oxide synthase, inhibition of,

preeclampsia and, 50

Nitroglycerine, in pregnancy and lactation,
123

Nitroprusside
contraindications to, in pregnancy, 123
for preeclampsia, 56

Nizatidine, for gastroesophageal reflux disease,
263, 263t

NK cells. See Natural killer (NK) cells.
Nodular hyperplasia, 58
Nodular melanoma, 495
Non-Hodgkin’s lymphoma, 499
Non–insulin-dependent diabetes mellitus

(type 2), 18
Nonmaleficence, in ethics, 225
Nonmendelian inheritance, 202–203, 213
Nonsteroidal anti-inflammatory drugs

(NSAIDs)
fetal effects of, 443
for rheumatoid arthritis, during pregnancy,

432
for spondyloarthropathies, 439
in pregnancy and lactation, 443
peptic ulcers due to, 265

Norepinephrine levels, in preeclampsia, 50
Norfloxacin, 309t, 310
Novo-Secobarb (secobarbital), 507t
Nubain (nalbuphine), for anesthesia

in cardiovascular disease, 124
narcotics withdrawal related to, 15

Nuchal translucency, ultrasonography
of, 6, 6f

Nuclear medicine scans, 259
Nutrition

eating disorders and, 511–512
total parenteral, 270, 272

Nutritional status
in alcohol abuse, 6
in substance abuse, 15

O
Obesity, chronic hypertension and, 60
Obsessive-compulsive disorder (OCD), 510
Obstetric management

in diabetes mellitus, 33–35
gestational, 39

of high-risk patients, 1–12
antepartum care in, 4–9, 5t, 6f, 7f, 8t,

9t, 10f
laboratory tests in, 5, 5t
preconception counseling in, 1, 3t, 4, 4t
preterm labor in, 10–12, 11f

Obstetric palsy, maternal, 417–418
Obstructive lung diseases, 389–390. See also

Asthma.
Octreotide, for pituitary tumors, 168
Ocular trachoma, 320, 321
Ofloxacin, 309t, 310, 321
Olanzapine (Zyprexa)

during pregnancy, 507t, 509
for anorexia nervosa, 512
for anxiety disorders, 510
for psychotic disorders, 511

Omeprazole
for gastroesophageal reflux disease, 263,

263t
for peptic ulcer disease, 266

Ondansetron, for nausea and vomiting, 262,
262t, 485

Oophoritis, autoimmune, 454
Ophthalmia neonatorum, 320
Opiate abuse. See Narcotic abuse.
Opioids, for cancer pain, 485
Oral contraceptives. See Contraceptives,

oral.
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Oral glucose tolerance test (OGTT), 18,
36–38, 37t

Oral hypoglycemic agents, 19–20, 20t, 39
Organoplatinum agents, 483
Ornithine transcarbamylase

deficiency of, 207
in pregnancy, 280, 281t

Orofacial clefting. See Cleft lip/palate.
Oseltamivir, for viral pneumonia, 397
Osmolality, plasma, 164, 248
Osmotic laxatives, for constipation, 264, 264t
Osteoporosis, in lactation and pregnancy,

184–185
Osteostatin, 182
Ototoxicity

of cisplatin, 483
of streptomycin, 395

Ovarian cancer
diagnosis and management of, 490
fertility after treatment of, 485
Krukenberg’s tumor as, 497, 497f
staging of, 480

Ovarian vein thrombosis, 97
Overdoses, 242–244
Ovulation induction

in systemic lupus erythematosus, 438
thrombosis due to, 97

Oxazaphosphorine alkylating agents, 485
Oxycodone (Oxycontin), 10
Oxygen

consumption of, 378, 378f
carbon monoxide effects on, 404

hyperbaric, for carbon monoxide
poisoning, 244

partial pressure of (PO2), 379
fetal, 379

Oxygenation, fetal, 379–380
Oxytocin

cardiac effects of, 123
levels of, in pregnancy, 164–165

P
P450-C21 genes, 176
Pacemakers, in pregnancy, 108, 118
Paclitaxel, 483, 490
Palmar erythema, 470
Palsy

Bell’s, 417
maternal obstetric, 417–418

Pancolitis, 267
Pancreatitis

acute, 272–273
in primary hyperparathyroidism, 185

Panic attacks, 510
Pantoprazole, for gastroesophageal reflux

disease, 263, 263t
Papanicolau smear, for cervical cancer

diagnosis, 486
Papillomavirus infections, 365–367

cervical cancer due to, 366, 486
clinical manifestations of, 349t
diagnosis of, 366
genital warts in, 366
respiratory, 366
treatment and prevention of, 366–367

Paradoxical embolism, cerebral ischemia due
to, 421

Parasitic infections, 330–334
giardiasis as, 334
helminthic, 334
important types of, 334, 334t
malaria as, 332–334
toxoplasmosis as, 330–332, 330f, 331t

Parathyroid hormone (PTH)
in lactation, 182
in pregnancy, 182

Parathyroid hormone-related protein
(PTHrP)

in calcium homeostasis
during lactation, 182–183
during pregnancy, 182
fetal, 183

in lactation-induced bone loss, 184
paraneoplastic secretion of, 485

Parenteral nutrition, total, 270, 272, 485
Parity, cancer-protective effect of, 480
Paroxetine (Paxil)

breast-feeding and, 508
discontinuation of, 506
fetal and neonatal effects of, 507t, 508

Paroxysmal nocturnal hemoglobinuria,
76–77

Partial pressure of carbon dioxide (PCO2),
378–379, 380, 381

Partial pressure of oxygen (PO2), 379
fetal, 380

Partial thromboplastin time (PTT), for heparin
monitoring, 92–93

Parvovirus B19 infection, 357–358
congenital defects due to, 358
diagnosis of, 358
fetal effects of, 4t, 348t
hydrops fetalis due to, 358
maternal, 357–358
pure red blood cell aplasia due to, 76, 357,

358
treatment and prevention of, 358

Patent ductus arteriosus, 110
Patient autonomy. See Autonomy.
Patient competence. See Competence.
Patient’s best interest standard

in ethics, 224
in preterm infants, 231

Paxil. See Paroxetine (Paxil).
PCO2 (partial pressure of carbon dioxide),

378–379, 381
Peak expiratory flow rate (PEFR), 377, 384
PEEP (positive end-expiratory pressure), for

ARDS, 400, 401
PEFR (peak expiratory flow rate), 377, 384
Pelvic fracture, fetal death due to, 239
Pelvic inflammatory disease (PID)

chlamydial, 321
in gonorrhea, 319

Pemphigoid (herpes) gestationis, 462,
473–474, 473f, 475t

Pemphigus vulgaris, 474
Penetrating trauma, 241
Penicillamine

congenital anomalies due to, 3t
for Wilson’s disease, 205, 297, 419

Penicillin(s)
for bacterial pneumonia, 313
for endometritis, 316
for group B streptococcal infections, 323,

326t
for inflammatory bowel disease, 268, 269t
for listeriosis, 325
for syphilis, 318–319, 319t
resistance to, 306
types of, 306

Peptic ulcer disease, 265–266
causes of, 265
symptoms of, 265
treatment of, 265–266

Peptobismol (bismuth subsalicylate), for diar-
rhea, 264t

Perbuterol, for asthma, 383t
Percutaneous fetal blood sampling, 211

Pericardial diseases, 116, 116f
Pericardial tamponade, in cardiopulmonary

arrest, 237t
Perihepatitis (Fitz-Hugh–Curtis syndrome),

319
Perinatal infants. See Neonate(s).
Perinatal mortality. See also Fetal mortality.

due to genetic disorders, 214t
in diabetes mellitus, 21–22
in gestational diabetes, 38
in renal disease, with preserved function,

