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Foreword
William F. Rayburn, MD, MBA

Consulting Editor
This issue of Obstetrics and Gynecology Clinics of North America, with Dr Judith
Hibbard as Guest Editor, provides a timely update on topics pertaining to medical
disorders in pregnancy. It is important that obstetricians have working knowledge of
medical diseases common to women of childbearing age. It is difficult, however, to
quantify accurately the broad range of medical illnesses that complicate pregnancy.
Estimates have been derived from conditions warranting hospitalization. One study
reported an overall antenatal hospitalization rate of 10 per 100 deliveries in their
managed-care population of more than 46,000 pregnant women. About one third of
those admissions were for nonobstetric conditions, such as renal, gastrointestinal,
pulmonary, and infectious diseases. The care for some of these women warrants
a team effort between obstetricians and specialists in either maternal-fetal medicine
or internal medicine.

It is essential to be familiar with pregnancy-induced physiologic changes. Even
during normal pregnancy, virtually every organ system undergoes anatomic and func-
tional changes that can alter criteria for diagnosis and treatment of medical complica-
tions. Without such knowledge, it is nearly impossible to understand how a disease
process can threaten a woman and her fetus.

On review of these articles, several fundamental principles apply to the rational
approach for managing and prescribing drugs during pregnancy. (1) A woman should
not be penalized for being pregnant. (2) What management plan would be recommen-
ded if she were nonpregnant? (3) What justifications are there to change such therapy
because of pregnancy? (4) Individualization of care is especially important during
pregnancy. (5) The healthiest mother is likely to deliver the healthiest fetus.

Practice guidelines offered here result from a formal synthesis of evidence, devel-
oped according to a rigorous research and review process. The authors’ contributions
offer a better understanding of evidence-based medicine, particularly as they relate to
the development of guidelines. As evidence-based medicine continues to be inte-
grated into clinical practice, an understanding of its basic elements is critical in trans-
lating the peer-reviewed literature into appropriate management of these medical
Obstet Gynecol Clin N Am 37 (2010) xv–xvi
doi:10.1016/j.ogc.2010.03.002 obgyn.theclinics.com
0889-8545/10/$ – see front matter ª 2010 Elsevier Inc. All rights reserved.
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conditions. The emphasis on evidence-based medicine has taken on even more
importance with the accessibility of information being easier for both obstetricians
and their patients.

This issue provides a fresh perspective to the treatment of commonly seen, chronic
medical illnesses during pregnancy. It is our desire that this timely review activates
attention to issues about such conditions in pregnancy. It is hoped that the practical
information provided herein by this distinguished group of clinicians aids in the eval-
uation and treatment of medical complications to optimize favorable outcomes for
both mother and fetus.

William F. Rayburn, MD, MBA
Department of Obstetrics and Gynecology

University of New Mexico School of Medicine
MSC 10 5580, 1 University of New Mexico

Albuquerque, NM 871310001, USA

E-mail address:
wrayburn@salud.unm.edu
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Preface
Judith U. Hibbard, MD

Guest Editor
I am delighted to have the opportunity to edit this important issue of Obstetrics and

Gynecology Clinics of North America on the topic of Medical Complications in Preg-
nancy. The broad field of medicine changes rapidly, with constantly occurring new
breakthroughs, approaches, and recommendations. The area of medical disorders in
pregnancy encompasses a broad range of diseases; a woman may have a long-term
chronic disorder that can have major implications for undertaking a pregnancy. Yet,
other medical conditions are unique to pregnancy but also influence gestational
outcomes. Although the obstetrician has to be knowledgeable in regard to the normal
physiologic changes occurring with gestation, understanding the interplay of medical
conditions with these changes on not only 1 but 2 patients, mother and fetus, can be
a daunting task.

I have invited a group of outstanding physicians to author articles that are timely and
clinically useful to the practicing obstetrician. Several manuscripts in this issue focus
on commonly occurring illnesses but bring fresh perspective to our understanding of
these disease causes, management schemes, and newer medical therapies. Other
complications included are much less frequently addressed in a clear, concise article
in which the obstetrician can find dependable advice for clinically managing patients.
Frequently the obstetrician must make difficult management decisions that involve
their 2 patients, which may lead to conflicting strategies.

The issue begins with articles on several chronic illnesses that many obstetri-
cians encounter on a daily basis. A timely review of pregestational diabetes in preg-
nancy and a clinical approach to asthma in gestation begin the series. Thyroid
disease in pregnancy is revisited, providing insight into issues of screening. A clin-
ical framework for understanding renal disease in pregnancy is presented, whereas
an approach to pregnant women with renal transplant, becoming more common, is
provided. Sickle disease in pregnancy, seen frequently in urban centers across the
country, is examined and clinical guidance offered. Several diseases unique to
pregnancy present challenges for the obstetrician. A timely update on preeclampsia,
clarifying the role that angiogenic factors play in the genesis and prediction of this
Obstet Gynecol Clin N Am 37 (2010) xvii–xviii
doi:10.1016/j.ogc.2010.02.016 obgyn.theclinics.com
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disease, is included. Insight is provided into newer treatment modalities in gesta-
tional diabetes, particularly oral hypoglycemic agents. Cholestasis in pregnancy is
reviewed, and its medical impact as well as a management scheme is described.
Newer therapies and clinical trials are described in the article on peripartum cardio-
myopathy. As the incidence of obesity continues to increase, so does the number
of pregnant women who have undergone previous bypass surgery; a practical
approach to these gravidas is suggested. An update on the unique impact of
H1N1 virus on pregnancy is reviewed. A clear, logical framework for thrombophilia
screening and thromboprophylaxis in pregnancy is included. In the final article,
there is an exploration of some of the ethical issues that affect mother and fetus
maligned by medical diseases during gestation.

The opportunity to edit this issue of Obstetrics and Gynecology Clinics of North
America has not only been a challenge but also an enjoyable learning experience
for me. I hope you will find these articles to be as enlightening as I have found
them.

Judith U. Hibbard, MD
Division of Maternal Fetal Medicine

Department of Obstetrics and Gynecology
University of Illinois at Chicago

840 South Wood Street, M/C 808
Chicago, IL 60612, USA

E-mail address:
jhibbar@uic.edu

mailto:jhibbar@uic.edu


Pregestational
Diabetes
Gabriella Pridjian, MD
KEYWORDS

� Diabetes type 1 � Diabetes type 2 � Pregnancy
The number of pregnant women with preexisting diabetes is increasing, mainly from
an increase in type 21,2 but also an increase in type 1 diabetes.3,4 Therefore, the knowl-
edge and management of this medical condition in pregnancy has become even more
important. The epidemics of obesity and the low level of physical activity, and possibly
the exposure to diabetes in utero,5,6 are major contributors to the increase in type 2
diabetes in adults and in childhood and adolescence. Reasons for the increase in
type 1 diabetes are somewhat unclear but may be related to harmful environmental
conditions.

CLASSIFICATION

Diabetes in pregnancy has been traditionally grouped according to the pioneering
work of Priscilla White,7 who classified diabetes according to onset, duration, and
complications to predict perinatal outcome (Table 1). An important distinction in clas-
sification is the existence of micro or macrovascular complications of diabetes. If no
vascular complications exist, then placental growth and development are most often
not impeded and the risk for intrauterine growth restriction (IUGR) is smaller. However,
with vascular complications such as those noted in the lower half of Table 1, the risk
for IUGR increases with increasing severity.8

Although the White’s classification is still valuable, the more recent diabetes classi-
fication from the Expert Committee on the Diagnosis and Classification of Diabetes,9

summarized in Table 2, may be more useful in patient management because it alerts
clinicians to the type of diabetes, which may have somewhat different treatment strat-
egies. Overall, type 1 diabetes accounts for approximately 5% to 10% of all diabetes
outside of pregnancy, and type 2 diabetes for 90% to 95%.

METABOLISM IN PREGNANCY

Pregnancy itself is a diabetogenic state that exacerbates preexisting diabetes. Metab-
olism changes dramatically during pregnancy. Both basal and postprandial glucose
Division of Maternal-Fetal Medicine, Department of Obstetrics & Gynecology, SL11, Tulane
University Medical School, 1430 Tulane Avenue, New Orleans, LA 70112, USA
E-mail address: Pridjian@Tulane.edu
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Table 1
Description of diabetes and pregnancy

Description Class Fetal Growth

Gestational diabetes, insulin not required A1 No vascular disease
Risk for macrosomiaGestational diabetes, insulin required A2

Age of onset, R20 y (maturity onset diabetes) B1
Duration, <10 y, no vascular lesions B2
Age of onset, 10–19 y C1
Duration, 10–19 y, no vascular lesions C2
Age of onset, <10 y D1
Duration, R20 y D2

Benign retinopathy
Calcified arteries of legs
Calcified arteries of pelvis
Nephropathy
Many failures
Cardiopathy
Proliferating retinopathy
Renal transplant

D3
D4
E
F
G
H
R
T

Vascular disease
Risk for intrauterine

growth restriction

Data from White P. Classification of obstetric diabetes. Am J Obstet Gynecol 1978;130:228–30.
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metabolism gradually change over the course of pregnancy to meet the nutritional
demands of the mother and fetus. As pregnancy progresses, fasting glucose
decreases10 and fasting insulin increases. Despite a decrease in fasting glucose in
pregnancy, basal hepatic glucose production increases and hepatic insulin sensitivity
decreases. The first and second phases of insulin secretion increase, and insulin
sensitivity decreases. In women who are pregnant and obese, hepatic insulin sensi-
tivity further decreases11 and approaches the degree observed in type 2 diabetes.

Insulin resistance in pregnancy is likely caused by the combined metabolic effects
of hormones in the maternal circulation, specifically human placental lactogen,
progesterone, prolactin, and cortisol and various cytokines. The increase in insulin
resistance generally parallels placental mass and the increase in placental hormones.
Table 2
Diabetes classification

Findings Phenotype

Type 1 Immune-mediated,
genetic predisposition

Insulinopenic
Ketoacidosis

Begins in childhood
or adolescence

Thin

Type 2 Decreased insulin sensitivity
Decreased insulin production
Hyperosmolar coma

Often overweight
Metabolic syndrome

Other specific
types

Pancreatic damage: cystic fibrosis,
alcoholism, mutations, etc

Various

Gestational Diabetes first diagnosed in pregnancy
(may be any of above first presenting
or also diagnosed in pregnancy)

Various, usually
overweight

Data from American Diabetes Association. Diagnosis and classification of diabetes mellitus.
Diabetes Care 2010;33(Suppl 1):S62–9.
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TREATMENT

The mainstay of treatment of preexisting diabetes in pregnancy is focused on diet,
exercise, and insulin to maintain blood sugars in the physiologic range, which may
vary depending on carbohydrate types (Fig. 1). Maternal glucose freely crosses the
placenta through facilitated diffusion. Maternal hyperglycemia results in fetal hypergly-
cemia and hyperinsulinemia. Maternal insulin does not cross the placenta except for
the small fraction bound to IgG antibody.

DIET

Medical nutrition therapy in women with diabetes should be directed by a dietician
familiar with diabetes.12 Most women with diabetes who become pregnant will likely
be on nutrition therapy at the onset of pregnancy. Daily caloric requirements in preg-
nancy can be calculated from prepregnancy weight and are estimated to be 30 kcal/kg
per day for women of normal body mass index, up to 40 kcal/kg per day for women
who are underweight, 24 kcal/kg per day for overweight women, and approximately
15 kcal/kg per day for obese women. The recommended distribution of calories is
40% to 50% carbohydrate, 20% protein, and 30% to 40% fat.13

Monitoring carbohydrate intake is the key to achieving good glycemic control, which
can be obtained through counting carbohydrates and adjusting the insulin dose
required, or through maintaining a fixed amount of carbohydrates and a fixed dose
of insulin per meal. Carbohydrates of low glycemic index lead to a blunted postpran-
dial glucose level and improve ease of glycemic control (see Fig. 1). The U.S. Food and
Drug Administration (FDA) has approved five nonnutritive sweeteners (acesulfame,
aspartame, neotame, saccharin, and sucralose) and several reduced-calorie sweet-
eners (eg, erythritol, mannitol, sorbitol) for use in the United States, including during
pregnancy. Certain women with hyperlipidemia or renal disease may require more tar-
geted medical nutrition therapy. Diet for women with type 2 diabetes often includes
a program to lose or maintain weight. However, in pregnancy, weight loss should
not be a goal and following the general guidelines for weight gain in pregnancy is
recommended.14

Women are encouraged to consume vegetables and fruits, choose whole grain
foods over processed grain products, include fish approximately once a week, choose
lean meats and nonfat dairy products, and drink water and calorie-free drinks (in
moderation) instead of regular sugar-sweetened drinks. Women are recommended
to use liquid oils for cooking instead of solid fats and cut back on high-calorie foods
such as potato chips, cookies, cakes, and full-fat ice cream.

INSULIN

Several recent advances in insulin therapy have improved the management of dia-
betes overall and in pregnancy. In pregnancy, the goal is normal plasma glucose
throughout the day with no hypoglycemia (Table 3). Women with preexisting diabetes
in pregnancy are required to perform capillary blood glucose evaluation approximately
6 to 8 times a day, including fasting, preprandial, 1 or 2 hours postprandial, and occa-
sionally at 2 AM.

The most efficient method to achieve optimal glycemic control is to mimic physiologic
insulin levels (Fig. 2) through frequent administration. This entails intensive insulin treat-
ment with delivery of basal, background insulin, and bolus insulin doses with each meal
or large snack. Basal insulin is approximately 50% to 60% of the total daily insulin
requirement; the remaining insulin would then be divided into injections of short-acting



Fig. 1. Physiologic plasma glucose response depending on carbohydrate intake of various
glycemic indices. The control food is white bread. (Reprinted from Sands AL, Leidy HJ,
Hamaker BR, et al. Consumption of the slow digesting waxy maize starch leads to blunted
plasma glucose and insulin response but does not influence energy expenditure or appetite
in humans. Nutr Res 2009;29:387; with permission.)

Fig. 2. Plasma insulin levels corresponding to glucose levels in Fig. 1. Insulin secretion closely
mimics glucose levels; foods with low glycemic index will result in a more blunted insulin
response. The control food is white bread. (Reprinted from Sands AL, Leidy HJ, Hamaker
BR, et al. Consumption of the slow digesting waxy maize starch leads to blunted plasma
glucose and insulin response but does not influence energy expenditure or appetite in
humans. Nutr Res 2009;29:388; with permission.)
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Table 3
Target plasma glucose levels

Fasting 60–95 mg/dL

Premeal 60–100 mg/dL

1 hour postprandial <140 mg/dL

2 hours postprandial <120 mg/dL

2–6 AM >60 mg/dL
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insulin. At minimum, women with prepregnancy diabetes require three to four injections
per day or the continuous insulin pump for optimal glucose control during pregnancy.

Traditional types of insulin used for treatment of diabetes in pregnancy have been
regular human and neutral protamine Hagedorn (NPH) (Table 4). Although these types
of insulin have been widely used, their insulin profiles do not mimic the in vivo state as
well as newer insulins and insulin analogs (Fig. 3).

Use of the newer very–short-acting insulins, lispro and aspart, better mimic post-
prandial insulin secretion and thus return the glucose level to normal more quickly
than the traditional short-acting regular insulin. In 1999, the first prospective study
of the efficacy and safety of lispro (which has the amino acid sequence in the b-chain
reversed at position B28 and B29) in pregnancy was reported.15 Lispro was shown to
normalize blood glucose levels more efficaciously than human regular insulin in
women with diabetes. This insulin rapidly lowered the postprandial glucose levels,
thereby decreasing the A1C levels with fewer hypoglycemic episodes and without
increasing the antiinsulin antibody levels. Insulin aspart was created by recombinant
DNA technology so that amino acid B28, which is normally proline, is substituted
with an aspartic acid residue. As with lispro, compared with regular insulin, aspart
insulin reduces both postprandial plasma glucose and episodes of hypoglycemia
significantly.16 Both lispro and aspart are safe and efficacious for premeal use by preg-
nant women with diabetes.16,17

Glargine, a long-acting insulin analog, was approved by the FDA in 2000 for use as
basal insulin. Insulin glargine has a glycine substitution in the a-chain at position 21
and two arginines attached to the b-chain terminal at position 30. Glargine has been
shown to provide a peakless, sustained 24-hour level of insulin with once-a-day
administration at bedtime or in the morning; in certain individuals glargine adminis-
tered every 12 hours improves steady-state basal levels. Glargine cannot be adminis-
tered in the same syringe with other insulins. Because the more natural profile of
Table 4
Insulins commonly used in women of reproductive age

Duration of Action Type Derivation Onset (h) Peak (h)

Short acting Regular insulina Human 0.5 2–4
Insulin lispro Analog 0.25 1–2
Insulin aspart Analog 0.25 1–2.5

Intermediate-acting Neutral protamine Hagedorna Human 1–2 5–7
Lentea Human 1–3 4–8

Long-acting Glargine Analog 1.1 5 (no peak)
Determir Analog 1–2 5 (no peak)

a Different manufacturers may have a slightly different profile; consult specific manufacturer’s
information.



Fig. 3. Plasma levels of commercially available insulins.
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glargine mimics endogenous insulin production, its use is associated with fewer
nocturnal hypoglycemic episodes than NPH insulin.18,19

Glargine is classified as Pregnancy Category C according to the FDA. In vitro
studies suggest that glargine might stimulate insulin-like growth factor 1, and use in
human pregnancy has caused concern for macrosomia. However, many women
treated with glargine for their basal insulin requirements have become pregnant with
no adverse outcome. Several retrospective reports are now in the literature noting
the safety of glargine insulin in pregnancy.

In a retrospective study, Egerman and colleagues20 assessed outcomes in 114
pregnant patients with diabetes, of whom 65 were managed with glargine and 49
with NPH insulin as the basal insulin. Shoulder dystocia was higher in the NPH group.
Gestational age at delivery, birth weight, Apgar scores, admission to the neonatal
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intensive care unit, respiratory distress syndrome, hypoglycemia, and congenital
anomalies were similar between the groups.

In a study of glargine use as basal insulin in pregnancy in 184 gestational and 56 pre-
existing women with diabetes, Henderson and colleagues21 found that macrosomia
was not increased. Fang and colleagues22 performed a retrospective cohort study
comparing 52 pregnant women treated with glargine basal insulin with 60 women
treated with NPH basal insulin. Glargine was not associated with increased maternal
or neonatal morbidity compared with NPH insulin, but was associated with lower rates
of macrosomia, neonatal hypoglycemia, and hyperbilirubinemia.

Gallen and associates23 reported the outcomes of 109 babies of 115 women with
type 1 diabetes from United Kingdom diabetic centers who were treated with glargine
in pregnancy. No unexpected adverse maternal or fetal outcome was seen.

Currently, glargine use in pregnant women with diabetes seems safe, but data are
limited. Prospective, large studies confirming this finding are lacking. Glargine is easier
to use than NPH and has the benefit of less hypoglycemia. Any unknown and as of yet
unreported risk associated with glargine use in human pregnancy may be outweighed
by its benefits. Until additional data are available, glargine could be considered in
women who already use glargine with good glycemic control, have difficulty control-
ling their blood glucose without frequent hypoglycemia, or have difficulty incorporating
the peaks of NPH into their regimen for optimal glycemic control.
DOSING REGIMENS

Dosing regimens vary according to insulins used and delivery systems. NPH and
regular insulin can be dosed in three injections per day. Two thirds of the total daily
dose is given in the morning in a ratio of 2:1 NPH to regular insulin. At supper, one sixth
of the total daily dose is given as regular insulin and one sixth of the total daily dose is
given at bedtime as NPH. The morning regular insulin is assessed using postprandial
breakfast glucose level and the before-lunch glucose level. The morning NPH insulin is
assessed according to the glucose result before supper; the evening regular insulin is
assessed using the postprandial or bedtime levels of glucose, and the evening NPH
insulin is assessed using the glucose level before breakfast the next day.

NPH and lispro or aspart can be administered in four injections per day. NPH is still
dosed as 2/3 of the total daily dose. Of the 2/3 daily dose of NPH, 2/3 is given in the
morning, and 1/3 at bedtime. The remaining 1/3 of the total daily dose is divided in
three parts depending upon carbohydrate intake and administered 15 minutes before
each meal. The dinner dose may need to be decreased to accommodate the morning
NPH peak.

Glargine and aspart or lispro can be administered in four injections per day. Approx-
imately 50% to 60% of the total daily insulin requirement is administered at bedtime as
glargine, and the remaining insulin is divided into three doses with each meal. Again,
the specific dose will depend on carbohydrate intake but could theoretically be
divided equally for each meal.

Insulin pumps are commonly filled with lispro or aspart. Basal insulin administration
is continuous through the pump and should be approximately 50% to 60% of the total
daily insulin requirement; the remaining daily requirement is administered as boluses
with meals and snacks. A meta-analysis of randomized controlled trials evaluating the
differences between use of continuous insulin infusion versus multiple-dose insulin did
not show any statistical difference in pregnancy outcome or glycemic control.24 Other
investigators found less hypoglycemic episodes with the pump.25
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CONTINUOUS GLUCOSE MONITORING

Several companies have developed a minimally invasive technology that measures
glucose continuously. Of those clinically available, one uses reverse iontophoresis,
in which a low-voltage current is applied to the skin surface causing interstitial fluid
(and glucose) to pass through the skin where it can be measured. The other uses
a disposable subcutaneous glucose-sensing device and an electrode impregnated
with glucose oxidase connected by a cable to a small monitor worn on the body.
These systems measure glucose frequently, approximately every 5 minutes. Values
correlate with plasma glucose laboratory values, and capillary glucose monitoring.
Sensors detect trends and alarms are programmed.26 Capillary glucose monitoring
is still performed approximately 4 to 5 times a day as quality control.

Murphy and colleagues27 analyzed the effectiveness of continuous glucose moni-
toring systems in 71 pregnant women with type 1 (n 5 46) or type 2 (n 5 25) diabetes
allocated to antenatal care and continuous glucose monitoring (n 5 38) or to standard
antenatal care (n 5 33). Women assigned to continuous glucose monitoring system
devices had lower mean hemoglobin A1c (HA1c) concentrations at 32 to 36 weeks’
gestation compared with women with diabetes assigned to standard antenatal care
(5.8% vs 6.4%), and also had lower mean birth weight and reduced risk for macroso-
mia. McLachlan and colleagues28 obtained similar findings when they analyzed the
effectiveness of continuous glucose monitoring systems in 68 pregnant women with
diabetes. Practically, at the current state of the art, continuous glucose monitoring
systems are useful in early detection of prolonged hyperglycemia or hypoglycemia.
MATERNAL COMPLICATIONS

Medical complications of diabetes and pregnancy include those specifically related to
diabetes and an increased risk for preeclampsia.

Diabetic nephropathy complicates approximately 5% of pregnancies in women with
preexisting diabetes. Most affected pregnancies are in women with type 1 diabetes,
but diabetic nephropathy can occur in those with type 2, and generally progresses
less quickly. Disease progression is characterized by hypertension and deteriorating
glomerular filtrations rate. Progression of diabetic nephropathy can be attenuated
by aggressive treatment of hypertension and intensive glycemic control.29

Some women with diabetic nephropathy display the expected increase in glomer-
ular filtration noted in normal pregnancy; others do not experience a significant
increase. Women with overt diabetic nephropathy experience increased proteinuria
in pregnancy. The greater the proteinuria at the onset of pregnancy, the greater its
increase during the pregnancy. Protein excretion can double or triple in the third
trimester compared with the first, and can confuse the diagnosis of preeclampsia.
Overall, with close evaluation and management, pregnancy outcomes in women
with diabetic nephropathy have been good, but not completely without risk.

Approximately 50% of women deliver preterm iatrogenically because of maternal or
fetal indications, 15% have fetuses with intrauterine growth restriction (IUGR), and
preeclampsia occurs in approximately 50%. Women with a prepregnancy creatinine
of greater than 1.5 mg/dL have the highest perinatal complication rate.30,31 Antihyper-
tensive therapy delays progression of diabetic nephropathy. Angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers have clearly been shown to be
superior in slowing progression of microalbuminuria in women with diabetes with
and without hypertension.32,33 Unfortunately, these medications are teratogenic
throughout pregnancy and cannot be used during pregnancy.34
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Diabetic retinopathy, still one of the leading causes of blindness and visual disability
in the world, is most often associated with long-standing type 1 diabetes. Evidence
shows that diabetic retinopathy advances with pregnancy,35,36 at least for the short
term. However, pregnancy does not seem to have long-term consequences on dia-
betic retinopathy. Controversy exists over whether the microvascular changes in the
eye are from pregnancy itself or the rapid improvement of glycemic control that occurs
in some women when pregnancy is discovered.37,38

Factors associated with progression of diabetic retinopathy in pregnancy are the
duration of type 1 diabetes, presence of chronic hypertension or preeclampsia, the
degree of hyperglycemia, poor glycemic control at conception, and the stage of
disease at onset of pregnancy.39 Fluid retention, vasodilation, and increased blood
flow in pregnancy are believed to accelerate the loss of autoregulatory function of
the retinal capillary bed.40,41 Diabetic retinopathy can be classified as background,
preproliferative, or proliferative, depending on progression. Progression from nonpro-
liferative to proliferative retinopathy ranges from 6% to 30% depending on severity.42

The treatment of diabetic retinopathy using laser photocoagulation is as effective in
pregnancy as outside of pregnancy and should not be delayed.

Diabetic neuropathy in pregnancy has not been well studied. A short-term increase
in distal symmetric polyneuropathy may occur in association with pregnancy, but at
least in one study the increase appeared to be transient.43 Women with diabetic
gastroparesis may experience more protracted nausea and vomiting of pregnancy.
This complication should be considered and treated.

Coronary artery disease is not commonly seen in pregnant women with diabetes.
Information related to the incidence of coronary artery disease in pregnant women
with diabetes is sparse and only case reports exist in the literature. Data are insuffi-
cient to extrapolate recommendations. However, women with preexisting angina or
myocardial infarction should generally not be encouraged to become pregnant, partic-
ularly if they have diminished cardiac function.

Diabetic ketoacidosis (DKA) is an uncommon occurrence in treatment-compliant
women with type 1 diabetes, despite the increased risk for this complication associ-
ated with the ketogenesis of normal pregnancy. However, DKA is a common compli-
cation in undiagnosed diabetes.44 Any pregnant woman with vomiting or dehydration
and blood sugars greater than 200 mg/dL should have electrolytes, plasma bicar-
bonate, and serum acetone levels measured to confirm DKA diagnosis. Arterial blood
gasses should be obtained if the plasma bicarbonate is low and acetone is present.
Several management algorithms are available.45,46

The precipitant of DKA is often infection, which should be diagnosed and treated
promptly. Resolution of DKA can be slower in pregnancy. DKA is often associated
with a nonreassuring fetal heart rate tracing, which in most cases resolves once the
metabolic acidosis improves. However, despite improved management, DKA remains
an important cause of fetal loss in diabetic pregnancies.47
FETAL COMPLICATIONS

Women with diabetes are subject to an increased risk for first trimester miscarriage,
congenital malformations, IUGR, macrosomia, birth trauma, stillbirth, and iatrogenic
preterm delivery. The neonate is at risk for hypoglycemia, hypocalcemia, hyperbiliru-
binemia, polycythemia, and morbidity and mortality from congenital malformations or
severe prematurity. Children of mothers with diabetes are at risk for obesity, glucose
intolerance, and cardiovascular disease later in life.
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Diabetic embryopathy occurs in approximately 6% to 10% of diabetic pregnancies
and is directly related to HA1c levels during organogenesis.48,49 The risk for malforma-
tions in a fetus of a mother with a normal HA1c level is only slightly greater than that for
the general population; newborns of women with a conception HA1c greater than 10%
have an approximately 22% probability of having congenital malformations. Most mal-
formations occur during embryogenesis49 and are seen with all types of preexisting
diabetes.50 Several investigators have documented the decrease in congenital malfor-
mation risk in women who had preconception care.51,52

The stillbirth rate in women with diabetes has decreased recently to approximately
5.8 of every 1000 births.53 Approximately half of these stillbirth or fetal deaths are
related to hyperglycemia, and the remainder caused by infection or congenital anom-
alies.54 Studies with fetal blood sampling confirm that hyperglycemia has been asso-
ciated with fetal hypoxia and acidosis.55

Kjos and colleagues56 described obstetric outcomes in 2134 women with all types
of diabetes after participation in an antepartum fetal surveillance program of twice
weekly nonstress tests (NSTs) with amniotic fluid volume determinations. They found
that no stillbirth occurred within 4 days of the last antepartum testing, and that 85
women required cesarean delivery for fetal distress. Predictive factors for emergent
cesarean delivery for nonreassuring fetal tracings included spontaneous decelera-
tions, nonreactive NSTs, and both findings together. Using this testing scheme, these
investigators were able to decrease the stillbirth rate to 1.4 of every 1000.

In a meta-analysis, Balsells and colleagues57 compared type 1 and 2 diabetes and
found that women with type 2 had lower HA1c at the first visit but a higher rate of peri-
natal mortality (odds ratio, 1.50; 95% CI, 1.15–1.96). Despite a milder glycemic distur-
bance, women with type 2 diabetes had no better perinatal outcomes than those with
type 1.
MANAGEMENT
Preconception

In the preconception period, insulin regimens can be modified to improve glycemic
control, cholesterol-lowering medications should be discontinued, and angiotensin-
converting enzyme inhibitors should be discontinued or changed to a calcium
channel blocker. Folic acid supplementation is instituted. Baseline renal function
can be assessed to evaluate risk in a pregnancy and an ophthalmologic evaluation
performed. Other health or genetic risks should also be addressed. Counseling
regarding specific risks and expectations in a diabetic pregnancy should be
provided.

The First Trimester

Women who present in the first trimester with poorly controlled diabetes require rapid
normalization of blood sugar to try to prevent congenital malformations and hypogly-
cemia. Hospitalization may be required to reevaluate diet, modify insulins, and adjust
blood sugars expeditiously. Education regarding the importance of dietary intake and
glycemic control to the health of the fetus can be helpful to motivate women who do
not have their diabetes under control.

Women with type 2 diabetes with good glycemic control may not need a further
increase in insulin until the second trimester. However, on average, women with
type 1 diabetes will require an additional 0.9 units of insulin per kilogram of body
weight.58 The need for increased insulin in women with type 1 diabetes in the first
trimester should be individualized depending on glycemic control, food intake, and
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consideration of the transient drop of insulin requirement that may occur in some
women the late first trimester.59

Anorexia, nausea, and vomiting during the first trimester can decrease oral intake
and predispose to hypoglycemia. Severe hypoglycemia in pregnancy is most common
in the first trimester.60 Changes in timing or dose of insulin may be required. Glycemic
disturbance is usually less severe in pregnant women with type 2 diabetes than in
those with type 1. If not done in the preconception period, medications should be
modified as noted earlier.

Initial evaluation of women with diabetes includes the usual prenatal laboratory
studies performed for nonpregnant women. In addition, laboratory studies should
be obtained to assess organ damage and determine a baseline for the risk for
preeclampsia later in pregnancy. These tests include liver enzymes, renal function,
HA1c, and a 24-hour urine for protein and creatinine clearance. Asymptomatic bacte-
riuria should also be assessed similar to other pregnant women. Clinical judgment
dictates whether a chest radiograph, electrocardiogram, or maternal echocardiogram
should also be obtained. Certainly further assessment of the heart is warranted in
women who have hypertension, history of pulmonary edema, angina, or myocardial
infarction. Ophthalmologic examination with assessment of the retina should be per-
formed at least in each trimester. Obstetric ultrasound to document viability early in
the evaluation should be obtained.

First trimester screening is particularly useful in women with preexisting diabetes.
Nuchal translucency can be used for early screening for not only chromosomal abnor-
malities but also complex congenital heart disease.61

The Second Trimester

Insulin requirements increase notably in the second trimester, and frequent adjust-
ments may be needed. Targeted ultrasound for congenital anomalies and fetal echocar-
diogram should be performed with subsequent ultrasound for fetal growth every 3 to 4
weeks. Maternal serum screening can be helpful in screening for open fetal defects.

The Third Trimester

Insulin requirements to maintain good glycemic control continue to increase and may
reach 140% of prepregnancy doses. Hospitalization for glucose control may be
required, particularly for noncompliant women at highest risk for stillborn.

Twice-weekly NST56,62 should be initiated by 32 weeks’ gestation. In women with
hypertension and IUGR, testing can begin at 28 gestational weeks. The contraction
stress test and biophysical profile are generally used when the NST is nonreactive.
Doppler assessment of umbilical artery waveforms should be reserved for further
assessment of suspected IUGR fetuses.

Women with well-controlled diabetes, normal antenatal testing, and normally grown
fetuses can go into spontaneous labor, with induction reserved until approximately 40
weeks’ gestation. Early delivery without maternal or fetal indication in women with dia-
betes is no longer the norm unless fetal lung maturity is documented. Cesarean
delivery should be reserved for other obstetric indications, fetal compromise, or esti-
mated fetal weight greater than 4000 to 4500 g.

Intrapartum

Tight glycemic control in labor helps decrease neonatal hypoglycemia in women with
preexisting diabetes.63 This degree of control is best accomplished with an intrave-
nous insulin infusion during labor. Women should be instructed to not take their basal
or long-acting insulin when in labor or the day of labor induction, and to begin an



Table 5
Intrapartum intravenous insulin infusion

Capillary Blood
Glucose (mg/dL)

Insulin Infusion
Rate (U/ha)

Intravenous Fluids
(125 mL/h)

<80 Off D5 lactated ringer

81–100 0.5 D5 lactated ringer

101–140 1.0 D5 lactated ringer

141–180 1.5 Normal saline

181–220 2.0 Normal saline

>220 2.5 Normal saline

a Standard drip: 100 units regular insulin per 100 mL 0.9% sodium chloride (1 unit per 1 mL). Total
intravenous fluid rate may need adjustment in preeclampsia or cardiac disease. Preload for neurax-
ial anesthesia should be performed with normal saline. Capillary glucose levels performed every
hour and insulin infusion adjusted accordingly.
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insulin infusion similar to that used at Tulane University (Table 5). The infusion param-
eters may need to be increased in women with insulin-resistant type 2 diabetes. After
delivery, the infusion can be discontinued or, if a cesarean delivery was needed and
full diet not instituted, it can be continued but insulin decreased. One postpartum algo-
rithm decreases the infusion rate by 0.5 U/h, so that normal saline is used if the blood
sugar is 81 to 100 mg/dL, 0.5 U/h if the blood sugar is 101 to 140 mg/dL, 1.0 U/h if the
blood sugar is 141 to 180 mg/dL, and so forth.

Postpartum

Insulin requirements decrease quickly after delivery of the placenta. Insulin dosing can
either be decreased by 40% to 50% or can be changed to prepregnancy doses.
Women with diabetes who breastfeed have lower daily blood glucose levels and
generally require less insulin. Breastfeeding may also have a protective effect against
the development of type 1 diabetes in childhood.64,65
SUMMARY

Diabetes can be a challenge in pregnancy, but with education, close monitoring, and
newer therapeutic modalities, these women can have healthy newborns. Close atten-
tion to diet, glycemic control, metabolic stresses, and early diagnosis and monitoring
of complications can make pregnancy a successful experience for women with
diabetes.
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Asthma in Pregnancy:
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Diagnosis and
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Asthma is a common, potentially serious, even life-threatening, chronic medical
condition seen amongst nearly all groups of patients, regardless of ethnicity and
socioeconomic circumstances. This article addresses the group of pregnant
women with symptomatic asthma as well as those whose asthma is asymptomatic
as a result of good control. The incidence, the pathophysiologic changes of preg-
nancy, and the interplay between these changes and asthma are reviewed in this
article. The classification of these patients and appropriate management strategies
are discussed.

Overall, the prevalence and morbidity of asthma are increasing, although mortality
rates have decreased.1 Asthma complicates 3.7% to 8.4% of all pregnancies,
between 200,000 and 376,000 pregnancies annually in the United States.2–4 Acute
exacerbations that necessitate emergency care or hospitalization have been reported
in 9% to 11% of pregnant women cared for by asthma specialists. Most women with
asthma have an uneventful pregnancy course; however, some may experience life-
threatening exacerbations requiring hospitalization, intubation, intensive care
management, and, rarely, preterm delivery.5

Treatment varies, based on the severity classification of each individual patient’s
asthma and includes avoidance of triggers, medications, and close monitoring. The
ultimate goal of therapy is to reduce the number of hypoxemic episodes (ie, acute
exacerbations and chronic symptoms) in the mother.
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PHYSIOLOGIC CHANGES OF RESPIRATORY FUNCTION IN PREGNANCY

Multiple changes in maternal physiology interact with the pathophysiologic activities
of asthma. Increased estrogen levels increase mucosal edema and hypervascularity
in upper airways.

As the uterus grows, it elevates the diaphragm approximately 4 to 5 cm, and with
this comes a reduction in the functional residual capacity of about 18% (approxi-
mately1.7–1.35 L) because of a progressive decrease in expiratory reserve volume.
Pregnancy also results in a 20% increase in oxygen consumption to support a 15%
increase in maternal metabolic rate.6 To compensate for the increased demands of
pregnancy, minute ventilation is increased by 40% to 50%. This relative hyperventila-
tion results not from increased respiratory rate, but from increasing tidal volume. These
changes are secondary to progesterone-mediated stimulation of the respiratory center
to a set point to accept a lower partial pressure of carbon dioxide (Fig. 1, Table 1).

This natural hyperventilation of pregnancy causes arterial blood gases (ABG) to
reveal a respiratory alkalosis that is compensated for by a metabolic acidosis. Typical
blood gases have a pH of 7.40 to 7.45, and a PCO2 of 28 to 32 mm Hg. There is a mild
increase in PO2 of 106 of 110 mm Hg. Increased pH is compensated for by increased
renal excretion of bicarbonate (which accounts for polyuria in early pregnancy).5 The
PO2 in the umbilical veins is lower than that in the placental venous channels; thus,
maternal hypoxemia will quickly result in a decreased oxygen content supplied to
the fetus. Chronic hypoxemia could lead to intrauterine growth restriction and low birth
weight. A low PCO2 is essential to fetal acid-base balance, and increased maternal
PCO2 will affect the fetus’ ability to excrete acid and cause fetal acidosis.5 When inter-
preting the ABG of the pregnant patient, a normal-appearing PCO2 actually reflects
a degree of carbon dioxide retention and possible impending respiratory failure. The
hypercarbic environment in maternal asthma that is poorly controlled can exist even
without an acute exacerbation – as a chronic state. Hence optimal control of asthma
symptoms is essential for the health of the pregnant woman and her fetus.

Pregnancy does not have an effect on the forced expiratory volume in 1 second
(FEV1) or peak expiratory flow rate (PEFR). Although these respiratory measurements
are preserved in pregnancy, they are negatively affected by asthma symptoms and
exacerbations, making them an ideal method of monitoring asthma severity in preg-
nancy. A FEV1 measurement requires spirometry equipment not usually available in
the OB/GYN office. A peak flow meter (Fig. 2) is an easy inexpensive way to monitor
patients at their prenatal visit or while they are at home. To measure peak flow, the
patient should stand up straight and take as deep a breath as possible. She should
Fig. 1. Lung volumes. (From Lung volumes. Wikipedia: The Free Encyclopedia. Wikimedia
Foundation, Inc. Available at: http://en.wikipedia.org/wiki/1/2Q17_File:LungVolume.jpg.)

http://en.wikipedia.org/wiki/1/2Q17_File:LungVolume.jpg


Table 1
Lung volume descriptions and changes during pregnancy

Lung Capacity
Measurement Description

Physiologic Change
in Pregnancy

Functional residual
capacity

Volume of air left in the lungs after a tidal breath
out. The amount of air that stays in the lungs
during normal breathing

Y17%–20%
(300–500 mL)

Respiratory rate Number of breaths per minute Unchanged

Residual volume Amount of air left in the lungs after maximum
exhalation

Y20%–25%
(200–300 mL)

Tidal volume Normal volume of air displaced between normal
inhalation and exhalation with no extra effort

[ 30%–50%

Expiratory reserve
volume

Amount of additional air that can be pushed out
after the end expiratory level of normal breathing

Y 5%–15%
(100–300 mL)

FEV1 Volume of air exhaled during the first second
of a forced expiratory maneuver

Unchanged

PEFR Maximal flow (or speed) achieved during maximally
forced expiration initiated at full inspiration;
measured in L/s

Unchanged

Minute volume/
ventilation

Volume of air that can be inhaled or exhaled
in 1 min

[ 30%–50%

Abbreviations: FEV1, forced expiratory volume in one second; PEFR, peak expiratory flow rate.
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then close her lips around the mouthpiece and exhale as fast and hard as possible.
She should repeat this 3 times, recording each value, the highest of which is consid-
ered the current peak flow. A baseline best value should be acquired at the first
prenatal visit, or even better at a preconceptual visit. This value provides a reference
for comparison to diagnose an exacerbation or need for added treatment.

PATHOPHYSIOLOGY OF ASTHMA

Asthma is characterized by paroxysmal or persistent symptoms of bronchoconstric-
tion including breathlessness, chest tightness, cough, and sputum production. Diag-
nosis requires improvement in symptoms as well as objective changes in pulmonary
function tests such as FEV1 or PEFR with administration of a b agonist. Diagnosis of
Fig. 2. Peak flow meter. (From Asthma. Wikipedia: The Free Encyclopedia. Wikimedia Foun-
dation, Inc. Available at: http://en.wikipedia.org/wiki/File:Two_Peak_Flow_Meters.jpg.)

http://en.wikipedia.org/wiki/File


Table 2
Diagnosis of asthma

Symptoms Wheezing, cough, shortness of breath, chest tightness

Signs Wheezing on auscultation
Absence does not exclude diagnosis

Temporal relationships Worsening at night, fluctuating intensity

Diagnosis confirmation Demonstration of airway obstruction that is at least
partially reversible

Greater than 12% increase in FEV1 after
bronchodilator administration
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asthma in pregnancy is no different from that in the nonpregnant patient. Typical signs
and symptoms of asthma are seen in Table 2. The most common cause of respiratory
symptoms such as shortness of breath in pregnancy is physiologic dyspnea of preg-
nancy and not asthma or other pathology. However, dyspnea of pregnancy does not
typically have the associated cough, tightness, or obstructive signs seen with asthma.
Consideration must also be given to gastroesophageal reflux disease, pneumonia,
postnasal drip caused by allergic rhinitis, or bronchitis as alternate diagnoses. If the
clinical picture is consistent with asthma, but reversibility of airway obstruction cannot
be demonstrated, then a trial of asthma treatment can be used for diagnosis in
pregnancy.1

Interactions of Pregnancy and Asthma

Overall, the effect that pregnancy has on any one patient’s asthma is unpredictable,
and the likely intricate interaction of the immune changes of asthma on pregnancy
is unclear. Possible mechanisms include maternal hormone changes and altered b-
adrenergic receptor responsiveness. Even fetal sex may play a role, with some data
showing increased severity of symptoms in pregnancy with a female fetus.7,8 A large
prospective study by Schatz and colleagues9 reported that asthma symptoms
improved in pregnancy in 23%and worsened in 30%. This widely held rule of thirds
(one-third of patients with asthma in pregnancy improving, one-third worsening, and
one-third with no change) makes asthma in pregnancy the very definition of
unpredictable.

In a large prospective study, rates of asthma exacerbation and hospitalization in
pregnant patients with asthma were found to be directly proportional to the degree
of severity classification (Table 3). Patients with mild asthma were found to have an
incidence of exacerbations at 12.6% with a hospitalization rate of 2.3%. Women
with moderate asthma had an exacerbation rate of 25.7% and hospitalization rate
of 6.8%. Women with severe asthma had an exacerbation rate of 51.9% and a hospi-
talization rate of 26.9%.9 Thus, knowing the classification of a patient’s asthma is
important in assessing her risk of exacerbation.

Initial investigations of asthma in pregnancy via retrospective studies showed an
association with many adverse outcomes of pregnancy including, but not limited to,
low birth weight, preterm delivery, preeclampsia, cesarean delivery, and hypereme-
sis.1,10–12 These older studies had many inadequacies in their methodology. Several
large prospective studies have refuted these findings and showed that asthma was
not associated with many of these outcomes.4,13 Most recently, in large controlled
studies, severe asthma was associated with gestational diabetes and delivery before
37 weeks.13 Preterm delivery, gestational diabetes, preeclampsia, preterm labor, oli-
gohydramnios, or low birth weight were not associated with asthma of any severity.



Table 3
Asthma severity classification system and management strategies in pregnancy

Asthma Severity Mild Intermittent Asthma Mild Persistent Asthma Moderate Persistent Asthma Severe Asthma

Overall control Well controlled Not well controlled Not well controlled Very poorly controlled

Symptoms
classification

� Symptoms twice per week
or less
� Nocturnal symptoms twice

per month or less
� FEV1 80% of predicted or

more, varies less than 20%

� Symptoms more than twice
per week, but not daily
� Nocturnal symptoms more

than twice per month
� FEV1 80% of predicted,

variability of 20%–30%

� Daily symptoms
� Nocturnal symptoms more

than once per week
� FEV1 more than 60% to less

than 50% predicted.
Variability more than 30%
� Regular medications

necessary to control symptoms

� Continuous symptoms
� Nocturnal symptoms are

frequent
� FEV1 60% or less of

predicted, variability greater
than 30%
� Regular oral corticosteroids

necessary to control
symptoms

Preferred
management

� No daily medications,
albuterol as needed

� Low-dose inhaled
corticosteroid

� Low-dose inhaled
corticosteroid AND
salmeterol

OR
� Medium-dose inhaled

corticosteroid and
salmeterol if needed

� High-dose inhaled
corticosteroid and
salmeterol AND oral
corticosteroid if needed

Alternative
management

� Cromolyn OR
� Leukotriene receptor

antagonist OR
� Theophylline

� Low-dose or (if needed)
medium-dose inhaled
corticosteroid and EITHER
leukotriene receptor
antagonist or theophylline

� High-dose inhaled
corticosteroid AND
theophylline AND if
needed oral corticosteroid

For acute symptoms: Albuterol 2–6 puffs as needed for FEV1 less than 80%, exposure to allergens or exercise should supplement all treatment plans. May repeat in
20 minutes. If no response then patient should seek medical attention.

Adapted from National Heart, Lung, and Blood Institute, National Asthma Education and Prevention Program. Expert panel report: guidelines for the diagnosis
and management of asthma. NIH Publication No. 05–5236. Bethesda (MD): NHLBI. Available at: http://www.nhlbi.nih.gov/health/prof/lung/asthma/astpreg/
astpreg_full.pdf.
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Two studies, with a total of 2403 pregnancies, showed increased risk of pregnancy-
induced hypertension, but only in those with moderate to severe daily symptoms.4,14

The outcomes for pregnant patients with asthma requiring corticosteroid therapy were
associated with decreased gestational age at delivery, preeclampsia, and small-for-
gestational-age infants.4,13 These data point toward poor perinatal outcomes being
associated with poorly controlled asthma and not with treatment medications.

The mechanism of the effect of asthma on the developing fetus is poorly under-
stood. Many studies have suggested that maternal hypoxia, inflammation, smoking,
and altered placental function may contribute to poor outcomes in patients with
asthma.10,11 Reduced PO2 in maternal blood is a feature of severe chronic asthma,
asthma exacerbations, and status asthmaticus. Even a small decrease in maternal
PO2 can put the fetus at risk of hypoxemia; but also, increases in maternal PCO2 affect
the fetal ability to excrete acid waste, resulting promptly in fetal acidosis. These
maternal blood gas aberrations can have serious effects on the fetus.15 Despite the
lack of precise knowledge of the pathophysiologic interactions of asthma with the
fetus, it is clear that with worsening severity of asthma comes the risk of increasingly
negative fetal and maternal outcomes.
CLASSIFICATION OF ASTHMA SEVERITY AND CONTROL

Classification of a patient’s asthma severity is important to help predict the possible
risk of severe exacerbation and the need for maintenance therapy. Patients with
mild asthma, who require regular medications, have the same number and severity
of exacerbations as those with moderate asthma.9 Thus, the generalist obstetrician
should be familiar with the classification, evaluation, and management of asthma in
pregnancy.

Patients should be assessed at the first prenatal visit for history of exacerbations,
hospitalizations, the use of oral steroids in the past, and the need for mechanical venti-
lation. For multiparous women, their asthma history in previous pregnancies should be
reviewed. Schatz and colleagues16 noted that when subjects were assessed in
successive pregnancies, 60% of them followed the same course with their asthma
symptoms. Instruction in the use of a peak flow meter and recording of a baseline
value should also be done at this early stage in pregnancy. If the patient is already
aware of her personal best value, it should be recorded.

Table 3 presents the National Institutes of Health classification system for asthma
severity.17 The preferred and alternative management strategies for each class of
asthma in pregnancy are also included in this table. These classifications should be
seen as a dynamic system in which, during a pregnancy, a patient may change classes
and treatments several times. Knowing and applying the classification system is
essential to selecting appropriate management as well as anticipating complications
during pregnancy. Patients with mild intermittent asthma, patients with mild persistent
asthma, and selected patients with moderate persistent asthma can be treated
adequately by the generalist obstetrician. Patients with severe asthma and those
with moderate asthma that is increasingly complex require referral to a pulmonologist
and a maternal-fetal medicine specialist for shared management of pregnancy and
asthma.

Importance of Adequate Asthma Treatment

Studies to investigate pregnancy outcomes in patients with asthma have had incon-
sistent results. Many of these studies lack power, had small sample sizes, and were
lacking controls. Two recent, large, multicenter, prospective cohort studies evaluated
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the effects of asthma on perinatal outcomes. First, Bracken and colleagues4 prospec-
tively followed 2205 pregnancies and showed that preterm delivery was not associ-
ated with asthma; however, requirement of theophylline or oral corticosteroids was
associated with a statistically significant reduction in gestational age at delivery.
Small-for-gestational-age infants and preeclampsia were associated with moderate
asthma or those with daily symptoms. These data suggest that poor control of
maternal asthma negatively affects perinatal outcome.

In the second study, Dombrowski and colleagues,13 as part of a large multicenter,
prospective, observational cohort study, showed that there was no association
between asthma and delivery before 32 weeks’ gestation. Of all the other outcomes
investigated, only cesarean delivery was associated with moderate to severe asthma.
Patients with asthma requiring oral corticosteroid therapy were associated with deliv-
ering before 37 weeks and having infants weighing less than 2500 g.

Data from the latter study did demonstrate a relationship between a lower FEV1 at
prenatal visits and increased risk of prematurity and low birth weight infants; however,
this was not statistically significant.18 Both studies were consistent with suboptimal
control of asthma being associated with increased risk of adverse pregnancy
outcome.4,13

Multiple other smaller prospective studies consistently demonstrate that maternal
and neonatal outcomes in women with mild or moderate asthma are excellent. In
1993, the National Asthma Education and Prevention Program (NAEPP) of the National
Institutes of Health, Heart, Lung and Blood Institute recommended antiinflammatory
treatment for all pregnant women with moderate or severe asthma. Since that recom-
mendation was published, studies have demonstrated fewer adverse effects on fetal
outcome in women with asthma,19 further supporting the important concept that
optimal and aggressive control of asthma of all severity can ameliorate the possible
adverse outcomes. It is essential that providers pay close attention to the severity
classification of a patient’s asthma and treat accordingly. It would be a mistake,
with potentially severe consequences, to decrease or discontinue any asthma medi-
cations because of a newly diagnosed pregnancy.
ASTHMA MANAGEMENT

The ultimate goal of asthma therapy is to prevent hypoxic episodes to preserve contin-
uous fetal oxygenation; improved maternal and perinatal outcomes are achieved with
optimal control of asthma. One-third of women with asthma develop worsening of
control during pregnancy, therefore close monitoring and reevaluation are essential.
There are 4 important aspects of asthma treatment to ensure optimal control: close
monitoring, education of patients, avoidance of asthma triggers, and pharmacologic
therapy. Patients who are not responding adequately to treatment should have their
level of treatment accelerated.
Monitoring Asthma in Pregnancy

The reliability of subjective measures by patient or physician for asthma severity has not
proven dependable. FEV1 has been shown to be a reliable objective measure of airway
obstruction and correlates with pregnancy outcome.18 FEV1 measurement requires
a spirometer, which is not available in most physicians’ offices. The measurement of
PEFR can easily be performed in the office at a prenatal visit using a peak flow meter.
PEFR should be performed with the patient standing and taking a maximum inspiration.
The best value of 3 attempts is used for comparison with previous numbers.
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Typical PEFR in pregnancy should be 380 to 550 L/min. Each individual patient
should establish her personal best and that number should be recorded in the prenatal
chart at the earliest prenatal visit. The caregiver can then provide the patient with
a peak flow meter marked with 80%, 50% to 80%, and less than 50% of the patient’s
personal best.1 Patients should be advised that 80% or more of PEFR is considered
good control; however, optimal control in pregnancy is 90% to 100% of personal
best. The pregnant woman should be advised that if PEFR is within the 50% to
80% range she should arrange an appointment to see her physician or obtain advice
regarding changes in medication. At less than 50%, she should be seen immediately in
the emergency department if necessary.
Patient Education

Patient education should begin at the first prenatal visit. Explanation of the importance
of optimal asthma control and the risks of poor control for the patient and the fetus
should be discussed early in pregnancy. Patients should be taught how to do peak
flow measurements, how to record the results, and what values should be of concern,
as well as who to contact in emergent situations. Patients should be observed using
their inhalers and peak flow meters and correct use reinforced. Frank discussion about
the importance of continuing asthma medications and the possible severe conse-
quences for the patient and her fetus with discontinuation is vital.
Avoidance of Triggers

Up to 80% of patients with asthma have positive skin tests to allergens, the most
common being animal dander, dust mites, cockroach antigens, pollens, and molds.
There are nonimmune triggers as well, including strong odors, tobacco smoke, air
pollutants, and drugs such as aspirin and b-blockers. For exercise-triggered asthma,
the use of a bronchodilator 5 to 60 minutes before exercise may reduce symptoms.
Avoidance of these allergens and triggers can significantly reduce the need for medi-
cation and the occurrence of exacerbations during and after pregnancy. All patients
should be strongly encouraged to stop smoking, but especially those with asthma
because they are at increased risk for worsening chronic and acute asthma sequelae.
Pharmacotherapy

Medical therapy includes a stepwise approach in an attempt to use the least amount
of medication necessary to control a patient’s asthma and keep her severity in the mild
range. Goals of therapy include having normal or near-normal pulmonary function and
minimal or no chronic symptoms, exacerbations, or limitations on activities. The final
goal is to minimize the adverse effects of treatment.

It is safer for pregnant women with asthma to be treated with asthma medications
than to have exacerbations or asthma symptoms.17 It is assumed that asthma medi-
cations are as effective in the pregnant patient as in the nonpregnant woman;
however, there may be physiologic changes in pregnancy that affect many aspects
of the pharmacokinetics of these medications.

The mainstay of therapy is to treat airway inflammation to reduce hyperresponsive-
ness and prevent symptoms. Secondary therapy is aimed at treatment of exacerba-
tions with bronchodilator therapy. At least twice during pregnancy, treatment should
be reviewed and stepped up if symptoms are persistent; or, if symptoms are well
controlled, therapy can be maintained or even decreased.17
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Inhaled Corticosteroids

Inhaled corticosteroids (ICS) are preferred for the management of all levels of persis-
tent asthma in pregnancy.17 Corticosteroids are the most effective treatment for the
airway inflammation of asthma and reduce the hyperresponsiveness of airways to
allergens and triggers. These medications have also been shown to decrease the inci-
dence of exacerbations by more than threefold compared with those who do not use
ICS.1 Concern for risk of congenital malformations with ICS exposure in the first
trimester has proved unfounded; multiple studies have confirmed their safety regard-
less of dose.20 Table 4 reviews the most commonly used available inhaled and oral
corticosteroids for asthma treatment.

A meta-analysis by Murphy and colleagues12 investigated the association between
asthma in pregnancy and low birth weight, defined as less than 2500 g, and grouped
patients by inhaled corticosteroid use. In 4 studies in which these medications were
not used, their risk of low birth weight was significantly increased (risk ratio [RR] 1.55).