250, 251t
with smoking, 404–405

Peripartum cardiomyopathy, 6, 107–108, 422
Peripheral neuropathy, 21

isoniazid-induced, 395
Peripheral vascular diseases, 120
Peripheral vascular resistance

in preeclampsia, 51–52
in pregnancy, 247

Peritoneal dialysis, during pregnancy, 255
Peritoneal lavage, for blunt trauma, 240
Perphenazine (Trilafon), 507t, 509
Petechial hemorrhage, 423
Phencyclidine (PCP), 13
Phenobarbital

for alcohol withdrawal, 16, 16t
for intrahepatic cholestasis, 283
neonatal effects of, 426
teratogenicity of, 425

Phenothiazines, 485
Phenoxybenzamine, for pheochromocytoma, 59
Phenylhydantoin. See Phenytoin.
Phenylketonuria (PKU), 4, 200t, 203–204
Phenylmethanes (bisacodyl), for constipation,

264, 264t
Phenytoin

congenital anomalies due to (fetal hydan-
toin syndrome), 3t, 4, 205, 425, 509

in pregnancy and lactation, 121
Pheochromocytoma, 59
Philadelphia chromosome, 77
Phlebitis, 89
Phlebothrombosis, cerebral, 422–423
Physician, ethics of. See Ethical issues.
Physician-patient relationship, 225–226
Physiologic changes of pregnancy, 1, 2t–3t

adrenal, 170
cardiac and hemodynamic, 2t, 43–44,

104–106, 105f, 106t
endocrine, 44
gastrointestinal, 2t
hepatic, 2t, 279–281, 281t
integumentary, 431t
normal, 1, 2t–3t
pituitary, 163–165, 163t, 164f
renal, 2t, 44, 247–249, 248f
respiratory, 375–376, 431t
resuscitation effects of, 235, 235t

Pica, in iron deficiency anemia, 72
Pigmentation of skin

in pregnancy, 469, 495
melasma and, 469–470, 469f

Pituitary adenomas, 166–169
acromegaly due to, 168
adrenocorticotropic hormone–secreting, 168
classification of, 166
clinically nonfunctioning, 168–169
gonadotropin-secreting, 168
Nelson’s syndrome in, 169
neurologic complications of, 419–420
prolactin-secreting macroadenomas as,

167–168, 167f, 420
prolactin-secreting microadenomas as,

166–167, 420
transsphenoidal surgery for, 169
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Pituitary disorders, 165–170. See also Pituitary
adenomas.

diabetes insipidus as, 165–166, 165t
empty sella syndrome as, 166
hypopituitarism as, 169–170, 169t
lymphocytic hypophysitis as, 169
Sheehan’s syndrome as, 170, 422

Pituitary gland
function of

dynamic testing (triple-bolus test)
of, 165

posterior pituitary, 164–165
in pregnancy

anatomic changes in, 163
imaging of, 165
physiologic changes in, 163–164,

163t, 164f
“stalkitis” of, 169

Pituitary growth hormone, 168
Placenta

acute atherosis of, 48
acute leukemia and, 497
alcohol effects on, 7
cocaine effects on, 8, 9
CRH levels in, 170–171
decidual vasculopathy of, 435
fetal metabolic requirements and, 17
in fetal calcium homeostasis, 183
in preeclampsia

adaptation to spiral arteries in, 47–49, 49f
endothelial function and, 51

infarction of, in preeclampsia, 48
metastatic non-Hodgkin’s lymphoma of,

499
mosaicism of, 211
smoking effects on, 404
thyroid hormone transfer by, 137–138
thyroid-stimulating immunoglobulin

transfer by, 149
trophoblastic disease of, 489
weight of, in iron deficiency anemia, 72

Placental abruption. See Abruptio placentae.
Placental growth hormone, 16, 164, 168
Placental insufficiency, due to corticosteroids,

388
Plasma

fresh frozen, for HELLP syndrome, 80
infusions of, for thrombotic thrombocy-

topenic purpura, 81
Plasma volume

in preeclampsia, 52
in pregnancy, 105f, 106

Plasmapheresis
for acute pancreatitis, 272
for Guillain-Barré syndrome, 417

Plasminogen activator, tissue-type (t-PA).
See Tissue-type plasminogen activator
(t-PA).

Plasmodium falciparum, 332, 333
Platelet(s)

in idiopathic thrombocytopenic purpura, 79
in preeclampsia, 52–53

Platelet count
fetal, in thrombocytopenia, 79
normal, 78

Platelet disorders, 78–81
eclampsia as, 80
HELLP syndrome as, 80. See also HELLP

syndrome.
inherited forms of, 81
purpura as. See Purpura.

Platelet transfusion
for HELLP syndrome, 80
for idiopathic thrombocytopenic

purpura, 80
for inherited thrombocytopenia, 81

Plateletpheresis, for essential thrombo-
cythemia, 77

Plethysmography, impedance (IPG), 89
Pleural effusion, 402
Pneumocystis carinii infection, 356
Pneumomediastinum, 402–403
Pneumonia

bacterial, 396–398
chlamydial, in newborns, 321
community-acquired, 396–398
fetal smoke exposure and, 406
varicella-related, 360, 397–398
viral, 397–398

Pneumothorax
in pregnancy, 403
tension, in cardiopulmonary arrest, 237t

PO2 (partial pressure of oxygen), 378–379
Poisonings and overdoses, 242–244

epidemiology of, 242
physiology of pregnancy and, 242
specific drugs in, 243–244
treatment of, 242–243

Polioviruses, 362
Polyarteritis nodosa, 441–442
Polyarthritis, seronegative, 438
Polycystic ovary syndrome

as risk factor, for gestational diabetes, 36
hirsutism related to, 470
metformin therapy and, 39

Polycythemia, neonatal, in diabetes, 28
Polycythemia vera, 77
Polyethylene glycol (Miralax), for constipation,

264, 264t
Polyhydramnios, in diabetes mellitus, 30
Polymorphic eruption of pregnancy, 472
Polymorphonuclear leukocytes, 72, 451, 452f
Polymyositis, 416, 441
Polyneuropathy, gestational, 417
Porphyria, 207–208
Porphyrins, 280, 281t
Portacaval shunt, 297, 298
Portal hypertension, 297
Positive end-expiratory pressure (PEEP), for

ARDS, 400, 401
Positron emission tomography, for cancer

staging, 480
Postabsorptive phase, of carbohydrate

metabolism, 15
Postpartum period

depression in, after thyroiditis, 148
footdrop in, 417
hypertension in, 56
in diabetes, 35
in gestational diabetes, 40
infection in, 315–317, 316t, 322
insulin therapy in, 35
thyroiditis in, 147–149, 147f

Postprandial phase, of carbohydrate
metabolism, 15

Post-traumatic stress disorder (PTSD),
3, 510

PPIs (proton pump inhibitors)
for gastroesophageal reflux disease, 263,

263t
for peptic ulcer disease, 266

Preconception assessment
of rheumatoid arthritis, 430
of systemic lupus erythematosus, 433, 437

Preconception counseling
for chronic hypertension, 59–60
in diabetes mellitus, 32–33, 32t
in rheumatic diseases, 430
of high-risk patients, 1, 3t, 4, 4t

Prednisolone
for inflammatory bowel disease, 269t
placental insufficiency related to, 388

Prednisone
fetal effects of, 388–389
for Addison’s disease, 174
for asthma, 383t
for idiopathic thrombocytopenic purpura, 79
for inflammatory bowel disease, 268, 269t
for non-Hodgkin’s lymphoma, 499
for pemphigoid gestationis, 474
for polyarteritis nodosa, 442
for polymyositis/dermatomyositis, 441
for rheumatoid arthritis, during

pregnancy, 432
for sarcoidosis, 392
in pregnancy and lactation, 444

Preeclampsia
acute fatty liver of pregnancy associated

with, 287, 289
antepartum management of (before 37

weeks), 54–55
anticonvulsant therapy in, 56
antihypertensive therapy in, 55–56, 55t
Bell’s palsy and, 417
blood pressure levels in, 49–50
bulimia nervosa and, 511–512
cardiac function in, 51–52
central nervous system manifestation of, 53
classification of, 44, 45t
clinical features of, 46
coagulation abnormalities in, 52–53
cocaine effects vs., 9
diabetes mellitus and, 29–30
diabetic nephropathy and, 253
diagnosis of, 46–47, 47t
endothelial cell function and, 50–51, 51f
epidemiology of, 45–46, 45t
fulminant viral hepatitis vs., 294, 294t
genetics of, 48–49, 208
gestational diabetes and, 38
HELLP syndrome and. See HELLP syndrome.
hemodynamic monitoring for, 56
hepatic effects of, 53, 283–286
immunologic mechanisms in, 48–49, 461
maternal manifestations of, 49–53
metabolic disturbances in, 51
nephrotic syndrome and, 249
pathophysiology of, 47–53
placenta in, 48–49, 49f
postpartum, 56
prevention of, 53–54
prognosis in, 46
progression to eclampsia, 47
recurrence of, risk of, 45
renal changes in, 52
renal disease vs., 249
risk factors for, 45, 45t
superimposed, in chronic hypertension, 57
systemic lupus erythematosus vs., 434
thyrotoxicosis and, 141
treatment of, 54–55

Pregestational diabetes. See Diabetes mellitus,
pregestational.