In a review of more than 6000 pregnant women who used ICS there was no associ-
ation with congenital malformations or adverse perinatal outcomes.17 A Swedish Birth
Table 4
Doses for corticosteroids in the management of asthma

Corticosteroid
Amount
Per Dose Low Dose

Medium
Dose

High
Dose

Inhaled Corticosteroidsa

Beclomethasone
CFC

42 or
84 mg/puff

168–504 mg 504–840 mg >840 mg

Beclomethasone
HFA

40 or
80 mg/puff

80–240 mg 240–480 mg >480 mg

Budesonideb 200mg/INH 200–600 mg 600–1200 mg >1200 mg

Flunisolide 250 mg/puff 500–1,000 mg 1,000–2,000 mg >2,000 mg

Fluticasone HFA 44 mg/puff
110 mg/puff
220 mg/puff

88–264 mg 264–660 mg >660 mg

Fluticasone DPI 50 mg/INH
100 mg/INH
250 mg/INH

100–300 mg 300–750 mg >750 mg

Oral Corticosteroids

Methylprednisolone 2, 4, 8, 16, 32 mg
tablets

� 7.5–60 mg daily in a single dose in a.m. or every
other day as needed for control

� Short-course burst to achieve control: 40–60 mg/d
as a single dose or divided doses for 3–10 days; no
taper needed

Prednisosolone

5 mg tabletsPrednisone

1, 2.5, 5, 10, 20, 50
mg tablets

Abbreviations: CFC, chlorofluorocarbon; DPI, dry powder inhaler; HFA, hydrofluoroalkane; INH,
inhalation.

a Total daily puffs is usually divided into twice daily dosing regimen.
b Budesonide is the preferred ICS in pregnancy.
Data from National Heart, Lung, and Blood Institute as part of the National Institute of Health

and the Department of Health and Human Services National Asthma Education and Prevention
Program. Expert panel report: guidelines for the diagnosis and management of asthma. NIH Publi-
cation No. 05-5236. Bethesda (MD): NHLBI. Available at: http://www.nhlbi.nih.gov/health/prof/
lung/asthma/astpreg/astpreg_full.pdf.

http://www.nhlbi.nih.gov/health/prof/lung/asthma/astpreg/astpreg_full.pdf
http://www.nhlbi.nih.gov/health/prof/lung/asthma/astpreg/astpreg_full.pdf
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Registry of 2014 infants who had been exposed to budesonide in early pregnancy
showed no adverse effects.21 Because there are more data regarding this medication
than other corticosteroids, budesonide is considered the preferred medication by the
NAEPP and is US Food and Drug Administration (FDA) pregnancy category B. All other
corticosteroids are category C. However, if a woman’s asthma is well controlled on
a different inhaled steroid, it is recommended that the regimen be continued.19

Inhaled b2 Agonists

Inhaled b2 agonists are recommended for asthma treatment for all classes of severity.
Albuterol is the first-line rescue inhaler for the rapid relief of symptoms of acute bron-
chospasm. It should be noted that metered dose inhalers have recently been revised
by manufacturers to eliminate chlorofluorocarbons, and to now use hydrofluoroalkane
(HFA) as a propellant. Because of this change, many commonly used inhalers have
new brand names, and generic forms may not be available (eg, Proventil to Proventil
HFA, Schering-Plough Corporation).

It is important to inquire at each prenatal visit how often the patient has needed to
use her b2 agonist inhaler. Based on the NAEPP review of 6 published studies that
included 1599 pregnant women with asthma and a prospective study of 1828 preg-
nant women with asthma who used b2 agonists in pregnancy, there was no associa-
tion with adverse outcome.17,22 If a patient requires more than 2 inhalation treatments
with a b agonist per week, this indicates the need for an additional antiinflammatory
agent such as ICS.

Another large prospective study of 1828 women with asthma confirmed the lack of
relationship between the use of inhaled b agonists and adverse maternal or fetal
outcome.22 In nonpregnant individuals, reliance on b agonists alone, when inhaled
corticosteroids are indicated, has been reported to increase mortality, and cessation
of corticosteroid therapy was also associated with increased mortality.23 Although
pregnant women were not studied, the findings of this later trial certainly would
suggest the importance of adequate treatment of asthma by severity in pregnancy
with the addition of ICS to b agonists when indicated.

Leukotriene Moderators, Cromolyn and Theophylline

Leukotrienes are arachidonic acid metabolites that have been implicated in the bron-
chospasm cascade of asthma exacerbations by increasing vascular permeability.
Both zafirlukast and montelukast are pregnancy category B; however, there are
very few data on their efficacy or safety in human pregnancy. Leukotriene antagonists
are an alternative treatment for mild persistent asthma and can be used as an adjunct
for moderate to severe asthma for improved control of symptoms (see Table 2).

Cromolyn and theophylline are alternative treatments for mild persistent asthma and
adjunctive treatments for moderate and severe persistent asthma, but are not the
preferred regimen. Cromolyn blocks early and late bronchospasm and response to
asthma triggers.24 It functions to relax smooth muscle and has some antiinflammatory
properties. Cromolyn does appear to be safe during pregnancy17; however, experi-
ence with dosing by many providers may be lacking. Theophylline is useful only for
chronic therapy and is not helpful in acute exacerbations. Theophylline is associated
with several adverse effects such as insomnia, heartburn, palpitations, and nausea.
Theophylline has many significant drug interactions because the rate of theophylline
clearance is altered, resulting in increased theophylline levels and possible toxicity.
Some of these medications include cimetidine, lorazepam, and erythromycin. Serum
levels should be maintained between 5 and 12 mg/mL during pregnancy.
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Management of an Acute Asthma Exacerbation in Pregnancy

An asthma exacerbation in a pregnant woman places mother and fetus at increased
risk for a negative outcome because of the risk of severe hypoxemia during these
events. The most important management of an acute exacerbation is prevention;
however, Schatz and colleagues9 noted that 52% of patients with severe asthma
have an exacerbation during pregnancy, and many of these women require
hospitalization.

Murphy and colleagues25 followed 146 women with asthma prospectively throughout
their pregnancies and found that 8% of women with mild asthma, 47% with moderate
asthma, and 65% with severe asthma had severe exacerbations, for an overall rate of
65%. The mean gestational age at exacerbation was 25.1 weeks. Twenty-nine percent
of exacerbations in this cohort were associated with noncompliance with ICS. It is of
vital importance that all obstetric providers, even those caring for women with mild
asthma, know the evaluation and treatment for an acute exacerbation.

Murphy and colleagues25 also found in this study that the rate of low birth weight in
male infants was significantly increased and that male infants weighted approximately
300 g less when mothers experienced at least 1 severe asthma exacerbation in preg-
nancy. The magnitude of this decrease in birth weight was greater than the effect of
maternal smoking on birth weight, emphasizing the importance of exacerbation
prevention with adequate chronic asthma treatment.

Fig. 317 summarizes the treatment strategies for acute exacerbations of asthma in
pregnancy. Initial evaluation in the emergency department or labor and delivery should
be the same as for acute asthma in the nonpregnant state: measurement of PEFR and
comparison with predicted or previously recorded best. Oxygen should be given and
oxygen saturation kept higher than 95%. Possible differential diagnoses of a severe
exacerbation unresponsive to initial treatment should include pulmonary edema,
pulmonary embolism, cardiomyopathy, and amniotic fluid embolism.

The goal of hospital management is reversal of bronchoconstriction with inhaled b2
agonists and corticosteroids, prevention and correction of hypoxemia, or reduction
of hypercarbia. Intensive care unit admission or intubation is indicated in those with
life-threatening asthma, in those with PCO2 higher than 40 to 45 mm Hg on arterial blood
gas, mental status changes, maternal exhaustion, respiratory acidosis, or fetal distress.
Fig. 3. Treatment for acute exacerbations of asthma in pregnancy. (Data from National
Asthma Education and Prevention Program expert panel report. Managing asthma during
pregnancy: recommendations for pharmacologic treatment-2004 update. Available at:
http://www.nhlbi.nih.gov/health/prof/lung/asthma/astpreg/astpreg_full.pdf.)

http://www.nhlbi.nih.gov/health/prof/lung/asthma/astpreg/astpreg_full.pdf
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Refractory status asthmaticus is defined as a severe exacerbation of asthma that is
unresponsive to bronchodilators and corticosteroids and that requires intensive care
unit admission and typically mechanical ventilation. In patients who require intensive
care unit admission and intubation and who continue to have refractory life-threat-
ening asthma despite aggressive treatment, delivery should be considered a thera-
peutic option; however, this is rarely required. A cesarean delivery is most likely
necessary because of the urgency of the need for delivery. Information about the
management of refractory status asthmaticus in obstetric patients is minimal and
only available in the form of case series reports. Review of 3 case reports with a total
of 10 cases, 2 of which were past 32 weeks, revealed 2 patients who underwent
cesarean delivery and improved dramatically after the procedure.14,26,27

Improvement in a severe asthma exacerbation after delivery may result from several
physiologic factors, including reduced pressure on the diaphragm and decreased
oxygen consumption.5 Vaginal delivery may be possible during an acute exacerbation
in the setting of progressive active labor, normal maternal oxygenation, absence of
hypercapnea, adequate neuraxial anesthesia, and use of operative vaginal delivery.
If delivery is being considered for maternal reasons at a gestational age between 24
and 34 weeks, then betamethasone should be given before delivery for fetal lung
maturity if at all possible.

Management of Asthma During Labor and Delivery

Asthma medications should not be discontinued or delayed during labor and delivery.
Although asthma during labor is typically quiescent, consideration should be given to
obtaining a peak flow measurement on admission and then every 12 hours or as
needed to monitor for asthma exacerbation. Monitoring is likely only necessary in
those women who have a history of exacerbations during pregnancy. Neuraxial anes-
thesia decreases oxygen requirements and minute ventilation and thus can be helpful
for control of asthma symptoms during labor. If systemic (oral or intravenous) cortico-
steroids have been used in the previous 4 weeks for treatment, then the patient should
receive stress-dose steroids to prevent an adrenal crisis. Usually, this regimen begins
with hydrocortisone 100 mg every 8 hours, continued for 24 hours post partum, and
then stopped. Tapering stress steroids is not necessary.

Medications typically used for tocolysis, induction of labor, and during delivery can
have an influence on asthma symptoms, especially in the most severe or medication-
sensitive asthmatic patients. Prostaglandins E2 or E1 can be used for cervical
ripening, for post partum hemorrhage or to induce abortion without significant adverse
reaction.28 In these cases, respiratory status of the patient should be monitored in
a routine fashion.29 Carboprost (prostaglandin F2a), ergonovine, and methylergono-
vine can cause bronchospasm, especially in the aspirin-sensitive patient.30 For these
patients, choosing a medication such as misoprostol, which is an E1, may be more
appropriate.

Magnesium sulfate is a bronchodilator, and should not have a deleterious effect on
asthma, but indomethacin can induce bronchospasm in an asthmatic patient with
known aspirin sensitivity. No formal studies on calcium channel blockers in the asth-
matic gravid patient have been published, but bronchospasm has not been observed
with the wide clinical use of these medications for tocolysis.

Breastfeeding

Asthma medications are excreted in small and varying amounts into breast milk. The
NAEPP found that there was no contraindication for the use of prednisone, theophyl-
line, cromolyn, antihistamines, ICS, or inhaled b agonist for breastfeeding.17 Patients
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should be instructed, and strongly encouraged, to continue their asthma medications
post partum with or without breastfeeding.
SUMMARY

Asthma is a chronic illness that complicates a significant number of pregnancies.
Generalist obstetricians should be familiar with its diagnosis, classification, treatment,
and possible complications in pregnancy. Providers should instruct and strongly urge
patients to remain on asthma medications during pregnancy because one-third of
patients have worsening of their asthma, including those women with mild asthma.
There are proven negative effects from exacerbations and poor control on pregnancy
outcome, whereas there are clear benefits of good control. Patient education about
the importance of good asthma control is essential for improving compliance and
self-monitoring.
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Thyroid disease is common, affecting 1% to 2% of pregnant women. Pregnancy may
modify the course of thyroid disease, and pregnancy outcomes can depend on
optimal management of thyroid disorders. Consequently, obstetric providers must
be familiar with thyroid physiology and management of thyroid diseases in pregnancy.
Following a brief overview of physiology, this article provides an in-depth review of
diagnosis and management of the spectrum of thyroid disease occurring in preg-
nancy. Recommendations for screening and treatment of hypo- and hyperthyroidism
are summarized. Specific attention is given to the limitations of current research and
the status of ongoing work.
THYROID PHYSIOLOGY IN PREGNANCY

Thyroid physiology is governed by the hypothalamic-pituitary axis. The hypothalamus
continuously stimulates the pituitary via thyroid releasing hormone (TRH), the levels of
which are inversely related to those of thyroid hormone.TRH modulates pituitary produc-
tion of thyroid-stimulating hormone (TSH), and TSH in turn stimulates thyroid release of
thyroid hormones, thyroxine (T4) and triiodothyronine (T3). TSH levels are controlled by
TRH and negative feedback of T3 and T4 on the hypothalamic-pituitary axis.

Thyroid physiology is notable for 3 events during pregnancy1:

� Increased estrogen results in a two- to threefold increase in thyroxine-binding
globulin (TBG), which lowers free thyroid hormone and stimulates the hypotha-
lamic-pituitary-thyroid axis.
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� Human chorionic gonadotropin (hCG) and TSH have identical a subunits.
Because of its similarity to TSH, hCG stimulates release of T3 and T4, which
then act as negative pituitary feedback and cause a transient TSH decrease in
weeks 8 to 14.
� Increased peripheral metabolism of thyroid hormone occurs primarily in the

second and third trimester, resulting from elevation in placental type II and
type III deiodinases. Type II deiodinase converts T4 to T3, and type III deiodi-
nase converts T4 to reverse triiodothyronine (rT3), as well as converting rT3 to
3,30-diiodothyronine (T2). The fetus is dependent on the type II conversion of
T4 to T3.2

The placenta transfers a small amount of maternal T3 and T4. This maternally derived
thyroid hormone supports fetal development during critical organogenesis. Produc-
tion of T4 by the fetus is detectable by 14 weeks’ gestational age (wga). Full fetal
thyroid activity is present by midgestation and concentrations of thyroid hormone
increase until term.

Thyroid Function Testing in Pregnancy

The physiologic changes in pregnancy make interpretation of laboratory tests difficult.
The increase in TBG leads to increased measured levels of total T4 (TT4) and T3 (TT3),
limiting their diagnostic usefulness. Free T4 (FT4) and free T3 (FT3) levels are generally
believed to reflect thyroid function during pregnancy better than TT4 or TT3 but may
also be altered by TBG.3 FT3 measurement is rarely necessary. Resin T3 uptake
(RT3U) decreases in pregnancy but can be used to calculate the free T4 index (FT4I).
The FT4I accounts for increased TBG and is an indirect measure of FT4 (FT4I 5 TT4 �
RT3U). The reported reference values for FT4I are 4.5 to 12.5 mg/dL.3 TSH and FT4 or
FT4I are used to assess and follow thyroid diseases in pregnancy.4

Although pregnancy-induced changes in thyroid physiology and their effects on
laboratory interpretation have long been known, uncertainty remains regarding refer-
ence ranges for thyroid tests. To date, no universally accepted ranges exist. Whereas
the reference range for TSH in the general population is 0.45 to 4.5 mU/L, several
studies have described ranges for thyroid testing in pregnancy but have shown vari-
ation by gestational age, number of fetuses, population studied, laboratory, and
testing method (Table 1).5–11 Adding to the difficulty of setting reference ranges, the
median TSH is lowest in the first trimester, with wider variation than in later trimes-
ters.12,13 Some have proposed using gestational age–specific nomograms for TSH
reported as multiples of the median, similar to the reporting of analytes used in aneu-
ploidy screening programs; however, this is not yet clinically available. A large popu-
lation-based study of pregnant women defined the reference range (2.5–97.5th
centile) for TSH in the first half of pregnancy as 0.08 to 2.99 mU/L.7,14 Providers per-
forming thyroid function testing and managing thyroid diseases during pregnancy
should be aware of the areas of uncertainty.

Thyroid Screening and Pregnancy

There is controversy surrounding routine thyroid screening in pregnancy. Table 2
contrasts the opinions of vested professional organizations regarding screening.
The American College of Obstetrics and Gynecology (ACOG) does not recommend
routine screening in patients without history or symptoms consistent with thyroid
disease.4 In keeping with these recommendations, a 2004 survey of 441 obstetricians
indicated that 80% do not perform routine screening in pregnancy. The Endocrine
Society also recommends case finding based on risk factors (Box 1).15



Table 1
Summary of studies and pregnancy-specific ranges for thyroid function tests among singleton gestations

Authors Sample Population Method Test (units) Gestational Age-Specific Ranges 2.5–97.5th Centiles TPOD TG abD

Bocos-Terraz, 200910 n 5 1198
Spain

High-performance
immunoassay TSH (mU/mL)

FT4 (ng/dL)
FT3 (pg/mL)

%20 wk
0.03–2.65
0.77–1.34
2.24–4.43

>20 wk
0.12–3.56
0.17–1.17
2.25–4.18

– 14.7%

Cleary-Goldman,
20089

n 5 10990
United States

Chemiluminescent
immunoassay TSH (mU/L)

FT4 (ng/dL)

w11–14 wk
0.036–4.28
0.72–1.46

w16–18 wk
0.213–3.93
0.72–1.32

– 15%

Casey, 20076 n 5 13599
Texas

Third-
generation
immunoassay

TSH (mU/L)
FT4 (ng/dL)

<20 wk
0.08–3.0
0.85–1.9

– – Not measured

Stricker, 200711 n52272
Switzerland

High throughput
immunoassay TSH (mU/L)

FT4 (ng/dL)
FT3 (pg/mL)
TT4 (nmol/L)
TT3 (nmol/L)

<6–12 wk
0.088–2.83
0.82–1.42
2.29–4.04
72.3–171.2
1.25–2.72

12–24 wk
0.2–2.79
0.74–1.22
2.2–3.75
94.8–182.5
1.43–3.16

24-term
0.31–2.9
0.67–1.05
2.16–3.62
94.9–193.4
1.4–3.16

Excluded

Haddow, 20048 n 5 1005
Maine

Third-generation
immunoassay TSH (mU/L)

<14 wk
nc-3.61

15–21wk
nc-3.71

– Excluded

Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; mU/L, milliunits per liter; nc, not calculated; ng/dL, nanograms per deciliter; nmol/L, nanomoles per
liter; pg/mL, picograms per milliliter; TG ab1, thyroglobulin antibody positive; TPO1, thyroperoxidase antibody positive; TSH, thyroid-stimulating hormone; TT3,
total triiodothyronine; TT4, total thyroxine.
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Table 2
Opinions of professional organizations regarding thyroid disease screening and treatment
in pregnancy

Organization
Thyroid Screening
with TSH

Goal TSH During
Treatment (mU/L)

Treatment of
Subclinical
Hypothyroidism

ACOG4 Case finding Not specified Not recommended

USPSTF96 Case finding Not specified Not specified

TES15,a Case finding 2.5 in first trimester
3.0 in second, third

trimesters

Recommended

AACE97,98 Routine 0.3–3.0 Recommended

BTA99,b Case finding 0.4–2.0 Recommended

Abbreviations: AACE, American Association of Clinical Endocrinologists; ACOG, American College
of Obstetricians and Gynecologists; ATA, American Thyroid Association; BTA, British Thyroid Asso-
ciation; mU/L, milliunits per liter; RCOG, Royal College of Obstetricians and Gynaecologists; TES,
The Endocrine Society; TSH, thyroid-stimulating hormone; USPTF, United States Preventive Services
Task Force.

a Guidelines cosponsored by AACE, Asia & Oceana Thyroid Association (AOTA), ATA, European
Thyroid Association (ETA), Latin American Thyroid Association (LATA).

b Joint statement supporting BTA guidelines by The Royal College of Physicians, The Association for
Clinical Biochemistry, The Society of Endocrinology, BTA, The British Thyroid Foundation Patient
Support Group, The British Society of Pediatric Endocrinology and Diabetes and endorsed by Royal
College of General Practitioners. Data from The Diagnosis and Management of Primary Hypothy-
roidism: statement on behalf of The Royal College of Physicians in particular its Patient and Carer
Network and the Joint Specialty Committee for Endocrinology & Diabetes, The Association for Clinical
Biochemistry, The Society for Endocrinology, The British Thyroid Association, British Thyroid Founda-
tion Patient Support Group, The British Society of Pediatric Endocrinology and Diabetes, endorsed by
The Royal College of General Practitioners. November 19, 2008. Available at: http://www.british-
thyroid-association.org/news/Docs/hypothyroidism_statement.pdf. Accessed December 31, 2009.

Box 1

Increased risk for thyroid disease with greater than or equal to 1a

Signs or symptoms of thyroid under- or overfunction

Goiter

History of hyperthyroid disease, hypothyroid disease, postpartum thyroiditis, or thyroid
surgery

Previous therapeutic head or neck irradiation

Type 1 diabetes mellitus or other autoimmune disorder

Family history of thyroid disease

Infertility

History of miscarriage or preterm delivery

Thyroid antibodies (when known)

Unexplained anemia or hyponatremia

Increased cholesterol level

a Pregnant patient needs evaluation with serum TSH.
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It remains unclear whether routine screening can improve pregnancy outcomes
compared with case finding. To begin to answer this question, a prospective observa-
tional study is underway to evaluate the effects of instituting screening for thyroid
dysfunction in pregnancy. Planned data collection includes the prevalence of undiag-
nosed thyroid deficiency, treatment compliance, pregnancy outcomes, and post-
partum course of thyroid disease (NCT00818896).
HYPOTHYROIDISM AND PREGNANCY

Hypothyroidism is an underproduction of thyroid hormones. It affects 1% to 2% of
women in the United States and complicates 0.3% of pregnancies.16 The symptoms
are vague and are similar to pregnancy concerns including fatigue, constipation, cold
intolerance, muscle cramps, insomnia, weight gain, carpal tunnel syndrome, hair loss,
voice changes, and slowed thinking. Other findings may include dry skin, periorbital
edema, and prolonged relaxation of deep tendon reflexes. Presence of thyroid
enlargement is variable. Given that symptoms of hypothyroidism can be confused
with those of pregnancy, there should be a low threshold for thyroid testing. Serum
TSH on a third-generation assay is the initial test for hypothyroidism. Laboratory
values associated with hypothyroidism include increased TSH, low FT4 or FT4I, and
variable presence of thyroperoxidase antibodies (TPO). Fig. 1 reviews the diagnosis
and management of a pregnant patient with hypothyroidism and emphasizes confir-
mation of diagnosis with a second set of laboratory values.

Hypothyroidism is associated with premature birth, preeclampsia, abruption, low
birth weight (LBW), postpartum hemorrhage, and impaired neuropsychological
Fig. 1. Diagnosis and management algorithm for pregnant woman with greater than or
equal to 1 risk factor (see Box 1) for thyroid disease without prior diagnosis of hypothy-
roidism. (See Fig. 2 for hyperthyroidism algorithm.)
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development in childhood.17,18 Based on limited data, treatment may improve preg-
nancy outcomes. Hallengren and colleagues19 found that fetal loss among hypothy-
roid women occurred in 29% of untreated, compared with 6% of levothyroxine-
treated, patients. In another study of pregnant hypothyroid women, Haddow and
colleagues14 found that children born to untreated mothers had intelligence quotient
(IQ) scores that were 7 points lower than treated peers, and 19% had IQ scores
less than 85 compared with 5% of treated.

Treatment of Hypothyroidism in Pregnancy

Women with preexisting hypothyroidism should have early assessment of TSH to
adjust medications. During the first trimester there is an estimated 30% to 50%
increase in the levothyroxine requirement. Some suggest hypothyroid women
increase their dose by 30% as soon as they are pregnant.20 Preconception counseling
is an opportunity to educate, optimize treatment, and provide an additional 25-mg
prescription of levothyroxine to start with a positive pregnancy test. Women diag-
nosed with hypothyroidism during pregnancy should start with 1 to 2 mg/kg/d of
levothyroxine. An initial dose ranges between 100 and 150 mg/d with adjustments in
25- to 50-mg increments.16 TSH should be reassessed 4 to 6 weeks following
a dose change, with a treatment goal in pregnancy between 0.5 and 2.5 mU/L.21

Once stable, TSH can be checked every 8 weeks.
The bioavailability of levothyroxine can be affected by medications or foods. Cara-

fate, cholestyramine, ferrous sulfate, and calcium carbonate reduce its absorption.
Phenytoin and carbamazepine increase its clearance. In addition, pregnant patients
should space their levothyroxine and prenatal vitamin by 2 to 3 hours.

Postpartum, most hypothyroid women can have the levothyroxine dose decreased.
Those who entered pregnancy on an adequate dose can resume their prepregnancy
dose. For those with a new diagnosis of hypothyroidism during pregnancy, reduction
can be accomplished by decreasing their dose by w30% (often a decrease of 25 mg).
TSH should be reassessed at 6 weeks postpartum.

Causes of Hypothyroidism in Pregnancy

Primary hypothyroidism
In adult women, 95% of hypothyroidism results from primary disease of the thyroid
gland, most commonly the autoimmune condition Hashimoto thyroiditis.22 Autoim-
mune thyroid disease is common among women with type 1 diabetes mellitus, Sjög-
ren syndrome, Addison disease, or pernicious anemia. Up to 25% of patients with type
1 diabetes will develop postpartum thyroid disease.23 Other causes of primary hypo-
thyroidism include subacute thyroiditis, endemic iodine deficiency, suppurative
thyroiditis, history of thyroidectomy or radioiodine ablation, and medication exposure.
Thyroiditis
Hashimoto thyroiditis Hashimoto thyroiditis, also known as lymphadenoid thyroiditis
and chronic lymphocytic thyroiditis, is the most common cause of hypothyroidism in
iodine-sufficient populations. The incidence increases with age and is common in
women, with a rate of 4 per 1000.24 In Hashimoto, antithyroid-specific antibodies
damage the thyroid gland.25 TPO antibodies are present in almost all patients. The
antibody-mediated injury of the thyroid gland may present initially as a transient hyper-
thyroidism that usually evolves insidiously into hypothyroidism. Along with thyrome-
galy, myxedema is one of the few clinical signs that leads a provider to suspect
Hashimoto specifically.
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Subacute thyroiditis There are 2 forms of subacute thyroiditis: subacute granuloma-
tous thyroiditis and subacute lymphocytic thyroiditis. Although the causes differ, these
subacute diseases have a similar course, starting with transient hyperthyroidism fol-
lowed by transient hypothyroidism.26 The disease course may last just 4 to 6 weeks
or as long as 9 months. The recovery rate is more than 90%, and only 10% of patients
have persistent goiter and mild hypothyroidism.26

Subacute granulomatous thyroiditis, also known as subacute painful thyroiditis, is
believed to be caused by viral infection. The onset is sudden, with fever, myalgia,
and neck pain. On physical examination, a painfully enlarged thyroid is the hallmark.

Subacute lymphocytic thyroiditis, also known as subacute painless thyroiditis,
includes postpartum thyroiditis. Subacute lymphocytic thyroiditis is distinguished
from subacute granulomatous thyroiditis by the presence of a painlessly enlarged
thyroid gland. Suspicion of thyroiditis should be increased during puerperium because
it affects approximately 5% of postpartum women. Recurrence is as high as 80% for
subsequent gestations.27 Recurrence may be even more common in women with
positive TPO antibodies.

The hyperthyroid phase of thyroiditis can be differentiated from Graves disease by
the lack of radioiodine uptake during a thyroid scan.28 The management of thyroiditis
hyperthyroidism is supportive, with b-adrenergic blockers for palpitations and tremors
and nonsteroidal antiinflammatory agents or corticosteroids in severe cases. Antithy-
roid medications are generally not needed because the hyperthyroidism is transient.
Women with a history of postpartum thyroiditis should be monitored annually for hypo-
thyroidism and treated accordingly.15,27
Iodine deficiency
Iodine deficiency affects more than 38% of the world’s population.29 Although iodine
sufficiency is improving, it remains a public health concern in 47 of 130 countries
surveyed.30,31 Southeast Asia and Europe are the most affected populations under
the World Health Organization (WHO).30 Iodine deficiency is assessed at the popula-
tion level, because in individuals there is a large day-to-day variation in urinary iodine
(UI) excretion, and this variation is muted with a large sample size.32 Iodine sufficiency
in a population is determined through measuring median UI excretion. In the United
States there was a decrease in median UI excretion from 320 mg/L in the 1970s to
a new steady state of 140s-160s, most recently 168 mg/L in 2002.33,34 National Health
and Nutrition Examination Survey (NHANES) III data show that the median UI excretion
in pregnant women is 141 mg/L.33 This raises concern that, although the general pop-
ulation of the United States is iodine sufficient, there are subpopulations at risk for
iodine deficiency such as immigrants from endemic regions, groups with dietary
restrictions, and pregnant women.35

Iodine deficiency in pregnancy The most devastating outcomes of iodine deficiency in
pregnancy include perinatal mortality and congenital cretinism (growth failure, mental
retardation, and other neuropsychological deficits).4 Iodine deficiency remains the
leading cause of preventable mental retardation worldwide.36,37 A meta-analysis of
19 studies conducted in iodine deficient areas found that deficiency is responsible
for a mean IQ loss of 13.5 points.38 Decreases in maternal FT4 due to mild deficiency
may have adverse effects on cognitive function of offspring.15 The median UI concen-
tration for a population of pregnant women is considered insufficient if less than 150
mg/L and for lactating women if less than 100 mg/L. Iodine needs increase in pregnancy
as a result of renal clearance as well as fetal and placental uptake. The recommended
nutrient intake for iodine during pregnancy and lactation should average 250 mg/d.39
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In most populations, iodized salt and seafood are the major sources of iodine. In the
United States, table salt is iodized with potassium iodide at 100 parts per million.40

Iodized table salt is chosen by about 50% to 60% of the Unites States population;
however, approximately 70% of ingested salt comes from processed foods that are
not prepared with iodized salt.41,42 Pregnant women should be counseled that
although they may be limiting their intake of fish for concerns of mercury levels,
they should include other sources of iodine in their diet and make sure their prenatal
vitamins are fortified with iodine. Iodine-rich foods include seaweed, seafood, potato
(baked with peel), cow’s milk, turkey breast (baked), navy beans, and eggs.43

Secondary hypothyroidism
Secondary hypothyroidism is rare. It has been described as the result of damage to
the hypothalamus or pituitary from tumor, surgery, radiation, Sheehan syndrome,
and lymphocytic hypophysitis.

Sheehan syndrome and lymphocytic hypophysitis are rare conditions unique to
pregnancy. Sheehan syndrome is pituitary necrosis from vascular hypoperfusion. It
has been reported to occur following severe pregnancy-related hemorrhage or hypo-
tension. The presentation can vary from insidious, with failure to lactate or resume
menses, to acute panhypopituitarism with high morbidity. When the diagnosis is sus-
pected, evaluation requires stimulation testing and intracranial imaging, which often
shows an empty sella turcia. Up to 90% develop secondary hypothyroidism.44

Management consists primarily of hormone replacement.45

Lymphocytic hypophysitis occurs in the peripartum period. It is believed to be an
autoimmune disorder leading to anterior pituitary destruction. The most common
presentation involves mass effect with headache and visual field changes and endo-
crine dysfunction that can vary from panhypopituitarism to single-hormone defi-
ciency.46 Intracranial imaging typically shows an enhancing sellar turcica mass that
is indistinguishable from a pituitary macroadenoma. Corticosteroids have been effec-
tive, but surgical debulking is indicated in the presence of mass effect. Management of
this rare condition can be difficult when the symptoms are not severe, at which time
the pros and cons of expectant management versus tissue diagnosis must be
weighed.47 Multidisciplinary management should involve neurosurgery and
endocrinology.
Subclinical thyroid disorders
The diagnosis and management of subclinical thyroid disorders is controversial, and
the clinical significance in pregnancy is debated.

Subclinical hypothyroidism in pregnancy Subclinical hypothyroidism is defined as
increased TSH with normal concentrations of FT4 and FT3. The prevalence of subclin-
ical hypothyroidism during pregnancy is estimated to be 2% to 5%.48–50 Women with
subclinical hypothyroidism are more likely than euthyroid women to have antibodies
for TPO; 31% compared with 5%.6 Half of these women progress to hypothyroidism
within 8 years.51 Subclinical hypothyroidism, like hypothyroidism, is seen more
frequently in women with autoimmune diseases. The association of TPO antibodies
with subclinical hypothyroidism, and the tendency of this group to progress to hypo-
thyroidism, support the belief that it is part of a spectrum of autoimmune hypothyroid
disease. In contrast, TPO antibodies are no more common in women with isolated
hypothyroxinemia than in women with normal thyroid function. This finding causes
some to question the significance of isolated hypothyroxinemia as a pertinent biologic
entity.6
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By definition, subclinical hypothyroidism during pregnancy is an asymptomatic
condition. The diagnosis is made by laboratory testing with a TSH greater than 3.0
mU/L and normal FT4. Concerns have been raised regarding the effect of mild maternal
thyroid hormone deficiency on fetal neurodevelopment. Haddow and colleagues14

concluded from their case-control study that decreases in childhood intellectual perfor-
mance can occur even when a pregnant woman’s hypothyroidism is mild and probably
asymptomatic. Allan and colleagues52 showed that pregnant women with TSH more
than 10 mU/L experience significantly more stillbirths, although this study population
may not reflect subclinical hypothyroidism because it did not differentiate hypothy-
roidism from subclinical hypothyroidism. A study by Casey and colleagues13 found
an increased risk of preterm delivery from 2.5% in euthyroid women compared with
4% in women with subclinical hypothyroidism, as well as a threefold higher risk of
abruption. The incidence of gestational hypertension, preeclampsia, and stillbirth
was not significantly different. Refuting these findings, a secondary analysis of First
and Second Trimester Evaluation of Risk (FaSTER) Trial data did not show an associa-
tion between subclinical hypothyroidism and preterm labor, abruption, or any adverse
pregnancy outcome.9 It has not yet been shown that treatment of subclinical hypothy-
roidism with levothyroxine can prevent or modify any of the associated outcomes. As
such, routine screening and treatment of subclinical hypothyroidism in pregnancy is
not universally recommended or accepted practice.

Isolated hypothyroxinemia and pregnancy
Isolated hypothyroxinemia is defined as a low FT4 and normal TSH. Isolated hypothyr-
oxinemia can be found in approximately 1% to 2% of pregnancies and is defined as
low FT4 with normal TSH.6 Pop and colleagues53,54 found that, during pregnancy,
maternal FT4 less than 10th percentile at 12 wga was associated with an increased
risk of impaired psychomotor development in infants evaluated at 10 months and 2
years of age. Casey and colleagues6 evaluated the outcomes of 17,298 pregnancies
and found that isolated maternal hypothyroxinemia in the first half of pregnancy has no
adverse affects on pregnancy outcome. Supporting this, adverse pregnancy
outcomes were not consistently associated with first or second trimester isolated
maternal hypothyroxinemia in a large cohort enrolled in the FaSTER Trial.9 To date,
there are no studies showing benefit from levothyroxine treatment of isolated hypo-
thyroxinemia during pregnancy on pregnancy outcome or subsequent infant
development.

Clinicians providing care for pregnant women are left with uncertainty regarding
issues of screening for, and management of, subclinical hypothyroid disorders,
although studies are underway. A prospective observational study is recruiting
subjects to examine the neurodevelopmental outcome of children born to women
with isolated hypothyroxinemia (NCT00147433). In addition, a large multicenter
randomized double-blinded placebo controlled trial is in progress to examine the
effect of levothyroxine treatment in women with subclinical hypothyroidism or hypo-
thyroxinemia on the neurodevelopmental outcome of their children (NCT00388297).

HYPERTHYROIDISM IN PREGNANCY

Hyperthyroidism is the result of an excess of thyroid hormones that complicates less
than 1% of pregnancies.4 Recognition of hyperthyroidism during pregnancy can be
elusive because signs overlap with pregnancy symptoms such as nausea and vomit-
ing, increased appetite, heat intolerance, insomnia, changes in bowel habits, fatigue,
and irritable or anxious mood. Symptoms uncommon in normal pregnancy, but found
in hyperthyroidism, are weight loss or failed weight gain despite increased dietary
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intake, resting tachycardia, hypertension, tremor, eye stare, eyelid lag, proptosis, and
thyroid enlargement or nodule.

There are few high-quality studies to guide the management of hyperthyroidism in
pregnancy. As such, management of hyperthyroidism in pregnancy reflects the stan-
dard of care for the general population with a few exceptions. Treatment options in
pregnancy include antithyroid medications and thyroidectomy. In all but the mildest
cases of hyperthyroidism, treatment is advised because there may be an association
between uncontrolled hyperthyroidism and pregnancy complications. These compli-
cations include spontaneous abortion, minor congenital anomalies, preeclampsia,
preterm birth, LBW, abruption, neonatal thyroid dysfunction, and perinatal
mortality.55–57 Maternal complications of uncontrolled hyperthyroidism are primarily
related to thyroid storm, including arrhythmia and congestive heart failure.58 Subclin-
ical hyperthyroidism, in which TSH is low but FT4 is normal, does not affect pregnancy
outcomes and treatment is unnecessary.59 To avoid fetal exposure to the complica-
tions of hyperthyroidism and its treatment options, preconception treatment is
preferred, although not always possible.

Diagnosis of suspected hyperthyroidism can be confirmed by laboratory testing
showing low TSH on a third-generation assay and high FT4 or FT4I. FT3 is only used
to exclude rare cases of T3 thyrotoxicosis when the serum TSH is low and FT4 or FT4I
is normal.

Treatment of Hyperthyroidism in Pregnancy

Antithyroid medications
As described in Fig. 2, the first line of treatment of hyperthyroidism is antithyroid
medication, of which there is 1 class, the thionamides. This class comprises 3
Fig. 2. Diagnosis and management algorithm for pregnant woman with greater than or
equal to 1 risk factor (see Box 1) for thyroid disease without prior diagnosis of hyperthy-
roidism. (See Fig. 1 for hypothyroidism algorithm.)
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medications: propylthiouracil (PTU), methimazole, and carbimazole, which work by
inhibiting the production of T4. PTU also blocks the conversion of T4 to T3.
Currently, PTU is used more frequently than methimazole, because methimazole
may be teratogenic. There have been numerous case reports describing cutis
aplasia and congenital abnormalities (choanal atresia, gastrointestinal, and facial)
in pregnancies treated with methimazole.60 Although a causal relationship between
methimazole and cutis aplasia or the spectrum of birth defects is not certain, the
reports have led to the avoidance of methimazole in early pregnancy.61 Carbima-
zole is unavailable in the United States.

In addition to teratogenic concerns, all antithyroid medications cross the placenta
and can cause iatrogenic fetal hypothyroidism. To reduce this risk, the lowest dose
of antithyroid medication to achieve a maternal FT4 or FT4I in the upper third of the
normal range or slightly more than normal should be used.62 One approach would
be to use the Casey and colleagues6 pregnancy-specific reference range for FT4

(0.85–1.9 ng/dL) or FT4I (4.5–12.5 mg/dL) as goals.3 A typical PTU dose to achieve
this is 300 to 450 mg/d given in 3 oral doses of 100 to 150 mg each. Occasionally
doses of 600 mg daily are necessary. b-Adrenergic blockers inhibit conversion of T4

to T3 and can be used as an adjunctive treatment to antithyroid medications to reduce
tachycardia, palpitations, and tremors. Propranolol 20 to 40 mg orally every 8 to 12
hours may be used while awaiting response to the antithyroid medications. PTU
dose adjustments are based on FT4 or FT4I testing performed every 3 to 4 weeks.
TSH is not helpful in treatment monitoring because it remains low. Improvement in
symptoms occurs after 3 to 4 weeks of treatment but a full response may take 8
weeks. Antithyroid medications can and should be tapered as pregnancy progresses,
but there is controversy as to whether they should be discontinued or maintained
through delivery. Block and replace therapy, combining high doses of antithyroid
medication with levothyroxine, is not advised in pregnancy because the antithyroid
medications readily cross the placenta but levothyroxine does not, which increases
the risk of fetal hypothyroidism.62 The fetus should be monitored for signs of hypothy-
roidism by clinical examination for growth and fetal heart tones for baseline brady-
cardia. Approximately 10% of those exposed to PTU will develop fetal or neonatal
hypothyroidism.63 Ultrasound is not routinely recommended but has been advocated
by some to assess fetal biometry and for evidence of fetal goiter.4 The normal fetal
thyroid can be difficult to see on routine ultrasound examination, but a goiter is sus-
pected if there is a symmetric paratracheal mass, neck hyperextension, and polyhy-
dramnios. Case reports describe confirmation of suspected fetal hypothyroidism in
women on antithyroid medications by percutaneous umbilical blood sampling. Treat-
ment has consisted of decreasing the maternal antithyroid medication or weekly intra-
amniotic instillation of thyroid hormone.64 Because of the potential complications of
percutaneous umbilical blood sampling and repeat amniocentesis, this management
approach should not be routine.

A rare but serious side effect of the thionamides is agranulocytosis, which occurs in
0.1% of patients. Before initiating therapy, a baseline assessment of white blood cell
count should be performed. Women must be instructed to call for evaluation if they
experience a sore throat or febrile illness. In such an event, a complete blood count
is performed immediately and, if agranulocytosis is diagnosed, all antithyroid medica-
tions are permanently discontinued. In addition, PTU and methimazole have been
implicated in rare cases of fatal hepatic failure.65,66 Antithyroid medications can be
continued postpartum as there is minimal excretion into breast milk. The American
Academy of Pediatrics and WHO support the compatibility of breastfeeding and all
antithyroid medications.67,68
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Surgery
Subtotal or near-total thyroidectomy is the surgical management for women with
complications of severe refractory hyperthyroidism, intolerance of medications,
agranulocytosis, noncompliance, or malignant thyroid cancer. Ideally, surgery is
delayed until postpartum, but it can be performed in pregnancy when necessary. If
surgery is required during pregnancy it is best accomplished in the second trimester
to avoid possible anesthesia complications such as potential teratogenicity and
preterm birth. Other concerns regarding thyroid surgery in pregnancy are airway
management and recurrent laryngeal nerve injury. Surgical risks of total thyroidectomy
include 2% to 4% risk of injury of the recurrent laryngeal nerve and 1% risk of hypo-
parathyroidism following inadvertent resection of parathyroid glands. Complications,
costs, and length of stay associated with thyroid surgery may be increased in preg-
nancy.69 Thyroidectomy for Graves disease with subsequent discontinuation of anti-
thyroid medications can lead to fetal hyperthyroidism if thyroid-stimulating
antibodies are present.70

Radioiodine ablation
Radioiodine ablation using iodine 131 (131I) is contraindicated during pregnancy and
lactation. All sexually active, childbearing-age women with a uterus should have
a pretreatment pregnancy test to avoid inadvertent administration during gestation.71

The 131I crosses the placenta and, although early exposure may have little effect on the
fetus, after 12 wga the fetal thyroid is capable of concentrating the 131I and is suscep-
tible to the ablative effects. Case series of fetal exposure to 131I after 10 to 12 wga
show at least a 3% rate of congenital hypothyroidism and neurologic abnormali-
ties.72–74 In an attempt to prevent fetal thyroid ablation by blocking 131I uptake,
some have prescribed PTU and potassium iodide 5 to 10 gtts orally twice daily within
7 to 10 days after inadvertant 131I administration.75 Because of the possible increased
risk of adverse pregnancy outcomes after 131I ablative therapy, effective contracep-
tion is recommended for at least 3 months, and some recommend postponing
conception for 1 year following therapy.76 More recently, Garsi and colleagues77 rec-
ommended postponing conception until stable serum TSH levels are achieved on lev-
othyroxine. There has also been concern that prior maternal gonadal exposure to 131I
may be associated with later adverse reproductive outcomes, but there seems to be
no increase in fetal malformation, spontaneous abortion, stillbirth, or preterm birth in
women who have undergone prior radioiodine ablation.77

Causes of Hyperthyroidism in Pregnancy

The most common cause of clinically significant hyperthyroidism in pregnancy is
Graves disease, but the differential includes hyperemesis gravidarum/gestational
transient thyrotoxicosis, solitary hyperfunctioning nodule, and thyroiditis. In addition,
there are some other causes to consider, including toxic multinodular goiter, exoge-
nous thyroid hormone (iatrogenic or factitious), gestational trophoblastic disease,
metastatic thyroid cancer, struma ovarii, pituitary tumor, iodine induced, and medica-
tion associated.

Hyperemesis gravidarum/gestational transient thyrotoxicosis
Transient biochemical features of hyperthyroidism may be observed in 2% to 15% of
women in early pregnancy.78,79 In these cases, unlike Graves disease, there is no
antecedent history or symptoms of hyperthyroidism. Women with hyperemesis grav-
idarum have intractable nausea and vomiting leading to dehydration, electrolyte
disturbance, and weight loss. Routine assessment of thyroid function is not recom-
mended in the evaluation of hyperemesis gravidarum unless there is suspicion of
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clinical hyperthyroidism.4,80 If assessed, serum TSH is frequently low and FT4 or FT4I is
high. The cause of the transient hyperthyroidism is believed to be a result of cross-
reactivity between hCG and TSH at the thyroid receptor. Supportive therapy with anti-
emetics, hydration, electrolyte replacement, and nutrition is recommended. In nearly
all cases, spontaneous resolution occurs by 18 wga without treatment.81 Antithyroid
medications should be avoided unless there is persistence of hyperthyroid symptoms
and thyroid function abnormalities beyond 18 to 20 wga because this may indicate
Graves disease and should be treated.27

Graves disease
Graves disease is an autoimmune disorder occurring in 0.5% of the population. It
accounts for more than 90% to 95% of hyperthyroidism associated with pregnancy.
Unlike transient gestational thyrotoxicosis, the symptoms of Graves disease often
antedate pregnancy. Graves disease is due to antibodies that stimulate thyroid recep-
tors, producing thyroid hypertrophy and hyperfunction. Accordingly, the thyroid gland
is enlarged on examination. In addition, abnormal eye findings of proptosis and extra-
ocular muscle palsy are common. Several antibodies can be associated with Graves
disease, including TPO, thryoglobulin, microsomal, and thyroid receptor antibodies
(TRAbs). The activity of the TRAbs can be measured via tests for thyroid-stimulating
immunoglobins (TSI) or thyrotropin-binding inhibitory immunoglobulins (TBII). TRAbs
are specific to Graves disease, but measurement is not necessary to make the diag-
nosis.4 The diagnosis is made by clinical examination and low serum TSH, high FT4 or
FT4I, and, if measured, higher FT3 compared with FT4. Management with antithyroid
medications is standard during pregnancy, reserving surgery for complicated cases.
Surgery ultimately provides the most durable treatment option. Relapse rates after
surgery are 5% compared with 40% after antithyroid medication, and TRAbs are
more likely to decrease after surgery.70,82 Graves disease is known to exacerbate in
the first trimester and to improve in the second and third trimesters of pregnancy,
allowing tapering of medications. Close monitoring in the postpartum period is impor-
tant, as disease flares have been reported. Women who are weaned from antithyroid
medications should have thyroid function testing at the 6-week postpartum visit. Care
of women with Graves disease in pregnancy should be multidisciplinary and involve an
obstetrician familiar with the management of maternal medical conditions, an endocri-
nologist, and often an ophthalmologist. Women with proptosis or other eye findings
should be referred to an ophthalmologist for evaluation and management of ophthalm-
opathy, which may be present in as many as half the cases of Graves disease.

Neonatal Graves disease occurs in about 1% to 5% of babies born of women with
the condition.83 Regardless of the maternal thyroid status, TRAbs can remain after
treatment by surgery or radioiodine ablation, and the fetus may be affected by their
transplacental passage. Affected fetuses may exhibit in utero and neonatal hypothy-
roidism or hyperthyroidism. Some have recommended measurement of maternal
TRAbs at 28 to 32 wga in all women with active or treated Graves disease to determine
the risk of fetal and neonatal thyroid dysfunction.15 ACOG does not recommend
routine TRAb testing, because management is rarely changed by the results.4 Fetal
hypothyroidism from TBII may manifest as bradycardic baseline fetal heart rate
(FHR), goiter, and intrauterine growth restriction (IUGR). Findings associated with fetal
hyperthyroidism from TSI include tachycardic baseline FHR, goiter, IUGR, craniosy-
nostosis, premature skeletal maturation, cardiac failure, and hydrops.83,84 There are
case reports describing percutaneous umbilical blood sampling to confirm the diag-
nosis of suspected fetal hypothyroidism or hyperthyroidism. Treatment of the
hyperthyroid fetus has been reported by means of administering maternal PTU
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concurrently with levothyroxine. Treatment of the hypothyroid fetus by means of serial
intra-amniotic instillation of levothyroxine has also been reported.85 These
approaches are isolated to case reports, and series and should not be used in routine
practice; referral to a maternal fetal medicine specialist is advised. Pediatric care
givers should be informed of all cases of past and present maternal Graves disease,
as well as antithyroid medications and presence of maternal TRAbs.

Thyroid Nodules in Pregnancy

Thyroid nodules occur in 1% to 2% of young women. The chance of having a palpable
thyroid nodule increases with age. Among reproductive-age women, most palpated
nodules of the thyroid are benign. Evaluation of a thyroid nodule includes a serum
TSH and an ultrasound assessment of the neck and thyroid gland. Multinodular goiter
is defined as the presence of 2 or more nodules. Thyroid nodules are described as
functional or nonfunctional depending on whether they produce thyroid hormone.
Functional nodules are less likely to be malignant, but this is not absolute. Autoim-
mune thyroid diseases may increase the risk of thyroid cancer, and coexistent Graves
disease or Hashimoto thyroiditis must be considered if the serum TSH is low or high,
respectively. Fine-needle aspiration of thyroid nodules during pregnancy is recom-
mended to exclude cancer if they are growing, suspicious (microcalcifications,
hypoechoic, increased vascularity, infiltrative margins), or larger than 1 cm.15,65

Management of hyperthyroidism in pregnancy resulting from a hyperfunctioning soli-
tary nodule or multinodular goiter consists of antithyroid medications, b-adrenergic
blockers, and thyroid surgery.15
THYROID CANCER IN PREGNANCY

Thyroid cancer is the most commonly diagnosed endocrine malignancy. The inci-
dence of this cancer is rising, likely as a result of increased detection of early-stage
cases in a reservoir of subclinical disease.86 Among United States reproductive-age
women in 2002 to 2006, the age-specific annual incidence rates of invasive thyroid
cancer ranged from 7 to 23 cases in 100,000 persons (http://SEER.cancer.gov).
Accordingly, it affects approximately 14 out of 100,000 pregnant women.87 Thyroid
cancer is likely to be asymptomatic and diagnosed by a palpable nodule found on
prenatal examination.88 The histologic types of thyroid cancer include differentiated
(papillary and follicular), medullary, Hurthle cell, and anaplastic. Papillary thyroid
cancer is the most common histologic type diagnosed during pregnancy and it has
an excellent long-term prognosis. The approach to diagnosis in a pregnant woman
with a palpable thyroid nodule is similar to that in the nonpregnant woman. Serum
TSH and ultrasound assessment of the neck and thyroid gland with fine-needle aspi-
ration for suspicious nodules are recommended. With concerns that pregnancy
hormones may influence tumor behavior, uncertainty exists about the optimal timing
of surgical treatment in those with suspicious biopsy results. Timing of treatment
should be based on the tumor histology and clinical presentation. If localized, differ-
entiated thyroid cancer is diagnosed in the second or third trimester, it may be accept-
able to delay surgery until postpartum.89 There is no apparent increase in adverse
pregnancy outcomes in women diagnosed with differentiated thyroid cancer who
receive subtotal or total thyroidectomy during pregnancy or postpartum compared
with the baseline obstetric population. The 10-year survival rate for differentiated
thyroid cancer diagnosed during pregnancy is 99% and is not different from that diag-
nosed in age-matched nonpregnant women.89 Women who undergo surgical treat-
ment during pregnancy require monitoring of thyroid function and need replacement

http://SEER.cancer.gov
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levothyroxine. Many will require postsurgical medical management of thyroid cancer
with doses of levothyroxine to achieve suppressed TSH levels.90 Careful monitoring
for clinical symptoms of hyperthyroidism due to overtreatment is important during
pregnancy. The 10-year recurrence rate of thyroid cancer is w15% to 20%, and ultra-
sound surveillance of the neck for local or nodal recurrence may be indicated depend-
ing on the histology and stage of disease.91 Thyroglobulin levels are measured after
completion of surgical treatment and are predictive of persistent or recurrent
disease.92 Postsurgical 131I whole-body scintigraphy and radioiodine remnant ablation
are contraindicated during pregnancy and lactation. Because of the increasing inci-
dence of thyroid cancer in young adults, the excellent long-term survival in this pop-
ulation, and the increasingly common choice to delay childbearing, many obstetricians
will provide obstetric care for women with previously treated and newly diagnosed
thyroid cancer. Multidisciplinary care involving the obstetrician, endocrinologist, and
medical or surgical oncologist is essential in managing women with a history of thyroid
cancer or those with thyroid cancer diagnosed during pregnancy.
THYROID STORM

Thyroid storm, an acute exacerbation of hyperthyroidism, is a rare but critical medical
complication. It may present as unexplained fever, tachycardia, neurologic changes,
arrhythmias, and cardiac failure in the setting of poorly controlled or undiagnosed
Fig. 3. Stepwise approach to medication management of thyroid storm in pregnancy.
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hyperthyroidism. Characteristic laboratory values are consistent with hyperthyroidism
and may also include leukocytosis, transaminitis, and hypercalcemia. Inciting factors
include infection, surgery, medical complications, preeclampsia, and delivery. A high
index of suspicion, low threshold for evaluation, and prompt treatment are essential to
avoid adverse outcomes. Intensive monitoring may require intensive care unit admis-
sion, especially if there is evidence of cardiac decompensation. Initial stabilization
requires intravenous fluid and electrolyte replacement. Once the diagnosis is estab-
lished or highly likely, an antithyroid medication must be started to block further
production of T4. The maternal heart rate should be controlled. b-Adrenergic blocking
agents also impede the conversion of T4 to T3. Iodine blocks release of T4 and can be
commenced after an initial 1 to 2 hours of stabilization with the antithyroid medication.
Corticosteroids are often given to further reduce the peripheral conversion of T4 to T3.
Specific recommendations for medications and doses vary slightly in the literature but
most have thionamide, b-adrenergic blockers, corticosteroids, and iodide in common
(Fig. 3). Supportive therapy may be needed to treat fever and hypoxia. Maternal telem-
etry, central monitoring, and arterial monitoring may be indicated, depending on clin-
ical circumstances. The inciting factor should be sought and treated if possible.
Consultation with an endocrinologist and an obstetrician familiar with the manage-
ment of critically ill pregnant women is appropriate. If the fetus is of a viable gestational
age, fetal monitoring should be considered. Intervention on behalf of the fetus should
not be undertaken until the maternal condition is stabilized, because vaginal or
cesarean delivery may exacerbate thyroid storm.1,4,93–95

SUMMARY POINTS

� Thyroid disease is common in pregnancy.
� Hypothyroidism and hyperthyroidism are associated with adverse pregnancy

outcomes, and treatment may improve these outcomes.
� Untreated hypothyroidism during pregnancy may be associated with impaired

intellectual development in childhood.
� It is unclear whether subclinical thyroid disorders are associated with adverse

pregnancy or childhood outcomes, or whether treatment is beneficial.
� Routine screening for thyroid disease in women without risk factors is not recom-

mended or accepted practice.
� Normal reference ranges for thyroid function tests in pregnancy are not

established.
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In patients with renal disease who become pregnant, the possible harmful effects of
pregnancy on kidney function and the impact of renal disease on pregnancy outcome
should be considered. In this context, the nephrologist’s role is to assess the risk for
worsening renal function in pregnancy; ideally nephrologic opinion should be sought
before conception. Assessment of maternal hypertension is also crucial, because it
contributes significantly to the risk for deteriorating renal function and increases the
risk for preeclampsia, preterm delivery, intrauterine growth restriction, and perinatal
mortality.

Management of pregnant women with kidney disease may be complicated, and
requires an understanding of the physiologic changes associated with pregnancy
and close teamwork between obstetricians and nephrologists. Although some areas
in obstetric medicine have been extensively studied in randomized controlled trials
(eg, prevention of preeclampsia), renal disease in pregnancy has been so less
commonly, and the quality of the evidence guiding clinical practice has not been of
the highest level. Most evidence consists of case series with modest numbers of
subjects. Based on population studies, the prevalence of chronic kidney disease in
women of childbearing age is 0.03% to 0.2% of all pregnancies.

RENAL ANATOMY AND PHYSIOLOGY IN PREGNANCY
Anatomic and Functional Changes in Urinary Tract

Normally in pregnancy, increased renal blood flow and glomerular hypertrophy result in
an increase in kidney length of approximately 1 cm during normal gestation, and overall
kidney volume increases by up to 30%.1 The major anatomic alterations of the urinary
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tract during pregnancy are seen in the collecting system, where calyces, renal pelvises,
and ureters dilate, often giving the erroneous impression of obstructive uropathy.2 The
cause of the ureteral dilation has been attributed to hormonal mechanisms, such as
increased progesterone, and mechanical obstruction by the enlarging uterus. These
morphologic changes result in stasis in the urinary tract and a higher risk among preg-
nant women with asymptomatic bacteriuria for progression to pyelonephritis, particu-
larly in those who have a history of prior urinary tract infections.3 Rarely, ‘‘overdistension
syndrome’’ may occur, which is a pregnancy-related syndrome characterized by
severe hydronephrosis, abdominal pain, decline in renal function, and even hyperten-
sion, which may respond to lateral recumbency or require stent placement.

Renal Hemodynamics in Pregnancy

Marked vasodilation is a hallmark of pregnancy and occurs by 6 weeks gestation.
Vasodilation is accompanied by a decrease in blood pressure, increase in cardiac
output, and increases in renal plasma flow and glomerular filtration, all of which persist
until late gestation. Increased progesterone, estrogen, nitric oxide, and relaxin have all
been implicated as vasodilatory mediators. Because renal plasma flow increases
slightly more than the glomerular filtration rate (GFR), filtration fraction remains
constant or slightly lower in pregnancy. Increases in renal hemodynamics reach
a maximum during the first trimester, and levels are approximately 50% greater
than those of prepregnancy.4 The increase in GFR (hyperfiltration) during normal preg-
nancy occurs without increase in intraglomerular pressure, and normal pregnancy is
not injurious to the maternal kidney.

Acid–Base Regulation in Pregnancy

Because of the increased circulating level of progesterone, which directly stimulates
the medullary respiratory center, tidal volume and alveolar ventilation are increased
during pregnancy, resulting in respiratory alkalosis, with reduced arterial PCO2. To
compensate, the kidneys excrete more bicarbonate in pregnancy, which results in
a 4- to 5-mEq/L decrease in serum bicarbonate to 20 to 22 mEq/L, changes that
are apparent in the first trimester.5 Compared with nonpregnant patients, the normal
anion gap in pregnancy is lower at 8.5� 2.9, and normal strong ion difference ([Na1] 1
[K1] – [Cl-]) is 38.3 � 2.9.6 Finally, a PCO2 of 40 mm Hg signifies considerable carbon
dioxide retention in pregnancy.

Water Metabolism

Pregnancy is associated with a decrease in plasma osmolality of 5 to 10 mOsm/kg
lower than that of nongravid women, reaching a nadir at 10 weeks gestation. The
decrease in plasma osmolality is associated with appropriate responses to water
loading and dehydration, and suggests a resetting of the osmoreceptor system,
with thirst occurring at lower serum osmolality. Clinical studies showing decreased
osmotic thresholds for thirst and arginine vasopressin (AVP) release in pregnant
women support this hypothesis. The lower osmolality and serum sodium represent
a new normal set-point. In addition to these changes, pregnant women metabolize
AVP more rapidly because of increased production of placental vasopressinases.7

Pregnant women may develop syndromes of transient diabetes insipidus from the
increased metabolism of AVP. These syndromes may be treated with pharmaceutical
desmopressin, which remains effective because of a different N-terminus that is resis-
tant to the circulating vasopressinases.

Serum sodium is also lower in pregnancy, which may be caused partly by relaxin,
a peptide hormone in the insulin family that is secreted by the corpus luteum and
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placenta during human gestation. Relaxin is associated with osmoregulatory changes
and increases in GFR and vasodilation in early pregnancy.8 Human chorionic gonad-
otropin seems to cause release of relaxin, which then stimulates the subfornical organ
in the hypothalamus, resulting in thirst and AVP secretion. Chronic administration of
relaxin to rats mimics several of the hemodynamic and osmotic changes of preg-
nancy, whereas antirelaxin antibodies reverse these changes.

Volume Regulation in Pregnancy

Total body water increases by 6 to 8 L during pregnancy, 4 to 6 L of which is extracel-
lular. Plasma volume increases 50% during gestation, with the largest rate of incre-
ment occurring mid-pregnancy. Although serum sodium measurement decreases,
a daily positive balance of 2 to 5 mEq and gradual accumulation of approximately
900 mEq of sodium is present during pregnancy (approximately 20 g of sodium chlo-
ride), which is distributed between the products of conception and the maternal extra-
cellular space. Despite the increase in plasma volume during pregnancy, no evidence
shows a hypervolemic (ie, overfilled circulation) state during pregnancy. Vasodilation,
which is observed as early as the first trimester, may be the stimulus for increased
sodium retention and increased plasma volume. The observations that blood pressure
is significantly lower and the renin–angiotensin system is stimulated during normal
pregnancy are consistent with primary vasodilation preceding and causing the
increase in plasma volume.

Physiology of Renal Disease in Pregnancy

In patients with abnormal prepregnancy renal function, pregnancy may adversely
affect maternal renal function, causing it to deteriorate irreversibly, both during gesta-
tion and after delivery. The causes are not altogether clear, although exacerbation of
preexisting endothelial dysfunction, alterations in immune function, and increased
inflammation associated with pregnancy may contribute. Platelet aggregation, forma-
tion of fibrin thrombi, and microvascular coagulation have also been implicated in renal
and placental dysfunction. In general, the closer to normal the GFR and blood pres-
sure, the greater the chance of successful pregnancy.

Assessment of Renal Function in Pregnancy

During pregnancy, GFR and creatinine clearance increase by 40% to 65% and creat-
inine production is unchanged; therefore, the increased clearance results in
decreased serum levels. One study reported average values of 0.83 mg/dL (73
mmol/L) in nonpregnant women, and 0.74, 0.58, and 0.53 mg/dL (65, 51, and 46
mmol/L, respectively) in first, second, and third trimester of pregnancy, respectively,
with values for the upper limit of normal of 0.96, 0.90, and 1.02 mg/dL (85, 80, and
90 mmol/L, respectively).9

In the nonpregnant population, the Cockroft-Gault and MDRD (Modification of Diet
in Renal Disease) formulae are most commonly used to assess kidney function.
Neither of these have been validated in pregnancy. The Cockroft-Gault formula
uses body weight as a surrogate for muscle mass, but because the weight of a gravid
women increases without affecting the muscle mass, using pregnancy weight in this
formula yields inaccurate results. In one study using prepregnancy weight, the formula
better approximated creatinine clearance. The MDRD formula yields results that are
corrected for body surface area, but because the body surface area changes in preg-
nancy, this too yields inaccurate results. In one study, MDRD formula underestimated
GFR by more than 40 mL/min.
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Measurement of serum cystatin C had been proposed as a more sensitive marker
for GFR because it was believed to be independent of age, weight, height, or muscle
mass; however this has not been proven when studied in pregnancy.10 Creatinine
clearance measured with 24-hour urine collection remains the best approximate of
the gold standard of inulin clearance, and is the most well-validated method for
measuring renal function.

Because of the increased GFR in pregnancy, the tubular transport maximum is
exceeded and reabsorption is decreased, causing increased excretion of glucose,
amino acids, calcium, and urinary protein. The upper limit of normal for urinary protein
excretion is 300 mg/d in pregnant patients versus 150 mg/d in nonpregnant patients.
Abnormal proteinuria has been evaluated with 24-hour urine collection, urine dipstick,
and protein/creatinine ratio, but the gold standard remains the 24-hour urine protein
measurement. A 24-hour protein level greater than 300 mg is abnormal in pregnancy
and correlates with a urine dipstick 11 protein measurement. Although commonly
used in an obstetrician’s office to detect significant proteinuria, urine dipstick testing
is susceptible to error because of variations in urine concentration, and may miss up to
1 of 11 hypertensive pregnant women with true proteinuria.11 Therefore, if the level of
suspicion is high, 24-hour urine testing should be performed. Total protein/creatinine
ratio has been shown to accurately estimate 24-hour urine protein in nonpregnant
patients and, according to a systematic review of 13 studies of pregnant patients,
seems to be of value in ruling out proteinuria if less than 0.25 g per 24 hours. Misclas-
sifications tend to occur when the proteinuria is borderline (250–400 mg/d), and there-
fore the 24-hour collection should be performed to diagnose preeclampsia if the
results are equivocal. The protein/creatinine measurement also underestimates
severe proteinuria in pregnancy, and therefore cannot be recommended as an alter-
native to 24-hour measurement.12
KIDNEY DISEASE IN PREGNANCY

Kidney disease during pregnancy may be caused by (1) preexisting renal disease that
was diagnosed before conception, (2) chronic renal disease that was unappreciated
before pregnancy and diagnosed for the first time during pregnancy, or (3) renal
disease that develops for the first time during pregnancy. Some overlap exists with
respect to the different diseases that are typical of the three categories. For example,
lupus nephritis may be a chronic condition, or it may develop for the first time during
pregnancy.

Chronic Renal Disease: General Principles

Fertility and ability to sustain an uncomplicated pregnancy are related to the degree of
renal functional impairment rather than to the specific underlying disorder. The greater
the functional impairment and higher the blood pressure, the less likely the pregnancy
will be successful (Table 1). Patients with preserved renal function and normal or well-
controlled blood pressure have favorable maternal and fetal outcomes. Those with
mildly elevated creatinine, such as 1.2 to 1.4 mg/dL (106–124 mmol/L) seem to have
some risk (16% in one study) for renal function decline. Those with moderate renal
insufficiency (serum creatinine 1.4–2.5 mg/dL, or 124–220 mmol/L) are at increased
risk for preeclampsia (20%–30%) and preterm delivery. Of these women, approxi-
mately 50% have a pregnancy-related decline in creatinine clearance (by 25%), and
the renal function decline seems to persist or progress after delivery. Women with
severe renal dysfunction, defined by a creatinine level greater than 2.5 mg/dL [220
mmol/L], should be discouraged from conceiving because 70% will experience



Table 1
Effect of pregnancy on renal disease

Author
No. Pregnant
Patients

Renal
Diagnosis

Clinical Status
at Baseline Outcome

Katz et al52 89 glomerulonephritis Serum Cr %

1.4 mg/dL
16% transient

worsening of
renal function

Abe et al53 72 glomerulonephritis GFR >70 mL/min No change

Jungers et al54 171 glomerulonephritis Normal GFR No change

Abe et al55 118 IgA nephropathy GFR mean
70 mL/min

19% had renal
function decline,
4% progressed to
ESRD or dialysis
1–5 years after
delivery

166 Glomerular
disease

GFR >70 mL/min
GFR <50 mL/min

Good if GFR >70 and
blood pressure
<140/90

GFR <50: 33% had
decrease in GFR

Jones and
Hayslett13

67 glomerulonephritis Cr >1.9 mg/dL 12% on dialysis
within 1 year of
delivery

Imbasciati
et al14

49 Nondiabetic
renal disease

CrCl 35 mL/min 31% on dialysis at
37 months
postpartum

Chopra et al56 29 glomerulonephritis Cr >1.5 mg/dL 29% had
progression of
disease

Abbreviations: Cr, creatinine; CrCl, creatinine clearance; ESRD, end stage renal disease; GFR,
glomerular filtration rate.
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preterm delivery, 40% will develop preeclampsia, and 40% will experience pregnancy
or postpartum deterioration in renal function, leading to dialysis.13

Urine protein excretion may increase markedly in pregnant women with underlying
renal disease—perhaps tripling from baseline—which may also adversely affect
outcome. In one study of pregnant women with stage 3 to 5 kidney disease, the
rate of decline in GFR accelerated in the subgroup with both estimated GFR of less
than 40 mL/min and proteinuria greater than 1 g/d before pregnancy.14 The level of
blood pressure at conception is an important variable in pregnancy outcome. In the
absence of hypertension, there is significantly less chance of irreversible deterioration
in renal function during pregnancy. When hypertension is present, pregnancy outcome
is rarely uncomplicated. Preterm delivery and deterioration in renal function are
expected. Finally, in patients with renal disease in whom eventual renal transplant is
anticipated, pregnancy may result in immune sensitization, leading to difficulty
locating a suitable matching donor.

Renal Diseases Associated with Systemic Illness

Diabetes is one of the most common medical disorders of pregnancy, with most cases
caused by gestational diabetes. Preexisting diabetes poses significant risks to preg-
nancy, and many women have type 1 diabetes; if their disease has been present for 10
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to 15 years, they may have diabetic nephropathy. Women with diabetes, microalbumi-
nuria, well-preserved renal function, and normal blood pressure have a good prog-
nosis for pregnancy, although they are at increased risk for preeclampsia and
urinary infection.15,16

One prospective cohort study from Denmark followed-up 240 women who had type
1 diabetes during pregnancy, 11% of whom had microalbuminuria and 5% overt dia-
betic nephropathy. Of this cohort, 62% of women with microalbuminuria and normal
renal function and 91% of women with overt diabetic nephropathy had preterm deliv-
eries (compared with 35% of women with no albuminuria). Preeclampsia developed in
6% of women with no albuminuria compared with 42% and 64% of women with
microalbuminuria and overt diabetic nephropathy, respectively.16 In another study
of 72 pregnancies in 58 women with diabetic nephropathy, an elevated serum creat-
inine at enrollment was associated with preterm delivery, very low birth weight, and
neonatal hypoglycemia, and was independent of urinary protein excretion.

With respect to progression of maternal renal disease as a consequence of preg-
nancy, one study from Denmark reported that 26 women with type 1 diabetes who
became pregnant had similar rates of deterioration in renal function over a 16-year
follow-up compared with 67 control subjects with comparable disease who had never
been pregnant.17 Thus, when baseline renal function and blood pressure are still
normal, pregnancy is not likely to accelerate the progression of early diabetic
nephropathy,17 although urinary protein excretion often increases significantly during
pregnancy. Women with non–nephrotic range proteinuria preconception may develop
nephrotic range proteinuria during pregnancy, which is usually reversible. Women with
overt nephropathy preconception, particularly those with impaired renal function and
hypertension, have a high incidence of preterm delivery, preeclampsia, and deteriora-
tion in maternal renal function.15 However, women with type 1 diabetes with microal-
buminuria and normal renal function and normotension should be encouraged not to
postpone pregnancy, because of the worse prognosis once overt nephropathy
develops.

Blood pressure control is important; however, because angiotensin-converting
enzyme inhibitors (ACEIs) and angiotensin receptor blockers are contraindicated
during all three trimesters of pregnancy, and in the 2nd and 3rd trimesters carry
a neonatal mortality rate of 25%, women should be switched to other agents that
are safe to use in pregnancy, such as methyldopa, labetolol, or nifedipine, before
conception. After delivery, if ACEIs are to be restarted and the patient wishes to
breast-feed, enalapril has been deemed safe by the American Pediatrics Association;
it is likely a class effect, but safety data are lacking in other ACEIs. No studies of preg-
nancy and nephropathy associated with type 2 diabetes have been published;
however, given the increasing prevalence of this condition, it is an important area
for future study.

Lupus nephritis during pregnancy presents unique problems. Although similar
considerations apply regarding level of renal function and blood pressure and their
relationship to pregnancy outcome, generally lupus is a much more unpredictable
illness because of the tendency of the disease to flare. Recent data suggest that preg-
nancy duration, total disease duration, and disease activity and damage before preg-
nancy are associated with increased organ damage after pregnancy in women with
lupus.18 Whether pregnancy per se is a risk factor for lupus flares has been disputed.
Although some experts report no increase in flares attributable to pregnancy in
patients in remission, prospective data suggest that pregnancy is in fact associated
with a greater chance of disease exacerbation.19 Women with lupus nephritis are
advised not to conceive unless their disease has been inactive for the preceding
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6 months, because active disease is associated with a higher incidence of fetal
demise. Disease is considered inactive when the creatinine measurement is less
than 0.7 mg/dL or 62 mmol/L, proteinuria is less than 0.5 g/d, and, on spun urine exam-
ination, fewer than five red blood cells are present per high-powered field. Fetal loss
occurs in 25% to 50% of women who conceive when their disease is active with
a creatinine of greater than 1.2 mg/dL, or 106 mmol/L.20

Additional complications associated with lupus and pregnancy include placental
transfer of maternal autoantibodies, which can cause a neonatal lupus syndrome
characterized by heart block, transient cutaneous lesions, or both. Women with lupus
are also more likely to have clinically significant titers of antiphospholipid antibodies
(anticardiolipin, lupus anticoagulant), which are associated with spontaneous fetal
loss of 50% to 75%, hypertensive syndromes indistinguishable from preeclampsia,
and thrombotic events, including deep vein thrombosis, pulmonary embolus, myocar-
dial infarction, and strokes.21 Thus, all women with systemic lupus erythematosus
should be screened for antiphospholipid antibodies early in gestation. When titers
are elevated (>40 GPL), daily aspirin (80–325 mg) is recommended. If the woman
has a history of thrombotic events or pregnancy loss, then heparin in combination
with aspirin is recommended.

One difficulty in managing lupus nephritis during pregnancy is that increased activity
of lupus may be difficult to distinguish from preeclampsia. Both are characterized by
an increase in proteinuria, a decrease in GFR, and hypertension. Thrombocytopenia
may also be observed in both conditions. Hypocomplementemia is not a feature of
preeclampsia, whereas increases in liver function tests may be observed in
preeclampsia but are not characteristic of lupus activity. If disease activity is present
before 20 weeks of gestation, then the diagnosis is more likely to be a lupus flare. Spun
urine microscopy for red blood cell casts can also signal lupus nephritis activity.

In the latter half of pregnancy, a renal lupus flare may be impossible to distinguish
from preeclampsia; frequently both are present simultaneously, and what starts as
increased lupus activity seems to trigger preeclampsia. Unfortunately, delivery may
be necessary if immunosuppressive therapy and supportive care fail to stabilize the
condition.

The approach to treating lupus nephritis during pregnancy is based largely on anec-
dotal experience, principles of treatment used in nonpregnant patients, and knowl-
edge of fetal toxicity of immunosuppressants. Steroids and azathioprine are the
mainstays of treatment. Hydroxychloroquine during pregnancy seems to be associ-
ated with improved outcomes and does not seem to be toxic to the fetus.22 Cyclo-
phosphamide is generally not recommended during pregnancy because of potential
fetal toxicity, and should only be used when the mother’s life is in jeopardy. Mycophe-
nolate mofetil should not be used during pregnancy to treat lupus nephritis because it
is embryotoxic in animal studies, has been associated with fetal malformations in
humans, and recent reports have characterized it as a teratogen.23
Chronic Glomerulonephritis

Childbearing women may be afflicted with any of the forms of chronic glomerulone-
phritis, including immunoglobulin A nephropathy, focal and segmental glomeruloscle-
rosis, membranoproliferative glomerulonephritis, minimal change nephritis, and
membranous nephropathy. The authors are unaware of data that would support the
notion that histologic subtype confers a specific prognosis for pregnancy. Rather,
the previously mentioned principles are applicable to women with chronic glomerulo-
nephritis; baseline renal function and blood pressure are what dictate outcomes.
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Polycystic Kidney Disease

Young women with autosomal dominant polycystic kidney disease (ADPKD) are
frequently asymptomatic, with normal renal function and normal blood pressure,
and may be unaware of their diagnosis. Little has been written about polycystic kidney
disease and pregnancy because many patients with this condition have well-
preserved renal function until after childbearing.

A series involving 235 women with autosomal dominant polycystic kidney disease
and 108 unaffected family members evaluated pregnancy outcomes reported an
increased incidence of maternal complications in affected compared with unaffected
women.24 Preexisting hypertension was the most common risk factor for maternal
complications during pregnancy, because hypertension is a well-known risk factor
for preeclampsia.24

Pregnant women with polycystic kidney disease should also be considered at
increased risk for urinary tract infection. Estrogen is reported to cause liver cysts to
enlarge, and repeated pregnancies may result in symptomatic enlargement of liver
cysts. Given the association between cerebral aneurysms and ADPKD in some fami-
lies, screening for these aneurysms should be considered before natural labor. All
patients should undergo genetic counseling before pregnancy to ensure they are
aware that their offspring have a 50% chance of being affected.
Chronic Pyelonephritis

Chronic pyelonephritis is defined as nephropathies associated with recurrent urinary
tract infection, often in association with urinary tract abnormalities (eg, vesicoureteral
reflux). Chronic pyelonephritis caused by dilation and stasis in the urinary tract may
exacerbate in pregnancy. Women with reflux nephropathy have been reported to
have an adverse prognosis during pregnancy.

A prospective study of 54 pregnancies in 46 women with reflux nephropathy found
that preeclampsia was present in 24%, most commonly in women with preexisting
hypertension.25 Deterioration in renal function during pregnancy occurred in 18%,
and those with preexisting reduced renal function were at greater risk. One third of
the infants were delivered preterm, and 43% had vesicoureteral reflux. These women
should have a high fluid intake and be screened with urine cultures at least monthly for
bacteriuria, and should be treated promptly when infections are present. In some
cases, after a first infection, suppressive antibiotic therapy for the duration of preg-
nancy may be warranted.
Chronic Renal Diseases That May be First Diagnosed During Pregnancy

The presence of chronic renal disease may first be appreciated during pregnancy
partly because pregnant women are scrutinized more closely, and also because the
renal hemodynamic alterations during pregnancy may cause proteinuria to increase
and be clinically detectable for the first time. Frequent measurement of blood pressure
may also lead to diagnosis of renal diseases accompanied by hypertension. Further-
more, the presence of even mild preexisting renal disease is associated with an
increased risk for preeclampsia, and therefore underlying renal disease may first
become apparent after preeclampsia has developed.

Renal diseases that may have been silent preconception and may ‘‘present’’ during
pregnancy include IgA nephropathy, focal and segmental glomerulosclerosis, poly-
cystic kidney disease, and reflux nephropathy. Renal diagnostic testing during preg-
nancy can include blood and urine testing and ultrasonography. Renal biopsy is
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usually deferred until after delivery unless acute deterioration in renal function
occurs26 or morbid nephrotic syndrome is present.

Although experienced operators have reported few complications of renal biopsy
during pregnancy, increased renal blood flow, hypertension, and difficulty positioning
the patient are concerns.27–29 The timing of renal biopsy after delivery depends on the
clinical circumstances. If renal function is normal, and only proteinuria is present, it is
reasonable to delay biopsy up to 6 months postpartum, because proteinuria may
improve once the pregnancy-associated hemodynamic alterations have resolved.
However, if renal function is impaired, then biopsy may be considered within a few
weeks of delivery.

Renal Diseases That Develop for the First Time During Pregnancy

Pregnant women are at risk for any of the renal diseases that occur in women of child-
bearing age, including pyelonephritis, glomerulonephritis GN, interstitial nephritis, and
acute renal failure. Pyelonephritis is more likely to be associated with significant
azotemia in pregnant women than nonpregnant women, and should be treated
aggressively. Glomerulonephritis and interstitial nephritis are not more likely to
develop during pregnancy, although they do occur.

Acute kidney injury in association with pregnancy is a rare complication in devel-
oped countries, and is also decreasing in incidence in the developing world, with
only 190 cases observed in a 20-year period in Eastern India.30 Recent estimates
suggest that the incidence of acute kidney injury from obstetric causes is less than
1 in 20,000 pregnancies.31

Treatment of acute glomerulonephritis presenting during pregnancy is challenging
because immunosuppressants are toxic to the fetus, and high-dose steroids have
not been studied during pregnancy. Acute glomerulonephritis presenting in pregnancy
should be treated in close collaboration with the obstetrician and nephrologist. If acute
renal deterioration is seen after 28 to 32 weeks gestation, the patient should probably
be delivered and renal biopsy performed postpartum.

When acute kidney injury occurs early in pregnancy (12–18 weeks), it is usually
associated with septic abortion or prerenal azotemia caused by hyperemesis gravida-
rium. Most cases of acute kidney injury in pregnancy occur between gestational week
35 and the puerperium, and are primarily caused by preeclampsia and bleeding
complications. Preeclampsia, particularly the HELLP variant (hemolysis, elevated liver
enzymes, low platelet count), is an important cause of acute kidney injury in preg-
nancy.15 Although most cases of preeclampsia are not usually associated with renal
failure, the HELLP syndrome may be associated with significant renal dysfunction,
especially if not treated promptly with delivery. In rare instances, dialysis may be
necessary, but most women without preexisting renal or hypertensive disease do
not require long-term dialysis therapy. Additional important clinical entities causing
acute kidney injury during pregnancy are discussed.

Thrombotic Microangiopathy

Although rare, thrombotic microangiopathies (thrombotic thrombocytopenic purpura
[TTP] and hemolytic uremic syndrome [HUS]) are an important cause of pregnancy-asso-
ciated acute renal failure because they are associated with considerable morbidity. They
also share several clinical and laboratory features of pregnancy-specific disorders, such
as the HELLP variant of preeclampsia and acute fatty liver of pregnancy. Therefore,
distinction of these syndromes is important for therapeutic and prognostic reasons.

Features that may be helpful in making the correct diagnosis include timing of onset
and the pattern of laboratory abnormalities. Preeclampsia typically develops in the
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third trimester, with only a few cases developing in the postpartum period, usually
within a few days of delivery. TTP usually occurs antepartum, with many cases devel-
oping in the second and third trimesters. HUS is usually a postpartum disease; symp-
toms may begin antepartum, but most cases are diagnosed postpartum.

Preeclampsia is much more common than TTP/HUS and is usually preceded by
hypertension and proteinuria. Renal failure is unusual in women with preeclampsia,
even in severe cases, unless significant bleeding or hemodynamic instability or
marked disseminated intravascular coagulation occurs. In some cases, preeclampsia
develops in the immediate postpartum period and, when thrombocytopenia is severe,
it may be indistinguishable from HUS. However, preeclampsia spontaneously
recovers, whereas TTP/HUS is often associated with persistent renal insufficiency
and hypertension, with many requiring dialysis or transplantation long-term.32

In contrast to TTP/HUS, preeclampsia may be associated with mild disseminated
intravascular coagulation and prolongation of prothrombin and partial thromboplastin
times. Another laboratory feature of preeclampsia/HELLP syndrome that is not usually
associated with TTP/HUS is marked elevations in liver enzymes. The presence of fever
is more consistent with a diagnosis of TTP than preeclampsia or HUS. The main
distinctive features of HUS are its tendency to occur in the postpartum period and
the severity of the associated renal failure.

Treatment of TTP/HUS includes plasma infusion/exchange and other modalities
used in nonpregnant patients with these disorders. Treatment of preeclampsia/HELLP
syndrome involves delivery and supportive care. More aggressive treatment is rarely
indicated. Some centers have reported the use of steroids in cases of severe HELLP
syndrome, although this therapy has not been rigorously evaluated in placebo-
controlled clinical trials.33

Acute Tubular Necrosis

Acute tubular necrosis induced by volume depletion or exposure to nephrotoxins may
occur during pregnancy, although the incidence is low. In the first trimester, acute tubular
necrosis is usually associated with hyperemesis gravidarium, whereas later in pregnancy
and in the peripartum period it is usually associated with abruptio placenta or other
causes of obstetric hemorrhage. Occasionally, nonsteroidal anti-inflammatory agents,
used for postpartum analgesia, may precipitate acute kidney injury in patients who are
volume-depleted from hemorrhage, decreased fluid intake, or both. In severe cases of
obstetric hemorrhage, acute cortical necrosis with associated disseminated intravas-
cular coagulation may be present, and ultrasonography or computed tomography may
demonstrate hyperechoic or hypodense areas in the renal cortex. These patients usually
require dialysis, but 20% to 40% may have partial recovery of renal function.

Acute Fatty Liver of Pregnancy

Acute fatty liver of pregnancy (AFLP) is a rare complication of late pregnancy character-
ized by rapidly progressive liver failure. Women usually present with nausea, vomiting,
and anorexia, and many have clinical and laboratory features that overlap with
preeclampsia or HELLP syndrome.34 Other laboratory abnormalities (in addition to
marked elevations in alanine aminotransferase and aspartate aminotransferase)
frequently observed include elevated bilirubin, hypofibrinogenemia, prolonged partial
thromboplastin time, hypoglycemia, anemia, and low platelet count.35 Many cases are
associated with significant azotemia, and one series comparing AFLP with HELLP
syndrome observed that acute renal failure was significantly more common with AFLP.36

Because AFLP is believed to be a disease of mitochondrial dysfunction,37 the kidney
dysfunction associated with AFLP may reflect inhibition of b-oxidation of fats in the
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kidney. This disease occurs in women heterozygous for long-chain 3-hydroxyacyl-
coenzyme A dehydrogenase (LCHAD) deficiency and whose fetus has the disorder.
Abnormal fatty-acid metabolites produced by the fetus seem to enter the maternal
circulation and overwhelm the mitochondrial-oxidation machinery of the heterozygous
mother. Autopsy data have shown microvesicular fat in the kidneys of women with
AFLP. Delivery is urgently required, and most patients improve shortly afterwards.

This disorder was formerly associated with a more ominous outcome, which may have
been a consequence of late diagnosis, although in a recent case series maternal mortality
occurred in 2 of 6 women.35 When diagnosed early, long-term morbidity is reduced.

Urinary Tract Obstruction

Pregnancy is associated with dilation of the collecting system, which is not usually
accompanied by renal dysfunction. Rarely, complications such as large uterine
fibroids that enlarge in the setting of pregnancy can lead to obstructive uropathy.
Occasionally, acute urinary tract obstruction in pregnancy is caused by a kidney
stone. Diagnosis can usually be made with ultrasonography. Often the stone will
pass spontaneously, but occasionally cystoscopy is needed to insert a stent to
remove a fragment of stone and relieve obstruction, particularly if sepsis or a solitary
kidney is present. Extracorporeal shock wave lithotripsy is contraindicated during
pregnancy because of the possibility of adverse effects on the fetus.

Treatment of Acute Kidney Injury

Treatment of acute kidney injury occurring in pregnancy or immediately postpartum is
similar to that in nongravid subjects, although several important considerations are
unique to pregnancy. Uterine hemorrhage near term may be concealed and blood
loss underestimated; thus, any overt blood loss should be replaced early. When dial-
ysis is required, peritoneal dialysis and hemodialysis have been used successfully in
patients with obstetric acute kidney injury. Neither pelvic peritonitis nor the enlarged
uterus is a contraindication to the former method. In fact, this treatment is more
gradual than hemodialysis and may be less likely to precipitate labor.

Because urea, creatinine, and other metabolites that accumulate in uremia traverse
the placenta, dialysis should be undertaken early, with the goal of maintaining the
blood urea nitrogen at approximately 50 mg/dL (8 mmol/L). Excessive fluid removal
should be avoided, because it may contribute to hemodynamic compromise, reduc-
tion of uteroplacental perfusion, and premature labor. However, polyhydramnios is
a complication of a high maternal urea, leading to high urea and solute diuresis by
the fetus, and is also believed to contribute to premature labor. When large volumes
of ultrafiltration are required, continuous fetal monitoring during dialysis may be advis-
able, particularly after mid-pregnancy.
THERAPY FOR END-STAGE RENAL DISEASE DURING PREGNANCY
Dialysis

Fertility is reduced in patients undergoing dialysis because of abnormalities of pituitary
luteinizing hormone release leading to anovulation. Pregnancy that occurs in women
undergoing maintenance dialysis is extremely high risk for the fetus, and conception
should not be encouraged because of very high fetal mortality. Large surveys have
shown that only 42% to 60% of these pregnancies result in a live-born infant. Preterm
birth, very low birth weight, and intrauterine growth restriction are common, and more
than 85% of infants born to women who conceive after starting dialysis are born
before 36 weeks gestation.
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Management of pregnant patients on dialysis includes several considerations, but
the single most important factor influencing fetal outcome is the maternal plasma
urea level.38 In patients undergoing hemodialysis, the number of dialysis sessions
per week must be increased and the session duration prolonged to a minimum of
20 h/wk, aiming for a predialysis urea of 30 to 50 mg/dL (5–8 mmol/L).38–40

In small series, daily nocturnal hemodialysis has also been used with success to this
end.41 Heparinization should be minimal to prevent obstetric bleeding. Dialysate bicar-
bonate should be decreased to 25 mEq/L to target a predialysis bicarbonate level of
approximately 22 mEq/L. If peritoneal dialysis is used, decreasing exchange volumes
through increasing exchange frequency or cycler use is recommended.42

Adequate calorie and protein intake is required; 1 g per kilogram body weight per
day of protein intake plus an additional 20 g/d has been suggested.43 After the first
trimester, maternal ‘‘dry’’ weight should be increased by approximately 1 lb/wk (400
g/wk) to adjust for the expected progressive weight increase in pregnancy.

Antihypertensive therapy should be adjusted for pregnancy by discontinuing ACEIs
and angiotensin receptor blockers, and aiming to maintain maternal diastolic pressure
at 80 to 90 mm Hg using methyldopa, labetolol, and sustained release nifedipine in
standard doses to achieve target. Anemia should be treated with supplemental iron,
folic acid, and erythropoietin. Erythropoietin is safe in pregnancy, and pregnancy-
related erythropoietin resistance requires a dose increase of approximately 50% to
maintain hemoglobin target levels of 10 to 11 g/dL.39 Frequent monitoring of iron
stores and treatment with intravenous iron should be prescribed as necessary.43

Because of placental 25-hydroxyvitamin D3 conversion, decreased supplemental
vitamin D may be required and should be guided by levels of vitamin D, parathyroid
hormone, calcium, and phosphorus. Sevelamer should not be used in pregnancy
because animal studies have shown reduced or irregular ossification of fetal bones.
Oral magnesium supplementation may be needed to maintain the serum magnesium
level at 5 to 7 mg/dL (2–3 mmol/L), particularly because magnesium is a tocolytic, and
low serum levels could theoretically promote uterine contractions. Based on a large
meta-analysis, low-dose aspirin to prevent preeclampsia in women at risk for this
complication may be advisable in those also on dialysis.44 Babies born to mothers
on dialysis may require monitoring for osmotic diuresis in the immediate postpartum
period if maternal urea was high at delivery.

Anticonvulsant Therapy

The presence of dialysis or significant renal dysfunction, loading dose, and infusion
rate of magnesium sulfate must be modified and monitored with serial magnesium
levels, because doses will accumulate.

Renal Transplantation

Josephson and McKay provide a more detailed discussion of renal transplantation in
pregnancy elsewhere in this issue. However, a brief summary follows.

Menstruation and fertility resumes in most women at 1 to 12 months post–renal
transplant. Several thousand women have undergone pregnancy after renal transplan-
tation, and pregnancy in this population seems to involve much lower risk to mother
and baby than pregnancy in patients on dialysis. Although pregnancy has become
common after transplantation, little other than case reports, series, and voluntary
databases are available to guide practice. A Consensus Conference generated
a report in 2005 summarizing the literature, produced practice guidelines, and identi-
fied gaps in knowledge.45 Most pregnancies (>90%) succeed that proceed beyond
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the first trimester; however, immunosuppressant effects, preexisting hypertension,
and renal dysfunction cause maternal and fetal complications. Maternal complications
of steroid therapy include impaired glucose tolerance, hypertension (47%–73%),
preeclampsia (30%), and increased infection. Fetal complications include a 45% to
60% incidence of premature delivery (mean gestational age is 36 weeks) and intra-
uterine growth restriction with lower birth weight (average 2.3–2.6 kg). Best practice
guidelines outline criteria for considering pregnancy in renal transplant recipients,45–47

and suggest that those contemplating pregnancy should meet the following:

Good health and stable renal function for 1 to 2 years after transplantation with no
recent acute or ongoing rejection or infections

Absent or minimal proteinuria (<0.5 g/d)
Normal blood pressure or easily managed hypertension
No evidence of pelvicalcyceal distention on ultrasonography before conception
Serum creatinine less than 1.5 mg/dL (133 mmol/L)
Drug therapy: prednisone 15 mg/d or less; azathioprine 2 mg/kg or less; cyclo-

sporine less than 5 mg/kg per day.

Because of risk for intrauterine growth restriction and preeclampsia, all pregnant
transplant recipients should be managed by a high-risk obstetrician.

Future studies are required to address optimal immunosuppression in pregnancy.
Although cyclosporine levels tend to decrease during pregnancy, no information is avail-
able on whether drug dosage should be increased. Experience with tacrolimus is
increasing; although it has not been used as widely in pregnancy as cyclosporine,
growing experience suggests that it is safe and has a similar side effect profile to cyclo-
sporine.48 Considerations regarding hypertension and growth restriction are important;
no established blood pressure target exists, although 130/80 mm Hg or less is suggested
by the authors and Josephson and McKay in their article found elsewhere in this issue.

Antihypertensives should be switched to those safe in pregnancy.49 Mycophenolate
mofetil and sirolimus are not considered safe in pregnancy.50 Mycophenolate mofetil
has been reported to be embryotoxic in animals, is associated with ear and other
deformities in humans, and was recently characterized as a teratogen.23 This drug
should be discontinued 6 weeks before conception, and women should be switched
to azathioprine if indicated. Sirolimus causes delayed ossification in animal studies,
and although successful live-born human outcomes have been reported, its use is
contraindicated until more data are available.

Finally, data from the National Transplantation Pregnancy Registry and European
Dialysis and Transplant Association suggest that pregnancy rarely negatively affects
the graft, although minor increases in serum creatinine may be seen postpartum
compared with prepregnancy levels.46,50 A long-term analysis of parous compared
with nulliparous women who underwent transplantation followed up for 20 years
suggests that a live birth in women with a functioning graft does not have an adverse
impact on graft and patient survival.51 Rejection is difficult to diagnose in pregnancy,
and renal biopsy may be required; the consensus opinion is that steroids are safe
treatment as is intravenous immunoglobulin, but the safety of antilymphocyte globu-
lins and rituximab in pregnancy are unknown.45

SUMMARY

Although kidney disease in pregnancy is uncommon, it poses considerable risk to
maternal and fetal health. Based on case series published over the past several
decades, pregnancy outcome seems to be directly related to level of baseline renal
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function and degree of hypertension. Because these disorders are uncommon, multi-
center efforts are needed to better identify risks and determine optimal therapeutic
strategies.
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March 10th, 1958, marks the birthday of the first baby born to a kidney transplant
recipient. The pregnancy went to term and the baby was delivered by cesarean
section for fear that a vaginal birth could adversely affect the allograft kidney sitting
in the iliac fossa. Undoubtedly, this pregnancy more than 50 years ago was consid-
ered high risk because of its pioneering nature. However, given that the transplant
recipient had received her kidney from her identical twin sister approximately 2 years
before and was not taking any immunosuppressive medications, the pregnancy was
associated with far fewer risks than most pregnancies in transplant recipients of today.
Not only are immunosuppressants now available that have potential adverse affects
on the developing fetus but also many kidney transplant recipients have kidney func-
tion that is suboptimal. Although thousands of women with kidney transplants have
successfully delivered healthy babies, many new issues must be considered during
a transplant recipient’s pregnancy compared with 50 years ago. These issues are dis-
cussed below.
FERTILITY

Women become pregnant after transplantation more easily than they do during end-
stage kidney disease. However, despite the many births that have occurred since the
first child was born to a transplant recipient in 1958, quantifying the likelihood of preg-
nancy after transplant has been difficult.

Gill and colleagues’1 2009 study sheds some light on this issue. His group examined
16,194 female kidney transplant recipients between ages 15 and 45 years who
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underwent kidney transplantation in the United States between 1990 and 2003. Using
Medicare claims data for the first 3 years posttransplant, his team identified the preg-
nancy and live birth rate. The pregnancy rate in women with kidney transplants was
59 per thousand in 1990, and declined to 20 per thousand in 2000. This rate is much
lower than in the general public, in which the pregnancy rate was greater than 100 per
thousand each year between 1990 and 2000. Pregnancy rates declined over the 10-
year period for both transplant recipients and the general public, but the drop was
steeper for the transplant recipients. During this period the overall live birth rate was
19 per thousand female transplant recipients (dropping from 28.5 per thousand in
1990 to 6.2 per thousand in 2000), compared with 70.9 per thousand in 1990 and 65.9
per thousand in 2000 in the general public. The period examined showed a drop in ther-
apeutic abortions; however, the proportion of pregnancies that led to fetal loss (45.6%)
remained constant, indicating an increase in spontaneous abortions. The decrease in
live births between 1990 and 2000 was a consequence of the falling pregnancy rate.

Fertility in women is not the only consideration for kidney transplant recipients. Men
with kidney transplants taking sirolimus also may experience infertility.2,3 Sirolimus
can play a central inhibitory role in a stem cell factor that regulates spermatogenesis,
thus causing infertility.4
OPTIMAL TIMING

Historically, female transplant recipients have been counseled to wait 2 years after
successful transplantation before becoming pregnant.5 This recommendation was
based on the assumption that after 2 years, the risk for rejection would be low and
the allograft function would be stable. A more recent examination of this 2-year wait
was undertaken at a consensus conference conducted by the American Society of
Transplantation,6 which reported that transplant patients now routinely experience
a lower rate of rejection because of newer immunosuppressive strategies. It was
also realized that, because of longer waiting list times for the allograft, women are
waiting longer to receive a transplant (rendering some women nearer to the end of their
reproductive years). Therefore, the conference experts agreed that the older recom-
mendations were too restrictive, and the consensus opinion was that pregnancy
was safe by 1 year after transplantation under the following conditions: the patient
experienced no rejection in the past year; allograft function was adequate (similar to
other recommendations arbitrarily defined for kidney allografts as a serum creatinine
less than 1.5 mg/dL and with no or minimal proteinuria7); no infections were present
that could impact the fetus (eg, cytomegalovirus); the patient was not taking terato-
genic medications; and the immunosuppressive medication dosing was stable at
maintenance levels.6 The consensus recommendations cautioned, however, that
pregnancy after only 1 year might be too risky if the creatinine is greater than 1.5
mg/dL, any recent acute rejection episodes occurred, the patient has hypertension
or other comorbid factors, or evidence shows noncompliance with immunosuppres-
sive medications.6 It was also realized that strict recommendations for the optimal
timing of pregnancy might need to be individualized, particularly in older transplant
recipients who might have fewer reproductive years.

In 2008, a paper by Kim and colleagues8 suggested that women could safely
conceive within the first year of transplantation. They reported on 74 pregnancies in
48 women; 11 pregnancies conceived within the first year of transplantation had
obstetric and graft outcomes comparable to those conceived after a longer posttrans-
plant interval.
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However, despite these observations, early conception posttransplant has not been
proven optimal. Gill and colleagues1 analyzed data from The United States Renal Data
System on women between ages 15 and 45 years who underwent kidney transplan-
tation between January 1, 1990, and December 31, 2003, and evaluated those insured
only by Medicare at transplant. A borderline increase in the risk for fetal loss occurred
with conception during the first transplant year compared with subsequent years.1

Given these findings, the recommendation to wait at least a year after transplantation
is reasonable.

HYPERTENSION AND ITS MANAGEMENT DURING PREGNANCY

In the general population, 1% to 5% of pregnant women have been reported to have
chronic hypertension.9 The frequency of hypertension is much higher in the kidney
transplant population, in which 21% to 73% have hypertension during the pregnancy,
depending on whether calcineurin inhibitors are used.10–12 As with other pregnancies
in the setting of kidney dysfunction, hypertension should be well controlled. The Amer-
ican Society of Transplantation consensus opinion was that blood pressure should be
maintained close to normal.6 Current recommendations are that blood pressure in the
pregnant transplant patient should be maintained at levels recommended for nonpreg-
nant patients with kidney dysfunction.13 The current Seventh Report of the Joint
National Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure and Kidney Disease Outcomes Quality Initiative guidelines suggest
a goal of less than 130/80 mm Hg.14,15

Chronic hypertension in pregnancy is associated with abruptio placentae, acute
renal failure, cardiac decompensation, and cerebral accidents in the mother.9 It is
also associated with an increased incidence of growth restriction and death of the
fetus.13 These adverse events usually occur in the setting of superimposed
preeclampsia (approximately 20% incidence in chronic hypertensives without kidney
transplants and 30% incidence in kidney transplant recipients). These adverse
outcomes may occur even more frequently in female transplant recipients older
than 30 years, and in those with end-organ damage.9 Because all kidney transplant
recipients have chronic kidney disease, they are at increased risk for complications
associated with pregnancy, and thus should be managed as patients with chronic
kidney disease.

The need to control hypertension is certainly another reason that pregnancies are
best planned prospectively in this patient population, for instance to allow for discon-
tinuation of potentially fetotoxic antihypertensive agents (eg, angiotensin converting
enzyme inhibitors) before pregnancy.13,16 Atenolol used early in pregnancy has
been associated with fetal growth restriction.17 Acceptable oral agents often used
in pregnancy include methyldopa (considered first line), labetolol, and nifedipine.
Hydralazine and thiazide diuretics have been safely used as adjunctive agents.18–20

IMMUNOSUPPRESSANTS

The transplant recipient must be adequately immunosuppressed during the preg-
nancy or she risks graft rejection and, potentially, fetal loss.11 The pregnancy does
not cause systemic immunosuppression of the mother, and immunosuppressive
drug levels vary during the course of pregnancy; immunosuppressive medication
levels must be closely followed. Pregnancy in transplant recipients should be consid-
ered a pregnancy in the setting of chronic kidney dysfunction, with the added dimen-
sion of immunosuppression, which is a major consideration in the management of the
pregnant transplant recipient.6,7
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The US Food and Drug Administration (FDA) considers the immunosuppressants
prescribed to transplant recipients risky based on their categorization as more than
FDA category A. Table 1 lists the FDA categories of maintenance immunosuppres-
sants commonly used to prevent rejection. The immunosuppressants commonly
used to prevent rejection of the transplanted organ are described here.

Corticosteroids

Prednisone and prednisolone cross the placenta. Whether the patient takes pred-
nisone or prednisolone, the latter is the major compound in the circulation.21 The
placenta metabolizes a significant amount (51%–67%) of the prednisolone and
cortisol that cross it, exposing the fetus to a reduced amount.22 Fetal concentra-
tions of prednisolone have been found to be 8- to 10-fold lower than maternal
prednisolone concentrations.21 By contrast, little (1.8%) dexamethasone is con-
verted by the placenta.22 Methylprednisolone also transverses the placenta.23

Case reports describe fetal adrenal insufficiency and thymic hypoplasia when
corticosteroids are used in high doses,22,24 but this rarely occurs with doses of
15 mg/d or less.25

Azathioprine

Azathioprine, an inhibitor of purine metabolism, is a prodrug rapidly converted to
6-mercaptopurine (6-MP) in adults. 6-MP is converted by the enzyme inosinate pyro-
phosphorylase to its active form thioinosinic acid that targets DNA in dividing cells.
Radioactive labeling studies in humans have shown that most azathioprine adminis-
tered to mothers appears in fetal blood as the inactive metabolite thiouric acid. The
literature suggests that a fetal lack of the enzyme inosinate pyrophosphorylase
needed for conversion of 6-MP protects the fetus from azathioprine’s effects.26

Several chromosome anomalies and transient lymphopenia have been reported in
children exposed in utero to azathioprine, but these have been scattered
reports.27–31

Given the comfort that most physicians have using azathioprine during pregnancy,
many are surprised that it is rated FDA category D. However, this rating was based on
observations of rodent fetus abnormalities and sporadic structural malformations in
human fetuses.30,31
Table 1
Maintenance therapy: used on a daily basis to prevent rejection of the graft

Medication FDA Category

Calcineurin inhibitors

Cyclosporine (Neoral, Sandimmune, Gengraf) C

Tacrolimus, FK506 (Prograf) C

Antiproliferative Agents

Mycophenolate mofetil (CellCept, Myofortic) D

Azathioprine (Imuran) D

Rapamycin, sirolimus (Rapamune) C

Leflunomide (Arava) X

Corticosteroids

Prednisone (Deltazone) B
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Calcineurin Inhibitors: Cyclosporine and Tacrolimus

Calcineurin inhibitors are currently the most commonly used maintenance immuno-
suppressive agents. Their use has decreased rejection and prolonged kidney graft
survival. When cyclosporine was first introduced, its safety in pregnancy was of
concern.32 But with clinical use, no indication of congenital malformations has been
noted,33 although a risk for fetal growth restriction34 exists that may exceed that
seen with azathioprine and prednisone alone.35 Mothers treated with cyclosporine
are also more likely to have hypertension and creatinines greater than 1.5 mg/dL.35

Compared with cyclosporine, pregnant women taking tacrolimus have a lower inci-
dence of hypertension and hyperlipidemia.34 A higher incidence of diabetes mellitus
and transient hyperkalemia in the newborn has been described.36

Leflunomide

Leflunomide is primarily used in rheumatoid arthritis but also is prescribed in trans-
plantation. It is an inhibitor of dihydroorotate dehydrogenase, an enzyme necessary
for the de novo biosynthesis of pyrimidines. Studies in rats and rabbits showed tera-
togenicity.37 Growth restriction and embryo death was noted.37 Although whether
leflunomide is teratogenic in humans is unclear, it is worrisome that the drug level at
which it is teratogenic in rats and rabbits is the same as that achieved in humans
during clinical use.37 Few data are available for human pregnancies, although in one
survey rheumatologists reported no malformations in 10 women exposed to lefluno-
mide during pregnancy.38 However, this evidence is not sufficient to support the
drug’s use during pregnancy; leflunomide is rated category X (see Table 1) and should
not be used during pregnancy. Leflunomide has a long half-life; it may take up to 2
years to achieve a nondetectable plasma level (<0.02 mg/L). Consequently, when
stopping leflunomide, women who wish to become pregnant are advised to undergo
a drug elimination procedure.37

Mycophenolate Mofetil and Rapamycin

Several case reports in humans have shown congenital abnormalities in fetuses
exposed in utero to mycophenolate mofetil (MMF).39,40 A characteristic phenotype
seems to be emerging: cleft lip and palate, microtia, and absence of auditory canals,
and possible coloboma, brachydactyly of the fifth fingers, and hypoplastic tone-
nails.41–43 Premarketing animal studies found that MMF is teratogenic in rats and
rabbits.44,45

Initially MMF was labeled as FDA pregnancy category C; however, a case series of
malformations published by the National Transplantation Pregnancy Registry (NTPR)
and case reports caused the FDA to reclassify the drug as category D.

Fewer data are available on rapamycin (sirolimus). At least one case report docu-
ments birth of a child without structural defects to a transplant recipient maintained
on rapamycin for the first 2 trimesters of pregnancy.46 Although classified as FDA
category C, whether rapamycin is safe to use during pregnancy is unclear. The single
case report of a healthy child born to a mother immunosuppressed during pregnancy
with rapamycin should not indicate that it is necessarily safe.

The European Best Practice Guidelines7 endorse switching immunosuppression to
avoid MMF during pregnancy. Although risk for a rejection after switching from MMF
to azathioprine may seem low in the setting of kidney-only allograft recipients on triple
immunosuppression, the risks may increase in the setting of a simultaneous kidney–
pancreas recipient. The latter point is particularly noteworthy if the patient is only
taking two immunosuppressant agents and not prednisone, as is becoming common
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at many transplant centers. Aside from how to switch immunosuppressants, the issue
of whether to start prednisone during pregnancy must also be considered.

In addition to deciding which immunosuppressants to continue during pregnancy,
practitioners must also consider adjustment of immunosuppressant dosing. The
dose of immunosuppressive medications, particularly calcineurin inhibitors, may
need to be adjusted throughout gestation because of changing total body volumes
during gestation47 and changes in hepatic metabolism of the immunosuppressive
medications throughout the pregnancy.48 Whether other immunosuppressive medica-
tions require adjustment is unknown.

Although Jain and colleagues49 found no rejection episodes in a retrospective anal-
ysis of 21 pregnancies among recipients of kidney and kidney–pancreas allografts in
whom tacrolimus levels were not adjusted during gestation, despite lowered trough
levels, this evidence cannot be taken as proof that decreasing immunosuppressive
levels will be tolerated without rejection. NTPR data show that pregnant kidney trans-
plant recipients who retained stable function during pregnancies took higher doses of
cyclosporine than patients with kidney dysfunction.50 As noted by Jain and
colleagues,49 some patients may tolerate decreasing immunosuppression levels.
Unfortunately, predicting which patients will tolerate reduced levels is impossible.

Confounding the decision making is the fact that diagnosing kidney dysfunction is
difficult during pregnancy, partly because serum creatinines normally decrease with
the increased glomerular filtration rate seen during gestation.51 Furthermore, because
it is difficult to predict which patients will experience a rejection episode after changes
to immunosuppressive drug dosing, the current recommendations are to maintain
therapeutic drug levels at their prepregnancy levels.6 Clinicians must realize that the
fetus is also an allograft and that the mother is not systemically immunosuppressed
by the pregnancy. The fetal allograft is not rejected because of local mechanisms
acting at the site of the maternal–fetal interface and specific to the paternal antigens.11

Therefore, decreasing immunosuppressive dosing based on hypothetical immuno-
logic privilege of the state of pregnancy cannot be justified.52,53
RECOGNIZING KIDNEY DYSFUNCTION

In kidney transplant recipients, creatinine is used as a marker for transplant graft
health. Unfortunately, it is not a perfect surrogate because creatinine is insensitive
and nonspecific. In clinically stable circumstances, creatinine may not adequately
reflect intrinsic kidney perturbations, especially in a transplanted kidney. In the setting
of pregnancy, the expected increase in intravascular volume and hyperfiltration should
lead to an increase in glomerular filtration rate and a decrease in creatinine. Therefore,
a ‘‘reassuringly’’ stable serum creatinine in a pregnant woman who underwent kidney
transplantation may be just the opposite, and reflect an unstable process affecting the
kidney parenchyma. Assessing the kidney transplant during pregnancy is important
but can be complex.
SPECIAL CONSIDERATIONS
Urinary Tract Infections

Urinary tract infections are the most frequent complication found in otherwise normal
pregnancies.54 This condition is not benign; untreated bacteriuria is associated with
acute pyelonephritis at the end of the second and in the third trimester in 20% to
30% of cases.55 Acute pyelonephritis has been associated with prematurity. Treat-
ment early in pregnancy results in a marked reduction in pyelonephritis and premature
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delivery.55 Asymptomatic bacteriuria is common in kidney transplant recipients, espe-
cially in the early posttransplant period.55

Given the immunosuppressed state and likelihood for reflux in pregnant women with
a kidney transplant, screening for pyuria and preventing pyelonephritis are important
aspects of patient management. During gestation, asymptomatic bacteriuria may
progress to acute pyelonephritis54 and therefore most investigators recommend
screening all pregnant women and treating any positive cultures.56 Universal
screening and treatment of patients who are culture-positive have reduced the inci-
dence of pyelonephritis.54 Current guidelines endorse screening on at least a monthly
basis in kidney transplant recipients.7

Anemia

Anemia frequently complicates pregnancies in patients who have undergone kidney
transplantation, even in the absence of kidney function deterioration. Compared
with normal pregnancies, transplant recipients may have inappropriately low erythro-
poietin levels.57 Given the increasing use of erythropoietin in the transplant population,
some women with kidney transplants will already be taking an erythropoietin-stimu-
lating agent (ESA) when they become pregnant. The safe use of ESAs has been
reported during pregnancy in transplant recipients, although concern has been raised
over the possibility of it playing a role in maternal hypertension.58 No contraindication
exists to using ESAs during pregnancy.

Management of anemia in women with kidney transplants is similar to that for
women with preexisting kidney disease. ESA initiation and chronic dosing recommen-
dations have changed because of cardiovascular complications associated with
maintaining higher hemoglobin levels with ESAs. At this point, patients should not
be started on an ESA until their hemoglobin is less than 10. Chronic administration
should be performed to keep the hemoglobin less than 11.

Preeclampsia

Preeclampsia develops in approximately one third of pregnant women who have
undergone a kidney or kidney–pancreas transplantation.59 Diagnosis of preeclampsia
is challenging because blood pressure often increases after the 20th week of gestation
and many transplant patients have preexisting proteinuria.60 In addition, calcineurin
inhibitors raise uric acid levels, making uric acid an inaccurate marker for
preeclampsia.61

The diagnosis of preeclampsia is subjective in the general population and, because
of the ambiguity of potential clinical signs, even more subjective in transplant recipi-
ents. Observations that women with a history of preeclampsia are at increased risk
for developing cardiovascular disease is of particular concern in transplant recipients
who carry other risks for cardiovascular disease.62–64 The fact that cardiovascular
disease is greatest in women with small or preterm babies is noteworthy given the
propensity for transplant recipients to have small or preterm babies.63 Similarly, that
preeclampsia had been found to be a marker for increased risk for subsequent end-
stage renal disease is noteworthy.65 Unfortunately, large-scale trials have failed to
identify prophylactic interventions that will significantly reduce the incidence of
preeclampsia.66–69 Whether preeclampsia is a marker for preexisting increased
cardiovascular risk or causes the increased risk is unclear. What is clear, however,
is that kidney transplant recipients have a much higher propensity for preeclampsia
than the general public.