Pregnancy
as parasitism, 454–455, 454f
chemical, 457, 458
immunization against, 463
immunology of, 455–463
physiologic adaptations in. See Physiologic

changes of pregnancy.
Pregnancy zone proteins, 429, 431
Prenatal care

for substance abusers, 15
in cardiovascular disease, 104, 104t
in high-risk patients, 4–9

Prenatal counseling. See also Preconception
counseling.

for psychiatric patients, 506, 507t
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Prenatal diagnosis
for genetic disorders, 208–215
of high-risk patients, 4–9
resuscitation of neonates and, 229

Pressor agents, in pregnancy and lactation, 123
Pressure overload, in congenital heart disease,

111–112
Preterm delivery

due to bacterial vaginosis, 314–315
due to corticosteroids, 444
endometritis related to, 316
ethical issues in, 229–231

long-term morbidity considerations in,
230–231

recommendations on, 231
survival rates and, 229–230
uncertainty and decision-making

in, 231
in cocaine abusers, 9
risk of, in chronic hypertension, 57–58
smoking-related, 404
timing and mode of, 12
with cirrhosis, 296, 296t
with inflammatory bowel disease, 271
with intrahepatic cholestasis, 283
with renal disease, with preserved function,

250, 251t
with systemic lupus erythematosus, 435

Preterm labor, 10–12
diagnosis of, 10–11, 11f
treatment of, 11–12
with acute pancreatitis, 272
with appendicitis, 273
with diabetes mellitus, 30
with spinal cord lesions, 418

Primidone, neonatal effects of, 426
Procainamide, in pregnancy and lactation, 121
Proctitis, 267
Proctosigmoiditis, 267
Progesterone

aldosterone interaction with, 247
immunologic effects of, 305
in blood pressure regulation, 44
liver function effects of, 281
ventilation effects of, 375–376

Progesterone-only contraceptives, bleeding
related to, 455, 456t

Progestins, intrahepatic cholestasis of preg-
nancy related to, 472

Progressive systemic sclerosis (scleroderma),
439–441

Proguanil hydrochloride, for malaria prophy-
laxis, 334

Prokinetic agents, for gastroesophageal reflux
disease, 263, 263t

Prolactin
rheumatoid arthritis and, 431
secretion of, in pregnancy, 163–164, 164f

Prolactin-secreting macroadenomas, 166t,
167–168, 167f, 420

Prolactin-secreting microadenomas, 166–167,
166t, 420

Prolastin, 389
Prolixin (fluphenazine), 509
Promethazine, for nausea and vomiting, 262,

262t
Promotility agents, for constipation, 264, 264t
Promyelocytic leukemia, acute, 498
Propafenone, in pregnancy and lactation, 121
Propofol, for gastrointestinal endoscopy, 261t
Propranolol

for neonatal thyrotoxicosis, 150
for thyroid storm, 145
for thyrotoxicosis, 142t, 145
in pregnancy and lactation, 122
prophylactic, for migraine, 421

Propylthiouracil (PTU), 142–144
complications of, 142t, 143
dosage of, 142–143, 142t
fetal effects of, 143–144
for blocking of radioactive iodine, 147
for fetal thyrotoxicosis, 150
for thyroid storm, 145
in lactation, 144
long-term effects of, 144
methimazole vs., 142
neonatal hypothyroidism due to, 154

Prostacyclin (epoprostenol), for pulmonary
hypertension, 399

Prostaglandin(s)
cardiac effects of, 123
in preeclampsia, 50

Prostaglandin E, in semen, 455
Prostaglandin I2 (PGI2), in preeclampsia, 50
Prosthetic valves, 116–118

anticoagulation with, 93, 117–118
choice of, 116–117

Protease inhibitors, 484
Protein(s), hepatic synthesis of, 279–280, 281t
Protein C deficiency, 94, 94t, 95
Protein S

changes of, in pregnancy, 87, 89t
deficiency of, 94, 94t, 95

Proteinuria
in nephrotic syndrome, 249
in preeclampsia, 46
in pregnancy, 248–249

with renal disease, 250
Prothrombin mutation, 94, 94t
Prothrombin time

for antiphospholipid syndrome, 95–96
in intrahepatic cholestasis, 282

Proton pump inhibitors (PPIs)
for gastroesophageal reflux disease, 263,

263t
for peptic ulcer disease, 266

Prozac (fluoxetine), 507t, 508, 512
Prurigo of pregnancy, 475–476
Pruritic folliculitis of pregnancy, 476
Pruritic urticarial papules and plaques of

pregnancy (PUPPP), 474–475, 474f,
475f, 475t

Pruritus
in ICP. See Cholestasis of pregnancy,

intrahepatic (ICP).
in impetigo herpetiformis, 476, 476f
in pemphigoid (herpes) gestationis,

473–474
Pruritus gravidarum, 472
Pseudohypoparathyroidism, 187–188
Pseudomonas aeruginosa, 397
Pseudotumor cerebri, 420
Pseudoxanthoma elasticum, 206
Psoriasis, pustular (impetigo herpetiformis),

476, 476f
Psoriatic arthritis, 438, 439
Psychiatric disorders, 505–512

affective disorders as, 506–510
antenatal consultation in, 506, 507t
anxiety disorders as, 510
detection of, 505
eating disorders as, 511–512
in substance abusers, 3
psychotic disorders as, 510–511
psychotropic medications in, risk of, in

pregnancy, 506, 507t
Psychotherapy

cognitive-behavioral, 510, 512
interpersonal, 508

Psychotic disorders, 510–511
Psychotropic agents, risks of, in pregnancy,

506, 507t

PTH (parathyroid hormone), 182
PTHrP. See Parathyroid hormone-related

protein (PTHrP).
PTSD (post-traumatic stress disorder),

3, 510
PTU. See Propylthiouracil (PTU).
Ptyalism, 295
Puerperal infections, 315–317, 316t
Pulmonary diseases, 375–406

acute respiratory distress syndrome as,
399–402

asthma as, 381–389
bronchiectasis as, 389–390
chronic obstructive lung disease as, 389
chronic respiratory insufficiency as, 403
cystic fibrosis as, 206–207, 390
fungal, 398–399
interstitial lung disease as, 390–392
lymphangioleiomyomatosis as, 392
metastatic, after molar pregnancy, 488
pleural effusion as, 402
pneumomediastinum as, 402–403
pneumonia as, 396–398
pneumothorax as, 402–403
pulmonary hypertension as, 399
smoking and, 403–406
tuberculosis as, 392–396

Pulmonary edema
due to sympathomimetic agents, 401
due to tocolytic agents, 123

Pulmonary embolism. See also
Thromboembolism, venous (VTE).

diagnosis of, 89–91
due to chorionic villi, 489
fibrinolytic agents for, 93
in cardiopulmonary arrest, 237t
incidence and frequency of, 88, 90t
mortality due to, 87, 88, 90t
paradoxical embolism related to, 421
septic, due to pelvic infection, 317
symptoms of, 89
treatment of, 91–93, 91t, 92t

Pulmonary function
during pregnancy, 376–379
in asthma, 381, 384, 385f–387f
smoking and, 406

Pulmonary hypertension, 399
in chronic respiratory insufficiency, 403
in scleroderma, 439
pathophysiology of, 399

Pulmonary vascular cytology, 401
Pulmonic stenosis and regurgitation, 115
PUPPP (pruritic urticarial papules and

plaques of pregnancy), 474–475, 474f,
475f, 475t

Pure red blood cell aplasia, 76, 357, 358
Purine analogues, for inflammatory bowel

disease, 269–270, 269t
Purpura

idiopathic thrombocytopenic, 78–80
causes of, 78–79
diagnosis of, 79
HELLP syndrome vs., 285–286
treatment of, 79–80

thrombotic thrombocytopenic
causes of, 81
cerebral ischemia due to, 422
eclampsia vs., 80–81
HELLP syndrome vs., 47, 285
management of, 81

Pustular psoriasis (impetigo herpetiformis),
476, 476f

Pyelonephritis
acute, 312–313

bacteriuria in, 311
causes of, 311t, 312
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Pyelonephritis (Continued)
definition of, 310–311
treatment of, 313

in diabetes mellitus, 30
liver disease due to, 296
subclinical, 311

Pyloric stenosis, 214t
Pyogenic granuloma, 472
Pyrazinamide, for tuberculosis, 328,

394, 395
Pyridostigmine, for myasthenia gravis, 416
Pyridoxine. See Vitamin B6.
Pyrimethamine

for malaria, 333
with clindamycin, for toxoplasmosis, 332
with sulfadiazine, for toxoplasmosis, 332

Pyrimethamine-sulfadoxine (Fansidar), for
malaria, 333

Q
Quetiapine (Seroquel), 507t, 509
Quinidine

for malaria, 333
in pregnancy and lactation, 121

Quinine
congenital anomalies due to, 3t
resistance to, 333

Quinolones
for bacteriuria, 312
for inflammatory bowel disease, 269t
pharmacology of, 310

R
Rabeprazole, for gastroesophageal reflux

disease, 263, 263t
Radiation

exposure to
in computed tomography, 426
in radiotherapy, 481–482
levels for common radiographic

procedures, 259, 482
limits of, for health care workers, 482

external, congenital anomalies due to, 3t
from chest radiograph, 393

Radioactive iodine
breast-feeding and, 494
inadvertent administration of, 146–147
maternal and fetal effects of, 146
pregnancy after, 486
uptake of, in pregnancy, 135

Radiography
of blunt trauma, 240
of chest, 89, 107, 393, 488
safety of, in pregnancy, 259–260

Radioimmunoassay
of growth hormone secretion, in

acromegaly, 168
of thyroxine, 134
of thyroxine-binding globulin, 133–134

Radionuclide scans, 259
Radiotherapy, 481–482

fertility after, 486
fetal effects of, 481–482
fetal shielding during, 482
for cervical cancer, 487
for choriocarcinoma, 489
for Hodgkin’s disease, 500
maternal sensitivity to, 482

Ranitidine, for gastroesophageal reflux disease,
263, 263t

Rapid plasma reagin (RPR), for syphilis, 318
Raynaud’s phenomenon, 439, 440

Red blood cell (RBC)
abnormalities of, in eclampsia, 80
structure and function of, 69
survival of, 69
volume of, in pregnancy, 105f, 106

Red blood cell aplasia, pure, 76, 357, 358
Reglan (metoclopramide)

for gastroesophageal reflux disease, 263, 263t
for nausea and vomiting, 262, 262t

Relaxin, in vasodilation, 43, 44, 247
Religion, ethics and, 223
Remicade. See Infliximab (Remicade).
Renal disorders, 247–256

acute renal failure as
dialysis for, 255
in pregnancy, 252
transplantation for, 255–256, 256t

chronic hypertension and, 58
diabetic nephropathy as, 20, 31, 252–253,

253t
in preeclampsia, 52, 58
in scleroderma, 439
nephrotic syndrome as, 249–250
primary

with moderate or severe insufficiency,
251–252

with normal or near-normal function,
250–251, 250t, 251t

systemic lupus erythematosus as, 254–255,
254f, 434

Renal system, physiologic changes of
pregnancy in, 2t, 44, 247–249, 248f

Renal transplantation, in pregnancy, 255–256,
256t

Renal tubular function, 248–249
Renin-angiotensin system

in preeclampsia, 50
in pregnancy, physiologic changes in, 44,

171, 171t, 247
Renovascular hypertension, 58
Residual volume (RV), 376, 376f, 377
Resorption, of embryo, 457
Respiratory distress syndrome

acute (ARDS), 399–402
amniotic fluid embolism and, 400–401
aspiration of gastric contents and, 401–402
causes of, 399–400
pulmonary edema and, 401
treatment of, 400

neonatal, in diabetes, 28
Respiratory failure, primary, in cardiopul-

monary arrest, 237t
Respiratory insufficiency, chronic, 403
Respiratory muscle function, 377
Respiratory papillomavirus infections, 366
Respiratory system. See also Pulmonary

diseases.
physiologic changes of pregnancy in, 3t,

375–376
Restless leg syndrome, 415
Resuscitation. See Cardiopulmonary

resuscitation (CPR).
Reticulocyte count, in diagnosis of anemia, 70
Retinal toxicity, of antimalarial agents, 443
Retinoic acid syndrome, 484
Retinoids, teratogenicity of, 205, 484
Retinopathy, diabetic, 20, 30–31, 30f
Revascularization, during pregnancy, 58
ReVia (naltrexone), 16, 17
Reye’s syndrome, 289, 363
Rh isoimmunization

after blunt trauma, 241
assessment of, 8
diagnosis of, 75
fetal and maternal effects of, 75–76
prevention and management of, 75

Rheumatic diseases, 429–445
drug therapy for, 442–445, 443t

preconception counseling for, 430
Ehlers-Danlos syndrome as, 206
immune mechanisms of, 429–430
inflammatory bowel disease and, 266, 267t
Marfan’s syndrome as, 112, 124, 206
maternal health risks of, 206
polymyositis/dermatomyositis as, 416, 441
preconception consultation in, 430
progressive systemic sclerosis as, 439–441
pseudoxanthoma elasticum as, 206
rheumatoid arthritis as, 430–432, 462, 462f
seronegative spondyloarthropathies as,

438–439
systemic lupus erythematosus as, 254–255,

432–438
vasculitic syndromes as, 441–442

Rheumatic fever, 112
Rheumatoid arthritis, 430–432

family planning in, 432
improvement of, during pregnancy,

430–431, 462, 462f
labor and delivery in, 432
laboratory findings in, 430
management of, 431–432
preconception counseling in, 430
pregnancy effects of, 431

Rho(D) immune globulin, 75, 241
Rhythm disorders

emergency management of, 238–239
in cardiac arrest, 238
maternal, 108–109

Ribavirin, contraindications to, 297
Rifampin, for tuberculosis, 328, 394,

395, 396
Rimantadine, for viral pneumonia, 397
Risperidone (Risperdal), 507t, 509, 510
Ritrodine

nifedipine vs., 12
toxicity of, 11

Rituximab, 499
Robertsonian translocations, 195, 198
Rofecoxib, 443
Rohypnol (flunitrazepam), 12
RPR (rapid plasma reagin) test, for syphilis,

318
Rubella, 358–360

congenital, 359
fetal effects of, 4t, 348t, 358–359
maternal, 359

Russell’s viper venom clotting time, 95t, 96
RV (residual volume), 376, 376f, 377

S
S-adenosyl-L-methionine, for intrahepatic

cholestasis, 283
Sacroiliitis, 438
Salicylate(s), poisoning from, 243
Saline laxatives, for constipation, 264, 264t
Salmeterol, for asthma, 383t, 384
Sarcoidosis, 391–392
Schizophrenia, 510–511
Scleroderma (progressive systemic sclerosis),

439–441
Seat belts, in pregnancy, 241
Secobarbital (Seconal sodium, Novo-

Secobarb), 507t
Sedatives

abuse of, 12–13
fetal and neonatal effects of, 507t
for gastrointestinal endoscopy, 261t