Although potential markers for preeclampsia, such as sFlt-1, have been identified,
their use in the clinical setting is untested.70 Nevertheless, at least one case report
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has been published indicating that assaying for serum angiogenic factors may be clin-
ically useful in establishing a diagnosis of preeclampsia.71

Breast-feeding

Breast-feeding in the setting of renal transplant is controversial. A survey conducted
by the American Society of Transplantation (AST) noted that most physicians advise
against breast-feeding.72 Nevertheless, mothers may want to pursue breast-feeding.
Resulting data from studies of breast-feeding mothers on immunosuppression are
inconsistent, because the calcineurin inhibitor levels in breast milk can vary from unde-
tectable to concentrations equal to those in the maternal blood.11,73 The American
Academy of Pediatrics (AAP) supports breast-feeding for mothers taking prednisone
but advises against it for mothers on cyclosporine.74 The AAP provides no recommen-
dation regarding either azathioprine or tacrolimus. No data exist on the levels of myco-
phenolate mofetil, sirolimus, or leflunomide in breast milk. The NTPR has received
input from 2 women who breast-fed with resumption of mycophenolate mofetil post-
partum (Lisa A. Coscia, RN, BSN, CCTC, personal communication, 2009). Whether the
risks associated with immunosuppressive medication exposure from breast milk
outweigh the benefits of breast-feeding is currently unknown. The AST consensus
opinion is that breast-feeding need not be viewed as absolutely contraindicated.6

Long Term Prognosis

Whether pregnancy adversely affects kidney transplant recipients remains a long-
standing and unresolved question. Davison75 showed that renal allografts adapt to
pregnancy normally. Most studies have indicated that serum creatinine may rise
slightly after a pregnancy, but an adverse effect on long-term outcome has not be
shown.76–78 At least one study, however, indicated that pregnancy has a negative
effect on transplant function.79 More recently, an analysis of 40 years of pregnancy-
related outcomes for transplant recipients was performed. This analysis matched
120 parous and 120 nulliparous women according to year of transplantation, duration
of transplant, age and predelivery creatinine for parous women, and creatinine for non-
parous women. This analysis failed to show that pregnancy negatively influenced
either graft or patient survival.80

Donors

Two recent reports, one based on registry data and the other on survey data, indicate
that kidney donors may be at increased risk for preeclampsia after donation compared
with before. Although the preeclampsia risk for kidney donors is comparable to the
general public, their individual risk after donation may rise from a particularly low to
a more normalized one. In other words, these individuals may be at increased risk
compared with their pre-donation risk level.81–83

REFERENCES

1. Gill JS, Zalunardo N, Rose C, et al. The pregnancy rate and live birth rate in
kidney transplant recipients. Am J Transplant 2009;9(7):1541–9.

2. Fritsche L, Budde K, Dragun D, et al. Testosterone concentrations and sirolimus
in male renal transplant patients. Am J Transplant 2004;4(1):130–1.

3. Kaczmarek I, Groetzner J, Adamidis I, et al. Sirolimus impairs gonadal function in
heart transplant recipients. Am J Transplant 2004;4(7):1084–8.

4. Tondolo V, Citterio F, Panocchia N, et al. Sirolimus impairs improvement of the
gonadal function after renal transplantation. Am J Transplant 2005;5(1):197.



Pregnancy in the Renal Transplant Recipient 219
5. Davison JM. Pregnancy in renal allograft recipients: prognosis and management.
Baillieres Clin Obstet Gynaecol 1987;1(4):1027–45.

6. McKay DB, Josephson MA, Armenti VT, et al. Reproduction and transplantation:
report on the AST Consensus Conference on Reproductive Issues and Transplan-
tation. Am J Transplant 2005;5(7):1592–9.

7. European best practice guidelines for renal transplantation. Section IV: long-term
management of the transplant recipient. Nephrol Dial Transplant 2002;17(Suppl 4):
1–67.

8. Kim HW, Seok HJ, Kim TH, et al. The experience of pregnancy after renal trans-
plantation: pregnancies even within postoperative 1 year may be tolerable. Trans-
plantation 2008;85(10):1412–9.

9. Sibai BM, Lindheimer M, Hauth J, et al. Risk factors for preeclampsia, abruptio
placentae, and adverse neonatal outcomes among women with chronic hyper-
tension. National Institute of Child Health and Human Development Network of
Maternal-Fetal Medicine Units. N Engl J Med 1998;339(10):667–71.

10. Armenti VT, Ahlswede KM, Ahlswede BA, et al. National transplantation Preg-
nancy Registry–outcomes of 154 pregnancies in cyclosporine-treated female
kidney transplant recipients. Transplantation 1994;57(4):502–6.

11. McKay DB, Josephson MA. Pregnancy in recipients of solid organs–effects on
mother and child. N Engl J Med 2006;354(12):1281–93.

12. 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(1):1089–90.

13. National High Blood Pressure Education Program Working Group Report on high
blood pressure in pregnancy. Am J Obstet Gynecol 1990;163(5 Pt 1):1691–712.

14. K/DOQI clinical practice guidelines on hypertension and antihypertensive agents
in chronic kidney disease. Am J Kidney Dis 2004;43:S1–290.

15. Chobanian AV, Bakris GL, Black HR, et al. The Seventh Report of the Joint
National Committee on prevention, detection, evaluation, and treatment of high
blood pressure: the JNC 7 report. JAMA 2003;289(19):2560–72.

16. Pryde PG, Sedman AB, Nugent CE, et al. Angiotensin-converting enzyme inhib-
itor fetopathy. J Am Soc Nephrol 1993;3(9):1575–82.

17. Podymow T, August P. Hypertension in pregnancy. Adv Chronic Kidney Dis 2007;
14(2):178–90.

18. Magee LA, Abalos E, von DP, et al. Control of hypertension in pregnancy. Curr
Hypertens Rep 2009;11(6):429–36.

19. Umans JG. Medications during pregnancy: antihypertensives and immunosup-
pressives. Adv Chronic Kidney Dis 2007;14(2):191–8.

20. Yoder SR, Thornburg LL, Bisognano JD. Hypertension in pregnancy and women
of childbearing age. Am J Med 2009;122(10):890–5.

21. Beitins IZ, Bayard F, Ances IG, et al. The transplacental passage of prednisone
and prednisolone in pregnancy near term. J Pediatr 1972;81(5):936–45.

22. Blanford AT, Murphy BE. In vitro metabolism of prednisolone, dexamethasone,
betamethasone, and cortisol by the human placenta. Am J Obstet Gynecol
1977;127(3):264–7.

23. Anderson GG, Rotchell Y, Kaiser DG. Placental transfer of methylprednisolone
following maternal intravenous administration. Am J Obstet Gynecol 1981;
140(6):699–701.

24. Muirhead N, Sabharwal AR, Rieder MJ, et al. The outcome of pregnancy following
renal transplantation–the experience of a single center. Transplantation 1992;
54(3):429–32.



Josephson & McKay220
25. Penn I, Makowski EL, Harris P. Parenthood following renal transplantation. Kidney
Int 1980;18(2):221–33.

26. Saarikoski S, Seppala M. Immunosuppression during pregnancy: transmission of
azathioprine and its metabolites from the mother to the fetus. Am J Obstet Gyne-
col 1973;115(8):1100–6.

27. Davison JM, Dellagrammatikas H, Parkin JM. Maternal azathioprine therapy and
depressed haemopoiesis in the babies of renal allograft patients. Br J Obstet Gy-
naecol 1985;92(3):233–9.

28. Githens JH, Rosenkrantz JG, Tunnock SM. Teratogenic effects of azathioprine
(imuran). J Pediatr 1965;66:959–61.

29. Rosenkrantz JG, Githens JH, Cox SM, et al. Azathioprine (Imuran) and preg-
nancy. Am J Obstet Gynecol 1967;97(3):387–94.

30. Tallent MB, Simmons RL, Najarian JS. Birth defects in child of male recipient of
kidney transplant. JAMA 1970;211(11):1854–5.

31. Williamson RA, Karp LE. Azathioprine teratogenicity: review of the literature and
case report. Obstet Gynecol 1981;58(2):247–50.

32. Pickrell MD, Sawers R, Michael J. Pregnancy after renal transplantation: severe
intrauterine growth retardation during treatment with cyclosporin A. Br Med J
(Clin Res Ed) 1988;296(6625):825.

33. Kainz A, Harabacz I, Cowlrick IS, et al. Analysis of 100 pregnancy outcomes in
women treated systemically with tacrolimus. Transpl Int 2000;13(Suppl 1):
S299–300.

34. Armenti VT, Moritz MJ, Cardonick EH, et al. Immunosuppression in pregnancy:
choices for infant and maternal health. Drugs 2002;62(16):2361–75.

35. Hou S. Pregnancy in renal transplant recipients. Adv Ren Replace Ther 2003;
10(1):40–7.

36. Jain A, Venkataramanan R, Fung JJ, et al. Pregnancy after liver transplantation
under tacrolimus. Transplantation 1997;64(4):559–65.

37. Brent RL. Teratogen update: reproductive risks of leflunomide (Arava); a pyrimi-
dine synthesis inhibitor: counseling women taking leflunomide before or during
pregnancy and men taking leflunomide who are contemplating fathering a child.
Teratology 2001;63(2):106–12.

38. Chakravarty EF, Sanchez-Yamamoto D, Bush TM. The use of disease modifying
antirheumatic drugs in women with rheumatoid arthritis of childbearing age:
a survey of practice patterns and pregnancy outcomes. J Rheumatol 2003;
30(2):241–6.

39. Pergola PE, Kancharla A, Riley DJ. Kidney transplantation during the first
trimester of pregnancy: immunosuppression with mycophenolate mofetil, tacroli-
mus, and prednisone. Transplantation 2001;71(7):994–7.

40. Sifontis NM, Coscia LA, Constantinescu S, et al. Pregnancy outcomes in solid
organ transplant recipients with exposure to mycophenolate mofetil or sirolimus.
Transplantation 2006;82(12):1698–702.

41. Anderka MT, Lin AE, Abuelo DN, et al. Reviewing the evidence for mycophenolate
mofetil as a new teratogen: case report and review of the literature. Am J Med
Genet A 2009;149(6):1241–8.

42. Dei Malatesta MF, Rocca B, Gentile T, et al. A case of coloboma in a newborn to
a woman taking mycophenolate mofetil in pregnancy after kidney transplantation.
Transplant Proc 2009;41(4):1407–9.

43. Merlob P, Stahl B, Klinger G. Tetrada of the possible mycophenolate mofetil em-
bryopathy: a review. Reprod Toxicol 2009;28(1):105–8.

44. Mycophenolae mofetil [package insert]. Nutley (NJ): Roche Laboratories; 2007.



Pregnancy in the Renal Transplant Recipient 221
45. Tendron A, Gouyon JB, Decramer S. In utero exposure to immunosuppressive
drugs: experimental and clinical studies. Pediatr Nephrol 2002;17(2):121–30.

46. Chu SH, Liu KL, Chiang YJ, et al. Sirolimus used during pregnancy in a living
related renal transplant recipient: a case report. Transplant Proc 2008;40(7):
2446–8.

47. Thomas AG, Burrows L, Knight R, et al. The effect of pregnancy on cyclosporine
levels in renal allograft patients. Obstet Gynecol 1997;90(6):916–9.

48. Harris RZ, Benet LZ, Schwartz JB. Gender effects in pharmacokinetics and phar-
macodynamics. Drugs 1995;50(2):222–39.

49. Jain AB, Shapiro R, Scantlebury VP, et al. Pregnancy after kidney and kidney-
pancreas transplantation under tacrolimus: a single center’s experience. Trans-
plantation 2004;77(6):897–902.

50. Armenti VT, Ahlswede KM, Ahlswede BA, et al. Variables affecting birthweight
and graft survival in 197 pregnancies in cyclosporine-treated female kidney
transplant recipients. Transplantation 1995;59(4):476–9.

51. Davison JM, Lindheimer MD. Pregnancy in renal transplant recipients. J Reprod
Med 1982;27(10):613–21.

52. Aluvihare VR, Kallikourdis M, Betz AG. Tolerance, suppression and the fetal allo-
graft. J Mol Med 2005;83(2):88–96.

53. Streilein JW. Peripheral tolerance induction: lessons from immune privileged sites
and tissues. Transplant Proc 1996;28(4):2066–70.

54. Lindheimer MD, Katz AI. The normal and diseased kidney in pregnancy. In:
Schrier R, editor. Diseases of the kidney. 7th edition. Philadelphia: Lippincott, Wil-
liams, Wilkins; 2001. p. 2129–65.

55. Nicolle LE. Asymptomatic bacteriuria: when to screen and when to treat. Infect
Dis Clin North Am 2003;17(2):367–94.

56. Pedler SJ, Orr KE. Bacterial, fungal, and parasitic infections. In: Barron WM,
Lindheimer MD, editors. Medical disorders during pregnancy. 3 edition. St. Louis
(MO): Mosby; 2000. p. 411.

57. Magee LA, von DP, Darley J, et al. Erythropoiesis and renal transplant pregnancy.
Clin Transplant 2000;14(2):127–35.

58. Goshorn J, Youell TD. Darbepoetin alfa treatment for post-renal transplantation
anemia during pregnancy. Am J Kidney Dis 2005;46(5):e81–6.

59. Armenti VT, Radomski JS, Moritz MJ, et al. Report from the National Transplanta-
tion Pregnancy Registry (NTPR): outcomes of pregnancy after transplantation.
Clin Transpl 2003131–41.

60. Stratta P, Canavese C, Giacchino F, et al. Pregnancy in kidney transplantation:
satisfactory outcomes and harsh realities. J Nephrol 2003;16(6):792–806.

61. Morales JM, Hernandez PG, Andres A, et al. Uric acid handling, pregnancy and
cyclosporin in renal transplant women. Nephron 1990;56(1):97–8.

62. Funai EF, Friedlander Y, Paltiel O, et al. Long-term mortality after preeclampsia.
Epidemiology 2005;16(2):206–15.

63. Irgens HU, Reisaeter L, Irgens LM, et al. Long term mortality of mothers and
fathers after pre-eclampsia: population based cohort study. BMJ 2001;
323(7323):1213–7.

64. Wolf M, Hubel CA, Lam C, et al. Preeclampsia and future cardiovascular disease:
potential role of altered angiogenesis and insulin resistance. J Clin Endocrinol
Metab 2004;89(12):6239–43.

65. Vikse BE, Irgens LM, Leivestad T, et al. Preeclampsia and the risk of end-stage
renal disease. N Engl J Med 2008;359(8):800–9.



Josephson & McKay222
66. Villar J, Abalos E, Nardin JM, et al. Strategies to prevent and treat
preeclampsia: evidence from randomized controlled trials. Semin Nephrol
2004;24(6):607–15.

67. Villar J, Abdel-Aleem H, Merialdi M, et al. World Health Organization randomized
trial of calcium supplementation among low calcium intake pregnant women. Am
J Obstet Gynecol 2006;194(3):639–49.

68. Poston L, Briley AL, Seed PT, et al. Vitamin C and vitamin E in pregnant women at
risk for pre-eclampsia (VIP trial): randomised placebo-controlled trial. Lancet
2006;367(9517):1145–54.

69. Lindheimer MD, Sibai BM. Antioxidant supplementation in pre-eclampsia. Lancet
2006;367(9517):1119–20.

70. Levine RJ, Maynard SE, Qian C, et al. Circulating angiogenic factors and the risk
of preeclampsia. N Engl J Med 2004;350(7):672–83.

71. Hladunewich MA, Steinberg G, Ananth KS, et al. Angiogenic factor abnormalities
and fetal demise in a twin pregnancy. Nat Rev Nephrol 2009;5(11):658–62.

72. McKay DB, Adams PL, Bumgardner GL, et al. Reproduction and pregnancy in
the transplanted patient: current practices. Prog Transplant 2006;16(2):127–32.

73. Grimer M. The CARI guidelines. Calcineurin inhibitors in renal transplantation:
pregnancy, lactation and calcineurin inhibitors. Nephrology (Carlton) 2007;
12(Suppl 1):S98–105.

74. American Academy of Pediatrics Committee on Drugs. The transfer of drugs and
other chemicals into human milk. Pediatrics 1994;93(1):137–50.

75. Davison JM. The effect of pregnancy on kidney function in renal allograft recipi-
ents. Kidney Int 1985;27(1):74–9.

76. First MR, Combs CA, Weiskittel P, et al. Lack of effect of pregnancy on renal allo-
graft survival or function. Transplantation 1995;59(4):472–6.

77. Sturgiss SN, Davison JM. Effect of pregnancy on the long-term function of renal
allografts: an update. Am J Kidney Dis 1995;26(1):54–6.

78. Tanabe K, Kobayashi C, Takahashi K, et al. Long-term renal function after preg-
nancy in renal transplant recipients. Transplant Proc 1997;29(1–2):1567–8.

79. Salmela KT, Kyllonen LE, Holmberg C, et al. Impaired renal function after preg-
nancy in renal transplant recipients. Transplantation 1993;56(6):1372–5.

80. Levidiotis V, Chang S, McDonald S. Pregnancy and maternal outcomes among
kidney transplant recipients. J Am Soc Nephrol 2009;20(11):2433–40.

81. Ibrahim HN, Akkina SK, Leister E, et al. Pregnancy outcomes after kidney dona-
tion. Am J Transplant 2009;9(4):825–34.

82. Josephson MA. Transplantation: pregnancy after kidney donation: more ques-
tions than answers. Nat Rev Nephrol 2009;5(9):495–7.

83. Reisaeter AV, Roislien J, Henriksen T, et al. Pregnancy and birth after kidney
donation: the Norwegian experience. Am J Transplant 2009;9(4):820–4.



Sickle Cell Disease
in Pregnancy
Dennie T. Rogers, MDa,*, Robert Molokie, MDb,c,d
KEYWORDS

� Sickle cell disease � Hemoglobinopathy � Anemia
� Pregnancy � Genetic disease
SICKLE CELL DISEASE: GENETICS, EPIDEMIOLOGY, AND PREGNANCY

The term sickle cell disease (SSD) encompasses several different sickle hemoglobin-
opathies, including homozygous hemoglobin S (sickle cell anemia Hb SS), the double
heterozygote sickle hemoglobin C disease (Hb SC), sickle beta thalassemia plus (Hb
Sb1), sickle beta thalassemia zero (Hb Sb0), the sickle cell anemias with alpha
thalassemia (SS a-thalassemia), and sickle cell anemia with elevated fetal hemoglobin
(Hb SS 1 F).

The sickle mutation is a point mutation in the b-globin gene (GAG to GTG) at the 6
amino acid position, causing valine to replace glutamic acid. The substitution of
a hydrophilic amino acid with a hydrophobic one is the root cause of the disease,
and allows for sickle hemoglobin to polymerize when it is deoxygenated, triggering
a cascade of repeated injury to the red cell membrane, hemolysis, multiple organ
dysfunctions, and frequently devastating effects for patients and their families. The
mutation is believed to have 4 separate origins in Africa and another in the Indo-
European area. The mutation is thought to have evolved, because those with one
copy of the sickle gene (sickle cell trait Hb AS) have a survival advantage when
infected with Plasmodium falciparum.

Approximately 5% of the world’s population carries a genetic mutation for a hemo-
globinopathy (sickle hemoglobinopathies and thalassemias).1 The sickle hemoglobin-
opathies are more common among people whose ancestors are from sub-Saharan
Africa, India, Saudi Arabia, and Mediterranean countries. In Africa it is estimated
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that more that 200,000 people are born each year with SSD,1 while in the United States
it is estimated that there are 70,000 to 100,000 cases and more than 2 million carriers,
making it one of the most common lethal genetic diseases in this country. In the United
States, people of all backgrounds have sickle hemoglobinopathies. Every organ
system is affected by SSD, and because of its many complications it is probably
best that patients are cared for in an interdisciplinary manner, with a hematologist
or physician knowledgable in SSD as a member the team.2

Pregnancy in women with SSD has become more common as a direct result of
improved survival from the advances in medical care and generalized interventions
that begin at birth.3 These interventions include early detection with newborn
screening, institution of antibiotic prophylaxis with penicillin, immunization against
encapsulated bacteria, and most recently the National Institutes of Health (NIH)
consensus recommendation of administering hydroxyurea for its proven role in
disease modification.4 As survival improves, more women affected with SSD reach
childbearing age and subsequently face the challenges associated with their fertility
and desire for reproduction.

Prior to the last 3 decades maternal and fetal outcomes had been recognized as
being associated with high mortality, which prompted many providers to suggest
that pregnancy be contraindicated in this group of women.1 However, many reported
observations by investigators over the last 25 years have demonstrated significant
improvement in outcomes, and women with SSD are no longer encouraged to avoid
or discontinue pregnancy.5,6

Improved fetal and maternal outcomes may also be in part a result of advances in
antenatal and obstetric care. Although the majority of women with SSD can achieve
a successful uncomplicated birth, pregnancy is associated with an increased inci-
dence of medical and pregnancy related complications, resulting in higher rates of
morbidity and mortality when compared with their normal hemoglobin (AA)
counterparts.6

Pregnancy in women with SSD is complicated not only by the maternal condition
characterized by years of chronic organ damage, but by the physiologic changes
and adaptations that are inherent to all child bearing women. Profound physiologic
changes that involve virtually every organ system occur during pregnancy, which
are typically well tolerated in healthy gravid woman. These changes are not always
benign, particularly in women with underlying diseases, as reflected in the current
maternal mortality rate of 8/100,000.7 The adaptations required by the hematologic,
cardiovascular, renal, and respiratory systems are by far the most concerning in
women with SSD. Normally, plasma volume begins to expand between 6 and 8 weeks
of gestation, ultimately achieving a 45% increase over nonpregnancy volume, 4700 to
5200 mL, at 32 weeks.8 As a direct response to erythropoietin, red blood cell mass
also increases throughout pregnancy, finally reaching 20% to 30% over the nonpreg-
nant state.8 The combination of increased plasma volume and slower increase in red
blood cell mass produces a physiologic anemia of pregnancy (dilutional anemia),
which is maximal in the third trimester. There are limited data on serial hematologic
adaptation in women with SSD in pregnancy.

The 50% increase in blood volume triggers the cardiovascular system response of
creating a hyperdynamic state characterized by a slightly increased resting pulse,
increased cardiac output, and benign flow murmurs.9 By the seventh week a progres-
sive decrease in peripheral vascular resistance accounts for a marked decrease in
blood pressure, reaching nadir at 24 to 32 weeks, followed by an increase toward
nonpregnant values at term.10 The glomerular filtration rate increases and remains
elevated until after delivery.11 There is increased minute ventilation as the respiratory
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system responds with a mild, compensated, respiratory alkalosis.12 These routine
physiologic changes of pregnancy often compound or can exacerbate underlying
chronic organ damage initially created by SSD.
PREGNANCY-ASSOCIATED COMPLICATIONS IN SICKLE CELL DISEASE

Many investigators have focused on defining and quantifying the complications asso-
ciated with SSD in pregnancy.13–16 Although extremely valuable to our understanding,
many of the reports are from single institutions, the majority is retrospective, some
have small sample sizes, inclusion of different genotypes, lengthy time periods of
data acquisition, as well as vast variability in definitions of stillbirth, acute anemia,
and reporting incidences of morbidity and mortality. Due to the origin of the sickle
cell gene, reports come from various parts of the world, but create questionable appli-
cability to this condition, which has consistently been characterized by its variable
course.17 All of these factors lend to the difficultly in understanding how SSD and
pregnancy affect one another.

Kobak and colleagues13 published the first report outlining the effects and compli-
cations of SSD on pregnancy in 1941. Several additional reports soon followed, each
highlighting experiences with this population, noting substantial maternal morbidity
and maternal and perinatal mortality associated with pregnancy in women with SSD
prior to 1972.18,19

Because of the poor perinatal outcomes experienced by sickle gravidas, Koshy and
colleagues15 undertook a landmark trial to determine the benefit of prophylactic blood
transfusion at regular intervals compared with transfusion only for specific indications
to improve fetal outcome. This prospective randomized, controlled, multicenter NIH-
funded cooperative study was performed in pregnant women of greater than 20
weeks’ gestation with hemoglobinopathies. Morbidity and mortality data were
collected on 189 pregnancies (100 Hb SS, 66 Hb SC, 23 Hb Sb) and 8981 pregnant,
normal (Hb AA) African American controls.

The results failed to demonstrate a reduction in maternal or fetal morbidity and
mortality in the sickle cell gravidas that received prophylactic blood transfusions.
However, the comparisons clearly identified the obstetric, sickle cell related, and peri-
natal complications associated with SSD in pregnancy (Tables 1–3).

Women with SSD had higher rates of previous pregnancy loss, infection,
preeclampsia, and their offspring had greater fetal and neonatal mortality, preterm
Table 1
Frequency of obstetric complications: outcomes from 189 pregnancies, 1979 to 1984

Genotype

AA SS SC Sb/Thal

Number of subjects 8991 100 66 23

Mean EGA at delivery (weeks) 40 37.5 38.6 37.1

PTD 17% 26% 15% 22%

Previa 0.4% 1% 2% 4%

Preeclampsia 4% 18% 9% 13%

Endometritis 1% 3% 2% 4%

Abbreviations: EGA, estimated gestational age; PTD, preterm delivery.
Data from Koshy M, Burd L. Management of pregnancy in sickle cell syndrome. Hematol Oncol

North Am 1991;5(3):585–96.



Table 2
Frequency of perinatal outcomes: outcomes from 189 pregnancies, 1979 to 1984

Genotype

SS SC Sb/Thal

Number of fetuses 104 66 23

IUGR 15.3% 6% 4%

Stillbirth 5.7% 2% 0

Neonatal death 1.9% 0 8%

Perinatal death 7.6% 2% 8%

Abbreviation: IUGR, intrauterine growth restriction.
Data from Koshy M, Burd L. Management of pregnancy in sickle cell syndrome. Hematol Oncol

North Am 1991;5(3):585–96.
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delivery, fetal distress, and fetal growth abnormalities compared with their normal
hemoglobin controls. When hemoglobinopathy genotype comparisons were made,
women with SSD overall had more complications compared with those with SC
disease. Surprisingly, there were no maternal mortalities reported in this series.15 Of
note, this was the first attempt to manage sickle gravidas based on evidence of treat-
ment effectiveness.

Sun and colleagues20 reviewed 20 years of deliveries in women with SSD, not part of
a prophylactic transfusion program, at Grady Hospital in Atlanta. The study group con-
sisted of women with hemoglobin genotypes SS and SC and they were compared with
normal controls. In regard to antepartum complications, women with SS and SC
disease were more commonly hospitalized for pain crises, infections (antepartum,
postpartum), and acute anemia requiring an average of 5 days of hospitalization.
Women with Hb SS had increased risk for preterm labor or premature rupture of
membranes, low birth weight, intrauterine growth restriction, and lower gestational
age at delivery (mean 34.1 weeks). In contrast, those with Hb SC disease were only
at increased risk for intrauterine growth restriction. When women were compared
by genotype, women with Hb SS had significantly lower baseline hemoglobin,
required twice as many blood transfusions, twice the number of hospitalizations for
crises, and had an increased trend in perinatal mortality.20 Neither Sun and colleagues
Table 3
Frequency of sickle-related complications: outcomes from 189 pregnancies, 1979 to 1984

Genotype

SS SC Sb/Thal

Number of subjects 100 66 23

ACS 7.6% 3% 9%

PE 1% 0% 9%

CHF 3.8% 0% 4%

UTI 10.6% 9% 4%

CRF 2% 0% 0%

Abbreviations: ACS, acute chest syndrome; CHF, congestive heart failure; CRF, chronic renal failure;
PE, pulmonary embolism; UTI, urinary tract infection.

Data from Koshy M, Burd L. Management of pregnancy in sickle cell syndrome. Hematol Oncol
North Am 1991;5(3):585–96.
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nor Koshy and colleagues reported any maternal mortality, and they did not quantitate
risks before 20 weeks’ gestation.15,20

In a unique 2004 investigation Serjeant and colleagues16 reported a prospectively
followed cohort of 94 women with SSD (Hb SS) from birth to 25 years of age, and
compared their obstetric outcomes to normal controls obtained through an estab-
lished newborn screening program. Unlike other investigations, this analysis provided
vital gynecologic and obstetric information from the fist half of gestation as well as later
pregnancy. Women with SSD had later onset of menarche and an increased rate of
spontaneous abortions, 36% versus 10% when compared with controls, and a slight
increase in retained placenta following delivery beyond 24 weeks’ gestation.16 The
women with SSD also had fewer liveborn infants, and a greater proportion of prema-
turity, lower mean gestational age at delivery, and lower birth weights (41.7% <2500
g), all significantly affected by the number of sickle related events (eg, pain crisis,
acute chest, urinary tract infection) the women experienced during pregnancy.16

Though not statistically significant, the rate of stillbirth occurred more frequently in
the SSD group, 7.1%, versus 0.7% in normal controls. Serjeant and colleagues16

also ascertained detailed accounts of maternal mortality, reporting a rate of 2.1% in
the sickle women.

A more detailed account of maternal mortality and the effect of organized prenatal
care were provided by Powars and colleagues6 between 1972 and 1982, after estab-
lishing a comprehensive sickle center and collecting data prospectively; they
compared their prospective observations to a historic cohort of sickle cell women.
The investigators noted several improvements in obstetric and fetal outcomes: signif-
icant 3-week increases in mean gestational age among SSD women, increased birth
weights in women with Hb SC disease, and in comparison to only 60% liveborn infants
before 1972, nearly 80% of post-1972 infants were born live. There was also a signif-
icant decrease in fetal death rate after 1972, declining from 52.7% to 22.7% in women
with SSD, a decreased spontaneous abortion rate, and decreased maternal death rate
per pregnancy, dropping from 4.1% to 1.7% in the later era.6

Powars and colleagues6 also reported uncomplicated pregnancies in 21% of
women with Hb SS genotype, similar to that reported by Serjeant and colleagues,
and 43% of those with Hb SC genotype. Their data also suggested that women
with Hb SC genotype may represent a subset, which have better survival after 28
weeks’ gestation, and fewer obstetric complications when compared with other sickle
diseases. These data have proved consistent with those of other investigators and
have also provided information on prognosis based on disease variation.

More recently, Villers and colleagues21 assessed the morbidity and mortality asso-
ciated with SSD in pregnancy using a large United States database, Nationwide Inpa-
tient Sample from the Healthcare Cost and Use Project of the Agency for Healthcare
Research and Quality, and queried all pregnancy-related discharges with a diagnosis
of SSD from 2000 to 2003. A total of 17,952 deliveries to women with SSD were
compared with 6,756,944 pregnancy-related discharges for women without the
disease. The investigators reported that pregnant women with SSD had a significantly
higher rate of cesarean delivery, were slightly older, more likely to experience infection
(pyelonephritis, postpartum infection, sepsis), thromboembolic events (cerebral vein
thrombosis, deep venous thrombosis), pneumonia, and systemic inflammatory
response syndrome.21 Although women with SSD may be more likely to experience
stroke and pulmonary embolus, these did not reach significance. Finally, women
with SSD were less likely to smoke or have a postpartum hemorrhage and no more
likely to have a diagnosis of obesity or substance abuse.21 Women with SSD
accounted for only 0.1% of the pregnancies, but for 1% of all maternal deaths,
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mortality rate 72.4 deaths per 100,000, compared with nonsickle women, mortality
rate 12.7 deaths per 100,000 (with the current United States rate being 8/100,000).21

Villers and colleagues21 also noted that all pregnancy-related complications, with
the exception of intrauterine fetal death and gestational diabetes, were significantly
more likely among women with SSD including hypertensive disorders of pregnancy
(gestational hypertension, preeclampsia, eclampsia), antepartum bleeding, preterm
labor, fetal growth restriction, asymptomatic bacteruria, and genitourinary tract infec-
tion. Although the associated risks of pregnancy in women with SSD have declined
from previous eras, this recent report documents that they remain at great risk for
a wider range of morbidities in pregnancy than previously reported, and are at a signif-
icantly increased risk of mortality compared with their normal hemoglobin
counterparts.

The fetal complications reported in the aforementioned studies all consistently
document an increased incidence of fetal growth abnormalities: intrauterine growth
restriction or low birth weight.14–16,20,21 A myriad of hypotheses set forth to explain
this consistent observation have ranged from maternal hemoglobin levels, maternal
weight, maternal genotype, nutritional deficiencies, hypertensive disorders of preg-
nancy, uteroplacental insufficiency, gestational age at delivery, or number of sickle-
related events during pregnancy.

The Cooperative Study of SSD by Smith and colleagues,14 including 19 centers,
documented that birth weight was influenced by the presence of preeclampsia, acute
anemic events, and maternal hemoglobin levels. The Jamaican Cohort noted that birth
weight was influenced by maternal genotype (Hb SS compared with Hb AA), gesta-
tional age, prepregnancy weight, and the number of prepartum clinical events sus-
tained.16 In 2007 Thame and colleagues22 extended the Jamaican Cohort study to
further delineate factors that influenced birth weight. Consistent with previous inves-
tigators, those with SS disease had infants with lower gestational age, lower birth
weight, and lower placental weight. A multivariate analysis revealed that only gesta-
tional age and placental weight significantly affected low birth weight.22 The growth
abnormalities were characterized as asymmetric, suggesting a cause occurring later
in pregnancy. None of these investigators demonstrated an effect of maternal
steady-state hemoglobin (all means >6 g/dL) or fetal hemoglobin on the presence of
low birth weight.

The ability to predict the clinical course of SSD during pregnancy is difficult, but
may be associated with the level of chronic anemia, considered to have predictive
value for comorbidities and mortality in the nonpregnant population.14 Despite the
differences in study design, patient acquisition, management, and variable frequency
of adverse outcomes in SSD in pregnancy from 1941 to 2008, several themes consis-
tently emerge. Women with SSD who become pregnant are clearly at increased risk
of obstetric, fetal, and sickle cell related complications across each trimester and
during the postpartum period, compared with women void of hemoglobinopa-
thies.13–16,20,22 Those with more severe anemia are more likely to have baseline
organ damage, develop more frequent pain crises, and have worsening organ
dysfunction, preterm labor, low birth weight neonates, and increased maternal
mortality. Albeit despite a myriad of challenges, the majority of these women can
achieve a successful pregnancy, including 25% without pain crisis14 and more
than 50% without medically indicated blood transfusion or hospital admission,15

and the majority tend to deliver beyond 28 weeks’ gestation16 with a greater than
80% live birth rate.16 Moreover, the majority can undergo more than one successful
pregnancy.6
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PREGNANCY MANAGEMENT IN SICKLE CELL DISORDERS

The cardinal manifestations of SSD are chronic hemolytic anemia and pain crises.
Pregnant women with SSD may experience a relatively normal course punctuated
by variable frequencies of painful episodes.23 It is important to realize that chronic
organ damage and decreased survival occur despite the number of vaso-occlusive
episodes, thus emphasizing the need for access to expert care by providers familiar
with the disease process as well as the complexity of the psychological aspects of
the illness.24 Pregnant women with SSD should be managed using a multidisciplinary
team approach, comprising a high-risk obstetrician, hematologist, and other special-
ists as necessary, based on the patient’s condition and comorbidities (eg, anesthesia
pain specialist, pulmonologist, cardiologist).2 This type of approach may have a posi-
tive impact on associated morbidity and mortality in the mother and her fetus.

Although most women typically know their diagnosis of sickle cell disorder before
their pregnancy, a definitive diagnosis or confirmation and characterization by hemo-
globin electrophoresis is required. One should avoid solubility tests (eg, Sickledex) for
diagnosis, as these are positive in both SSD and sickle trait, and results may be invalid
due to the presence of large amounts of Hb F.25 Also, characterization of adult hemo-
globins other than Hb S (eg, Hb C) cannot be discerned with this method. Even though
pregnancy outcomes may differ by genotype,6,15 the management during pregnancy
does not change. Women with SSD, Hb SS, and Hb Sb0 genotypes, typically experi-
ence a greater frequency of pain crises and adverse outcomes, followed by Hb
Sb1.14–16,20,21 Women with Hb SC genotype tend to have a relatively more benign
nonpregnant course, but are at greater risk of experiencing their initial crisis in preg-
nancy, tend to be more noncompliant with prenatal care, and have increased risk later
in pregnancy.26 The degree of anemia is most severe in patients with the genotype Hb
SS and Hb Sb0 thalassemia, milder in Hb Sb1, Hb SC disease, and Hb SS with coex-
istent A thalassemia.27

Preconception

Once a diagnosis of SSD is confirmed and characterized, ideally a preconception
consultation should occur. The counseling should be tailored appropriately for each
patient, providing the information needed to make informed decisions about preg-
nancy. One should review the effects of pregnancy on SSD, highlighting increased
risk for hospital admissions, pain crises, infections, severe anemia, and increased
risk of maternal mortality.21 Likewise, a discussion of the effects of SSD on pregnancy
should include increased risks of preterm delivery, placental abnormalities,
preeclampsia, and retained placenta.21,22 The discussion should also entail a review
of the effects of SSD on the fetus: increased risk of early pregnancy loss,16 fetal growth
abnormalities, and perinatal mortality, as well as risk for inherited hemoglobinopa-
thies. Knowledge of the father’s hemoglobin is required and he therefore should
undergo hemoglobin electrophoresis if this is unknown.28 A genetics consultation to
discuss prenatal diagnosis should be offered if the fetus is identified to be at increased
risk for a hemoglobinopathy. The objective is not to discourage the patient from preg-
nancy, as many women with SSD can achieve a successful live birth,6 but to inform
and review the associated medical and pregnancy morbidity, to optimize care, and
to minimize complications.

Women with SSD are anemic, and the preconception visit is also an opportunity to
optimize the hemoglobin status with addition of 1 to 4 mg folic acid daily, and a multi-
vitamin.29 Most patients with sickle cell disorders have an abundance of iron
secondary to chronic hemolysis and typically do not require iron replacement.
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However, iron deficiency does occur in approximately 20% of this population.30 The
diagnosis of iron deficiency may be obscured by the elevated serum iron levels asso-
ciated with chronic hemolysis or the presence of coexisting undiagnosed thalassemia.
This situation necessitates the detection of a low serum ferritin or an elevated serum
transferrin level to assure correct diagnosis.31 If iron status is unknown, the sickle
patient should begin prenatal vitamins void of elemental iron, with replacement based
on laboratory evaluation to avoid iron overload.

Preconception consultation should optimize nutrition and dietary modifications.
Williams and Wang32 reported that patients with SSD tended to have increased
mineral and vitamin deficiencies, perhaps secondary to socioeconomic status or
their persistent hypermetabolic state. Supplementation with an appropriate high
caloric diet and vitamins should be recommended. Review of appropriate lifestyle
changes (eg, smoking cessation) and scheduling of any necessary laboratory or
procedures prior to pregnancy should be done. The frequency of prenatal visits,
required laboratory testing, and importance of compliance with prenatal visits should
be reviewed. Necessary medication changes should be made, assuring that identi-
fied teratogenic agents are discontinued before conception. One example is the
important disease modification agent hydroxyurea (5HU), which has been demon-
strated to improve long-term outcomes in SSD,4 so many women reaching child-
bearing age may be undergoing this treatment. 5HU has teratogenic potential as
exhibited in mice, and has caused appropriate concern for human fetuses.33

Although animal model data do not always equate to similar effects in humans, it
may be reasonable to determine the need for medication cessation on an individual
basis. Data from more than 45 pregnancies conceived on 5HU therapy failed to
demonstrate an increase in fetal anomalies or intrauterine fetal death.34–36 At
present, no randomized controlled studies regarding the efficacy and safety in
human pregnancies have addressed these concerns. Additional medications that
should be discontinued include, but are not limited to, iron chelation therapy, decita-
bine, and antihypertensives such as angiotensin-converting enzyme inhibitors and
teratogens. In the latter case a satisfactory substitute antihypertensive agent such
as a-methyldopa or labetalol should be prescribed.

Lastly, immunization status should be reviewed and necessary vaccines given,
avoiding those that contain live virus as they are contraindicated in pregnancy. It is
recommended that pregnant women with SSD be vaccinated annually for influenza
and every 5 years for Streptococcus pneumoniae.37 At present, vaccination for
H1N1 influenza is also recommended.38 These vaccines have been proven safe to
be administered during pregnancy.

Pregnancy outpatient management
The authors believe that management of SSD during pregnancy can be best accom-
plished by separating the goals based on the setting: outpatient versus inpatient
management.

The outpatient antepartum clinic management should be directed at initiating
measures to prevent pain crises, fetal complications, monitoring baseline organ func-
tion, initiating measures to prevent further organ deterioration, identifying early
evidence of infection, and avoidance of maternal and fetal mortality.

First Trimester

At the initial high-risk obstetric visit, a detailed medical history should be obtained
directed at eliciting factors that influence pregnancy outcome such as alloimmuniza-
tion, renal disease, and neurologic, pulmonary, or cardiac abnormalities. Preexisting
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renal disease, pulmonary hypertension, and congestive heart failure all may worsen
during the adaptation to pregnancy.6,39 The comprehensive history should include
transfusion history, iron chelation therapy, thrombotic events, cerebrovascular acci-
dents, acute chest syndrome, or chronic ulcers. In-depth information regarding pain
crises triggers, locations, and optimal pain management regimen should be
obtained.40

Baseline hemoglobin/hematocrit with reticulocyte count, antibody screen, blood
urea nitrogen, creatinine, 24-hour urine collection, urinalysis and culture, liver function
tests (aspartate aminotransferase, alanine aminotransferase), and lactate dehydroge-
nase are directed at quantifying the chronic hemolytic anemia and organ-specific
complications of the renal, cardiac, or pulmonary systems. Trends can be evaluated
to suggest an appropriate response or lack thereof to the normal adaptations of preg-
nancy. Urinary tract infections and pyelonephritis occur more frequently, and persis-
tent urinary tract infections may be secondary to renal papillary necrosis.14–16,21 All
urinary tract infections in this population should be considered complicated, and 10
to 21 days of appropriate antibiotic therapy is required.41 Because of the chronic
hemolytic anemia and increased frequency of urinary tract infections, monthly blood
counts, urinalyses, and cultures should be obtained. If any evidence of mineral defi-
ciency or infection is identified they should be treated appropriately.

The recognition of pulmonary hypertension as a cause of early mortality in SSD
warrants cardiac evaluation by an echocardiogram and a brain natriuretic peptide
level.42 Ophthalmologic examination should be performed if not done recently, espe-
cially if retinopathy has previously been diagnosed.43 A first trimester sonogram to
confirm dating and viability is recommended; this may prove beneficial later in gesta-
tion, especially if the fetus develops growth abnormalities. All patients should be given
the option of prenatal diagnosis.44 A major ethical issue pertains to inability to predict
the severity of SSD in the fetus, hence the difficulty in counseling patients on prognosis
for their child. However, one large survey noted that parents at risk for having a child
with SSD were interested in prenatal diagnosis and would consider termination of
pregnancy for an affected fetus.44 Prenatal diagnosis can be safely performed by cho-
rionic villus sampling (CVS) at 10 to 13 weeks or amniocentesis beginning at 15 weeks’
gestation.45 Percutaneous umbilical blood sampling is also available but is associated
with a greater fetal risk than CVS or amniocentesis, and is therefore reserved for diag-
nosis only in centers where DNA-based testing is unavailable.46

In the first trimester pregnant women with SSD should be educated on how to avoid
pain triggers, analgesia safety in pregnancy, and a plan for a home medication
regimen.40 Patients should be advised on the importance of hydration and adequate
fluid intake resulting from the inability to concentrate their urine, thus avoiding the risk
of dehydration.40 Patients should also be aggressively counseled to seek medical
attention for any febrile events.47 Consultation with appropriate subspecialists should
be obtained to establish a multidisciplinary plan of management, the team usually
including the availability of a maternal fetal medicine specialist, hematologist, nutri-
tionist, social support services, and a tertiary obstetric center.

Second and Third Trimesters

There are no specific therapies or treatments to prevent fetal growth abnormalities or
perinatal mortality; however, early detection of growth restriction by measurement of
fundal heights and serial ultrasounds can be helpful after a 20-week anatomy survey.
Growth scans beginning at 24 to 28 weeks, as well as weekly antepartum testing initi-
ated at 32 weeks, may affect management and improve outcomes. In the case that the
fetus is diagnosed with growth restriction, more intensified fetal surveillance should be
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initiated (eg, increased frequency, Doppler testing). All routine prenatal screening
examinations should be performed at the appropriate time. Continuation of monthly
blood counts and urine evaluation should also occur. In the third trimester it is impor-
tant to rescreen all women with SSD for red cell alloantibodies regardless of transfu-
sion history.48 If alloimmunization is identified, appropriate antepartum management
should be undertaken (ie, middle cerebral artery Dopplers, fetal blood typing, and
so forth).

Lastly, early arrangements with the blood bank should be made to identify sources
of compatible blood. Although prophylactic transfusions have not been demonstrated
to improve obstetric and perinatal outcomes in patients with SSD,15 transfusion
therapy is indicated for patients with cardiac or respiratory compromise, acute chest
syndrome, hemoglobin levels less than 20% of steady state or less than 5 to 6 g/dL,
and pain crisis in the setting of anemia in preparation for cesarean delivery, and is most
likely beneficial for those with a previous history of perinatal death or current twin preg-
nancy.49 Blood product transfusion is associated with alloimmunization, delayed
hemolytic transfusion reactions, iron overload, antibody sensitization, and increased
risk for transmission of viral illnesses, and should therefore be reserved for specific
medical indications.49
Inpatient acute management
The majority of women with SSD are young, relatively healthy, and will carry their fetus
safely to term, but more than 70% will experience associated vaso-occlusive pain
crises, which is the leading cause (>85%) of emergency evaluation and hospital
admissions.40 Even in pregnancy one of the greatest challenges of SSD remains the
vaso-occlusive painful event, and good management is essential. It is unclear whether
the number of pain crises experienced during pregnancy correlates with early
maternal death or poor fetal outcome.

It is not uncommon for those with a history of few to infrequent pain crises to present
for initial episodes that require hospital management, or have an increased frequency
of episodes during their pregnancy.50 Although general consideration of vaso-occlu-
sive severity and genotype has been posited, there is a large amount of variability
between and within the different genotypes. Pain crises have been reported to
be more frequent with Hb SS, low levels of Hb F, and higher hemoglobin
concentrations.51

Many patients are familiar with the unfortunate experience of a typical pain crisis,
and are usually managed in the home. The main reasons for hospital evaluation typi-
cally are failure of their home oral analgesia regimen or symptoms suggesting serious
complications.40 Some present because of uncertainty of the impact of a home anal-
gesia regimen on the fetus. Therefore, an important component of the prenatal
management scheme should include compassionate, prompt, effective, and safe
relief of acute or chronic pain, optimally by a rapid assessment protocol that is readily
available.

Sickle cell pain may involve any part of the body, and typically has a predictable
location in an individual patient, but with an onset and severity that is unpredictable.52

Pain may be precipitated by an event such as cold temperature, dehydration, infec-
tion, stress, hemorrhage, and alcohol consumption, but the majority has no identifiable
cause.53 Pain crisis may be associated with prodromal symptoms.52 The uncompli-
cated crisis episode typically has duration of a few days to as long as 4 to 10 days,
and requires hospital admission.53 There are no specific clinical or laboratory findings
that are pathognomonic of pain crises.54
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Objective signs of pain on physical examination are usually absent, often creating
frustration for the obstetrician and other health care providers. The diagnosis is estab-
lished by history and physical examination, but often patients can confirm if it is
a typical pain crisis or something worse.52 Although laboratory values are monitored
for evidence of complicated crisis, the changes in steady-state hemoglobin values,
sickled cells on smear, and white blood cell counts are not reliable indicators of acute
vaso-occlusion.53

The rapid assessment protocol should be directed at effective and safe relief of
pain, assessment for pregnancy-related emergencies, and evaluation for SSD comor-
bidities. The management of pain crises does not differ during pregnancy.55 Narcotics
are the mainstay of pain management, and can be used in conventional doses and
titrated upward as appropriate as women with SSD tend to metabolize narcotics
more rapidly. Adjuvant therapies are also critical: hydration, supplemental oxygen,
warm temperature, psychological support, and management of narcotic side
effects.40 It should be kept in mind that although hydration is a critical part of manage-
ment, fluid balance must be monitored carefully. Likewise, inhaled oxygen therapy
initially assists with improvement of the vaso-occlusion, but can also cause transient
red cell hypoproduction due to supraphysiologic oxygen tensions acutely inhibiting
erythropoietin production, and promptly suppressing reticulocytosis within 2 days.56

Although vaso-occlusive crises cause significant maternal morbidity, it is the associ-
ated life-threatening complications associated with SSD that often lead to maternal
mortality. It is important to remember that these same comorbid conditions character-
istic of the damage caused by SSD can be compounded with pregnancy and prove to
be fatal. Therefore, patients who present in the antepartum period with complaints of
sickle pain require complete assessment for etiologic factors to tailor management
appropriately. The major complications of SSD include sepsis, acute chest syndrome,
aplastic crisis, cerebrovascular accident, thrombosis, pulmonary hypertension,
cardiomyopathy, and chronic renal failure. Any one or more of these complications
can occur during pregnancy and result in maternal demise.6,21,39

There is sufficient evidence to suggest that several treatments should be considered
for initiation or continued therapy in pregnant patients with SSD. These treatments
have demonstrated a decrease in symptoms and complications while improving
survival. However, regarding treatment with 5HU, there are insufficient clinical data
and trials to make a firm recommendation on its use, efficacy, and teratogenicity
during pregnancy.4
Inpatient labor and delivery
The type of delivery should be based on routine obstetric practice, as there is no
contraindication to vaginal delivery in uncomplicated SSD. Induction of labor at
term versus allowing spontaneous labor has not been studied in this population,
and should be directed by the individual clinical scenario. Cesarean delivery should
be reserved for obstetric indications, and acute pain crisis does not constitute an indi-
cation for such management. Prophylactic transfusion before a cesarean delivery to
avoid precipitating a crisis due to blood loss is not only acceptable but encouraged
in patients with hemoglobins 7 to 8 g/dL or less. Otherwise blood loss should be
replaced according to usual obstetric practices.

Pain during labor can be relieved with narcotics, regional anesthesia (epidural,
spinal), or local infiltration of anesthesia via a pudendal block.55,57 Any combination
of these may be required depending on whether the patient is in crisis at the onset
of labor.
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During the postpartum period, women with SSD are at increased risk of thrombo-
embolism, infections, dehydration, and worsening anemia.21 In addition to routine
care, hydration with intravenous fluids should be maintained. The risk of thrombosis
can be decreased by early ambulation and antiembolic stockings, sequential
compression devices, or prophylactic heparin if on bed rest. Hematologic parameters
should continue to be assessed and transfusion administered only when indicated.
Evidence of infection such as fevers, fundal tenderness, and dysuria should be
aggressively diagnosed and treated with antibiotics, as these women are more likely
to progress to sepsis and overwhelming infection.6,15,58

Breast feeding should be encouraged; few medications are contraindicated in this
setting.59–61 Hydroxyurea is excreted into human milk and there is the potential for
adverse effects in the infant, therefore nursing should be considered contraindicated
during hydroxyurea therapy. All newborns should be screened for hemoglobinopa-
thies as well as routine genetic disorders.

Good prenatal care as described here does not directly affect the sickling process
or remove the risk of maternal and fetal complications, but is believed to minimize
them, thereby improving overall outcome. When maternal death has been reported,
it has been secondary to a preexisting medical complication, which pregnancy may
have exacerbated in an already compromised woman.6,16,22 Hence, the importance
of continued medical surveillance from before conception to well after delivery must
be emphasized.

SUMMARY

The ability to predict the clinical course of SSD during pregnancy is difficult. Outcomes
have improved for pregnant women with SSD and nowadays the majority can achieve
a successful live birth. However, pregnancy is associated with an increased incidence
of morbidity and mortality. Optimal management during pregnancy should be directed
at preventing pain crises, chronic organ damage, and early mortality using a multidis-
ciplinary team approach and prompt, effective, and safe relief of acute pain episodes.
Although these measures do not remove the risk of maternal and fetal complications,
they are thought to minimize them, promoting a successful pregnancy outcome for
women with SSD.
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Preeclampsia (PE) is a disorder occurring after week 20 of pregnancy and marked by
hypertension and proteinuria. It is the major cause of maternal and fetal morbidity
worldwide, and a leading cause of maternal and fetal morbidity and mortality in the
United States. It is believed that PE is mediated by toxic factors that induce wide-
spread injury to the maternal vascular endothelium, leading to dysfunction of the
kidneys, liver, brain, and blood coagulation system.1 Furthermore, the placenta plays
a key role in this pathogenesis; abnormal placentation occurs first, which is followed
by secretion of placental toxic factors that in turn induce widespread endothelial
dysfunction. The authors’ laboratory recently characterized several angiogenic factors
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and demonstrated how they contribute to the maternal endothelial dysfunction and
clinical features of PE. This article will include a review of information on the clinical
aspects, management, and molecular pathogenesis of PE, specifically focusing on
the role of these recently characterized angiogenic factors.
CLINICAL FEATURES, MANAGEMENT AND COMPLICATIONS OF PE
Clinical Features

Worldwide, PE affects 3% to 5% of all pregnancies, making it the most common
medical complication of pregnancy.2 It is associated with a perinatal and neonatal
mortality rate of 10%.3 Risk factors for PE include primiparity, multifetal gestation,
extremes of age in the mother, and a previous history of PE. In addition, medical
comorbidities such as obesity, hypercoagulable states, chronic hypertension, renal
disease, lupus, and diabetes mellitus also increase the risk of PE.3–6 Furthermore,
evidence has suggested that if a woman’s mother, mother-in-law, grandmother, or
sister had PE, she herself is at higher risk of developing the disease, suggesting
a possible genetic predisposition.7,8 Long interpregnancy time interval also has
been implicated as a risk factor for PE.9 It was once thought that a new partner
increased the risk, but this is confounded by increased time between pregnancies.
After approximately 10 years, a multiparous woman’s risk for PE approaches that of
a primiparous woman.10

PE is first suspected when a patient presents with new-onset hypertension, with or
without proteinuria in the second half of pregnancy. Hypertension is defined as two
blood pressure readings of at least 140/90 occurring on two separate occasions
(more than 6 hours apart) after 20 weeks of gestation in a patient without an ante-
cedent history of hypertension. Proteinuria is defined as a 24-hour urine collection
having greater than 300 mg/dl of protein. More recently, the urinary protein to creati-
nine (P:C) ratio has become the preferred method for quantification of proteinuria in
the nonpregnant population. Its use to estimate 24-hour protein excretion for the diag-
nosis of PE, however, has been controversial. A meta-analysis showed a pooled
sensitivity of 84% and specificity of 76% using P:C ratio cutoff of greater than 30
mg/mmol, as compared with the gold standard of 24-hour urine protein excretion
greater than 300 mg/d.11

Other symptoms include evidence of central nervous system irritation such as unre-
lenting headache or scotomata, as well as right upper quadrant or midepigastric pain.
Edema no longer is included in the diagnostic criteria, as it is too nonspecific a finding,
occurring in most normal pregnancies. On the other hand, the sudden onset of severe
nondependent edema (ie, in the hands and face) is often noticed by the patient or her
family, and could be the only symptom of the disease. Laboratory values that support
the diagnosis of PE include evidence of hemolysis (such as elevated lactate dehydro-
genase [LDH]) or hemoconcentration, thrombocytopenia, elevated liver enzymes (in
patients with hemolysis elevated liver enzymes and low platelets [HELLP] syndrome),
elevated creatinine, and uric acid. None of these laboratory values, however, are
specific for PE, and laboratory tests can be normal even in severe cases of PE.

Given this wide constellation of findings, the differential diagnosis is extensive,
making the diagnosis of PE sometimes difficult. For example, gestational hypertension
is elevated blood pressure (using the same criteria as in PE) with no proteinuria.
Women with mild gestational hypertension at or after term have similar outcomes
compared with women with normotensive pregnancies, with the exception of more
induction of labor and cesarean delivery. On the contrary, women with severe
gestational hypertension have rates of placental abruption, preterm delivery, and
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small-for-gestational age babies similar to women with severe PE.12 In addition,
gestational hypertension can be associated with features of PE, such as elevated liver
enzymes, hemolysis, or seizures.13 Elevated liver enzymes also are seen in acute fatty
liver of pregnancy, further confusing the picture. Patients with underlying medical
conditions that share some features of PE also complicate the diagnosis. For example,
in patients with chronic hypertension, blood pressure can be elevated secondary to
underlying hypertension. In chronic kidney diseases such as lupus, proteinuria may
already be present because of renal manifestations of the disease. This makes accu-
rate diagnosis of PE very challenging. Treatment of these patients also presents
management dilemmas, as pregnancy prolongation and treatment of underlying
disease will be an option in contrast to PE, where prompt delivery usually is indicated.
Currently there are no clinically available biomarkers that are specific to PE. However
there is increasing evidence that there is angiogenic imbalance in patients with true
PE, particularly who are at risk for complications such as preterm delivery or fetal
growth restriction. The authors discuss the use of these biomarkers in screening
and diagnosis of PE later in this article.