Seizures. See also Anticonvulsants; Epilepsy.
cocaine-induced, 9
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Selective serotonin reuptake inhibitors (SSRIs)
augmentation of, with older antipsychotic

agents, 509
fetal and neonatal effects of, 507t, 508
for affective disorders, 508
for anxiety disorders, 510
for eating disorders, 512

Self-effacement, in ethics, 224, 225
Self-sacrifice, in ethics, 224, 225
Semen, immunosuppressive substances in, 455
Senna, for constipation, 264t
Sentinel node biopsy

in breast cancer, 493
in melanoma, 496

Sepsis, in cardiopulmonary arrest, 237t
Septic abortion, renal failure due to, 252
Septic pelvic thrombophlebitis, 97
Seronegative spondyloarthropathies,

438–439
Seroquel (Quetiapine), 507t, 509
Serotonin reuptake inhibitors. See Selective

serotonin reuptake inhibitors (SSRIs).
Sertraline (Zoloft)

breast-feeding and, 508
fetal and neonatal effects of, 507t

Serum globulins, in pregnancy, 279, 281t
Serzone (nefazodone), 507t, 508
Sex hormones

immunologic effects of, 305
liver function and, 280–281

Sex-linked inheritance, 200
Sexual abuse, substance abuse related to, 3
Sexual dysfunction, in inflammatory bowel

disease, 271
Sexually transmitted diseases. See also

Human immunodeficiency virus (HIV)
infection.

chlamydial infection as, 320–322
gonorrhea as, 319–320, 320f
herpes simplex virus (HSV) infection as, 4t,

348t, 351–354
in cocaine abusers, 9
papillomavirus infections as, 349t, 365–367,

486
syphilis as, 317–319, 317f, 319t

Sheehan’s syndrome, 170, 422
Shunts

left-to-right, 109–110
portacaval, 297, 298

Sickle cell disease, 73–74
diagnosis and treatment of, 74
liver disease associated with, 298
neonatal effects of, 206
risk of, ethnicity and, 5

SIDS (sudden infant death syndrome), 405
Sigmoidoscopy, in pregnancy, 260
Silver nitrate solution, 320
Sinus tachycardia, 108
Skeletal dysplasias, 204, 205t, 206
Skin

edema of, 471
herpes simplex infection of, 353
inflammatory bowel disease effects on,

266, 267t
physiologic changes of pregnancy in, 3t
pigmentation of

in pregnancy, 469
melasma and, 469–470, 469f

striae gravidarum of, 471
Skin disorders, 469–476

cutis marmorata as, 471
dermatomyositis as, 441
melasma as, 469–470, 469f
pruritic, 472–476. See also Cholestasis of

pregnancy, intrahepatic (ICP).
folliculitis of pregnancy as, 476

Skin disorders (Continued)
impetigo herpetiformis as, 476, 476f
pemphigoid (herpes) gestationis as,

473–474
prurigo of pregnancy as, 475–476
urticarial papules and plaques as,

474–475, 474f, 475f
pyogenic granuloma as, 472
scleroderma as, 439
vascular, 470–471

Skin tags (acrochordons), 471, 471f
SLE. See Systemic lupus erythematosus (SLE).
Smoking, 403–406

birth defects related to, 405
birth weight and, 5, 405
breast-feeding and, 405
by substance abusers, 2, 3, 5, 13
cessation of

during cancer therapy, 485
during pregnancy, 406

childhood diseases related to, 405–406
fetal and infant mortality related to,

404–405
incidence of, 404

Sodium
impaired excretion of, in preeclampsia, 52
regulation of, by aldosterone, 247
restriction of

for chronic hypertension, 60
for nephrotic syndrome, 250

Sodium bicarbonate, in cardiopulmonary
resuscitation, 238

Solu-Cortef (hydrocortisone sodium
succinate), for inflammatory bowel
disease, 269t

Solu-Medrol (methylprednisolone sodium
succinate), for inflammatory bowel
disease, 269t

Sorbitol, for constipation, 264, 264t
Sotalol, in pregnancy and lactation, 122
Sparfloxacin, 310
Spectinomycin, for gonorrhea, 320
Spectrophotometry, for Rh immunization, 75
Spider telangiectasia, 470
Spina bifida, 214t
Spinal cord transections, 418
Spiral arteries, preeclampsia related to,

47–49, 49f
Spiramycin, for toxoplasmosis, 332
Spironolactone, adverse effects of, 59,

122–123, 173
Spleen, platelet physiology and, 78
Splenectomy, for idiopathic thrombocytopenic

purpura, 80
Splenomegaly, in sickle cell disease, 73
Spondylitis, ankylosing, 438–439
Spondyloarthropathies, seronegative,

438–439
SSRIs. See Selective serotonin reuptake

inhibitors (SSRIs).
Staphylococcus aureus, 316
Staphylococcus saphrophyticus, 311
Status asthmaticus, 389
Status epilepticus, 425
Stavudine, avoidance of, in pregnancy, 356
Stelazine (trifluoperazine), 509
Steroids. See Corticosteroid(s).
Stillbirth

chromosomal abnormality related to, 5
in renal disease, with preserved function,

250, 251t
in systemic lupus erythematosus, 435, 435f
late, in diabetes mellitus, 27
spontaneous, with inflammatory bowel

disease, 271
Stimulant laxatives, for constipation, 264, 264t

Streptococcal infections
with β-hemolytic streptococcus, endometritis

due to, 316
with group B streptococci, 322–324

intrapartum prophylaxis for, 323, 323f, 326t
postpartum infection due to, 316, 322
prevention of, 323–324, 323f, 324f
specimen collection for, 324, 325t

Streptococcus agalactiae, 322
Streptococcus pneumoniae, 397
Streptococcus viridans, 422
Streptokinase, for pulmonary embolism, 93
Streptomycin

congenital anomalies due to, 3t
for tuberculosis, 328
ototoxicity of, 395

Striae gravidarum (stretch marks), 471
Stroke. See Cerebrovascular disease.
Stroke volume, in pregnancy, 105, 106
Subaortic stenosis, idiopathic hypertrophic,

111–112
Subarachnoid hemorrhage, 423
Substance abuse, 1–18

alcohol in, 6–8
amphetamines in, 10
biology of, 3–4
cocaine in, 8–10
common drugs in, 4, 4t
cost of drug-exposed child treatment in, 1
definition of, 4
fetal and neonatal effects of, 4–6, 5t
hallucinogens in, 13
identification and management of, 13–18

clues to substance abuse in, 14, 14t
evaluation in, 14–15, 15t
for alcohol withdrawal/detoxification,

16, 16t
methadone maintenance therapy in,

16–17, 17t
pain management in, 15–16

inhalants in, 13
marijuana in, 11–12
narcotics in, 10–11
of multiple drugs (polysubstance abuse), 5
pregnancy effects of, 4–6, 5t
prevalence and demographic correlates

of, 1–3
psychosocial correlates of, 3
sedatives and tranquilizers in, 12–13
tobacco in, 13
treatment referral for, 17–18, 18t

Substance dependence, definition of, 4
Substituted judgment standard, in ethics, 224
Sucralfate

for gastroesophageal reflux disease, 263t
for peptic ulcer disease, 265

Sudden infant death syndrome (SIDS), 405
Suicidal drug ingestions, 242
Sulfasalazine

for inflammatory bowel disease, 268, 269t
for rheumatoid arthritis, 432
in pregnancy and lactation, 444
male fertility effects of, 271

Sulfonylureas, for diabetes, 20, 20t
Sunlight, protection from, for melasma, 469
Supraventricular tachycardia, paroxysmal

characteristics of, 108–109
emergency management of, 238–239

Surgical therapy
fetal, 212
for cancer, 481

Surrogate decision maker, 224, 228
Survival

fetal
in renal disease, 250, 251, 251t, 252
in systemic lupus erythematosus, 254, 254f
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Survival (Continued)
of preterm infants

institutional policies affecting, 230
prediction of, 229–230

perinatal, in diabetic nephropathy,
253, 253t

Susceptibility genes, 203
Sydenham’s chorea, 112
Sympathomimetic agents

for preterm labor, 11
in asthma, uterine contractility and, 388
pulmonary edema associated with, 401