Complications

PE is a complex disease that can lead to complications in multiple organ systems.
Central nervous system complications include eclampsia (generalized tonic clonic
seizures), which complicates approximately 2% of PE cases in the United States.
Although most cases of eclampsia occur as a progression from PE, it can happen
without evidence of hypertension or proteinuria. Up to one third of eclampsia cases
occur postpartum, even days to weeks after delivery.14 Acute renal failure, liver failure,
pulmonary edema, and HELLP syndrome are additional complications. HELLP
syndrome is characterized by hemolysis, elevated liver enzymes, and low platelets.
It is considered a severe variant of PE, and is associated with a higher risk of maternal
and neonatal adverse outcomes than PE alone.

Recently literature has accumulated about long-term consequences of PE including
increased risk of cardiovascular disease, renal disease, and stroke. Approximately
20% of women with PE develop hypertension or microalbuminuria within 7 years,
compared with only 2% of women with normotensive pregnancies.15 The long-term
risk of cardiovascular and cerebrovascular disease is doubled in women with PE
and gestational hypertension compared with age-matched controls.16,17 Severe PE,
recurrent PE, PE with preterm birth, and PE with growth restriction are most strongly
associated with adverse cardiovascular outcomes. This increased risk of long-term
cardiovascular disease is independent of whether the woman had vascular risk factors
before the development of PE.

Fetal complications secondary to PE include intrauterine growth restriction, prema-
turity, placental abruption, and increased risk of perinatal death. PE is a leading cause
of iatrogenic premature delivery and contributes significantly to increasing health cost
associated with prematurity.

Management and Treatment

Management of PE depends on the severity of the disease and the gestational age of
the patient. Strategies focus on maintaining the health status of the mother, while
attempting to reduce neonatal morbidity for the fetus. Preterm gestational ages
(before 37 completed weeks) require individual patient assessment. Patients less
than 32 weeks with mild PE are managed expectantly while administering antenatal
steroids. Close observation and surveillance are warranted for signs of severity.
Upon becoming diagnosed as severe, delivery is indicated. If severe PE does not
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develop, the patient is delivered at 37 weeks. Very preterm pregnancies (<32 weeks)
with severe PE may be appropriate candidates for expectant management to admin-
ister antenatal steroids. This protocol, proposed by Sibai18,19 involves giving magne-
sium sulfate for seizure prophylaxis, checking serial laboratory values, and close
monitoring of blood pressures for 48 hours. After 48 hours, the magnesium can be dis-
continued, but close in-house observation must continue to monitor for declining clin-
ical status or signs of severity. Once this happens, delivery is indicated. Otherwise, the
patient may remain pregnant until 34 weeks. PE at term (at least 37 weeks) is managed
by immediate delivery. A recent large multicenter randomized controlled trial (HYPI-
TAT) in the Netherlands enrolled patients with a singleton pregnancy at 36 to 41
weeks’ gestation with either gestational hypertension or mild PE and randomized
them to undergo either induction of labor or expectant monitoring. This study found
that women in the induction of labor group had a lower rate of development of poor
maternal outcome (relative risk 0.71, 95% confidence interval [CI] 0.59 to 0.86,
P<.0001).20
PATHOGENESIS OF PE
Placental Vascular Development in Health and in Disease

Evidence implicates the placenta is a major determinant in the development of PE.
This evidence includes

Resolution of most signs and symptoms of PE within 48 hours following delivery of
the placenta

PE has been reported in molar pregnancies where there is no fetus present
PE can occur postpartum in the presence of retained placental fragments.19,21–26

The recently proposed mechanism of the pathogenesis of PE involves abnormal
placentation that leads to the release of vascular endothelial-damaging antiangiogenic
factors. During normal placentation, cytotrophoblast cells aggregate and anchor the
embryo to the uterine wall. They then invade the interstitium of the decidua and
maternal uterine spiral arteries to provide the fetus a pathway for accessing nutrients
and oxygen while excreting waste products. To accomplish this, the placenta must
form new blood vessels and increase the number of already existing blood vessels.
During the first few weeks of pregnancy, placentation begins with the differentiation
of cytotrophoblast stem cells into primary villi, cores of cytotrophoblast cells sur-
rounded by a layer of syncytiotrophoblast. As these cores of primary villi fill with
mesenchymal cells, secondary villi form. These mesenchymal cells will differentiate
into hemangiogenic precursor cells that later will form the lining of the first blood
vessels in the placenta, and Hofbauer cells, which are macrophages that may play
a role in vasculogenesis27 and trophoblast differentiation.28 The cytotrophoblast cells
located within the villi also differentiate into extravillous trophoblast (EVT) cells. When
the villi anchor to the maternal endometrium, the syncytiotrophoblast layer disap-
pears, allowing EVT cells to migrate into the maternal tissue, where they gravitate
toward the maternal spiral arteries. A complex physiologic remodeling of these
vessels ensues, by which the normal muscular and elastic structures of the spiral
arteries are partially replaced by EVT cells. These physiologic changes occur in the
spiral arteries as far as the inner third of the myometrium. During this process, EVT
cells change from an epithelial phenotype to a more endothelial phenotype as
reflected by changes in the expression of cell surface adhesion molecules.29 The
EVT cells widen and strengthen the diameter of the vessel walls, resulting in large-
bore, low-resistance spiral arteries that can provide the growing fetus an optimal
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blood supply of blood. Plugs of endovascular trophoblast cells form within the distal
segments of the maternal arteries. These plugs serve as barriers, preventing maternal
blood from flowing into the intervillous space. As vascular remodeling of the spiral
arteries continues; the trophoblast plugs become loose, allowing blood flow, and
subsequently, oxygen transport between the mother and the intervillous space.
Oxygen tension measurements in the intervillous space up to 10 weeks of gestation
are approximately 20 mm Hg.30 This relatively hypoxic environment switches to
a more normoxic environment as maternal blood supplies oxygen to the intervillous
space. Oxygen tension levels rise threefold, with highest levels in the peripheral areas
of the developing placenta and lowest levels toward the center. Peak pO2 is about 60
mm Hg at 16 weeks of gestation. The rise in oxygen levels not only stimulates the
growth of the fetus, but also causes an upregulation of a range of adhesion molecules
by cytotrophoblast cells that facilitate trophoblast invasion. When there is a deficient
blood supply from the mother, prolonged hypoxia occurs, with detrimental effects to
the formation of the placental vasculature.

Abnormal placentation occurs in preeclamptic patients as evidenced by shallow
or absent remodeling of the maternal spiral arteries.31 Histologic studies show that
the physiologic remodeling of the spiral arteries is incomplete.32,33 The spiral
arteries in the myometrium retain their endothelial linings and muscular walls,
thereby retaining their high-resistance phenotype. This failure of vascular remodel-
ing may be the initial insult in the pathogenesis of PE. In addition, defects in the
phenotypic switching of cellular adhesion molecules have been characterized in
preeclamptic patients. For example, trophoblast cells from preeclamptic pregnan-
cies fail to switch the expression of epithelial cell-associated cell surface integrins
to an endothelial phenotype, thereby limiting their invasive potential.34 It also has
been hypothesized that decidual natural killer (NK) cells or activated macrophages
may play a role in the vascular remodeling noted during pregnancy, and this
process may be altered in PE.35
Angiogenic Growth Factors

Although several molecules are involved in angiogenesis and vascular homeostasis,
this discussion only will include factors such as vascular endothelial growth factor
(VEGF), placental growth factor (PlGF), soluble fms like tyrosine kinase (sFlt1) and
soluble endoglin (sEng), as these have been implicated in the pathogenesis of human
PE.

VEGF is a homodimeric disulfide-linked glycoprotein involved in both angiogenesis
(the growth of new blood vessels from existing ones) and vasculogenesis (de novo
formation of blood vessels).36,37 VEGF family members include VEGF-A, (PlGF,
VEGF-B, VEGF-C, and VEGF-D), and two not expressed in mammals (viral VEGF-E
and snake venom VEGF-F).38,39 Increased production of VEGF has been implicated
in cancer, where it is thought to help the cancer grow and metastasize.40 VEGF
acts on endothelial cells by binding to its receptors, VEGFR-1 and VEGFR-2. Expres-
sion of VEGF also is induced by low oxygen tension environments. VEGF-A affects
endothelial cells, mediating increased vascular permeability, inducing angiogenesis
and vasculogenesis and endothelial cell growth. Murine studies show that both homo-
zygote and heterozygote knockout mice of the VEGF-A gene die in the embryonic
period because of defects in angiogenesis.41,42 VEGF-B does not appear to play
such an important role in angiogenesis as VEGF-A. It functions more to maintain the
newly formed blood vessels under pathologic conditions.43 Pathologic overexpres-
sion of VEGF-C causes lymphedema. PlGF is expressed by the placental trophoblast



Silasi et al244
and is important for vasculogenesis and angiogenesis during the embryonic period of
development.

The VEGF subfamily of factors exerts its effect by binding with receptors. The VEGF
receptors (VEGFR-1 [Flt-1], VEGFR-2 [KDR/Flk1], and VEGFR-3) are tyrosine kinase
receptors. Tyrosine kinase receptors are a specific type of protein kinase receptor,
which work by phosphorylating the substrate to stimulate cellular responses. The
VEGF receptor consists of an extracellular domain, a single transmembrane spanning
region, and an intracellular component containing a split tyrosine kinase domain.
Although VEGF-A, VEGF-B and PLGF bind and interact with VEGFR-1, only VEGF-A
interacts with VEGFR-2.44–48 VEGF-C and VEGF-D interact with VEGFR-3, which is
mostly expressed in lymphatic endothelium. The soluble form of VEGFR-1 (sFlt1 or
sVEGFR1) is a splice variant lacking the transmembrane and cytoplasmic domains.
Therefore, it circulates and acts as a potent VEGF and PlGF antagonist by preventing
their reaction with their endogenous receptors.49,50

Endoglin is a cell surface coreceptor for the transforming growth factor (TGF) family
members such as TGF-beta 1 and TGF-beta 3. These two factors are potent inhibitors
of trophoblast differentiation and migration.51 Soluble endoglin (sEng) is a truncated
form of the extracellular domain of endoglin that is expressed at high levels by the syn-
cytiotrophoblast layer and by cytotrophoblast cells undergoing differentiation to an
invasive phenotype. It is up-regulated in PE in a pattern similar to sFlt1. sEng acts
by inhibiting TGF-beta signaling in the vasculature. The precise role of sEng during
normal placental development is unknown.

Role of Angiogenic Factors in Clinical PE

One of the proposed hypotheses for development of PE is an imbalance in angiogenic
factors, specifically high levels of sFlt1 and sEng with low levels of free PlGF and
VEGF, resulting in the endothelial dysfunction that manifests as the clinical symptoms
of PE (Fig. 1). The evidence for this comes from human studies as well as in vitro and in
vivo studies.

Levels of sFlt1 are elevated in serum of patients with PE at the time of clinical
disease and appear to be elevated 2 to 5 weeks before the clinical onset.52 Several
investigators have shown that the increase in maternal circulating sFlt1 precedes
the onset of clinical disease52–55 and correlates with disease severity.52,56 Maternal
sFlt1 levels are elevated even more in severe PE, early-onset PE, and PE complicated
by a small-for-gestational-age infant.52,57 Studies have also shown that the plasma
concentrations of free VEGF and PLGF are lower in women with severe PE compared
with gestationally age-matched normotensive controls.58 Again, as is seen with sFlt1,
circulating levels of sEng are elevated at the time of clinical disease and weeks before
clinical onset of PE.59

Women with risk factors for developing PE have been shown to have elevated levels
of sFlt1. Specifically, women with twin pregnancies have circulating levels of sFlt1 that
are twice those of women with singleton pregnancies.60 Levels of sFlt1 are also higher
in women with molar pregnancies.61,62 Because the sFlt1 gene is located on chromo-
some 13 and women carrying fetuses with trisomy 13 are at increased risk for PE,
circulating levels of sFlt1 are higher and free PlGF lower in patients with a pregnancy
complicated by trisomy 13.63

Studies have confirmed that the placenta is the major source of sFlt1 and that the
levels of mRNA for sFlt1 are up-regulated in placentas obtained from preeclamptic
patients.64 Hypoxia up-regulates the expression of sFlt1 in primary trophoblast
cultures from first trimester placentas.65–67 In vitro studies have shown that sFlt1
causes vasoconstriction and endothelial dysfunction.64 Recently, Ahmad and



Fig. 1. Summary of the pathogenesis of preeclampsia. Immune factors such AT1-AA, NK cell
dysfunction, and other factors may cause placental disease, which in turn leads to the
release of antiangiogenic factors (such as sFlt1 and sEng) and other inflammatory mediators
to induce hypertension, proteinuria, and other complications of preeclampsia. (Reproduced
from Wang A, Rana S, Karumanchi SA. Preeclampsia: the role of angiogenic factors in its
pathogenesis. Physiology 2009;24:147–58; with permission.)
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Ahmed68 showed that the ratio of VEGF and PlGF to sFlt1 is lower in explants derived
from preeclamptic patients. Conditioned media from normal villous explants induced
endothelial cell migration and in vitro tube formation, which was attenuated by exog-
enous sFlt1, while removal of sFlt1 from preeclamptic conditioned media restored
migration and tube formation. These findings suggest that elevated levels of sFlt1
lead to impaired VEGF/PLGF signaling leading to an antiangiogenic state.
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Further, overexpression of sFlt1 causes PE-like signs and symptoms in rats
including hypertension, proteinuria, and glomerular endotheliosis.64 sEng has been
shown to amplify the vascular damage mediated by sFlt1 in pregnant rats, inducing
a severe PE-like syndrome with features of HELLP syndrome and fetal growth restric-
tion.69 Neutralizing circulating sFlt1 by coadministration of VEGF results in a reduction
of hypertension and proteinuria and reverses the damaging effects of sFlt1 on the
kidneys in mice and in rats.70,71

Recently four different splice variants of sFlt1 have been described (sFlt1_v1 to v4).
Three out of these four variants are up-regulated in the placentas of women with PE.72

The sFlt14 variant is primate-specific.73 It appears to be the predominant VEGF-inhib-
iting protein and is dramatically increased in preeclamptic placentas, specifically in
syncytial knots.74 More work is needed to understand the role of the various isoforms
of sFlt1 during normal placentation and in diseased states such as PE.

The regulatory mechanism of sFlt1 is not well understood, but several pathways
have been suggested. Hypoxia has been shown to increase the production of sFlt1
in vitro.65–67 Angiotensin 2, a potent vasoconstrictor has been implicated in the regu-
lation of sFlt1. Infusion of angiotensin 2 increases circulating levels of sFlt1 in pregnant
mice and stimulates the production of sFlt1 from human villous explants and cultured
trophoblasts.75 Heme oxygenase and carbon monoxide have been shown to inhibit
the production of sFlt1 from endothelial cells and placental explants.76 Importantly,
both decreased hemoxygenase and increased angiotensin signaling due to the pres-
ence of a circulating autoantibody against angiotensin receptor have been reported in
people with PE.70,77 Therefore, these pathways may be one of the proximal etiologies
for the increased sFlt1 and sEng production noted in PE.

Despite these advances, there are several unanswered questions related to the role
of sFlt1 and sEng in the pathogenesis of PE. Little is known about the role of sFlt1 and
sEng in normal placental development and in placental pseudovasculogenesis.
Although placental hypoxia has been implicated in the overproduction of sFlt1, the
precise mechanisms of this process are poorly understood. It is noteworthy that
sFlt1 is elevated in most, but not all patients with mild PE.57 The relationship of
sFlt1 with known risk factors for PE, such as obesity or pre-existing hypertension, is
not clear. It is possible that a threshold level of sFlt1 is required to cause PE and
that this threshold is lowered by the existence of concomitant risk factors.
CLINICAL IMPLICATIONS FOR ANGIOGENESIS RESEARCH

In light of the changes noted in angiogenic factors seen in women with PE, multiple
studies have proposed using angiogenic factors for screening. Data from retrospec-
tive studies have shown significant elevations in both maternal sFlt1 and sEng from
midgestation onward, and this rise seems to occur 5 to 8 weeks before PE
onset.52,53,59,78 Elevations in both sEng and the sFlt1:PlGF ratio seen in the late
second and early third trimester are associated with a significantly high risk for the
development of preterm PE.59 Also, the sFlt1/PlGF ratio has been suggested as an
index of antiangiogenic activity that reflects changes in both biomarkers79 and is
a better predictor of PE compared with either measure alone.59 In a recent large
prospective longitudinal cohort study for risk assessment for PE, midtrimester
PLGF/sEng X sFlt1 had a sensitivity of 100%, specificity of 95.3%, negative predictive
value (NPV) of 100%, and positive likelihood of 57.6.80 In all the studies, levels of
angiogenic proteins were measured by enzyme-lined immunosorbent assay (ELISA);
however, recently automated assays for sFlt1 and PlGF have been reported that
have coefficient of variation under 5%, and results are available in less than 30
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minutes. Using automated assays on clinical laboratory platforms, two different
studies have demonstrated the clinical utility of serum sFlt1/PLGF ratios as an aid in
the diagnosis of PE with receiver operating characteristic (ROC) curves greater than
0.97.81,82 Both sFlt1 and sEng have been shown to correlate with PE complications
such as abruption, IUGR, or early onset disease.83,84 Finally, measurement of urinary
PlGF has been proposed as a low cost screening strategy that would be followed by
confirmation of serum sFlt1/PlGF ratio.79 Prospective studies to test this hypothesis
are still ongoing.

In addition to measurement of angiogenic proteins alone, combination of different
screening techniques such as abnormal uterine artery Doppler in early pregnancy
could be used for screening in combination with angiogenic factors.85–87 Several
studies show that the combination of the measurement of uterine perfusion in the
second trimester and analysis of angiogenic markers have a high detection rate for
PE, especially early onset PE.88–90 A recent study found that the combination of
abnormal uterine artery Doppler and low serum PlGF in the second trimester was
strongly associated with early onset and severe PE.91

The discovery of the changes in key angiogenic factors in women with PE is opening
new doors to the development of accurate and reliable screening methods for the
detection of PE. This would allow early diagnosis and management as well as proper
intervention. Given that the management of PE is gestational age-dependent, a proper
screening or diagnostic tool would need not only to predict that PE is going to develop,
but would also require predicting the time interval for development. Previous methods
targeting screening for PE have largely been inaccurate and have not been used for
widespread implementation into the clinical setting.92 The use of angiogenic factors
for prediction of PE continues to be actively explored.

Besides using angiogenic proteins to predict PE, potential treatment of PE may
include factors that can reverse the antiangiogenic imbalance seen in PE. VEGF-
121, a novel variant of VEGF-A, has been used in an sFlt1 rat model of PE.71 Treat-
ment of the rats with VEGF121 alleviated preeclamptic symptoms and reversed 125
of 268 sFlt1-induced changes in gene expression. VEGF-121 also was found to
reverse the hypertension and improve glomerular filtration rate and vascular reactivity
in a rat model of reduced uterine artery perfusion.93 Other strategies such as neutral-
izing antibodies against these antiangiogenic proteins or agents such as statins that
block the production of these antiangiogenic proteins are being pursued by several
laboratories.

Implications for Long-term Women’s Health

Previously, PE was thought to be a condition confined to pregnancy that resolved with
delivery of the placenta; however, recent large studies have demonstrated that PE has
long-term associations with cardiovascular disease, renal disease, and increased
mortality.17,94 An increased serum concentration of sFlt1 during pregnancy also has
been shown to be associated with subclinical hypothyroidism during pregnancy and
reduced thyroid function later in life.95
SUMMARY

PE is a complex disorder affecting multiple organ systems resulting in serious
maternal and fetal morbidity and mortality. Angiogenic factors have been shown to
be important players in the development of this condition, by targeting the maternal
systemic vascular endothelium and inducing the clinical signs and symptoms of the
disease. As of now, there is no reliable or accurate means of predicting the
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development of PE, but future studies using the time sequence of the changes seen in
these factors may lead to a much needed and valuable screening method to be used in
routine clinical practice. Furthermore, strategies looking at restoring the balance of
these dysregulated factors may pave the way toward variable treatment options for
this devastating disease.
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Gestational diabetes mellitus (GDM), diabetes first diagnosed in pregnancy, compli-
cates about 5% to 10% of pregnancies, which is an expected wide range of preva-
lence, given the variation in populations studied, the current variability in screening
and diagnosis,1 and a recent disproportionate increase in younger, obese women.2

GLUCOSE METABOLISM AND GESTATIONAL DIABETES

In normal pregnancy, directly or indirectly, the growth of the fetal-placental unit
increases cortisol, growth hormone, human placental lactogen, estrogen, proges-
terone, and prolactin, which in concert lead to hyperinsulinemia, insulin resistance,
fasting hypoglycemia, and postprandial hyperglycemia.3–5 A progressive transition
of fuel sources occurs so that by the third trimester, the metabolic fuel to meet the
demands of the fetus changes from predominately maternal carbohydrate to fat.

Pregnancy is characterized by increased and adaptive pancreatic beta-cell function
to compensate for decreased insulin sensitivity and increased requirements.6

Morphologically, maternal pancreatic hypertrophy and hyperplasia occur.7 In
response to elevated insulin levels, peripheral muscle glucose use and tissue glycogen
storage increase in an effort to maintain normal insulin sensitivity in the first trimester of
pregnancy.8–10 As gestation advances, these responses become inadequate to meet
the energy requirements of the fetus, and insulin resistance develops.11,12

Insulin resistance in normal pregnancy is estimated to increase by 40% to 70%,
predominately in the third trimester. In a longitudinal study of healthy pregnant women
using the hyperinsulinemic-euglycemic clamp, Catalano and colleagues11 found
a 56% decrease in insulin sensitivity in nonobese women by late pregnancy. Using
the euglycemic-hyperinsulinemic clamp, Sivan and colleagues13 demonstrated that
healthy women developed insulin resistance mostly in the third trimester and showed
a 40% reduction in peripheral glucose uptake by muscle in the third trimester
compared with the nonpregnant state. Using a minimal model technique, Buchanan
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and colleagues14 found that insulin sensitivity in normal pregnant women was reduced
to about one-third of that of nonpregnant women of similar weight and age. Further-
more, the reduction in insulin sensitivity was compensated by reciprocal increase of
the first and second phase insulin response.

There seems to be no significant change in insulin receptor binding in pregnancy15;
thus insulin resistance in normal pregnancy is likely related to postreceptor handling of
glucose. Postreceptor mechanisms contributing to insulin resistance include (1)
impaired tyrosine kinase activity,16 which is normally responsible for the phosphoryla-
tion of cellular substrates; (2) decreased expression of insulin receptor substrate-1,
a cytosolic protein that binds phosphorylated intracellular substrates and transmits
signals downstream17; and (3) decreased expression of the GLUT4 glucose transport
protein in adipose tissue, which promotes glucose uptake.18 The cytokine tumor
necrosis factor a19 and leptin may also be involved in insulin resistance seen in normal
pregnancy.20,21

Compared with normal pregnant women, women with GDM have impaired beta-cell
function and reduced beta-cell adaptation resulting in insufficient insulin secretion to
maintain normal glycemia. Women with GDM, and more so obese women with GDM,
have greater insulin resistance and less endogenous hepatic glucose production than
non-GDM women.22 Catalano and colleagues23 used the hyperinsulinemic-euglyce-
mic clamp in a longitudinal study to assess insulin sensitivity and endogenous glucose
metabolism in obese and nonobese pregnant women with and without GDM. These
investigators found that obese women who develop GDM have a decreased insulin
sensitivity along with suppression of hepatic glucose production during insulin infu-
sion. Shao and colleagues16 noted a more profound drop in tyrosine kinase activity
in women with gestational diabetes when compared with healthy normal women, sug-
gesting a postreceptor mechanism abnormality as at least one cause of the increased
insulin resistance in GDM.

Pregnancy-induced insulin resistance unmasks the beta-cell defects, which
underlie GDM. These defects range from beta-cell dysfunction secondary to autoim-
mune factors or chronic insulin resistance or highly penetrant genetic abnormalities of
insulin secretion.1
SCREENING AND DIAGNOSIS

There has been a question regarding the need to diagnose and treat mild hypergly-
cemia in pregnancy24,25; however, recent evidence has quieted the debate. Crowther
and colleagues26 showed that treatment of hyperglycemia in pregnancy improved
neonatal outcomes. The long-awaited Hyperglycemia and Adverse Pregnancy
Outcomes (HAPO) study made unambiguous the linear positive association between
maternal glycemia and adverse pregnancy outcomes.27,28 The study was a prospec-
tive, blinded, international, and multicentered 10-year study, with 25,505 pregnant
women enrolled. The objective of the study was to clarify risks of adverse pregnancy
outcomes associated with degrees of maternal glucose intolerance less severe than
overt diabetes. Women were excluded from the study and their clinicians informed
of test results if fasting plasma glucose was more than 105 mg/dL (5.8 mmol/L), or
the 2-hour value greater than or equal to 200 mg/dL (11.2 mmol/L), or a random
plasma glucose greater than or equal to 160 mg/dL (8.9 mmol/L). An additional
random plasma glucose was collected between 34 and 37 weeks to identify possible
late development of GDM; hypoglycemic women were also excluded. Routine
prenatal and neonatal care was delivered in each of the 15 centers. The study inves-
tigators reported a significant association between maternal hyperglycemia and their
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primary outcomes, birth weight greater than the 90th percentile, cesarean section, and
cord plasma C-peptide level, reflective of fetal hyperinsulinemia. The degree of asso-
ciation for each outcome was graded across the spectrum of maternal hyperglycemia,
with even mild maternal hyperglycemia of one standard deviation more than the mean
associated with their primary outcomes (Table 1). Landon and colleagues29 recently
reported for the Maternal-Fetal Medicine Network a multicenter study of 958 women,
in which mild GDM was compared with normal glycemia. Women with mild GDM had
more overgrown babies, shoulder dystocia, cesarean delivery, preeclampsia, and
gestational hypertension. The network investigators concluded that treatment of
mild GDM is beneficial.

There continues to be no resolution regarding the best method for screening or
diagnosis of GDM. The current practice in the United States is 2-step testing,
screening, and diagnosis. Universal screening (screening every pregnant woman) is
practiced by most obstetricians in the United States30 because this method is asso-
ciated with fewer errors of omission that might occur in a busy obstetric practice.
However, now the American College of Obstetricians and Gynecologists31 and the
American Diabetes Association 32 recognize that there are low-risk women who do
not need screening. The US Preventive Services Task Force33 suggests that physi-
cians do not need to screen routinely for GDM but do need to discuss screening
with each woman and make a case-by-case decision.

In the United States alone, an abnormal screening test has variability with the O’Sul-
livan 50-g glucose, 1-hour screening test cutoff ranging from 130 to 140 mg/dL (7.2–
7.8 mmol/L). Even the next diagnostic step, the 3-hour, 100-g glucose tolerance test
has at least 2 different glucose algorithms that are used for diagnosis of GDM: the
National Diabetes Data Group34 and Carpenter-Coustan criteria (Table 2).35 Most
clinicians outside the United States use a 1-step, 2-hour, 75-g glucose tolerance
test for detection. A fasting plasma glucose level is obtained; then, after a 75-gm
glucose load, 1-hour and 2-hour plasma glucose levels are measured. Variability in
screening and detection has been difficult to resolve because of lack of consensus
on the level of glycemia associated with adverse pregnancy outcomes36 until the
recent HAPO study.
Table 1
Mild Hyperglycemia and Pregnancy Outcome Study

Risk Factor

Adjusted Odds Ratioa

Birth Weight
(>90th Percentile) Primary Cesarean

Cord C-Peptide Level
(>90th Percentile)

Fasting Plasma Glucose>1 SD
(6.9 mg/dL, 0.4 mmol/L)

1.38 (1.32–1.44) 1.11 (1.06–1.15) 1.55 (1.47–1.64)

1-h Plasma Glucose>1 SD
(30.9 mg/dL, 1.7 mmol/L)

1.46 (1.39–1.53) 1.10 (1.06–1.15) 1.46 (1.38–1.54)

2-h Plasma Glucose>1 SD
(23.5 mg/dL, 1.3 mmol/L)

1.28 (1.32–1.44) 1.08 (1.03–1.26) 1.37 (1.30–1.44)

Women with blood sugar levels in the gestational diabetes range were excluded from the study. All
3 primary outcomes were significantly increased.

Abbreviation: SD, standard deviation.
a Odds ratio (95% confidence interval).
Data from The HAPO Study Cooperative Research Group. Hyperglycemia and adverse pregnancy

outcome. N Engl J Med 2008;358:1991–2.



Table 2
Diagnostic parameters for the 3-hour, 100-g glucose tolerance test

Time of Value

National Diabetes Data Group Criteria Carpenter-Coustan Criteria

mg/dL mmol/L mg/dL mmol/L

Fasting 105 5.8 95 5.3

1 h 190 10.6 180 10.0

2 h 165 9.2 155 8.6

3 h 145 8.0 140 7.8

Two or more values met or exceeded required to make diagnosis.
Data from National Diabetes Data Group. Classification and diagnosis of diabetes mellitus and

categories of glucose intolerance. Diabetes 1979;28:1039–57 and Carpenter MR, Coustan DR.
Criteria for screening tests for gestational diabetes. Am J Obstet Gynecol 1982;144:768–73.
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In addition to providing definitive confirmation of the association of hyperglycemia
with adverse pregnancy outcome, the HAPO study27 showed a positive, near-linear
correlation between hyperglycemia and adverse pregnancy outcome. The HAPO
study information should allow experts and stakeholders to reach a consensus on gly-
cemic levels for diagnosis of GDM, which should be forthcoming.

Risk factors for GDM provide the basis for targeted screening. GDM is most
frequent in women with prior GDM, severe obesity, or a sibling with diabetes. Many
other risk factors are described (Table 3).37–46 More recently published associations
with GDM include periodontal disease,47,48 low maternal birth weight,49 and high
consumption of sugar-sweetened colas (see Table 3).50
Table 3
Risk factors for gestational diabetes

Risk Factor Odds Ratio References

Overweight 2 Torloni et al; Chu et al

Obesity 3.7 Torloni et al; Chu et al

Severe Obesity 7 Torloni et al; Chu et al

Prior Gestational Diabetes 23 McGuire et al

Prior Macrosomic Infant 3.3 McGuire et al

Maternal Age Greater than 25 y 1.4 Cypryk et al

Maternal Age Greater than 35 y 2.3 Xiong et al

Multiple Gestation 2.2a Rauh-Hain et al

South East Asian 7.6a Dornhorst et al

Hispanic 2.4a Dooley et al

African American 1.8a Dooley et al

Polycystic Ovarian Syndrome 2.9 Toulis et al

Parent with Diabetes 3.2 Kim et al

Sibling with Diabetes 7.1 Kim et al

Periodontal Disease 2.6 Xiong et al

Low Maternal Birth Weight 1.9 Seghieri et al

a Relative risk compared with white race.
Data from Refs. 47,49
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Women at very high risk of development of GDM, such as those with obesity or prior
GDM, may benefit from early screening in the first trimester. If early screening is
normal, screening is repeated at 24 to 26 weeks of gestation.
MATERNAL AND FETAL RISKS

Glucose travels freely from the mother to the fetus, but maternal insulin does not.
Thus, untreated hyperglycemia exposes the fetus to higher concentrations of glucose
than normal, forcing the fetus to increase its own insulin production. Unfortunately,
excess insulin produced by the fetus results in macrosomia, either from excessive
fat deposition or as a direct growth effect of insulin. Mean maternal plasma glucose
levels51 and fetal blood insulin levels52 are strongly associated with neonatal birth
weight. Maternal glycemia during third trimester and prepregnancy body mass index
are independent predictors of birth weight in pregnancies complicated by GDM.53

The occurrence of GDM imparts significant and long-lasting health risks on mother
and baby (Table 4). Fetal programming in utero increases the risk of obesity and
obesity-related complications in children of mothers with diabetes.54
MONITORING

Close monitoring and treatment of GDM are important to the long-term health of a preg-
nant woman and her baby. The fifth International Workshop-Conference on Gestational
Diabetes recommended the following blood glucose concentrations: fasting plasma
glucose of 90 to 99 mg/dL (5.0–5.5 mmol/L), 1-hour postprandial plasma glucose
less than 140 mg/dL (<7.8 mmol/L), and 2-hour postprandial plasma glucose less
than 120 to 127 mg/dL (<6.7–7.1 mmol/L).1 Baseline and interval hemoglobin A1c levels
during treatment are helpful, particularly in women who have fasting hyperglycemia.

Most women with GDM on diet treatment alone monitor capillary blood glucose
levels 4 times a day (fasting blood glucose once a day and postprandial blood glucose
thrice a day); women on pharmaceutical therapy often monitor 4 to 6 times a day and
include preprandial values. Weekly in-office monitoring and daily self-monitoring seem
Table 4
Health risks of gestational diabetes

Mother Fetus Newborn Child/Adult

Birth trauma Hyperinsulinemia Respiratory distress
syndrome

Obesity

Increased cesarean
delivery

Cardiomyopathy Hypoglycemia Type 2 diabetes

Preeclampsia/
Gestational
hypertension

Stillbirth Hypocalcemia Metabolic syndrome

Type 2 diabetes Large for
gestational age/
macrosomia

Hypomagnesemia

Metabolic syndrome Birth trauma Hyperviscosity

Polycythemia

Hyperbilirubinemia

Cardiomyopathy
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to have comparable outcomes in perinatal mortality and morbidity. However, Hawkins
and colleagues55 suggested that women with daily, more frequent monitoring may
have less macrosomia.

Women on dietary and exercise therapy alone with normal self-monitored blood
glucose levels can decrease the frequency of monitoring to twice a day. Our center
prefers a fasting blood glucose and 1 other postprandial level per day, alternated
throughout the week.

DIET AND EXERCISE

The initial treatment for GDM continues to be diet and exercise. Generally, a 1900- to
2400-kcal/d diet with carbohydrate restriction to 35% to 40% of calories is prescribed,
calculated on ideal prepregnancy body weight and using complex and high-fiber
carbohydrates.56 The assistance of a trained dietician is ideal for tailoring dietary
needs for each woman.

Dietary therapy delays pharmacologic therapy. Moses and colleagues57 used a
low-glycemic diet as treatment for GDM and in a prospective fashion showed that
a low-glycemic diet decreased the need and timing for insulin. Most women lose
weight during the initial weeks of dietary therapy but then resume modest weight
gain. Insufficient dietary calories can be judged by excessive hunger, excessive
weight loss, or persistent ketonuria.

If exercise is not contraindicated for other obstetric complications of pregnancy, it
can improve glycemic control in any type of diabetes. Women with GDM should be
asked to walk 1 to 2 miles at least 3 times a week, if possible.

PHARMACOLOGIC THERAPY

Pharmacologic therapy is most commonly instituted once diet and exercise have failed
as evidenced by abnormality in more than half of self-monitored glucose values or an
abnormal value in those women tested weekly. Traditionally, insulin has been the
drug of choice because of its safety in pregnancy, lack of significant transplacental
passage, and history of use. Most women can be treated as outpatients. The recom-
mended initial insulin dose for pregnancy is based on maternal weight and can be calcu-
lated by the following guidelines to determine total daily insulin needs: 0.8 U/kg actual
body weight in the first trimester, 1.0 U/kg actual body weight in the second trimester,
and 1.2 U/kg actual body weight in the third trimester. However, because women with
GDM have varying degrees of severity, in practice, insulin is started at 0.7 U/kg actual
body weight to prevent hypoglycemia at home. Clinical judgment and experience assist
in the selection of the starting dose of insulin. Once the total daily insulin dose is calcu-
lated, two-thirds of the daily dose is given before breakfast, divided into two-thirds
neutral protamine hagedorn (NPH) insulin and one-third regular insulin, and the remain-
ing one-third of the daily dose is divided into half regular insulin before dinner and half
NPH insulin at bedtime. Very-short-acting insulin can also be used, but is best dosed
with each meal in place of the twice-daily regular insulin. Further discussion of insulin
types and regimens (see the article by Gabriella Pridjian elsewhere in this issue for
further exploration of this topic) and in other published reviews.57,58

In the twenty-first century, oral hypoglycemic agents have been included in the arma-
mentarium of treatment modalities for GDM (Table 5). Earlier concerns with use of these
agents in pregnancy were the unknown risk of teratogenicity and neonatal hypogly-
cemia caused by transplacental passage. In 2000, Langer and colleagues59 published
a small but landmark study describing the use of glyburide for treatment of GDM.
Women from 11 to 33 weeks of gestation with GDM were randomized to treatment



Table 5
Pharmacologic agents for gestational diabetes

Insulin Glyburide Metforminb

Mechanism of Action Receptor-mediated
glucose uptake;
other actions

Stimulates pancreatic
beta-cell insulin
release

Increases sensitivity to
insulin; stimulates
insulin-induced
glucose uptake

Onset of Action Varies Approximately 1 h Approximately 1 h

Peak Varies 4 h 2–4 h

Dosing Varies 2.5 mg in AM or every
12 h, increase
weekly by 2.5 mg to
a maximum of
10 mg every 12 h

500 mg in AM or every
12 h; maximum
1000 mg every 12 h

Placental Transport Minimal (only
antibody-bound
fraction)

Minimal to none
(some conflicting
studies)

Yes

FDA Pregnancy
Category

Ba C B

Experience with Use in
Pregnancy

Substantial Modestc Limited

Failure Rate Requiring
Insulin

20% 35%

Abbreviation: FDA, Food and Drug Administration.
a Certain newer insulin analogs category C.
b Insufficient evidence at present to recommended use in pregnancy.
c Minimal experience with use at less than 11 weeks of gestation; insufficient number of large

studies addressing neonatal risk.
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with glyburide or insulin. There were no significant differences between the insulin
treated group (201 women) and the glyburide group (203 women) in demographics
and other characteristics, blood glucose concentrations, or neonatal outcomes. Gly-
buride was started at 2.5 mg in the morning and increased weekly to a maximum of
10 mg twice a day. The investigators concluded that glyburide is a clinically effective
alternative to insulin therapy. In a retrospective study, Jacobson and colleagues60

compared women with GDM treated with glyburide with those treated with insulin
and noted that women in the glyburide group were more likely to achieve mean fasting
and postprandial glucose goals and had newborns with similar weights and that the
newborns were less likely to be admitted to the neonatal intensive care unit. The glybur-
ide group had a higher rate of preeclampsia and need for phototherapy treatment of
their newborns. In a different report, these investigators noted a somewhat higher
risk of neonatal hypoglycemia with glyburide therapy,61 but neonatal hypoglycemia
may have been related to the higher rate of macrosomic infants in the group studied.

Glyburide does not seem to cross the placenta when studied in an in vitro isolated,
perfused cotelydon model62 and may actually be actively transported from fetal to
maternal circulations. However, other investigators63 have noted that the umbilical
cord/maternal plasma ratio of glyburide is 0.7 � 0.4, suggesting transfer across the
placenta and no active transport back.

Failures of glyburide treatment can be predicted. Kahn and colleagues64 reviewed
95 women with GDM in their diabetes clinic who were treated with glyburide. Of the
95 women, 19% failed glyburide treatment. Failures were more likely in women
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diagnosed early in pregnancy, of older age and higher parity, and with higher fasting
glucose levels, reflecting reduced beta-cell function and reduced capacity to respond
to insulin secretagogues. These factors should be considered with counseling or initi-
ating glyburide therapy. Glyburide therapy alone is not likely to achieve optimal blood
sugar control if the fasting glucose level is greater than 140 mg/dL and may not even
achieve optimal control if fasting glucose level is between 120 to 140 mg/dL.

Use of glyburide is not without pitfalls. Some practitioners and women have begun to
believe that diabetes is not a critical complication of pregnancy because it can be taken
care of with a pill. Thus, laxity in diet and compliance may occur more often. Experience
with glyburide use in the first trimester, during embryogenesis, is limited, and safety in
later trimesters should not automatically be extended to the early first trimester.
Furthermore, glyburide may not be the ideal oral hypoglycemic agent for pregnancy.
Its absorption and steady state and associated insulin secretion do not mimic the in
vivo state. The ideal oral hypoglycemic agent for use in pregnancy is one that is not
teratogenic, does not cross the placenta, and exerts its peak effect quickly after inges-
tion, mimicking in vivo insulin secretion and designed to be taken before each meal.

Metformin has been studied recently for treatment of GDM, because women often
present to the obstetrician already pregnant and on metformin for treatment of poly-
cystic ovarian syndrome, infertility, or metabolic syndrome. Rowan and colleagues65

performed a randomized controlled trial of metformin versus insulin for treatment of
GDM. A total of 363 women were assigned to metformin; 92.6% continued metformin
until delivery, but 46.3% required supplemental insulin to achieve euglycemia.
Neonatal outcomes were similar in each group, and women preferred metformin treat-
ment even if insulin was added. In a randomized, controlled study, Moore and
colleagues66 compared the use of metformin with that of glyburide for the treatment
of women with GDM. If glycemic control was achieved, women treated with metformin
were comparable with women treated with glyburide in outcomes studied. However,
failure of metformin therapy was 2.1 times higher than failure of glyburide therapy. Of
the metformin group, 34.7% of women eventually required insulin, but only 16% of the
glyburide group required insulin. The investigators speculated that ethnic differences
may influence success of metformin.

Until more information is obtained regarding safety and efficacy of metformin use in
pregnancy, the best approach is to not use metformin for treatment of GDM. If
a woman is already on metformin for other reasons, it is best to discontinue its use
and perform diabetes screening at the appropriate time as indicated by risk factors
or universal screening. Women on metformin for treatment of type 2 diabetes are
best changed to insulin if unexpected pregnancy occurs.
ANTENATAL AND INTRAPARTUM MANAGEMENT

Once GDM is diagnosed, the pregnant woman should be seen at least every 1 to 2
weeks, more frequently if other complications ensue. Frequency and timing of antenatal
testing in women with GDM is controversial. Generally, women on diet control who do
not have macrosomic infants can wait until 40 weeks for antenatal testing; their risk of
stillbirth is not substantially higher than the general population. It is prudent to manage
women who are noncompliant, require pharmacologic therapy, have macrosomic or
growth-restricted fetuses, or have other pregnancy complications similar to those
women with preexisting diabetes and initiate antenatal testing.31 Close assessment
of symptoms, blood pressure, and proteinuria to diagnose preeclampsia is paramount.

The timing and mode of delivery of women with GDM is also controversial given the
lack of sufficient data to support a specific recommendation. There is no evidence to
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support delivery before 40 weeks of gestation. However, some investigators have
found a higher incidence of shoulder dystocia by waiting for delivery until after 40
gestational weeks.67 Induction of labor at 39 gestational weeks in women with good
metabolic control should not require documentation of fetal lung maturity by amnio-
centesis.68 Documentation of fetal lung maturity is prudent if delivery is electively
planned earlier without other obstetric indications.

Women with GDM requiring pharmacologic therapy are best managed with intrave-
nous insulin drips and glucose monitoring protocols during labor similar to women with
pregestational diabetes.57 Women with very mild GDM may not require insulin therapy
but should have blood glucose assessment during labor.

In light of the somewhat poor prediction of macrosomia by ultrasonography and the
higher rate of shoulder dystocia in GDM infants when compared with non-GDM infants
of comparable size,69 a fetal weight cutoff for vaginal delivery has not been easy to
establish. The current recommendation is to offer women with GDM whose estimated
fetal weight is 4500 g or greater elective cesarean to prevent shoulder dystocia. In
those women whose fetal weight ranges from 4000 to 4500 g, clinical pelvimetry
and other obstetric factors should assist in the decision to offer cesarean section.31

POSTPARTUM MANAGEMENT

Many women who are diagnosed with type 2 diabetes are classified first as having
GDM, even though they really have undiagnosed pregestational diabetes; these
women continue to be diabetic in the postpartum period. Women with GDM should
have a fasting or random blood sugar level test in the immediate postpartum period
to identify undiagnosed type 2 diabetes. There is epidemiologic evidence that about
15% to 50% of women with GDM develop diabetes or impaired glucose tolerance
well after pregnancy. A 75-g glucose, 2-hour glucose tolerance test should be per-
formed at or around the time of the routine postpartum visit. The frequency of subse-
quent testing for detection of glucose intolerance or type 2 diabetes ranges from
annually to triannually. The American Diabetes Association recommends glucose
tolerance testing at least once every 3 years,70 even though more frequent testing
might be appropriate if further pregnancies are contemplated.

It is not surprising that there is marked variability in the proportion of women with
GDM who are screened postpartum as well as in the type of screening used.71–73 Fer-
rara and colleagues73 showed that between 1995 and 2006, the proportion of women
in their study who were screened postpartum increased from 20.7% (95% confidence
interval [CI], 17.8–23.5) to 53.8% (95% CI, 51.3–56.3). Independent predictors of
successful postpartum screening in their study were women who were older, of Asian
or Hispanic ethnicity, better educated, and diagnosed with GDM earlier in gestation.
Obese women and women of low parity were less likely to have postpartum screening.

There are considerable data to support that weight loss and use of metformin or
thiazolidinediones can prevent or delay progression of glucose intolerance and type
2 diabetes.74,75 Dietary modifications and treatment of periodontal disease may also
prevent glucose intolerance.47 Additional research and specific clinical guidelines
for women with history of GDM will allow interventional strategies to prevent or delay
the onset of type 2 diabetes.
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ETIOLOGY

The prevalence of intrahepatic cholestasis of pregnancy (ICP) differs by geographic
location. The estimated prevalence of ICP in the United States is 0.001% to 0.32%,
Chile 4.0%, United Kingdom 0.7%, and Scandinavia 1.0% to 2.0%.1–4 However,
over the latter half of the 20th century, some regions have witnessed a decrease in
the prevalence of ICP. Between the 1960s and 1990s, Chile had a decline in preva-
lence from 14% to 4%.5–7 During the same era, the prevalence of ICP in Scandinavia
decreased from 2.0% to approximately 0.1 to 1.5%.6 ICP is similar to other medical
conditions where the prevalence of disease varies by ethnicity, and this was demon-
strated in the United Kingdom (0.6% Caucasians, 1.5% Pakistanis, 1.2% South
Asians).8 Furthermore, despite the rarity of ICP in the United States, the authors
demonstrated that the prevalence of ICP may be as high as 5.6% in the predominantly
Hispanic population based in Los Angeles.9

Reported risk factors for ICP include ethnicity, family history of biliary disease, hepa-
titis C, prior ICP, multi-fetal gestation, and maternal age greater than 35 years.10,11

Factors that may play a role in the pathogenesis of ICP include the environment, nutri-
tional deficiencies, genetic variations, and hormonal changes.5 The prevalence of ICP
may have seasonal cycles and may be more prevalent in the winter.12 Of the possible
nutritional deficiencies contributing to ICP, selenium has been the most investigated.13

Selenium levels were lower in Chilean patients with ICP. Apropos to the prior point,
serum selenium levels in patients with ICP were lower in the winter, which was attrib-
uted to seasonal variations in diet.14 Although the exact link between low concentra-
tions of selenium and ICP needs further study, a deficiency in this mineral may lead to
defective bile formation or secretion because of its role as a cofactor for several oxida-
tive hepatic enzymes.13,14
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Several investigators have studied potential genes associated with ICP. The primary
genes of interest encode biliary transport proteins (ie, ABCB4, ATP8B1, and ABCB11).
The gene most studied is ABCB4, which encodes for multidrug resistant protein 3
(MDR3) P-glycoprotein. MDR3 P-glycoprotein is a transporter of phospholipids across
the canalicular membrane of the hepatocyte, and mutations in this may lead to altered
bile acid trafficking and subsequent elevation in bile acids.15,16 ATP8B1 is another
gene potentially linked to ICP. ATP8B1 encodes a protein belonging to a subfamily
of P-type ATPases. The biochemical and cellular functions of its product, FIC1, and
the mechanisms by which its absence or dysfunction leads to cholestasis are currently
unknown.17 Others have concluded that ATP8B1 is not a major gene in ICP.18 Muta-
tions in the ABCB11 gene, which encodes for bile salt export pump (BSEP), may have
a role in the etiology of ICP. Huang and colleagues19 showed BSEP was decreased in
placentas from patients with ICP. Finally, Wei and colleagues demonstrated upregu-
lated expression of placental genes involved with apoptosis, suggesting that
apoptosis of placental trophoblasts may contribute to ICP.20

There are lines of evidence that suggest ICP might be caused by abnormal hormone
profiles, specifically steroid hormones (eg, estrogen and progesterone). Several clin-
ical circumstances lend support to this as seen by the higher occurrence of ICP in
the third trimester of pregnancy, a time when estrogen levels are at their highest,
and in pregnancies with multiple gestations, which have higher estrogen levels than
singleton pregnancies. In addition, there are reports of recurrence of cholestasis
when estrogen- and progesterone-containing contraceptives are given to patients
with a history of ICP. Furthermore, ICP resolves after delivery of the fetus and
placenta, a time when hormone levels are normalized.21,22 Finally, there appears to
be altered progesterone metabolism and excretion in patients with ICP.23 Large
amounts of these hormones may result in saturation of hepatic enzymes and trans-
porters normally used for biliary secretion.23
DIAGNOSIS

The diagnosis of ICP is based on the combination of pruritus and biochemical
evidence of liver dysfunction. The chief complaint is usually pruritus, which is classi-
cally described as total-body itching, localizing to the palms of the hands and the soles
of the feet, with a nocturnal predominance.24–26 Often the pruritus will precede any
other physical or lab abnormalities.24 The pruritus generally improves shortly after
delivery, but is reported to recur in 40% to 60% of subsequent pregnancies.5,7 Pruritus
is reported in as many as 20% of pregnancies; therefore, it is important to distinguish
ICP from other conditions.27 The pruritus of ICP is hypothesized to be caused by the
accumulation of bile salts in the skin. Although less frequently seen, other reported
symptoms include jaundice and steatorrhea.28

Elevation in the serum total bile acid (TBA) concentration is the most frequent lab
abnormality associated with ICP and is the most sensitive marker for ICP. TBAs
appear to increase toward the third trimester of pregnancy.29 Unfortunately, the scien-
tific literature has a wide range of values used to diagnosis ICP. This variability brings
into question the validity of studies evaluating the population prevalence of ICP and its
associated morbidity and mortality. Although most authors have used an elevated
total serum bile concentration above the laboratory provided reference range, ranging
anywhere from greater than or equal to 2 mmol/L to greater than or equal to 20 mmol/L.
The authors believe these reference ranges may be inadequate for the diagnosis of
ICP primarily because established reference ranges for the general population incor-
porate men and women and generally exclude pregnant subjects.9,30 Therefore, there
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is a need to create method-specific, population-specific, and trimester-specific bile
acid ranges to assist clinicians in making the diagnosis of ICP. Furthermore, there
are differences in the methodologies used to measure total serum TBA concentration.
Depending on methodology, the mean serum TBA concentrations in the third trimester
of pregnancy appear to be approximately 1.8 � 2.2 mmol/L (range 0.5–12.0) using
direct spectrophotometry and 6.5 mmol/L (2 SD range 1.7–11.3) using enzymatic
methods.31,32 Other laboratory abnormalities observed in ICP include elevations in
alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phospha-
tase (ALP), gamma glutamyl transferase, and bilirubin.26,29

Glutathione S-transferase (GST) is another possible diagnostic marker for ICP and
deserves further evaluation. GST is thought be an indicator of hepatocellular damage
and may be more sensitive and specific than some of the other traditional markers of
liver function, including ALT, AST, and ALP.29 Furthermore, there appears to be a posi-
tive correlation between serum GST and TBA concentrations. The rise in serum GST
may occur earlier than the elevation of TBA concentration and may possibly be used to
detect ICP earlier in gestation.29

Several investigators have examined the bile acid ratio in ICP. The primary bile
acids, cholic acid (CA) and chenodeoxycholic acid (CDCA), are made in equal quan-
tities. CA is converted to the secondary bile acid, deoxycholic acid (DCA), and cheno-
deoxycholic acid to its secondary bile acid, lithocholic acid . Studies demonstrate
disparate results in the physiologic changes of the primary bile acid concentrations
during pregnancy.33–35 That said, in normal pregnancies the ratio of CA/CDCA is
approximately less than 1.5.34,35 Conversely, the ratio between CA/CDCA in pregnant
patients with ICP appears to be more than 1.5:1.33–35 The use of the bile acid ratio to
diagnose ICP was recently evaluated, and it was found that the CA/CDCA ratio added
little to the diagnosis of ICP and that the total bile acid concentration and transaminase
levels were more useful.36
IMPACT ON THE FETUS

The most concerning aspect of ICP is its association with adverse perinatal
outcome.37,38 Although maternal complications from ICP are rare, there are several
adverse fetal effects including preterm labor, meconium aspiration, and fetal
death.37–40 Rencoret and Aste37 reviewed 32 cases of jaundice in pregnancy (31 out
of 32 cases with intrahepatic cholestasis) and reported two fetal deaths and a preterm
labor rate of 33.3%. Reid and colleagues38 analyzed complications in 56 pregnancies
with ICP and reported an astonishingly high rate of adverse outcomes (ie, perinatal
mortality rate 11%, meconium staining 27%, abnormal antepartum fetal heart rate
pattern 14%, and preterm delivery rate 36%). They also reported an increased risk
for postpartum hemorrhage theorized to be caused by a depletion of vitamin K depen-
dent clotting factors caused by ICP-induced liver dysfunction. Similarly, Fisk and
Storey40 reported a 45% incidence of meconium staining, 44% incidence of preterm
labor, 22% incidence intrapartum fetal distress, and a 3.5% perinatal mortality rate.
The most important observations noted by Fisk and colleagues were twofold. Firstly,
given the absence of growth restriction in cases with fetal deaths, chronic uteropla-
cental insufficiency was thought to be less likely a cause for this complication in
ICP. Secondly, the lower perinatal mortality rate compared with previous reports
was attributed to closer surveillance during pregnancy with induction of labor by 37
weeks or earlier if there were any signs of fetal distress. Williamson and colleagues41

reported an overall intrauterine death rate of 7% with 90% (18 out of 20) of the deaths
occurring after 37 weeks gestation.
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The mechanism of fetal death is currently unknown. There are several studies inves-
tigating possible mechanisms. In rats, cardiac myocyte exposure to taurocholate
provoked arrhythmias and impaired contractility. It was therefore hypothesized that
the fetal deaths in ICP may be caused by an acute cardiac event caused by raised fetal
serum taurocholate concentrations.42,43 A different study demonstrated human cho-
rionic vein constriction with exposure to cholate, a bile acid. Chorionic vein constric-
tion was hypothesized to lead to an abrupt decrease in blood flow to the fetus and
impaired fetal oxygenation, ultimately resulting in fetal death via asphyxia.44 Although
the rate of meconium passage is high in ICP, there is not sufficient evidence at this
time to suggest a role for meconium in fetal death.45

Whether or not there is a critical bile acid concentration threshold at which adverse
perinatal outcomes are avoided is uncertain at this time. Recently, Glantz and
colleagues4 found no increased fetal risk with total bile acid levels less than 40
mmol/L; however, individual case reports have described fetal deaths with bile acids
in this lower range.46,47

There are limited studies in humans to explain the high rate of meconium passage
and staining in ICP. In ewes, the administration of cholic acid was found to stimulate
colonic motility.48 That said, there are conflicting data in humans correlating bile acid
concentrations with meconium passage.49,50 Exactly how ICP causes preterm birth is
also uncertain. One study demonstrated increased contractile activity in myometrium
biopsied from patients with ICP. It was hypothesized that cholic acid may stimulate
oxytocin receptor expression.51
PHARMACOLOGY

Several medications have been studied in the treatment of intrahepatic cholestasis of
pregnancy. The overarching goal of these therapies is to alter the enterohepatic circu-
lation of bile acids in a manner that reduces their concentration in maternal serum. By
doing so, it is hoped that such treatment would improve perinatal outcome. Some
medications may, to some degree, improve maternal pruritus and liver function;
however, currently no medications have been shown to decrease the risk for stillbirth
caused by ICP. A brief synopsis of the clinical effect of the medications used to treat
ICP follows this discussion.

Activated Charcoal

Activated charcoal is a porous substance that has been shown to adsorb bile salts,
decrease bilirubin levels, and inhibit bile acid absorption in in-vitro, animal, and human
studies respectively.52–54 One randomized study has been performed comparing the
use of activated charcoal with placebo in 19 women with ICP.55 Although orally admin-
istered activated charcoal decreased total bile acids, there were no differences in
other serum measures, such as aminotransferases, bilirubin concentrations, or
cholesterol. Furthermore, there were no significant decreases in pruritus symptoms,
birth weight, or gestational age at delivery. No adverse effects on either the mother
or the fetus were reported. Finally, many women found the oral suspension unpleasant
to ingest. Given the lack of data and the inconvenience in administration, oral acti-
vated charcoal has not gained widespread acceptance as a treatment for ICP.

Guar Gum

Guar gum is a dietary fiber that decreases the bile acid pool by binding to bile
acids in the intestinal lumen thereby increasing their elimination. There is a paucity
of data surrounding the use of guar gum in the treatment of ICP; however, one
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small, randomized controlled-trial has compared the use of guar gum in incre-
mental dosages of 5 to 15 g/day with placebo in 39 women.56 Despite the women
receiving guar gum reporting more effective control of their pruritus, it was not
better than placebo in decreasing pruritus scores when measured either subjec-
tively by the women themselves via visual analog scales or when defined objec-
tively by the investigators. Of importance, there was no difference between the
two groups in gestational age at delivery or birth weight. The same group reported
on the effects of guar gum on measures of cholesterol by examining its effects on
cholesterol and cholestanol levels, the latter being a metabolite of the former.57

They found that in comparison to placebo, serum cholesterol levels were
unchanged with the use of guar gum and that in fact, cholestanol levels were
increased suggesting an increase in cholesterol production. Furthermore, guar
gum had no effect on bile acid or bilirubin levels. There were no serious maternal
or neonatal side effects of guar gum reported in either study.

Although guar gum has shown no adverse effects thus far and may even alleviate
some of the pruritus associated with ICP, the studies are few in number and contain
small numbers of subjects. Furthermore, serum analytes are not improved with the
use of guar gum treatment.

Cholestyramine

Cholestyramine is an anion exchange resin that binds to bile acids and therefore
decreases their absorption in the ileum. Fecal elimination of bile acids is thereby
increased with a resultant smaller total bile acid pool. Initial small studies examining
the effect of cholestyramine on women with ICP did not show promising results as
pruritus was not well or consistently controlled and serum bile acids did not decrease
consistently.58,59 Liver function tests also did not improve. In a larger randomized
study of 84 women with ICP receiving either ursodeoxycholic acid (UDCA) or 8 g of
cholestyramine daily, the latter did not perform well.60 Cholestyramine was effective
in attaining the endpoint of a greater than 50% reduction in pruritus in only 19% of
subjects compared with 66.6% of subjects in the UDCA group. Cholestyramine did
not significantly decrease transaminases, gamma-glutamyl transpeptidase, or bile
acid levels and was conversely associated with a significant increase in alkaline phos-
phatase and bilirubin levels. Women in the cholestyramine group delivered somewhat
earlier than women in the UDCA group (37.4 vs 38.7 days respectively), however, there
was no difference in birth weights between the two groups. Although there were no
cases of coagulopathy in this study, of concern is a single case report of a neonatal
demise caused by a large subdural hematoma.61 This hematoma was thought to be
caused by fetal vitamin K deficiency following maternal vitamin K deficiency caused
by a combination of severe ICP and the administration of cholestyramine.

Side effects of cholestyramine are primarily gastrointestinal in nature and occur in
up to 29% of women.60 These side effects include nausea, vomiting, constipation,
and even diarrhea. A significant and important side effect of cholestyramine is
a decrease in the intestinal absorption of fat-soluble vitamins. This side effect can
be compounded by the risk for malabsorption of fat-soluble vitamins in ICP itself
because of reduced enterohepatic circulation of bile acids with decreased uptake in
the ileum. Therefore, some concern exists regarding the possibility of vitamin K defi-
ciency in the mother and the fetus. Some supplement with vitamin K to avoid potential
complications of deficiency, such as maternal or fetal bleeding; however, no studies
have been performed and the authors do not support this practice.

Given the poor performance of cholestyramine in ameliorating maternal pruritus,
biochemistries, or newborn outcomes, its use in the treatment of ICP has not gained
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widespread acceptance. The frequent side effects associated with cholestyramine
have also been met with a lack of enthusiasm in its use as a treatment modality.

Dexamethasone

Dexamethasone has also been proposed as a treatment for ICP given its effect on
reducing circulating estriol levels thought to increase intrahepatic cholestasis. Dexa-
methasone crosses the placenta and reduces dehydroepiandrosterone sulfate
(DHEAS) production from the fetal adrenals. Because DHEAS is a precursor for
placental production of estriol, dexamethasone effectively decreases estriol levels.
A small observational study of 10 women with ICP treated with dexamethasone initially
showed promising results as all subjects had either a reduction or a cessation in their
pruritus and a reduction in total bile acid and ALT levels.62 No maternal or fetal adverse
side effects were reported in this small study. A second small observational study of
12 women who failed treatment with UDCA also showed some improvement with
dexamethasone, clinically and biochemically, and also without maternal or fetal side
effects.63 However, the largest study to date randomized 130 women to dexametha-
sone, UDCA, or placebo and did not show improvement in pruritus with dexametha-
sone.64 Furthermore, subjects receiving dexamethasone had no reduction in ALT and
had less of a decrease in bile acid and bilirubin levels when compared with those
receiving UDCA. Treatment with dexamethasone did not improve any of the perinatal
outcomes examined. One case report has documented worsening of ICP following
treatment with dexamethasone.65

Several concerns exist with the use of dexamethasone. In the rat model, antenatal
administration of dexamethasone resulted in decreased insulin sensitivity in
offspring.66 In the African vervet monkey, antenatal dexamethasone exposure is asso-
ciated with impaired glucose tolerance, hyperinsulinemia, decreased pancreatic beta
cell number, and increased blood pressures in the offspring.67 In humans, dexameth-
asone administration for fetal lung maturity has been associated with decreased birth
weight.68 Finally, dexamethasone causes widespread maternal effects on almost
every organ system, but especially affects the central nervous system, the endocrine
and metabolic systems, the gastrointestinal system, the musculature, and the skin.

Given the suboptimal results of dexamethasone as a treatment for ICP along with
the adverse side-effect profile associated with its prolonged use, the authors do not
favor the use of this drug.

Phenobarbital

Phenobarbital was once used to treat ICP but is currently not used in the treatment of
ICP given the lack of significant or consistent data. Small trials examining phenobar-
bital in dosages ranging from 100 to 150 mg/day have shown inconsistent improve-
ments in maternal pruritus and negligible or no effects on serum biochemistries.58,59

S-Adenosyl-L-Methionine

S-adenosyl-L-methionine (SAMe) is a methyl group donor involved in the production
of several different phospholipids, including phosphatidylcholine, which is found in
the hepatic cell membrane. By altering function at the level of the hepatic surface
membrane, SAMe improves the impairment of bile flow caused by increased levels
of ethinyl estradiol.69 Studies of SAMe in rats have shown reversal of cholestasis in
those treated with ethinyl estradiol.70

Several randomized studies examining SAMe have been performed in humans with
ICP. An initial placebo-controlled study in 18 women examined the effects of varying
dosages of SAMe (200 vs 800 mg IV/d) and found that the higher dosage was
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associated with a greater decline in transaminases, conjugated bilirubin, and total bile
acids.71 Pruritus was also significantly decreased in this group and no adverse side
effects were noted in either group. Although these results were reproduced in another
single-blinded, placebo-controlled study,72 a double-blinded, placebo-controlled trial
of an even higher dosage of SAMe (900 mg IV/d) failed to show any advantages over
placebo.73

SAMe has also been compared with UDCA in several, small randomized studies,
and in one recent, larger study that enrolled 78 women.30,74–76 With regard to improve-
ment in pruritus, the studies have shown mixed results ranging from no improvement
at all to an equivalent improvement when compared with UDCA or placebo.30,74,75

SAMe is not as effective as UDCA in decreasing serum transaminases, bilirubin,
and bile acids levels75,76 and may cause no improvement at all in some cases.73 There
were no significant differences in preterm delivery rates or gestational age at delivery
in any of these studies. Finally, although no serious adverse maternal, fetal, or neonatal
effects have been reported, some women have noted problems with peripheral veins
during administration of the drug.73

Given the painful intravenous or intramuscular route of administration and the lack of
a convincing therapeutic effect when compared with placebo or UDCA, SAMe has not
become a prime medication in the treatment of ICP.

Ursodeoxycholic Acid

Ursodeoxycholic acid is a naturally occurring bile acid that comprises approximately
5% of the total bile acids found in humans. It is less toxic than other bile acids and is
used in the treatment of cholestatic liver disease, exerting its effects via three main
mechanisms.77 Firstly, the decreased biliary secretion of endogenous and toxic bile
acids seen in patients with ICP is enhanced by UDCA, thereby decreasing serum
levels of endogenous bile acids and bilirubin. A second mechanism involves protec-
tion of cholangiocytes from cytotoxic hydrophobic bile acids, and a third mechanism
involves protection of hepatocytes from apoptosis caused by bile acids.

An early pilot study of five subjects showed efficacy and safety of UDCA at a dosage of
1 g/day.78 Pruritus and serum levels of total bile salts and ALT improved, and there were
no adverse outcomes in the mothers or their babies. Following this study, several reviews
and randomized-controlled trials have confirmed positive results when using UDCA as
a treatment for ICP in dosages ranging from 450 mg daily to 2 g daily.30,60,64,75,76,79–82

UDCA is more effective at decreasing pruritus when compared with either placebo,
SAMe, cholestyramine, or dexamethasone,30,60,64,79 and more effectively improves
parameters of liver function including serum bile acids when compared with these drugs.
In addition to these improvements in maternal serum, concentrations of bile acids, such
as conjugated cholic acid and conjugated chenodeoxycholic acid, are decreased in
amniotic fluid and in cord blood with the use of UDCA.81

With respect to perinatal outcomes, the effects of UDCA are less clear. Although
some studies have shown no differences in gestational age at delivery or rates of
preterm birth,30,64 several other trials have found differences in these parameters
with the use of UDCA.60,81,82 One study comparing 32 women who received UDCA
to historical controls who did not receive UDCA, showed a striking difference in
preterm birth of 12.5% versus 65.7% respectively, with treated fetuses weighing on
average 500 g more. Whether UDCA decreases rates of fetal asphyxia and meconium
staining of the amniotic fluid is also unclear. UDCA is well tolerated by mothers, and
thus far no adverse effects have been reported in either mothers or neonates.

UDCA is now considered the mainstay of therapy for the treatment of ICP. The
dosage usually required to attain an effect on maternal pruritus and serum bile acids
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is 10 to 15 mg/kg/day. The authors commence UDCA at a dosage of 300 mg thrice
daily and titrate upwards as needed to a maximum dosage of 15 mg/kg/day to control
symptoms. The authors do not alter UDCA dosage according to TBA levels.

Others

Histamine antagonists, such as diphenhydramine and hydroxyzine, are often used to
relieve pruritus. That said, there are no data to demonstrate that antihistamines
improves pregnancy outcome. The authors currently prescribe antihistamines
primarily for their sedating effect to help patients with ICP sleep through the night.
MANAGEMENT

In the authors’ experience, pruritic symptoms in patients with ICP can usually be
successfully managed using UDCA. Although amelioration of pruritus may only have
its onset after several days, relief is usually noted within 1 to 2 weeks. As discussed
earlier, UDCA also improves maternal liver function tests. Evidence of this is usually
seen shortly after therapy is begun. The authors do not alter their management of
patients with ICP based on total bile acid levels, which is primarily because of reports
and their own experience of witnessing fetal deaths after normalization of bile acids
with medical therapy.46,47 However, it must be pointed out that Glantz and colleagues4

proposed expectant management in cases of ICP with total bile acid concentrations
less than 40 mmol/L (severe ICP) because they found no increase in fetal risk at these
levels (eg, preterm birth, meconium staining, asphyxial events).

The authors also commence twice weekly antepartum fetal monitoring at the
time of diagnosis and continue this until delivery. In fact, a survey of obstetric
care providers reported that 95% of maternity units had some policy for antenatal
monitoring in patients with ICP.83 This practice has been recommended in hopes
of preventing the occurrence of intrauterine fetal demise and other adverse peri-
natal outcomes associated with ICP.40 There is a lack of evidence to support
this practice. In fact, there are several reports demonstrating the futility of antepar-
tum testing in predicting intrauterine fetal demise. One author reported no increase
in abnormal findings on non-stress tests (NSTs) in patients with ICP with fetal
demises.40 In addition, there are a worrisome number of reports of intrauterine
fetal demise occurring within a few days of a reactive NST.39,46,47,58,83–85 Perhaps
this is because the mechanism of intrauterine fetal demise in cases of ICP is
thought to be caused by a sudden event rather than a chronic process caused
by placental insufficiency that may be indirectly detected by antepartum testing.
This said, although the authors’ practice contradicts the available data, the authors
use antepartum testing in patients with ICP for the purpose of affording them the
rare possibility of detecting a fetal heart tracing that may indicate fetal compro-
mise and the need for immediate delivery.46 If there is any utility at all for antepar-
tum testing in ICP, it is apparent that further research is direly needed to
determine the optimal frequency, duration, and timing of its use.

The authors also recommend delivery of patients with ICP at 37 weeks.49 Using
this management approach the authors have found no increased rates of intra-
uterine fetal demise or asphyxial events even in patients with a total serum bile
acid concentration greater than or equal to 40 mmol/L. Other authors have shown
similar findings of decreased perinatal mortality with a policy of early
delivery.40,86,87 This finding was present even when patients were not consistently
treated with UDCA.88 A policy of early delivery can result in increased rates of
cesarean deliveries and admissions to the neonatal intensive care unit.88 The
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reason for selecting 37 weeks as a gestational age for delivery in ICP is twofold.
First, the majority of in utero demises occur after 37 weeks with the median
gestational age being 38 weeks.41 Secondly, with the risk for in utero fetal demise
ranging between 2% to 11%, the authors believe the risk for fetal death
outweighs the risk for prematurity (eg, respiratory distress syndrome) encountered
by a fetus delivered iatrogenically at 37 weeks. In line with this evidence is the
practice of inducing labor at 37 to 38 weeks gestation in patients with ICP by
up to 88% of obstetric care providers in the United Kingdom.83 In pregnancies
with well-established gestational ages, the authors usually recommend
proceeding directly to delivery at 37 weeks without amniocentesis for the afore-
mentioned reasons. In the authors’ experience, most patients being delivered at
37 weeks for ICP who are offered amniocentesis opt to proceed directly to labor
induction without fetal lung maturity testing after weighing the relative risk for
spontaneous fetal death versus the risks to the newborn being born at 37 weeks
or beyond. Amniocentesis is recommended and performed for those patients with
poor gestational age dating criteria or who desire to know fetal lung maturity
status before delivery.

Until there is compelling evidence to do so, the authors do not routinely offer
elective delivery before 37 weeks gestation for ICP; however, if they do, it is
primarily for one of two reasons: (1) excruciating and unremitting maternal pruritus
not relieved with pharmacotherapy, and (2) a prior history of fetal demise caused
by ICP with recurring ICP in the present pregnancy. The gestational age range that
the authors offer delivery for in these situations is entirely empiric and is generally
between 35 to 37 weeks. This said, the authors make a reasonable effort to
prolong the pregnancy as close as possible to 37 weeks if the indication for
delivery is solely for intolerable pruritus, and individualized plans are made for
patients with a prior unexplained stillbirth or stillbirth attributed to ICP with recur-
rent ICP. It must be reemphasized that in the absence of these two indications the
authors do not routinely offer elective delivery before 37 weeks. All patients being
electively delivered for ICP before 37 weeks are extensively counseled on the
empiric nature of such management and the risks encountered by their fetus asso-
ciated with preterm birth. Furthermore, the authors emphasize to patients that fetal
lung maturity testing does not test for other problems associated with premature
delivery. After careful documentation of the discussion and if delivery is still
requested by patients before 37 weeks, the authors recommend amniocentesis
and delivery, if mature. If testing demonstrates pulmonary immaturity, the authors
administer a standard course of corticosteroids (eg, betamethasone, dexametha-
sone) and upon completion, proceed with labor induction.

The ideal management of patients with ICP poses more questions than it
provides answers. Given the ambiguity as to whether either UDCA or early
delivery are beneficial in preventing perinatal mortality, a multicentered, double-
blinded, randomized controlled pilot trial with a factorial design is underway
comparing the use of UDCA or early delivery for ICP.89
RECURRENCE

ICP can recur in up to 90% of subsequent gestations.41 Although there is usually
complete resolution of hepatic dysfunction post partum,90 familial forms of ICP
have been reported that are severe in nature and may even be associated with
progression of liver disease during and following a pregnancy.91 Patients with
such forms of ICP are at risk for chronic liver disease and should therefore be
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closely followed after pregnancy. Furthermore, women with ICP have a greater risk
for developing liver and biliary diseases including hepatitis C (relative risk [RR] 5
3.5), nonalcoholic liver cirrhosis (RR 5 8.2), gallstones and cholecystitis (RR 3.7),
and nonalcoholic pancreatitis (RR 5 3.2) when compared with patients without
ICP.92

Other notable associations with ICP include 20% of such women having cyclic
pruritus either at the time of ovulation or in the luteal phase of the menstrual cycle.41

In women with a history of ICP, pruritus is also associated with oral contraceptive pill
use, although recurrence of cholestasis is not of great concern.91 Finally, 13% of
women with ICP have a history of cholelithiasis.41

SUMMARY

Intrahepatic cholestasis of pregnancy is a disease that is likely multifactorial in etiology
and has a prevalence that varies by geography and ethnicity. The diagnosis is made
when patients have a combination of pruritus and abnormal liver function tests. It is
associated with a high risk for adverse perinatal outcome, including preterm birth,
meconium passage, and fetal death. As of yet, the cause for fetal death is unknown.
Because fetal deaths caused by ICP appear to occur predominantly after 37 weeks, it
is suggested to offer delivery at approximately 37 weeks. Ursodeoxycholic acid
appears to be the most effective medication to improve maternal pruritus and liver
function tests; however, there is no medication to date that has been shown to reduce
the risk for fetal death.
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Peripartum cardiomyopathy (PPCM), or heart failure in association with pregnancy,
was noted as early as the 1800s, but was first attributed to cardiomyopathy by Gouley
and colleagues1 in 1937. The incidence has been reported to vary by geographic loca-
tion, with rates ranging from approximately 1:15,000 pregnancies in the United States
to as frequent as 1:299 in a well-studied population in Haiti and 1:100 in a small region
of sub-Saharan Africa.2 Risk factors include hypertension, preeclampsia, multiparity,
multiple gestations, African descent, and older maternal age. The prevalence of
different risk factors in diverse populations may account for some of the wide range
of reported prevalence estimates. Although rare, cardiomyopathy in pregnancy
accounts for a significant proportion of maternal deaths, and in the United States
may be increasing in frequency.3,4 Reported mortalities have ranged as high as
18% to 56%. Even when the mother survives, she may not recover myocardial func-
tion and may require chronic therapy for heart failure or cardiac transplantation. Until
recently, the cause has been poorly understood. Multiple mechanisms have been
postulated as the inciting cause, including inflammation, myocarditis, autoimmune
reactions, apoptosis, and oxidative stress.5 This review addresses pathogenesis,
risk factors, diagnosis, management, and prognosis.
CAUSE OF PROPOSED PATHOGENIC MECHANISMS

The investigation of the pathophysiology has been limited by the rare incidence of the
disease, and the exact cause is unknown. It was previously believed that PPCM was
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a result of an idiopathic dilated cardiomyopathy (IDCM) that was expressed in young,
peripartal women, with a clinical and pathologic picture similar to that observed in
older women or men.6

For many years it was believed that PPCM was a variant of IDCM that was
unmasked by the hemodynamic stress of pregnancy.7 If this were the case, then
one would expect the incidence of PPCM to be the highest during the period when
greatest hemodynamic stress is achieved, which is during the second trimester.
However, PPCM usually occurs in the third trimester, and even more commonly in
the puerperium.8 Moreover, 30% of patients with PPCM experience complete
recovery, with partial recovery in most cases, in contrast to rare recovery in IDCM.9

Moreover, PPCM is diagnosed in young women during the peripartum period,
whereas IDCM is more common in the older population.10

PPCM is likely its own distinct entity, and several hypotheses have been proposed
regarding the pathophysiology, including viral myocarditis, abnormal immune
response to pregnancy, increased myocyte apoptosis, stress-activated cytokines,
maladaptive response to the hemodynamic stresses of pregnancy, excessive
prolactin production, malnutrition, genetics, abnormal hormonal function, increased
adrenergic tone, and myocardial ischemia (Fig. 1).11 Several of these etiologic mech-
anisms seem plausible, but none is definite.
VIRAL MYOCARDITIS

Pregnancy results in an immunocompromised state.12 The relationship between viral
myocarditis and pregnancy was established as early as 1968 by Farber and Glas-
gow,13 who showed that pregnant mice were more susceptible to viral infections
than nonpregnant mice. They also found that viruses multiply to a greater level in
Summary of Proposed Pathogenic Mechanisms for PPCM
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the hearts of pregnant mice. The hemodynamic and physiologic changes of preg-
nancy may result in an increased susceptibility to viral myocarditis, higher viral loads
(eg, Coxsackie and echoviruses), and worsening of myocardial viral lesions.13,14

PPCM secondary to myocarditis in humans was first shown by Gouley and
colleagues,1 who linked infection with enlarged hearts containing focal areas of
necrosis and fibrosis in women dying of heart failure in the puerperium. Myocarditis
has also been detected in endomyocardial biopsies in women with PPCM; however,
there was a wide prevalence range among these studies (8.8%–76%).15–20 Insufficient
sample sizes prohibited achieving statistical significance in any of these studies.
Multiple reasons have been suggested for this variability in prevalence, including chal-
lenge in defining PPCM clinically, inclusion of patients outside the accepted time
frame, timing of biopsy in relation to the onset of symptoms, variability in inclusion
of patients with borderline myocarditis along with those with clear histologic myocar-
ditis as defined by the Dallas histologic criteria, and geographic variability of affected
populations.10

Molecular studies within a German cohort of patients with PPCM found a high prev-
alence of virus-associated inflammatory changes and interstitial inflammation.21 It is
possible that there is a postviral immune response that is directed inappropriately
toward the myocardium, resulting in decreased ventricular systolic function in the
setting of increased circulating volume that is characteristic of pregnancy.10 Further
studies are needed to confirm the relationship between viral genomic particles and
PPCM. In the future, newer technologies such as the polymerase chain reaction
may be helpful in detecting viruses in the myocardium of PPCM patients.11
AUTOIMMUNE MECHANISMS

PPCM may be secondary to abnormal immunologic activity and inflammatory cyto-
kines. Autoantibodies against select cardiac tissue proteins (eg, adenine nucleotide
translocator, branched chain a-keto acid dehydrogenase) have been found in women
with PPCM along with increased levels of inflammatory markers (eg, tumor necrosis
factor-a, interleukin-6 [IL-6], and soluble Fas receptors).22,23 These increased markers
were significantly correlated with increased left ventricular (LV) dimensions and lower
LV ejection fraction in patients who presented with PPCM.23,24

Other studies have suggested that PPCM is an acute, organ-specific, facultative
autoimmune disease that is diagnosed in settings of altered immune and genetic envi-
ronments.25,26 In this setting, hematopoietic fetal cells may be introduced into
maternal circulation during pregnancy without being rejected as a result of the immu-
nosuppressive state of pregnancy. These cells are attracted to cardiac tissue and are
later recognized as nonself during the post partum immune recovery, resulting in
a pathologic autoimmune response.10 Antibodies have also been suggested to form
against proteins from the rapidly involuting uterus (eg, actin, myosin), which may
cross-react with similar proteins found in the myocardium, resulting in PPCM.10

Warraich and colleagues27 evaluated the effect of PPCM on humoral immunity and
evaluated immunoglobulins (Ig; class G and subclasses G1, G2, G3) against cardiac
myosin in 47 patients with PPCM from different global regions. Compared with healthy
mothers and patients with IDCM, class G and all subclass Ig were nonselectively
increased in PPCM, whereas there was a selective upregulation of IgG3s in IDCM.27

Raised levels of G3-Ig in patients with chronic heart failure were found to correlate
with poor clinical course at 6 month follow-up after conventional therapy.28

These multiple studies do not show with certainty that abnormal maternal autoim-
mune mechanisms account for the causation of PPCM. Moreover, it is not clear
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whether the autoantibodies may be secondary epiphenomena or whether they
contribute directly to myocyte injury.11
CYTOKINE-MEDIATED INFLAMMATION

Investigations in molecular biology have shown that cytokines may contribute to the
basic pathophysiology of cardiac failure.29 Increased levels of cytokines have also
been found in the serum of women with PPCM.23 Cytokines are signaling molecules
that are used extensively in cellular interaction. They are involved in a variety of bio-
logic processes, and their effects on the cardiovascular system include promotion
of inflammation, intravascular coagulation, oxidative stress, cardiac structural and
functional abnormalities, endothelial injury, and cardiomyocyte apoptosis.30 The
proinflammatory cytokines include TNF-a, IL-1, IL-6, IFN-g, which are involved in
cardiac tissue repairs that result in immediate and delayed negative inotropic effects
on myocardial contractility.29,30 The inflammatory marker C-reactive protein (CRP) has
been coexpressed with TNF-a in the myocardium of PPCM patients, as well as other
human cardiomyopathies.31 It is believed that in PPCM, as in other conditions that
result in heart failure, the LV end-diastolic wall stress results in myocardial expression
of a proinflammatory cytokine network, which influences cardiac contractile perfor-
mance and promotes maladaptive ventricular remodeling, leading to heart failure.29
HEMODYNAMIC STRESS OF PREGNANCY

The cardiovascular changes in pregnancy are characterized by a high-volume, low-
resistance state, with cardiac output increased up to 30% or 40% by the second
and third trimester. These changes normally persist up to 2 or 3 weeks post partum,
and may not resolve to normal physiology until 12 weeks post partum. It is believed
that PPCM may be due to an exaggerated decrease in systolic function in the pres-
ence of the marked hemodynamic changes of pregnancy.

Echocardiographic and Doppler analysis of cardiac hemodynamics in normal preg-
nancy showed a 10% increase in preload (LV end-diastolic volume), a 45% increase in
cardiac output, and a 28% decrease in afterload (end-systolic wall stress), with LV
remodeling and transient LV hypertrophy.32,33 Although LV anatomy may return to
normal after pregnancy, contractile reserve in patients with PPCM was found to be
decreased when assessed by dobutamine stress echocardiography.34 There are not
enough convincing data currently to support this hypothesis as the underlying cause
for PPCM.
INCREASED MYOCYTE APOPTOSIS

Various animal models of heart failure have shown terminally differentiated cardiac
myocytes undergoing apoptosis, or programmed cell death, as the final common
pathway in cardiac disorders such as dilated and ischemic cardiomyopathy and acute
myocardial infarction (MI).35,36 It is believed that disruption of this homeostatic mech-
anism may lead to uncontrolled cellular proliferation and excessive cell death.37

Studies have reported the G protein Gq to be responsible for coupling several cell
surface receptors to intracellular signaling pathways involved in cardiac myocyte
hypertrophy and cardiomyocyte apoptosis.38,39 Apoptosis, which is mediated by
proteases termed caspases, can be reduced by caspase inhibitors, which have
been shown to improve LV function and survival in pregnant Gaq mice.40 However,
controversy still exists on the relevance of apoptosis to the development of PPCM.



Update on Peripartum Cardiomyopathy 287
EXCESSIVE PROLACTIN PRODUCTION

The involvement of prolactin in PPCM has been suggested, but recent studies have
confirmed the potential role of excessive prolactin production in the pathogenesis of
PPCM in mice and women.41,42 Increased blood volume, decreased blood pressure,
decreased angiotensin responsiveness, increased erythropoietin levels, reduced renal
excretion of water, sodium, and potassium are all associated with prolactin.43,44 A high
incidence of PPCM has been noted in knockout mice for STAT-3, a cardiac tissue-
specific DNA-binding protein. STAT-3 is involved in mediating cardiomyocyte hyper-
trophy and myocardial angiogenesis but also protects the heart from oxidative stress
by upregulating antioxidative enzymes (eg, manganese superoxide dismutase
[MnSOD]).45 Reduced levels of STAT-3 lead to increased oxidative stress and activa-
tion of cathepsin D, resulting in cleavage of prolactin into an antiangiogenic and proa-
poptotic 16-kDa isoform.41 Treatment of STAT-3–deficient pregnant mice with
bromocriptine, an inhibitor of prolactin secretion, prevents the development of
PPCM in these mice.46

NUTRITION

Nutrition was believed to play a role in the pathogenesis of PPCM. For example, sele-
nium deficiency, which increases cardiovascular susceptibility to viral infection, hyper-
tension and hypocalcemia, was detected in women with PPCM from the Sahel region
of Africa.47 Excessive salt consumption, leading to volume overload, may also be
linked to PPCM.48 However, malnutrition likely does not play a role in the cause of
PPCM because many occurrences of the disease are documented in well-nourished
patients.17,48

GENETICS

Some case reports suggest a possible familial clustering of PPCM. In each of these
instances of women diagnosed with PPCM, at least 1 first-degree relative had also
experienced PPCM.49–53 There are also animal studies that suggest a genetic suscep-
tibility to viral myocarditis in animals deficient in transforming growth factor-b (TGF-b);
however, more studies are needed to investigate the role of TGF-b in PPCM.54–58

OTHER CAUSES

Abnormal hormonal regulation has been proposed as a potential cause of PPCM. The
heart undergoes homeostatically regulated remodeling during pregnancy, including
hypertrophy and growth of the capillary network to accommodate the increased preg-
nancy-related hemodynamic volume load and to maintain normal maternal-fetal
health.59 Estrogen is believed to promote cardioprotection during pregnancy, and
the sudden drop noted after delivery of the placenta might explain why gravidas expe-
rience heart failure after delivery.59 Relaxin, another ovarian hormone produced during
pregnancy that promotes excessive relaxation of the cardiac muscle, may also play
a role in PPCM.60 There is a lack of convincing evidence that abnormal hormone levels
result in PPCM.

Increased adrenergic tone secondary to emotional or physical stress has been
implicated in the pathogenesis of PPCM, resulting in fluid overload, reduced colloid
osmotic pressure, and transient LV dysfunction.61 b1-adrenergic receptor antibodies
may also play a role in PPCM, and, together with increased adrenergic tone, may
contribute to cardiac muscle dysfunction.62,63



Cruz et al288
Vascular disease as a possible cause of PPCM has also been suggested, but coro-
nary arteries were found to be normal when coronary angiography was per-
formed.64,65 Pathologic specimens also negate the possibility of vasculitis or
intermittent coronary spasms.66

RISK FACTORS

Several risk factors are believed to be associated with the development of PPCM,
including prolonged tocolysis, advanced maternal age, high gravidity/parity, multi-
pregnancy, race, socioeconomic status, gestational hypertension, and cocaine
abuse.11 The use of prolonged tocolytics, such as terbutaline, ritodrine, salbutamol,
isoxsuprine, and magnesium sulfate, has been known to cause pulmonary edema
but has also been associated with LV dysfunction in the peripartum period.67,68 The
physiologic side effects of these drugs via interaction with b receptors include tachy-
cardia, hyperglycemia, hypokalemia, and water retention. Cardiac failure and tocoly-
sis seem to be unique in pregnancy, as these same medications, used for various
other conditions, do not result in similar complications in nonpregnant women.11

The underlying mechanisms by which these drugs might cause heart failure in preg-
nancy include (1) increased circulating blood volume resulting in overload; (2) pro-
longed b-sympathomimetic stimulation resulting in prolonged tachycardia as well as
decreased serum albumin concentration and colloid oncotic pressure; (3) increased
aldosterone and antidiuretic hormone secretion resulting in decreased excretion of
sodium and water.11,69

Advanced maternal age was believed to be a risk factor for PPCM. In a review of
several case series of patients with PPCM, their mean age was approximately 30
years.9,23,70,71 However, the prevalence in all of the aforementioned studies was great-
est in women at the upper and lower extremes of child-bearing age.11 In terms of
gravidity/parity as risk factors, PPCM has been documented to occur more often in
women with high gravidity and parity.9,23,71 Moreover, although most women with
PPCM have a singleton pregnancy, the prevalence among women with multiple gesta-
tions is much higher.72

PPCM has been reported among a variety of races, including people of Caucasian,
Hispanic, Asian, and African descent.9,71,73 However, PPCM is generally believed to
be more prevalent in women of African descent,11 although it is not clear whether
race is an independent risk factor or an association. Moreover, pregnancy-related
hypertension and preeclampsia are also known risk factors for PPCM. However,
some have debated whether to exclude pregnancy-related hypertensive disorders
from the diagnosis of PPCM, although most investigators believe them to be separate
entities. LV recovery at 6 months may be more frequent among women who suffered
preeclampsia in contrast to those without this history.11

DIAGNOSIS

A thorough history and physical examination should be performed to identify cardiac
and noncardiac disorders that may contribute to development or exacerbation of heart
failure in pregnancy. This requirement includes attention to the presence of hyperten-
sion (chronic, gestational, preeclampsia), diabetes, dislipidemia, coronary, rheumatic
or valvular heart disease, prior chemotherapy or mediastinal radiation, sleep disor-
ders, current or past alcohol or drug use, collagen vascular disease, sexually trans-
mitted diseases, thyroid disease, arrhythmias, and family history of cardiomyopathy
or sudden death. Current use of alcohol, tobacco, illicit drugs or alternative therapy,
diet, and sodium intake should also be assessed. Assessment should be made of
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the patient’s ability to perform activities of daily living. Careful evaluation of volume
status should be performed, including orthostatic blood pressure changes, weight,
height, and body mass index. Initial laboratory assessment should include complete
blood count, urinalysis, serum electrolytes including calcium and magnesium, fasting
glucose and hemoglobin A1C, lipid profile, liver function tests, and thyroid-stimulating
hormone. Measurement of natriuretic peptides (brain natriuretic peptide [BNP] and N-
terminal pro-BNP [NT pro-BNP]) can be helpful in assessment of volume status and
risk stratification, although criteria for abnormalities need to be adjusted in pregnancy.
Increased BNP levels have been associated with reduced ejection fraction, LV hyper-
trophy, increased LV filling pressures, acute MI/ischemia, and preeclampsia, although
they can occur in other settings such as pulmonary embolism or chronic obstructive
pulmonary disease and may not be increased in the setting of morbid obesity.74–78

Twelve-lead electrocardiogram and posterior-anterior and lateral chest radiograph
should be part of the initial assessment of all patients with clinical heart failure. Two-
dimensional echocardiography with Doppler should also be performed to assess LV
size, wall thickness, and valvular function, and can give clues to the presence of other
precipitating causes such as rheumatic or congenital heart disease. Magnetic reso-
nance imaging (MRI) may play an important role in the diagnosis of PPCM and assist
in identifying the mechanism involved.79 MRI can provide assessment of morphology
and function, and has the ability to display myocardial fibrosis as a consequence of
myocarditis through delayed contrast enhancement technique.80 Radionuclide ventri-
culography or coronary arteriography in the nonpregnant patient may be considered
for patients with symptoms or history suggestive of angina or underlying coronary
disease without contraindication to revascularization. Noninvasive testing for myocar-
dial ischemia may be substituted for some patients in this setting.

Additional screening for hemochromotosis, sleep disorders, human immunodefi-
ciency virus (HIV), rheumatologic disease, amyloidosis, or pheochromocytoma should
be based on clinical suspicion. Endomyocardial biopsy should not be performed
routinely, although it is occasionally useful if there is suspected giant cell myocarditis
as in autoimmune disorders, thymoma, drug hypersensitivity, anthracycline therapy,
restrictive cardiomyopathy, sarcoid, or suspected arrhythmogenic right ventricular
dysplasia.81

The diagnosis of PPCM is a diagnosis of exclusion (Box 1), but should be suspected
whenever women present with symptoms of heart failure during the peripartum
period. The diagnosis may be challenging because symptoms such as dizziness,
Box 1

Clinical criteria for the diagnosis of PPCM

� Development of cardiac failure in the last month of pregnancy or within 5 months post
partum

� Absence of another identifiable cause for the cardiac failure

� Absence of recognizable heart disease before the last month of pregnancy

� LV systolic dysfunction shown by echocardiographic data such as depressed shortening
fraction (eg, ejection fraction less than 45%, M-mode fractional shortening less than 30%, or
both, and an LV end-diastolic dimension of more than 2.7 cm/m2)

Data from Demakis JG, Rahimtoola SH. Peripartum cardiomyopathy. Circulation 1971;44:964–8;
Hibbard J, Lindheimer M, Lang R. A modified definition for peripartum cardiomyopathy and
prognosis based on echocardiography. Obstet Gynecol 1999;94(2):311–6.
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dyspnea, fatigue, or pedal edema of normal late pregnancy are similar to symptoms of
early congestive heart failure.82 Some would argue that the criteria for diagnosis in the
last month of pregnancy are outdated and should be revised to include the entire span
of pregnancy.71,83

There are currently no specific clinical criteria for differentiating between symptoms
of normal late pregnancy and heart failure. One should have a high index of suspicion
in any woman experiencing paroxysmal nocturnal dyspnea, chest pain, nocturnal
cough, new regurgitant murmurs, pulmonary crackles, increased jugular venous pres-
sure, or hepatomegaly.82 Determining the presence of LV dysfunction is critical to the
diagnosis.84

MANAGEMENT OF HEART FAILURE

Therapy is directed to improving symptoms, slowing progression of LV dysfunction,
and improving survival, as summarized in Box 2.

Nonpharmacologic therapy, including fluid restriction and low-sodium diet for
patients with evidence of volume overload, monitoring for pedal edema and measure-
ment of daily weight are useful adjuncts. Control of blood pressure is a key component
of therapy. Current guidelines for management of chronic heart failure include combi-
nations of 3 types of drugs: diuretics, angiotensin-converting enzyme inhibitors
Box 2

Recommended therapy for PPCM

� Goals

Treat hypertension

Fluid restriction

Dietary salt restriction

Routine exercise post partum if stable

� Drugs for routine use

Diuretics

b-Blockers

Vasodilators

Digoxina

� Therapies in selected patients

Aldosterone antagonists

Inotropes

Anticoagulation

Implantable defibrillators

Biventricular pacing

Cardiac transplantation

a See text for details.
Data from Hunt SA, Abraham WT, Chin MH, et al. Focused update incorporated into the ACC/

AHA 2005 guidelines for the diagnosis and management of heart failure in adults: a report of
the American College of Cardiology Foundation/American Heart Association Task Force on
Practice Guidelines. Circulation 2009;119:e391–479.
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(ACEIs) or angiotensin receptor blockers (ARBs), and b-blockers.78 In women with
PPCM, these recommendations need to be modified based on current gravid status
and the woman’s desire to lactate. Commonly used therapeutic agents with indica-
tions and precautions are summarized in Table 1. Management of PPCM should be
performed in conjunction with a cardiologist versant in the use of these drugs in
pregnancy.

Diuretics are indicated for most patients because they can improve pulmonary and
peripheral edema within hours or days, but are usually inadequate to maintain clinical
volume status in the absence of additional therapy. Furosemide, a loop diuretic, is
most commonly used, but thiazides may be added if the loop diuretics are insufficient.
Adverse effects are noted in Table 1. We typically use diuretics in the gravida with
clear evidence of volume overload as well as early after delivery when volume shifts
can be expected to increase intravascular volume. Aldosterone antagonists have
been shown to improve survival in selected heart failure patients; these agents can
be added post partum but we have not currently used these in pregnancy.

ACEIs improve survival in all severities of myocardial disease, but have multiple
teratogenic risks and are typically avoided in pregnancy. When initiated post partum,
we suggest that the patient should be counseled about the potential for teratogenicity
or fetal demise with a recurrent pregnancy and appropriate steps for birth control be
implemented. The risk/benefit ratio should be weighed for use in lactating mothers,
although we have often prescribed these agents in this setting. For patients who are
candidates for ACEIs, therapy is initiated at low dosages and titrated at intervals to
a maximal tolerated dose.

ARBs are recommended because they improve mortality in patients with current or
prior heart failure who do not tolerate ACEIs; it is not clear whether adding ARBs to
ACEIs is beneficial. Teratogenic risks of ARBs are similar to those with ACEIs and
we use similar precautions and counseling.

Hydralazine is an arterial vasodilator with little effect on venous tone and filling pres-
sures. A large clinical experience with hydralazine in treating hypertension in preg-
nancy suggests that it is safe, and it is compatible with breast feeding. Nitrates
decrease dyspnea and improve exercise tolerance. We currently use hydralazine
and nitrates as the vasodilators of choice for women who are pregnant or if medica-
tions acting on the renin-angiotensin system are contraindicated, but ACEIs remain
the first-line agent for nonpregnant patients. The combination of hydralazine and
nitrates is considered to be a reasonable addition to standard therapy in symptomatic
patients and some racial groups.78,85 Amlodipine is an additional option for vasodilator
therapy, especially if hydralazine is not tolerated or the patient has chronic hyperten-
sion. Goal systolic blood pressure is 100 to 110 mm Hg for most patients. We do not
usually decrease doses of vasodilators for asymptomatic hypotension.

Three b-blockers (sustained-release metoprolol succinate, carvedilol, and bisopro-
lol), have been shown to reduce mortality with current or prior heart failure and
reduced ejection fraction, and is therefore recommended for all stable patients unless
contraindicated. Metoprolol is considered compatible with breast feeding, but we
recommend monitoring of exposed neonates for signs and symptoms of b blockade,
such as bradycardia, hypoglycemia, and growth restriction. Because transient wors-
ening of heart failure symptoms has been reported with initiation of therapy, patients
should have minimal evidence of fluid retention and not have required recent intrave-
nous inotropic therapy. Initial therapy is started at a low dose, then doubled at 2-week
intervals to achieve the target dose or until limited by symptoms. Improvement seems
to be dose dependent; therefore target doses should be those noted in clinical heart
failure trials.



Table 1
Common medications in the treatment of peripartum cardiomyopathy

Medicationa Indication Drug Effect

Precautions

Maternal Fetal

Diuretics
FurosemideC,L3

(first line)
ThiazidesB,L3

(second line)

Evidence of volume
overload or fluid
retention

Y Preload and afterload
Improve cardiac function
Decrease edema, improve

exercise tolerance

Electrolyte abnormalities,
fluid depletion,
hypotension, azotemia

Decreased placental
perfusion

Thiazides: possible [ risk of
birth defects or fetal
thrombocytopenia

ACE inhibitorsD

LisinoprilL3

EnalaprilL2

CaptoprilL2

History of LV dysfunction,
stage B and C heart
failure in the
nonpregnant state

Y preload and afterload
Improves survival in all

severities of myocardial
disease

Electrolyte abnormalities
Hypotension
Cough
Angioedema
Worsening renal function

Skull hypoplasia, anuria,
renal failure, limb
contractures, craniofacial
deformation, hypoplastic
lungs, death

ARBsD

ValsartanL3

CandesartanL3

Intolerance to ACE
inhibitors

Y preload and afterload
Improves mortality

Similar to ACE inhibitors Similar to ACE inhibitors

Peripheral vasodilatorsC

HydralazineL2

NitratesL3

NesiritideL3,b

First-line vasodilator in
pregnancy as ACE and
ARBs are contraindicated

Y preload and afterload Hypotension
Tolerance with long-term

nitrate therapy
Headache with nitrates
Lupuslike reaction with

hydralazine

C
ru

z
e
t

a
l

2
9
2



Calcium channel blockerC

AmlodipineL3

Blood pressure control Peripheral vasodilation Peripheral edema
Hypotension

b-BlockersC

MetoprololL3

CarvedilolL3

BisoprololL3

Always used with LV
dysfunction unless
contraindicated

Improves myocardial
contractility by Y
sympathetic tone

Reduces mortality

Transient worsening of
congestive heart failure
symptoms

Avoid initiation or
increased dose in
decompensated heart
failure

Bradycardia, hypoglycemia,
growth retardation

Animal fetal and
teratogenicity with
carvedilol at high human
dose

Inotropes
DigoxinC,L2

DopamineC,L2,b

DobutamineB,L2,b

Symptomatic heart failure
in pregnancy

[ myocontractility Arrhythmias
gastrointestinal symptoms
Narrow therapeutic index

Aldosterone antagonists
SpironolactoneC-D,L2

EplerenoneB,L3

May add post partum to
ACEI and Arb in
symptomatic patients

Improves survival in
patients with class 3–4
symptoms

Hyperkalemia Feminization of male rat
fetuses

Dr Hale’s Lactation Risk Category: L1, controlled studies in breastfeeding women fail to show a risk to the infant and the possibility of harm to the breastfeeding
infant is remote, or the product is not orally bioavailable in an infant; L2, drug that has been studied in a limited number of breastfeeding women without an
increase in adverse effects in the infant. Or, the evidence of a demonstrated risk that is likely to follow is remote; L3, there are no controlled studies in breastfeed-
ing women, but the risk of untoward effects to a breastfed infant is possible. Or, controlled studies show only minimal nonthreatening adverse effects. Give if
potential benefits outweigh risks. Drugs in this category are essentially compatible with breastfeeding. (Data from Hale TW. Medications and mother’s milk.
12th edition. Amarillo, TX: Hale Publishing; 2006.)

a Denotes US Food and Drug Administration class (A, B, C, D) and lactation safety.
b Reserved for refractory heart failure.
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Digoxin improves symptoms, quality of life, and exercise tolerance in mild-to-
moderate heart failure by attenuation of the neurohormonal system and inhibition
of sodium potassium adenosine triphosphatase leading to increased myocontractil-
ity. Benefit with digoxin therapy has been shown regardless of underlying rhythm,
cause of heart failure, or nature of concomitant therapy, but does not decrease
mortality in class 2 or 3 heart failure.86 Digoxin has a narrow therapeutic index
and there have been concerns about increased morbidity and mortality when this
agent is used87; therefore attention is required to avoid toxicity. We usually keep
serum levels to between 1 and 1.2 ng/dL or less. However, we typically add digoxin
early in the course of therapy in symptomatic women when ACEIs and ARBs are
contraindicated.

For patients with ejection fraction of 35% or less on optimal therapy who have an
expected survival of more than 1 year, implantable cardioverter defibrillator therapy
may be warranted for primary prevention of sudden cardiac death.78 Cardiac resynch-
ronization therapy is recommended in patients with widened quantitative radioscintig-
raphy (QRS) by electrocardiograph (ECG) and class 3 or 4 symptoms despite optimal
medical therapy.78 LV-assist devices and transplantation are therapeutic options in
the most critical patients.

LV dysfunction is associated with an increased risk of thromboembolic phenomena.
In 3 large contemporary heart failure trials risk of embolic events ranged from 1 to 2.5
per 100 patient years.88–90 Risk of embolic event correlated with severity of heart
failure, presence of atrial fibrillation, and thrombus noted on transthoracic echocardi-
ography. Furthermore, pregnancy and the puerperium are prothrombotic states. A
recent review of 182 patients with PPCM documented thromboembolic complications
in 4 patients (2.2%).91 Choosing a specific antithrombotic agent during pregnancy is
complicated by potential for teratogenicity with warfarin and dosing issues with
heparin. In their practice, during pregnancy when warfarin is contraindicated, we
have used low-molecular heparin in therapeutic doses when ejection fraction is
30% or less, atrial fibrillation is present, or there is documented thrombus/prior
cardiac embolic event. Therapeutic dosing is typically based on weight to achieve
an anti-Xa level of 0.6 to 1 IU/mL (enoxaparin) or 0.85 to 1.05 IU/mL (dalteparin).
Warfarin can be used post partum in this setting to achieve an international normali-
zation ratio (INR) of 2 to 3, and is safe with breastfeeding.

Drugs known to adversely affect clinical status in heart failure should be avoided
whenever possible, including nonsteroidal antiinflammatories, many antiarrhythmic
drugs, and nondihydropyridine calcium channel blockers. Exercise training can be
an adjunct to improving status in stable post partum patients.78

Acute heart failure decompensation is usually manifested by signs of worsening
pulmonary or peripheral congestion, particularly dyspnea, tachycardia, decreased
oxygen saturation, large weight gain, and signs and symptoms of hypoperfusion
such as hypotension or worsening mental status. The normal hemodynamic changes
of pregnancy can make recognition of this syndrome difficult, but the presence of
basilar rales, jugular venous distension, positive abdominal jugular reflex, increased
heart rate, S3, and peripheral edema (all findings that can be normal in pregnancy)
should raise the index of suspicion, particularly in those with a previous history of heart
failure. Measurement of natriuretic peptides (BNP, NT pro-BNP) can be useful
adjuncts to diagnosis.75

A search should be made for potentially confounding factors such as acute lung
injury, embolus, pneumonia, preeclampsia, or MI. Therapy is directed at treatment
of volume overload, afterload reduction, hypertension control, and treatment of con-
founding factors such as arrhythmias, anemia, and thyroid disease.78
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Oxygen therapy should be administered to relieve symptoms related to hypoxemia.
With significant volume overload we typically initiate loop diuretic therapy with furose-
mide, although caution must be used in the presence of preeclampsia because of
concern for decreased placental perfusion. In pregnancy, hydralazine and nitrates
are the vasodilators of choice because ACEIs and ARBs are contraindicated. Although
evidence that digoxin is beneficial in acute decompensated heart failure is lacking, we
have usually empirically added this drug. We use the same approach to b blockade in
pregnant women as in nonpregnant women: initiation of b blockade once volume
status has improved; in women already on this therapy it can often be continued,
although occasionally dosage needs to be diminished. Intravenous nitroglycerine
may be required in more severely decompensated patients, and inotropic therapy
with dobutamine may be necessary in the setting of hypoperfusion with clearly
increased filling pressures. Few human data are available, but, if blood pressure
support is required, dopamine may have fewer potentially deleterious effects on
placental blood flow than phenylephrine or norepinephrine.92 Intravenous nitroprus-
side or nesiratide may be considered in certain circumstances for afterload reduction,
although thiocyanate toxicity must be considered with the former and there are few
human data in pregnancy with the latter. Invasive monitoring may be considered for
patients with respiratory distress or impaired perfusion in which intracardiac filling
pressures cannot be determined from clinical assessment.
OTHER NOVEL THERAPIES

In mouse models of PPCM, increased activity of cardiac cathepsin D promotes activity
of a 16-kD proapoptotic form of prolactin, leading to myocardial injury. Bromocriptine
as a specific therapy for PPCM is currently being evaluated. Several case reports doc-
umenting recovery of function in women with PPCM treated with bromocriptine have
been published.46,93 A series of 12 patients with previous PPCM at high risk for rede-
velopment were randomized to standard therapy with or without bromocriptine. In the
6 patients treated with bromocriptine there was no recurrence, whereas all patients
treated with standard therapy alone developed worsening function.41,59 MI has rarely
been reported in women taking bromocriptine for suppression of lactation.94

Hilfiker-Kleiner noted no complications in 18 PPCM women treated consecutively
with bromocriptine (Denise Hilfiker-Kleiner, MD, Johannesburg, South Africa, personal
communication, December 2009). Use of bromocriptine must be weighed against
potential harm of decreased milk production, especially in Third World countries
where risk of infant infection and malnutrition are high. Ongoing prospective trials
should clarify the decision to treat with this agent.

In a study of 59 patients with PPCM, 30 were treated with pentoxifylline, which is
known to decrease TNF-a, in addition to standard therapy with digoxin, ACEIs, and
b blockade. They had lower mortality, greater decrease in LV end-diastolic and
systolic chamber dimensions, and greater increase in functional status than the group
treated with standard therapy alone.95 Intravenous immune globulin has been associ-
ated with improved ejection fraction in several studies of cardiomyopathy associated
with active inflammation96,97; however, treatment effect could not be proved because
of a marked variability in outcome measures and the high rate of spontaneous
recovery. Immunosuppressive therapy has been considered to be helpful in some
patients with active myocarditis, although active viral infection must be excluded.58,98

None of these novel agents are currently routinely recommended. A multicenter PPCM
network is currently being established. Results of studies performed via this network
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should fuel development of prospective investigations with adequate power to
address pathogenesis and new treatments for PPCM.

ANTEPARTUM MANAGEMENT

Serial clinical assessment should be performed at each return visit to assess the
patient’s ability to perform routine and desired activities of daily living, blood pressure,
heart rate, weight, and volume status. Repeat assessment of ejection fraction and
structural heart changes should be performed in patients who have had a change in
clinical status, at intervals, and usually again before delivery. The value of serial
measurements of BNP to guide therapy in pregnant patients with heart failure is not
well established but in our practice we have found it a useful adjunct. Serum electro-
lytes and renal function should be monitored frequently. Potassium and magnesium
concentrations are of particular importance because deficiency is a common adverse
effect of diuretic therapy and a contributing factor to digoxin toxicity and fatal arrhyth-
mias. Increased potassium levels are of potential concern in patients treated with
ACEIs, ARBs, or aldosterone antagonists, although these are not routinely used in
pregnancy.

We typically perform a sonogram at 20 weeks’ gestation to assess fetal anatomy,
and then serially to assess fetal growth, particularly for intrauterine growth restriction.
In the third trimester, we routinely perform antenatal testing (eg, nonstress test and
amniotic fluid index or biophysical profile) starting at 32 weeks and then weekly there-
after. If steroids for fetal lung maturity are indicated preterm, this medication can be
administered safely with careful attention to the potential for fluid retention.

Fett99 recently proposed a focused medical history test for PPCM patients during
the latter portion of the pregnancy and post partum period, evaluating for orthopnea,
dyspnea, unexplained cough, lower extremity swelling, excessive weight gain, and
palpitations. Patients are assigned points based on symptomotology; tests for natri-
uretic peptide levels and high-sensitivity CRP (hs-CRP) are performed if the patient
has 3to 4 points or more, with repeat echocardiography if these are increased.
Fett99 recommends performing all 3 tests if the patient reports symptoms resulting
in 5 or more points. Prospective validation of this point scale in the future will be impor-
tant in verifying risk.

MANAGEMENT OF DELIVERY

If medical management is successful in stabilizing a patient with PPCM, then early
delivery is not required and spontaneous labor is not contraindicated. However, if
the converse is true, then early delivery may be desirable. Labor induction can be con-
ducted with minimal risk and, if cervical ripening is required, prostaglandins can be
administered safely, as can oxytocin. One should consider administration of an early
epidural to minimize sympathetic output; however, caution must be exercised in
limiting fluid boluses and maintaining strict intake and output to avoid fluid overload.
A predelivery anesthesia consultation is desirable in planning the anesthetic choice.
Shortening the second stage of labor with the use of low forceps or a vacuum device
is recommended to minimize ventricular work. Given the potential surgical risks
encountered with cesarean delivery, including infection, blood loss, greater fluid shifts,
and postoperative complications, we believe the cardiovascular benefits from vaginal
delivery most often outweigh that of surgical delivery. We typically reserve cesarean
delivery for obstetric indications; however, the need for prompt delivery may a play
a role in the obstetrician’s decision. Placement of invasive catheters for monitoring
(eg, Swan-Ganz) have not been proven to achieve better outcomes in perioperative
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trials. We reserve invasive monitoring for individuals in whom volume status is prob-
lematic.100 Thromboprophylaxis should be considered intrapartum (eg, sequential
compression devices or prophylactic heparin). Strict monitoring of fluid status is crit-
ical, and we often administer diuretic therapy after delivery to prevent volume overload
as fluids are resorbed into the intravascular space after delivery. The parturient should
be seen 1 week after delivery to assess her cardiovascular status and make any
necessary medication adjustments.
MATERNAL PROGNOSIS

Reports of long-term prognosis in women with PPCM vary, but outcome depends on
LV function. Chapa and colleagues83 reviewed 32 PPCM patients and noted that frac-
tional shortening of less than 20% and LV end-diastolic dimension of 6 cm or more at
diagnosis were associated with a threefold greater risk for persistent LV dysfunction.
Amos and colleagues101 reported 55 PPCM cases from 1990 to 2003, mean follow-up
43 months, and their mean initial ejection fraction was 20%. In this cohort, 62% of
patients improved, 24% remained unchanged, and 4% died, whereas 10% required
cardiac transplantation. Most who recovered significant LV function showed evidence
of improvement by 2 months after diagnosis. Predictors of poor outcome included
enlarged LV end-diastolic dimension (>5.6 cm), presence of LV thrombus, and African
American race. Goland and colleagues91 recently reviewed 182 PPCM patients for
major adverse events (MAE) defined as death or life-threatening complications
including heart transplantation, temporary circulatory support, cardiopulmonary
arrest, pulmonary edema requiring intensive care unit therapy, thromboembolic
complications, ventricular arrhythmias leading to placement of an implantable cardi-
overter defibrillator or bradyarrhythmias leading to pacemaker placement. Mean
age was 29 (�7) years, follow-up 19 (�25) months (range 0–168 months) and ejection
fraction 29% (�11%). MAE were noted in 25% of patients and 13 (7%) died: 5 of
sudden cardiac death, 6 with progressive heart failure, and 2 from unknown causes.
Eleven patients underwent heart transplantation (6%), whereas severe pulmonary
edema was noted in 17 (9%) and thromboembolic complications in 4 (2.2%) women.
All patients with MAE had severe LV dysfunction, were more commonly non-Cauca-
sian, and more often had a delayed diagnosis. Greater complication rates in non-
Caucasian women may reflect genetic or environmental status or disparities in access
to health care. Similarly, Sliwa and colleagues24 studied 100 women with newly diag-
nosed PPCM at a single center in South Africa for 6 months and noted normalization of
LV function in only 23%. Fifteen patients died: 4 suddenly, the rest of progressive heart
failure despite optimal medical therapy. Transplantation and placement of an LV-
assist device were not available for financial reasons. Plasma markers of inflammation
were significantly increased in PPCM patients, and correlated with lower ejection frac-
tion and increased LV dimensions at presentation. Patients who died had a signifi-
cantly lower mean ejection fraction and higher Fas/Apo-1 plasma levels.