Syndrome X, 19
Syphilis, 317–319

congenital, 318–319, 319t
diagnosis of, 318
fetal effects of, 4t
stages of, 317, 317f
treatment of, 318–319, 319t

Systemic lupus erythematosus (SLE), 254–255,
432–438

anticardiolipin antibody in, 435, 436
antiphospholipid antibody in, 435, 436
breast-feeding and, 437
classification of, 432, 432t
contraception and, 437
fertility in, 433
fetal survival rate in, 254, 254f
flare of, during pregnancy, 254–255, 254f,

433–434
genetic counseling in, 438
in newborn, 436
laboratory findings in, 433
lupus anticoagulant in, 435–436
management of, during pregnancy, 437
ovulation induction and, 438
preeclampsia vs. flare of, 434
pregnancy effects on, 433–434
pregnancy outcome related to, 434,

435, 435f
prepregnancy assessment of, 433
renal disease in, 254
SLE Disease Activity Index of, 434
therapeutic abortion in, 434

T
T3. See Triiodothyronine (T3).
T4. See Thyroxine (T4).
T-ACE screening questionnaire, 14, 14t
T lymphocyte(s)

αβ receptors of, 452, 452f, 453
CD8+, 456
γδ receptors of, 452–453, 456, 462
helper. See Th1/Th2 cells; Th3 cells.
natural, 453
number of, during pregnancy, 305

T lymphocyte suppressor cells
deficiency of, in connective tissue

disease, 429
stimulation of, by CD200, 452

Tachyarrhythmias
management of, 238
types of, 108–109
wide-complex, 238

Tacrolimus, for inflammatory bowel disease,
269t, 270

Takayasu’s arteritis, 120, 120f, 422
Tamoxifen, 484, 489–490, 493
Tamponade, cardiac, 116, 116f, 237t
Targeted therapy, for cancer, 484
Taxanes, 483
Tay-Sachs disease, risk of, 5
Tegaserod (Zelnorm), for constipation,

264, 264t

Tegretol. See Carbamazepine (Tegretol).
Telangiectasia

in scleroderma, 439
spider, 470

Telogen effluvium, 470
Telomeric rearrangements, 196
Tension pneumothorax, in cardiopulmonary

arrest, 237t
Teratogenicity, behavioral, 506
Teratogens. See also Congenital anomalies;

Fetus, drug effects in.
alcohol as, 3t, 6, 7–8, 7t
angiotensin-converting enzyme (ACE)

inhibitors as, 3t, 20
anticonvulsant agents as, 3t, 4, 224, 425, 509
azole antifungal agents as, 398
chlorambucil as, 483
common types of, 1, 3t, 4
cyclophosphamide as, 3t, 445, 483
diphenhydramine as, 511
indomethacin as, 3t, 12
leflunomide as, 445
lithium as, 3t, 425, 508
methotrexate as, 3t, 270, 445
retinoids as, 205, 484
thalidomide as, 3t, 484
trimethadione as, 3t, 4, 425
warfarin as, 3t, 117

Teratoma, in ovarian masses, 490
Terbutaline

atrial fibrillation associated with, 421
cardiac effects of, 123
for asthma, 383t, 384
toxicity of, 11
uterine contractility and, 388

Tetany
during labor, 187
hypocalcemic, in neonates, 185
neonatal, 185

Tetracycline
congenital anomalies due to, 3t
for malaria, 333

Tetralogy of Fallot, 110
Tetraploidy, 195
TFP (trifunctional protein) deficiency, 208
Th1/Th2 cells

abortion and, 461
in immune response, 431, 453t
in Th1/Th2 paradigm of abortion, 459–460,

459t, 460f
shift of

abortion associated with, 458–459
infectious disease susceptibility and,

461–462
infertility associated with, 458
rheumatoid arthritis and, 431

Th3 cells, 453t, 454, 461
Thalassemia, 74–75

diagnosis of, 75
fetal and maternal effects of, 75, 206
risk of, ethnicity and, 5, 75
types of, 74

Thalidomide
as angiogenesis inhibitor, 484
congenital anomalies due to, 3t, 484
for inflammatory bowel disease, 269t, 270

Theophylline
fetal effects of, 388
for asthma, 383t, 384, 385f–386f

Thiamine
for drug overdose or poisoning, 242
for Wernicke’s encephalopathy, 417

Thiazide diuretics. See also Diuretics.
for chronic hypertension, 61, 61t
for nephrogenic diabetes insipidus, 166

Thiazolidinediones, for diabetes, 19, 20, 20t

Thionamides, for hyperthyroidism,
142–144

complications of, 142t, 143
dosage of, 142–143, 142t
fetal effects of, 143–144
in fetal thyrotoxicosis, 150, 150f
in lactation, 144
long-term effects of, 144

Thorax, physiologic changes of pregnancy
and, 375

Thrombocythemia, essential, management
of, 77

Thrombocytopenia
causes of, 78, 78t
diagnosis of, 78
fetal, 79
gestational, 79, 286
HELPP syndrome vs., 285–286
heparin-induced (HIT), 93

with thrombosis (HITT), 93
in eclampsia, 80
inherited forms of, 81
von Willebrand disease associated with, 81

Thrombocytopenic purpura
idiopathic. See Purpura, idiopathic throm-

bocytopenic.
thrombotic. See Purpura, thrombotic throm-

bocytopenic.
Thromboembolism, venous (VTE), 87–98. 

See also Pulmonary embolism.
anticoagulant prophylaxis for, 93–95, 94t
antiphospholipid syndrome and, 95–96, 95t
causes of, 87, 95
cerebral venous thrombosis and, 97
homocystinuria/homocystinemia in,

96–97
incidence and frequency of, 88, 90t
manifestations and diagnosis of, 88–91
ovarian stimulation and, 97
plasma protein abnormalities in, 95
risk factors for, 87, 90t, 94
septic pelvic thrombophlebitis and, 97
treatment of, 91–93, 91t, 92t

Thrombophilias
inherited, 94
risk of venous thromboembolism related

to, 94
testing for, 94, 94t
types of, 90t

Thrombophlebitis
septic pelvic, 97, 317
venous, 120

Thrombosis. See also Thromboembolism,
venous (VTE).

causes of, 87
cerebral phlebothrombosis as, 422–423
cerebral venous, 97
deep venous (DVT)

frequency of, 88, 90t
manifestation and diagnosis of, 88–89

due to ovarian stimulation, 97
effects of, 87
heparin-induced, with thrombocytopenia

(HITT), 93
in essential thrombocythemia, 77
in paroxysmal nocturnal hemoglobinuria, 76
in polycythemia vera, 77
ovarian vein, 97
provoked, 94

Thrombotic thrombocytopenic purpura,
78–80

HELLP syndrome vs., 47, 285
Thromboxane A2 (TXA2), in preeclampsia, 50
Thymectomy

in mice, 454
transsternal, for myasthenia gravis, 416
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Thymus-derived lymphocytes. See
T lymphocyte(s).

Thyroglobulin, as tumor marker, 481
Thyroid autoantibodies

in Down’s syndrome, 151
in thyroiditis screening, 148
spontaneous abortion associated

with, 152
Thyroid cancer, 156, 494–495
Thyroid disorders. See Hypothyroidism;

Thyrotoxicosis.
Thyroid dysgenesis, 153
Thyroid function

antepartum screening of, 5
fetal, 136–139

dysfunction of, detection of, 138
maternal contribution to, 137–138
maturation of, 136, 136t
ontogenesis of, 136–137

inborn errors of, 153–154
maternal

determination of, 133–136
physiology of, 131–133, 132t

neonatal, 139, 139f
Thyroid hormone

free, 134
placental transfer of, 137–138

Thyroid nodule, management of, 155–156,
155f

Thyroid storm, 145–146
Thyroidectomy

for thyroid cancer, 494
subtotal, 142t, 145

Thyroiditis, postpartum, 147–149
causes of, 147–148
course of, 148
depression in, 148
diagnosis of, 148
in diabetes mellitus, 35
management of, 148–149
screening for, 148
triphasic manifestation of, 147, 147f

Thyroid-stimulating hormone (TSH)
determination of, 135
fetal, 136
inhibitory immunoglobulins of, 138
maternal levels of, 164
neonatal levels of, 139, 139f

Thyroid-stimulating immunoglobulins,
placental transfer of, 149

Thyrotoxicosis
congenital, 149
fetal, 150, 150f
maternal, 139–147. See also Graves’

disease.
adrenergic blockers for, 144–145
causes of, 139–140, 140t
diagnosis of, 141
hyperemesis gravidarum as, 140–141
long-term management of, 147
management of, 142–145, 142t
morbidity and mortality in, 141–142,

141t
radioactive iodine for, 146–147
surgery for, 145
thionamides for, 142–144
thyroid storm in, 145–146

neonatal, 149–150, 149t
Thyrotropin-releasing hormone (TRH),

135–136, 165
Thyroxine (T4)

fetal levels of, 136, 137f
for hypothyroidism, 152
in amniotic fluid, 138
intraamniotic injection of, for fetal

hypothyroidism, 155

Thyroxine (T4) (Continued)
maternal, fetal exposure to, 138
placental transfer of, 137
production and metabolism of, 134–135,

134f
total, concentration of, 134

Thyroxine-binding globulin (TBG), 133–134
Tissue-type plasminogen activator (t-PA)

endogenous, abnormalities of, 95
for acute myocardial infarction, 120
for pulmonary embolism, 93
inhibitor of, abnormalities of, 95

TLC (total lung capacity), 376, 376f, 377
Tobacco use. See Smoking.
Tocolytic agents

cardiac effects of, 123
for preterm labor, 11–12
pulmonary edema associated with, 401

Tolerance, immune, 453–454
Toll-like receptor, 453–454, 461
Toluene abuse, 13
Topiramate (Topamax), 507t, 509
Torulopsis glabrata, 328
Total lung capacity (TLC), 376, 376f, 377
Total parenteral nutrition, 270, 272, 485
Toxemia of pregnancy. See Preeclampsia.
Toxoplasma gondii, 330, 330f

antibodies to, 441
Toxoplasmosis, 330–332

cysts in, 330, 330f
diagnosis of, 331, 331t
fetal effects of, 4t, 331
treatment of, 332

t-PA (tissue-type plasminogen activator), 93,
95, 120

Tracleer (bosentan), 399
Tranquilizers, abuse of, 12–13
Transcatheter balloon valvuloplasty, 118, 118f
Transferrin, in pregnancy, 280, 281t
Transforming growth factor-β

in semen, 455
rheumatoid arthritis remission and, 462

Transfusions. See Blood transfusions.
Translocation, of chromosomes, 195–196, 197f

balanced, 195, 197f, 198–199, 199t, 213
of chromosomes 14 and 21, 197f, 199, 199t
reciprocal, 195
robertsonian, 195, 198
unbalanced, 199

Transposition of great vessels, 111
Transsphenoidal surgery, for pituitary

tumors, 169
ACTH-dependent, 172

Trastuzumab, 484, 492
Trauma

blunt, 239–241
fetal and maternal injury in, 239
fetal monitoring in, 240
maternal resuscitation in, 239–240
secondary assessment and management

of, 240–241
penetrating, 241

Trazodone, 508
Treponema pallidum, 317, 318
Treponemal tests, 318
Tretinoin, for melasma, 469
Triamcinolone

fetal effects of, 389
for asthma, 383t, 384

Tricuspid stenosis and regurgitation, 115
Trientine, for Wilson’s disease, 205,

297, 419
Trifluoperazine (Stelazine), 509
Trifunctional protein (TFP) deficiency, 208
Triglyceride levels, in pregnancy, 280, 281t
Trihexyphenidyl, 511

Triiodothyronine (T3)
in amniotic fluid, 138
placental transfer of, 137
total, concentration of, 134

Triiodothyronine sulfate, 135, 138
Trilafon (perphenazine), 507t, 509
Trimethadione, congenital anomalies due to,

3t, 4, 425
Trimethoprim-sulfamethoxasole, for

bacteriuria, 312
Triple analyte screening, 210
Triploidy, 195
Trisomy(ies)

incidence of, 196, 198
mechanisms of, 196
types of, 195, 196t

Trisomy 14, 199
Trisomy 18, 209
Trisomy 21. See Down’s syndrome (trisomy 21).
Trisomy rescue, 196, 211
Trophoblast

endovascular, 455
in abortion paradigms, 459
regulation of growth and invasion by, 455

Trophoblastic diseases, 487–489
choriocarcinoma as, 489
molar pregnancies as, 488–489, 488t
placental-site, 489

Trophoblast-reactive lymphocytotoxic
antibodies, 435

Tropical spastic paraparesis (TSP), 365
Trovafloxacin, 310
TSH. See Thyroid-stimulating hormone (TSH).
Tuberculin skin testing, 327, 327t, 396, 396t
Tuberculosis, 326–328, 392–396

course of, 327, 393–394
diagnosis of, 328, 392–393
extrapulmonary, 327
incidence of, 326–327
latent, 396, 396t
primary, 392
treatment of, 328, 394–395

for latent disease, 396
in newborns, 395–396
maternal and fetal effects of, 395

Tumor markers, 481
Tumor necrosis factor-α

spontaneous abortion and, 460, 460f, 461,
461f

toll-like receptor and, 453, 461
Turner’s syndrome, 209
Tyrosinase inhibitors, for melasma, 469
Tyrosine kinase 1, soluble fms-like (sFlt1), 51
Tyrosine kinase growth factor receptor, as

tumor marker, 481

U
UDCA (ursodeoxycholic acid), for intrahepatic

cholestasis, 473
Ulcerative colitis, 266–267

diagnosis of, 267
extraintestinal manifestation of, 266–267,

267t
fertility and, 271
pregnancy and, 271–272
treatment of, 268–270, 269t

Ultrasonography
for gestational age determination, 8, 8t
in acute pancreatitis, 272
in antepartum screening, of high-risk

patients, 6, 6f, 7f, 8
in appendicitis, 273, 314
in fetal thyrotoxicosis, 150, 150f
in pregnancy, safety of, 259
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Ultrasonography (Continued)
of blunt trauma, 240
of congenital adrenal hyperplasia, 177–178
of congenital anomalies, 209, 210t, 211t
of fetal growth

for abnormalities, 8, 8t
serial sonograms in, 9

of neural tube defects, 6, 7f
of nuchal translucency, 6, 6f
of pulmonary embolism, 91
of thyroid nodule, 155, 155f
of toxoplasmosis, 331
with color-flow Doppler imaging, in molar

pregnancy, 488
Umbilical cord sampling

for fetal thyroid dysfunction, 138
for fetal thyrotoxicosis, 150, 150f

Uncertainty, ethical, 231
Uniparental disomy (UPD), 196, 198, 202, 211
Urethral syndrome, acute, 321
Urethritis, chlamydial, 321
Urinary tract abnormalities, due to smoking, 405
Urinary tract infections, 310–313. See also

Pyelonephritis.
acute cystitis in, 312
asymptomatic bacteriuria in, 311–312
cause and pathogenesis of, 311, 311t

Urine, glucose screening test of, 38
Urokinase, for pulmonary embolism, 93
Ursodeoxycholic acid (UDCA), for intrahepatic

cholestasis, 283, 473
Urticarial papules and plaques of pregnancy,

pruritic (PUPPP), 474–475, 474f,
475f, 475t

Uterine arteries, in systemic lupus
erythematosus, 435

Uterine contractions. See also Tocolytic agents.
after blunt trauma, 240–241
home monitoring of, 10
suppression of, during pregnancy, 457
sympathomimetic agents and, 11, 388