Prognosis with Recurrent Pregnancies

Many women with PPCM desire another pregnancy. Information about risk of recur-
rent LV dysfunction is based predominantly on retrospective reviews of women who
undertook subsequent pregnancies. Elkayam and colleagues102 reviewed the risk of
recurrent cardiomyopathy from a survey of 44 patients who underwent 60 subsequent
pregnancies. Subjects were divided into those whose LV function normalized before
recurrent pregnancy and those in whom LV function remained diminished. During
subsequent pregnancy mean ejection fraction decreased in both groups, and heart
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failure symptoms were noted in 21% of gravidas with normal LV function and 44% of
those with persistent dysfunction; mortality was 19% in those with persistent LV
dysfunction. Prematurity was more frequent in the women with LV dysfunction. Fett
and colleagues103 documented 61 women with recurrent pregnancies identified
from a Haitian PPCM registry or Internet support group and noted recurrent heart
failure in 29% percent. As in the analysis by Elkayam and colleagues,102 LV function
at the start of pregnancy predicted recurrent heart failure at a rate of 46.2% when ejec-
tion fraction was less than 55%. Risk was inversely related to ejection fraction, with
recurrent cardiomyopathy documented in only 17% of those with ejection fraction
greater than 55%, compared with 66.7% recurrence in women with ejection fractions
less than 45%.

There are no established protocols for following women with recurrent pregnancies
who elect to continue pregnancy. Exercise stress echocardiography or dobutamine
stress echocardiography may help define risk in women with recovered function.34

Some patients with apparent improvement in LV function may still have decreased
contractile reserve that becomes evident only with stress testing. Normal cardiac
reserve does not preclude recurrent PPCM in any of the studies detailing recurrent
pregnancy.83,102,103 All patients, even those with recovered function, should be
considered high risk, and close communication between the treating maternal-fetal
medicine expert and cardiologist, and at time of delivery the obstetric anesthesiologist
and perinatologist, is mandatory. Based on clinical experience with 61 recurrent grav-
idas, Fett99 proposed baseline echocardiographic evaluation of LV function with
follow-up evaluation in second and third trimesters, and in the first month post partum
or if there is a change in symptoms suggestive of recurrent heart failure. Baseline BNP
or pro-BNP and hs-CRP levels, with repeat values performed near term or with symp-
toms, can also provide useful clues to increased volume status suggestive of recurrent
heart failure and increased inflammation associated with impending relapse, respec-
tively. As the pathophysiology of PPCM becomes increasingly better defined, specific
cytokine markers may prove useful adjuncts to predicting risk.
SUMMARY

Although multiple mechanisms have been postulated, PPCM continues to be a cardio-
myopathy of unknown cause. Multiple risk factors exist and the clinical presentation
does not allow differentiation among potential causes. Although specific diagnostic
criteria exist, PPCM remains a diagnosis of exclusion. Treatment modalities are
dictated by the clinical state of the patient, and prognosis is dependent on recovery
of function. Randomized controlled trials of novel therapies, such as bromocriptine,
are needed to establish better treatment regimens to decrease morbidity and
mortality. The creation of an international registry will be an important step to better
define and treat PPCM.
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According to the World Health Organization (WHO) guidelines, normal weight is
defined as a body mass index (BMI) of 18.5 to 24.9 kg/m2, overweight as a BMI of
25 to 29.9 kg/m2, and obesity as a BMI of 30 kg/m2 or more.1 Obesity then can be
further categorized by BMI into class 1 (30–34.9 kg/m2), class 2 (35–39.9 kg/m2),
and class 3 (R40 kg/m2), also termed morbid obesity. In the United States, approxi-
mately 68% of adults were either overweight or obese in the period 2005 to 2006.2

Obesity has become an epidemic in the United States. The Centers for Disease
Control has been tracking this information for over 2 decades. In 2008, only one state
(Colorado) had a prevalence of obesity less than 20% compared with 1990 when no
state had a prevalence of more than 14%.2 Taking a further look at the demographics
of obesity, it affects a greater proportion of women than men, and African Americans
have the highest prevalence of all races (35.7%).3 Not only does obesity have a signif-
icant negative impact on health through increased rates of hypertension, diabetes,
heart disease, cerebral vascular accidents, degenerative joint disease, and depres-
sion, it is also associated with increased mortality.4,5 The economic impact of obesity
on medical costs was estimated at $75 billion in 2003.6 The United States is expected
to spend $344 billion on health care costs attributed to obesity in 2018.7,8 Behavioral
and lifestyle factors likely account for the alarming increase in obesity rates over the
past 20 years; however, environmental, social, economic, and genetic factors are
also intertwined in its etiology.5

MANAGEMENT OF OBESITY

Of all diseases in medicine, obesity is likely one of the most difficult to treat and
manage. Although obesity prevention should be the focus of clinical care, there are
several treatment options for obesity including behavioral changes (diet, exercise),
pharmacotherapy, and bariatric surgery. Unfortunately, conventional behavioral and
dietary approaches are not successful primarily due to ineffectiveness and weight
regain. Currently available drugs are orlistat (a lipase inhibitor that reduces the absorp-
tion of fat) and sibutramine (a centrally acting appetite suppressant that inhibits uptake
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of noradrenaline and serotonin). Of all these options, only bariatric surgery provides
durable and significant reductions in body weight (>60% long-term excess weight
loss), correction of comorbid conditions, and improved survival.9–12 Indications for
bariatric surgery include a trial of medical therapy for at least 6 months, and a BMI
equal to or more than 40 kg/m2 or 35 kg/m2 with obesity-related comorbidities. The
number of bariatric surgeries done in the United States has increased significantly
(from 13,365 in 1996 to 72,177 in 2002), and women represent 84% of all patients
undergoing this procedure.13

Types of Bariatric Surgery

There are several different types of bariatric surgery, including the Roux-en-Y gastric
bypass (RYGBP), biliopancreatic diversion (BPD), BPD with duodenal switch (BPD-
DS), laparoscopic adjustable gastric banding (LAGB), and vertical banded gastro-
plasty (VBG). The main difference in the types of surgery is whether weight loss occurs
as a result of restriction, malabsorption, or a combination of both (Table 1). LAGB is
a purely restrictive surgery whereby an inflatable band is placed below the gastro-
esophageal junction leaving a gastric pouch of 10 to 15 mL. These gastric dimensions
can be adjusted by adding or removing fluid from the band through a subcutaneous
port. The RYGBP creates a small gastric pouch (%30 mL), which is then connected
to the Roux limb (a part of the jejunum where the food travels). The duodenum and
proximal jejunum, which contain bile and pancreatic secretions, later join the Roux
limb to form a common limb. The BPD and BPD-DS have greater malabsorption
components compared with the RYGBP. The jejunoileal bypass (JIB), a procedure
whereby the proximal jejunum is joined to the distal ileum, was the first type of malab-
sorptive bariatric surgery performed. Because of the severe long-term morbidities
attributed to extreme malabsorption of all types of calories and vitamins, this proce-
dure is no longer performed today. The type of procedure chosen for each patient
depends on several criteria including their preoperative BMI and comorbidities, but
also varies among institutions depending on available facilities and surgical expertise.
The RYGBP and LAGB are the most common procedures performed in the United
States.
OBESITY IN PREGNANCY

Amidst an epidemic of obesity in the United States, obesity among pregnant women
has also risen dramatically. The prevalence of obesity among pregnant women ranges
from 10% to 35%.14–17 The combination of obesity and pregnancy creates additional
risk factors for adverse perinatal outcomes (Table 2).15–33 This increased perinatal
morbidity associated with maternal obesity has caught the attention of obstetricians
and gynecologists.34 Long-term adverse outcomes of maternal obesity including
Table 1
Types of bariatric surgeries

Malabsorption Restrictive Combination

Jejunoileal bypassa Laparoscopic adjustable banding Roux-en-Y gastric bypass

Vertical gastric banding Biliopancreatic diversion

Biliopancreatic diversion with
duodenal switch

a No longer performed today.



Table 2
Risks of maternal obesity

Maternal Fetal

Miscarriage Stillbirth

Hypertension (gestational and
preeclampsia)

Birth defects (neural tube, cardiac, and
omphalocele)

Gestational diabetes Indicated premature birth

Labor induction Macrosomia

Cesarean delivery Birth trauma

Postpartum hemorrhage Childhood obesity

Decreased vaginal birth after
cesarean success

Operative infectious morbidity

Thromboembolic events

Refs.15–33
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childhood obesity are unfortunately becoming well known.23,35 Although it seems
plausible that perinatal outcomes would be improved in patients with an optimal pre-
pregnancy BMI, whether weight loss prior to pregnancy improves future pregnancy
outcomes has only been studied with respect to bariatric surgery interventions.

REPRODUCTIVE ISSUES AFTER BARIATRIC SURGERY

Approximately half of all bariatric procedures are performed in women of childbearing
age. Consequently, pregnancies occurring after these procedures are not uncommon,
and it is important to address the reproductive issues that arise. The relationship
between obesity and infertility is well established and is likely attributed to changes in
hormone secretion resulting in oligo-ovulation and anovulation.36,37 Improved ovulatory
function in women that have bariatric surgery also impacts their fertility.38–40 As such,
many unplanned pregnancies occur after bariatric surgery, and contraception coun-
seling should be incorporated in the preoperative and postoperative care of these
patients.

Obesity is also associated with increased miscarriage rates.18 The interpretation of
miscarriage rates after bariatric surgery is limited due to small numbers; however, the
available studies have conflicting outcomes. Bilenka and colleagues41 compared
pregnancies before and after VBG. Of 18 pregnancies prior to the operation, 7 ended
in miscarriage (33%), whereas only 1 of 14 (7%) pregnancies conceived after the oper-
ation was lost. Similarly, in a survey of 195 patients, miscarriages were reported in
33% of patients before RYGBP surgery and in only 6% afterwards, P<.001.40 In
contrast, miscarriages increased from 22% to 26% after BPD procedures (as reported
in a self-questionnaire despite significant weight loss) and from 25% to 40% after
VBG.42,43 These 2 studies did not provide statistical analysis.

For those who desire to become pregnant, most experts recommend waiting at least
18 to 24 months before future conception.44 This delay may help avoid the exposure of
a developing fetus to a rapid weight loss environment and help optimize the patient’s
weight loss. However, if pregnancy does occur before this time frame, studies have
shown that risk may not necessarily be increased.45–48 For example, Dao and
colleagues46 compared 21 pregnancies that occurred within 1 year of surgery to 13
that occurred after 1 year. The early groups gained less weight (1.8 kg vs 15.5 kg),
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but the remainder of the perinatal outcomes were similar. Of note, other investigators
report that the more severe neonatal outcomes occurred at least 2 years after BPD
procedures, suggesting that complications can occur regardless of the timing of the
procedure.49
PREGNANCY AFTER BARIATRIC SURGERY
Side Effects and Complications of Bariatric Surgery and Their Effects on Pregnancy

Nutrition and anemia
Bariatric surgery patients require lifelong follow-up of hematological and iron param-
eters because iron deficiency and iron deficiency anemia can be long-term complica-
tions occurring in 6% to 50% of patients after RYGBP.50–52 The reasons for this
include decreased dietary intake due to intolerance to certain foods (based on self-
reported decrease in red-meat consumption), decreased gastric acid secretion (attrib-
uted to fewer parietal cells), and duodenal exclusion (bypass of absorption site).52–55

Folic acid deficiency can occur as a result of decreased gastric production of hydro-
chloric acid, which ordinarily allows for absorption of folic acid in the upper third of the
intestine. Folic acid deficiency is reported in up to 38% of patients after RYGBP.56 Low
iron and folic acid in addition to deficiencies of fat-soluble vitamins and vitamin B12 are
perhaps the most important factors to consider in a pregnancy. In pregnancy, a mild
anemia is expected as a result of hemodilution, with the nadir hemoglobin approach-
ing 10.5 g/dL at 28 to 34 weeks. In addition, iron and other nutrient requirements
increase in pregnancy, so the risk for clinically important deficiencies increases in
pregnant bariatric surgery patients. Risks of anemia in pregnancy may include preterm
delivery and low infant birth weight.57 The potential increased risk for birth defects is
discussed in a subsequent section.

Surgical complications
Some of the known surgical complications of bariatric surgery include internal hernias
(1%–5%),58 adhesive bands, incarcerated hernias, and anastomotic leaks. After
restrictive surgeries stomal obstructions, esophageal and gastric pouch dilation,
and band slippage or migration can occur. One study reported that band migration
was more common during pregnancy, 2.4% over the 40-week time span of pregnancy
compared with 6% over 10 years in nonpregnant patients.59 The presenting symp-
toms of these problems may include decreased appetite, nausea, vomiting, abdom-
inal pain, heartburn, and changes in bowel habits, all of which can occur in an
otherwise normal pregnancy.

Several adverse outcomes including intestinal obstructions and band erosions
during a pregnancy have been described in case reports. In many of these reports,
the initial laboratory tests (liver function tests, amylase, lipase, and electrolytes)
were normal.60–62 Two recent cases of maternal deaths have been reported, one at
25 weeks with a midgut volvulus leading to perforation and death by septic shock63

and the other at 31 weeks with 61 cm of gangrenous small bowel herniating through
a mesenteric defect.60 These deaths were attributed to delayed recognition of surgical
complications. Pregnant women may be at increased risk of bowel obstruction due to
increased abdominal pressure associated with an enlarging gravid uterus; however,
some of these complications have been described in the first trimester.60

Perinatal Outcomes

Maternal outcomes
Several studies have shown that bariatric surgery may be associated with decreased
obesity-related or gestational-related pregnancy complications, including diabetes
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and hypertensive disorders.64–68 In a systematic review of pregnancies following bari-
atric surgery, 3 matched cohort studies had lower adverse maternal outcomes in preg-
nancies after LAGB and RYGBP compared with obese controls. There is conflicting
information regarding the occurrence of cesareans after bariatric surgery. In one
study, cesareans were higher in the bariatric surgery group compared with the general
population (25.2% vs 12.2%; odds ratio [OR] 2.4, P<.001) and the risk persisted even
after controlling for prior cesarean delivery, labor induction, BMI, diabetes, and infant
birth weight.69 Several other investigators have reported this finding,47,70 but cesar-
eans were lower in 2 case-control studies43,65 and similar in several other
reports.47,48,64,67,68,71

Neonatal outcomes
Birth defects and perinatal mortality It is well known that adequate maternal folate
intake can prevent fetal neural tube defects.72 Neural tube defects and folic acid defi-
ciency after bariatric surgery have been described in case reports.70,73,74 However,
a larger population based study reported similar occurrences of birth defects (unspec-
ified types) in women with and without prior bariatric surgery (mixed types) (5.0% vs
4.0%, P 5 .355).69 In a study comparing 301 deliveries before and 507 after bariatric
surgery, Weintraub and colleagues75 found an increase in birth defects (unspecified
type) after surgery (3.3% vs 7.9%, OR 2.5 95% confidence interval [CI] 1.2–5.1), but
after controlling for maternal age, diabetes, and birth weight, the effect was no longer
significant (OR 1.9, 95% CI 0.88–4.12). Furthermore, none of the 77 infants born to
mothers after intestinal (not gastric) bypass surgery in the Swedish Birth Registry
had birth defects.76 Nevertheless, many bariatric surgery patients are not compliant
with daily multivitamin supplementation (up to 85%) and therefore may enter a preg-
nancy with a serious nutritional deficiency that could increase the risk for birth
defects.45,77

Perinatal mortality also appears to be similar in bariatric patients, based on data
from 2 Israeli studies: 0.3% (after bariatric surgery) versus 1.5% (general population),
P 5 .102; and 2.3% (before bariatric surgery) versus 1.0% (after bariatric surgery),
P 5 .11.69,75 However, in a cohort of 239 pregnancies after BPD there were more peri-
natal deaths (n 5 4) and congenital malformations (n 5 3).70

Birth weight Infant weight is directly correlated to maternal BMI, and the risk for mac-
rosomia increases in obese patients.15,78–82 Studies that examine weight of infants
born of mothers after bariatric surgery describe the following trends: a decrease in
the mean birth weight, more appropriately grown neonates (AGA), more small for
gestational age (SGA) neonates, fewer large for gestational age (LGA) neonates,
and less macrosomia.42,47,64–66,68 Although the occurrence of more SGA infants is
concerning, the percentages of such birth weights were still within the normal birth
weight distributions (ie, <10% were SGA). However, some studies have found no
differences in birth weight.43,67

Other neonatal issues Even after delivery, issues related to nutrition continue to
predominate in the care of both the mother and infant. Close monitoring of vitamin
levels during this time comes from several case reports that describe vitamin B12 defi-
ciency and failure to thrive in breastfed infants.83–86 Another case report attributed
a fetal cerebral hemorrhage to vitamin K deficiency in a mother who experienced
complications from a gastric banding procedure and required parenteral feeding for
several weeks before delivery.87 In another case series, severe intracranial neonatal
bleeding occurred in an additional 3 infants born to mothers after bariatric surgery
(2 LAGB, 1 BPD).88 Although not substantiated by laboratory testing, the presumed
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cause was maternal vitamin K deficiency. Usually pregnancies after LAGB are not
associated with nutrient or vitamin deficiencies, but the investigators cautioned to
screen for vitamin K deficiency in women with food intolerance and vomiting during
pregnancy.

Long-Term Outcomes and the Offspring of Bariatric Surgery Patients

According to the Barker hypothesis, fetal nutrition begets adult diseases and the intra-
uterine environment has a significant impact on susceptibility to obesity.89–92 It is also
known that parenteral obesity is a risk for childhood obesity, potentially as a result of
an obesity-prone genotype.93–95 One of the reasons to improve maternal morbidity
related to obesity is the potentially positive effect on infant and childhood outcomes.
A single center has published 3 studies on the long-term outcomes of infants born to
mothers after bariatric surgery. The first investigation involved a questionnaire mailed
to patients who had a BPD between 1984 and 1995. The range of the children’s ages
was 0.5 to 16 years at the time of the questionnaire. Of 88 children older than 4 years,
all attended school at the appropriate level and there was a significant increase in
weight categories from birth (6% macrosomia) to the time of the survey (23.8%
>90th percentile for weight), P<.01.42 More favorable results were later reported in
a study that compared weight outcomes in 172 children born to obese mothers
(mean BMI 31 � 9 kg/m2) after BPD or BPD-DS compared with 45 same-age siblings
born before the surgery (mean maternal BMI 48 � 8 kg/m2). Comparing the offspring
born before and after BPD, obesity and severe obesity (defined as a BMI >2 kg/m2

above the cutoff point for obesity, equivalent to a BMI of 35 kg/m2 in adults) decreased
by 52% (P 5 .005) and 45% (P 5 .04), respectively. Furthermore, 16% of the children
aged 6 to 18 years born after BPD were overweight,71 which the investigators thought
was comparable to the local population standards.

In a follow-up study of 111 children (54 before BPD and 57 after BPD) aged 2.5 to 26
years, cardiometabolic risk factors were assessed. In children born to women after
BPD, there was greater insulin sensitivity (insulin resistance index [fasting glucose �
fasting insulin/22.5] of 3.4 � 0.3 vs 4.8 � 0.5, P 5 .02), improved lipid profiles (total
cholesterol/high-density lipoprotein cholesterol ratio 1.5 � 0.05 vs 1.35 � 0.05
mmol/L, P 5 .04), lower C-reactive protein levels (0.88 � 0.17 vs 2.00 � 0.34 mg/
mL, P 5 .004), lower leptin levels (11.5 � 1.5 vs 19.7 � 2.5 ng/mL, P 5 .005) and
increased ghrelin levels (a marker of satiety) (1.28 � 0.06 vs 1.03 � 0.06 ng/mL, P
5 .005) than in children born to women before BPD. The children born after BPD
were also less likely to have severe obesity (11% vs 35%, P 5 .004).96 The differences
in body weight alone were insufficient to explain the differences in insulin resistance
and dyslipidemia. These findings are promising in that offspring of mothers after bari-
atric surgery are less likely to be obese and may also have improvements in metabolic
status.

Bariatric Surgery and Adolescents

The epidemic of obesity in the United States has also affected adolescents. For those
aged 12 to 19 years, the prevalence of obesity has increased from 5.0% to 17.6% over
the past 20 years.97

Obesity in the pregnant adolescent population carries similar perinatal risks, with
increased rates of gestational diabetes, preeclampsia, induction, macrosomia, and
cesarean deliveries.98 Adolescents are also candidates for bariatric surgery if they
have a BMI greater than 40 kg/m2, comorbid conditions, and have failed nonoperative
weight loss options. In addition, skeletal maturity (R13 years for girls and R15 years
for boys) is also a prerequisite.99 Adolescents also require a multidisciplinary team
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with additional expertise in pediatric or adolescent medicine. Given the increase in
childhood obesity, it is expected that the number of adolescents having bariatric
surgery will also continue to increase. The 282 procedures done in 2003 (an increase
from 51 procedures in 1997) were performed on predominantly female patients (70%)
with a mean age of 16 years.100,101

Although this is a unique population with concerns for both weight loss and perinatal
outcomes, clinical management is linked due to the few studies on the topic.102 Papa-
dia and colleagues103 reported on 52 girls and 16 boys who had a BPD at a mean age
of 16.8 years and a follow-up of 2 to 23 years. Twenty percent required reoperations
and 16% developed protein malnutrition. The mean percentage of excess weight loss
at each patient’s longest follow-up was 78%. Similar to adults, comorbidities such as
hypertension (from 49% to 8.8%), lipid abnormalities (from 16% to 0%), and diabetes
(from 2.9% to 0%) decreased. There were 18 females who delivered 28 healthy infants
4 to 23 years after BPD. However, 3 additional patients had severe complications after
the pregnancy. One did not have nutrient supplements during pregnancy, and her
infant was later diagnosed with mental retardation. The other 2 mothers died of protein
malnutrition some time after the delivery.102,103 Roehrig and colleagues104 described 6
healthy term pregnancies in 47 adolescent female patients who had an RYGBP 10 to
22 months before conception.105 Although there were no reported pregnancy compli-
cations, the investigators were impressed with their pregnancy rate (12.8%), which
was significantly higher than the national pregnancy rates for adolescents. The reason
for this is unclear, but it underscores the importance of contraceptive counseling
before surgery, especially with adolescents. The recommendation to wait at least 1
year postoperatively before conception is also found in the adolescent bariatric
surgery literature.99

Long-Term Maternal Outcomes Related to Bariatric Surgery

Many patients desire to become pregnant after having bariatric surgery. In a survey of
women younger than 45 years given to patients less than 30 days before their bariatric
surgery, 30% stated that a future pregnancy was important, and was more important
to women having a LAGB than RYGPB (OR 1.75, 95% CI 1.03–2.98).100,106 The best
choice for a bariatric surgery procedure (ie, RYGBP vs LAGB vs BPD) for patients who
desire future pregnancies is also not known. Although no study has prospectively eval-
uated this, the reversibility of the LAGB may make it a more appropriate approach for
women considering future pregnancies. The higher occurrences of anemia after
RYGBP, and malnutrition and other deficiencies after BPD are additional factors to
take into consideration. Sheiner and colleagues107 were the first to compare perinatal
outcomes in purely restrictive surgeries (202 LAGB, 136 SRVG [silastic ring vertical
gastroplasty], and 56 VBG) to RYGBP (n 5 55). Pregnancies after LAGB had greater
weight gains during the pregnancy (13.1 � 9.6 kg) compared with the SRVG group
(8.8 � 7.4 kg), the VBG group (8.5 � 8.0 kg), and the RYGBP group (11.6 � 9.6 kg),
P<.001. Although infant birth weight was higher in the RYGBP (3332.9 � 475.5 g)
compared with the restrictive group as a whole (3111.7 � 533 g), there was no differ-
ence in low birth weight or macrosomia. All types of surgery had comparable
outcomes with respect to gestational diabetes, hypertension, anemia, and perinatal
mortality.101,107

The long-term effects of a pregnancy after bariatric surgery on maternal weight loss
and comorbid conditions are unknown. However, one can look at the amount of
weight gain during pregnancy as a potential marker. Patients gained less weight in
a pregnancy after RYGBP (12.7 kg) compared with the pre-RYGBP group (20.4 kg),
and most women lost all the weight gained during the pregnancy within 5 weeks
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postpartum.64 Similar findings were also reported with respect to weight gain in preg-
nancies after LAGB66,67 and BPD (6.6 � 8.9 kg after BPD vs 13.4 � 12.3 kg before
BPD), P<.0001.96 Weight gain appears to be diminished in pregnancies after bariatric
surgery, but whether patients continue to lose or gain weight is not known.
RECOMMENDATIONS FOR CARE DURING PREGNANCY
Nutritional

In general, there are no evidence-based guidelines or consensus statements
regarding nutritional management for a pregnancy after bariatric surgery, so recom-
mendations for diagnosis and treatment are similar to the nonpregnant bariatric pop-
ulation. However, even in bariatric surgery literature, guidelines for specific vitamin
doses have been poorly studied and are largely theoretical.102 Furthermore, most of
these recommendations come from RYGBP literature. Nutrient deficiencies are less
common after purely restrictive procedures but can occur, especially in patients
who have specific food intolerances or consume excess calories in a liquid form.
Protein deficiencies are less common with the bariatric procedures performed today.
Box 1 and Table 3 are the suggested approaches to the diagnosis and treatment of
nutrient deficiencies after bariatric surgery with modifications for pregnant patients.105

Many patients are not compliant with the daily multivitamin recommended by the bari-
atric surgery team and as such enter a pregnancy with nutrient deficiencies.45,77

These tests should be done at the initial prenatal visit, and if normal, repeated peri-
odically (ie, once a trimester).

In pregnancy, iron deficiency can be diagnosed in the usual manner with a low
hemoglobin, low mean corpuscular volume, and abnormal iron studies (low serum
iron, high total iron-binding capacity, and a low serum ferritin). If iron deficiency anemia
is diagnosed, then treatment and follow-up testing is recommended as in any other
pregnant patient. Because they are more readily absorbed, only ferrous iron formula-
tions should be prescribed (ie, ferrous sulfate 325 mg, ferrous fumarate 200 mg; both
of which provide 65 mg of elemental iron per tablet). Once or twice daily dosing is suffi-
cient to prevent iron deficiency, and 3 or 4 times daily dosing is recommended to
restore iron. Iron should be taken on an empty stomach and not in close proximity
Box 1

Laboratory testing recommended for patients after RYGBP in pregnancya

Complete blood count

Electrolytes

Glucose

Iron studies, ferritin

Vitamin B12

25-Hydroxyvitamin Da

a Annual laboratory testing for nonpregnant patients also includes liver functions and lipid
profile.

Data from Mechanick JI, Kushner RF, Sugerman HJ, et al. American Association of Clinical
Endocrinologists, The Obesity Society, and American Society for Metabolic and Bariatric
Surgery medical guidelines for clinical practice for the perioperative nutritional, metabolic,
and nonsurgical support of the bariatric surgery patient. Perioperative bariatric guidelines.
Obesity (Silver Spring) 2009;17:s1–70.



Table 3
Routine nutrient supplementation after bariatric surgery

Nonpregnant Population During Pregnancy

Multivitamin 1–2 daily One prenatal vitamin daily

Calcium citrate (1200–2000 mg/d) with
vitamin D (400–800 U/d)

Calcium citrate (1200 mg/d) with vitamin D
(400–800 U/d)

Folic acid 400 mg/d in multivitamin Folic acid 400 mg/d in prenatal vitamin,
replace with additional doses if
deficiency confirmed

Elemental iron with vitamin C 40–65 mg/d Elemental iron 40–65 mg/d plus prenatal
vitamin, replace with additional doses if
deficiency confirmed

Vitamin B12 R350 mg/d orally
or 1000 mg/mo intramuscularly
or 3000 mg every 6 mo intramuscularly
or 500 mg every wk intranasally

Vitamin B12 R350 mg/d orally, replace with
additional doses if deficiency confirmed

Data from Mechanick JI, Kushner RF, Sugerman HJ, et al. American Association of Clinical Endocri-
nologists, The Obesity Society, and American Society for Metabolic and Bariatric Surgery medical
guidelines for clinical practice for the perioperative nutritional, metabolic, and nonsurgical
support of the bariatric surgery patient. Perioperative bariatric guidelines. Obesity (Silver Spring)
2009;17:s1–70.
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to teas and calcium. Concomitant vitamin C ingestion may help increase iron absorp-
tion and ultimately improve hematological parameters.108 Although some studies
recommend 2 multivitamins daily during pregnancy,46,64 this should not be the case
in pregnant patients because excess doses of vitamin A can be teratogenic. The usual
calcium requirements for pregnancy are 1200 mg per day, and this dose is also appro-
priate for bariatric surgery patients. For protection against fetal neural tube defects
and other congenital anomalies, 400 mg of folic acid daily is recommended. After
LAGB, the pill size for any supplement or other oral medication should be less than
11 mm so that it can fit through the restricted area. The recommendation for protein
intake is the same regardless of bariatric surgery status: 60 g daily. Patients with
BPD or BPD-DS require closer monitoring for protein malnutrition. Finally, there is
no consensus in the literature on total caloric intake during a pregnancy after bariatric
surgery, but weight loss during pregnancy has never been recommended.

Role of the Bariatric Surgeon

If it has been more than a year since the patient has seen a member of the bariatric
surgery team, then a consultation either with the surgeon and/or nutritionist is recom-
mended during the pregnancy. Because the stoma size can be adjusted via a subcu-
taneous port to allow food to pass through more quickly or slowly, some unique issues
arise in pregnancies after LAGB. In pregnancy, one recommendation is to remove all
the fluid upon the diagnosis of pregnancy and then return fluid after 14 weeks depend-
ing on weight gain. Several investigators have described ‘‘active band management’’
whereby fluid from the gastric band is removed or lessened during a pregnancy so as
to restore the normal gastric dimensions, allowing for greater caloric intake.67,109–111

Removing fluid from the gastric band has also been done in 20% to 60% of patients
to relieve nausea and vomiting during the first trimester.65,109–111 In general, most
pregnancies were well tolerated, but those who had all the fluid removed from the
band had excessive weight gains. Some have recommended removing a minimal
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amount of fluid from the band if the patient is still obese at the time of conception so as
to minimize weight gain, and adjusting the band volume for nonobese women with the
aim of achieving a normal maternal weight gain.67 However, there is no consensus on
the management of an LAGB during pregnancy. Early consultation with a bariatric
surgeon is recommended in these pregnancies.

When a pregnant patient with a history of bariatric surgery presents with nausea or
vomiting or has an abnormal abdominal examination, one should be careful to include
bariatric surgical complications in the differential diagnosis regardless of the timing or
type of bariatric surgery. The evaluation may involve obtaining additional tests,
imaging, and even consulting the bariatric surgery team. As described in aforemen-
tioned case reports, the symptoms and signs may not be diagnostic. In these cases,
an exploratory laparotomy or diagnostic laparoscopy can provide a diagnosis and
potentially improve perinatal outcomes. In summary, a high margin of suspicion and
a low threshold for surgical exploration are recommended.

Other Considerations

Dumping syndrome can occur after the RYGBP procedure. During this process, foods
high in simple sugars cause a sudden fluid shift into the gut in response to a high
osmotic load directly in the small intestine. This fluid shift leads to symptoms including
watery diarrhea, abdominal pain and cramping, and ‘‘hypotensive’’ symptoms such as
nausea, light-headedness, tachycardia, diaphoresis, and syncope. The 50 g glucola
commonly administered in the second trimester to screen for gestational diabetes
can precipitate this syndrome. There are alternative ways to screen for diabetes.
For example, the patient can check her fasting and 2-hour postprandial blood sugars
Box 2

Recommendations for care of the pregnant bariatric surgery patient

Provide contraception counseling

Nutritional monitoring and supplementation

Identify and treat deficiencies in:

Iron

Folate

Vitamin B12

Calcium

Vitamin D

Screening for gestational diabetes

Use alternative methods for patients with RYGBP

Concurrent obesity

Counsel on risks of obesity in pregnancy

Multidisciplinary team

Bariatric surgeons, nutritionists, other medical specialists

Surgical complications

Have a high index of suspicion and low threshold to intervene
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at home for 1 week during the 24- to 28-week period. A glycosylated hemoglobin level
may also help direct prenatal care.

Even after having bariatric surgery, many patients (up to 80%)48,109,111 still remain
obese. As such, these pregnancies are at risk for complications (see Table 2), and
patients should be counseled about this. Although several studies report increased
cesareans after bariatric surgery,47,69,70 cesareans should be done for the standard
obstetric indications in patients with a pregnancy after bariatric surgery. Nonsteroidal
anti-inflammatory drugs, which are commonly used in postpartum obstetric patients,
should be avoided in bariatric surgery patients because they have been implicated in
the development of anastomotic ulcerations.104,105 Box 2 summarizes these
recommendations.

LIMITATIONS OF THE CURRENT LITERATURE

The literature on pregnancy after bariatric surgery is limited primarily by the small
numbers reported in the retrospective studies (case-control and cohort) and case
reports. The control groups are also heterogeneous in that some match to a pregnancy
before surgery and others match to patients with a similar BMI or parity without surgery.
There is also bias in the surveys conducted on patients whose pregnancies occurred
several years prior. Moreover, many studies do not describe the type of surgery
performed. More importantly, the studies are underpowered to detect significant differ-
ences in outcomes, especially birth defects and perinatal mortality. Long-term
outcomes for both the mother and her offspring are still needed. When reading the liter-
ature on pregnancy after bariatric surgery, one should keep these issues in mind.
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Epidemics of influenza typically occur from October to April and have been respon-
sible for an average of 36,000 deaths per year in the United States. Influenza viruses
cause disease among all age groups; however, rates of serious illness and death are
highest among persons older than 65 years, children younger than 2 years, pregnant
women, and persons of any age who have medical conditions that place them at
increased risk for complications from influenza.1 Influenza A is a single-stranded nega-
tive sense RNA virus that encodes 8 major genes, including 2 major surface antigens:
hemagglutinin (HA) (16 subtypes) and neuraminidase (NA) (9 subtypes). Seasonal influ-
enza poses a major global health burden annually that is magnified when potential
strains create pandemics through point mutations in genes encoding HA and NA (anti-
genic drift) or viral genomic reassortment of subtypes (especially during interspecies
transmission), often resulting in the introduction of novel influenza strains into the
human population (antigenic shift).2,3

A novel H1N1 Type A influenza virus is responsible for the current pandemic.4 This
novel virus was initially termed ‘‘swine flu’’ because many of its genes appeared very
similar to those in viruses that infect North American pigs; however, further studies
reveal that this new virus is in fact more complex. The novel H1N1 influenza virus
represents quadruple reassortment of 1 human, 1 avian, and 2 swine strains (North
American and Eurasian) of influenza virus.4
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CLINICAL PRESENTATION/MATERNAL-FETAL TRANSMISSION

The 2009 pandemic declared in July 2009 by the World Health Organization (WHO)
with the H1N1 virus often presents with similar symptoms to seasonal influenza with
body aches, fatigue, chills, rhinorrhea, conjunctivitis, shortness of breath, headache,
and gastrointestinal symptoms. Unlike with seasonal influenza, the gastrointestinal
symptoms such as diarrhea and vomiting appear more frequently in patients with
H1N1 infection.4

The severity of this influenza strain is particularly high in pregnant women. Pregnant
women with the 2009 H1N1 virus were 4 times more likely to be hospitalized than the
general public when infected with this strain.5 Of 45 deaths reported early in the
pandemic, 6 patients were pregnant. All developed viral pneumonia and acute respira-
tory distress syndrome requiring mechanical ventilation. None had evidence of
secondary bacterial infection or hemorrhage.5 In a large series of pregnant and post-
partum patients who were hospitalized with or died from 2009 H1N1 influenza, 95%
of the pregnant patients were infected in the second or third trimester, and almost
one-fifth required intensive care. One-third of these patients had preexisting medical
conditions that were recognized risk factors for complications from influenza. Eight
patients who were hospitalized had onset of symptoms within 2 weeks postpartum;
half of those required intensive care and 2 died, highlighting the continued high-risk
period immediately after delivery. In this surveillance study, pregnant women were
less likely to have underlying medical conditions than nonpregnant women hospitalized
with 2009 H1N1 virus. Although these pregnant women frequently presented with mild
or moderate symptoms, many had a rapid clinical progression and deterioration.6

Little is known regarding the direct effects of the influenza virus on the fetus. Viremia
is believed to occur infrequently7 and thus vertical transmission appears to be rare.8

Highly pathogenic strains of influenza virus, such as avian influenza A (H5N1), are
more likely to be transmitted across the placenta.9 During previous pandemics,
infected pregnant women, particularly those with pneumonia, had remarkably high
rates of spontaneous abortion and preterm birth.10 It is hypothesized that maternal
hyperthermia may account for these adverse outcomes.11,12 There is no evidence
that influenza viruses are teratogenic.

Diagnosis

A number of effective laboratory tests exist: direct antigen detection tests, virus isola-
tion in cell culture, and detection of influenza-specific RNA by real-time reverse tran-
scriptase–polymerase chain reaction (rRT-PCR). Culture has limited clinical
application because of its long turnaround time. The sensitivity of the direct antigen
test for detecting this novel virus compared with RT-PCR ranges from 10% to
70%.13 The Centers for Disease Control and Prevention (CDC) recommends rRT-
PCR swine flu panel assay to be performed to confirm the diagnosis.4 Although rapid
influenza tests are widely available and can be completed within 15 minutes, reliance
on rapid test results might have contributed to treatment delays. In the surveillance
study of pregnant and postpartum patients who were hospitalized with or died from
2009 H1N1 influenza, 38% of patients who underwent testing had false negative
results; less than 30% of the pregnant women with false negative results received anti-
viral treatment within 48 hours after symptom onset, and 5 of the patients who died
had false negative results.6 Therefore, during this pandemic the CDC issued a health
advisory alerting clinicians to the poor sensitivity of these rapid test results and recom-
mending that clinical decisions about the treatment of influenza should not be guided
or delayed by negative results on rapid testing.14
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Treatment

Women with suspected or confirmed influenza who are pregnant or who have deliv-
ered within the previous 2 weeks should receive aggressive antiviral treatment and
undergo close monitoring regardless of the results of rapid antigen tests. Because
pregnant women and their fetuses may require specialized care and monitoring, early
consideration should be given to the transfer of critically ill pregnant and postpartum
women to tertiary care facilities that can provide specialized services such as neonatal
intensive care or extracorporeal membrane oxygenation.

The benefit of treatment with antiviral medications outweighs its theoretical risk
because pregnant women are at increased risk for severe complications from the
H1N1 virus infection.15 Early treatment with antiviral medication is recommended for
pregnant women with suspected novel H1N1 infection regardless of the gestational
age. Clinicians should not wait for test results, as these medications are most effective
when started within the first 48 hours of the onset of symptoms.16 Nonetheless, data
from seasonal influenza studies indicate benefit for hospitalized patients even if treat-
ment is initiated more than 48 hours after the onset of symptoms. Therefore, antiviral
medications are recommended for high-risk patients (patients with chronic metabolic
diseases [including diabetes mellitus], renal dysfunction, hemoglobinopathies, or
immunosuppression [including immunosuppression caused by medications or by
HIV]; adults and children who have any condition [eg, cognitive dysfunction, spinal
cord injuries, seizure disorders, or other neuromuscular disorders] that can compro-
mise respiratory function or the handling of respiratory secretions or that can increase
the risk for aspiration), particularly pregnant women requiring hospitalization, even if
presenting more than 48 hours after onset of symptoms.1,17

The 2009 novel influenza H1N1 is sensitive to neuraminidase inhibitors zanamivir
(Relenza) and oseltamivir (Tamiflu), but resistant to adamantanes.13 Oseltamivir
(75 mg orally) and zanamivir (10 mg intranasal) are administered twice a day for
5 days.18 Because of its systemic activity, the drug of choice for treatment of pregnant
women is oseltamivir. For seasonal flu or influenza B, adamantanes are most effective.1

Prevention

The CDC recommends that all pregnant women receive seasonal influenza vaccina-
tion. Inactivated influenza A or B strains may be incorporated into the vaccine. Multi-
dose vials generally contain trace thimerisol, which has not been linked to neonatal
adverse outcomes. There have been at least 11 cohort studies of seasonal influenza
vaccination in pregnancy with no evidence of excess adverse maternal or fetal
outcomes.

Maternal vaccination also provides a benefit to the newborn infant, with a decreased
risk of respiratory infections related to influenza in both the mother and infant during
the first 6 months after delivery.19

Pregnant and postpartum women should be counseled about the importance of
vaccination.19–21 Pregnant women were a top-priority group for immunization against
2009 H1N1 influenza. Because the 2009 H1N1 monovalent vaccine is manufactured
according to the same processes that are used for the seasonal influenza vaccine,
its safety profile among pregnant women is expected to be similar to that of the
seasonal influenza vaccine.22 Preliminary results from a trial of 2009 H1N1 nonadju-
vanted vaccine showed a robust immune response in pregnant women, similar to
the response in nonpregnant adults, and no safety concerns were identified.23

Prophylaxis after exposure to a person with confirmed, probable, or suspected
H1N1 infection is indicated for patients at high risk of complications from influenza
(eg, pregnancy) and for health care workers who were not using appropriate personal
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protective equipment. Either oseltamivir (75 mg orally) or zanamivir (10 mg intranasal)
may be used once daily for 10 days from the time of last exposure.20,24

The risk of transmission of H1N1 through breast milk is unknown.25,26 The proba-
bility that H1N1 will cross into breast milk is low because H1N1 viremia is low. There-
fore, infected mothers may breastfeed.25,26 The decision to separate infected mothers
from their newborns is individualized. If feasible, infected women should express their
breast milk for bottle feeding by a healthy family member. Alternatively, women should
wear a face mask while breastfeeding and providing care to their babies to minimize
exposure. In the midst of a pandemic, there may be additional benefit from the
immune protection provided by breastfeeding.25,26

In summary, influenza viruses appear to pose particular risks to pregnant women in
the second and third trimesters of pregnancy. The virulence of the 2009 H1N1
pandemic has mirrored the seriousness of influenza in pregnancy seen in the
pandemics of 1918 and 1957, both of which reported excess death and morbidity
for pregnancy.13 Given the severity of illness for pregnant women and neonates,
further use of the best prevention strategy to date, vaccination for pregnant women,
is paramount.1
HEPATITIS A VIRUS
Background

Every year, approximately 10 million people worldwide are infected with the hepatitis A
virus (HAV).27 HAV is a picornavirus and contains a single-stranded RNA. It is most
commonly transmitted by the fecal-oral route via contaminated food or drinking water.
The distribution of HAV is global; however, in developing countries, and in regions with
poor hygiene standards, the incidence of infection with HAV is high and the illness is
usually contracted in early childhood. In industrialized countries on the other hand, the
infection is contracted primarily by adults traveling to countries with a high incidence
of the disease.27

Clinical Presentation/Maternal-Fetal Transmission

The symptoms of hepatitis A infection include fatigue, malaise, fever, nausea, and
anorexia, but some infected persons, particularly children, exhibit no symptoms at
all. Pregnant women who are infected experience similar symptoms, whereas others
may present with significant weight loss.28 The classic picture of icterus and hepatos-
plenomegaly becomes apparent within 10 days of systemic symptoms. Liver function
abnormalities, typically characterized by elevations in alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), peak before the appearance of jaundice. ALT
and AST may remain elevated for more than a month. A chronic carrier state for
HAV does not exist.28,29 The course of hepatitis A infection is unaffected by pregnancy
and pregnant women infected with HAV should be reassured that no adverse fetal
outcome has been linked to viral hepatitis.30 If a neonate is born within 2 weeks of
acute maternal illness with HAV, immunoglobulin is recommended for the newborn.
If the exposure is more than 2 weeks before birth, the immunoglobulin does not appear
to be effective.31

Diagnosis

The diagnosis is made by the detection of HAV-specific immunoglobulin M (IgM) anti-
bodies in the blood by enzyme-linked immunosorbent assay (ELISA). IgM antibody is
present in the blood only following an acute hepatitis A infection. It is detectable from 1
to 2 weeks after the initial infection and persists for up to 14 weeks. The presence of
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IgG antibody in the blood means that the acute stage of the illness is past and the
person is immune to future infection.31

Treatment

There is no specific treatment for hepatitis A infection. Other than supportive care,
patients should be advised to rest, eat a well-balanced diet, and stay hydrated.
Approximately 6% to 10% of people diagnosed with hepatitis A may experience
one or more symptomatic relapse(s) for up to 40 weeks after contracting the
disease.29

Prevention

Hepatitis A infection can be prevented by vaccination, and good hygiene and sanita-
tion. The recombinant vaccine contains inactivated hepatitis A virus providing active
immunity against a future infection and is recommended for all people traveling to
endemic areas, including pregnant women. The vaccine is given in 2 doses—the first
dose provides protection 2 to 4 weeks after initial vaccination; the second booster
dose, given 6 to 12 months later, provides protection for up to 20 years in approxi-
mately 90% of vaccinated persons.31 Twinrix, a combined hepatitis A and B vaccine
is also available. The seroconversion after 3 doses is nearly 100%.31
HEPATITIS B VIRUS
Background

In 2005, approximately 51,000 people became infected with hepatitis B in the United
States and about 1.25 million people in the United States have chronic hepatitis B virus
(HBV) infection. Each year about 3000 to 5000 people die from cirrhosis or liver cancer
caused by HBV.31 HBV is a double-stranded DNA virus in the Hepadnaviridae family.32

HBV is found in highest concentrations in the blood, and lower concentrations in
semen and vaginal secretions. Sexual transmission accounts for most adult HBV
infections in the United States. Approximately 25% of the regular sexual contacts of
infected individuals will themselves become seropositive.32

Clinical Presentation/Maternal-Fetal Transmission

Patients with an acute infection are either asymptomatic or present with loss of appe-
tite, nausea, vomiting, fever, abdominal pain, and jaundice. Most patients with chronic
hepatitis B are asymptomatic, but some have nonspecific symptoms such as
fatigue.32

Hepatitis B infection during pregnancy does not increase maternal mortality or
morbidity. There is also no association between maternal HBV infection and adverse
fetal outcome in an otherwise healthy mother. Chronic HBV infection is usually mild in
pregnant women, but may flare shortly after delivery.33 Approximately 10% to 20% of
women who are seropositive for hepatitis B surface antigen (HBsAg) transmit the virus
to their neonates only in the absence of immunoprophylaxis.34 Of mothers who are
positive for HBsAg and hepatitis B e antigen (HBeAg), approximately 90% of infants
will become infected if no immunoprophylaxis is given.34 Transmission rates with
primary infection are much higher in the third trimester (80%–90%) compared with
the first trimester (10%).34 In the event of preterm premature rupture of membranes,
the decision to continue with conservative management versus immediate delivery
should be individualized based on gestational age. Theoretically, the risk of
transmission is higher with prolonged rupture of membranes; however, in some cases
the morbidity associated with prematurity may be greater. There is no evidence that
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the small dose of steroids given for fetal lung maturity will have a negative impact on
the course of the infection.

After an acute infection, 2% to 6% of adults are not able to eliminate the virus and
develop chronic hepatitis. On the other hand, 90% of neonates who become infected
develop a chronic infection and approximately 60% of infected children younger than
5 develop a chronic infection.35

Diagnosis

The diagnosis of acute hepatitis B is based on the detection of HBsAg and IgM anti-
hepatitis B core (HBc). The diagnosis of chronic HBV infection is based on the persis-
tence of HBsAg for more than 6 months.32 HBeAg is a viral protein that is found in the
blood only in the setting of active infection and is used as a marker for infectivity. The
core antigen is found on virus particles but disappears early in the course of infection.
The HBc antibody is produced during and after an acute HBV infection and is usually
found in chronic HBV carriers as well as those who have cleared the virus, and it
usually persists for life. Anti-HBs indicates previous exposure to HBV, but the virus
is no longer present and the person is no longer infectious. This antibody also protects
the body from future HBV infection. In addition to exposure to HBV, the anti-HBs can
also be acquired from successful vaccination.36

Treatment

The treatment for acute HBV infection in pregnant and nonpregnant individuals is
supportive care. The immune system controls the infection and eliminates the virus
within about 6 months in most healthy adults.36,37 In recent years, more treatment
options for chronic hepatitis B infection or severe acute hepatitis B infections have
become available. Pregnant women have been treated with lamivudine during acute,
fulminant infections with HBV with improved maternal and fetal outcomes.38,39 In addi-
tion, pregnant women with high viral loads (>109 copies/mL in serum) may be given
lamivudine to reduce perinatal transmission.38,39

Newborns born to HBsAg-positive mothers should receive hepatitis B immunoglob-
ulin within 12 hours after birth concurrently with the first pediatric dose of the vaccine.
Vaccination series should be completed at 1 and 6 months.36,37

Prevention

Hepatitis B vaccination is the most effective measure to prevent HBV infection and its
consequences. HBsAg is the recombinant antigen used for hepatitis B vaccination;
therefore, it can be given safely in all trimesters of pregnancy and during breastfeed-
ing.32,33 Neonatal HBV infection can be prevented by vaccinating pregnant patients at
risk for HBV infection, safe-sex practices of the mother, antenatal screening of all
patients for HBV, treatment and prophylaxis of the newborn after delivery if indicated,
and vaccination of all newborns. Thus, it is imperative to vaccinate pregnant women
who have multiple sex partners, intravenous (IV) drug users, household contacts of
people infected with HBV, health care workers, and women with chronic kidney and
liver disease, and complete the series for those who have initiated the series before
pregnancy.31

HEPATITIS C VIRUS
Background

An estimated 270 to 300 million people are infected with the hepatitis C virus (HCV)
worldwide. It is the most common chronic blood-borne infection in the United
States.40 Hepatitis C is a single-stranded RNA virus related to the family Flaviridae



Viral Infections 327
that is characterized by striking genetic heterogeneity, including 6 major genotypes
and numerous subtypes.41 This heterogeneity and the rapid mutation rate of HCV
present multiple challenges in the development of a vaccine against HCV infections.41

HCV is transmitted through exposure to infected blood, sexual contact, or mother-to-
infant (vertical) transmission.42 It is estimated that 60% to 80% of IV drug users are
infected with HCV.40 Among HIV-infected nonpregnant women the prevalence is as
high as 17% to 54%.40 After implementing routine screening of all blood products
for HCV in 1992, the CDC reports that the risk of HCV infection from a unit of trans-
fused blood in the United States is less than 1 per 100,000 transfused units. Sexual
transmission appears to be relatively low, on the order of 0% to 4%.43 Among the
pregnant population, it is estimated that approximately 1% is HCV positive, which
corresponds to approximately 40,000 births to HCV-infected mothers annually.44

Clinical Presentation/Maternal-Fetal Transmission

Of patients with acute HCV infection, 65% to 75% are asymptomatic, 25% are icteric,
and 10% show symptoms of acute illness with fatigue, nausea, vomiting, and abdom-
inal pain. Symptoms usually develop 4 to 12 weeks after infection. After an acute infec-
tion, only 15% to 25% of persons clear the infection, whereas 75% to 85% develop
chronic hepatitis C. Most patients with chronic hepatitis C are asymptomatic or
have mild fatigue and are identified incidentally in the course of evaluation for unex-
plained elevated ALT and AST or after blood donation.42,43 Of patients with chronic
HCV infection, 20% to 30% will develop liver cirrhosis and/or liver cancer in their
lifetimes.43

Pregnancy does not affect the course of acute or chronic hepatitis C infection,
although several studies have shown temporary improvement of biochemical markers
of liver damage in HCV-positive women during pregnancy.45,46 Conversely, chronic
hepatitis does not appear to have an adverse effect on the pregnancy. The rate of
spontaneous miscarriage, growth restriction, preterm delivery, and obstetric compli-
cations, such as gestational diabetes or hypertension, were similar in patients with
HCV infection and healthy controls.47

There are several factors that influence mother-to-infant transmission of HCV.
Vertical transmission is greater with a higher maternal viral load of HCV. If the mother
is anti-HCV positive but HCV RNA negative, the risk for transmission to the baby is
approximately 1% to 3%. If the mother is HCV RNA positive, the risk for transmission
is approximately 4% to 6%.44,48 The highest reported transmission rates occur in
infants born to mothers who are HCV positive and HIV positive, with rates as high
as 36%.49,50 The mode of delivery does not seem to influence transmission rates;
however, invasive procedures, such as fetal scalp blood sampling or internal elec-
tronic fetal heart rate monitoring via scalp electrode should be avoided.51 Some
observations suggest that prolonged rupture of fetal membranes increases the risk
for vertical transmission; therefore, early artificial rupture of membranes should be
avoided if possible.51 In the event of preterm premature rupture of membranes in
patients infected with HCV, the decision to continue with conservative management
versus immediate delivery should be individualized based on gestational age. The
risk of transmission seems to be higher with prolonged rupture of membranes;
however, in some cases the morbidity associated with prematurity may be greater.
There is no association between gestational age at delivery and the risk of vertical
transmission.52 There is no evidence that the small dose of steroids given for fetal
lung maturity will have a negative impact on the course of the infection.

Amniocentesis in women infected with hepatitis C does not appear to significantly
increase the risk of vertical transmission, but women should be counseled that very
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few studies have properly addressed this possibility.53 No cases of HCV transmission
through breastfeeding are known; therefore, hepatitis C infection is not a contraindica-
tion to breastfeeding.54

Diagnosis

The diagnosis of HCV infection can be made by detecting either anti-HCV by enzyme
immunoassay (EIA) or HCV RNA using the reverse-transcriptase polymerase chain
reaction (RT-PCR). If the HCV RNA result is negative in a woman with anti-HCV anti-
body, supplemental testing should be performed. The CDC recommends confirmation
of a positive EIA with supplemental recombinant immunoblot assay (RIBA) or RT-PCR
for HCV RNA.40

Treatment

At present, no HCV vaccine is available. Treatment for chronic HCV infection includes
alpha interferon alone or in combination with the oral agent ribavirin. Interferon does
not appear to have an adverse affect on the fetus; however, the data are limited,
and the potential benefits of interferon use during pregnancy should clearly outweigh
potential hazards. Because there are no large studies of ribavirin use during human
pregnancy, and ribavirin is teratogenic in multiple animal species, the use of ribavirin
during pregnancy is contraindicated.55

Prevention

There is currently no available therapy to prevent vertical transmission of HCV. Routine
screening of all mothers is unwarranted. Current screening guidance suggests check-
ing hepatitis C antibodies only in pregnant women with a current or past history of IV
drug use; women who received clotting factor concentrates produced before 1987, or
a blood transfusion or an organ transplant before 1992; women who were ever on
chronic hemodialysis; women with persistently abnormal liver function tests; or health
care workers after needle sticks or mucosal exposures to HCV-positive blood. Infants
of infected mothers should be tested for anti-HCV at 1 year and followed for the devel-
opment of hepatitis.43
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Venous thrombosis and embolism (VTE) is one of the most common, serious compli-
cations associated with pregnancy, and now ranks as a leading cause of maternal
morbidity and mortality in developed countries.1 Information regarding the association
of VTE with acquired and heritable thrombophilias has greatly expanded in the last 20
years, adding a new layer of complexity to decisions about thromboprophylaxis. The
objective of this review is to detail which patients are at clinically important increased
risk for VTE, are candidates for thrombophilia screening, and warrant thromboprophy-
laxis. Suggested management schemes for use in specific patient subgroups are also
provided.
EPIDEMIOLOGY

Pregnancy and the postpartum period carry an increased risk of VTE, with an incidence
between 0.61 and 1.72 per 1000 deliveries.2,3 Compared with nonpregnant women,
pregnant and postpartum women are approximately 4 to 5 times more likely to develop
VTE.4 Roughly equal proportions of clinically apparent, pregnancy-related venous
thromboembolic events are diagnosed in the antepartum and postpartum periods.3

The risk of antepartum VTE was highest in the third trimester in one study.5 In contrast,
others found an increased risk in early pregnancy.6,7 Overall, in these studies the risk of
antepartum VTEs were evenly distributed throughout each trimester.6,7

In general, deep venous thrombosis (DVT) is more commonly diagnosed than pulmo-
nary embolism (PE) in pregnancy. When DVT presents during pregnancy, it is more likely
to be in the left lower extremity.2,8 Predominance of left lower extremity clot formation
may be due to compression of the left common iliac vein by the enlarging gravid uterus.9

Pelvic venous thrombosis is a rare manifestation of deep venous thrombosis in
nonpregnant individuals, and has been cited in a large prospective registry of DVT in
the United States as accounting for less than 1% of DVTs.10 Obstetricians should be
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aware that pelvic venous thrombosis is more common in pregnancy, occurring in
approximately 11% to 13% of venous thrombotic cases.7,11

Of importance is that PE is more likely to be diagnosed in the postpartum period.2–4

This, coupled with the relatively higher incidence of VTE in the postpartum period, is
cause for appropriate deliberation regarding postpartum thromboprophylaxis in at-
risk patients.