Uterine stimulants, cardiac effects of, 123
Uterus

cocaine effects on, 9
immune system of, 457–461, 458f, 459t,

460f, 461f, 461t
inferior vena caval compression by, 236
local effects of pregnancy on, 455–457, 456t
rupture of, from blunt trauma, 239

V
Vaccine(s)

for antisperm antigens, 463
for influenza, 364
for measles, 367
for mumps, 368
for rubella, 360
for varicella, 362
human chorionic gonadotropin, 463
measles-mumps-rubella (MMR) vaccine,

367, 368
Vaginosis, bacterial, 314–315, 314f

endometritis due to, 316
Valganciclovir, for cytomegalovirus infection,

350
Valium (diazepam). See Diazepam (Valium).
Valproic acid (Depakote)

congenital anomalies due to, 3t, 4, 205, 425,
507t, 509

during pregnancy, 507t
for bipolar affective disorder, 507
neural tube defects due to, 509

Valsalva maneuver, pneumomediastinum
due to, 402

Valvular disorders
aortic regurgitation as, 115
aortic stenosis as, 114–115
endocarditis and, 115
mitral regurgitation as, 114
mitral stenosis as, 112–114, 113f, 114f
mitral valve prolapse as, 114
pulmonic stenosis and regurgitation

as, 115
rheumatic fever and, 112
tricuspid stenosis and regurgitation

as, 115
Valvuloplasty

aortic, 116–117
balloon, 116–117
transcatheter, 118, 118f

Varicella-zoster immune globulin (VZIG),
361–362, 398

Varicella-zoster infection, 360–362
congenital, 361, 398
diagnosis of, 361
fetal effects of, 4t, 349t
maternal, 360–361
neonatal, 361
pneumonia due to, 397–398
treatment and prevention of, 361–362

Varicositis, 470–471
Vascular diseases, peripheral, 120
Vascular events, abortion related to, 460–461,

461t
Vascular resistance

peripheral
in preeclampsia, 51–52
in pregnancy, 247

smoking-related, 404
Vascular spiders, 470
Vasculitic syndromes, 441–442

polyarteritis nodosa as, 441–442
Wegener’s granulomatosis as, 441–442

Vasculopathy, decidual, 435
Vasodilation, in pregnancy, 43
Vasodilators, in pregnancy and lactation, 123
Vasopressin

in cardiopulmonary resuscitation, 237
in pregnancy, 248

Vasopressin V2 receptor gene, 166
Vasopressinase, 165, 166, 248
Vasopressin-resistant diabetes insipidus,

transient, 165t, 166
VC (vital capacity), 376–377, 376f, 403
VDRL (Venereal Disease Research Laboratory)

test, 318
Vena cava, uterine compression of, 236
Venereal Disease Research Laboratory (VDRL)

test, 318
Venezuelan equine encephalitis, 4t
Venlafaxine (Effexor), 506, 507t, 508
Venous thromboembolism. See

Thromboembolism, venous (VTE);
Thrombosis.

Venous thrombophlebitis, 120
Ventilation

dyspnea and, 381
estrogen effects on, 376
in cardiopulmonary resuscitation, 237
mechanical, for acute respiratory distress

syndrome, 400
due to amniotic fluid embolism, 401

minute, 378, 378f
of lung bases, airway closure and, 377
progesterone effects on, 375–376

Ventilation/perfusion (V/Q) scan, 90–91
Ventilatory drive, 381
Ventricular fibrillation, 109, 236–237
Ventricular septal defect, 109
Ventricular tachycardia, 109

Ventricular volume, in pregnancy, 105, 106
Veracity, in ethics, 225
Verapamil

for supraventricular tachycardia, 238
in pregnancy and lactation, 122

Viability of pre-term infants, ethical decisions
related to, 229–231

Vinblastine, for Hodgkin’s disease, 500
Vincristine

for acute lymphoblastic leukemia, 498
for non-Hodgkin’s lymphoma, 499
in pregnancy, 483

Viral infections, 347–368. See also
Hepatitis.

antiviral agents for, 347, 348t
common types of, 347, 348t–349t
cytomegalovirus in, 347, 348t, 349–351
enteroviruses in, 349t, 362–363
Epstein-Barr virus in, 364–365
fetal or neonatal outcomes of, 347, 347t
herpes simplex virus in, 348t, 351–354
human immunodeficiency virus type 1 in,

348t, 354–357
human T cell lymphotropic virus type 1 in,

348t, 365
influenza virus in, 349t, 363–364
measles as, 290, 349t, 367
molluscum contagiosum as, 368
mumps as, 349t, 367
papillomavirus in, 349t, 365–367
parvovirus B19 in, 348t, 357–358
pneumonia due to, 397–398
rubella as, 348t, 358–360
varicella-zoster virus in, 349t, 360–362

Virilization, fetal, in 21-hydroxylase deficiency,
176–177, 177f

Virtues, in ethics, 225
Visual field defects, in prolactin-secreting

macroadenomas, 167, 167f, 420
Vital capacity (VC), 376–377, 376f, 403

forced (FVC), 381
Vitamin A

for measles, 367
teratogenicity of, 205

Vitamin B6
for nausea and vomiting, 262, 262t
for tuberculosis, 328, 394, 395, 396
for Wilson’s disease, 419

Vitamin B12 deficiency, 72, 96
Vitamin C, for preeclampsia, 54
Vitamin D. See 1,25-Dihydroxyvitamin D

[1,25(OH)2-vitamin D].
Vitamin deficiencies, with alcohol/drug abuse,

6, 15
Vitamin E, for preeclampsia, 54
Vitamin K deficiency, with anticonvulsants,

425–426
Volume. See Blood volume; Body fluids.
Vomiting, 260–262, 262t. See also Hyperemesis

gravidarum.
von Willebrand disease

treatment of, 81
type IIb, thrombocytopenia associated with, 81
type III, 81

von Willebrand factor, in thrombotic
thrombocytopenic purpura, 81

Voriconazole, 398
VTE. See Thromboembolism, venous (VTE).

W
Warfarin

congenital anomalies due to, 3t, 117
contraindications to, in pulmonary

hypertension, 399
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Warfarin (Continued)
for prosthetic valves, 117
for venous thromboembolism, 91t,

93, 94
Warts, papillomavirus, 366
Water metabolism, 248. See also Body

fluids.
Wegener’s granulomatosis, 441–442
Weight gain, during pregnancy, in diabetes

mellitus, 33
Wellbutrin (bupropion), 507t
Wernicke’s encephalopathy, 417
White classification, of diabetic pregnancy,

22, 22t
Wide-complex tachycardias, 238
Wilson’s disease (hepatolenticular

degeneration), 205, 297, 419
Withholding or withdrawal of treatment

based on prenatal diagnosis, 229
in preterm infants, 230–231

Working Group on Asthma and Pregnancy
of the National Asthma Education
Program, Report of, 384,
385f–387f

World Health Organization, glucose tolerance
test criteria of, 37, 37t

X
Xanax (alprazolam), 507t, 510
Xanthines

fetal effects of, 388
for asthma, 383t, 384

X-linked disorders
fragile X syndrome as, 201–202
of ammonia disposal, 207

X-linked inheritance, 200, 201
dominant, 201, 203f
recessive, 201, 202f

Y
Yellow atrophy, acute, 286. See also

Liver, acute fatty, of pregnancy
(AFLP).

Z
Zafirlukast

fetal effects of, 388
for asthma, 383t, 384

Zalcitabine, cancer chemotherapy with, 484
Zanamivir, for viral pneumonia, 397
Zelnorm (tegaserod), for constipation, 264,

264t
Zidovudine (AZT)

for HIV transmission prevention, 355–356
in neonates, 356
myelosuppressive chemotherapy and, 484

Zileuton
fetal effects of, 388
for asthma, 383t, 384

Zinc deficiency, due to smoking, 405
Zinc therapy, for Wilson’s disease, 205, 297
Ziprasidone (Geodon), 507t, 509
Zoloft (sertraline)

breast-feeding and, 508
fetal and neonatal effects of, 507t

Zoster. See Varicella-zoster infection.
Zyprexa. See Olanzapine (Zyprexa).
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