PATHOPHYSIOLOGY AND RISK FACTORS

Virchow’s triad describes 3 elements that contribute to the development of throm-
bosis: (1) stasis, (2) vascular trauma, and (3) hypercoagulability. These elements are
all present during pregnancy and the postpartum period. Lower extremity venous
stasis has been demonstrated during pregnancy.12 Venous flow velocity decreases
with advancing gestation, and is lower in the left compared with the right lower
extremity. In addition, venous distention has been demonstrated, which may result
in endothelial damage and prothrombotic changes in the endothelium.13 Macklon
and Greer14 found that lower extremity venous flow velocity increased and vessel
diameter decreased between 4 and 42 days postpartum. Venous flow velocity and
diameter returned to levels observed in early pregnancy at the 42-day measure-
ment.13,14 In addition to mechanical compression of pelvic veins, increased circulating
levels of estrogen and local production of prostacyclin and nitric oxide increase deep
venous capacitance during pregnancy.15

Vascular trauma in the form of endothelial damage may occur due to venous disten-
tion during pregnancy,13 or may occur during conditions such as preeclampsia where
vascular endothelial activation is present.16 During normal delivery, venous compres-
sion may occur. Operative and assisted deliveries are thought to contribute to
vascular trauma, also possibly contributing to the risk of thrombosis in the postpartum
period; this is especially true for cesarean delivery.

Normal pregnancy is accompanied by changes in the hemostatic system that would
seem to result in a hypercoagulable state for the prevention of hemorrhage at the time
of delivery. Overall, most clotting factors increase, some anticoagulants decrease, and
fibrinolytic activity decreases. Regarding specific factors, factors II, VII, VIII, IX, XII, and
von Willebrand factor increase throughout pregnancy.17 Fibrinogen levels increase to
levels that are almost twice that of the nonpregnant state.17,18 Anticoagulant changes
include decreased free and total protein S antigen levels, as well as decreased activity,
occurring very early in pregnancy. Although protein C levels remain unchanged,17,19

an overall increase in activated protein C resistance is present, with the degree of
resistance dependent on several modifiers, including the presence of the Factor V Lei-
den mutation (FVLM), thrombin generation, and the presence of antiphospholipid
antibodies.20 Fibrinolysis is decreased, predominantly due to diminished tissue plas-
minogen activator activity. Increases have been noted in plasminogen activator inhib-
itor-1 and -2, and thrombin activatable fibrinolysis inhibitor. Other markers of
a hypercoagulable state include increased thrombin-antithrombin complexes,
prothrombin fragments 1 and 2, peak thrombin generation, and increased D-dimer
levels.17–19

CLINICAL RISK FACTORS

Specific clinical risk factors have been identified that impact the likelihood of VTE. Not
surprisingly, these are typically related to the elements of Virchow’s triad and include
such factors as bed rest (ie, stasis), operative delivery (ie, vascular trauma), and heri-
table thrombophilias (ie, hypercoagulability). Maternal age 35 years or older and
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cesarean delivery confer significant risk. Complications of pregnancy and delivery that
increase the odds of VTE include critical illness, transfusion, and postpartum infec-
tion.3 Table 1, modified from the work of James and colleagues,3 shows the odds
ratios associated with pertinent risk factors regarding risk of VTE.

Also shown in Table 1 are the odds ratios associated with several common ante-
natal and postnatal risk factors both alone and in combination; these are modified
from the work of Jacobsen and colleagues.21 For example, the risk of VTE is substan-
tially increased with the combination of antepartum bed rest and an increased body
mass index (weight in kilograms divided by height in meters squared), or with post-
partum infection following cesarean delivery.21

ACQUIRED AND HERITABLE THROMBOPHILIAS

The overall VTE risk associated with specific thrombophilias is well described in
a systematic literature review by Robertson and colleagues in 2005.22 Odds ratios
were increased to varying degrees for FVLM (homozygous and heterozygous),
Table 1
Clinical risk factors for venous thrombosis or embolism

Condition Odds Ratio (95% Confidence Interval)

Medical Complications

Hypertension 1.8 (1.4–2.3)

Heart disease 7.1 (6.2–8.3)

Thrombophilia 51.8 (38.7–69.2)

History of thrombosis 24.8 (17.1–36.0)

Antiphospholipid syndrome 15.8 (10.9–22.8)

Sickle cell disease 6.7 (4.4–10.1)

Lupus 8.7 (5.8–13.0)

Diabetes 2.0 (1.4–2.1)

Obesity 4.4 (3.4–5.7)

Antepartum risk

Body mass index (BMI) >25 1.8 (1.3–2.4)

Antepartum immobilization 7.7 (3.2–19.0)

BMI >25 and antepartum immobilization 62.3 (11.5–337.6)

Smoking (10–30 cigarettes/d) 2.1 (1.3–3.4)

Spontaneous twin gestation 2.6 (1.1–6.2)

ART twin gestation 6.6 (2.1–21.0)

Postpartum risk

Smoking (10–30 cigarettes/d) 3.4 (2.0–5.5)

Hemorrhage (without surgery) 4.1 (2.3–7.3)

Hemorrhage (with surgery) 12.0 (3.9–36.9)

Infection (vaginal delivery) 20.2 (6.4–63.5)

Infection (cesarean delivery) 6.2 (2.4–16.2)

Planned cesarean 1.3 (0.7–2.2)

Acute cesarean 2.7 (1.8–4.1)

Data from James AH, Jamison MG, Brancazio LR, et al. Venous thromboembolism during pregnancy
and the postpartum period: incidence, risk factors, and mortality. Am J Obstet Gynecol
2006;194:1311–5; and Jacobsen AF, Skjeldestad FE, Sandset PM. Ante- and postnatal risk factors
of venous thrombosis: a hospital-based case-control study. J Thromb Haemost 2008;6:905–12.
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prothrombin gene mutation (PGM) (homozygous and heterozygous), antithrombin
deficiency, protein C and protein S deficiency, and antiphospholipid antibodies
(Table 2). Of note, the C677T methylene tetrahydrofolate reductase mutation was
not significantly associated with VTE.

The 2 most common heritable thrombophilias, heterozygosity for FVLM and PGM,
have been examined in prospective observational studies and have not been found
to pose a clinically important risk of VTE in otherwise healthy pregnant women with
no history of thrombosis.23–25 Deficiency of antithrombin, protein C, or protein S
and antiphospholipid antibodies have not been studied in the same way, largely due
to their infrequency.
THE ROLE OF THROMBOPHILIA TESTING

While the association between thrombophilias and VTE is apparent, the utility and
cost-effectiveness of screening pregnant women for these disorders is not. Most
experts agree that universal screening of asymptomatic women is not cost effec-
tive.26–28 Obstetricians are left with the question of who should be screened. When
considering thrombophilia screening, it may be helpful to think of candidate patients
as falling into 1 of 4 categories: (1) those with acute VTE, (2) those with recurrent
VTE (2 or more events), (3) those with a personal history of a single, prior VTE, or (4)
those with a family history of VTE but without a personal history of VTE.

Acute VTE is not the subject of this review, but clinicians should recognize that
testing for heritable thrombophilias in the setting of a first episode of VTE is controver-
sial,29 largely because the findings are not likely to change management and certainly
will not alter the usual acute management with heparin and transition to warfarin (in
nonpregnant patients). In addition, the heritable thrombophilias most commonly
found, heterozygosity for FVLM or PGM, are not indications for long-term anticoagu-
lation. Testing for antiphospholipid syndrome (via lupus anticoagulant, anticardiolipin,
and anti–b2-glycoprotein I) is common practice in a first-episode VTE because
patients with antiphospholipid syndrome should be considered for long-term
anticoagulation.30

Most women with recurrent VTE will have been screened for thrombophilias, and
hence will not require consideration of screening. Regardless, the risk in women
with recurrent VTE is generally sufficient to warrant long-term anticoagulation. Such
Table 2
Thrombophilia risk factors for venous thrombosis or embolism

Thrombophilia22 Odds Ratio (95% Confidence Interval)

Factor V Leiden homozygous 34.40 (9.86–120.05)

Factor V Leiden heterozygous 8.32 (5.44–12.70)

Prothrombin G20210A homozygous 26.36 (1.24–559.29)

Prothrombin G20210A heterozygous 6.80 (2.46–18.77)

Antithrombin deficiency 4.69 (1.30–16.96)

Protein C deficiency 4.76 (2.15–10.57)

Protein S deficiency 3.19 (1.48–6.88)

Data from Robertson L, Wu O, Langhorne P, et al. Thrombophilia in pregnancy: a systematic review.
Br J Haematol 2005;132:171–96.
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patients are typically candidates for full anticoagulation, rather than thromboprophy-
laxis, during pregnancy.

Many women with a personal history of a single, prior VTE and who are not on long-
term anticoagulants will have been tested for heritable and acquired thrombophilias by
physicians other than their obstetricians. When considering pregnancy, those women
with a single prior VTE episode previously tested for and known to be positive for
a thrombophilia should be managed according to guidelines outlined later in this
discussion. However, for many clinicians it is the patients who have not been previ-
ously tested for thrombophilias that are most confusing, especially because the
current American College of Obstetrician and Gynecologists (ACOG) practice guide-
lines suggest that these women should be ‘‘offered testing, especially if such testing
would affect management.’’26

One way in which thrombophilia testing might alter pregnancy management is in
determining which women with a single, prior VTE can be managed without antepar-
tum thromboprophylaxis. In the only credible study of its type, Brill-Edwards and
colleagues31 followed 125 women with a single prior VTE without using heparin throm-
boprophylaxis during the pregnancy. (Readers should take careful note that all
subjects were treated with postpartum anticoagulation for 6 weeks.) All subjects
were tested for FVLM, PGM, protein C deficiency and protein S deficiency, anti-
thrombin deficiency, and antiphospholipid antibodies. Some subjects were tested
for protein S deficiency during pregnancy, and a free protein S level of less than
24% was considered to indicate protein S deficiency. Overall, 2.5% of the subjects
had an antepartum thrombosis. However, none of 44 women who (1) tested negative
for thrombophilias and (2) had their prior thrombosis in association with a temporary
risk factor, including pregnancy or oral contraceptives, had a recurrent VTE during
the antepartum period.31 Although not all experts agree, these results can be inter-
preted to allow selected women to avoid antepartum thromboprophylaxis. However,
it must be kept in mind that the number of women in this subgroup was too small to
conclude that there is no risk of VTE in these women.

In this light, and though the evidence is by no means robust, a reasonable approach
to the woman with a single prior VTE episode who has not been tested for thrombo-
philias and is considering pregnancy or is in early pregnancy is as follows:

� Rule out antiphospholipid syndrome, as this diagnosis would alter pregnancy
care as well as be an indication for heparin use.
� In the infrequent circumstance of a family history of antithrombin deficiency, test

for antithrombin deficiency, as this diagnosis would be an indication for anticoa-
gulation during pregnancy.
� As a general rule, there is no need for heritable thrombophilia testing in a woman

whose single prior VTE was truly idiopathic in nature, that is, not associated with
a temporary risk factor (including pregnancy or oral contraceptives), because
current evidence suggests the patient should be treated with thromboprophy-
laxis regardless of the results of heritable thrombophilia testing.
� If after counseling regarding the risks of VTE in pregnancy, the patient with

a single prior VTE episode associated with a transient risk factor and who is
not on long-term anticoagulants would like to avoid using heparin during preg-
nancy (antepartum thromboprophylaxis), it is reasonable to do so if she is nega-
tive for FVL, PGM, protein C and protein S deficiency (<24% free protein S),
antithrombin deficiency, and antiphospholipid antibodies.31 However, if the
patient views antepartum heparin use in her best interest, thrombophilia testing
is unnecessary.
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The fourth category of patients, those with a family history of VTE but without
a personal history of VTE, is particularly difficult. The ACOG admits this when
they state ‘‘it is controversial whether to test women who do not have a history
of thrombosis but have a family history of thrombosis.’’26 Patients with a first-
degree relative with antithrombin deficiency should certainly be tested for the
same. It would also seem reasonable to test women with a first-degree relative
with homozygosity for FVLM or PGM or compound heterozygosity for FVLM and
PGM for these mutations.

If thrombophilia screening is deemed necessary, the authors suggest testing for
the thrombophilias shown in Box 1. The preferred method for testing for each is
also shown. Deciding whether to modify the list of tests ordered should be based
on the clinical scenario of each patient and the potential impact on thromboprophy-
laxis treatment. It is also important that normal physiologic changes in the hemo-
static system during pregnancy can alter results for protein C and S testing.
Physicians should be aware that testing for antithrombin, and proteins C and S
might have falsely low results in the setting of anticoagulant therapy or significant
clotting.26
THROMBOPROPHYLAXIS

Heparin is the anticoagulant drug of choice during pregnancy. Heparin does not cross
the placenta and is widely considered safe for the embryo-fetus. Of the 2 clinically
available forms, the low molecular weight heparin (LMWH) preparations offer some
advantages over unfractionated heparin (UFH). Both UFH and LMWH act primarily
by binding to antithrombin to catalyze the molecule binding to and altering the activity
of serine protease procoagulants. UFH enhances the activity of antithrombin for
Factor Xa and thrombin, whereas the predominant effect of LMWH is via anti-
thrombin-mediated anti-Factor Xa activity.

UFH has complex pharmacokinetics that ultimately leads to a somewhat unpre-
dictable anticoagulant response. Also, the bioavailability of the UFH after subcuta-
neous (SC) injection is reduced compared with intravenous infusion. LMWH, in
contrast, is less likely to bind nonspecifically to various circulating protein or cell
surfaces and so has improved pharmacokinetics and bioavailability when given
SC. In addition, LMWH is less likely than UFH to cause heparin-induced thrombo-
cytopenia (HIT) and osteoporosis, though the latter is very infrequent in women
treated during pregnancy.9,15 For the most part, the longer half-life of LMWH is
seen as an advantage because it allows once- or twice-daily dosing regimens to
be used.
Box 1

Thrombophilia testing

Lupus anticoagulant and anticardiolipin antibodies (personal history of VTE only)

Factor V Leiden mutation

Prothrombin G20210A mutation

Antithrombin activity levels

Protein C activity levels

Protein S activity levels
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Most experts prefer postpartum thromboprophylaxis be accomplished with
warfarin, though LMWH is also considered acceptable. Like the heparin compounds,
warfarin is regarded as safe for breastfeeding.

The most highly regarded guidelines for pregnancy thromboprophylaxis are those of
the American College of Chest Physicians (eighth edition),32 and the recommenda-
tions provided herein are in agreement with these except where specifically noted.
The guidelines specifically define UFH, LMWH, and warfarin regimens, as detailed
in Table 3.

General Categories of At-risk Patients

In an effort to provide a simple and clinically acceptable approach for the obstetrician,
the authors suggest that women being considered for thromboprophylaxis be catego-
rized into different clinical scenarios as follows:

� Acute VTE within several months of conception or during pregnancy
� Recurrent VTE (2 or more prior VTEs)
� Single, prior VTE episode and not on long-term anticoagulants
T
T
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P

W

P

Ab
a

D
tith
ica
Without transient risk factor
With transient risk factor

� Antiphospholipid syndrome without prior VTE (diagnosed because of obstetric
event(s)
� High-risk thrombophilia
� Low-risk thrombophilia without prior VTE.
able 3
hromboprophylaxis regimens

nfractionated heparin (UFH)

rophylactic UFH UFH 5000 units SC every 12 h

ntermediate-dose UFH UFH SC every 12 h, adjust dose to target an anti-Xa
level of 0.1–0.3 U/mL

djusted-dose UFH UFH SC every 12 h, adjust dose to target a mid-
interval activated partial thromboplastin time
(aPTT) into the therapeutic range

ow molecular weight heparin (LMWH)a

rophylactic LMWH Enoxaparin 40 mg SC every 24 h, dose may be
modified pending body weight per standard
recommendations

ntermediate-dose LMWH Enoxaparin 40 mg SC every 12 h

djusted-dose LMWH Enoxaparin 1 mg/kg SC every 12 h, weight-adjusted,
full treatment dose per standard
recommendations

ostpartum anticoagulation

arfarin Goal INR of 2.0–3.0 for 4–6 wk, overlap UFH or
LMWH until INR is R2.0

rophylactic LMWHa Enoxaparin 40 mg SC every 24 h for 4–6 wk

breviations: INR, international normalized ratio; SC, subcutaneously.
Enoxaparin used as an example; may use other formulations of LMWH.
ata from Bates SM, Greer IA, Pabinger I, et al. Venous thromboembolism, thrombophilia, an-
rombotic therapy, and pregnancy: American College of Chest Physicians Evidence-Based Clin-

l Practice Guidelines (8th edition). Chest 2008;133:844–66.
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Acute VTE within several months of conception or during pregnancy
Such patients should be fully anticoagulated with an adjusted-dose UFH or LMWH
regimen (see Table 3) for at least 6 months from the initial presentation with VTE.
Women who are on warfarin should discontinue the warfarin before 6 weeks of gesta-
tion. Some clinicians favor discontinuing the warfarin when the patient initiates
attempting to conceive, replacing it with UFH or LMWH.

If the patient reaches 6 months of anticoagulation during the pregnancy, consider-
ation of reducing the degree of anticoagulation (eg, to prophylactic UFH or LMWH) is
reasonable, especially in preparation for epidural anesthesia. Following delivery, the
UFH or LMWH should be restarted and bridged to warfarin.

Recurrent VTE (2 or more prior VTEs)
Such patients should be fully anticoagulated during pregnancy using an adjusted-
dose regimen (see Table 3). Following delivery, the UFH or LMWH should be restarted
and bridged to warfarin.

Single, prior VTE episode and not on long-term anticoagulants
Patients whose single, prior VTE occurred without provocation should receive either
prophylactic or intermediate-dose UFH or LMWH during pregnancy (see Table 3).
Patients whose single, prior VTE was associated with a transient risk factor and
who do not have a thrombophilia are candidates to avoid treatment during pregnancy,
but must be cautioned regarding the signs and symptoms of VTE and what measures
to take to decrease risk. In addition, the physician must take the entire clinical picture,
for example, obesity or bed rest, into account. Patients with a single, prior VTE should
be given postpartum thromboprophylaxis.

Antiphospholipid syndrome without prior VTE
Women without prior VTE and diagnosed with antiphospholipid syndrome because of
pregnancy morbidity should receive either prophylactic or intermediate-dose UFH or
LMWH during pregnancy. In the setting of definite antiphospholipid syndrome, the
authors and others have suggested prophylactic UFH be 7500 to 10,000 units SC
every 12 hours and LMWH to be given in an every 12-hour regimen.33 Following
delivery, postpartum thromboprophylaxis with warfarin or LMWH is indicated.

High-risk thrombophilia
Though uncommon, antithrombin deficiency, homozygosity for FVLM or PGM, hetero-
zygosity for FVLM and PGM, and persistent positive antiphospholipid antibodies are
considered by most experts as being at high risk for thrombosis during pregnancy
even if the patient has not previously had a VTE. The American College of Chest Physi-
cians guidelines recommends more aggressive management than with other throm-
bophilias and careful clinical surveillance for VTE. Prophylactic-dose UFH or LMWH
may be employed during pregnancy with pharmacologic postpartum thromboprophy-
laxis. The authors are skeptical regarding the efficacy of prophylactic-dose UFH or
LMWH in women with antithrombin deficiency, and favor either intermediate-dose
or adjusted-dose UFH or LMWH (with anti-Factor Xa levels monitored). Some women
with antithrombin deficiency may need antithrombin concentrate during the preg-
nancy or peripartum period.34

Low-risk thrombophilia without prior VTE
Women without a prior VTE who have heterozygosity for FVLM or PGM, protein C defi-
ciency, or protein S deficiency can be managed without antepartum thromboprophy-
laxis if an individualized risk assessment proves acceptable. The role of postpartum
thromboprophylaxis also will have to be individualized. Regarding the ACOG, specific
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treatment recommendations are not made for the asymptomatic patients with low-risk
thrombophilia.26

Cesarean delivery
Cesarean delivery has been cited as a risk for VTE.3,21 Recommendations for throm-
boprophylaxis are made by Bates and colleagues32 for women following cesarean
section. It is suggested that those with one additional risk factor (such as those in
Table 1) in addition to pregnancy and cesarean delivery receive thromboprophylaxis
with prophylactic LMWH or UFH, or by mechanical prophylaxis with lower extremity
compression devices while hospitalized. For those with multiple risk factors, both
pharmacologic and mechanical prophylaxis should be employed for the same dura-
tion of time. Patients with persistent risk factors for VTE following cesarean delivery
should have pharmacologic prophylaxis extended for 4 to 6 weeks following delivery.
The authors agree with these recommendations.

Peripartum Heparin Management

Heparin management during the peripartum period is important to understand, as the
risk of hemorrhage is compounded by anticoagulation. Low- to moderate-risk patients
on LMWH can be transitioned to UFH at 36 to 37 weeks’ gestation in an effort to improve
the likelihood of epidural anesthesia if preterm labor occurs. Patients should be advised
that if they suspect spontaneous labor, heparin should be discontinued. For induction
or scheduled cesarean, adjusted-dose heparin and intermediate-dose LMWH should
be discontinued 24 hours before the scheduled admission. Prophylactic heparin should
be discontinued at least 12 hours prior. For high-risk patients, for example, those with
a recent VTE, reasonable options include reducing the heparin dose to 5000 units SC
twice a day or using a judiciously applied continuous infusion of heparin during labor,
with discontinuation when delivery is estimated to be 1 to 2 hours away.

In most cases, heparin should be restarted 6 to 8 hours following delivery or
cesarean section. Regarding high-risk patients, continuous infusion should be
restarted after delivery when the risk of bleeding has decreased (usually 2 to 4 hours
after delivery).

The American Society of Regional Anesthesia (ASRA) has made recommendations
regarding anticoagulation and regional anesthesia. Regional anesthesia is contraindi-
cated in patients less than 24 hours from their last dose of twice-daily LMWH. For
prophylactic LMWH, regional anesthesia can be placed 10 to 12 hours’ duration
from the last dose of LMWH heparin. The neuraxial catheter should be removed 2
hours before the first LMWH dose. Intravenous heparin can be initiated 1 hour
following neuraxial anesthesia, with catheter removal 2 to 4 hours after the last heparin
dose. SC heparin dosed twice daily with a total dose less than 10,000 units of UFH per
day is not a contraindication to neuraxial anesthesia. However, neuraxial anesthesia at
doses greater than 10,000 units of UFH or dosing at a frequency greater than twice-
daily dosing has not been established to be safe.35
SUMMARY

It is evident that obstetricians and gynecologists have the capacity to be uniquely
instrumental in the prevention of VTE in the obstetric patient. Attaining the ability to
identify patients at risk for VTE, determine who is a candidate for thrombophilia
screening, and who may warrant thromboprophylaxis is important to this end. In addi-
tion, it is valuable to understand various thromboprophylaxis regimens and peripartum
anticoagulant management, as detailed in this review.
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Sound ethical reasoning and moral judgment are essential to the work of a physician.
Obstetricians make ethically complex decisions on a daily basis. Clinical medical
ethics is a discipline that provides a structured approach for identifying, analyzing,
and resolving ethical issues in clinical medicine. Obstetricians must become comfort-
able addressing the ethical issues involved in clinical obstetrics and therefore must
have an understanding of the key elements of clinical medical ethics. Balancing the
principles of medical ethics can guide clinicians toward solutions to ethical dilemmas
encountered in the care of pregnant women. In situations that seem to pit the interests
of pregnant women against the interests of their fetuses, clinicians must be prepared to
identify the key issues and relevant ethical aspects in cases encountered to find a solu-
tion in the mother-fetus dyad. This article is not intended to turn the reader into an
expert on medical ethics. The purpose of this article is to review the ethical foundations
of clinical practice, recognize the ethical issues obstetricians face every day in caring
for patients, and facilitate decision making. This article discusses the relevant ethical
principles, identifies unique features of obstetric ethics, examines ethical principles
as they apply to the mother and fetus, and thereby, provides a conceptual framework
for considering ethical issues and facilitating decision making in clinical obstetrics.
ETHICAL DIMENSIONS UNIQUE TO OBSTETRICS AND PERINATAL MEDICINE

Obstetrical ethics can be considered a branch of medical ethics pertaining to the
particular aspects and unique ethical issues specific to obstetrics. The obstetrician
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has two interwoven patients whose interests at times may be at odds. There is the
uniqueness of pregnant patients and the essential tie between pregnant women and
the developing fetuses. There is the vulnerability of patients undergoing various diag-
nostic, therapeutic, and surgical procedures. They are often under regional or general
anesthesia during delivery or surgery, and this aspect of trust in their physician is one
of the cornerstones of the doctor-patient relationship in obstetrics. The obstetrician,
as in other surgical fields, must be able to develop patient trust rapidly over a short
time, often meeting patients only once they are pregnant and without a preexisting
or long-standing doctor-patient relationship.

Most ethical issues in obstetrics, emergent and non-emergent, revolve around the
maternal-fetal relationship. With information and support, most pregnant women
strive to improve their chance of having a healthy baby. There are situations where
the interests of the mother do not correspond with fetal interests; therefore, the
concept of the maternal-fetal conflict may arise.1 At the center of the maternal-fetal
conflict is the concept of the fetus as a patient and a pregnant woman’s autonomy.
The ‘maternal-fetal conflict’ is often not a conflict between the mother and her fetus,
but rather a conflict between the woman’s autonomy and the physician’s judgment of
what is best for her fetus. The term maternal-fetal conflict implies divergent rather than
shared interest of the pregnant woman and her fetus. In the vast majority of cases, the
interests of the pregnant woman and fetus actually converge. Obstetrics, maternal-
fetal medicine, and neonatology are rapidly evolving with new technologic advances
and innovations, with patients often wanting ‘everything done’. With these new
advances in treatment, new and unique aspects of obstetric ethics have evolved.

Although obstetricians deal with ethical issues on a daily basis, ethics education in
obstetric training is currently inadequate. Professionalism is one of the core compe-
tencies as defined by the Accreditation Council for Graduate Medical Education
that all residents must demonstrate. Ethics is at the center of professionalism and
therefore ethics education is central to the competency. A recent study on ethics
education by Grossman and Angelos revealed that over the last 35 years, published
articles on ethics education in residency training in obstetrics and gynecology lagged
significantly behind internal medicine, pediatrics, family medicine, general surgery,
and psychiatry. Obstetrics and gynecology had less than eight such articles. The
only field with a lower number of articles on ethics education than obstetrics and gyne-
cology was radiology.2 The principle goal of teaching clinical ethics is to improve the
quality of patient care in both the process and medical outcome. There are two main
reasons for teaching medical ethics. First, it provides students with essential and prac-
tical knowledge on issues that frequently arise in patient care and are necessary for
appropriate medical decision making. These key issues include respect for autonomy;
informed consent; truthful communication; end-of-life issues; and particular to obstet-
rics, beginning-of-life issues. Second, the key principles of medical ethics are essen-
tial aspects of the doctor-patient relationship that continue to be centrally important to
medicine, delivering health care and improving cost effectiveness and quality of care
(Mark Siegler, MD personal communication, Jan 2010). It is time to recognize the
importance of ethics in obstetrics and gynecology and to take time to teach it.
ETHICAL FRAMEWORK: THE FOUR BASIC PRINCIPLES

There are four basic principles regarded as the cornerstones of medical ethics to guide
medical decision making: beneficence, nonmaleficence, respect for autonomy, and
justice.3 Beneficence requires acting for the benefit of others and obligates the
physician to seek the greater balance of clinical good over harm for each patient.
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Nonmaleficence is the duty to first do no harm, primum non nocere. The principle of
justice concerns the fair distribution of health resources and the decision of who
gets what treatment (fairness and equality). Respect for autonomy is central to clinical
medicine. Autonomy is the ‘‘right to choose and follow one’s own plan of life and
action.’’ It is the ‘‘personal rule of the self that is free both from controlling interferences
from others and from limitations that prevent meaningful choice, such as inadequate
understanding.’’4 Respect for autonomy requires the physician to respect the patient’s
values and beliefs and the patient’s decisions made in the informed consent process.
Therefore, essential to patient autonomy is the process of informed consent.

Informed consent is the ‘‘willing acceptance of a medical intervention by a patient
who has decisional capacity (the ability to make decisions) after disclosure by the
physician of the nature of the intervention with its risks and benefits, as well as the
alternatives with their risks and benefits’’5 It is a process of communication and nego-
tiation between patient and physician that helps patients make a decision that is right
for them. It is not signing a consent form; the signing of a consent form merely docu-
ments the informed consent process. A consent form may be legally necessary but it is
not ethically or legally sufficient unless the informed consent process has occurred.
Informed consent is a cornerstone of the ethical practice of medicine. It is integral
to the principle of respect for autonomy. It requires communication and time, and
patients should be given the full range of options.

There are three important elements of informed consent: (1) disclosure, which is
communication that requires risk and benefit disclosure to satisfy what a reasonable
person in the patient’s situation would want to know; (2) comprehension; and (3) free
consent, which involves freedom of choice to voluntarily consent or decide not to
consent.6 At the heart of medical ethics is the dynamic process of communication
between doctor and patient. Communication should be truthful and based on facts.
How much do patients really want to know? Should a physician tell the patient how
poor the prognosis is and does telling eliminate hope? Should they be given detailed
information and statistics if the numbers are bleak? Patients want necessary medical
information and honest assessments of what to expect with clear acknowledgment of
uncertainties. Recent studies demonstrate the limitations of obstetric estimation of
neonatal outcome in extremely premature neonates.7,8 Predicting outcomes, survival,
and morbidity are often uncertain, such as in cases of medical complications of preg-
nancy, extreme prematurity, certain fetal anomalies, preterm premature rupture of
membranes, intrauterine growth restriction (IUGR), and intrauterine infection. Honesty
is more important than protecting hope and not dwelling on negativity. Sir William
Osler described clinical medicine as ‘‘a science of uncertainty and an art of proba-
bility.’’6 The practice of medicine is not an exact science and part of the disclosure
is to be honest about medical uncertainty. Medical knowledge has limitations and
medical judgment is fallible. Truthful and open communication requires acknowl-
edging uncertainty when it exists. It is the duty of the physician to teach the patient
about her condition, including treatment risks, benefits and alternatives, the range
of possible outcomes, including the possibility of undesired outcomes, and answer
questions to ensure patients understand their medical condition and all the options.
Only then can the patient make a meaningful decision to give her informed consent
or decide not to consent. It is important to the communication process to keep it
dynamic, revisit decisions, and allow for reconsideration, on the part of both patients
and obstetricians.

According to Beauchamp and Childress, none of the four principles should be hier-
archically ordered above the others.3 These four ethical principles are prima facie,
binding, but not absolute or exceptionless.9 The resolution of an ethical issue should
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be attained by balancing principles through compromise and negotiation. Balancing
these principles provides a useful framework for understanding and resolving conflicts.

Reality mandates a practical paradigm for ethics case analysis to identify what is at
issue and the best course of action. The commonly used method is the application and
balancing of the ethical principles described earlier. Another method is the ‘‘4 boxes’’
approach developed by Jonsen, Siegler, and Winslade as a structured approach to
ethics case analysis to work through difficult cases.6,10 Ethical dilemmas are framed
as a case workup that takes into account four topics that are intrinsic to every clinical
encounter: medical indications, patient preferences, quality of life, and contextual
features. Using this approach, clinicians are able to identify the relevant issues and
the best course of action. However, the ‘‘4 boxes’’ framework fails to take account
of the uniqueness of pregnant patients, which would require subdividing two boxes
(medical indications and quality of life) to consider fetal and maternal interests. For
more on this method, the reader should refer to Clinical Ethics.6,10

In treating actual patients and applying the principles elaborated by Beauchamp
and Childress, Mahowald has proposed the following maxims or prioritizing guidelines
on how to apply the principles in specific ethical conflicts11:

1. The interests of the patient count most (interests 5 autonomy 1 beneficence 1
nonmaleficence).

2. Respect for patient autonomy trumps beneficence and nonmaleficence.
3. The interests of others may outweigh respect for patient autonomy.
4. If harms and benefits are proportionate, nonmaleficence outweighs beneficence.

Maxim 3 refers to cases where the interests of the family or physicians may be more
compelling. For example, if a patient requests treatment that is not medically indi-
cated, the physician is not obligated to provide it. Maxim 4 takes into account that
exceptions should consider benefits lost through the avoidance of harm. For example,
whether an obstetrician should perform a cesarean section for the benefit of the fetus
depends not only on the expected benefit to the fetus but also on the amount of risk
the surgery involves for the pregnant woman.

THE CONCEPT OF THE FETUS AS A PATIENT

The concept of the fetus as a patient is an essential concept in perinatal medicine.
Developments in fetal diagnosis and management to optimize fetal outcomes are
now widely accepted and have promoted this concept. Chervenak and McCullough
emphasize the two principles of beneficence and respect for autonomy as essential
for understanding the ethical concept of the fetus as a patient.12–14 According to Cher-
venak and McCullough, the fetus is a patient ‘‘when it is presented to the physician
and there exist medical interventions, whether diagnostic or therapeutic, that are reli-
ably expected to result in a greater balance of clinical good over harm for the fetus and
the child it is expected to become.’’15 The previable fetus is not a patient independent
of the pregnant woman’s autonomy. It is only a patient as a function of the pregnant
woman’s autonomy. The pregnant woman is free to withhold, confer, or withdraw
the patient status from her previable fetus according to her values and beliefs. In
contrast, a viable fetus is a patient independent of the pregnant woman’s autonomy
to confer this status. For the purpose of this discussion, viability occurs at approxi-
mately 23 weeks gestation and applies to the ability of the fetus to live ex utero,
with technologic support if needed, and subsequently become a child.14,15 Although
the fetus can be a patient, the term ‘fetal rights’ has no meaning and no application
in obstetrical ethics.12
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The principle of beneficence obligates the obstetrician to protect and promote the
pregnant woman’s health-related interests. The principle of respect for autonomy obli-
gates the physician to respect the woman’s right to choose what happens to her. The
woman’s autonomous decisions are based on her own set of values and preferences.
The fetus, however, ‘‘does not possess its own values and beliefs or a perspective on
its interests; therefore, there is no autonomy-based obligation to the fetus.’’12 There is,
however, a beneficence-based obligation to the fetus. Chervenak and McCullough
have identified principle-based obligations to the pregnant woman and the fetus.
The physician has maternal autonomy-based and maternal beneficence-based obli-
gations as well as fetal beneficence-based obligations. The pregnant woman’s
autonomy has priority. The physician is equally obligated to promote the medical inter-
ests of the mother and fetus; however, if the medical interest of the woman and fetus
are at odds (eg, severe preeclampsia at a gestational age of periviable or extreme
prematurity) treatment of the one most at risk should be given priority.16 However, if
maternal autonomy (part of her interests) is at odds with fetal interests, then her inter-
ests, which include her autonomy, still trump fetal interests even if the fetus is at
increased risk. The most common ethical issues that arise in managing the medical
complications of pregnancy require the physician to navigate these principles and
obligations. The clinical consequences of the concept of the fetus as a patient are
that the obstetrician must balance the autonomy-based and beneficence-based obli-
gations to the pregnant woman with the beneficence-based obligations to the fetus.
MATERNAL DECISION MAKING AND THE MATERNAL FETAL CONFLICT
Shared Decision Making

In the past four decades medical ethics and decision making has undergone a rapid
metamorphosis from beneficence-focused decision making to autonomy-focused
decision making. Historically, medical decision making was based on paternalism,
in which the physician determined what was in the patient’s best interest. This shift
from physician paternalism to a paradigm of shared decision making evolved over
the last four decades, and medical decisions are now based on patient autonomy,
and respect for the patient’s wishes even when they conflict with doctor’s recommen-
dations. The information, alternatives, and options are presented to the patient and the
patient makes the ultimate decision.

The current model of shared decision making assumes a physician and patient work
together as partners and have the same goals. This concept of a partnership is central
to the doctor-patient relationship and is an accurate description of the vast majority of
doctor-patient encounters. Potential barriers to successful shared decision making
include failure to communicate, fear or pain, lack of trust, lack of shared goals, and
decisional incapacity. Shared decision making is the ideal. It is a collaboration and
negotiation in which physicians share medical knowledge and opinions and patients
share goals, values, and preferences. The patient is the ultimate decision maker,
with doctor serving as critical interpreter of information and reliable guide toward
reasonable decisions. It is an exchange with the patient making the final decision.

Pregnant patients are very capable of making complex medical decisions when
provided relevant medical information and guidance by physicians. With biomedical
and technological advances and their application in perinatal medicine, there are
new and expanding ethical challenges for obstetricians and patients. The first-trimester
risk assessment currently offered to all pregnant women has demonstrated that preg-
nant women are capable of making complex and sophisticated decisions about risk-
assessment information and subsequent decisions about invasive testing and
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diagnosis.17 Pregnant women, given information and an appropriate informed consent
process, would be expected to make similarly complex and sophisticated decisions
about assessment of the fetus and other complex decisions during pregnancy.18

The Maternal-Fetal Conflict

Case one: A 39-year-old G1P0 at 30 weeks gestation with chronic hypertension, dia-
betes, end stage renal disease, and completely intact decisional capacity, is likely to
die within 2 weeks from renal failure. She refuses life-saving dialysis or delivery at
this time for what she repeatedly states are personal reasons. The patient has a blood
pressure of 162/94, ultrasound estimated fetal weight less than fifth percentile, and an
amniotic fluid index of 4.2 cm with elevated umbilical artery Doppler values.

This is a case of treatment refusal of potentially life-sustaining treatment, for the
mother and fetus, in a patient with decisional capacity. This case raises ethical
concerns for respect for autonomy, informed consent, communication, the
maternal-fetal conflict, and the physician’s obligations to the mother and the fetus.
At issue is the maternal-fetal conflict that arises when a pregnant woman rejects
medical advice or interventions necessary to avert fetal complications or death to
herself or her fetus. That is, the conflict is between the physician’s recommendation
and the pregnant woman’s autonomous decision to reject it. Does a clinician’s obliga-
tion of beneficence to the pregnant woman and her fetus outweigh the obligation to
respect patient autonomy? Following the ethical principle of respect for autonomy,
the pregnant patient’s decisions should be respected as long as she has decisional
capacity to make informed medical decisions. The principles direct us to respect
autonomy, but in this case it is difficult to do because her decision seems unfounded
and harmful to herself and her fetus when there is good potential for survival for both.
Also at issue in this case is beneficence and nonmaleficence. When it is treatable and
the harm of not treating is great, the medical team feels uncomfortable. Is it ethical to
examine her reasons for refusing even though she says they are personal? Yes, patient
autonomy and informed consent are integral to patient choice. Therefore, it is essential
to inquire about the reasons for her decision and ensure that her condition and range
of options have been clearly explained, and that she comprehends these options and
the risks and consequences to herself and her fetus. This inquiry is all part of respect
for autonomy, the informed consent process, and shared decision making. In the
context of this case, maternal autonomy trumps her medical interests and those of
the fetus, despite how uncomfortable this makes the medical team.

Legal cases and decisions have revolved around refusal of treatment and the
maternal-fetal conflict. In 1994, Mrs. Doe and her husband had religious objections
to delivery by cesarean section that her doctors thought medically indicated because
of IUGR and placental insufficiency. She was at 37-weeks gestation and clearly had
decisional capacity. Doctors at St. Joseph Hospital in Chicago petitioned the Illinois
courts to take wardship of the fetus to allow cesarean section. The appellate courts
denied the petition, and the Illinois State Supreme Court denied review. She trans-
ferred to another hospital where the doctors agreed to respect this patient’s decision
regarding mode of delivery. Her pregnancy continued and 2 weeks later she had
a vaginal delivery of a healthy baby boy. The 1994 court ruling in this case rejected
court-ordered interventions in pregnancy stating that ‘‘The woman’s decision, not
the fetus’s interest is the only dispositive factor. A woman’s right to refuse invasive
medical treatment, derived from her rights to privacy, bodily integrity and religious
liberty is not diminished during pregnancy.. The potential impact upon the fetus is
not legally relevant.’’19 In this case and others, the courts now uphold maternal
autonomy in the maternal-fetal conflict. The American College of Obstetrics and
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Gynecology (ACOG) strongly opposes any coercive or legal approaches to the preg-
nant woman.20

When a pregnant woman’s health condition is deemed hazardous to the fetus, or
when the fetal condition requires some type of medical intervention, a ‘maternal-fetal
conflict’ may arise. This conflict is usually between the pregnant woman’s autonomous
decisions, as determine by her, and the best interests of the fetus, as determined by her
physician. The state of pregnancy does not deprive a woman of her right to decide what
should happen to her body. Based on legal cases and precedent, the law recognizes the
rights of all adults, pregnant or not, to informed consent and bodily integrity, regardless
of the impact of the person’s decision on others.20,21 She has the right to refuse any life-
style modification or medical intervention for the sake of the fetus. On the other hand,
she also has a duty to promote the fetus’ best interests. That is, mother and physician
have principle-based obligations to the pregnant patient and fetus. One must consider
the best interests of the pregnant woman, which are both maternal autonomy-based
obligations and maternal beneficence-based obligations of the physician. At the
same time, one must consider the best interests of the fetus, which are fetal benefi-
cence-based obligations of the pregnant woman and the fetal beneficence-based obli-
gations of the physician.16 These types of maternal-fetal conflicts hinge on the pregnant
woman’s autonomy, the physician’s autonomy, the physician’s duty of beneficence to
the pregnant woman and her fetus, as well as the pregnant woman’s duty of benefi-
cence to her fetus. For the pregnant woman, her duty of beneficence to the fetus
may override her right to autonomy; however, the resolution of this conflict must be
her choice. In the maternal-fetal conflict, the pregnant woman’s autonomy takes center
stage. In the context of Case one, if decisional capacity is present, ethics demands
respecting maternal autonomy and choices, even ‘bad’ choices. A pregnant woman’s
autonomy and informed refusal should be respected.
SURROGATE DECISION MAKING

Case two: AB, a 28-year-old G2P1 at 20-weeks gestation with no prenatal care was
brought into the emergency department (ED) by her boyfriend after ‘‘saying strange
things and walking funny’’ for several days. The patient was confused and disoriented
to person, place, and time, confabulated when questions were posed to her and
exhibited new onset neurologic findings on physical examination. This patient’s history
was significant for several prior visits to multiple emergency departments for nausea
and vomiting during which she reported a 30-pound weight loss since being pregnant,
had a normal mental status before this admission, and a history of hyperemesis in her
prior pregnancy that resolved by 12 weeks. A diagnostic workup revealed findings
consistent with Wernicke’s encephalopathy secondary to hyperemesis gravidarum,
and that the patient did not have decisional capacity. The patient did not regain deci-
sional capacity after inpatient treatment and the pregnancy continued. Who should
make the medical decisions on this patient’s behalf because she now clearly lacks
decisional capacity?

Case three: HN is a 30-year-old G2P1 at 25-weeks gestation in previously good
health with an uncomplicated pregnancy who was admitted from the ED because of
worsening shortness of breath, cough, fever, and malaise. A chest radiograph revealed
bilateral nodular infiltrates. Within 24 hours of admission she developed pneumonia
and subsequent respiratory failure and acute respiratory distress syndrome requiring
mechanical ventilation. Over the next several days, laboratory tests confirmed H1N1
influenza, her respiratory status worsened, and the family and boyfriend were informed
of her rapidly worsening condition, possible maternal and fetal outcomes including
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death, and the urgent medical decisions that needed to be made for her and her fetus,
including possible delivery.

These are two cases that illustrate the need for surrogate decision making on behalf
of a pregnant patient. These cases raise issues of decisional capacity, surrogate deci-
sion making, autonomy, beneficence of mother and fetus, and beginning and end-of-
life issues. Who should now make the medical decisions on this patient’s behalf?
When a patient is mentally incapacitated and lacks decisional capacity, medical deci-
sions must be made by a surrogate decision maker, an authorized person acting on
the patient’s behalf.6 Decisional capacity is the ability to comprehend the nature and
consequences of a medical decision and to reach and communicate an informed
decision. A surrogate decision maker is an adult individual who has decisional
capacity, is available, and is willing to make medical decisions on behalf of a patient
who lacks decisional capacity.22

In case two and three, the two most pressing relevant issues are who should now
make the medical decisions on the patient’s behalf and on what information should
they base those decisions. Traditionally, family members have been considered the
natural surrogates. In recent years, many states have enacted legislative statutes that
give specific authority to family members and rank them in priority. The durable power
of attorney for health care statutes provides for a designated surrogate decision maker,
and this person would supersede any other party, including immediate family members.
The usual order of priority for determining who is appointed the surrogate would be

1. Patient’s legally appointed guardian or durable power of attorney for health care
designated surrogate, if there is one

2. Patient’s spouse
3. Any adult (18 years of age or older) son or daughter of the patient
4. Either parent of the patient
5. Adult brother or sister of the patient
6. Any adult grandchild of the patient
7. An adult close friend of the patient.

This priority list differs in various states and in some states this order is codified.22

The surrogate decision makers, as identified by the attending physician, are then
authorized to make medical decisions for patients who lack decisional capacity,
including decisions regarding whether to forgo life-sustaining treatment on behalf of
patients without court involvement. In the case of the partner of the pregnant woman
as a surrogate, it would depend on whether he is the spouse or boyfriend. If he is not
the pregnant woman’s spouse, that would put him in the close-friend category.

Surrogate decision making on behalf of a pregnant patient is difficult and should
strive to reach a decision that the patient would make if she had decisional capacity.
The decisions of surrogates should be guided by the standards. First, when the
patient’s preferences are known, surrogates should use knowledge of the patient’s
preferences to make medical decisions on the patient’s behalf. Second, when the
patient’s preferences are not known, the surrogate’s judgment must promote the
best interests of the patient.6 When a surrogate relies on the patient’s known prefer-
ences, it is called a ‘‘substituted judgment’’ standard. This substituted judgment stan-
dard is used when the patient previously expressed their preferences explicitly, either in
writing or verbally, or where the surrogate can reasonably infer the patient’s prefer-
ences based on past statements or actions. The goal is for the surrogate decision
maker to use knowledge of these preferences in making medical decisions for patients.
Courts typically apply this substituted judgment standard in cases where the patients’
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preferences are known. When the patient has not specifically stated what she would
want in the situation, the surrogate should use knowledge of the patient’s values and
beliefs to make decisions for them. The goal of surrogate decision making is to reach
a decision that the patient would reach. When asking the surrogate what he or she
wants done, the question is not ‘‘what would you want?’’, but rather ‘‘what would the
patient want?’’ Obviously this situation becomes even more complex in the surrogate
decision making on behalf of pregnant patients with the additional considerations for
the interests of the fetus.

In life-threatening obstetric emergencies, patients are often unable to give informed
consent or express their preferences because they are in shock, hemodynamically
unstable, or unconscious. In these life-threatening emergency situations, no surrogate
may be immediately available and the physician may presume that the patients would
give consent if they were able to do so, because they would prefer life over death. This
is called ‘‘implied consent,’’ which is really the physician presuming consent.6 The
physician should presume consent when emergency action is necessary to preserve
the patient’s life. Beneficence is the ethical principle justifying emergency treatment of
incapacitated patients.
RETHINKING ETHICAL CONSIDERATIONS IN SCREENING
AND PREDICTION OF PREECLAMPSIA

Preeclampsia (PE), a hypertensive complication in pregnancy with multisystem
involvement, affects 3% to 5% of pregnant women and is associated with serious
morbidity and mortality for mother and fetus. It is both a leading cause of maternal
mortality, with more than 60,000 maternal deaths per year worldwide, and of prema-
ture birth.23 As of early 2010, the only effective treatment is delivery of the placenta.
The pathogenesis of preeclampsia has been mysterious and elusive, though this
past decade has witnessed significant advances in our understanding of the patho-
physiology of preeclampsia.24–27 As discussed elsewhere in this issue, Karumanchi
and colleagues24 have demonstrated that two antiangiogenic factors, soluble fms-
like tyrosine kinase 1 and soluble endoglin, are overproduced by the placenta in
women who develop preeclampsia.25 These proteins enter the maternal circulation,
correlate with severity of disease, and appear responsible for several preeclampsia
phenotypes.24,26,27 More importantly, their levels in the maternal circulation rise weeks
to months before overt symptoms and disease, and thus they have become the object
of study as biomarkers that screen for or predict preeclampsia.24,28

Would it be beneficial to the mother and fetus to predict preeclampsia? Some inves-
tigators propose that reliable prediction of preeclampsia would allow closer prenatal
monitoring, including referral to high-risk clinics; more aggressive intervention, such
as restricting activity; and perhaps initiation of antihypertensive therapy and steroids
to enhance fetal lung maturity when decisions of delivery to end the pregnancy are
being considered.29 Reliable prediction would also permit preventive and treatment
regimens that are currently unavailable. Although there is no definitive treatment of
preeclampsia, exciting possibilities are under investigation. A reliable biomarker to
predict preeclampsia would certainly be of merit in exploring the value of new thera-
peutic approaches and their use when and if developed. Although some reports are
exciting and promising, no single screening test has yet proven accurate enough to
meet the requirements of acceptable positive and negative likelihood ratios that would
permit their use in clinical practice. Focus is therefore currently on combining tests for
better prediction.29,30
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Because there is no known treatment for preeclampsia other than delivery of the
placenta, the prediction of preeclampsia using angiogenic factors raises new ethical
issues. To screen for a disease, the disease should have (1) an understood etiology,
(2) early detection and treatment should lead to improvement of the condition, (3) early
detection should not create undue anxiety, and (4) screening method should be
acceptable to patients. A screening test should have use for all pregnant women;
be rapid; noninvasive; inexpensive; easy to perform early in gestation; and have
high sensitivity and high positive and low negative likelihood ratios, respectively, to
reduce anxiety and prevent unnecessary interventions. In a recent study of first
trimester screening of PE, Poon and colleagues30 evaluated 7797 women with
singleton pregnancies during weeks 11 to 13, 157 developed preeclampsia, 34 before
34-weeks gestation. Screening by history alone would identify only 30% of cases
destined to develop early PE. A multiple marker algorithm test was used to predict
patients that developed early PE with resultant sensitivity of the prediction for early
PE of 94.1% and specificity of 94.3%. The likelihood ratio for a positive test was
16.5 and for a negative test was 0.06, easily fulfilling the criteria of the World Health
Organization for a clinical prediction test. These are remarkably good results.
However, prospective observational studies are required to assess the effectiveness
of early prediction and perform cost-benefit analyses. Also, the mortality and
morbidity of PE is far greater in developing nations where these tests are not readily
available and the costs appear prohibitive.

A screening test for the first trimester prediction of early preeclampsia raises several
ethical issues. Although it may now be possible to identify women at risk for early
disease, since there is currently no definitive prevention or treatment of PE, how
does early detection improve outcomes or minimize maternal and fetal complications
of early PE?

Case four: EH, a 38-year-old G2P0100 currently at 9-weeks gestation and with
a history of severe preeclampsia with HELLP in her previous pregnancy necessitating
delivery at 26 weeks, then suffered a cerebrovascular accident, was intubated in the
medical intensive care unit for 4 days and her infant expired from complications of
extreme prematurity. She now requests first-trimester prediction tests for preeclampsia
stating that although she very much desires a child, she does not want to continue this
pregnancy if she is going to have early PE again along with all its complications.

If first trimester screening for PE becomes available in the United States, would it be
useful to offer it to all pregnant patients, only to patients with a history of early or severe
PE, or not offer it all because currently PE has no prevention or treatment? Case four
illustrates, that although the intended purpose of first-trimester screening for PE is to
determine a population to be referred for high-risk care and improve pregnancy
outcomes, some women might use it in decisions to terminate the pregnancy, creating
additional ethical dilemmas. Should she be offered first-trimester screening because
of her history of early PE? The real dilemma in this case is that women with histories
defining high risk are not in need of a screening test as they would be referred auto-
matically by history. However, because history alone is not that reliable, it would
seem that universal screening may be useful. Other ethical issues raised include
patient autonomy, informed consent, disclosure, and innovation. It is also misleading
to suggest that a new screening test for the prediction of PE is an improvement when
there is no evidence that it improves outcomes. If it were available, the obstetrician
should inform her that this is a new and innovative technology with no current evidence
to show the use of the test results in better care and outcomes than current manage-
ment. There are many ethical considerations in this new forefront of developing
a predictive test for PE.
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There is a general assumption that knowledge is good. With regards to a screening
test for preeclampsia, it would also be difficult for the obstetrician to counsel patients
for a condition that cannot be prevented. If the screening test could predict the likeli-
hood that the patient will get the disease, what would the patient and obstetrician do
with that information? One must evaluate why knowing is valuable when assessing the
ethical considerations and implications of acquiring knowledge about a disease in
pregnancy from a screening test.
MEDICAL FUTILITY

Futility often comes up in the management of medical complications of pregnancy for
mother and fetus, especially surrounding interventions for the fetus, extreme prema-
turity, fetal anomalies, and neonatal treatment. Patients often request physicians to
‘‘do everything’’ for the baby regardless of risks for themselves or the ability to achieve
the desired goal. Futility is included briefly here to warn against the use of the term.
The meaning of this term and its use in clinical medicine has been ambiguous and
hotly debated. Medical futility has been the topic of many articles in the literature
and debate continues. It is a moving target that is subjective, not objective. And
although much of the literature is on futility in end-of-life decision making, obstetri-
cians deal with beginning-of-life ethical decision making with inherent uniqueness
and uncertainties. Lantos and colleagues,31 elegantly described the complexities of
the illusion of futility and the obligations of physicians not to declare a situation futile
and abandon one’s patient. Helft and colleagues,32 eloquently discuss the rise and fall
of the futility movement and warn against using futility to swing the pendulum of deci-
sion making power back toward physicians. ‘‘Everything done’’ is often a misleading
request or offer. When patients request ‘‘do everything’’ they usually mean do every-
thing that is medically indicated. Physicians should discuss the patient’s status and
explore their goals and then the interventions that are medically indicated. The
ACOG has cautioned against defining medical interventions as futile.33 Invoking the
term futility breaks down communication and patient care and should be avoided.
Better to describe a treatment as medically or surgically inappropriate or not beneficial
in meeting the desired goals. When there is a futility conflict regarding treatment
options, the values of the patient and family and the default position of maintaining
life ordinarily take priority. Doctors recognize situations in which interventions will
not achieve the desired goal, and this should initiate the difficult task of discussing
goals and realistic expectations with patients and explaining why it is believed further
treatment will not attain the desired result. There is growing consensus that the use of
the term medical futility may itself be futile.34
SUMMARY

Balancing ethical principles in clinical practice is often challenging. Obstetrics is
further confounded by the integrally intertwined maternal-fetal dyad, making it an
especially complex discipline. This article presents an overview of the salient ethical
principles relevant to issues encountered in obstetrics that can help clinicians simul-
taneously consider the interests of the pregnant patient and her fetus. Decisions in
obstetrics should be guided by balancing the principles of beneficence, nonmalefi-
cence, and respect for autonomy, which are the cornerstones of medical ethics, along
with concepts presented here, including informed consent, truth telling, shared deci-
sion making, the maternal-fetal conflict, surrogate decision making, and the fetus as
a patient. These guidelines provide an ethical framework for identifying, analyzing,
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and resolving the complex ethical situations that arise in day-to-day clinical practice
and promotes sound ethical judgment and medical decision making. The obstetrician
who is familiar with the concepts of medical ethics will be able to apply these
concepts, principles, and case precedents to ethical dilemmas in a structured
approach to identify what is at issue and decide the best course of action to resolve
real-life cases.
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